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ABSTRACT

I present an analysis of data from experiment E94-019 using the CEBAF Large A-

eptane Spetrometer (CLAS) at the Thomas Je�erson National Aelerator Faility

(TJNAF). The experiment ran in the spring of 2002 over the ourse of two months with

5:765 GeV unpolarized eletron beam on a liquid deuterium target and olleted a total of

4:5� 10

9

triggers. These data over a wide kinemati range from the quasielasti peak up

to an invariant massW � 3 GeV of the �nal hadroni system for four-momentum transfer

Q

2

from 1:5 to 6:0 GeV

2

. Using CLAS we tagged spetator protons released in quasielas-

ti sattering from high-momentum neutrons in deuterium at large emission angles with

respet to the momentum transfer diretion. Using these data one an test the physis of

small-sized wavepaket expansion inside the nuleus. The absorption of a high-momentum

virtual photon on a nuleon leads to the prodution of a small-sized wavepaket (due to

the supression of long-range pion and gluon �elds) whih evolves rapidly in time until it

reahes the nuleon size. We an investigate how suh a wavepaket moves within a nuleus

and how long-range �elds are restored. This study ould provide information about the

quark-gluon degrees of freedom, internuleon fores in nulei, and olor oherents e�ets

suh as olor sreening (CS) and olor transpareny (CT). Color sreening would allow a

small-sized objet to esape from the nuleus without further interation. Measuring the

evolution of FSIs with the momentum transfer Q

2

ould reveal whether or not nulear

transpareny may our in quasielasti reations suh as d(e,e

0

p)n. We omputed the ra-

tio of the experimental ross setion for d(e,e

0

p)n measured for kinematis dominated by

resattering e�ets to the ross setion measured for the kinematis dominated by sreen-

ing e�ets (suppression of FSIs). I present a study of the aeptane of CLAS for the

inlusive d(e,e

0

) reation at high x and for the exlusive d(e,e

0

p)n reation in the quasi-

elasti region. We have extrated absolute ross setions for the inlusive d(e,e

0

) hannel

and they are presented in two-dimension kinemati bins with Q

2

= 1:7 � 6:7 GeV

2

and

x = 0:7� 1:9. By mapping these ross setions we an extrat the probabilities of �nding

short range nuleon-nuleon orrelation (SRC) state in nuleus. Absolute ross setion

for the exlusive d(e,e

0

p)n hannel are presented for spetator momenta p

s

from 250 to

1000 MeV/ and four-momentum transfers Q

2

= 2�6 GeV

2

. Experimental measurements

suggest a strong ontribution from meson exhange and �-isobar urrents whih dominate

FSIs. This makes it diÆult to observe olor oherent e�ets. This piture is orroborated

by new theoretial developments.
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QUASI-ELASTIC ELECTRON SCATTERING FROM A HIGH-MOMENTUM

NUCLEON IN DEUTERIUM



CHAPTER 1

Physis Overview

1.1 Introdution

\I often say that when you an measure what you are speaking about,

and express it in numbers, you know something about it; but when you

annot measure it, when you annot express it in numbers, your knowl-

edge is of meager and unsatisfatory kind"

William Thompson, 1st Baron Lord Kelvin

A little less than a entury ago, a series of table-top experiments onduted

by Rutherford hanged the way we understand the struture of matter. It opened

the door to smaller and smaller distanes inside the matter. Figure 1.1 shows a

ow hart with the building bloks of matter and orresponding sizes. The main

building blok, the atom, has a size of � 10

�10

m. Most of its mass is arried by

the nulear ore whih is about 10000 times smaller than the atom itself. A loud

of eletrons surrounds the nuleus, giving the atom its size, and orrespondingly

anything made of atoms,. The nuleus onsists of nuleons (neutrons and protons)

with radii of � 10

�15

m. The number of positively harged protons is equal to the

number of negatively harged eletrons in atom. Neutrons are neutral partiles, thus

2
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the atom is eletrially neutral. A natural question arises: How do all protons (with

positive harge) stay together inside the nuleus without ying apart? The nulear

FIG. 1.1: Flow hart with the building bloks of matter and orresponding sizes.

strong fore is responsible for binding the nuleons together inside the nuleus. The

strong fore inside the nuleus an be desribed by the well potential as shown

in Figure 1.2. The fore on the nuleon is

~

F = 0 inside the well. The fore at

the surfae is very large thus, the partile is kiked bak being trapped inside the

well. Quantum Mehanis and the Unertainty Priniple allow though a partile

to \tunnel" through the potential barrier and esape (i.e. positively harged �
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partiles). By studying the rate of suh emissions and its assoiated energy spetra

from di�erent large nulei we an obtain the shape of the fore �eld these partiles

have to travel through. The strong potential is roughly onstant inside the nuleus,

while the eletrial Coulomb potential inreases with the number of protons in the

nuleus, eventually leading to unstable heavy nulei. The strong fore between

FIG. 1.2: Well potential. It desribes the strong fore inside the nuleus.

nuleons has a short range, ommensurate with the nuleon size, while the eletrial

repulsion obeys a

1

r

2

fore law. During early attempts to understand how the strong

fore binds the nuleons it was hypothesized that the proton and the neutron are

exhanging some partile (whih today is alled pion) between them. The theoretial

predition of Yukawa (1935) [1℄ and the experimental disovery (1947) [2℄ of the pion

led to the disovery of many more strongly interating partiles (suh as �

++

,K

+

).

The simple pion-exhange mehanism whih only aounts for the long-range part

of the interation was not able to explain the strong interation between nuleons

and all the newly disovered partiles.

Experiments arried at SLAC (1968) [3℄ proved the existene of internal spin

1

2
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onstituents, the quarks. Today we know that the pion is a omposite partile made

up of quarks, as are the proton and the neutron, and that the strong fore desribes

the interation between these quarks. Quarks interats by exhanging strong fore

arriers alled gluons. The theory that desribes strong interations between quarks

and gluons is alled Quantum Chromodynamis (QCD). The strong interation is

responsible for binding quarks together into baryons and mesons (three and two

quark states, respetively), and also for binding the nuleons together into a nuleus.

In order to respet Pauli's exlusion priniple whih states that no two partiles

SRC
1.7 fm

1 fm

SP

FIG. 1.3: Shemati piture of a nuleus. Single nuleons primarily moving in an

average �eld (SP) and short-ranged nuleon-nuleon orrelations (SRC).

with half-integer spin an share the same quantum state, a \olor" degree of

freedom was introdued (haraterized by a quantum number alled olor harge)

to label the quarks. The olor degrees of freedom are labeled red (R), blue (B) and

green (G) in analogy with the visible light. Eah nuleon is omposed of three quarks

of di�erent olor suh that the nuleon (and any partile) is a olor neutral objet.

Just as the ombination of RBG produes white light, 3 quarks of 3 olors produes

a olor neutral objet. This is a harateristi of strong fore analog to the atom

being harge neutral. Color neutrality of all partiles found in Nature and olor
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on�nement of quarks (no free quarks) are the foundations of QCD. An important

feature of QCD theory is that the \up" quark (abbreviated as u) and the \down"

quark (abbreviated d) are nearly massless partiles (� 5 MeV). In this limit the hiral

symmetry (left-right symmetry) is spontaneously broken in the ground state of QCD.

The proton eletromagneti radius is � 0:86 fm (1 fm= 10

�15

m), and the average

distane between nearby nuleons (enter-to-enter) is� 1:7 fm. Thus, under normal

onditions nuleons are losely paked and nearly overlap as they move in an average

�eld reated by all the other nuleons. The nuleus is a quantum system and its

wave funtions ontains omponents with nuleons separated enter-to-enter by 1

fm or less. In these on�gurations there is a signi�ant region of overlap of the

two nuleons, in whih short range orrelations (SRC) are dominant. These high-

density utuations may modify the on�guration of the underlying quarks inside

the nuleons. In these regions the physis of on�nement, whih de�nes the limit

of QCD, may no longer be apliable and the hiral symmetry may be (partially)

restored.

A few questions are worth emphasizing here: What happens during the brief

intervals when two or more nuleons overlap in spae? Can we aount for the

interations using meson exhanges, or do we instead need to onsider expliitly

quark aspets suh as quark exhanges between nuleons and mixing of nuleon

onstituents into six- or nine-quark bags? At high densities, an we detet the

presene of superfast quarks?

Color degree of freedom is another avenue to test QCD as the underlying the-

ory of the strong interation. The availability of high-energy beams provides the

opportunity to observe features of nulear struture at small-distane sales suh

as olor-singlet utuations of a hadron into an objet with small spatial extent,

namely, point-like on�gurations (PLC), whih evolves with time. These on�gura-

tions are possible due to the suppression of long-range pion and gluon �elds when
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e

e’

q

PLC

n

p

d

FIG. 1.4: Shemati piture of hard quasi-elasti eletron sattering from a deu-

terium target. The high momentum virtual photon ould probe point-like on-

stituents (PLCs) - nuleoni states in whih the long-range soft pion and gluon

�elds are suppressed.

the 3 valene quarks are lose to eah other. Figure 1.4 shows shematially how

a high-momentum transfer virtual photon an probe a PLC inside the nuleus (in

this ase the deuterium). Sine the ross setion is proportional with the transverse

size of the PLC it means that its ross setion will be redued. If the PLC is still

small after propagating about 1:5 fm through the nulear matter, the �nal state

interations are suppressed. The result is that signi�ant olor oherent e�ets,

whih an either enhane or suppress omputed ross setions, are predited [23℄ to

our for momentum transfer Q

2

= 4� 10 GeV

2

. The phenomenon of olor trans-

pareny means that for a short period of time a nuleon an be viewed as a PLC. In

this on�guration, the nuleon an tunnel through the nulear matter with redued

interations.

These subjets (dense nulear matter, superfast quarks and olor oherene)

ould expand our understanding of exoti phenomena in nulei. Studies of the loal
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high-density utuations are important for understanding the equation of state of

old, dense matter whih is ruial to untangle the problem of the phase transition

of neutron stars to \quark stars", whose experimental existene was suggested in

Ref. [4℄. Color transpareny ould provide a mehanism for a phase transition to

a new form of matter in a suÆiently dense nulear system, suh as in the ore of

neutron star. In QCD, transitions to new phases of matter are possible in di�erent

regimes of density and temperature.

Suh studies are therefore of great interest for understanding important issues

of QCD, suh as the existene of hiral restoration and deon�nement, the onset

of quark-gluon degrees of freedom and the struture of the phase transition from

hadroni to quark-gluon states of matter.

1.2 Lepton-Hadron Sattering Formalism

Lepton sattering is one of the main tools for studying the internal struture of

the nuleus. Quantum Eletrodynamis (QED) desribes well the eletromagneti

interation between an eletron and a hadron target, with an exhange of a virtual

photon. In order to observe the internal struture of a hadron, a probe with a wave

length smaller than the size of a hadron onstituent needs to be used. Sine the

wave length is inversely proportional to the energy, a higher energy probe will allow

us to identify smaller hadron onstituents. The virtual photon exhanged in hard

reations between the inident lepton and a hadron onstituent inside the nuleus

is an exellent probe for studying nulear struture. The energy and momentum

transfers of the virtual photon (whih are the energy and momentum of the sattered

eletron) are setting the resolution of this \mirosope". At low energy transfer the

eletron satters elastially from the nuleus as a whole leaving it in its ground

state or in an exited nulear state. At higher energy and momentum transfers,
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sattering is dominated by quasi-elasti (QE) proesses, where the photon interats

with a single nuleon (proton or neutron). With inreasing energy and momentum

transfer, the exhanged virtual photon probes the quark degrees of freedom in the

nuleon. At high enough energy and momentum transfer, the interation an be

approximated well by the elasti sattering from a \free" quark.

1.2.1 Elasti Eletron-Proton Sattering

Elasti eletron-nuleon sattering is dominated by single photon exhange.

The proton is an extended struture and annot be onsidered as a point-like par-

tile. We need to �nd the \wavefuntions" that desribe a proton in terms of its

onstituents quarks and gluons. The Feynman diagram for elasti eletron-proton

sattering is shown in Figure 1.5. The inident eletron has the four-momentum

k(E;

~

k) with the inident energy E = E

beam

and the sattered eletron has four-

momentum k

0

(E

0

;

~

k

0

) with emerging energy E

0

. The proton target has the four-

momentum p(E

p

; ~p) with the energy E

p

and the knoked-out proton has four-

momentum p

0

(E

0

p

; ~p

0

) with the energy E

0

p

. A virtual photon with four-momentum

q(�; ~q) is exhanged between the inident eletron and the proton target with the

energy � = E � E

0

. The sattering amplitude for this proess an be written as a

produt of urrent densities for the eletron and the proton, and the photon propa-

gator:

M



= j

�

l

1

Q

2

j

h

�

; (1.1)

where j

�

l

is the urrent density of the inident lepton (eletron or muon), j

h

�

is the

urrent density of the nuleon target, and Q

2

= �q

2

= 4EE

0

sin(�=2) is the Lorentz

invariant square of the four-vetor momentum transfer. The eletron urrent density

an be expressed in terms of Dira spinors (u and �u), -matries and the eletron
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FIG. 1.5: Feynmann diagram for elasti eletron-proton sattering.

harge (e) as:

j

�

= �e�u

�

u (1.2)

Sine the proton is not a point-like partile, we an desribe the hadroni urrent

density as a general Lorentz ovariant quantity that satis�es parity, time-reversal

invariane and urrent onservation, all of whih are obeyed by the eletromagneti

interation:

j

�

= e�u

�

F

1

(Q

2

)

�

+

�

2M

p

F

2

(Q

2

)i�

��

q

�

�

u; (1.3)

where the \form fators" F

1

and F

2

depend only on Q

2

, M

p

is the proton mass,

and � = 1:79 is the anomalous magneti moment of the struk nuleon. F

1

and

F

2

are experimentally measurable quantities that desribe the deviation from point-

like sattering and haraterize the struture of the proton. Proton struture is
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determined primarily by strong-fore interations between its onstituents. The

sattering of a unpolarized \spinless" lepton from a \spinless" and in�nitely heavy

point-like target partile is expressed by the di�erential Rutherford ross setion:

�

d�

d


�

Rutherford

=

4(Ze)

2

�

EM

E

02

Q

4

=

(Ze)

2

�

EM

4E

2

sin

4

(�

el

=2)

; (1.4)

where �

EM

=

1

137

is the �ne struture onstant of eletromagneti interation and

Ze is the eletri harge of the point-like hadroni target. For eletron sattering

we introdue a fator

�

1� �

2

sin

2
�

2

�

due to the spin of the eletron and a fator

E

0

E

due to the reoiling of nuleus. Here � =

v

el



and  is the speed of light. In the limit

� ! 1 the di�erential ross-setion beomes the Mott ross-setion:

�

d�

d


�

Mott

=

E

0

E

� os

2

�

el

2

�

�

d�

d


�

Rutherford

(1.5)

We need to take into onsideration not only the interation of the eletron with the

nulear harge, but also we have to onsider the interation between the urrent of

the eletron and the nuleon's magneti moment. Thus, the magneti interation

introdues a fator sin

2
�

2

into the interation and we obtain for the ross setion of

a harged, spin 1=2 partile with a point-like target:

d�

d


=

�

d�

d


�

Mott

�

�

1 +

Q

2

2M

2

P

tan

2

�

el

2

�

: (1.6)

Introduing the nuleon struture funtions F

1

and F

2

the total di�erential ross

setion an be expressed as:

d�

d


=

�

d�

d


�

Mott

��

F

2

1

+

�Q

2

4M

2

p

F

2

2

�

+

Q

2

2M

2

p

[F

1

+ kF

2

℄

2

tan

2

�

el

2

�

(1.7)

A linear ombination of F

1

and F

2

leads to a more onvenient expression of the

above equation so alled the Rosenbluth formula:

d�

d


= �

Mott

��

G

2

E

(Q

2

) +G

2

M

(Q

2

)

1 + �

�

+ 2�G

2

M

(Q

2

) tan

2

�

el

2

�

; (1.8)
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where G

E

= F

1

� ��F

2

and G

M

= F

1

+ �F

2

are the Sahs eletri and magneti

form fators., and � = Q

2

=4M

2

p

. The measured Q

2

-dependene of the Sahs form

fators gives information about the radial harge and magneti moments. In the

limit Q

2

! 0 the Sahs form fators are the Fourier transform of the harge and

magneti moment distributions within the nuleon [5℄, and

lim

Q

2

!0

G

E

= 1; lim

Q

2

!0

G

M

= 1 + � = �

p

; (1.9)

where the magneti moment of the proton is de�ned as �

p

= e~=2M

P

= 2:7929�

N

,

with �

N

= 3:1525� 10

�14

MeV�T

�1

the nulear magneti moment. At Q

2

= 0 the

Sahs form fators for proton and neutron take the values:

G

p

E

= 1; G

p

M

= 2:79�

N

;

G

n

E

= 0; G

n

M

= �1:91�

N

(1.10)

At low momentum transfer , the slope of G

p

E;M

gives us the mean square harge and

magneti radii, hr

2

; i

p;n

E;M

, of the proton:

hr

2

i

p;n

E;M

= 6 � lim

Q

2

!0

dG

p;n

E;M

(Q

2

)

dQ

2

(1.11)

The harge and magneti radii of the proton are both � 0:81 fm [5℄, whih orre-

sponds to an energy sale of about 200 MeV, omparable to its mass. In order to

independently determine G

p

E

(Q

2

) and G

p

M

(Q

2

) the ross-setions must be measured

at �xed values of Q

2

, for various sattering angles � and di�erent beam energies E.

1.2.2 Inelasti Eletron-Proton Sattering

With suÆient energy transfer inelasti sattering beomes possible and the

nuleon is exited into a resonant state or into the ontinuum. As in the elasti

ase, single photon exhange is the dominant mehanism. The urrent density given
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by Eq. 1.3 annot be expressed anymore in terms of Dira spinors sine the proton

is a omposite objet made up of quarks and gluons. The inelasti ross setion is

generalized to:

d� � L

e

��

W

��

; (1.12)

where L

��

represents the symmetri lepton tensor whih desribes the emission of

the virtual photon, and W

��

is the hadroni tensor whih desribes the absorption

of the virtual photon by the nuleon. The leptoni tensor an be written as a sum

of symmetri and antisymmetri parts:

L

e

��

=

X

spins

j�u

�

ujj�u

�

uj =

1

2

Tr ((k

0

+m)

�

(k +m)

�

) ; (1.13)

where m is the eletron mass. The most general hadroni tensorW

��

an be written

as:

W

��

= �W

1

g

��

+

W

2

M

2

p

p

�

p

�

+

W

4

M

2

p

q

�

q

�

+

W

5

M

2

p

(p

�

q

�

+ q

�

p

�

); (1.14)

in whih g

��

= (1;�1;�1;�1) is the metri tensor. Eq. 1.16 an be further simpli�ed

due to urrent onservation q

�

W

��

= 0. The inlusive di�erential eletron-proton

ross setion (ep! eX), in the laboratory frame (target rest frame) beomes:

�

�

�

�

d

2

�

dE

0

d


�

�

�

�

lab

=

�

2

4E

2

sin

4 �

2

�

W

2

(�;Q

2

) os

2

�

2

+ 2W

1

(�;Q

2

) sin

2

�

2

�

=

�

d�

d


�

Mott

�

2W

1

tan

2

�

2

+W

2

�

(1.15)

In the ase of elasti sattering, the energy transfer � and the four-momentum

transfer Q

2

are related by the expression � = Q

2

=2M

p

. In inelasti sattering these

variables beome independent. From onservation of energy and momentum at the

hadron vertex (see Figure 1.5):

W = p+ q; W

2

= p

2

+ 2p � q + q

2

(1.16)

Here W is the invariant mass of the hadroni system. In the lab frame p � q =M

p

�

and the invariant mass squared an be written asW

2

=M

p

+2M

p

��Q

2

and depends
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on two independent salar variables, Q

2

and �. Struture funtions are measurable

quantities that desribe the photon-nuleon interation. For values of Q

2

< 1 GeV

2

they are dependent on both � and Q

2

. At high momentum transfer, when the virtual

p

xp

(1−x)p

e e’

q

FIG. 1.6: Deep inelasti e-p sattering in the parton model.

photon probes the nuleon onstituents (quarks), it is more onvenient to express

them as funtions of x =

p�q

p�k

, the so alled Bjorken saling variable. In the limits

Q

2

!1 and � !1, with x �xed, the struture funtions W

1

and W

2

sale as:

M

p

W

1

(�;Q

2

)! F

1

(x); (1.17)

�W

2

(�;Q

2

)! F

2

(x): (1.18)

Data from SLAC [3℄ support the saling behavior in whih x beomes the fration

of the nuleon momentum arried by the struk quark. The sattering proess in

the deep-inelasti region an be visualized as in Figure 1.6. The virtual photon is

absorbed by a quark whih arries a fration x of the momentum of the proton.

In this piture the struk quark i has momentum p

i

= xp and a mass m

i

� xM

before absorbing the virtual photon, where p is the four-momentum of the proton

and M

p

is the nuleon mass. Beause the quarks are point-like partiles of spin

1

2

,

the eletron-muon formalism ould be applied here. The di�erential ross-setion
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for elasti sattering of an eletron by a quark of avor i beomes [6℄:

d

2

�

i

d
dE

0

=

4�

2

E

02

Q

4

�

e

2

i

os

2

�

�

2

�

+ e

2

i

Q

2

2m

2

i

sin

2

�

�

2

��

Æ

�

� �

Q

2

2m

i

�

: (1.19)

in whih e

i

is the fration of eletron harge arried by the quark of avor i. Com-

paring the above expression with Eq. 1.17, and using the m

i

= xM , we obtain:

W

i

1

= e

2

i

Q

2

4M

2

p

x

2

Æ

�

� �

Q

2

2Mx

�

; W

i

2

= e

2

i

Æ

�

� �

Q

2

2Mx

�

: (1.20)

With the probability that a parton of avor i has momentum fration x, and on-

sidering that the ontributions of individual quarks to the inelasti e-p di�erential

ross setion add inoherently, we obtain:

M

p

W

1

(�;Q

2

) =

X

i

e

2

i

2

f

i

(x) � F

1

(x); (1.21)

�W

2

(�;Q

2

) =

X

i

e

2

i

xf

i

(x) � F

2

(x); (1.22)

where f

i

(x) is the probability that a quark of avor i has momentum fration x. As a

result we obtain the Callan-Gross relation 2xF

1

(x) = F

2

(x), whih is a onsequene

of quarks having spin 1=2 and basially states that in order for a photon to be

absorbed by a parton (quark) with momentum fration x, it must have the right

values of Q

2

and � suh that x = x

Bjorken

=

Q

2

2M�

, whih is in fat the elasti

eletron-quark sattering onstraint. This explains the observed saling behavior in

the deep-inelasti sattering regime, and proves the existene of point-like spin 1=2

onstituents inside of nuleon. QCD, however violates this saling law.

1.3 d(e,e

0

N)N Exlusive Reations Formalism

One of the primary goals, in the study of d(e,e'N)N exlusive reations, is the

determination of the high momentum omponent of the deuteron wave funtion,

whih is believed to be dominated by short-range nuleoni orrelations (SRC). The
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preise desription of the oupling between the eletron and the virtual photon,

using QED, and the exlusivity of this reation allows us to obtain a deeper under-

standing of the dynamis of the reation as well as to gain information about the

mirosopi struture of SRCs. The ombination of three fators: high energy, high

momentum transfer and exlusiveness ould lead to nulear olor transpareny (CT),

in whih point-like quark on�gurations ould pass nearly undisturbed through the

nulear medium. During the last deade a dozen experiments were dediated to

semi-exlusive nulear reations at large momentum transfer (> few GeV/), in the

quest for nulear olor transpareny [7℄ [8℄ [9℄ [10℄ [11℄. Theoretial desriptions of

semi-exlusive reations have been suessful in medium-energy nulear physis [12℄

and lately they have been applied to hadroni interations with large transferred

energy and momentum. The main hallenge for theoretial desriptions onsists of

desribing the strong re-interation of �nal-state hadrons in nulear matter, whih

seem to be the dominant feature of these reations. For small energies of produed

hadrons (E

N

< 1 GeV) �nal state interations (FSIs) in semi-exlusive reations

are usually evaluated in terms of an e�etive potential for the interation in the

residual system using the optial model [13℄. For large energies the desription of

FSIs beomes more ompliated due to the inreasing number of partial waves with

energy, and due to the predominantly inelasti nuleon-nuleon (NN) interations

for E

N

> 1 GeV. Final state interations in hadron-indued nulear reations at

higher energies (1 < E

N

< 4 GeV) were often desribed within the Glauber ap-

proximation [14℄. The formalism for alulating ross setions for semi-exlusive

proesses (e.g. the exlusive d(e,e

0

p)n reation) was developed by Glauber based

on the assumption that the interations of the inident partile (eletron, �) with

the nuleons (protons or neutrons) inside nulei ould be individually treated by

the general methods of di�ration theory. The nuleons were onsidered frozen in

their instantaneous positions during the inident partile's passage through nulear
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matter. The interations of inident partiles were assumed to be desribed by two-

body fores and as a onsequene the total phase hange of the emerging wave was

approximated by the sum of the phase hanges produed by the individual nuleons.

This approximation works well for stationary satterers but it annot be applied to

the lass of eA reations in whih bound nuleon momenta and exitation energies of

the residual nulei are large enough suh that short-range multi-nuleon orrelations

are dominant in the nulear wave funtion [15℄.
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e
q

M

f

s

A

FIG. 1.7: First order Feynman diagram for the lepton-nuleus interation.

1.3.1 Features of Exlusive Eletronulear Reations

The general type of these reations an be diagrammatially represented as

in Figure 1.7. A large momentum q � (�,

�!

q ) is transferred to the nuleus and

the observed �nal hadroni state arries almost the entire momentum of the virtual

photon (fast hadrons with momentum p

f

� q), while the residual hadrons (spetator

hadrons with momentum p

s

) arry a relatively low momentum < 1 GeV/. The
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general kinemati requirements are:

Q

2

> 1GeV

2

; p

f

� q; p

f

� p

m

p

s

< 1GeV=; E

f

� E

m

= E

f

� �; (1.23)

where p

m

= p

f

� q is the missing momentum of the reation, E

f

=

q

M

2

+ p

2

f

and E

m

is the missing energy haraterizing the exitation of the residual nulear

system, and M is the mass of the nuleon. We an onstrut light-one momenta

as:

p

�

= p

0

� p

z

(1.24)

where the z axis is hosen along the diretion of the virtual photon momentum q.

For the kinemati onstraints in Eq. 1.23:

q

�

q

+

�

mx

2q

� 1;

p

f�

p

f+

�

m

2

4p

2

f

� 1; (1.25)

where x is the Bjorken saling variable mentioned earlier. These small parameters

are one of the important features of high-energy sattering as ompared to the low-

intermediate energy reations, as will be shown later in the text. Four main proesses

ontribute to semi-exlusive eletronulear reations in whih at least one energeti

nuleon is observed in the �nal state, as shown in the Fig. 1.8. Fig. 1.8 (a) shows

the impulse approximation (IA) amplitude, in whih the virtual photon knoks out

a bound nuleon whih propagates without further interations. Fig. 1.8 (b) shows

the FSI amplitude, in whih the knoked-out nuleon re-interats with the residual

hadroni system. Fig. 1.8 () shows the amplitude due to meson exhange urrents

(MEC), in whih the virtual photon interats with the mesons exhanged between

two nuleons in the nuleus. Fig. 1.8 (d) shows the isobar urrent amplitude (IC),

in whih the virtual photon produes a �-isobar that re-interats with the residual

nulear system produing a nuleon in the �nal state.
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(a)                                    (b)                               (c)                                 (d)

π, ρ,...

∆

FIG. 1.8: Diagrams for the A(e,e

0

N) reation in the impulse approximation (a),

with �nal state interations (b), with meson exhange urrents (), and with

�-isobar (d) ontributions to the sattering amplitude.

For the kinematis of large missing momentum p

m

and missing energy E

m

, and

small Q

2

(� 1 GeV

2

) the FSI, MEC and IC diagrams dominate the ross-setion.

While at large p

m

and E

m

the IA amplitude is de�ned by the nulear wave funtion

at short inter-nuleon distanes, the FSI, MEC and IC amplitudes are de�ned by

the nulear wave funtion of average on�gurations [15℄. As shown in Figure 1.9,

in semi-exlusive A(e,e'N) reations, for small Q

2

(< 1 GeV

2

), only x =

Q

2

2m�

< 1

is appropriate for detetion of large p

mz

> 300 MeV/. At small Q

2

FSIs are

dominated by S-wave sattering and have broad angular distribution, making it

diÆult to isolate or suppress them with respet to the impulse approximation

amplitude. Therefore, it is impossible to probe small time-spae intervals in the

nuleus using probes of larger size (1/q > 1 fm). Measurements [16℄ of MEC and IC

ontributions to the d(e,e'p)n ross setion at large missing momenta and low Q

2

are shown in Figure 1.10. In the kinemati region of these experiments theoretial

alulations [12℄ show that for large p

m

(> 300MeV=), MEC and IC (see Fig. 1.10

full urve) dominate the PWIA (see Fig. 1.10 dashed urve) ontribution. For large

energy and momentum transfers the wavelength of the probe beomes muh smaller
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FIG. 1.9: The z omponent of the missing momentum p

mz

as a funtion of x,

for di�erent values of Q

2

(Q

2

= 0:5; 1; 2; 3; 4; 5 GeV

2

), for quasi-elasti A(e,e

0

N)

reation at large missing momenta and low Q

2

, in the impulse approximation.

than the sizes of the interating partiles, and we an see more learly inside the

nuleus. Quantitatively, with inreasing energies, the small parameters given in

Eq. 1.23, beome available and they play an important role in the alulations of

these reations. In the following setion I will disuss the basi features of all four

amplitudes in Figure 1.8 at large values of Q

2

.

1.3.2 Plane Wave Impulse Approximation

The impulse approximation diagram for eletro-disintegration of the deuteron is

shown in Figure 1.11 (a). We onsider the reation e + d! e

0

+ p + n in whih the

reoiling nuleon has momentum p

s

< 1 GeV/ and the virtual photon is exhanged

with a bound (o�-shell) nuleon with Fermi momentum �p

s

. A desription of the

eletromagneti interation with o�-shell nuleons [15℄ presents many unertainties
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= 0:13 � 0:33 GeV

2

. The data are from Ref. [16℄. Solid and dashed

urves orrespond to theoretial alulations [12℄ with and without MEC and IC,

respetively.

due to the absene of a self-onsistent theory of the strong interation that desribes

the binding of the nuleon. In the ase of low energy transfer the o�-shell e�ets are

haraterized by the modi�ations of the nuleons properties due to the in-medium

nulear potential [17℄. At high energy transfer the virtual photon interats with

nuleons in a rather large phase volume, thus the o�-shell e�ets are mostly related

to the non-nuleon degrees of freedom [15℄. The ovariant Feynman amplitude

orresponding to the diagram of Fig. 1.11 (a) an be written as [18℄:

A

�

0

= �

�u(p

s

)�u(p

f

)�

�



�

N

[p̂

D

� p̂

s

+m℄ �

DNN

(p

D

� p

s

)

2

�m

2

+ i�

; (1.26)
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FIG. 1.11: Diagrams for the e + d ! e' + p + n reation. (a) the PWIA

ontribution, (b) the single re-sattering ontribution.

in whih p̂ � p

�



�

, � are the indies orresponding to the light one omponents

(+ and �) of the eletromagneti urrent , �

DNN

represents the ovariant D! NN

transition vertex and �

�



�

N

is the ovariant eletromagneti vertex of the 

�

N

bound

!

N transition. The spin indies of the deuteron are suppressed for simpliity. Both

�

DNN

and �

�



�

N

are ovariant verties, and in the time-ordered expansion they

ontain both the impulse approximation and vauum utuation diagrams (e.g.

�

DNN

may represent

�

ND ! N and �

�



�

N

may represent 

�

!

�

NN). For the

\� = �" omponent of the eletromagneti urrent the vauum omponent of the

D ! NN vertex is negligible if one uses the referene frame in whih the target

(deuteron) has a very large (

q

�

q

+

� 1) momentum, alled the in�nite momentum

frame [19℄. In this ase, for the \�" omponent, the amplitude of 

�

! N

�

N with

subsequent

�

Nd ! N is strongly suppressed, and only the ontribution in whih



�

interats with the bound nuleon survives. In the ase of other omponents

of eletromagneti urrents this is not true. In general a omplete desription of

the o�-shell nuleon urrents requires the negative energy state ontribution with

additional invariant form-fators as ompared to the on-shell nuleon [20℄. The

o�-shell part of the \�" IA amplitude dereases with inreasing transferred energy.
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Thus, in the high energy limit one an identify the \good" omponent (\�") of the

eletromagneti urrent whih is insensitive to the o�-shellness of the bound nuleon

spinor [18℄. We introdue the eletromagneti urrent for a bound nuleon as:

j

�

= �u(p

f

)�

�



�

N

u(p

D

� p

s

): (1.27)

This urrent still has an ambiguity related to the o�-shellness of the bound nuleon.

However this e�et is rather small for the kinematis of Eq. 1.23. Using the approx-

imation p̂

D

� p̂

s

+m �

P

�

u

�

(p

D

� p

s

)�u

�

(p

D

� p

s

) and inserting j

�

into Eq. 1.26,

we obtain for the sattering amplitude:

A

�

0

=

j

�

�u(p

s

)�u(p

D

� p

s

)�

DNN

(p

D

� p

s

)

2

�m

2

+ i�

(1.28)

Sine we neglet negative energy ontributions we an express the D �! NN vertex

using the non-relativisti deuteron wave funtion [21, 22℄:

 

D

(p

s

) =

�u(p

s

)�u(p

D

� p

s

)�

DNN

[m

2

� (p

D

� p

s

)

2

℄

p

(2�)

3

2m

(1.29)

Inserting Eq. 1.29 into Eq. 1.28 for the sattering amplitude within IA we obtain:

A

�

0

=

p

(2�)

3

2E

s

 

D

(p

s

)j

�

(p

s

; q): (1.30)

1.3.3 Single Re-sattering Amplitude

Figure 1.11 (b) represents the single re-sattering amplitude. Using the Feyn-

man rules (see Appendix A) and the kinemati restritions mentioned earlier in the

setion we an express this amplitude as [18℄:

A

�

1

= �

(2�)

2

3

p

2E

s

4i

Z

d

2

k

t

(2�)

2

f

pn

(k

t

) � j

�



�

N

(p

D

� ~p

s

+ q; p

D

� ~p

s

) � [ 

D

(~p

s

)� i 

0

D

(~p

s

)℄;

(1.31)

where k

t

= p

0

s?

� p

s?

is the transverse omponent of the momentum transferred

during NN re-sattering, ~p

s

(~p

sz

; ~p

s?

) � ~p

s

(p

sz

� �; p

s?

� k

?

),  

D

is the deuteron
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wave funtion de�ned in Eq. B1, and  

0

D

is de�ned in Eq. B7 (see Appendix B). The

sattering amplitude f

pn

(k

t

), whih enters with  

D

, and f

0

pn

(k

t

) whih enters with

 

0

D

, are generally di�erent, sine in the later ase f

0

pn

(k

t

) orresponds to the o�-shell

amplitude. The o�-shell ontribution from  

0

D

is small and the o�-shell e�ets in

f

pn

(k

t

) an be negleted. Using the Fourier transform of the deuteron wave funtion:

 

D

(p) =

1

(2�)

2

Z

d

3

r�

D

(r)e

�ipr

; (1.32)

and the oordinate spae representation of the nuleon propagator:

1

[p

0

sz

� p

sz

+�+ i�℄

= �i

Z

dz

0

�(z

0

)e

i(p

0

sz

�p

sz

+�)z

0

; (1.33)

one an obtain a formula for the re-sattering amplitude whih an be redued to the

Glauber approximation (GA) in the limit of zero longitudinal momentum transfer

� as follows [18℄:

A

�

1

= �j

�

(p

s

+ q; p

s

)

p

2E

s

2i

Z

d

3

r (r)�(�z)�

pn

(�;�z;�b)e

ip

s

r

; (1.34)

where ~r = ~r

p

� ~r

n

and the generalized pro�le funtion �

pn

is de�ned as [18℄:

�

pn

(�; z; b) =

1

2i

e

�i�z

Z

f

pn

(k

t

)e

�ik

?

b

d

2

k

?

(2�)

2

: (1.35)

Glauber theory was derived [14℄ in the approximation of stationary nuleons, i.e.

for zero momentum of spetator nuleons in the target. The dependene of the

pro�le funtion �

pn

on the longitudinal momentum transfer � originates from the

non-zero momentum of the reoiling nuleon, p

s

. In onlusion, in the limit of single

re-sattering, the generalization of GA, so alled generalized eikonal approximation

(GEA), requires the addition of a phase fator e

i�z

in the Glauber pro�le funtion

�

pn

(�; z; b) [23℄ whih aounts for the geometry of high-energy proesses related

to the longitudinal momentum transfer in the resattering. This fator arises from

exitations in the residual nulear system. This result is analogous to the aount of
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�nite oherene length e�ets in the di�rative vetor meson photoprodution from

nulei in the eikonal approximation [24℄. In this ase GEA reets �nal longitudinal

distanes (� R

A

- nulear radius) for photoprodution proesses at intermediate

energies.

1.3.4 Final State Interations

When a fast nuleon propagates through the nulear medium it reinterats with

the residual hadroni system and as a result some information about the preexisting

momentum distribution of the bound (o�-shell) nuleons is lost. Due to FSIs the

reonstruted reoil momentum does not oinide with the atual momentum of the

bound nuleon in the nuleus. Thus FSIs hinder the extration of reliable informa-

tion not only on nulear struture, but also on fundamental hadroni properties in

the medium. With inreasing energy the soft (small angle) NN interation is sim-

pli�ed in several ways. As seen in Figure 1.12 both pp and pn total ross setions

beome nearly energy-independent at lab momenta greater than a few GeV/. This

simpli�es the desription of FSIs beause at small sattering angles the NN sat-

tering amplitude is proportional to �

total

NN

, and is predominantly imaginary, whih

will onserve the heliity of the interating partiles. Another onsequene of high

energies is the onset of a new (approximate) onservation law in whih the light-one

variable �

i

=

p

i�

m

; i = 1; 2, of the bound nuleon is onserved, and p

�

= p

0

�p

z

. The

uniqueness of high-energy resattering lies in the fat that although both energy

and momentum of the bound nuleon are distorted due to re-sattering, the ombi-

nation p

0

� p

z

is not. This an be seen from Figure 1.13, where � was alulated

[18℄ as a funtion of the sattered nuleon momentum. The smaller the transferred

momentum during re-sattering, the better the auray of the onservation law.

Sine the � distribution of bound nuleons is largely preserved, even in the pres-
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FIG. 1.12: Proton-proton and proton-neutron total ross setions as a funtion of

the inoming momentum in the laboratory frame. Data is from Ref. [25℄.

ene of FSIs, we an e�etively investigate the short-range properties of nulei in

semi-exlusive reations. At eletron satterin small angles the momentum transfer

is pratially transverse and the NN sattering amplitude an be parameterized as

f

NN

� is�

tot

e

�

�

2

p

2

?

, in whih � is a slope parameter related to the angular distribu-

tion of NN sattering at forward angles and p

?

is the transverse omponent of the

nuleon momentum. And one last feature of high momentum transfer exlusive re-

ations is summarized in the so alled Redution Theorem whih basially states

that high energy partiles propagating in the nulear medium annot in-

terat with the same bound nuleon a seond time. As a onsequene of this

theorem, in the limits where the virtuality of a bound nuleon (whih is interating

with the propagating, energeti nuleon) an be negleted, the sum of the interation

amplitudes for a given nuleon an be replaed by the invariant phenomenologial

NN sattering amplitude f

NN

(see Figure 1.14), whih an be extrated from the
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; i = 1; 2 as a funtion of the propagating nu-

leon momentum, k

1

, at di�erent values of average momentum transfer hk

2

t

i [18℄.

NN sattering data [23℄. This is the basi ingredient of the generalized eikonal

approximation (GEA). The major di�erene from the onventional semi-lassial

approah (Glauber approximation) is that the GEA does not require the spetator

nuleons to be stationary satterers [14℄. Using the redution theorem a new set of

Feynman diagram rules were derived for the sattering amplitude of a knoked-out

nuleon undergoing n satters o� the (A - 1) residual system [15℄. Aording to

these rules (see Appendix C) the n-fold resattering amplitude an be represented

by n vertex amplitudes in whih eah vertex orresponds to one NN sattering. The

NN sattering amplitude ould be written as:

f

NN

= �

NN

tot

(i + �)e

�

�

2

(p

3

�p

1

)

2

?

; (1.36)

where �

NN

tot

is the total NN ros setion, � (not to be onfused with the light-one

fration) is the absorptive part of F

NN

, and � is the slope of the variation of NN
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FIG. 1.14: The sum of the sattering verties is replaed by the NN sattering

amplitude in GEA.

sattering angular distribution (forward angle) with energy. These parameters an

be extrated from experimental NN sattering data. Using these new Feynmann

rules one an express the intermediate spetator states in the diagram of Figure A.1

in terms of nuleons but not nulear fragments beause we an use losure over var-

ious nulear exitations in the intermediate state. Beause the typial average sale

for high energy reations is signi�antly larger than for nulear exitations, one an

use losure, and after the evaluation of the intermediate-state nuleon propagators,

the ovariant amplitude will be redued to a set of time ordered non-ovariant di-

agrams. This establishes the onnetion between the nulear vertex funtions and

the nulear wave funtions:

 

A

(p

1

; p

2

; :::p

A

) =

1

�

p

(2�)

3

2m

�

A�1

�

A

(p

1

; p

2

; :::p

A

)

D(p

1

)

; (1.37)

where �

A

(p

1

; p

2

; :::p

A

) are the vertex funtions whih desribes the transitions be-

tween a nuleus A and A nuleons with momenta p

1

; p

2

; :::p

A

, and D(p

1

) = �(p

1

�

m � i�) is the intermediate nuleon propagator. Here the wave funtions  

A

are

normalized suh that:

Z

j 

A

(p

1

; p

2

; :::p

A

)j

2

d

3

p

1

d

3

p

2

:::d

3

p

A

= 1: (1.38)
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1.3.5 Meson Exhange Currents and�-Isobar Contributions

Estimates of ontributions from meson exhange urrents orresponding to di-

agrams similar to Fig. 1.15 (a) are rather ontroversial at large Q

2

sine these

terms are very sensitive to the assumed t-dependene of the meson-nuleon ver-

tex form fators. These form fators are obtained from a �t to the experimental

data. Experimental results at low Q

2

for d(e,e'N)N shows that meson exhanged

P

Pq

P

P

P P

f

s

D D

f

sΓ Γ

 

s P’
DNNDNN

γ∗Γq
Γ ∆NmN

meson

(c)                                                             (d)

FIG. 1.15: Meson Exhange Currents (a) and the �-isobar ontribution (b) for

the e + d ! N + N reation.

urrents (MEC) and �-isobar ontributions (IC) to the NN sattering amplitude

beome dominant for higher momenta p

s

. The virtuality of the exhange mesons

grows with Q

2

for Q

2

� m

2

meson

, where m

meson

is the meson mass. One expets that

the ontributions of meson exhange urrents will derease with inreasing virtuality

Q

2

. The overall Q

2

dependene of the MEC amplitude an be estimated as [18℄:

A

�

MEC

�

Z

d

3

p �  (p)

J

�

m

(Q

2

)

(Q

2

+m

2

meson

)

�

MNN

(Q

2

)

(1.39)

/

Z

d

3

p �  (p)

�

1

(Q

2

+m

2

meson

)(1 +Q

2

=�

2

)

2

�

where J

�

m

� 1=(Q

2

+m

2

meson

) is the meson eletromagneti urrent proportional to

the elasti form fator of the meson, and m

2

meson

� 0:71 GeV

2

. For the meson-
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nuleon verties, the meson form fator �

MNN

� (1 + Q

2

=�

2

)

�2

with � � 0:8� 1:

GeV

2

. For large Q

2

quark ounting rule lead to �

MNN

�

1

Q

6

. Thus we expet that

MEC will be strongly suppressed for Q

2

� (m

2

meson

;�) � 1 GeV

2

. SLAC experi-
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FIG. 1.16: The Q

2

-dependene of W

1

=W

2

for the inlusive d(e,e')X reation. The

data are from Ref. [26℄. E

pn

= W

pn

� m

D

� �

bound

d

, where W

2

pn

= W

2



�

D

=

(q

�

+ p

�

D

)

2

is the CM energy of the proton and neutron in the �nal state of the

reation. Solid lines are PWIA preditions within light one dynamis in the

ollinear approah [18℄.

ment [26℄ results as shown in Figure 1.16 indiate suh suppression. The experiment

measured the ratio of struture funtions W

1

=W

2

at the deuteron threshold x! 2.

Partiularly the Q

2

-dependene of this ratio at �xed relative energy of the �nal pn

system is sensitive to the Q

2

-dependene of MEC ontributions. Fig. 1.16 indiates

that MEC ontribution dereases with the inrease of Q

2

and beome negligible for

Q

2

� 1:5 GeV

2

and E

pn

� 50 MeV.

For the ase of IC ontributions, the virtual photon produes the �-isobar in the

intermediate state whih subsequently re-satters o� the spetator nuleon through



31

0

0.5

1

1.5

2

2.5

3

3.5

4

40 60 80 100 120 140 160 180

θpsq (deg)

 T

NM+MEC+IC

NM+MEC

NM

GEA
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dependene of ratio T at Q

2

= 1 GeV

2

. The urve marked by

\NM" orresponds to the ross setion inluding �nal state interations alulated

in Ref. [12℄. The urves with \NM+MEC" and \NM+MEC+IC" orrespond to

the alulations of Ref. [12℄ inluding meson exhange and �-isobar ontribu-

tions respetively. The urve marked by \GEA" orresponds to the ross setion

alulations of Ref. [18℄ using the generalized eikonal approximation.

the �N ! NN hannel, as is shown diagrammatially in the Figure 1.15 (b). The

�-isobar urrent ontribution an be estimated as [18℄:

A

�

IC

� i

Z

 

D

�

p

mt

� k

t

; p

mz

�

m

2

�

�m

2

2q

�

J



�

N�

(Q

2

)A

�;N!NN

(k

t

)d

2

k

t

; (1.40)

where J



�

N�

(Q

2

) and A

�;N!NN

are the eletromagneti N ! � and hadroni

N�! NN transition amplitudes, respetively. There are several fators that on-

tribute to the suppression of IC ontributions at high Q

2

as ompared to the IA

ontributions. The main fators are the energy dependene of A

�;N!NN

ampli-

tude and the Q

2

-dependene of the eletromagneti 

�

N� transition form fators,

as ompared with the elasti NN ! NN amplitude and the 

�

N form fator,

respetively. The N ! NN amplitude is known to be dominated by the pion
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Reggeon exhange with the �-Reggeon whih dominates at very high energies, thus

being a small orretion up to energies of

p

s � 30 GeV [27℄. The sattering

amplitude of an interation depends on the spin, J, of the exhanged partile as:

A � s

J

, in whih s is the square of the enter of mass energy of �nal the NN sys-

tem (s � (

2

x

� 1)Q

2

+2m

2

). Using the spin dependene of sattering amplitude the

�N ! NN transition amplitude is being suppressed at least by a fator / 1=Q

2

(at Q

2

� 2 GeV

2

), as ompared with the elasti NN ! NN amplitude, leading

to a similar suppression of IC ontributions. There is an experimental indiation

that the eletromagneti 

�

N� transition form fator dereases even faster with

Q

2

as ompared to the elasti 

�

NN transition amplitude [28℄. In Figure 1.17 are

shown the results of the model of Ref. [12℄. The ratio between the full ross setion

(ontaining all the ontributions of Figure 1.11) to the PWIA ross setion, T , is

plotted versus the nuleon polar sattering angle. Calulations have been performed

in the kinematis Q

2

= 1 GeV

2

, q

0

� 400�500 MeV/ for the spetator momentum

p

n

= 400 MeV/. Within this model the ontributions of meson and isobar ur-

rents, in the kinematis where NN soft re-sattering is dominant, are small (� 6%

for MEC and � 4% for IC ontributions).

1.3.6 d(e,e

0

N)N Cross Setion

The ross setion of d(e,e

0

N)N an be written in terms of leptoni and hadroni

tensors as follows:

d�

dE

0

d


0

d

3

p

f

=2E

f

d

3

p

s

=2E

s

=

E

0

e

E

e

�

2

q

4

�

��

T

��

D

Æ

4

(p

D

+ q � p

f

� p

s

) (1.41)

where �

��

=

1

2

Tr(

^

k

2



�

^

k

1



�

), k

1

� (E

e

;

~

k

1

), and k

2

� (E

0

e

;

~

k

2

) are the four-momenta

of the inident and sattered eletrons, respetively. The eletromagneti tensor T

��

D
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of the deuteron is:

T

��

D

=

X

spin

(A

0

+ A

1

)

�

(A

0

+ A

1

)

�

(1.42)

where A

0

and A

1

orrespond to impulse approximation and single re-sattering

amplitudes alulated earlier in Eqs. 1.30 and 1.34. Using the fat that in soft NN

re-sattering < k

2

t

>

rms

� 250 MeV

2

=

2

� jqj

2

the bound nuleon eletromagneti

urrent an be fatorized out of the integral in Eq. 1.31. The distorted wave impulse

approximation (DWIA), in whih the sattering ross setion is represented as a

produt of the o�-shell eN sattering ross setion �

eN

and the distorted spetral

funtion S

D

(p

f

; p

s

) replaes PWIA in this ase:

�

dE

0

d


0

dp

f

= p

2

f

�

eN

S

D

(p

f

; p

s

): (1.43)

Here the distorted spetral funtion an be represented as follows:

S

D

(p

f

; p

s

) =

�

�

�

�

 

D

(p

s

)�

1

4i

Z

d

2

k

t

(2�)

2

f

pn

(k

t

) � [ 

D

(~p

s

)� i 

0

D

(~p

s

)℄

�

�

�

�

2

(1.44)

The o�-shell ross setion �

eN

ontains ambiguity in the spinor part related to the

fat that the knoked-out nuleon is bound. The above alulations using the fa-

torization theorem are assuming that the ontributions from MEC and IC urrents

are small in the kinematis where NN resattering is dominant. In ontrast with

these earlier theoretial preditions, a reent theoretial development [29℄ supports

a major ontribution due to IC and MEC urrents to the sattering amplitude in

the same kinematial region mentioned above. These alulations are disussed in

the next setion.

1.3.7 New Theoretial Developments

A new theoretial approah [29℄ uses kinematis where re-sattering takes plae

on a propagating on-shell nuleon. In this piture the eletron satters on a pro-

ton at rest whih propagates on-shell and re-satters on the neutron whih is also
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at rest. In the Lab frame, the soft neutron reoils at 90

Æ

with respet to the fast

proton whih is emitted in the forward diretion. The angle between the soft neu-

tron momentum and the momentum transfer diretion is de�ned as �

R

. Two body

kinematis imposes that the angle �

R

of the re-sattering peak moves with the reoil

momentum (see Figure 1.18). The same ours, in a di�erent part of the phase

spae, when the eletron interats with a neutron (the ase of this analysis). The
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θR  (Degrees )
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eD→epn
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Q2 = 2.35 GeV2

Ee = 4.7 GeV

PR = 200 MeV/c

FIG. 1.18: The ratio R =

�

FULL

�

PWIA

versus the angle between the reoil nuleon

(neutron) and the virtual photon momentum ~q diretion. FSI (dashed lines) and

MEC+IC (full lines) for two �xed values of reoil momenta are shown [29℄.

model involves on-shell elementary matrix elements and they are maximized in the

quasi-elasti kinematis, when the re-sattering takes plae on a nuleon at rest,

and x =

Q

2

2m

p

�

= 1, where x is the Bjorken saling variable, � is the energy of the

exhanged virtual photon, and m

p

is the mass of the nuleon. In these kinematis
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the singular part of the FSI and MEC amplitudes does not depend on Q

2

, beyond

the momentum dependene of the momentum operators. Thus, one expets that

with inreasing Q

2

the FSI, MEC, and IC ontributions will dominate the total ross

setion. By hoosing these kinematis we ould study exoti omponents of the nu-

lear wave funtion via olor transpareny or olor sreening. Figure 1.18 shows the

features of quasi-elasti on-shell re-sattering e�ets. It shows the dependene of

the ratio between the full ross setion of the d(e,e

0

p)n reation and the quasi-free

(PWIA) ontribution versus the angle �

R

between the reoiling nuleon and the

virtual photon, for onstant reoil momentum. Near �

p

s

;q

= 70

o

(where x = 1) FSIs

are maximized, and on-shell resattering is dominant.

At low values of the reoil momentum (p

s

= 200 MeV/), the on-shell nuleon

ross setion is redued by sreening, while at high values of the reoil momentum

(p

s

= 500 MeV/) the quasi-free ontribution is suppressed due to re-sattering

e�ets. Similarly, the meson exhange urrents (MEC) and �-isobar (IC) ontri-

butions indue \singularities" at large reoil angles and shift the NN re-sattering

peak (Figure 1.18 - full lines). Other virtual nuleon resonanes an be exited and

propagate, widening the peak even further toward large re-sattering angles. In the

range of reoil momenta of a few hundredMeV/ the �-isobar ontribution is larger

than that of higher mass resonanes. This approah uses relativisti propagators to

estimate the PWIA and FSI ontributions, and no angular approximation is made

in evaluating the integral loops [30℄. The PWIA and FSI sattering amplitudes for

d(e,e

0

p)n are omputed using the following desriptions:

T

PWIA

=

1

p

4�

"

X

m

1

hm

1

jJ

p

(q

2

)jm

p

ih

1

2

m

p

1

2

m

2

j1M

J

iU

0

(~p

2

)+

(1.45)

+

X

m

2

hm

1

jJ

n

(q

2

)jm

n

ih

1

2

m

n

1

2

m

1

j1M

J

iU
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(~p

1

)

#

+D Wave;
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o

; (1.46)

where E

p

=

q

m

2

+ (

~

k � ~n)

2

and p

0

= M

D

+ � �

p

m

2

+ ~n

2

. The momenta and

magneti quantum numbers of the outgoing proton and neutron are respetively ~p

1

,

~p

2

, m

1

and m

2

, while the magneti quantum number of the deuteron target is M

J

.

The S and D parts of the deuteron wave funtion are respetively U

0

and U

2

. In this

model [29℄ the dipole expression is used for the magneti form fators of the proton

and the neutron. The Galster parameterization [31℄ was used for the neutron eletri

form fator, while the latest JLab experimental values [32℄ were used for the proton

eletri form fator. Beause the energy of the virtual photon is larger than the sum

of the masses of the two nuleons, the knoked out nuleon (~p; �

p

) an propagate

on-shell. Due to the dominane of the S-state in the deuteron wave funtion, the

orresponding singular part of the integral is maximum when the sattering of the

eletron on a nuleon at rest takes plae in quasi-free kinematis. In Figure 1.19

the width of the on-shell (dot-dashed line) peak reets the Fermi motion inside the

target nuleon, while the o�-shell part of the ross setion is suppressed at x = 1.

The lassial Glauber approximation uses a linearization of the nuleon propagator

and neglets reoil e�ets. Thus, the re-sattering peak is �xed at 90

o

. GEA takes

into aount the higher order reoil terms in the nuleon propagator of Eq. 1.46, and

neglets only terms on the order of p

2

?

=m

2

p

. Laget's diagrammati approah, whih

takes into aount the full kinematis, predits the FSI peak (see Figure 1.19 - full
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FIG. 1.19: Angular dependene of the ratio of the FSI to the PWIA ross setions

for the on-shell (dot-dashed line) and respetively for the o�-shell (dashed line)

propagating nuleon.

line) at the same plae as the GEA preditions. This model uses a parametrization

of NN sattering amplitude of the form:

T

NN

= � + i(~�

1

+ ~�

2

) �

~

k

?

+ (spin� spin) terms; (1.47)

in whih

~

k

?

is the unit vetor perpendiular to the sattering plane. This parame-

terization takes into aount the fat that for higher kineti energies of the outgoing

fragments, more inelasti partial waves make it diÆult to ompute the NN ross

setion from a potential. Above 500 MeV, the entral part � of the NN sattering

amplitude is dominant, is mostly absorptive, and an be expressed as:

� = �

Wp

CM

2m

2

(� + i)�

NN

e

�

�

2

t

(1.48)

In the forward diretion its imaginary part is related to the total ross setion �

NN

,
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while the slope parameter � is related to the angular distribution of the NN satter-

ing amplitude at forward angles. Both quantities are extrated from experimental
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FIG. 1.20: The experimental NN ross setion �

NN

and � variation with energy

used in the parameterization desribed in the text [29℄.

results from Los Alamos, COSY, and Saturne (see Figure 1.20). This parameteri-

zation also inludes the low energy regime by expanding the amplitude in terms of

SPD waves of the Paris potential (with a small ontribution for reoil momenta T

L

above 500 MeV/). The �-isobar and MEC amplitude ontributions ontain both

� and � meson exhanges and are omputed aording to Eqs. (C1) and (C2) of

Ref. [33℄. The author of Ref. [29℄ implemented the full relativisti desription of the

�NN vertex, instead of the lassial desription in Eq. (C2), with a small �nal e�et

on the overall estimation of MEC ontributions. For the N ! � form fator a gen-

eral �t to the latest experimental values [34℄ was used: F

N�

= F

dip

(Q

2

)(1�Q

2

=9),
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p)n reation at x = 1 and

Q

2
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2

. Dashed line PW. Dash-dotted line: with FSI. Full line: MEC and

� inluded [29℄.

as shown in Figure 1.22. The � formation amplitude is suppressed at high Q

2

(see

Fig. 1.22) due to its steep fall-o� ompared with the nuleon dipole form fator

F

dip

. Also in quasi-free kinematis the singularities assoiated with � propagation

are weaker than the FSI amplitude, due to the fat that the � pole is o� from the

energy axis by its half width. Figure 1.21 shows the full angular distribution of the

d(e,e

0

p)n reation for Q

2

= 5 GeV

2

, at x = 1. The � formation term has a small

ontribution up to p

n

� 800 MeV/, but is predominant for the higher momentum

range. At large sattering angles of the reoil nuleon FSI, MEC and IC ontribu-

tions dominate the interation between the eletron and the nuleon. Preliminary

experimental results [35,36℄ of the eletro-disintegration of

3

He and

4

He show a good
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agreement with the diagrammati method [29℄ desribed above and are presented

in Figure 1.23.

1.3.8 Nulear Transpareny T and Re-sattering E�ets

The ratio T , alled nulear transpareny, of the ross setion �

IA+FSI

, given

by the distorted plane wave approximation of Eq. 1.44, to the ross setion �

IA

,

alulated with only the IA amplitude A

0

inluded, is an e�etive measure of re-

sattering e�ets in nulei. The nulear transpareny T is then:

T =

�

IA+FSI

�

IA

=

S(p

f

; p

s

)

j 

D

(p

s

)j

2

(1.49)
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FIG. 1.23: The momentum distribution in the

3

He(e,e'p)d reation at x = 1 and

Q

2

= 1:55 GeV

2

. Dashed line: PW. Dotted line: with FSI. Dash-dotted line: 2

body MEC and � inluded. Full line: 3 body mehanism inluded [29℄.

By alulating T as a funtion of the reoil nuleon angle with respet to ~q for

di�erent values of nuleon momenta (see Figure 1.24), we an learly see the on-

sequenes of re-sattering e�ets on the total ross setion. At reoil momenta

p

s

� 300 MeV/, T has a minimum and generally T < 1 while at reoil momenta

p

s

� 300 MeV/, T has a distintive maximum and T > 1. These e�ets ould

easily be explained if we reall the fat that for soft NN re-sattering the amplitude

is mainly imaginary f

pn

= �

tot

(i + �)e

�

B

2

k

2

?

with � � 1. Within the theoretial

frame desribed earlier by Strikman and Frankfurt (Eqs. 1.43 and 1.44), Eq. 1.44
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inserted into Eq. 1.49 yields:

T � 1�
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�
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D
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)

:

Here  

D

and  

0

D

are the on-shell and o�-shell deuteron wave funtions, respetively.

In Eq. 1.50 we an observe that the seond term, alled the interferene term,
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FIG. 1.24: The dependene of the transpareny T on the angle �

sq

and the mo-

mentum p

s

of the reoil nuleon. The angle is de�ned with respet to ~q.

has a negative sign and is proportional to

 

D

(p

sz

;p

s?

) 

D

(p

sz

��;p

s?

�k

?

)

 

2

D

(p

sz

;p

s?

)

. Thus, in the

kinematis where the interferene term is dominant there is sreening of the overall

ross setion. The maximal sreening is found at p

s?

� 200 MeV/, at whih the

square of the third term, alled the re-sattering term, is small, resulting in T �

1. A further inrease of p

s

suppresses the relative ontribution of the interferene



43

term as ompared to the square of the re-sattering term whih results in T > 1.

The dominane of the re-sattering term as ompared to the interferene term,
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FIG. 1.25: The �

p

s

q

dependene of T at di�erent values of p

s

. Solid lines are

obtained within GEA, and dashed lines are obtained within Glauber approxima-

tion [62℄.

with inreasing p

s

, is explained by the fat that the interferene term grows as �

1

j 

D

(p

s

)j

while the re-sattering term grows as �

1

j 

D

(p

s

)j

2

. Preditions of T alulated

within GEA and in the Glauber approximations are rather lose when the reoil

nuleon momenta are small (see Figure 1.25). Glauber theory assumes that the

target nuleons are stationary satterers and therefore neglets their Fermi motion.

At large Fermi momenta preditions of both approahes di�er onsiderably. In the

ase of p

s

= 400 MeV/ the GEA and Glauber approximation preditions for the

angular dependene of the maximal ontribution of the re-sattering amplitude (i.e.

the position of the maximum of T in Figure 1.25) di�er by as muh as 30

o

. Suh

a di�erene is quite dramati and is one of the motivations behind this analysis.
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As mentioned earlier one of the important features of high energy sattering is the
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FIG. 1.26: T as a funtion of Q

2

and p

st

at � =

E

s

�p

sz

m

= 1.

energy independene of the NN soft sattering ross setion (e.g. Figure 1.20),

whih enters into the re-sattering amplitude of the d(e,e'N)N reation as shown

diagrammatially in Figure 1.11 (b). This feature bring us to the dependene of

T upon Q

2

. As Figure 1.26 shows, with inrease of Q

2

, T beomes pratially

independent of Q

2

at a given value of p

s

. Within GEA the Q

2

independene of T

an be used as a baseline to study the onset of the olor oherent regime in high Q

2

exlusive reations o� nulei.

The elasti 

�

N interation, at high Q

2

� Q

2

0

(Q

2

0

� 6� 8 GeV

2

), is dominated

by the ontribution of the minimal Fok omponent of the quark-gluon wave funtion

of the nuleon, whih orresponds to a point-like on�guration (PLC). Thus for

Q

2

� Q

2

0

in the QCD piture it is expeted that hard elasti sattering will favor

PLCs from the wave funtion of the nuleon. This feature is harateristi of both
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the perturbative [38, 46℄ and non-perturbative [23℄ regime of QCD. If PLCs are

produed in high Q

2

exlusive reations, then beause of the olor sreening e�et

we expet that they will propagate through the nulear medium largely undisturbed,

without �nal state interations. This phenomena is alled Color Transpareny (CT)

and is believed to be responsible for spei� upward and downward hanges in

the hard quasi-elasti d(e,e'N)N ross setion, depending on the kinematis whih

ontrol the relative size of the sreening and re-sattering terms mentioned earlier in

the setion. This phenomenon was observed at FNAL in high energy regime when

perturbative QCD is valid [39, 40℄.

In non-perturbative QCD, observation of olor oherent phenomena is ob-

struted by the fat that at �nite energies PLCs will evolve to the normal hadroni

states during their propagation through the nuleus. As a result FSI will not be

negligible at the later stages of the interation. The rapid expansion of PLCs, is

believed to be the major reason that prevented the observation of the onset of olor

transpareny in A(e,e'p)X reations for the range of Q

2

up to 8 GeV

2

[7, 8℄. Thus

the major issue in the studies of olor oherene phenomena in the non-perturbative

regime is the suppression of the expansion of PLCs whih an be ahieved [41, 42℄

in exlusive d(e,e'N)N reations with large values of momentum transfer.

There are several non-perturbative models whih allow an estimate of olor

oherene by inorporating PLC expansion (see e.g. [43,44℄). One of the models de-

veloped is the Quantum Di�usion Model (QDM) of Ref. [43℄. Basially this model

introdues the dependene of the sattering amplitude on the transverse size of the

PLC. The expansion of PLC is inluded in the QDM model by allowing the re-

sattering amplitude to depend on the distane from the photon absorption point.

The alulation of the deuteron eletro-disintegration ross setion within the QDM

model is performed by rewriting the amplitude of Eq. 1.31 in oordinate represen-

tation and using a new sattering amplitude for the PLC{N re-interation f

PLC;N
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to replae the amplitude of NN sattering f

pn

. Within QDM:

f

PLC;N

(z; k

t

; Q

2

) = i�

tot

(z; Q

2

) � e

b

2

t

�

G

N

(t � �

tot

(z; Q

2

)=�

tot

G

N

(t)

; (1.51)

where b=2 is the slope of the elasti NN amplitude, G

N

(t) � (1 � t=0:71)

2

is the

Sahs form fator, t = �k

2

t

, and �

tot

(l; Q

2

) is the e�etive total ross setion of the

interation of PLCs at a distane l from the interation point. In QDM �

tot

(l; Q

2

)

takes the following form:

�

tot

(l; Q

2

) = �

tot

��

l

l

h

+

hr

2

t

(Q

2

)i

hr

2

t

i

(1�

l

l

h

)

�

�(l

h

� l) + �(l � l

h

)

�

; (1.52)

in whih l

h

= 2p

f

=�M

2

, with �M

2

= 0:7� 1:1 GeV

2

. Here hr

2

t

(Q

2

)i is the average

transverse size squared of the on�guration produed at the interation point. Other

non-perturbative models are inorporating the prodution and expansion of PLCs

using the fat that with an inrease of energies the ontribution from the inelasti

transitions with intermediate baryoni resonanes of the same spin as the nuleon

(as N

�

and N

��

) are no longer suppressed. As a onsequene the intermediate

hadroni state (after the 

�

N vertex as shown in the diagram of Figure 1.11 (b)) an

be represented as a superposition of nuleoni, baryoni exitation and ontinuum

states. The three-state model uses the assumption that the intermediate state is a

superposition of three resonane states (N,N

�

, and N

��

):

jPLCi =

X

m=N;n

�

;N

��

F

m;N

(Q

2

)jmi; (1.53)

where F

m;N

(Q

2

) are elasti (m = N) and inelasti transition form fators. Color

transpareny is introdued in this model as the ondition of lak of FSI at the in-

teration point (where PLCs are produed): T

S

jPLCi = 0, where T

S

is the 3 � 3

Hermitian matrix representing the small angle �nal-state interations. The ross

setion in this model is obtained from Eq. 1.43 replaing the sattering amplitude

f

pn

with T

S

. Detailed numerial alulations were done in Ref. [41℄, and they demon-
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strated that both models, the QDM model and the three-states model, predit simi-

lar magnitudes for the olor transpareny phenomena, as a suppression of �nal state

re-satterings. In order to observe a olor oherent e�et, we need to identify the

FIG. 1.27: Theoretial preditions for the Q

2

dependene of the ratio R for the

exlusive d(e,e'p)n reation with CT e�ets (solid line) and without CT e�ets

(dashed line) together with projeted data points and error bars for the experi-

ment E94-019 [45℄ at TJANF.

quantity most sensitive to the suppression of FSIs with inreasing Q

2

. As it was

shown in Figure 1.24, within GEA, FSI are dominant in the transverse kinematis

(�

p;q

� 90

o

), orresponding to � =

E

s

�psz

m

= 1. From Figures 1.24 and 1.25 we

an see that for p

s

. 300 MeV/ the sreening term of Eq. 1.42 is dominant, re-

sulting in T < 1. At p

s

& 350 MeV/ the dominant ontributions arises from the

re-sattering term in Eq. 1.42 and as a result T > 1. Based on these observations a

ratio of ross setion, measured at kinematis where double sattering is dominant,

to the ross setion measured at kinematis where the sreening e�ets are the main

ontributors, beomes a very sensitive tool in studying the suppression of FSIs with
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inreasing Q

2

:

R =

�(p � 400MeV=)

�(p � 200MeV=)

(1.54)

A predition for the ratio R evolution with Q

2

for atual experiment is presented

in the Figure 1.27. It an be seen here that olor oherent e�ets will suppress

FSIs and onsequently will redue the transpareny T with inreasing momentum

transfer Q

2

.

1.4 Overview of Existent Data

To observe olor oherent e�ets we need proesses that are dominated by

sattering from PLCs and that an be omputed using perturbative quantum hro-

modynamis (pQCD). Several suh proesses have been suggested in the literature,

and orresponding pQCD fatorization theorems have been proven for them. These

proesses inlude di�rative pion dissoiation into two high transverse momentum

jets [23℄ and exlusive vetor meson prodution [46, 47℄. Reent experiments at

HERA whih foused on exlusive vetor meson prodution in deep inelasti sat-

tering (DIS) have on�rmed the basi pQCD preditions { a rather fast inrease of

the ross setion with energy at large Q

2

, a dominane of the longitudinal photon

ross setion, and a weaker t-dependene of the �-meson prodution at large Q

2

relative to J= photo-prodution. Di-jet and vetor meson prodution proesses

have a very partiular harateristi: in the region of small shadowing (for values

of x � 0:02) the interation of a q�q pair with a nulear target does not su�er at-

tenuation through nulear matter, thus the pair q�q beomes \olor oherent". As a

result, the amplitude of this proess at t = 0, and the ross setion of quasi-elasti

proesses are eah proportional to the nuleon number A. At Fermi laboratory,

E791 experiment observed olor transpareny in the exlusive oherent prodution

of two jets in the proess � + A ! 2 jets + A at pion energies of E

�

= 500 GeV.
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As predited [23℄, the A-dependene of the proess [40℄ led to a seven times larger

platinum/arbon ratio than soft physis would have predited. Evidene for olor

transpareny e�ets was reported also in inoherent vetor meson prodution in DIS

sattering of muons [48℄. It an be onluded that CT onept has been established

experimentally as well as theoretially using high energy proesses.

The �rst eletron-proton sattering A(e,e'p) experiment looking for olor trans-

pareny was NE18 performed at SLAC [7, 8℄. The maximum value of the momen-

tum transfer of the virtual photon Q

2

was � 7 GeV

2

, orresponding to a formation

length l



�

1

�M

p

h

m

h

� 2 fm, where p

h

and m

h

are the momentum and the mass of

the interating hadron, and �M is the harateristi exitation energy de�ned by

�M

2

= (m

2

ex

�m

2

h

) with m

ex

being the invariant mass of the losest exited state.

Preditions of olor oherent e�ets in this kinematial range were rather small and

they were onsistent with the NE18 data. Reent Je�erson Lab experiments [9,10℄,

have been performed in the kinematial range up to Q

2

= 8 GeV

2

and no olor trans-

pareny e�ets have been observed. However, the auray of these experiments and

the e�ets of expansion in the realisti models are not suÆient to rule out olor

transpareny. Another experiment was performed at BNL [49℄, whih measured the

olor transpareny of nulei measured in the A(p,2p) quasi-elasti sattering proess

near 90

o

in the pp enter of mass. The inident momenta varied from 5:9 to 14:4

GeV/, orresponding to 4:8 < Q

2

< 12:7 GeV

2

. In these experiments the angu-

lar dependene of the nulear transpareny near 90

o

, and the nulear transpareny

for deuterons was studied. They found that the nulear transpareny for A(p,2p),

unlike that for A(e,e'p), is not a onstant versus energy as predited by Glauber

alulations. The nulear transpareny for arbon and aluminum showed an in-

rease by a fator of two between 5:9 and 9:5 GeV/ inident proton momentum.

At higher energies, surprisingly, the nulear transpareny was observed to fall bak

to values ompatible with the onstant A(e,e'p) nulear transpareny, supported by
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the Glauber alulations. This osillating behavior, as shown in Figure 1.28, was

FIG. 1.28: The nulear transpareny T

pp

values for arbon and for aluminum

(saled) are plotted versus their p

eff

values [49℄. The solid urve represents the

inverse of R(s) =

d�

dt

pp

(� = 90

Æ

j

:m:

) � s

10

. The sale s of Q

2

is inluded at the

bottom of the �gure in GeV

2

.

explained as an interplay between two omponents of the pN sattering amplitude;

one short range and perturbative, and the other long range and strongly absorbed in

the nulear medium. Studies of the A-dependene of nulear transpareny onlude

that the e�etive ross setion varies with inident momentum and is onsiderably

smaller than the free pN ross setion. The �rst data from a new (p,2p) experiment,

EVA [50℄, at p

in

= 6�7:5 GeV/ on�rmed the �ndings of the �rst experiment [51℄

and more reently EVA has reported measurements in a wider momentum range up

to 14 GeV/. The data appear to on�rm both the inrease of transpareny between

6 and 9 GeV/ and a drop of transpareny at 12 and 14 GeV/ [52℄. As suggested

in [53, 54℄ the drop in the transpareny ould be understood as a peuliarity in
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the high momentum transfer pp sattering amplitudes. The reent Je�erson Lab

data [10℄ studied the (e,e'p) reation on targets of deuterium, arbon, and iron up

to Q

2

= 8:1 GeV

2

. The nulear transpareny was determined by omparing the data

to alulations of quasi-free ross setions in the Plane-Wave Impulse Approxima-

tion (PWIA). The dependene of the nulear transpareny on Q

2

(see Figure 1.29)

as well as on the atomi number A was investigated in a searh for the onset of

the Color Transpareny (CT). None was found in this kinematial range. However

FIG. 1.29: Transpareny T

p

for (e,e'p) quasi-elasti sattering from D (stars), C

(squares), Fe (irles), and Au (triangles). Solid large and small symbols are

from JLab data Refs. [9℄ and [10℄, respetively. Solid large open symbols are

SLAC data from Refs. [7,8℄. Small open symbols orrespond to Bates data from

Ref. [55℄. Solid urves represents the Glauber alulations from Ref. [56℄ and

in the ase of deuterium (D), the dashed urve orresponds to alulations from

Ref. [41℄

.

these data allow onstraints on the parameters de�ning the onset of CT. From an

analysis [18℄ done within the QDM of nulear transpareny for the range of the
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expansion parameter �M

2

(with �M

2

= 0:7 GeV

2

shown in Fig. 1.30-(a) and with

�M = 1:1 GeV

2

shown in Fig. 1.30 (b)) it was determined that the lower limit for

the formation of point-like onstituents (PLCs) is at Q

2

� 4 GeV

2

. The upgrade

FIG. 1.30: The Q

2

-dependene of T. The solid line is the predition of the Glauber

approximation (GA). In (a) dashed urves orrespond to the CT predition with

�M

2

= 0:7 GeV

2

and with Q

2

= 1; 2; 4; 6 and 8 GeV

2

. In (b) dotted urves

orrespond to the CT predition with �M

2

= 1:1 GeV

2

and with Q

2

= 1; 2; 4

and 6 GeV

2

. All alulations are normalized to the data at Q

2

= 2 GeV

2

[18℄.

Data shown here are from Bates, SLAC, and JLab as mentioned in Fig. 1.29.

of Je�erson Lab to 12 GeV would allow measurements of T to higher Q

2

where

the olor transpareny preditions for (e,e

0

) diverge from onventional alulations

(e.g. Glauber approximation). Experimental results from EVA have indiated in a

model-independent way that for nuleon momenta � 7:5 GeV/, expansion e�ets

are not large enough to mask the inrease of nulear transpareny. Hene measure-
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ments at Q

2

� 14 GeV

2

, orresponding to momenta of the ejetile nuleon up to

14 GeV, would learly answer the question whether nuleon form fators in these

kinematis are dominated by small or large size on�gurations.

1.5 Analysis Objetives

To obtain more detailed knowledge of the interation of PLCs with nulei,

we an selet proesses in whih the ejetile interats a seond time during its

propagation through the nuleus (double sattering) [57{59℄. This an be done by

studying reoil nuleons with transverse (with respet to virtual photon momentum

~q diretion) momenta p

s;?

� 200 MeV/. At lowQ

2

, the majority of high momentum

nuleons are produed from re-sattering with the spetator nuleon in the nuleus.

The onset of CT would redue the probability of re-sattering, thus the number

of suh nuleons will derease. The wave funtions for the lightest nulei (D,

3

He,

4

He) are known fairly well; therefore double sattering reations an be modeled

aurately in terms of FSIs, based on new theoretial developments [29, 59℄ (e.g.

GEA model). Another advantage of double sattering is that the inter-nuleon

distanes probed (1 � 2 fm) are not large. These distanes are omparable to the

formation length for Q

2

as low as 4 � 6 GeV

2

(aessible to this experiment), and

may provide evidene for olor oherent phenomena in the transitional Q

2

region.

Ultimately, the double sattering measurements of this experiment will allow us

to determine whether the lak of an observed signature of CT in A(e,e

0

p) reations

for Q

2

� 8 GeV

2

is related to the rapid expansion of PLCs, or if it is beause PLCs

are not produed at all in this kinematial range. This experiment has measured

the ratio of the ross setion at kinematis for whih double sattering is dominant,

to the ross setion measured at kinematis where sreening e�ets have a larger

ontribution to the total ross setion, as given in Eq. 1.58. To enhane the e�et
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of the �nal state interation in both regions, the light one momentum fration � of

the reoiling nuleon was taken lose to one (� =

E

s

�p

s;z

m

� 1), where E

s

and m are

the energy and the mass of the reoiling nuleon in the �nal state, and p

s;z

is the

omponent of momentum in the diretion of ~q. Another aim of a double sattering

experiment is to ompute the ratio between the neutron and proton quasi-elasti

ross setions at the same values of inident energy, Q

2

, �, E

in

and ~p

i

:

R

N

�

�

�

�

�

�

n

eN

�

p

eN

�

�

�

�

exp

(1.55)

This ratio should be independent of the spetral funtion, if this funtion is similar

for both the neutron and the proton. Preditions [60, 61℄ shows a strong di�er-

ene between several theoretial alulations. The main di�erene arises from the

Q

2

-dependene of R

N

. Sine the di�erene in spetral funtions is related to the

evolution of the FSIs, the information gained from how this ratio evolves with the

energy will shed light on the general piture of nulear dynamis.

Another objetive of this analysis is to extrat inelasti ross setions for the

inlusive d(e,e

0

) reation at high x. When sattering eletrons o� a nuleon (proton

or neutron), the range of x � 1. For sattering o� a nuleus, it is possible for x to

be larger than unity. The Bjorken saling variable x is a measure of the fration

of the longitudinal momentum arried by the struk quark. Hene, x > 1 indiates

that the eletron satters o� a super-fast quark that arries more momentum than

the nuleon. Using kinematis in whih the virtual photon will knok out a nuleon

while the orrelated nuleon will be deteted in the fragmentation region we obtain

information about the struture of two-nuleons pre-existing at very small distanes,

so alled short-range orrelations (SRC). Ratios of A(e,e

0

) for di�erent nulei, nor-

malized by A show a saling behavior in the x > 1:5 region. It was suggested [92,93℄

that the ratio between A+1 and A ross setions in the x > 1:5 region will be pro-

portional with the probability of �nding SRCs in nuleus. Previous results from
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Jlab-CLAS used

3

He ross setion as the normalization to extrat SRC probabilities

for

4

He,

12

C and

56

Fe. The inlusive d(e,e

0

) ross setions for x > 1:5 an be used

now as the normalization in extrating SRC probabilities for

4

He,

12

C and

56

Fe.



CHAPTER 2

Experimental Apparatus

2.1 Aelerator

The Continuous Eletron Beam Aelerator Faility (CEBAF) at the Depart-

ment of Energy's Thomas Je�erson National Aelerator Faility (TJNAF) is the

home of a reirulating linear aelerator whih supplies a very low noise, high duty-

fator, ontinuous polarized eletron beam (�70%) to three experimental halls (Hall

A, B, C) simultaneously. A 45 MeV eletron beam is delivered to the aelerator

by a superonduting RF injetor, and then aelerated through two idential linear

aelerators (North and South LINAC) onneted by two 180

Æ

ars. The beam is

reirulated up to �ve times as shown in Figure 2.1. Aeleration in the lina is

ahieved by 20 ryomodules, eah one ontaining eight superonduting radiofre-

queny avities (SRF), made of niobium, whose average gradient is 10 MeV/m.

The SRF avities are kept at 2 K using liquid helium produed by a refrigerator.

At the end of eah irulating pass through the mahine the beam an be extrated

using an RF hopper operating at 499 MHz. The beam is sent to the experimental

halls in bunhes separated by 2.0039 ns intervals at beam urrents ranging from

56
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FIG. 2.1: The CEBAF mahine on�guration. In the upper orner one an see

a blowup of the north lina showing one of the ryomodules. A vertial ross

setion of a ryomodule is shown in the lower right orner of the diagram. In the

upper right orner a ross setion of the �ve reirulating ars is shown. The two

linear aelerators and the bending ars are shown in the enter of the piture.

The eletron beam starts at the injetor and terminates at the experimental halls

(Hall A, B, C).

100 pA to 180 �A. The aelerator an deliver beam urrents suÆient to ahieve

luminosities of several times 10

38

m

�2

s

�1

to Halls A and C. The beam delivered to

Hall B is four orders of magnitude less intense beause the maximum luminosity of

a large-aeptane detetor suh as CLAS is limited by detetor rates. The beam

energies available to the experimental halls range from 1.1 GeV (one pass) to �5.6

GeV (5 passes). The maximum energy an be delivered with an energy resolution

of less than 0:01 % and a beam spot size at the target of less than < 0:5 mm.
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FIG. 2.2: Side view of the experimental setup in Hall B with the beam-line, CLAS

detetor in the enter, and assoiated equipment.

2.2 General Desription of the CLAS Detetor

The CEBAF Large Aeptane Calorimeter (CLAS) shown in Figure 2.2 is

the main experimental setup in Hall B. The CLAS detetor has nearly 4� solid

angle overage, and allows the detetion of harge partiles with polar angles from

8

Æ

to 140

Æ

, and neutral partiles from 8

Æ

to 75

Æ

. The large aeptane of CLAS

and the ontinuous beam provided by CEBAF are well suited for experiments that

require the detetion of two and more partiles in the �nal state with a very small

aidental bakground to signal ratio of less than 10

�3

over a large angular range

in the laboratory frame for luminosities up to 10

34

m

�2

se

�1

. Besides the atual

detetion of harged partiles, CLAS is designed to measure their momentum, time

of ight, and trajetory with good auray. From these measurements and the

urvature of the trak, the mass and harge of eah partile an be inferred. In order
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to make these preise measurements, several sets of detetors have been assembled

in CLAS as shown in Figure 2.3. The target is loated at the enter of CLAS.

Charged partiles are bent by a toroidal (azimuthal) magneti �eld, with a maximum

intensity of 2 Tesla in the forward diretion. A mini-torus is used to url up the

Moller eletrons that then exit into the beam dump. Three layers of Drift Chambers

(DC), from 8

Æ

to 140

Æ

, allow us to map out the trajetory of a harged partile

through the known magneti �eld, and to determine its momentum. A Cherenkov

ounter (CC), from 8

Æ

to 45

Æ

provides disrimination between eletrons and pions.

A system of sintillator ounters, from 8

Æ

to 140

Æ

, measures the time of ight (TOF)

of harged partiles. Finally the eletromagneti alorimeter (EC), loated in the

forward diretion (8

Æ

to 45

Æ

), is used for identifying eletrons and neutral partiles.

A pair of Large-Angle Calorimeters (LAC) was designed to detet harged partiles

sattered from 45

Æ

to 75

Æ

.

2.2.1 Main Torus Magnet

The magneti �eld for CLAS is provided by six superonduting oils arranged

in a toroidal geometry around the eletron beam line as is shown in Figure 2.4

(left). The �eld points primarily in the �-diretion with a magnitude as is shown in

Figure 2.4 (right). This design allows a measurement of harged partiles with good

momentum resolution at high energy and small sattering angles where the magneti

�eld is strong and at low energies and larger sattering angles where the magneti

�eld is weaker (see Fig. 2.4, right). This design provides a wide geometrial overage

for harged partiles at large sattering angles as well. The magnet is approximately

5 m in diameter and 5 m in length. At the maximum design urrent of 3860 A, the

integrated magneti �eld reahes 2.5 Tesla�meter in the forward diretion, dropping

to 0:6 Tesla�meter at a sattering angle of 90

Æ

.
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FIG. 2.3: 3D representation of CLAS with the detetor sub-systems.

2.2.2 Drift Chambers

Determination of harged partile trajetories in CLAS is done using multi-

wire drift hambers that are designed to trak partiles with momenta greater than

200 MeV/. The drift hambers over a range from 8

Æ

to 140

Æ

in polar angle for

80% of the 2� azimuth. Eah of the six setors of CLAS has three separate radial

hambers alled regions R1, R2, R3, as shown in Figure 2.5. The �rst region is

the innermost and the smallest setion of the drift hambers and is loated in a

nearly �eld free volume around the target. The seond region is loated inside the

magneti �eld and is atually mounted onto the ryostats ontaining the oils of

the magnet. The third region is the biggest setion and is loated outside of the

volume with magneti �eld. A shemati representation of a setor wire hamber



61

FIG. 2.4: Left: The main superonduting magnet omposed of six toroidal-

shaped oils. Right: Contours of onstant absolute magneti �eld for the CLAS

toroid in the mid-plane between two oils.

with all the omponents is shown in Figure 2.6 (left). Eah region of the drift

hambers onsists of two super-layers of wires : one axial super-layer, where all

the wires are strung parallel to the diretion of the magneti �eld, and one stereo

super-layer, in whih the wires are strung at 6

Æ

with respet to the axial wires.

These two sets of wires allow us to determine the azimuthal angle � of the partile.

Eah super-layer is made up of 6 layers of sense wires plus �eld wires making up

ells of hexagonal shape, as illustrated in Figure 2.6 (right). In addition, there is a

layer of guard wires surrounding the perimeter of eah super-layer to reprodue the

eletri-�eld on�guration of an in�nite grid of hexagonal ells. All three regions of

the drift hambers are �lled with 90% argon, 10% CO

2

non-ammable gas mixture.

This provides a drift veloity of at least 4 m/�s and an operating voltage plateau of

several hundreds volts before breakdown. The average layer eÆieny is � 98% [64℄.

Most of the ineÆieny omes from traks passing very lose to the sense wire whih

give rise to signals with low pulse heights and long durations. The traking, that is

the reonstrution of the momentum and angles of the traks, is done in two stages.

First, the hits in a superlayer are ombined to form a \trak segment". Then the
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FIG. 2.5: Vertial ut through the drift hambers transverse to the beam at the

target loation.

\trak segments" from di�erent superlayers are linked to form a trak. At this point

the reonstruted momentum is within 3% to 5% of the true value of the momentum

of the partile. In the seond stage, the start time information from the sintillation

ounters is used to obtain the drift time, and then, to onvert it into distane from

the enter of the ell. In overall average, the traking eÆieny remains greater

than 95%, the hamber hit oupany is up to 4% and the momentum resolution is

better than 0.4% [64℄.

2.2.3 Cherenkov Counters

Cherenkov Counters (CC) detet eletrons and pions and distinguish them by

measuring the eletromagneti shok wave emitted by a medium when a harged

partile travels faster than the speed of light in that medium. The CLAS Cherenkov

detetor system uses peruorobutane gas (C

4

F

10

), at 0.2% above atmospheri pres-

sure as the medium. This gas is easily puri�ed, ten times heavier than air, and
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FIG. 2.6: Left: Shemati representation of radial hamber orresponding to one

setor. Right: Layout of super-layer in Region 3. The sense wires are loated

in the enter of eah ell, while the �eld wires are loated in the verties of the

hexagons. The shadowed hexagons represent the ells ontaining the sense wires

whih produed a signal for a representative trak.

has exellent light (UV) transmission properties. The CC onsists of six nominally

idential ounters, one per setor. Eah ounter overs the polar angular range

8

Æ

� � � 45

Æ

, with nearly full overage in the azimuthal angle �. Cherenkov light is

olleted by overing as muh spae as possible with mirrors, and plaing the pho-

totubes in the regions of � that are obsured by the torus magnet oils. Cherenkov

light, emitted by the partiles passing through eah ounter, is olleted by the op-

tial elements of eah of the 216 light olletion modules. The array of modules in

one setor is shown in Figure 2.7. The optial elements of eah module onsist of

two fousing mirrors, a Winston light olletion one, and a ylindrial mirror at the

base of the one as shown in Figure 2.8). A Phillips photomultiplier tube (PMT)

is mounted at the base of the Winston one for detetion of Cherenkov light. The

trajetory of the light produed by a typial eletron passing through the Cherenkov

detetor is illustrated in Figure 2.8. The alibration of the Cherenkov detetor re-
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FIG. 2.7: The 3-dimensional struture of the Cherenkov ounter in one of six

setors in CLAS.

quires equalizing the gains of the phototubes and setting the hardware thresholds.

Sine the CC threshold is inluded in our trigger, the alibration of this system is

espeially important. Due to the shape of CLAS, the Cherenkov ounters an be

triggered by eletrons at the edges of the mirrors, beyond whih the optial eÆieny

for the deteted light drops rapidly. In order to avoid large eÆieny orretions, a

�duial ut is applied in the analysis software.

2.2.4 Time-of-Flight Detetor System

In CLAS, hadron identi�ation relies mostly on the ombination of measured

harged-partile momenta and the ight time from the target to the respetive sin-

tillator ounters of the time-of-ight detetor system (TOF). The vertex time is

determined by the aelerator RF, modulo 2 ns. The identi�ation of the RF beam

buket in whih the interation ourred is aomplished using the time of ight

(TOF) of the sattered eletron, traked bak to the interation point. A good tim-

ing resolution of the TOF detetors allows lear seletion of the orret beam buket.

Thus, the vertex time is determined with the preision with whih the beam buket
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FIG. 2.8: Optial arrangement of one of the 216 optial modules of the CLAS

Cherenkov ounter, showing the optial and light olletion omponents.

time is reorded. The alibration of this system a�ets the extrated ight time and

thus the extrated partile mass. The sintillator ounters (paddles) are loated

between the Cherenkov ounters and the eletromagneti alorimeters as shown in

Figure 2.9 (left). The TOF system has an exellent timing resolution (� � 120 ps at

forward angles, and � � 250 ps at angles above 90

Æ

) and good segmentation for ex-

ible triggering and presaling. In the �nal analysis partile identi�ation is ahieved

by ombining time measurements with pulse-height information for time-walk or-

retions. The TOF system in CLAS overs an area of 206 m

2

and is omposed of

5.08 m thik and 15 or 22 m wide sintillation ounters, overing a range of � be-

tween 8

Æ

and 142

Æ

. The lengths of the ounters vary from 32 m at the most forward

angle to 450 m at larger angles (Figure 2.9, right). Biron BC-408 was seleted as

the sintillator material sine it yields a single attenuation length of 500 m and it is

possible to fabriate sintillator piees as long as 450 m. [65℄ The system has been

designed to optimize the time resolution, whih varies from about 80 ps for the short

ounters to 160 ps for the longer ones. This resolution is needed to allow separation
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FIG. 2.9: Left: Shemati ross setion of CLAS, showing 3 layers of drift ham-

bers, time of ight walls, Cherenkov ounters and alorimeters. The upper and

lower ross setions orrespond to two of the six setors of CLAS. Right: View

of TOF ounters in one setor showing the grouping into four panels.

of pions and kaons up to 2 GeV. A good partile identi�ation is ensured by a good

resolution of the time-of-ight measured by TOF detetor subsystem together with

a good momentum and position resolution obtained from the DC.

2.2.5 Eletromagneti Shower Calorimeter

The forward eletromagneti shower alorimeter (EC) overs polar angles from

� = 8

Æ

to 45

Æ

with � overage mathed to that of the drift hambers. It is designed

to detet eletrons above a given threshold, as well as neutral partiles (photons

and neutrons). An eletromagneti shower is produed in the lead by the eletrons

passing through the alorimeter. The eletrons produed in the shower are then on-

verted by the sintillator strips into light, whih is olleted by photo-multipliers. A

typial eletron trigger in CLAS requires a signal based on the total energy deposited

in the eletromagneti alorimeter in oinidene with a CC signal in the same se-
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tor. Detetion of neutrons, and their disrimination from photons, is ahieved using

time-of-ight measurements. Eah setor of CLAS ontains a triangular-shaped

FIG. 2.10: Expanded view of one of the six EC modules used in CLAS.

eletromagneti alorimeter that is longitudinally segmented into inner and outer

omponents [66℄. Eah alorimeter is made of alternating layers of sintillator strips

(39 layers of 10 mm thikness ) and lead sheets (2:2 mm thikness) resulting in a

total thikness of 16 radiation lengths (see Figure 2.10). The ratio between lead

and sintillator thiknesses is 0:2, thus approximately 1=3 of the energy in an ele-

tromagneti shower is deposited in the sintillator. Eah layer of sintillators is laid

parallel to one of the three sides of the triangular ontainer and the width of the

strips inreases through the stak. Eah sintillator layer is further segmented into

36 strips approximately 10 m wide with single sided readout in one of three views.

The three views are oriented approximately in the diretion 0

Æ

, 120

Æ

and 240

Æ

around

the normal to the target. This provides good granularity and a redundant position
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measurement for multiple-hit reonstrution. Eah of the three orientations (labeled

U,V and W) ontain 13 layers that provide stereo information on the loation of

the energy deposition [66℄. Eah orientation is further subdivided (i.e., separate

FIG. 2.11: Shemati side view of the �ber-optis readout unit for a single inner

and outer stak of the alorimeter module.

readouts) into 5 inner and 8 outer staks, whih provides longitudinal sampling of

the shower for better hadron identi�ation. The optial readout of the EC is built

from plasti �bers attahed to the PMTs in ight-path-ompensating geometry as

is shown in Figure 2.11. The total energy deposited in the alorimeter is available at

the trigger level to rejet minimum ionizing partiles or to selet a partiular range

of sattered eletron energies. Pions are largely suppressed by inluding an EC total

energy threshold in the CLAS hardware trigger. With an overall position resolution

of �=2.3 m, and time resolution of �=3 ns, the EC funtions are lose to its initial

spei�ations.
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2.3 Cryogeni Target

The E6 target (Figure 2.12) was positioned in the enter of CLAS to allow

for the detetion of protons of large sattering angles (greater than 90

Æ

). As little

material as possible was used in the bak of the target to minimize energy loss of

bakward-going protons. This unique new target design was expressly built for this

FIG. 2.12: The E6 target features a very small size target ell and a low amount

of material in the bak of the target for easy detetion of the bakward-going

partiles.

experiment. The target ell, made of kapton (7:2 mg/m

2

) had a diameter of 1:2

m upstream and 0:7 m downstream. A onial shape was hosen in order to allow

the bubbles formed in the target material, due to eletron beam heating, to esape

out the bak of the ell more eÆiently. The entrane and the exit windows were

made out of aluminum with a thikness of 15 �m and a diameter of 4 mm. The

target ell was 5 m long and thermally insulated by 5 layers of ombined aluminized

mylar and erex. The target ell was installed in a sattering hamber whih was

plaed under vauum. The sattering hamber was made of polyurethane foam (64

mg/m

2

) overed with a nylon safety sok (see Figure 2.13). The exit tube was

made of arbon �ber and was onneted to the sattering hamber with epoxy. The

sattering hamber exit window was a 71 �m thik aluminum foil. The target ell



70

exit cone

Scattering Chamber (SC)

insulating foil (Al 15 microns)

beam line

SC

exit window SC (Al 15 microns)

inlet target cell window (Al 15 microns)

LH2 (LD2)
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FIG. 2.13: Shemati view of the sattering hamber, and the liquid hidro-

gen/deuterium target.

was �lled with either liquid hydrogen or liquid deuterium. The nominal parameters

for hydrogen (deuterium) were 20 (22) K temperature, 1100 (1315) mbar pressure,

and 0:0711 (0:162) g/m

3

density.

2.4 Event Trigger and Data Aquisition

The data for this experiment were olleted during a six week period, as part

of the E6 group run, from January 30th through Marh 16th, 2002. We used a

polarized eletron beam with an energy of 5.765 GeV and an average urrent of 8

nA. Under these onditions, the luminosity of the liquid deuterium target was 1.1

� 10

34

m

�2

� s

�1

. Two on�gurations of the main torus magneti �eld were used:

in-bending (negatively harged partiles are bent toward the axis of CLAS) and out-

bending (negatively harged partiles are bent away from the axis of CLAS). For the

analysis of this thesis we used only the in-bending data beause we were interested in

high Q

2

with good statistis. Data were seleted for the analysis using the Level-2

trigger and the downsaled trigger bits 7+8 for later alibrations. The Level-2 trigger
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Trigger Bit Presaled CC [mV℄ EC

inner

[mV℄ EC

tot

[mV℄ Level 2

1-6 1 100 72 72 yes

7 10 20 72 172 no

8 100 0 0 80 no

TABLE 2.1: The E6 trigger setup. Trigger bits 1 through 6 orresponds to eah

setor of CLAS and required a minimum 1 photo-eletron (equivalent of 100

mV) threshold for the CC, and a threshold in the EC (shown in olumn three

and four). Trigger bits 7 and 8 were presaled as shown in olumn two, and were

added for CC and trigger eÆienies studies.

Target Torus Current [A℄ Data [mC℄ Data [mil. trigg.℄

LD

2

2250 9.4855 4055.43

LD

2

-2250 0.7793 452.87

LH

2

2250 0.6622 209.31

LH

2

-2250 0.2436 66.14

Empty 2250 0.9387 77.83

Empty -2250 0.4703 77.51

Total LD

2

- 10.2448 4508.3

Total LH

2

- 0.9058 275.45

TABLE 2.2: Summary of E94-016 experiment data taking. The settings of the

torus magneti �eld are shown in the seond olumn for liquid hydrogen target

(LH

2

), liquid deuterium target (LD

2

), and empty targets (Empty). The au-

mulated harge and the number of triggers are shown in olumns three and four,

respetively.

requires a minimum of 500 MeV energy deposited in the eletromagneti alorimeters

(EC), more than one photo-eletron observed in the Cerenkov ounters (CC), and

at least two trak segments (out of 5 possible super-layers) observed in the same

setor. If any of the six setors of CLAS sees this trigger, the orresponding trigger

bit (1 through 6) is set. For eÆieny studies of the CC, another auxiliary trigger

bit (trigger bit 7) was used, with low threshold and no trak segments required.

Finally, we had one more trigger bit (trigger bit 8) that simply requires a signal

above 250 MeV in the EC. This trigger was used to give us an unbiased sample of
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FIG. 2.14: The upper plot shows the Trigger Level 2 eÆieny as a funtion of

eletron momentum. The lower plot shows the Trigger Level 2 eÆieny as a

funtion of eletron polar sattering angle.

all partiles, inluding pions. Trigger bits 7 and 8 were heavily presaled, by fators

of 10 and 100, respetively. A summary of all the settings for our trigger is presented

in Table 2.1. The eÆieny of our trigger was de�ned as the ratio of data with the

�rst six trigger bits set to data with just trigger bit 8 set for the momentum and

polar angular distributions of the deteted eletron. An eÆieny of 98% was found

for our trigger (see Figure 2.14). During the experimental run we have olleted

approximately 4.5 � 10

9

triggers and aumulated a total harge of 11.1 mC, using

two magneti �eld on�gurations and two target materials: liquid hydrogen (LH

2

)

and liquid deuterium (LD

2

). Table 2.2 presents a summary of the aumulated data

during the E6 run period.



CHAPTER 3

Data Proessing

3.1 Detetor Calibrations

The raw data for every event aepted by our trigger was reorded on magneti

tapes using the Hall B CODA Data Aquisition System (DAQ). Data was stored in

runs broken up into approximately 30 �les. During the experiment spei� runs were

taken for alibration purposes. Careful alibration of eah detetor system is ruial

for good detetor resolution and partile identi�ation. Eah detetor system has

his own alibration proedure developed by the CLAS ollaboration over the past

seven years of operation. The alibration data were proessed with the CLAS event

reonstrution software RECSIS and then stored in BOS format. After alibration

of eah subsystem of CLAS new alibration onstants were extrated and saved in an

interative MySQL database used further by the reonstrution software to identify

the traks and the event information. The alibration of eah detetor was a time-

onsuming proedure performed by A. Klimenko for the DC system, L. Kramer for

the EC system, A. Vlassov for CC detetor system, and C. Butueanu for the TOF

system. These proedures are desribed briey in this hapter.

73
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3.1.1 Drift Chamber Calibration

The Drift Chambers (DC) measure the momentum of a harged partile by

traing its trajetory through the magneti �eld. When a partile travels through

the DC, eah of its 34 wire layers should produe a signal (alled a \hit"). Due to

ineÆienies or dead wires in the DC, an average of 30 hits per trak are obtained.

The raw DC data is a olletion of TDC measured drift times orresponding to eah

hit in a drift ell. The drift times are onverted into a distane of losest approah

FIG. 3.1: Hit position versus drift time for Super-layer 5, Setor 4. The vertial

axis is de�ned by the distane (m) from the trak to the sense wire, and the

horizontal axis is de�ned by the drift time (ns). Reonstruted data using a

previous parametrization is represented here by the points. The �t funtion is

used for the �nal reonstrution.

(DOCA) de�ned as the shortest distane from a trak to a sense wire using the drift

veloity. The DC alibration parameterizes the drift distane as a funtion of drift
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time for eah super-layer in eah setor [67℄:

x(t) = v

0

t+ �

�

t

t

max

�

q

+ �

�

t

t

max

�

p

(3.1)

where t

max

is the drift time of the eletron along the longest path from the farthest

orner of the ell, v

0

is the value of the saturated drift veloity near t = 0, � and �, q

and p are parameters determined from the �t shown in the Figure 3.1. This funtion

relates the time it takes from the moment the trak passed through the drift hamber

(estimated initially from the � obtained from hit-based-traking system desribed

below and the path length from the trak's origin to the drift ell) to the moment

when the sense-wire �red, alulated from the TDC, to the distane the hit oured

from the wire. The onversion from the drift time to the distane of losest approah

FIG. 3.2: The �eld on�guration inside Region 3 (left panel) and inside Region 2

(right panel) of the DC, is shown with solid lines. Dashed lines represents trak

positions with the same drift time, so-alled isohrones. Region 2 �eld lines are

distorted due to their loation within a toroidal mixed eletro-magneti �eld.

The plots are from Ref. [64℄.

is ompliated due to the strongly varying eletri �elds in eah drift ell. Fig. 3.2

shows the �eld lines (solid-lines) and isohrones (dashed-lines), points of equal drift

time, for ells in Region 3 (left) and Region 2 (right). Due to the loation of Region
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2 in the toroidal mixed eletro-magneti �eld, the e�etive �eld lines are distorted

as shown in Fig. 3.2 (right). The traking proess requires that hits be adjaent to

one another and that there be at most one layer missing from within the super-layer.

Segments of adjaent hits are then ompared setor by setor against a previously

FIG. 3.3: Drift Chamber residuals plotted as a funtion of the alulated �t

DOCA, for Setor 1, Run no. 31956.

generated map of linked segments assoiated with simulated traks. At least �ve of

the six super-layers of the DC, must ontain a segment for a trak to be �t. After an

initial guess, the so-alled Hit-Based-Traking (HBT) proedure is performed. HBT

uses eah hit to determine a partile's trak via a least squares �t that minimizes

the sum of the squares of the losest distane between eah hit wire and the trak

[64℄:

�

2

=

X

i

(d

i

DOCA

)

2

�

2

HBT

(3.2)
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where d

DOCA

is the distane of losest approah of the trak to the losest sense

wire in the i-th layer of the DC and �

HBT

is set to the size of the drift ell. The

results of the hit-based-traking is then passed on to the time-based-traking (TBT)

routine whih performs a similar �t to the traks, but now �

2

is de�ned as:

�

2

=

X

i

jx

i

driftDOCA

� x

i

�tDOCA

j

2

�

2

i

; (3.3)

where x

i

driftDOCA

is the drift distane orresponding to the drift time for the i-th wire

hit, x

i

�tDOCA

is the distane of losest approah of the trial trajetory for the i-th

wire and �

i

is the unertainty in x

i

driftDOCA

. The distane alulated from the trak
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DC Residuals vs. Run Number

FIG. 3.4: DC residual resolutions plotted as a funtion of run number. Di�erent

olors orrespond to eah of six super-layers of the DC.

�t to eah sense-wire is alled the �t DOCA. The di�erene between the absolute

value of the alulated DOCA and the absolute value of the �t DOCA is de�ned

as the residual for eah ell and is the primary unit of measuring the resolution of

DC detetor system. A properly alibration of DC system should result in a at
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dependene of residuals on drift time and the alulated distane. An example of

residual versus alulated DOCA is shown in Fig. 3.3 for Setor 1, Run no. 31956.

For this data set a good resolution in DC was ahieved as shown in Fig. 3.4.

3.1.2 Time-of-Flight System (TOF) Calibration

Partile identi�ation relies heavily on measured harged-partile momenta

from the drift hambers and the ight time determined using the TOF ounters.

Good timing resolution is therefore ruial for determining hadron masses, and a

good alibration of the TOF system is required. The alibration proedure requires

several steps desribed below:

� Amplitude-to-Digital Converter (ADC) thresholds were determined using a ded-

iated DAQ on�guration. The measured pulse heights were alibrated using the

minimum ionizing partiles peak (MIPs), and then used to reonstrut the en-

ergy deposited in the sintillators (see Figure 3.7). The onstants for eah ADC

pedestal were saved in the alibration database.

� Time-to-Digital Converter (TDC) alibration was realized by measuring the re-

sponse of eah TDC hannel for di�erent delays between the start and stop signals

and onverting them into time (ns) using a quadrati funtion [65℄:

t = 

0

+ 

1

T + 

2

T

2

(3.4)

where typial values of 

0

� 1 ns, 

1

� 0:0495 ns per hannel, and 

2

� 5� 10

�8

ns per hannel

2

. The onstants were onstrained suh that the average of the 64

hannels for eah FASTBUS ard was zero.

� Time-walk orretions aount for the dependene of leading-edge disrimina-

tor timing on signal pulse height. The orretion onstants were obtained with
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laser systems whih delivered a light pulse to the enter of eah ounter. The

dependene of pulse timing on the pulse height is shown in Figure 3.5. This de-

FIG. 3.5: Pulse height as a funtion of time-walk (solid boxes) and the �tting

funtion (solid line) for Setor 1, Paddle 1, left PMT. Data were obtained from

the laser alibration data.

pendene was obtained using a �lter whih varied the amount of light delivered to

eah ounter. The measured time orresponds to when a photomultiplier (PMT)

pulse rossing a �xed (leading-edge) voltage threshold. To orret for time-walk,

we performed software orretions of the form:

T

w

= t� f

w

�

A� P

V

T

�

+ f

w

�

600

V

T

�

(3.5)

where A is the ADC pulse height orreted by subtrating the ADC pedestal P

threshold, V

T

is the leading-edge disriminator threshold (20 mV) whih orre-

sponds to � 35 ADC ounts, and f

w

is the time-walk-orretion funtion. The

peak of the energy loss of MIPs is nominally set to 600 ADC ounts by adjusting

the PMT high voltage. This form will result in t

w

= t for MIPs pulses. The
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proedure basially extrats four onstants for eah PMT: w

0

, w

1

, w

2

, w

3

whih

adjust the time-walk orretion funtion f

W

to the required dynami range [69℄:

f

w

(x) = w

1

+

w

2

x

w

3

if x =

A� P

V

T

< w

0

;

f

w

(x) = w

1

+

w

2

w

w

3

0

(1 + w

3

)�

w

2

w

3

w

w

3

+1

0

x if x > w

0

: (3.6)

The four �t parameters are then updated in the CLAS alibration database to

be used for time-walk orretions during the �nal partile ID reonstrution.

FIG. 3.6: The time di�erene between the response of the left and right PMTs lo-

ated on the ends of eah TOF ounter plotted versus sintillator number (1 - 48),

for eah setor of CLAS, after left-right alignment alibration. The empty spaes

represents the malfuntioning TOF sintillators exluded from the analysis.

� The left-right alignment orrets for di�erent time delays of the signals from the

left and right PMTs loated at opposite ends of eah sintillator. A good ali-
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bration of these timing responses is ruial for determining the hit position along

the sintillator and reonstruting the orret �nal time of ight. In Figure 3.6

the time di�erene after left-right alibration between the left and right PMTs is

plotted versus sintillator number . We an see that some of the TOF ounters

give no signal (empty spaes) whih means that they malfuntioned during the

experiment and were ounted as \dead" in the alibration database. In addi-

tion we an see that a few TOF ounters were misalibrated (distributions are

shifted left or right) beause one of the PMTs (left or right) did not funtion

properly during the experiment. Those TOF ounters were exluded from �nal

data analysis.

� The energy is estimated by evaluating the geometri mean of pulse height from

right and left PMTs. The alibrated ADC pulse height is used to reonstrut the

energy deposited in eah of the sintillators. The energy loss of protons inreases

linearly at low momentum until they begin penetrating the sintillators, at whih

point the energy loss an be estimated with the Bethe-Bloh formula. As we

an see in Figure 3.7 the pions and protons whih produe di�erent ADC pulse

heights are learly distinguished for momenta between 0:3 and 1 GeV/. A weak

deuteron band an be seen in the plot as well.

� Light traveling through a sintillator is attenuated. Thus, the attenuation length

for eah side (�

L

, �

R

) of the TOF ounter an be determined using the pedestal

orreted ADC values (A

L

, A

R

) in units of MeV (E

L

, E

R

) and the y position

along the paddle relative to the enter of the paddle from time of ight [65℄:

A

L

� P =

M0

L

k

� E

L

e

�y=�

L

; y =

v

L

v

R

(T

L

� T

R

)

v

L

+ v

R

;

A

R

� P =

M0

R

k

� E

R

e

�y=�

R

; (3.7)
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FIG. 3.7: Energy deposited in a TOF sintillator as a funtion of partile momen-

tum for an empty target. Protons and pions an be distinguished, as well as a

faint deuteron band.

where k = 10 MeV orrespond to the MIP peak value in units of MeV at the

enter of eah paddle, M0

L

(M0

R

) is the pulse height normalization, T

L

(T

R

) is

the walk-orreted time in ns for left (right) tube and v

L

(v

R

) is the speed of

light propagation towards the left (right) end of the TOF paddle. There are ases

when both left and right signals are present for a paddle, when just signals from

one side are presents and when only one TDC was funtioning. The alibration

software tries to aommodate all these ases using information from left and

right PMTs for eah TOF ounter whenever possible. The status of eah PMT

and ounter is reported in the alibration database and taken in onsideration in

the �nal partile ID reonstrution.
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� The e�etive veloity v

eff

of sintillator light for eah ounter was de�ned as:

t

L

= t

0

+ y=v

e�

;

t

R

= t

0

� y=v

e�

; (3.8)

where t

0

is the time at the enter of the ounter, t

L

(t

R

) is the time reorded in the

left (right) PMT and y is the position of the hit along the length of the sintillator

determined from traking. We used a �t to the time di�erene between right and

left tubes plotted as a funtion of hit position y to extrat the e�etive veloity

v

eff

for eah sintillator ounter.

� RF O�set Calibration: The Radio Frequeny (RF) signal from the aelerator

is used to adjust the time delay for individual sintillators with respet to eah

other. As previously mentioned, the beam is delivered to Hall-B in bunhes with

a frequeny of 499 Hz, whih orresponds to a time interval (�T) of � 2 ns

between two separate bunhes of eletrons. The reation ep! e�X was used to

determine the time delay between the 288 ounters by omparing the time from

a TOF ounter to the RF beam time. The di�erene between the vertex time

of pions or eletrons reonstruted from the TOF measurements and the time of

the RF bunh was alulated and then was divided by 2:004 and the reminder

was taken as the RF o�set orretion to the TOF time:

T

o�set

RF

= mod

�

T

s

� T

ight

� T

rf

+ 100 ��T

�T

�

�

�T

2

; (3.9)

where �T =

3

�

a

is the RF beam time interval, T

s

is the time in nanoseonds

measured by the TOF sintillator, T

ight

= l

el

=�

el

�  is the alulated ight time

for the sattered eletron from the vertex to the TOF sintillator, and T

rf

is the

RF beam time for a partiular bunh. The alibration of eah individual TOF

ounter depends on the RF signal itself. Figure 3.8 shows the RF o�set plotted

as a funtion of RF beam time before (upper plot) and after (lower plot) a proper

alibration.
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FIG. 3.8: The RF o�set plotted as a funtion of RF beam time before (upper

plot) and after (lower plot) orretions.

� Paddle-to-Paddle Corretions: After RF o�set orretions there is still 2:0004

ambiguities sine the atual beam bunh, whih aused the reorded event, was

unknown. In order to orret for these ambiguities, eletron-pion oinidene

events were used. The alibration onstants for eah paddle were determined,

modulo 2:004 ns, by requiring that the two reonstruted traks have a ommon

vertex time. These onstants were updated in the alibration database, and the

proedure was repeated several times, thereby improving as muh as possible the

quality of this alibration and the TOF detetor resolution. One all aspets

of the TOF alibration have been resolved, the RF o�set distribution should

be peaked at zero and should have a sigma in the range of 150 to 200 ps (see

Fig 3.9). The resolution of the RF o�set peak for eah individual ounter sets

the resolution for that ounter. Knowing the trajetory and the momentum of a

partile (using DC information) we an ompute the mass by knowing the orret

time of ight.
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FIG. 3.9: The RF o�set (blak histogram) for Run no. 31935, after orretions,

�tted with a Gaussian funtion (red urve). Data were taken at a beam energy

of 5:764 GeV.

The quality of the TOF alibration is reeted in the reonstrution of deteted par-

tiles (momentum, mass, veloity). As is shown in Figure 3.10 an average resolution

of 160 ps was obtained for this data set.

3.1.3 Eletromagneti Calorimeter Calibration

A good alibration of the Eletromagneti Calorimeter (EC) is very important

in the detetion of eletrons and disrimination of neutral partiles (photons and

neutrons). To alulate the energy of neutral partiles we use their time of ight.

In this proedure we use the eletron arrival time measured by both the EC and the

Sintillator Counters (SC), and math the two measurements under the assumption



86

Run Number
3160 3170 3180 3190 3200

310×

R
F

 o
ff

s
e

t 
(n

s
e

c
)

-0.2

-0.15

-0.1

-0.05

-0

0.05

0.1

0.15

0.2

hr
Entries  0
Mean x       0
Mean y       0
RMS x        0
RMS y        0

hr
Entries  0
Mean x       0
Mean y       0
RMS x        0
RMS y        0

RF offset vs. Run Number

Run Number
3160 3170 3180 3190 3200

310×

R
F

 s
ig

m
a

 (
n

s
e

c
)

0

0.05

0.1

0.15

0.2

0.25

0.3

hr
Entries  0
Mean x       0
Mean y       0
RMS x        0
RMS y        0

hr
Entries  0
Mean x       0
Mean y       0
RMS x        0
RMS y        0

RF sigma vs. Run Number

FIG. 3.10: The mean (left) and sigma (right) of the RF o�set distribution after

TOF alibration versus run number. An overall TOF resolution of 160 ps was

obtained.

that the time of ight is aurately measured. EC time is given by:

t

EC

= t

TOF

+

d

SC�EC

v � os(�)

; (3.10)

in whih t

TOF

is the arrival time of the eletron measured by the TOF detetor

system, d

SC�EC

is the distane between SC and EC layers, v is the eletron veloity

whih is lose to the speed of light, and � is the impat angle to the EC plane (see

Figure 3.11). The alibration involves �tting the reonstruted partile arrival time

measured by the EC:

t

EC

= a

1

+ a

2

� TDC+

a

3

p

ADC

+ a

4

� l

2

+ a

5

� l

3

�

l

v

e�

; (3.11)

in whih a

i

are �ve �t parameters, TDC and ADC are the TDC and ADC hannels,

l is the length from the hit point to the readout edge, and v

e�

is the e�etive

veloity of the light passing through the sintillator material. The �rst two terms

(a

1

+ a

2

� TDC) represent the linear TDC response; the third term (a

3

=

p

ADC) is

the orretion for time-walk; the fourth and �fth terms (a

4

� l

2

+ a

5

� l

3

) are small

orretions due to the di�erene between the arrival times at the readout edge for
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FIG. 3.11: Shemati of EC/SC timing. Using the orreted TOF time we extrap-

olated the EC arrival time. Here d

EC�SC

is the distane between the EC layer

(inner or outer) and the TOF ounter, � is the angle of impat of the eletron

with the EC plane and l is the length from the hit point to the readout edge

along the sintillator bar.

the sintillator bars that are onneted to the same PMT; and the last term (

l

v

e�

) is

ompensation for transit time through the sintillator material from the hit position

to the readout edge. The di�erene between the eletron arrival time reonstruted

using Eq. 3.10 and the time extrapolated from the SC time using Eq. 3.11 is shown in

the Figure 3.12 for Run no. 31567 for eah setor of CLAS. The EC time resolution

shown in Fig. 3.12 remained � 400 ps for the entire run period.
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FIG. 3.12: After EC alibration the distribution of time di�erene between EC

time and SC had a width of� 400 ps. Here is shown the EC - SC time distribution

for Run no. 31567.

3.2 Data Seletion

The raw data is stored on magneti tapes in a mass storage system alled the

SILO. The data are divided in runs of approximately 30 �les and onseutively

numbered in suh a way that they an be identi�ed with a spei� time period dur-

ing the experimental run. The CLAS detetor is a ompliated system and perfet

operation is almost impossible. During a run of several months the onditions an

hange and thus the quality of the reorded data may hange. The �rst step of anal-

ysis was to run the entire data set through the reonstrution ode RECSIS whih

turns raw detetor signals into physial variables (momentum, harge, sattering

angle) for eah deteted partile and puts this information into BOS format �les. In

order to study the quality of our data we performed several heks over the entire

experiment. The �rst hek was to monitor the eletron rate dividing the number
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FIG. 3.13: The sigma of EC timing plotted as a funtion of the run number eah

of CLAS. The resolution was typially below 400 ps through the entire E94-019

experiment.

of eletrons N

el

by the aumulated beam harge, for eah setor and �le:

N =

N

el

Q

FCG

; (3.12)

in whih Q

FCG

is the harge read from the live-time gated Faraday Cup. Live-time

gating means that the signal is only integrated during the time the data aquisition

system is live. In this way, the harge is already orreted for the data aquisition

system (DAQ) dead-time. The fat that the eletronis read the aumulated harge

on the Faraday Cup only every 10 seonds ontributes 0:4 % to the systemati error.

Figure 3.14 shows the evolution of the eletron rate as a funtion of run number

separately for eah setor, over the entire run period. This ratio was stable during to

whole experiment with the exeption of Run no. 31970{ 32094 where the eÆieny

of Setor 6 dropped signi�antly due to dead wires in Region 1 of the DC. The data

orresponding to Setor 6 for these runs were exluded from the analysis and an
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FIG. 3.14: The number of eletrons that passed the ID uts, normalized to the

harge aumulated by the Faraday Cup \live-gated" and plotted as a funtion

of the �le number, for eah of the six setors of CLAS over the entire run period.

appropriate orretion was made to the ross setion normalization. Runs with N

less than 2000 for Setors 1, 2, 3, 4, and 6, were exluded from the analysis. Due to

the lower eÆieny of the DC in Setor 5, runs with N less than 1800 in this setor

were exluded from the analysis. The seond qualitative hek that we performed

was to monitor histograms generated by the reonstrution software RECSIS for

eah data �le. These histograms were designed to monitor the quality of detetor

alibrations (CC, EC, DC, TOF) and reonstrutions of physial observables (in-

variant mass, momentum, energy, �, missing mass) for di�erent partiles (eletrons,
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Range of Runs Golden Runs Silver Runs Poor Runs

31575 � 31969 3761:56�C 256:739�C 2059:93muC

31970 � 32094 2626:96�C 82:7461�C 366:835�C

TABLE 3.1: Aumulated harge in deuterium in-bending runs. These runs were

divided into golden, silver, and poor runs aording to their data quality. Au-

mulated harges for eah ategory are listed.

protons, neutral partiles, pions). We heked the quality of these histograms for

eah data �le. Data were seleted in three ategories: \golden" runs whih had no

negative omments in the experiment log book and at least 10

6

events (20 �les),

\silver" runs whih had no negative reords assoiated with it in the eletroni log

book, but had less than 20 �les per run, and \poor" runs whih had problems men-

tioned in the log book or low and high voltage trips in DC and TOF systems. Poor

runs were not used for alibrations, but were inluded in the data analysis if they

passed all the quality requirements mentioned here. The aumulated harge for

di�erent run ranges and quality are shown in Table 3.1.

3.3 Eletron Identi�ation

The hardware trigger, Level 2 was formed from a oinidene of signals in the

eletromagneti alorimeter (EC) and the Cherenkov ounters (CC), together with

a good trak andidate in the DC. The reonstrution software RECSIS has a more

rigorous de�nition of an eletron andidate, and rejets � 50% of the events that

passed the hardware thresholds. In this ase a \good" eletron is a negatively

harged partile that satis�es the following riteria:

� it has a good reonstruted trak in the DC.

� it gives a hit in the CC and EC in the same setor.
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� it passes the ut on the minimum energy deposited in the EC alorimeter.

� it passes the sampling fration E=p ut.

� it satis�es the Cherenkov photo-eletron ut.

� It is ontained within the vertex ut.

A detailed desription of the EC and CC uts, applied in identi�ation and seletion

of the eletrons, is desribed in the following subsetions.

3.3.1 Fiduial Cuts

Fiduial uts are applied to eliminate ineÆient regions of the CLAS detetor

systems. A good separation of eletrons from pions relies heavily on a good eÆieny

of the CC. In order to redue the pion ontamination of the reorded raw data set,

a threshold of 100 mV was set for the signal in the Cherenkov Counters. This

signal orresponds on average to one photo-eletron registered by the PMT. A set

of uts on polar and azimuthal sattering angles for di�erent partile momenta and

magneti �eld settings was made to eliminate the ineÆient edges of the Cherenkov

detetor [70℄. The eÆieny for a given bin in � and � an be written in terms of

the expeted average number of photo-eletrons (�) and the minimum CC threshold

in photo-eletrons (N

ut

) as,

�

CC

= 1�

n<N

ut

X

n=0

�

n

e

��

n!

(3.13)

For eletron momenta below 3:0 GeV/, a software threshold was set at 2.5 photo-

eletrons. At this threshold the CC eÆieny is greater than 80%. Using Eq. 3.13

we required an average expeted signal of 5.4 photo-eletrons. This number was

extrated from A. Vlassov's simulation [64℄ whih was alibrated using real data.

The average number of expeted photo-eletrons was plotted in the �

el

-�

el

plane for
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FIG. 3.15: The polar angle versus the azimuthal angle for sattered eletrons from

the regions where the Cherenkov ounter eÆieny was greater than 80%. The

boundaries of the geometrial �duial ut applied for 8 momentum bins from

0: to 5: GeV/ for Setor 1 are outlined with solid lines. Events inside these

boundaries were aepted.

eah of six momentum bins between 0: and 3: GeV/ (as shown in the Figure 3.15,

left) and ineÆient regions of the Cherenkov ounter were identi�ed.

The �duial ut was designed as the geometrial boundary of the high eÆieny

region of the Cherenkov ounter and was de�ned on a setor-by-setor basis as

follows:

18

Æ

��� < �

set

< 18

Æ

+�� and �

ut

< 45

Æ

; (3.14)

where �

set

is the eletron azimuthal angle in setor oordinates (from 0

Æ

to 30

Æ

)
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and

�

ut

(P

el

) = a

1

+

a

2

� I

torus

3375 � (P

el

+ a

3

)

;

��(�

el

; P

el

) = a

4

� sin(�

el

� �

ut

)

�

;

� = 0:33 �

�

P

el

3375

I

torus

�

0:33

: (3.15)

Here a

1

, a

2

, a

3

, a

4

are parameterization onstants, I

torus

is the torus urrent, P

el

is

the reonstruted eletron momentum, �

el

is the polar angle of the deteted eletron

(in radians), and �

ut

is the edge of the ut in polar angle (in radians) of the deteted

eletron.

P

el

(GeV/) a

1

a

2

a

3

a

4

p

el

< 3:0 12:0 25:0 0:22 35:0

p

el

> 3:0 11:5 22:5 0:17 42:0

TABLE 3.2: CoeÆients a

1

, a

2

, a

3

, a

4

from Eq.Eq. 3.15 for low momentum (P

el

<

3:0 GeV/) and high momentum (P

el

> 3:0 GeV/).

For the high momentum partiles (P

el

> 3:0 GeV/) a software ut of 1 photo-

eletron was used. Using Eq. 3.13, at this threshold we required an average signal of

3.3 photo-eletrons, to obtain an eÆieny greater than 80%. The same proedure

as mentioned above was used to obtain the geometrial �duial ut parameters as

shown in Figure 3.15 (right). The parameters for both ases are summarized in

Table 3.2. Additional uts were applied to the eletron polar sattering angle to

aount for unstable regions of CLAS observed in the atual data sample. These

additional \holes" are due to TOF paddles or DC regions that malfuntioned during

the data taking. They are summarized in Table 3.3.
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Setor 3

11

0:15+P

el

�I

max

=I

+ 20:2 < �

el

<

11

0:15+P

el

�I

max

=I

+ 22:2

Setor 5

7

0:9+P

el

�I

max

=I

+ 16:7 < �

el

<

7

0:9+P

el

�I

max

=I

+ 20:9

7

1:5+P

el

�I

max

=I

+ 23:5 < �

el

<

10

1:5+P

el

�I

max

=I

+ 26:2

10

0:9+P

el

�I

max

=I

+ 29 < �

el

<

10

0:9+P

el

�I

max

=I

+ 30:5

Setor 6

13

0:1+P

el

�I

max

=I

+ 18:5 < �

el

<

12

0:1+P

el

�I

max

=I

+ 23

12

0:15+P

el

�I

max

=I

+ 24:2 < �

el

<

10

0:15+P

el

�I

max

=I

+ 28:7

10

0:19+P

el

�I

max

=I

+ 29:8 < �

el

<

10

0:19+P

el

�I

max

=I

+ 31:7

7

0:35+P

el

�I

max

=I

+ 41 < �

el

<

7

0:35+P

el

�I

max

=I

+ 43

70

1:5+P

el

�I

max

=I

� 15 < �

el

TABLE 3.3: Exluded angular regions for Setors 3, 5 and 6. Here �

el

is the

eletron polar sattering angle in degrees; I

max

= 3375A is the maximum value

of the torus urrent; I = 2250A is the atual torus urrent for this experiment,

and P

el

is the eletron momentum.

3.3.2 Eletromagneti Calorimeter Cuts

Pions an produe more than 2.5 photo-eletrons in the most eÆient region of

the Cherenkov detetor, by Cherenkov radiation for P > 2:5 GeV/ or by eletron

knok-out for P < 2:5 GeV/. Cuts applied on the sampling fration (de�ned as the

ratio between E and P ) in the Eletromagneti Calorimeter an redue drastially

the negatively harged pion ontamination (�

�

) of our main trigger (eletron).
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FIG. 3.16: Sampling fration of the total energy deposited in the EC plotted as a

funtion of sampling fration of the energy deposited in the inner layer of the EC

for momentum range from 1 GeV/ to 5 GeV/. The EC ut on the sampling

fration is represented by dotted lines.
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We plotted the total energy deposited by the �rst partile reonstruted in

eah event (E

tot

) as a funtion of the energy deposited in the inner layer of EC

(E

inner

), both normalized to the momentum of the deteted partile measured by

the DC. As a result, we obtained a good separation of the deteted eletrons from

the pion bakground due to the fat that pions (eletrons) have a small (large)

sampling fration. Several momentum bins have been seleted to reet both low

(see Figure 3.16, upper panel) and high (see Figure 3.16, lower panel) eletron

momenta. We an see in Fig. 3.16 the pion tail loated at lower sampling fration

values (E

inner

=P < 0:1) while the eletron sample peak an be seen at larger sampling

fration values (E

inner

=P > 0:1). For our data we applied the uts E

tot

=P > 0:22

and E

inner

=P > 0:08 for good eletrons.

3.3.3 Pion Contamination

Cherenkov ounters an distinguish between eletrons and pions beause of

the higher momentum threshold for pions (2.7 GeV/) ompared with eletrons (9

MeV/). IneÆient regions in the Cherenkov ounters were removed by the �duial

uts desribed earlier. Therefore, partiles that produe a small signal in the CC

were assumed to be pions misidenti�ed as eletrons. Two uts on the number of

photoeletrons deteted in the CC were applied depending on the sattered eletron's

momentum:

� For P

el

< 3 GeV/, events with N

phel

> 2:5 were aepted.

� For P

el

> 3 GeV/, events with N

phel

> 1 were aepted.

By using these uts as part of the partile identi�ation we rejeted some of the

eletrons that did not have a high enough signal to pass the EC and CC ID uts. A

fration of pions, on the other hand, did pass the ID uts and they ontaminate the
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data sample. Both ases need to be onsidered for the �nal ounting. By simulating

a pure sample of eletrons and obtaining the CC response in the region where the

CC ut was applied we an estimate the loss of good eletrons due to those uts

(see Figure 3.17 left and right). An eÆieny of � 90% was obtained for the CC
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FIG. 3.17: The Cherenkov response to a simulated eletron data sample (solid line)

together with the measured Cherenkov response to real data (solid triangles) for

two eletron momentum ranges 1 < p

el

< 1:5 GeV/ (left panel) and 1:5 < p

el

< 2

GeV/ (right panel).

photoeletron uts above. Using a seleted sample of pions we obtained the pion

ontamination rate of our sample. The Cherenkov photoeletron spetrum for mea-

sured eletrons was �tted using the sum of the simulated CC response distribution

for pure pion sample (saled by a fator A) and the simulated CC response dis-

tribution for ideal eletrons with no pion ontamination (saled by a fator B) as

shown in the Figure 3.18. The pion spetrum, normalized to the measured CC spe-

trum, was integrated above the CC uts (2:5 and 1 photo-eletrons orresponding

to di�erent momenta ranges) and used to estimate the pion ontamination rate of

the measured data sample after applying all ID uts. The total fration of pions to

eletrons was estimated for the eletron momentum range 1� 2:6 GeV/, and was

�tted with the funtion

N

�

N

el

= ae

bP

el

(see Figure 3.19). The same funtional form
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FIG. 3.18: The Cherenkov ounters response to measured eletrons (solid line)

ompared to a simulation for pions (dashed line) and eletrons (dash-dotted line).

was used for determining the pion ontamination for P

el

> 3:0 GeV/. In parallel

a study of EC uts eÆieny was performed [70℄. An eÆieny of � 95% for the

sampling fration uts was found.

3.3.4 Contamination from e

+

e

�

Pair Prodution

Pair-symmetri leptons (e

+

e

�

) in CLAS ome largely from �

0

! e

+

e

�

pro-

esses (Dalitz deay), from bremsstrahlung photons generated in the target or by

 deays with one of the photons onverting to e

+

e

�

. Following the proedure de-

sribed in Ref. [71℄ we evaluated the level of ontamination due to eletron-positron

pair prodution in our eletron data sample by analyzing runs taken with idential

beam energies but opposite torus polarity. In this way the detetor aeptane an-

eled out in the ratio of rates of positrons with negative torus polarity and eletrons

with positive torus polarity, and similarly for positrons with positive torus polarity

to rates of eletrons with negative torus polarity. The rates were determined using
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FIG. 3.19: Fit to measure �=e ratios after the CC ut. The urves orrespond to

di�erent eletron polar angles. The plot is from Ref. [70℄.

the ratio of events passing our eletron ID and �duial uts, divided by the live-time

orreted Faraday Cup readings. Three types of partile identi�ation were used:

A) eletrons using the ID uts desribed earlier in the setion, B) pions using the CC

photo-eletron ut (0:3 < N

phel

< 1:5), and C) eletrons using a hard ut N

phel

> 6.

The out-bending data were used to produe the same plots for positrons as in the

eletron ase. For these data the \positron trigger" required the �rst partile in

eah event to have a positive harge and hits in both the CC and EC detetor sys-

tems. Histograms obtained using ID setting A were �tted with the sum of B and C

histograms (see Figures 3.20, left and right). The integral of histograms obtained

using ID setting B for the positrons were then used as a number of eletrons oming

from e

+

e

�

pair prodution. The same sets of histograms for the eletron were used

as denominator in the e

+

e

�

ratio. This study is explained in more detail in Ref. [70℄.

The ratios obtained were �tted as a funtion of the eletron sattering angle and

momentum, resulting in a parameterization over all momentum and angular ranges.
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FIG. 3.20: Eletron (left) and positron (right) histograms of EC

total

/P

el

. Blak

irles, dot-dashedlines, dashed lines and blak solid lines orrespond to ID uts

A, B, C and B+C, respetively. Plots are from Ref. [70℄.

The ratio was �t to

e

+

e

�

= ae

�bP

el

(see Figure 3.21). Parameters a and b were then

�t with 3rd and 5th order polynomials in sattering angle. The extrated orretion

funtion was applied event by event to the data.

3.3.5 Eletron Vertex Corretion

Due to a possible beam o�set there is an azimuthal angular dependene of

the reonstruted eletron vertex Z

el

. This dependene is a result of the traking

reonstrution ode whih alulates the vertex of the partile by extrapolating the

trak to the nominal beam axis. In order to apply the same sets of vertex uts

for all six setors, we performed a geometrial orretion to align the reonstruted

verties:

Z

orr

= Z

re

+

r

tan(�)

os(�� �

beam

) (3.16)
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FIG. 3.21: The �t of the momentum dependene of the positron to eletron ratio,

for one of several bins in eletron sattering angle. This result is from Ref. [70℄.

where Z

orr

is the real vertex position along the target axis from where the deteted

eletron have originated, Z

re

is the initial reonstruted eletron vertex, � and �

are the polar and the azimuthal eletron sattering angles, and r is the distane

from the axis, along the target, to the atual beam line. The beam o�set, de�ned

by �

beam

and r, is obtained from the �t to the distribution of the average vertex

position over all setors. The eletron vertex distribution before and after vertex

orretions is shown in Figure 3.22.

3.3.6 Eletron Vertex Cut

An eletron vertex ut is required in order to remove events that ame from

the target walls, the sattering hamber or the entrane and exit foils. An eletron

vertex ut from �2:0 to 1:5 m relative to the enter of CLAS was applied as shown

in Figure 3.23. An additional ut of minimum sattered eletron momenta of 1

GeV/ was applied in order to rejet the sample of data with high levels of pion and
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FIG. 3.22: The eletron Z vertex distribution before (left) and after (right) or-

retions. The upper panel shows histograms of Z, whereas the lower panels show

the azimuthal angular distributions of the Z.

e

+

e

�

ontamination.

3.4 Proton Identi�ation

3.4.1 Time-of-Flight Bak-Paddle Corretion

In this analysis we are fousing on protons at large sattering angles (> 50

Æ

),

and the auray of deteting them relies heavily on the auray of the TOF dete-

tor system. Due to the geometry of CLAS, at larger sattering angles the resolution

of the TOF system degrades as the lengths of the sintillators inreases. Moreover

the large-angle paddles (no. 40 to 48) are omposed of two sintillators oupled

(glued) together and the time response of eah half is di�erent (Figure 3.24). This
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FIG. 3.23: The eletron vertex ut. A vertex ut �2 < v

z

< 1:5 m is required to

eliminate the target wall ontribution.

feature, and the fat that the number of bakward going partiles used to alibrate

the oupled paddles is extremely low, makes an aurate alibration diÆult. For

this analysis a speial e�ort was made to alibrate the oupled paddles in the TOF

detetor system, orresponding to bakward-going protons. This task require: iden-

ti�ation and exlusion of the ineÆient paddles, and orretion of the overall time

o�set for eÆient paddles on a setor-by-setor basis. In order to determine the

time o�set (�t

pr

) between the expeted and reorded time of ight (omputed from

the DC path length, momentum and energy), for eah sintillator within oupled

paddle, we de�ned:

�t

pr

= t

s

� t

start

�

r

s

P

pr

=E

pr

(3.17)

in whih t

s

is the time reorded by the sintillator ounters, t

start

is the event start

time, r

s

represents the path-length of the partile from the target to the sintillator

plane, and P

pr

and E

pr

are respetively the momentum and the energy of the deteted
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FIG. 3.24: Time o�sets for Paddle no. 40 in Setor 2 and Paddle no. 41 in Setor 1

before (left) and after (right) orretions. Here the proton time vertex is plotted

versus the sintillator mid plane oordinate.

harged partile (in this ase we used large-angle protons). The atual time of

ight reorded is orreted by this o�set, ultimately improving the time resolution

and identi�ation of bakward protons. An example of this proedure is shown in

Figure 3.25, where the di�erene between reorded time of ight and expeted time

of ight is shown as a funtion of ounter mid plane Z oordinate for TOF paddles

of Setor 1. We plaed protons in the seondary position in eah event following

the eletron. Protons deteted in the sintillator ounters had to fall within a 12 ns

window: from �5:0 to 7:0 ns from the expeted arrival time as shown in Figure 3.26.
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FIG. 3.25: The di�erenes between expeted and reorded times of ight for pro-

tons versus the sintillator ounter mid plane oordinate Z, before (upper) and

after (lower) orretion. The time window required for proton ID is shown with

dashed-lines in the lower plot.

3.4.2 Proton Vertex Corretion

As in the eletron ase there is an azimuthal angular dependene of the reon-

struted proton vertex Z

pr

due to the beam o�set. This dependene results from

RECSIS alulating the proton vertex by extrapolating the trak to the entral axis

of CLAS rather than the atual beam axis. Using the same orretion funtion as

in the eletron ase, we found the position of the beam, de�ned by �

beam

and r,

using the �t to the distribution of average vertex positions for all 6 setors in CLAS.

An o�set of r = �1:8 mm and �

beam

= �58

Æ

(toward Setor 6) was observed. The

proton Z vertex distribution and the azimuthal angle �, plotted as a funtion of Z

for the proton vertex before and after orretions, are shown in Figure 3.27.



107

FIG. 3.26: The time ut window from �5:0 to 7:0 ns (full area) for eah setor in

CLAS. All the positively harged partiles (protons) deteted in this time window

were seleted for this analysis.

3.4.3 Proton Vertex Cut

Deteted protons an ome from di�erent soures. They ould be produed by

the target entrane and exit windows, whih are made of thin aluminum foil, by

the target support struture, or by the target ell walls. In order to selet just the

protons oming from within the target ell, a proper vertex ut needs to be applied.

For slow-moving protons (large sattering angles) the detetor resolution is lower

than for the fast eletrons ase, thus a wider vertex ut is required. We applied

the proton vertex ut on the Z

pr

axis of the target, along the beam diretion, suh
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FIG. 3.27: Proton vertex orretions. Upper plots show the unorreted (left)

and orreted (right) Z position of the proton vertex. Lower plots shows the

unorreted (left) and orreted (right) azimuthal angular dependene of the

proton vertex.

that �2:0 < Z

pr

< 1:5 m as shown in Figure 3.28 (left). The physial re-sattering

target is reonstruted from the eletron vertex plotted versus the proton vertex

and is shown in Fig. 3.28 (right). Another ut was applied suh that the di�erene

between proton and eletron verties was between �2:0 and 2:0 m.

3.4.4 Energy Loss Corretion

Protons lose energy as they pass through the target material. To orret for

energy loss we used GSIM, a simulation of the CLAS detetor based on the GEANT

Monte Carlo pakage. We generated a at distribution of protons over the entire
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FIG. 3.28: Proton vertex (left) for full (empty histogram) and empty target (�lled

histogram), and eletron vertex versus proton vertex (right). A proton vertex

ut �2 < Z

Pr

< 1:5 m was applied to eliminate the target walls ontribution.

azimuthal range (0

Æ

- 360

Æ

), with a momentum range up to 5 GeV/ and a polar

angular range between 10

Æ

and 140

Æ

. We used GSIM to simulate the CLAS detetor

and the target, and produed a set of �les analogous to our raw data. The GSIM

post proessor (GPP) was used to remove dead wires in the DC and dead PMTs

in the TOF, as in the analysis of the experimental data. GPP also smeared the

Monte Carlo data to aount for the spatial resolution of the DC and the timing

resolution of the TOF detetors. The smearing was adjusted suh that simulated

distributions agreed with the experimental data. This proedure is explained in

more detail in the Setion 5.3.1. In the reonstrution of the simulated events

the same analysis pakage RECSIS was used as for the real data. We onstruted

momentum distributions of generated and reonstruted protons for 15 bins in the

polar sattering angle. Figure 3.29 shows the di�erene between the generated and

reonstruted proton momenta, p

0

�p, normalized to the reonstruted momentum,

versus reonstruted momentum (upper plot), and the proton momentum orreted

for energy loss as a funtion of the unorreted proton momentum (lower plot). We
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FIG. 3.29: Energy loss orretion for reoil protons. Upper plot shows the di�er-

ene between the generated and reonstruted proton momenta (p

0

� p)=p, nor-

malized to the reonstruted momentum, versus reonstruted momentum (p).

Correted momentum versus reonstruted momentum is shown in the lower plot

for the polar angle 110

Æ

< � < 120

Æ

.

�tted the above distributions with a hyperboli type funtion of the form:

P

orr

= P

re

�

1 + p

1

+

p

2

P

re

� p

3

�

; (3.18)

where P

orr

is the proton momentum orreted for energy loss, P

re

is the initial

reonstruted proton momentum, and p

1

, p

2

, and p

3

are �t parameters given in

Table 3.4. This orretion was applied event-by-event in the �nal analysis.

3.4.5 Momentum and Angular Corretions

Due to inauraies in the magneti �eld map and in the drift hamber align-

ment, the reonstruted momenta of deteted harged partiles deviate from their

\true" values. For semi-inlusive data (e.g. d(e,e

0

p)), the mean value of the missing

mass peak deviates from the expeted mass of the neutronM

neutron

= 0:939565 GeV
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�

p

(deg.) p

1

p

2

p

3

10:� 20: �0:00489 0:00448 0:16164

20:� 30: �0:00670 0:00537 0:14818

30:� 40: �0:00704 0:00545 0:14537

40:� 45: �0:00499 0:00448 0:14759

45:� 50: �0:00583 0:00490 0:14362

50:� 55: �0:00638 0:00530 0:14111

55:� 60: �0:00599 0:00481 0:14451

60:� 70: �0:00501 0:00438 0:14775

70:� 80: �0:00702 0:00548 0:13975

80:� 90: �0:00927 0:00682 0:12483

90:� 100: �0:00701 0:00550 0:14232

100:� 110: �0:00950 0:00674 0:12601

110:� 120: �0:00693 0:00559 0:12857

120:� 130: �0:00353 0:00428 0:14702

130:� 140: 0:00150 0:00124 0:24677

TABLE 3.4: The �tted oeÆients p

1

, p

2

, and p

3

of Eq. 3.18 for 15 bins of the

proton polar sattering angle.

with a signi�antly broadened width (see Figure 3.30, upper panel). The orretion

proedure was developed by A. Klimenko and S. Kuhn and reported in Ref [72℄.

This proedure was developed using ompletely exlusive reations, where the kine-

matis were over-determined. Deviations of measured values from expeted ones,

d� in the polar sattering angle, and dp in the momentum for a deteted partile,

and d� in the azimuthal angle were �t using 14 free parameters for eah setor by

minimizing the sum of the squared di�erenes of initial and �nal four-momenta in

the following reations:

e+ p ! e

0

+ p

0

e+ p ! e

0

+ p

0

+ �

+

�

�

e+ d ! e

0

+ p

0

+ p

00

+ �

�

(3.19)
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FIG. 3.30: Unorreted (left) and orreted (right) missing mass distributions for

the exlusive d(e,e'p)n hannel. An overall momentum resolution of 40 MeV/

was obtained for this data set.

During the �tting proedure hadron momenta were orreted for the energy losses

inside the target. The funtional form used for the polar angle is:

d� = (

1

+ 

2

�

re

)

os �

re

os�

re

+ (

3

+ 

4

�

re

) sin �

re

�

orr

= �

re

+ d� (3.20)

where 

1

; 

2

; 

3

, and 

4

are �t parameters, �

re

and �

re

are the polar and the az-

imuthal sattering angles of the deteted partile as reonstruted by the traking

software (RECSIS), and �

orr

is the orreted polar sattering angle. The funtional
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form used for the momentum is:

dp =

�

(

5

sin �

re

+ 

6

�

re

)

os �

orr

os�

re

+ (

7

+ 

8

�

re

) sin �

orr

�

p

re

qB

torus

+ 

9

+ 

10

�

re

+ 

11

�

2

re

+ (

12

+ 

13

�

re

+ 

14

�

2

re

) sin �

orr

p

orr

= p

re

+ dp (3.21)

where p

re

is the reonstruted momentum of the partile and q is its harge in units

of the elementary harge e. The parameterization of the integral

R

B � dl along the

path of the trak is given by:

B

torus

= 0:76

I

torus

sin

2

4�

3375�(rad)

; for � <

�

8

B

torus

= 0:76

I

torus

3375�(rad)

; for � �

�

8

(3.22)

Corretions for drift hamber displaements are parameterized by the oeÆients 

1

to 

8

, and the orretions for errors in the magneti �eld map are parameterized by

the oeÆients 

9

to 

14

. The parameters are determined by minimizing the �

2

of

the �t using the CERNLIB routine MINUIT. After applying these orretions, the

width � of the invariant mass distribution was improved by � 10 MeV/ , resulting

in an overall momentum resolution of � 40 MeV/. The momentum dependene of

the eletron polar �

el

and azimuthal �

el

sattering angles was minimized signi�antly

as well, as shown in Figure 3.31.

3.4.6 Aidentals Protons

After uts were applied to the eletron and proton verties, and to the di�er-

ene between them, there was still the possibility of aidental oinidenes. These

aidental oinidenes are oming from an eletron deteted in oinidene with

a proton produed by the photo-disintegration proess of deuterium or by proton
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FIG. 3.31: Unorreted (right) and orreted (left) missing mass distributions

versus azimuthal eletron sattering angle for the exlusive d(e,e

0

p)n hannel, in

CLAS.

re-interation with another deuterium nuleus. At the same time these uts ould be

rejeting \good" protons, and the fration of rejeted protons needs to be estimated

as well. An aidental proton was de�ned as a positively harged partile having a

time-of-ight measured to be at least 12 ns longer than that expeted for a proton

with the same momentum (see Eq. 3.17). The time windows for true and aidental

protons were taken to have the same width of 12 ns. The window for aidental pro-

tons was hosen at least 5 ns below the peak of good oinidene deuterons to avoid

an overlap as shown in Figure 3.32. An average bakground of 7% was estimated by

omparison between the rate of aidental eletron-proton oinidenes in the time

window desribed above with the unbiased data sample of oinidenes using the

partile identi�ation proedures and uts desribed earlier. However, the further

the proton time deviates from the start time (� 20 ns), the worse is the traking
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FIG. 3.32: Relative eletron-proton timing at the target vertex. The aidental

oinidene window (magenta) was taken to be 12 ns, above the expeted arrival

time of good oinidene protons (red), and 5 ns below the expeted arrival time

of oinident deuterons (yellow).

eÆieny. As a result, aidentals are underestimated. The data sample ontains

two-step proess aidentals, where a sattered eletron reinterats further along

the target ell and knoks out a proton whih arrives with \good" TOF. Protons

produed in suh a way enhane the positive side of the vertex di�erene Z

pr

�Z

el

.

To aount for two-step aidental oinidenes we seleted a data sample of good

protons in oinidene with eletrons deteted outside of our vertex di�erene ut

j�Zj > 2: m whih was subtrated from \good" oinidenes. The orretion fa-

tor and the systemati unertainties assoiated with these seletions are presented

in Setion 4.4.



CHAPTER 4

Physis Analysis

4.1 Event Seletion and Kinemati uts

The �rst task of this analysis was to redue the data sample, by seleting

events with an eletron and a proton. The next step was to selet quasi-elasti

events with a ut on ep missing mass (MM) entered on the neutron mass. This

missing mass spetrum is shown in Figure 4.1 plotted versus the momentum (< 1

GeV/) of the proton. We were able to detet protons with a momentum as low

as 250 MeV/. The band entered at the neutron mass (m

n

� 0:939 GeV) learly

separates the quasi-elasti events from the inelasti events at missing mass greater

than 1:1 GeV. The relatively large momentum resolution (� � 40 MeV/) of the

CLAS detetor for eletrons is responsible for the broad quasi-elasti missing mass

peak. In ideal onditions the missing mass distribution should present a narrow

peak beause the Fermi motion in quasi-elasti sattering is taken into aount.

We applied a ut to this missing mass spetrum around the known neutron mass.

Thus, this ut eliminated some good events while failing to exlude some inelasti

bakground. We performed a simple study to estimate the ratio of the signal (quasi-

116
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FIG. 4.1: Missing mass distribution for eletron plus proton oinidene events as a

funtion of the sattered proton momentum. The band entered at the neutron mass

learly identi�es the quasi-elasti events. The inelasti events have missing mass greater

than 1:1 GeV.

elasti peak) to the bakground (inelasti ontribution) by varying the MM uts and

looking at the Bjorken saling variable x distribution. To selet a lean inelasti

sample we aepted events far from the quasi-elasti peak with 1:2 < MM < 1:3

GeV. A lean quasi-elasti sample was obtained by seleting events with MM <

0:9 GeV (see Fig. 4.1), where the inelasti ontribution is insigni�ant. The x

spetrum obtained by applying di�erent missing mass uts is presented in Figure 4.2

(left). We an see that the x distribution, symmetri about x = 1 for elasti

sattering, is enhaned on the low site by the inelasti bakground. With more

restritive MM uts the x distribution beomes more symmetri as the inelasti

events are eliminated. Figure 4.2 (right) shows that the integral of the quasi-elasti

x distribution inreases until MM = 1:05 GeV and then reahes a plateau as all

quasi-elasti events are aounted for. At the same time the inelasti bakground

inreases more dramatially with inreasing missing mass. The ut MM = 1:05

GeV maximizes the quasi-elasti signal while minimizing the inelasti bakground.
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FIG. 4.2: Left: x distribution evolution for several uts on the missing mass (MM) quasi-

elasti peak. The integral of the blak urve represents the ontribution from the inelasti

bakground while the integral of the blue urve is the ontribution from lean quasi-elasti

events. To maximize the ratio of the signal (quasi-elasti peak of MM distribution) to

the inelasti bakground we have hosen the missing mass ut as: MM < 1:05 GeV/.

Right: The quasi-elasti signal and respetively the inelasti bakground evolution with

the missing mass ut.

The urves in Fig. 4.2 (right) provide the orretion fators for bakground and

quasi-elasti events.

A more rigorous way to determine the best missing mass ut, and the uner-

tainties assoiated with this ut, onsists of a �t of the MM spetra for 50 MeV/

wide bins in the sattered proton momentum p

s

between 0:25 GeV/ and 1 GeV/

at Q

2

= 2:5; 3:5; 4:5, and 5:5 GeV

2

as shown in Figure 4.3. Eah MM spetrum for

50 MeV/ bins in p

S

and 1 GeV

2

bins in Q

2

was �t with two Gaussians, one for

the signal (quasi-elasti peak) and one for the bakground (inelasti ontribution).

Figs. 4.5 { 4.7 show these �ts. The dotted urves show eah Gaussian individually,

and the solid urve shows the sum. The integral of the �rst Gaussian funtion was

used to determine the total number of quasi-elasti events. This number ould then

be ompared with the number extrated from the analysis with di�erent uts on the

MM peak. Five di�erent uts presented in Table 4.1 were used.
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FIG. 4.3: Missing mass distribution as a funtion of momentum of the sattered

proton p

s

for Q

2

= 2:5; 3:5; 4:5, and 5:5 GeV

2

.

FIG. 4.4: Missing-mass distribution as a funtion of proton sattering angle with

respet to the diretion of momentum transfer �

pq

for Q

2

= 2:5; 3:5; 4:5, and 5:5

GeV

2

.
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FIG. 4.5: Missing-mass spetra orresponding to 15 bins in p

s

, and to Q

2

= 2:5

GeV

2

�tted with two Gaussians (solid urve). The dotted urves show the indi-

vidual Gaussians used to �t the quasi-elasti signal and the inelasti bakground.

The integral of the �rst Gaussian was used to estimate the quasi-elasti ross

setion.
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FIG. 4.6: Same as in Fig. 4.5 exept for Q

2

= 3:5 GeV

2

.
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FIG. 4.7: Same as in Fig. 4.5 exept for Q

2

= 4:5 GeV

2

.
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MM ut 1 2 3 4 5

[GeV/℄ .8<MM<1. .85<MM<1.05 .85<MM<1. .8<MM<1.05 MM<1.

TABLE 4.1: Estimation of the systemati error assoiated with the missing mass

ut. Five di�erent uts around the quasi-elasti missing-mass peak were used to

estimate the systemati errors assoiated with the missing mass ut in the main

analysis.

The systemati unertainty assoiated with the missing mass ut was de�ned

as the standard deviation � =

1

N

p

P

(�� r

i

)

2

of the ratio of the yield obtained

from the �tting proedure to the yield obtained by applying the MM ut for eah

kinemati bin. Here � was the mean of �ve trial values of the ratio (orresponding

to �ve di�erent MM uts) mentioned above and r

i

was their deviation obout the

mean �. We extrated the unertainties for 60 kinemati bins; 15 momentum bins

and 4 momentum transfer bins Q

2

= 2:5; 3:5; 4:5 and 5:5 GeV

2

.

p

s

Q

2

= 2:5 GeV

2

Q

2

= 3:5 GeV

2

Q

2

= 4:5 GeV

2

Q

2

= 5:5 GeV

2

[MeV/℄ SysErr [%℄ SysErr [%℄ SysErr [%℄ SysErr [%℄

275 3.25 3.49 3.39 3.38

325 2.88 3.87 3.43 3.39

375 2.94 4.17 3.11 3.41

425 3.52 2.35 3.63 3.17

475 2.36 2.43 3.57 2.79

525 2.52 4.24 4.11 3.63

575 3.00 4.68 3.79 3.82

625 2.93 2.53 3.28 2.91

675 2.72 3.90 1.86 2.83

725 2.55 3.40 1.59 2.51

775 2.65 1.89 1.76 2.10

825 3.48 4.78 1.76 3.34

875 2.09 2.44 4.31 2.95

925 2.55 3.35 2.54 2.81

975 2.26 1.56 1.22 1.68

TABLE 4.2: Systemati errors assoiated with the missing mass ut, for Q

2

=

2:5; 3:5; 4:5, and 5:5 GeV

2

and for 15 proton momentum p

s

bins.



124

For Q

2

= 5:5� 0:5 GeV

2

, statistis did not allowed us to perform a reasonable

�t to the missing mass spetra. Therefore the systemati errors for Q

2

= 5:5 GeV

2

were alulated from the average of the other three bins in Q

2

. Figs. 4.8 and 4.9

show the e�et of applying di�erent MM uts around the quasi-elasti peak. The

optimal hoie for this ut obtained from this study and used in the main analysis

was 0:8 < MM < 1:0 GeV. We ould see that the simple method desribed in the

begin of the setions agrees quite well with the later result. This ut minimizes

the inelasti bakground while maximizing the elasti signal. The systemati errors

assoiated with this ut for eah kinemati bin (bin in proton momentum p

s

and in

momentum transfer Q

2

) are summarized in Table 4.2.

The same proedure was performed by �tting MM spetra in kinemati bins

de�ned by the proton sattering angle with respet to the diretion of momentum

transfer and Q

2

(see Fig. 4.4). The missing mass spetra orresponding to these bins,

and the orresponding double-Gaussian �ts, are shown in Fig. 4.10 for Q

2

= 2:5�0:5

GeV

2

, in Fig. 4.11 for Q

2

= 3:5 � 0:5 GeV

2

, and in Fig. 4.12 for Q

2

= 4:5 � 0:5

GeV

2

. The extrated yields using the �tting proedure and the missing mass ut

proedure in the kinemati bins de�ned above are shown in the Figs. 4.13 and 4.14

(upper plots). The ratio of the yield obtained from the �tting method to the yield

obtained from the ut method are shown in the Fig. 4.13 and 4.14 (lower plots).

The unertainties assoiated with the missing-mass ut for eah kinemati bin

were de�ned as the standard deviation of the ratios mentioned above for eah �

pq

bin and they are summarized in Table. 4.3. The systemati errors for Q

2

= 5:5�0:5

GeV

2

were obtained by averaging the errors obtained for the other three Q

2

bins.

The systemati unertainties were added in quadrature to determine the �nal errors

for eah kinemati bin.
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FIG. 4.8: Cross setions (upper plot) as a funtion of proton momentum extrated

by applying �ve di�erent MM uts (di�erent olor markers) and by the �tting

proedure (blak bullets) for Q

2

= 2:5 GeV

2

. The ratio of the ross setion

obtained from the �tting to that obtained by using di�erent uts (lower plot)

shows how too strit uts give a ratio above unity whereas too generous uts give

a ratio below 1.

FIG. 4.9: Same as in Fig. 4.8 exept for Q

2

= 3:5 GeV

2

(left) and Q

2

= 4:5 GeV

2

(right).
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FIG. 4.10: Missing-mass spetra orresponding to 24 bins in �

pq

, and to Q

2

= 2:5

GeV

2

�tted with two Gaussians (solid urve). The integral of the �rst Gausian

was used to estimate the yield of quasi-elasti events. Dashed urves orrespond

to the individual Gaussians.
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FIG. 4.11: Same as in Fig. 4.10 exept for Q

2

= 3:5 GeV

2

.
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FIG. 4.12: Same as in Fig. 4.10 exept for Q

2

= 4:5 GeV

2

.
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FIG. 4.13: Cross setions versus proton sattering angle �

pq

(upper plot) extrated

by applying �ve di�erent MM uts (di�erent olor markers) and by using the

�tting proedure (blak bullets) for Q

2

= 2:5 GeV

2

. The ratio of the ross

setion obtained by �tting to that obtained by using di�erent uts (lower plot),

show similar e�ets as in Fig. 4.8.

FIG. 4.14: Same as in Fig. 4.13 exept for Q

2

= 3:5 � 0:5 GeV

2

(left) and Q

2

=

4:5� 0:5 GeV

2

(right).
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�

pq

Q

2

= 2:5 GeV

2

Q

2

= 3:5 GeV

2

Q

2

= 4:5 GeV

2

Q

2

= 5:5 GeV

2

[

Æ

℄ SysErr [%℄ SysErr [%℄ SysErr [%℄ SysErr [%℄

12.5 2.78 3.08 - -

17.5 2.85 2.22 - -

22.5 2.27 7.09 - -

27.5 2.66 3.70 - -

32.5 2.80 3.91 2.76 3.16

37.5 2.42 2.44 4.86 3.24

42.5 2.12 2.83 2.90 2.61

47.5 2.85 4.22 1.41 2.83

52.5 2.73 2.19 2.27 2.40

57.5 2.36 3.94 0.76 2.35

62.5 2.92 2.62 2.25 2.60

67.5 3.08 2.74 2.94 2.92

72.5 2.52 3.17 2.38 2.69

77.5 2.41 3.24 3.00 2.88

82.5 2.87 2.57 2.88 2.77

87.5 3.38 1.94 2.92 2.75

92.5 3.45 6.59 2.16 4.06

97.5 2.59 4.54 3.63 3.58

102.5 2.92 4.16 2.48 3.19

107.5 3.61 3.26 5.21 4.03

112.5 3.18 5.00 - -

117.5 3.51 3.49 - -

122.5 3.51 7.88 - -

127.5 3.01 3.95 - -

TABLE 4.3: Systemati errors assoiated with the missing mass ut, for Q

2

=

2:5; 3:5; 4:5, and 5:5 GeV

2

and 24 bins in �

pq

.

4.2 CLAS Aeptane Calulations

4.2.1 Detetor Simulation

In order to relate experimental yields to the ross setions we need to extrat

the geometrial aeptane and the eÆieny of all detetor subsystems of CLAS.

The proedure for determining the geometrial aeptane and the detetor eÆ-
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ienies requires several steps: �rst, we need to simulate the response of CLAS to

the propagation of harged partiles through its omponent subsystems; seond, we

need a realisti generator that will reprodue distributions of partiles emitted in the

reation that we are studying; and third, we need a onsistent reonstrution and

analysis proedures for both simulated and real data. The proedure is shemati-

ally shown in Figure 4.15. Based on the GEANT simulation software pakage, from

CERN, GSIM models the response of CLAS to the propagation of di�erent harged

partiles through the spetrometer. GSIM is a stand-alone software pakage that

an be tailored for the various experimental runs with CLAS by simply hanging

a on�guration �le that ontains information about detetor thresholds and about

the target, and an input �le that ontains the output of the event generator. Spe-

i� to eah experimental group is the model of the target. For the E6 run period,

N. Dashian from the Yerevan Group set up the target model. GSIM simulates a

realisti response of CLAS to harged partiles traveling through. In order to a-

ount for CLAS detetor responses a post proessor (GPP) program turns the trails

of deposited energy reated by GSIM into raw detetor signals. GPP reads from

a MySQL database that ontains information about dead regions in the DC and

malfuntioning TOF paddles at the atual time of data taking and exludes them

from the simulated data. After this step the simulated data are passed through the

same partile reonstrution ode (RECSIS) as the real data. In order to alibrate

the simulation to the real data we heked the TOF sintillator eÆienies setor by

setor. We plotted the eletron vertex time, de�ned as the di�erene between the

time of ight measured by CLAS and the expeted time of ight omputed using

eletron momentum and veloity, versus the TOF sintillator paddle number. In

this way we ould identify the malfuntioning TOF paddles and exlude them from

the analyses, of both simulated and real data as shown in Figure 4.16.
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MONTE CARLO
    generator

  GSIM

GPP    RECSIS

EXPERIMENTAL DATA

    ANALIZER
    (fiducial cuts)

REC (simulation)

  DATA / ACC

 ACC = REC / MC

FIG. 4.15: Flow hart for aeptane alulations. Using the Monte Carlo teh-

nique we generate events that losely resemble the real experimental data, we

pass them through GSIM, and then we generate raw signals in the DC and TOF

detetors using GPP, whih simulates the resolution of the atual data. As the

next step we use the RECSIS pakage for partile reonstrution in the same

way as for the real data. We analyze the simulated data in the same way as

the real data, inluding all uts. The aeptane for a partiular kinemati bin

is obtained by dividing the reonstruted simulated events (REC) by the initial

thrown events (Monte Carlo). Experimental data are orreted for detetor a-

eptane. This proess an be iterated by �tting the orreted experimental data

to improve the input model and repeating the proess.
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In Fig. 4.16 (left) Setor 1 has one misalibrated paddle #16, Setor 2 has

one misalibrated paddle #6, Setor 3 has two ineÆient paddles #11 and #16,

Setor 5 has one ineÆient paddle #21, and Setor 6 has an overall good TOF

sintillator eÆieny. Some of these paddles have been identi�ed by \paddle-to-

paddle" software (P2P) as ineÆient and they were labeled in the MySQL database

as bad paddles, and thereafter this information was used by the GSIM pakage.

Others were not implemented properly in the simulation. In Fig. 4.16 (right) we

an see that the simulation ould not reprodue perfetly the bad paddles seen in

real data. Therefore these paddles were exluded from the �nal analysis. A detailed

desription of the proedure of identifying and orreting for ineÆient regions of

the DC and dead sintillator paddles in the TOF wall an be found in Ref. [70℄.

External radiation of the sattered eletrons in the target is alulated by GSIM.

GPP smears the spatial position of the DC hits and the times of ight, suh that the

simulated data have the same resolution as the experimental data. The smearing is

ontrolled by three oeÆients orresponding to the three regions of DC (a, b, ) and

one oeÆient for the TOF (f). To obtain these oeÆients we simply ompared real

data step-by-step with simulated data for di�erent sets of smearing oeÆients. The

invariant massW distribution for the inlusive d(e,e

0

) reation and the missing mass

MM distribution for the exlusive d(e,e

0

p)n reation obtained from real data were

used to determine whether the smearing oeÆients used by GPP were reasonable.

Fig. 4.17 shows theW distributions obtained from real data for eah setor in CLAS

ompared with the simulated data (left) and the ratios of the real to the simulated

W spetra. Details about the simulations of the inlusive and exlusive hannels are

given in Setions 4:2:2 and 4:2:3. The oeÆients for DC smearing obtained from

this study were: a = 1:58, b = 1:58,  = 1:58. The time resolution of TOF desribed

in GSIM was found to be in good agreement with the experimental data.
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FIG. 4.16: Eletron time vertex versus TOF sintillator paddle number for real

(right) and simulated (left) data, for eah setor of CLAS.
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FIG. 4.17: Invariant mass W distributions (left) for real (solid bullets) and simu-

lated (solid line) data and ratios (right) of data to simulation for the six setors

of CLAS.

Fig. 4.18 shows the eletron time vertex spetra for data (upper panel) and

simulation (lower panel), �tted with a Gaussian in eah ase. The eletron time

vertex was de�ned as the di�erene between the measured time of ight using the

RF signal, and the omputed time of ight using eletron momentum and veloity.

We an see that the means and widths of eah distribution are similar. Thus, the

oeÆient f orresponding to TOF smearing in GPP was hosen to be 1. These

oeÆients were used in simulations for both inlusive d(e,e

0

) and exlusive d(e,e

0

p)n

hannels.
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FIG. 4.18: Eletron time vertex for real (upper plot) and simulated (lower plot)

data. Malfuntioning sintillator paddles were exluded.

4.2.2 Inlusive d(e,e

0

) Simulation

Aeptanes for the inlusive d(e,e

0

) reation were alulated and applied to

the experimental data in order to extrat absolute ross setions. Existent world

data for d(e,e

0

) from SLAC [78,80℄ and from Je�erson Laboratory [73℄ were used for

omparison with our results. In Figure 4.19 we present the kinemati overage of E6

and the existent inlusive d(e,e

0

) experiments. As mentioned earlier in the text we

needed to model the experimental data in order to extrat aeptanes. Our d(e,e

0

)

simulation was based on a theoretial model onstruted by Misak Sargsian as de-

sribed in Ref. [81℄. This model omputes the ross setions of the inlusive d(e,e

0

)

reation using two di�erent approahes: the Virtual Nuleon Impulse Approxima-

tion [60, 78℄ and the Impulse Approximation based on Light Cone Dynamis [82℄.
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FIG. 4.19: Kinemati regions overed by d(e,e

0

) experiments that extend to x

B

>

1: red area - E1d run period (CLAS) E = 2:474 GeV; blue area - E6a run period

(CLAS) E = 6:764 GeV

2

; green points are from Hall C [73℄ and blak points are

from SLAC [74{78℄. The plot is from Ref. [79℄.

For this simulation we used the ross setions alulated in the Relativisti Light

Cone Impulse Approximation where the high momentum omponents of the nulear

spetral funtion are desribed in the framework of the Glauber approximation. It

is assumed here that the few-nuleon short range orrelations (SRC) aount for

the high momentum omponents of the nulear wave funtion. This allows us to

desribe the eletron-nuleus ross setion at x > 1 in terms of the absorption of vir-

tual photons on individual few-nuleons orrelations. This model desribes eletron

sattering where the momenta of the struk nuleon exeeds the Fermi momentum

and relativity and o�-shell e�ets beome more important. This model uses the

deuteron wave funtion derived from the Paris potential. For quasi-elasti sattering

the dipole nuleon form fator has been used, and for the inelasti part of the inlu-
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FIG. 4.20: Experimental ross setions d�=dQ

2

dx from Ref. [78℄ (solid bullets) and

the model from Ref. [81℄ (solid urves) for six di�erent beam energies: E

beam

=

9:744, 12:565, 15:730, 17:301, 18:476, and 20:999 GeV.

sive d(e,e

0

) ross setion only �-isobars are onsidered. For the parametrization of

inelasti form fators Ref. [74℄ has been used. The spetral funtion is onstruted

using the simple Fermi step distribution for nuleon momenta with ontributions

above the Fermi surfae oming from two-nuleon short-range orrelations.

In this analysis we foused on quasi-elasti inlusive eletron sattering for

Q

2

= 1 � 7 GeV

2

and x =

Q

2

2m

p

�

= 0:7 � 2:0. Reasonable agreement between

this model and data from SLAC [78℄ and Je�erson Lab [73℄ is shown in Figs. 4.20

and 4.21, respetively. This model agrees well enough (within 10-15%) with the

data to be used as an input generator in our aeptanes alulations for d(e,e

0

). We

generated Monte Carlo events with a distribution orresponding to the model ross

setion. We passed simulated data through GSIM and GPP (using the smearing

oeÆients adjusted to reprodue the quasi-elasti peak width), reonstruted the
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FIG. 4.21: Experimental ross setions d�=dE

0

d
 from Ref. [73℄ (bullets) together

with the model from Ref. [81℄ (solid urves) for three di�erent beam energies:

E

beam

= 2:445 (squares), 3:245 (triangles), and 4:045 (bullets) GeV and several

eletron sattering angles. Only the inelasti region (x < 1) is overed by these

data.

partiles with RECSIS, and olleted the reonstruted events in Ntuple-10 format

(CLAS) just as we did with the experimental data. Wherever possible the number

of Monte Carlo events was hosen to be muh larger than the orresponding number

of real events in order to avoid statistial unertainties in the simulation being a

signi�ant error. The ntuples ontaining Monte Carlo events were analyzed with the

same analysis software pakage as for the real data. Cross setions were obtained by

normalizing experimental yields (obtained within our �duial uts and orreted for
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e

+

e

�

-pairs, pion bakgrounds, and internal radiative e�ets) to the total live-time

gated harge aumulated by the Faraday Cup, the target density and the detetor

aeptane. Comparisons between experimental raw ross setions (no aeptane

applied) and simulations, on a setor by setor basis are presented in Fig. 4.22

versus Q

2

, in Fig. 4.23 versus eletron momentum distributions, in Fig. 4.24 versus

eletron polar sattering angle, and in Fig. 4.25 versus eletron azimuthal sattering

angle. With the exeption of regions of low aeptane (at the edge of CLAS)

the agreement between the simulation and real data was found to be within 10%,

whih is omparable with the auray of the model. We extrated aeptanes (as

shown shematially in Fig. 4.15) in eah kinemati bin as the ratio of the number

of reonstruted events N

re

(obtained within our �duial uts) over the number of

events generated N

gen

(generated in full phase spae):

F

a

=

N

re

N

gen

; (4.1)

where F

a

is the aeptane fator whih was used to normalize the experimental

yields. A sample of F

a

for several Q

2

bins is presented in Fig. 4.26. The detetion

eÆieny of CLAS de�ned as the ratio of the number of reonstruted to generated

events within E6 �duial uts mentioned in Setion 3.3.1 (geometrial ontour of

regions of high detetion eÆieny in CLAS) was obtained from simulations. In

Figure 4.27 we an see the inrease in eÆieny with Q

2

. An overall eÆieny

of � 91 % was observed. The utuations from unity are due to the kinemati

smearing simulated by GPP. For distributions with sharp peaks or steep slopes

shapes of generated and reonstruted spetra may well be di�erent. This introdues

a non-trivial kinemati dependene into the eÆieny. Two soures of systemati

unertainties ould be identi�ed from the aeptane alulations.



141

FIG. 4.22: Q

2

distributions (left) for real (solid bullets) and simulated data (solid

line), and ratios (right) of data to simulation for the six setors of CLAS. The

aeptane in Q

2

is reasonably at with deviations arising from the mismath

between atual and simulated detetor dead regions.

FIG. 4.23: Eletron momentum p

eletron

distributions (left) for real (solid bullets)

and simulated data (solid line), and ratios (right) of data to simulation for the six

setors of CLAS. The aeptane in p

eletron

is relatively at but falls o� rapidly

at low and high momentum.
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FIG. 4.24: Distributions of eletron sattering angle �

eletron

(left) for real (solid

bullets) and simulated (solid line) data, and ratios (right) of data to simulation

for the six setors of CLAS. The aeptane versus �

eletron

is relatively at and

falls preipitously above about 50

Æ

.

FIG. 4.25: Distributions of eletron azimuthal sattering angle �

eletron

for real

(solid histogram) and simulated (solid line) data for the six setors of CLAS.
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FIG. 4.26: Aeptanes versus x for several bins in Q

2

from 1:8 to 2:4 GeV

2

. The

aeptane rises with inreasing Q

2

and ranges from less than 10 % to as muh

as 30 %.
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FIG. 4.27: EÆieny obtained from GSIM simulations. The eÆieny was de�ned

as the ratio of the number of reonstruted events to the number of generated

events within our geometrial �duial uts. Here the eÆieny inreases with Q

2

.

The �rst one is due to the model used in the simulation. A wrong ross setion

model used in the event generator ould lead to a deviation of the absolute GSIM

simulated ross setions from the measured ones. We used a wrong model by mod-

ifying the distributions given by the model of Ref. [81℄ and extrated a new set of

aeptanes. The di�erene in the aeptanes obtained using two di�erent models,

for eah kinemati bin, was taken as an estimate of the systemati unertainty. A

uniform systemati unertainty of 1:5% due to model dependene of the aeptane

alulations was added in quadrature to the total systemati error. The seond

soure of unertainty omes GSIM's inability to reprodue a realisti response to

eletron traks at di�erent momenta and sattering angles. We alulated the GSIM

systemati errors as:

Æ

GSIM

=

q

(

�

Æ

GSIM

)

2

� (Æ

stat

GSIM

)

2

(4.2)

Here

�

Æ

GSIM

is the weighted root mean square deviation of the di�erene between
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measured and simulated raw ross setions for all six setors of CLAS:

�

Æ

GSIM

= Æ

stat

GSIM

v

u

u

t

6

X

i=1

�

�

(�

exp

i

� �

GSIM

i

)�

�

�

�

�

�

2

(Æ

stat

exp

)

2

+ (Æ

stat

GSIM

)

2

; (4.3)

where

�

�

�

is the weighted average of the di�erene (�

exp

i

� �

GSIM

i

). The statistial

omponent of the deviation is given by:

Æ

stat

GSIM

=

 

6

X

i=1

1

(Æ

stat

exp

)

2

+ (Æ

stat

GSIM

)

2

!

�1=2

(4.4)

The resulting systemati errors, averaged over W and plotted as a funtion of Q

2

,

are shown in Figure 4.28. Systemati deviations from setor to setor ranged from

1 to 3% and depended mostly on the eletron polar sattering angle. All systemati

errors were added in quadrature.

Absolute normalizations, error analysis and extration of absolute ross setions

for the inlusive d(e,e

0

) hannel are presented in Setion 4.2.4.

FIG. 4.28: GSIM systemati errors Æ

GSIM

as a funtion of Q

2

. The solid line show

the parameterization used in alulating aeptane unertainties.
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4.2.3 Exlusive d(e,e

0

p

s

)n Simulation

For the simulation of the exlusive d(e,e

0

p

s

)n hannel we began by building

an event generator based on realisti distributions extrated from E6 data. We �t

data distributions in spetator proton momentum p

s

, Bjorken saling variable x,

momentum transfer Q

2

and proton sattering azimuthal angle with respet to the

momentum transfer diretion �

pq

, all distributions being integrated over all other

variables. Then we generated p

s

, x, Q

2

, and �

pq

aording to these �ts and alulated

the proton polar angle with respet to ~q, �

pq

, from the onstrained tagged quasi-

elasti kinematis. This assumed fatorization of probability distributions for the

oinidene data.

The kinematis of d(e,e

0

p

s

)n are presented in Figure 4.30. The leptoni plane

is de�ned by the inident k(E

beam

,

~

k) and sattered k

0

(E

0

,

~

k

0

) eletron momenta. Mo-

menta of the spetator proton p(E

p

,~p

s

) and the struk neutron n(E

n

,~n) form the

hadroni plane. Here E

beam

, E

p

and E

n

are the beam, spetator proton and struk

neutron energies, respetively. The virtual photon four-momentum is q(�; ~q) where

� = E

beam

�E

0

. The angle between these two planes is �

pq

. The proton polar angle

with respet to the momentum transfer diretion ~q is de�ned as �

pq

. The advantage

of an exlusive proess is that we an aount for all reation produts by applying

onservation laws. Applying onservation of energy for d(e,e

0

p

s

)n we obtain:

� +M

d

= E

p

+ E

n

;

E

2

n

= M

n

2

+ n

2

;

E

2

p

= M

2

p

+ p

2

s

; (4.5)

where M

d

� 2M

p

, M

p

and M

n

are the deuteron, spetator proton and on-shell

neutron masses, respetively. From momentum onservation we obtain:

~q � ~p

s

= ~n;

q

2

+ p

2

s

� 2qp

s

os �

pq

= n

2

; (4.6)
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FIG. 4.29: Missing mass (MM) spetra obtained from real (upper-left panel) and

simulated (upper-right panel) data eah �tted with a Gaussian. The real (solid

bullets) and simulated (solid urve) MM spetra for Setor 1 are shown in the

lower panel.

where q

2

= q

2

x

+ q

2

y

+ q

2

z

, p

2

s

= p

2

x

+ p

2

y

+ p

2

z

, and n

2

= n

2

x

+ n

2

y

+ n

2

z

. Introduing

Eq. 4.5 into Eq. 4.6 we obtain:

(� +M

d

� E

p

)

2

=M

n

2

+ q

2

+ p

2

s

� 2qp

s

os �

pq

(4.7)

Rearranging assuming M

d

=M

p

+M

n

and M

p

' M

n

and Q

2

= q

2

� �

2

yields:

os �

pq

=

Q

2

� 4(M

p

+ �)M

p

+ 2(� + 2M

p

)E

p

2qp

s

(4.8)

This is the main onstraint we applied to our kinematis. Our event generator piks

the set (p

s

, Q

2

, �

pq

and x) using the distributions �t to the experimental data and

alulates �

pq

using Eq. 4.7. From the �rst iteration using this model we extrated
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FIG. 4.30: Kinematis of the d(e,e

0

p

s

)n reation.

preliminary aeptanes and orreted the data. We performed another set of �ts to

the aeptane orreted data and extrated a new set of onstants for the parame-

terizations used in the event generator. Several iterations were needed to adjust the

model to the data. The parameterizations of p

s

, Q

2

, �

pq

and x distributions used in

our �nal input model are presented in Appendix F. Figure 4.31 shows good agree-

ment between the simulated and experimental plots of �

pq

versus �

pq

. Distributions

for spetator proton momentum p

s

(upper panel), momentum transfer Q

2

(middle

panel), and x (lower panel) obtained from experimental (solid bullets) and simu-

lated data (solid urves) are shown in Figure 4.32 (left). The orresponding ratios

of real to simulated data are shown in Figure 4.32 (right), for eah distribution. The

proton polar angular distributions for real (solid bullets) and simulated data (solid

urve) are shown in Figure 4.33 (left), and the orresponding ratio between them

is shown in Figure 4.33 (right). For eah iteration we passed the generated events

through GSIM using the FFREAD ard input (presented in Appendix D) whih

ontains setting of CC, EC, DC, SC uts, target harateristis and beam energy.

These settings were hosen to bring the simulations as lose as possible to the real
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FIG. 4.31: Proton polar versus azimuthal angle with respet to the momentum

transfer diretion for simulated (left panel) and real data (right panel).

experimental onditions at the time of data taking. After this step we passed our

simulated data through RECSIS and we stored the output in Ntuples 10-format

just as was done for the real data. The simulated ntuples have information about

the initial generated data (thrown Monte Carlo events) and about the reonstruted

events whih passed all the ID and �duial uts required in the main analysis. We

ran the Monte Carlo simulation long enough suh that the simulated data had far

smaller statistial errors than the real data. The output from GSIM was fed into

Energy [GeV℄ Region 1 Region 2 Region 3

5.645 1.58 1.58 1.58

TABLE 4.4: GPP smearing parameters for the three DC regions.

the Post Proessing program GPP to generate the Monte Carlo raw data. Smearing

parameters orresponding to di�erent DC regions were adjusted until the missing

mass spetrum (MM) obtained from simulated and real data agreed (see Fig. 4.29).

These parameters are given in Table 4.4.
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FIG. 4.32: Left: Proton momentum p

s

(upper panel), momentum transfer Q

2

(middle panel) and Bjorken saling variable x spetra for real (solid bullets) and

simulated (solid lines) data. Right: The orresponding ratios of real to simulated

data.

FIG. 4.33: Left: Proton sattering polar angle �

pq

(upper panel) and proton az-

imuthal sattering angle �

pq

(lower panel) with respet to ~q for real (solid bullets)

and simulated (solid lines) data. Right: The orresponding ratios of real to sim-

ulated data.
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FIG. 4.34: Detetion eÆieny of d(e,e

0

p

s

)n events in CLAS within E6 �duial

uts for Q

2

= 2:5; 3:5; 4:5 and 5:5 GeV

2

(di�erent olors and shapes markers).

An eÆieny of � 80% was obtained.

As shown shematially in Figure 4.15 the last step in extrating the aeptane

for eah kinemati bin is to ompute the ratio of the number of reonstruted events

whih passed all the ID and �duial uts as for real data to the number of events

generated in the full phase spae. The detetion eÆieny of d(e,e

0

p

s

)n events in

CLAS within our �duial uts was obtained from simulations with the same �duial

uts as the experimental data. An eÆieny of � 80 % was obtained as shown in

Figure 4.34. The TOF smearing parameter f = 1 gave a good agreement between

data and simulation. Aeptane alulations should not depend strongly on the

input model if buin migration is not signi�ant. We used several trial models to

adjust our simulation to be as lose as possible to the real data and studied the

model dependene of our aeptane alulations. Figs. 4.35 - 4.37 (upper panels)

show p

s

distributions for experimental data (solid bullets)) and various trial models

(olored urves) for four kinemati bins Q

2

= 2:5; 3:5; 4:5 and 5:5 GeV

2

.
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FIG. 4.35: Upper panel: Spetator proton momentum for real data (solid bullets)

together with several simulation models (di�erent olor urves). Lower panel:

Corresponding aeptanes (di�erent olors and shapes markers). Both plots

orrespond to Q

2

= 2:5 GeV

2

.

FIG. 4.36: Same as in Fig. 4.35, exept for Q

2

= 3:5 GeV

2

.
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FIG. 4.37: Same as in Fig. 4.35, exept for Q

2

= 4:5 GeV

2

.

FIG. 4.38: Same as in Fig. 4.35, exept for Q

2

= 5:5 GeV

2

.
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FIG. 4.39: Final spetator proton aeptanes extrated from simulations for Q

2

=

2:5; 3:5; 4:5 and 5:5 GeV

2

and p

s

= 0:25 � 1:00 GeV/.

The orresponding aeptanes extrated using di�erent input models for the

d(e,e

0

p

s

)n simulations are shown in Figs. 4.35 - 4.37 (lower panels) by di�erent

olored and shaped markers. At low Q

2

the model dependene of the aeptane

alulations is small, but it inreases with momentum transfer Q

2

. We onlude that

a good simulation of the real data is ruial in order to obtained a realisti aep-

tane. The �nal aeptanes as a funtion of p

s

using the most realisti model are

shown in Figure 4.39. They were used in extration of absolute ross setions versus

p

s

in the d(e,e

0

p

s

)n reation presented in Setion 5.2 and tabulated in Appendix D.

The aeptanes range from 15% to 45% . The systemati unertainties asso-

iated with the model dependene of the aeptane alulations were taken as the

root mean square (RMS) deviation of the input models used in simulations for eah

kinemati bin. These unertainties are given in Table 4.5. If the detetor model im-

plemented in GSIM were perfet, then we would obtain the perfet response of CLAS
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FIG. 4.40: Distributions in eletron azimuthal angle (upper panel) and proton

azimuthal angle (lower panel) for real (�lled histogram) and simulated (solid

histogram) data. Setors 1,3, and 5 for eletrons and Setors 3, 5, and 6 for

protons are well desribed by the simulations.

to deteted harged partiles. But in reality the GEANT simulation of CLAS does

not reprodue all detetor responses to harged partiles. We an orret for this

by omparing the data and the simulation on a setor-by-setor basis. Figure 4.40

shows the sattered eletron azimuthal angle (upper panel) and the sattered proton

azimuthal angle (lower panel) for real (�lled histogram) and simulated data (solid

histogram), orresponding to eah of the six setors of CLAS. For the eletron ase,

Setors 1,3, and 5 are well-desribed by the simulations, while for the other three

setors GSIM fails to reprodue perfetly the experimental data. For the proton

ase, Setors 3, 5, and 6 are well-desribed by the simulations while Setors 1, 2 and

4 are poorly reprodued. The unertainties assoiated with this e�et were om-
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puted with the same method desribed in Setion 4.2.2, Eqs. 4.2 { 4.4. We orreted

for the setor ineÆieny by normalizing the yields of badly simulated setors to the

average of well simulated setors. The orretion fators assoiated and systemati

unertainties are presented in Setion 4.4.

p

s

Q

2

= 2:5 GeV

2

Q

2

= 3:5 GeV

2

Q

2

= 4:5 GeV

2

Q

2

= 5:5 GeV

2

[MeV/℄ SysErr [%℄ SysErr [%℄ SysErr [%℄ SysErr [%℄

275 0.09 0.62 1.07 2.34

325 0.09 0.73 1.37 2.88

375 0.12 0.31 2.19 1.41

425 0.19 0.37 0.35 1.20

475 0.23 0.40 1.82 1.58

525 0.29 0.58 0.73 1.02

575 0.33 0.55 0.34 2.23

625 0.28 0.51 0.84 1.99

675 0.42 0.74 2.19 2.02

725 0.38 0.63 0.49 2.50

775 0.36 0.88 1.33 3.20

825 0.42 0.72 0.76 2.70

875 0.35 0.64 0.99 2.05

925 0.57 0.64 1.00 2.96

975 0.35 1.15 2.95 1.80

TABLE 4.5: Systemati unertainties assoiated with the model-dependene of

aeptane alulations for di�erent kinemati bins: Q

2

= 2:5; 3:5; 4:5, and 5:5

GeV

2

and p

s

= 0:25 � 1: GeV/.

4.3 Absolute Normalizations

4.3.1 Beam Charge

A Faraday up was used to measure the aumulated harge of inident ele-

trons. Computer dead time in the experiment was taken into aount by gating the

Faraday up on the omputer live time. The Faraday up is digitized with 9136

ounts per �C. The data aquisition system (DAQ) reords data at a rate of � 2
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kHz. A seond saler reords ontinuously the aumulated harge from the begin-

ning to the end of eah run. Beause of a bug in the DAQ sofware some runs had a

non-zero value at the beginning of the run. Therefore, instead of taking just the end

value of aumulated harge for that run, we have to subtrat the harge reorded

exatly at the beginning. Taking this e�et into aount for eah run, and summing

over all runs, we obtained a total harge of 9:18722 �10

�3

Coulomb, whih orre-

sponds to 5:742 �10

16

eletrons. The average beam urrent during the experiment

was about 7 nA. Therefore the number of ounts N

ounts

written to the data stream

by the DAQ every 10 seond interval ounts is:

N

ounts

=

7(nA) � 10(se)

10

�4

(�C)=(ounts)

= 700 ounts (4.9)

Assuming that the alibration error for the Faraday up is negligible, the unertainty

assoiated with the total harge omes from the digitization trunation of 700, or

0.14% for a �le of x events. This error is small and an be negleted.

4.3.2 Empty Target ontribution

In order to remove the ontribution from satterings on the target walls we ana-

lyzed the empty target data in the same way as the full target data. We normalized

the integrated yields to the harge aumulated on the \live-gated" Faraday up

and subtrated from the full data:

N

orr

(x;Q

2

) = N

full

(x;Q

2

)�

Q

tot

full

Q

tot

empty

N

empty

(x;Q

2

); (4.10)

in whih N

orr

(x;Q

2

) is the orreted yield, N

full

is the number of events seleted

from the full target data, N

empty

is the number of events seleted from the empty

target data, and Q

full

and Q

empty

are the FC harge aumulated for the fulland

empty target data sets, respetively. A possible systemati error on the absolute

normalization of the extrated ross setion is related to the old D

2

gas remaining
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FIG. 4.41: Vertex distribution for eah setor of CLAS for sattered eletrons along

the beam diretion. The blak histogram shows eletron Z-vertex distribution for

the full deuterium target while the red histogram orresponds to the empty target.

Eah distribution is normalized to the live-gated harge olleted by the Faraday

up.

inside the target even after the target was emptied. This an be estimated by a

omparison of the integrated yields of full and empty target runs within the target

volume, exluding the target walls. We applied an eletron vertex ut �2: < Z

el

<

1:5 to both empty and full target data and estimated the ratio between them for

eah setor. The ratio appeared to be setor independent with an unertainty of

0:1%. After target ontribution subtration the fration of events remaining well

outside of our vertex ut (jZ

el

j > 2:) gave a fration of 0:3%. These systemati

errors were added in quadrature to the �nal systemati error.
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4.3.3 Cross Setion Calulation

The inlusive d(e,e

0

) ross setion was evaluated using the following equation:

d

2

�

dQ

2

dx

(x;Q

2

) =

1

�

N

A

M

A

lQ

tot

N

LH

(x;Q

2

)

�Q

2

�x

�C:F: (4.11)

in whih � is the density of liquid deuterium (D

2

) in the target, N

A

is Avogadro's

number, M

A

is the target partile's molar mass, l is the target length, Q

tot

is total

live-gated harge in Faraday up, and N

LH

(x,Q

2

) is the number of events obtained

from Eq. 4.1.6. The orresponding bin sizes are �Q

2

and �x. The orretion

fator C.F. aounts for the photo-eletron ut in CC (F

phe

), pair prodution and

pion ontaminations (F

e

+

e

�

), detetor aeptane (F

a

), eletron detetion eÆieny

(�

el

), radiative e�ets (F

r

) and luminosity (L) and is given as:

C:F: =

1

L�

el

F

r

F

a

F

phe

F

e

+

e

�

: (4.12)

The exlusive d(e,e

0

p

s

)n ross setion is presented in bins of Q

2

, x, and p

s

within

the solid angle d


pq

de�ned by the azimuthal and polar angles with respet to the

exhanged virtual photon momentum diretion. The number of events deteted in

the kinemati bin dK (dK = dQ

2

dxdp

s

d


pq

) an be omputed as:

N

dK

=

R

Idt

e

�

M

A

N

A

l

d�

dK

dK: (4.13)

The eletron harge is e = 1:602� 10

�19

Coulomb and Avogadro's number is N

A

=

6:02�10

23

(per mole). The liquid deuterium target has a density of � = 0:169 g/m

3

and the length of the target used in this analysis was 3:5 m. The di�erential ross

setion for the kinemati bin de�ned by �Q

2

, �x, �p

s

and �

pq

an be writen as:

d�

dK

=

N

dK

dK

�

e

R

Idt

�

M

A

�N

A

l

=

N

dK

�Q

2

�x�p

s

�


pq

�C:F: (4.14)
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The orretion fator C.F. is de�ned in a similar way as one in Eq. 4.11 but taking

into aount the proton detetion eÆieny �

pr

and setor traking ineÆieny �

set

:

C:F: =

1

L�

el

�

pr

�

set

F

r

F

a

F

phe

F

e

+

e

�

: (4.15)

The integrated luminosity is de�ned as L = N

el

N

d

where N

el

and N

d

are the num-

ber of eletrons orresponding to the total harge aumulated on the \live-gated"

Faraday up and the number of deuterons per unit target area, respetively:

N

el

=

R

Idt

e

= 5:742� 10

16

eletrons

N

d

=

�N

A

l

M

A

= 3:5(m)� 0:169(g=m

3

)�

6:022� 10

23

(1=mol)

2(g=mol)

= 1:781� 10

23

m

�2

(4.16)

The integrated luminosity for this experiment was:

L = 5:742� 10

16

� 1:781� 10

23

m

�2

= 1:022� 10

40

m

�2

(4.17)

All the orretion fators inluded in the �nal absolute normalization are presented

in Table 4.8.

4.3.4 Radiative Corretions

The eletron may lose some of its energy before or after sattering by ioniza-

tion of the target material or by bremsstrahlung. Internal bremsstrahlung ours

in the �eld of the nuleus involved in the reation, and external bremsstrahlung

ours when the eletron radiates in presene of another nuleus. The rate for in-

ternal bremsstrahlung is proportional to the target thikness, whereas the rate for

the external bremsstrahlung is proportional to the square of the target thikness.

Therefore, external radiative e�ets are redued onsiderably in very thin targets,

and internal bremsstrahlung dominates.

The �rst alulations of these radiative e�ets were done by Shwinger [83℄

and later improved by Mo and Tsai [84℄. The Feynman diagrams of the lowest
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order radiative e�ets are shown in Figure 4.42. Although the Mo and Tsai reipe

has been used for deades for inlusive elasti and inelasti eletron sattering, for

exlusive proesses suh as d(e,e

0

p)n this approah annot be diretly applied. For

the inlusive d(e,e

0

) hannel we extrated the radiative orretion fator for eah

kinemati bin from the ratio of the model ross setions of Ref. [85℄ with and without

radiative e�ets. Samples of the radiative orretion fator N

RC

extrated from this

model and de�ned as the ratio of the full ross setion to the Born ross setion

(N

RC

=

�Full

�

Born

) are shown in Figure 4.43. The radiative e�ets were alulated in

this ode using the method developed by Mo and Tsai. The radiative tail from

elasti and inelasti proesses were evaluated in the peaking approximation whih

uses the fat that bremsstrahlung photons are mostly emitted in the diretion of

the inident and sattered eletrons. In these alulations internal radiation as well

as the external radiation together with ionizations e�ets were taken into aount

[86℄. Under the elasti and quasi-elasti peaks the systemati errors an be negleted

beause in this region the Shwinger orretion is dominant, known to a very good

auray from QED, and model independent. In the quasi-elasti region (x � 1) the

radiative orretion N

RC

is almost independent of momentum transfer Q

2

with a

value of � 0:70. For the exlusive d(e,e

0

p)n reation a proton is deteted in addition

to the �nal eletron, whih modi�es the phase spae allowed for the �nal radiated

eletron. The exat formalism for the exlusive internal orretion requires four

struture funtions assoiated with the additional angular dependene, instead of

the two used by Mo and Tsai. The Mo and Tsai method requires an unphysial

parameter for splitting the soft and hard regions of the radiated photon's phase spae

in order to anel the infrared divergene. An essential step in this alulation is to

integrate over an energy range �E that inludes part of the elasti peak and part

of the radiative tail. Another method proposed by Bardin and Shumeiko [87℄, uses

a ovariant proedure that uses an integration over a squared missing mass.
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a) b)

) d)

e) f)

FIG. 4.42: Feynman diagrams for internal radiative proesses: a) and b) represent

bremsstrahlung before and after the interation, ) and d) orresponds to the

renormalization of the eletron mass, e) represents the vertex orretion, and f)

results in the renormalization of the virtual photon due to vauum polarization.
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FIG. 4.43: Radiative orretion fator N

RC

=

�

Full

�

Born

, de�ned as the ratio of full to

Born ross setions, for the inlusive d(e,e

0

) reation for Q

2

= 1:7�2:7 GeV

2

, and

x = 0:7 � 2. The alulations were taken from the model desribed in Ref. [85℄.
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The radiative ross setion of the exlusive proess d(e,e

0

p)n an be written as

[88℄:

d�

r

=

(4��)

3

dQ

2

dW

2

d


h

2(4�)

7

S

2

W

2

Z

d


k

dv

v

p

�

W

f

2

W

Q

4

L

(R)

��

W

��

; (4.18)

where S � 2E

i

M

p

, d


h

is the solid angle of the deteted proton, v = �

2

� m

2

u

is

the missing mass (or inelastiity) due to the emission of a bremsstrahlung photon,

m

u

is the mass of the undeteted hadron (in this ase neutron), L

��

and W

��

are

the leptoni and the hadroni tensors. Here, fators �

W

and f

W

are given by:

�

W

= (W

2

�m

2

h

�M

2

miss

)

2

� 4m

2

h

W

2

;

f

W

= W � E

h

+ p

h

[os �

h

os �

k

+ sin �

h

sin �

k

os(�

h

� �

k

)℄; (4.19)

where �

h

; �

h

; �

k

and �

k

are the proton and radiated photon's polar and respetively

azimuthal angles. We used a modi�ed version of the program EXCLURAD, written

by A. Afanasev [88℄ for exlusive pion eletro-prodution p(e,e'�

+

)n , and modi�ed

by G. Gilfoyle [89℄ for the d(e,e

0

p)n hannel. The response funtions for the deuteron

were alulated by W. Van Orden and implemented into the ode.

EXCLURAD uses as inputs the beam energy E

beam

, the invariant mass of the

struk neutron W , the squared virtual photon momentum Q

2

, and the deteted

proton angles in the enter-of-mass frame, and the inelastiity uto� v, �

p

and �

p

,

as shown in Figure 4.44. In our analysis we hoose a ut on the missing mass at

1 GeV to selet quasi-elasti events. Hene we obtain v = 0:117. The radiative

orretions are strongly dependent on v. A tight ut on the missing mass eliminates

ontributions from the higher-energy part of the bremsstrahlung spetrum, thus

leading to a larger magnitude radiative orretions. In order to apply radiative

orretions to our data we transformed from the CM of the deteted proton used by
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FIG. 4.44: De�nition of momenta and angles in the enter-of-mass of the deteted

proton for the d(e,e

0

p

s

)n reation.

EXCLURAD to the LAB frame using the Lorentz transformations de�ned as:

�

CM

= (�

LAB

� �q

LAB

);

q

CM

= (q

LAB

� ��

LAB

); (4.20)

where � =

q

M

d

+�

is the Lorentz boost from the LAB frame to the CM frame of

sattered proton. The energy and momentum transfer in the CM are, respetively,

�

CM

and q

CM

, while the orresponding quantities in the LAB frame are �

LAB

and

q

LAB

. The orthogonal omponents of the spetator momentum (p

k

LAB

; p

?

LAB

) in the

LAB frame are given by:

p

k

LAB

= p

s

�

LAB

pq

;

p

?

LAB

= p

s

sin �

LAB

pq

; (4.21)

where p

s

is the momentum omponent of four-vetor p

s

(E

p

,~p

s

) and �

pq

is the proton

sattering angle with respet to the momentum transfer diretion. Using the Lorentz
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FIG. 4.45: Linear interpolation to ompute probabilities t, u and v to �nd a

partile with oordinates x, y, and z in a bin of known boundaries x

1

, x

2

, y

1

, y

2

,

z

1

, and z

2

. The probabilities t, u and v are given in Eq. 4.22.

transformations of Eqs. 4.18 and the Eqs. 4.19 we an ompute the orthogonal

omponents of the spetator proton momentum in CM frame:

p

k

CM

= (p

k

LAB

� �E

p

);

p

?

CM

= p

?

LAB

; (4.22)

where p

k

CM

and p

?

CM

orrespond to the orthogonal omponents of the proton mo-

mentum in the CM frame and E

p

is the energy of the sattered proton. Now we

an ompute the polar angle �

CM

pq

between the virtual photon momentum ~q and the

spetator proton momentum ~p

s

in CM frame:

os �

CM

pq

=

p

k

CM

q

(p

k

CM

)

2

+ (p

?

CM

)

2

: (4.23)

Using EXCLURAD we generated radiative orretions orresponding to eah kine-

mati bin in Q

2

, x and p

s

. The �- and �-dependene of the radiative orretions is
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FIG. 4.46: Dependene of the radiative orretions on �

pq

for four values of the

spetator momentum p

s

= 425; 475; 525 and 575 MeV/ at Q

2

= 3 GeV

2

for

x = 1:1, and the polinomial �t (solid urves) of this dependene.

signi�ant for our analysis (see Figure 4.46). We parameterized the �-dependene of

the orretion using a �fth-order polynomial (solid urves in Fig. 4.46) in the vari-

ables Q

2

, x, and p

s

. In the �nal analysis we found that a simple linear interpolation

was suÆient for obtaining radiative orretions at spei� values of x, Q

2

, and p

s

.

The formula for a 3-way interpolation is:

hfi = f

5

(1� t)(1� u)(1� v) + f

2

tu(1� v) +

+ f

1

t(1� u)(1� v) + f

7

(1� t)(1� u)v +

+ f

6

(1� t)u(1� v) + f

8

(1� t)uv +

+ f

3

t(1� u)v + f

4

tuv; (4.24)



168

FIG. 4.47: Radiative orretion fator F

r

as a funtion of p

s

for Q

2

= 2:5; 3:5; 4:5,

and 5:5 GeV

2

. F

r

is nearly independent of p

s

and Q

2

and ranges from 79:5% to

82:5%.

where hfi is evaluated at the oordinates x, y, z within 3-dimensional bin of known

boundaries x

1

, x

2

, y

1

, y

2

, z

1

, z

2

. Then:

t =

x� x

1

x

2

� x

1

; u =

y � y

1

y

2

� y

1

; v =

z � z

1

z

2

� z

1

(4.25)

We generated a grid in Q

2

, x, and p

s

and used Eq. 4.24 to interpolate radiative

orretion fators for d(e,e

0

p)n. We applied these interpolated fators event-by-

event as a weighting fator in the histograms of aumulated events as explained

in Setion 5.2.2. The radiative orretion fator F

r

de�ned as the ratio of the

radiated to unradiated ross setions versus p

s

is shown in Figure 4.47 for Q

2

=
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2:5; 3:5; 4:5, and 5:5 GeV

2

. F

r

is nearly independent of p

s

and Q

2

and ranges

from 79:5% to 82:5%. The model used for alulating radiative orretions for

d(e,e

0

p)n is based on PWIA, and does not inlude the meson exhange urrents

� and � (MEC) and �-isobar ontributions. Although we know this to be naive,

FIG. 4.48: The ratio of the unradiated to radiated ross setions for four di�erent

bins in Q

2

and for three di�erent missing mass uts orresponding to di�erent

inelastiity v marked by di�erent symbol shapes.

the radiative orretions should depend primarily on the orret kinematis of the

exlusive reation (the inlusive and exlusive PWIA orretions di�er by a fator

of 2) we antiipate similar results when more sophistiated radiative orretions

beome available. To estimate the unertainties assoiated with the missing-mass

ut, whih determines the inelastiity v, we extrated three sets of orretions for

three di�erent missing mass uts: MM <1., MM <1.05 and MM <1.1 GeV (as

shown in Figure 4.48). The systemati errors assoiated with the dependene of the
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radiative orretions on the hoie of missing-mass ut are summarized in Table 4.6.

The systemati errors for Q

2

= 5:5 GeV

2

were evaluated using the average value

p

s

Q

2

= 2:5 GeV

2

Q

2

= 3:5 GeV

2

Q

2

= 4:5 GeV

2

Q

2

= 5:5 GeV

2

[MeV/℄ SysErr [%℄ SysErr [%℄ SysErr [%℄ SysErr [%℄

275 2.09 1.96 1.84 1.89

325 2.11 2.00 1.73 1.20

375 2.14 1.97 1.61 1.56

425 2.02 1.91 1.81 2.12

475 1.70 1.77 1.61 1.87

525 1.55 1.61 1.65 1.78

575 1.46 1.53 1.52 1.58

625 1.30 1.45 1.49 1.65

675 1.20 1.40 1.44 1.65

725 1.41 1.56 1.60 1.86

775 1.73 1.80 1.79 1.83

825 1.89 1.88 1.92 1.95

875 1.92 1.87 1.81 2.10

925 1.88 1.81 1.81 2.04

975 1.91 1.78 1.76 1.91

TABLE 4.6: Systemati errors assoiated with the dependene of radiative or-

retion fator F

r

of the inelastiity v = �

2

�m

2

u

for Q

2

= 2:5; 3:5, and 4:5 GeV

2

and 15 spetator proton momentum p

s

bins.

of errors orresponding to the lower Q

2

bins for eah momentum bin. As shown in

Table 4.6 this unertainty is � 2 %. In the near future we will evaluate the radiative

orretions using Laget's model [29℄ whih seems to agree with the experimental

data. We expet that the unertainties assoiated with the dependene of radiative

orretions of the model to be no more than 5%, so we assigned an overall systemati

error assoiated with the dependene of radiative orretions of the theoretial model

and of the missing mass ut of 5%.
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4.4 Corretions and Error Analysis

This setion summarizes all the uts and orretions applied to the experimental

data and the unertainties assoiated with them. First uts were applied on the

eletromagneti alorimeter (EC) and on Cherenkov photoeletrons. The EC sample

FIG. 4.49: The eletron rejetion fator due to the CC photo-eletron ut plotted

as a funtion of Q

2

.

fration uts were E

total

=p > 0:22 and E

inner

=p > 0:08, where E

total

and E

inner

are

the EC total energy (sum of energies in the inner and outer layers of the EC) for

events with momentum p and the energy in the inner layer of EC, respetively.

These uts were designed to redue the pion ontamination in the eletron sample.

A 2% systemati error was obtained by varying these uts by 50% and omputing

the RMS variations in the �nal data. The eletron detetion eÆieny after the CC

ut is almost independent of Q

2

as shown in Figure 4.49 and has a value of � 90%.

The data was multiplied by a fator of 1:111 to aount for this ineÆieny. A 1%

systemati unertainty was assoiated with this orretion fator to aount for the
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observed deviation of the ut eÆieny from setor to setor. The eletron rejetion

fator due to sampling fration ut (EC ut) was estimated to be 5% and aordingly

a orretion fator of 1:05 was inluded in the data as well. A 2% systemati error

was assigned to this fator due to unertainty about the soure of the deviation of

eÆieny of this ut in data and simulation. Despite the EC ut and an inreased

CC threshold we still have pion ontamination in the eletron sample used in our

analysis. The �

�

ontamination of the eletron sample was estimated to be small

(see Figure 4.50), in a range from 0:6% to 2:4%. To orret for the pions misidenti�ed

as eletrons we redued our yields with a variable orretion fator that ranged from

0:943 to 1. This fator is dependent on eletron momentum and polar sattering

FIG. 4.50: The Q

2

dependene of the �

�

ontamination of the eletron sample

seleted for this analysis.

angle. To aount for eletrons produed in e

+

=e

�

pair-prodution we redued our

yields by a orretion fator ranging from 0:985 to 1. The systemati unertainties

orresponding to these orretions were obtained by varying these fators by 50%,

then applying them to the data and observing the resulting hanges in the �nal
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distributions (ross setions). Figure 2.14 of Setion 2.4 shows that our trigger

Type of Cut Applied to Cut Boundaries Purpose

Data N

run

=

N

el

q

FC

N

run

> 2000 nC

�1

rejet data with

Seletion low eletron eÆieny

Eletron � eletron selet detetor region

Fiduial distribution �� < �(�; p) with high eletron

Cut detetion eÆieny

Eletron eletron vertex �2:0 < Z

el

< 1:5 rejet target walls

Seletion Z

el

(m) ontributions

Eletron energy aum. E

tot

=p > 0:22 redue pion �

�

ID in EC E

inner

=p > 0:08 ontamination

Eletron CC photo-eletron N

phel

> 2:5 (p < 3:0 GeV/) redue pion �

�

ID spetrum N

phel

> 1:0 (p > 3:0 GeV/) ontamination

Eletron momentum p > 1:0 GeV/ exlude low-energy

ID distribution eletrons

Proton proton vertex �2:5 < Z

pr

< 2:0 rejet target walls

Seletion Z

pr

(m) ontributions

Proton TOF proton �2:0 < �t < 7:0 proton

ID time vertex (ns) identi�ation

Coinidene vertex di�erene �2:0 < �Z < 2:0 rejet aidental

Event between eletron (m) oinidenes

Seletion and proton vertex

TABLE 4.7: Cuts applied to the experimental data.

eÆieny was 98� 2%. A orretion fator of 1:02 with 2% unertainty was taken

into aount in the overall normalization for trigger ineÆieny. A orretion fator

of 1:014 with 0:7% unertainty was introdued into the overall normalization to

aount for the loss of eletrons reorded by the reonstrution ode (RECSIS) in

the seondary position in the event data bank. In our main analysis we seleted

eletrons as the �rst partile in eah event, negatively harged and passing our uts,

negleting the posibility that a good eletron ould has been reorded in the seond

position in our BOS-format events. A data sample ontaining oinidene events

with an eletron in the seondary position and a proton whih passed all the ID and

�duial uts. To rejet oinidene events originating in the target walls, a ut on
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the Z omponent of the eletron vertex, �2: < Z

el

< 1:5 m, proton vertex, �2:5 <

Z

pr

< 2: m and a ut on the di�erene between eletron vertex and proton vertex,

�2:0 < �Z < 2:0 m, were applied to the data. The orretion fator to aount

for the eletrons lost due to this ut was estimated to be 1:012 with 0:6% systemati

error, omputed with the method desribed above. For proton identi�ation a ut

Type of Corretion Purpose

Corretion Fator

EC ID Cut 1:052 orret for the ineÆieny

of the EC ut

CC ID Cut 1:111 orret for the ineÆieny

of the CC ut

Trigger 1:020 orret for hardware

EÆieny trigger ineÆieny

Seondary 1:014 orret for mistakenly

Eletrons identi�ed eletrons

Pion 0:943 � 1:000 orret for pion

Contamination ontamination

e

+

=e

�

orret for false eletrons

Contamination 0:985 � 1: introdued from e

+

=e

�

pair prodution

Aidental 0:957 � 0:985 orret for the ontribution of

Coinidenes aidental oinidenes

Coinidenes with orret for the ontribution of

Knok-out Proton 0:8 � 1:0 oinidenes between an

eletron and knok-out proton

Di�erene Vertex �v 1:012 orret for di�erene vertex

Cut IneÆieny ut ineÆieny

Radiative 1:000 � 1:242 orret for events lost

Corretions due to radiative e�ets

Setor Traking 1:098 orret for setor traking

IneÆieny ineÆieny

TABLE 4.8: Corretion fators applied to the experimental data.

was made on the proton vertex time, de�ned as the di�erene between reorded and

expeted time of ight. A onstant normalization fator of 1:01 was introdued to

orret for lost events due to this ut. A systemati error of 0:5% was evaluated with
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the method desribed earlier and applied to the overall normalization. To orret for

the loss of events due to momentum dependene of these uts we inluded in overall

normalization a fator of 1:012 with 0:75% systemati error. Aidental oinidenes

Soure of Unertainties SystErr Range

[%℄

EC ID Cut 2

Trigger EÆieny 2

Seondary Eletrons 0:7

Eletron Vertex ID Cut 0:6

Proton Timing ID Cut 0:5

CC EÆieny 1

Pion Contamination 0:5 � 3

e

+

=e

�

Contamination 0:� 0:75

Aidental Coinidenes 0:� h1:2i � 4

Coinidenes with 0:� h2:3i � 6

Knok-out Proton

Vertex Di�erene Cut 0:75 � 1:5

Radiative Corretions 0:� 5

Traking Inne�ieny 2

Luminosity 3

Bin Migration &

Model-Dependene of 0:� h1:5i � 4

Aeptane Cal.

Total h6:1i

TABLE 4.9: Relative systemati errors in perent. The range of the error as well

as their average values (in brakets) are given.

were de�ned as oinidene events with an eletron and an aidental proton, de�ned

as a positively harged partile with the time of ight at least 12 ns longer than

that expeted for a proton of the same momentum (see Eq. 3.17). We subtrated

the aidental oinidenes from eah bin of the �nal histograms. This subtration

resulted in a variable orretion fator between 0:957 and 0:985 with unertainty

up to 3%. The same proedure of varying these fators by 50% and observe the

resulting hange in the �nal histograms was used to extrat the systemati errors.
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Another soure of bakground is a proton originating from two-step proton knok-

out from a reoiling deuteron. We subtrated this ontribution from the data sample

FIG. 4.51: Azimuthal angular distribution for d(e,e

0

p

s

)n events. The eletron

azimuthal angular distribution (upper plot) shows a setor ineÆieny for Setors

3, 5, and 6 due to dead DC regions and misalibrated or malfuntioning TOF

sintillators. The orresponding proton azimuthal angular distribution shows an

ineÆieny for Setors 2, 3, and 6. An appropriate orretion fator was inluded

in the overall normalization of the absolute d(e,e

0

p

s

) ross setions.

in bin-by-bin basis whih is equivalent with a variable orretion fator up to 20%

with an overall unertainty of 2:3%. A summary of all the uts and orretions is

shown in Tables 4.7 and 4.8. The systemati errors assoiated with these uts and

orretions are summarized in Table 4.9.

Systemati errors assoiated with model-dependene of aeptane alulations

and the bin migration are shown in the Table 4.5 for Q

2

= 2:5; 3:5; 4:5, and 5:5

GeV

2

, and p

s

= 0:25 � 1 GeV/. A orretion related to setor-by-setor traking

ineÆieny was also applied to the data. As seen from Figure 4.51 eah setor's
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traking eÆieny is di�erent. This e�et is due to dead wires in the DC and

misalibrated or malfuntioning sintillators in the TOF system. We see that Setor

6 is the least eÆient for proton detetion, followed by Setor 2 and 3. Setors 3,

5, and 6 are the least eÆient for deteting eletrons. We used the average number

of events deteted in the best three setors as the measure to normalize the atual

total number of events deteted in CLAS. The orretion due to setor traking

ineÆieny is:

�

set

=

P

6

i=1

N

Si

2 � (N

S1

+N

S4

+N

S5

)

; (4.26)

where N

Si

is the number of events deteted within the boundaries of Setor i. We

estimated that the orretion due to the setor ineÆieny is about 10%. The

systemati error assoiated with this normalization fator is 2%.



CHAPTER 5

Results and Disussion

5.1 Inlusive d(e,e

0

) Absolute Cross Setions

We extrated absolute ross setions for the inlusive d(e,e') proess in 2-

dimensional kinemati bins with Q

2

from 1:7 to 6:7 GeV

2

and Bjorken saling

variable x from 0:7 to 1:9. The bin size for Q

2

was 0:05 GeV

2

whih is ompa-

rable with the CLAS resolution, and the bin size for x is 0:02. Results are presented

in Figs. 5.3 { 5.7 and tabulated in Appendix C. The ross setions are plotted versus

x and eah histogram orresponds to a di�erent Q

2

bin. The solid bullets represent

the absolute di�erential inlusive ross setions orreted for aeptane and radia-

tive e�ets (as desribed in Setions 4:2:2 and 4:3:4). The solid triangles shows the

ross setions prior to aeptane and radiative orretions. The solid urves are

alulations of the model desribed in Refs. [85, 86℄.

Previous studies of inlusive lepton sattering represent a signi�ant soure of

information about nulear struture. Although the deep inelasti sattering (DIS)

regime, whih orresponds to large momentum transfer Q

2

and large missing mass

W , is well studied, the intermediate kinemati region orresponding to Q

2

� few

178
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GeV

2

and x > 1 o�ers an opportunity to improve our understanding of short-

range orrelations (SRC) in nulei. SRCs appear as a onsequene of overlapping

of nuleoni wave funtions in nuleon-nuleon (NN) interations and they seem to

ontribute signi�antly to the high-momentum omponent of the nulear wave fun-

tion. Sattering dominated by SRCs an provide information about deeply bound

nuleons. High-energy inlusive eletron sattering A(e,e

0

) provides a simple way to

investigate SRCs. The main issue that these studies faed was seleting eletron-

SRC sattering events from a very large (several orders of magnitude) inelasti

and/or quasi-elasti bakground. This problem was solved by seleting the kine-

mati region x =

Q

2

2M

N

�

> 1 where ontributions from inelasti sattering and meson

exhange urrents (at high Q

2

) were signi�antly redued. Theoretial preditions

from Refs. [90, 91℄ suggested that at momenta higher than the Fermi momentum

P

F

, nuleon momentum distributions in light and heavier nulei are similar. Based

on these preditions a new tehnique was suggested by the authors of Refs. [92, 93℄

that the ratios of A(e,e

0

) ross setions for di�erent nulei, normalized by A, should

sale, i.e., they should be independent of eletron sattering variables, Q

2

and x.

Due to the dominane of SRCs in the high momentum omponent of the nulear

wave funtion and the assumption that the shape of the distribution is universal,

it was suggested that the ratio between A+1 and A (i.e.

3

He/

2

D,

4

He/

2

D) ross

setions will be proportional to the SRC probability in NN interations. Previous

results from Jlab-Hall C [73, 78℄ onentrated on using the y saling variable to

deonvolute the nulear wave funtion from the inlusive ross setion. Although

this tehnique leads to the extration of momentum distributions in the nuleon,

the extration of SRC probabilities is a�eted by large unertainties [94℄. Data

for deuterium from SLAC [78℄ and for heavier nulei [95℄ were used in Ref. [93℄

to extrat these ratios. The saling behavior was on�rmed at Q

2

> 1 GeV

2

and

x > 1:5. The data sets were olleted in di�erent experimental environments, at
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di�erent kinematis, and a ompliated �tting proedure was performed to obtain

these ratios at the same values of (Q

2

; x). Sine the ross setions varied strongly

with angle, inident energy and Q

2

, a simpli�ation of this interpolations was per-

formed by the authors [93℄. They divided the experimental deuterium ross setion

by the theoretial alulation within the impulse approximation. This proedure

may have a�eted the �nal extrated ratios. More reently analyses on the saling

1

1.5

2

2.5

1

2

3

4He

r(
4 H

e/
3 H

e)

12C

r(
12

C
/3 H

e)

xB

r(
56

F
e/

3 H
e)

56Fe

1

2

3

4

0.8 1 1.2 1.4 1.6 1.8 2

FIG. 5.1: Cross setion ratios of

4

He (upper panel),

12

C (middle panel) and

56

Fe

(lower panel) to

3

He as a funtion of x

B

for Q

2

> 1:4 GeV

2

. The saling region

(x > 1:5 were used to alulate the per-nuleon probabilities for 2-nuleon SRCs

in nuleus A relative to

3

He. The plot is from Ref. [96℄.

behavior of these ratios and extration of 2-nuleon and 3-nuleon SRC probabilities

in nulei were performed using CLAS data from Jlab, at 4:5 GeV beam energy (see

Refs. [94, 96℄). They extrated ratios of

4

He,

12

C, and

56

Fe to

3

He ross setions

per nuleon (as shown in Fig. 5.1), for 1 < x < 2: and Q

2

> 0:65 GeV

2

. Using the
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saling behavior of these ratios, they extrated the relative probability of nuleon-

nuleon SRCs in various nulei. The inlusive deuterium data presented here were

olleted under the same onditions using the same detetor, exept a higher beam

energy. The inlusive d(e,e

0

) absolute ross setions from this experiment (E94-019)

an now be used instead of

3

He as the normalization in extrating SRC probabilities

for

4

He,

12

C, and

56

Fe.

A parallel analysis presented in Ref. [97℄, whih also extrated inlusive ross

setions from the E6 data is in exellent agreement with our results. A point-

by-point omparison of the two analyses shows an agreement within 10% with an

average deviation of 4:5% for all kinematis. The two sets di�er in event seletion,

aeptane alulations (di�erent model simulations), radiative orretions, and bin-

ning. Figure 5.2 shows the ross setion ratios for the two analyses as a funtion of

Q

2

. The weighted average of all point is 1:0�0:013 indiating that the two analyses

are onsistent.

FIG. 5.2: Ratio of ross setions from Ref. [97℄ and ross setions extrated in this

analysis as a funtion of Q

2

.
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FIG. 5.3: Di�erential d(e,e

0

) ross setions

d�

dQ

2

dx

versus x for Q

2

= 1:75 � 2:9

GeV

2

before (triangles) and after (irles) aeptane and radiative orretions.

The solid line is the model of Ref. [81℄.
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FIG. 5.4: Same as in Fig. 5.3 exept for Q

2

= 2:9� 4:1 GeV

2

.
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FIG. 5.5: Same as in Fig. 5.3 exept for for Q

2

= 4:1 � 5:3 GeV

2

.
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FIG. 5.6: Same as in Fig. 5.3 exept for for Q

2

= 5:3 � 6:5 GeV

2

.
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FIG. 5.7: Same as in Fig. 5.3 exept for Q

2

= 6:5 � 6:95 GeV

2

.
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5.2 Exlusive d(e,e

0

p)n Absolute Cross Setions

We extrated ross setions for the quasi-elasti exlusive d(e,e

0

p)n reation for

spetator proton momenta p

s

= 250�1000 MeV/ and Q

2

= 2�6 GeV

2

. We present

the data in several sets of one-dimensional histograms. The �rst set in Fig. 5.8 shows

the ross setion integrated over the full range of �

pq

(0

Æ

{180

Æ

), �

pq

(0

Æ

{360

Æ

) and

x(0{2) plotted as a funtion of p

s

(irles) for Q

2

= 2:5; 3:5; 4:5, and 5:5 GeV

2

. The

seond set in Figure 5.9 shows the ross setion integrated over the full range of �

pq

and x, and p

s

= 0:250� 1:0 GeV/ as a funtion of �

pq

for the same Q

2

bins as in

Fig. 5.8. The third set of histograms (Figure 5.10) shows ross setions as a funtion

of x. The error bars for eah data point are statistial only. The systemati errors

are represented by the solid band at the bottom of eah panel. Eah experimental

ross setion is plotted with the theoretial alulations of Ref. [29℄. Solid urves

orrespond to full alulations of the d(e,e

0

p)n sattering ross setion inluding

the plane-wave impulse approximation (PWIA), meson exhange (MEC), �-isobar

urrents (IC) and FSIs (PWIA+MEC+IC+FSI). Dot-dashed urves orrespond to

PWIA, and dashed urves inlude only the �nal state interations (PWIA+FSI).

Di�erential d(e,e

0

p

S

)n ross setions d

3

�=dQ

2

dp

s

d�

pq

versus �

pq

for Q

2

= 2:5; 3:5; 4:5,

and 5:5 GeV

2

and p

s

= 375; 625, and 875 MeV/ are shown in Figs. 5.11 { 5.14.

Di�erential ross setion d

3

�=dQ

2

dp

s

dx as a funtion of x for the same kinemati

bins are shown in Figs. 5.15 { 5.18. Figs. 5.19 { 5.25 shows di�erential ross setions

d

3

�=dQ

2

dxdp

s

plotted versus proton momentum p

s

for Q

2

= 2:5; 3:5; 4:5, and 5:5

GeV

2

) and x = 0:4; 0:6; 0:8; 1; 1:2; 1:4, and 1:6. Figs. 5.26 { 5.32 shows di�erential

ross setions d

3

�=dQ

2

dxd�

pq

as a funtion of �

pq

for Q

2

= 2:5; 3:5; 4:5 and 5:5 GeV

2

and x = 0:4; 0:6; 0:8; 1; 1:2; 1:4 and 1:6.

All of the above ross setions as well as the alulations of Ref [29℄ are only

within E6 �duial uts whereas the ross setions presented in Appendix D are
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integrated over all phase spae and p

s

= [0:250� 1℄GeV=.

The model from Ref. [29℄ (see Setion 1.2.7) predits a large ontribution of

�-isobar urrents to the d(e,e

0

p)n reation in the low Q

2

and low spetator mo-

mentum region. This means that we have a fairly large probability for �-isobars

to propagate on-shell after being produed on one nuleon (by exhanging a virtual

photon with high momentum transfer) and having a further interation (exhanging

� and � mesons) with the seond nuleon through the �N ! NN hannel. There

are two kinemati regions for d(e,e

0

p)n reation, one in whih a low momentum

spetator proton reoils at large sattering angles while the fast moving neutron is

emitted forward, and the other in whih the fast moving struk proton is emerging

in the forward diretion with a spetator neutron reoiling at larger angles. Here we

disuss only the �rst ase, while the seond ase is the subjet of another analysis

done by the Yerevan Group [98℄. In the alulations from Ref. [29℄ � formation

and MEC amplitudes takes into aount both � and � exhanges. Early preditions

[18℄ supported the strong suppression of MEC and �-isobar urrents (IC) with in-

reasing Q

2

. However, the ontributions of initial state interations (�, �, �) seem

to derease with inreasing Q

2

(as shown in Figs. 5.8 { 5.10) and are omparable in

size to the �nal state interations. The formation of a �-isobar strongly ompetes

with the re-sattering (i.e. FSI) between an on-shell proton and on-shell neutron.

These alulations are supported by the experimental results of this analysis to a

level of 10 to 15 %. As shown in Fig. 5.9 the proton momentum is almost per-

pendiular (�

pq

� 70

Æ

) to the momentum transfer diretion. At high values of the

reoil proton momentum (p

s

= 500 MeV/) the quasi-free ontribution (PWIA)

strongly dereases as the on-shell resattering (MEC+FSI) takes over and domi-

nates as shown in Figs. 5.19 { 5.25. At �

pq

� 70

Æ

the on-shell resattering (�N or

NN) is maximized. At low reoil momentum (p

s

= 200 MeV/) theoretial predi-

tions [29℄ (see Fig.1.14) show a depletion due to on-shell nuleon resattering that
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redues the quasi-free ontribution from unitarity (part of quasi-elasti hannel is

tranferred into inelasti ones). Due to geometrial aeptane of CLAS and due to

kinemati restritions imposed by the �duial uts we were able to detet spetator

proton with momentum as low as 250 MeV/. The experimental results presented

here support the physial piture desribed by the alulations from Ref. [29℄. In

this piture the eletron satters on a neutron at rest, whih propagates on-shell

and resatters on the proton whih also is at rest (spetator). In the lab frame, the

soft proton reoils at 90

Æ

with respet to the fast moving neutron emitted in the

forward diretion. Two body kinematis requires that the angle of the resattering

peak (or dip in the ase of low momentum spetator protons) moves with inreasing

the spetator (reoil) proton momentum. This piture is supported reasonably well

by experimental data. As shown in Figs. 5.11 { 5.14 the proton sattering angle

�

pq

dereases to lower values with inreasing spetator momenta. The ompeting

resattering e�ets (MEC, IC, and FSIs) in perpendiular kinematis obstrut our

ability to isolate states with small oherent lengths, or eletron-SRCs. This suggests

that for determining the high momentum omponents of the deuteron wave fun-

tion, believed to be dominated by SRCs, quasi-elasti kinematis are not well suited.

Figure 1.18 shows the suppresion of on-shell resattering for parallel or antiparallel

kinematis. Although perpendiular kinematis o�er a good starting point to study

the evolution with Q

2

of the initial and �nal state nuleon-nuleon interations in

view of determining the struture of superdense matter at short distanes, parallel

or antiparallel kinematis are better-suited for obtaining a supression of on-shell

nuleon resattering.

We an point out several observations resulting from this study:

� At kinematis hosen here, PWIA is typially 1=3 to 1=2 of the total ross setion.

� FSI, MEC and �-nuleoni exited states aount for the rest of � 50 % of the
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total ross setion.

� Laget's model [29℄ supports the fat that the �-nuleoni exitations, � on-shell

propagation through the nulear matter and �-deay are major ontributors to

the d(e,e

0

p)n ross setion at small Q

2

.

� Sargsian's model [62℄ supports the idea of suppression of MEC and IC at large

Q

2

.

All of the above observations mask the atual high momentum distribution of the

deuteron whih at large p

s

should have its origin in SRCs; these are not the right

kinematis to observe SRCs. Parallel or antiparallel kinematis may be better suited.
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FIG. 5.8: Cross setions within the �duial CLAS aeptane versus momentum

p

s

of the sattered proton (irles) for Q

2

= 2:5; 3:5; 4:5, and 5:5 GeV

2

. The

urves orrespond to the model from Ref. [29℄. Solid urves orrespond to the

full desription of d(e,e

0

p)n sattering amplitude (PWIA+MEC+IC+FSI). Dot-

dashed urves orrespond to the PWIA and dashed urves orrespond to FSIs

only (PWIA+FSI). Systemati errors are represented by the solid area at the

bottom of eah plot.
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FIG. 5.9: Same as in Fig. 5.8 exept with ross setions versus proton sattering

angle with respet to the momentum transfer diretion �

pq

.
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FIG. 5.10: Same as in Fig. 5.8 exept with ross setions versus Bjorken saling

variable x.
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FIG. 5.11: Cross setions (irles) within the �duial CLAS aeptane versus �

pq

for p

s

= 375; 625, and 875 MeV/ and Q

2

= 2:5 GeV

2

. The urves orrespond

to the model from Ref. [29℄. Solid urves orrespond to the full desription of

d(e,e

0

p)n sattering amplitude (PWIA+MEC+IC+FSI). Dot-dashed urves or-

respond to the PWIA and dashed urves orrespond to FSIs only (PWIA+FSI).

Systemati errors are represented by the solid area at the bottom of eah plot.
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FIG. 5.12: Same as in Fig. 5.11 exept for Q

2

= 3:5 GeV

2

.
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FIG. 5.13: Same as in Fig. 5.11 exept for Q

2

= 4:5 GeV

2

.
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FIG. 5.14: Same as in Fig. 5.11 exept for Q

2

= 5:5 GeV

2

.
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FIG. 5.15: Cross setions (irles) within the �duial CLAS aeptane versus x for

p

s

= 375; 625, and 875 MeV/ and Q

2

= 2:5 GeV

2

. The urves orrespond to the

model from Ref. [29℄. Solid urves orrespond to the full desription of d(e,e

0

p)n

sattering amplitude (PWIA+MEC+IC+FSI). Dot-dashed urves orrespond to

the PWIA and dashed urves orrespond to FSIs only (PWIA+FSI). Systemati

errors are represented by the solid area at the bottom of eah plot.
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FIG. 5.16: Same as in Fig. 5.15 exept for Q

2

= 3:5 GeV

2

.
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FIG. 5.17: Same as in Fig. 5.15 exept for Q

2

= 4:5 GeV

2

.
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FIG. 5.18: Same as in Fig. 5.15 exept for Q

2

= 5:5 GeV

2

.
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FIG. 5.19: Cross setions within the �duial CLAS aeptane versus momen-

tum of the sattered proton (irles) for x = 0:4 with Q

2

= 2:5 and 3:5 GeV

2

.

Solid urves orrespond to full desription of d(e,e

0

p)n sattering amplitude

within the �duial CLAS aeptane (PWIA+MEC+IC+FSI) [29℄. Dot-dashed

urves orrespond to the PWIA and dashed urves orrespond to the FSIs only

(PWIA+FSI). Systemati errors are represented by the solid area at the bottom

of eah plot.



203

FIG. 5.20: Same as in Fig. 5.19 exept with ross setions for x = 0:6 and Q

2

=

2:5; 3:5 and 4:5 GeV

2

.
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FIG. 5.21: Same as in Fig. 5.19 exept with ross setions for x = 0:8 and Q

2

=

2:5; 3:5; 4:5 and 5:5 GeV

2

.
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FIG. 5.22: Same as in Fig. 5.21 exept with ross setions for x = 1:0.
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FIG. 5.23: Same as in Fig. 5.21 exept with ross setions for x = 1:2.
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FIG. 5.24: Same as in Fig. 5.21 exept with ross setions for x = 1:4.
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FIG. 5.25: Same as in Fig. 5.21 exept with ross setions for x = 1:6.
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FIG. 5.26: Cross setions within the �duial CLAS aeptane versus �

pq

for

x = 0:4 with Q

2

= 2:5 and 3:5 GeV

2

. Solid urves orrespond to full de-

sription of d(e,e

0

p)n sattering amplitude within the �duial CLAS aeptane

(PWIA+MEC+IC+FSI) [29℄. Dot-dashed urves orrespond to the PWIA and

dashed urves orrespond to FSIs only (PWIA+FSI). Systemati errors are rep-

resented by the solid area at the bottom of eah plot.
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FIG. 5.27: Same as in Fig. 5.26 exept with ross setions for x = 0:6 and Q

2

=

2:5; 3:5, and 4:5 GeV

2

.
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FIG. 5.28: Same as in Fig. 5.26 exept with ross setions for x = 0:8 and Q

2

=

2:5; 3:5; 4:5, and 5:5 GeV

2

.
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FIG. 5.29: Same as in Fig. 5.28 exept with ross setions for x = 1:0.
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FIG. 5.30: Same as in Fig. 5.28 exept with ross setions for x = 1:2.
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FIG. 5.31: Same as in Fig. 5.28 exept with ross setions for x = 1:4.
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FIG. 5.32: Same as in Fig. 5.28 exept with ross setions for x = 1:6.
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5.3 Nulear CT Signature Studies

Nulei are in general stable systems, made up of quarks and gluons bound

together by the strong fore. However, the quarks and gluons are hidden, and nulei

seem rather to be omposed of hadrons bound together by exhanged mesons. The

hadrons are identi�ed with olor singlet states and have strong interations very

di�erent than that of gluon (strong fore arriers) exhange by olored quarks. This

ontradition between the fundamental theory, quantum hromodynamis (QCD),

and onventional nulear physis ould be resolved by observing nulear matter at

very small distanes. This an be ahieved with high energy beams at TJNAF.

Eletron sattering experiments at high momentum transfer in whih one or two

nuleons are knoked out was suggested as a new method of observation of exoti

on�gurations suh as olor sreening or nulear olor transpareny (CT), alled

olor oherent e�ets. In suh a reation, the struk nuleon must have a spatially

small transverse size. A new method [102℄ sensitive to variation of FSIs with

momentum transfer Q

2

was suggested as a signature for CT. By omputing the ratio

of ross setions in a region were the re-sattering e�ets (FSIs) are maximized,

to a region were they are suppressed (sreening e�ets) in quasi-free kinematis

(x =

Q

2

2m

p

�

� 1), we obtain a tool sensitive to re-sattering e�ets. In this experiment

we were not able to detet spetator protons below the Fermi momentum (< 65

MeV/ in the deuteron), where sreening ours. A diret omparison between

ross setions dominated by re-sattering e�ets and the quasi-free ross setion was

not possible due to these kinemati restritions. However, we omputed the ratio

of ross setions for two momentum ranges and for several kinemati bins around

the quasi-elasti peak. As suggested earlier, a signature of olor transpareny will

result in a strong dependene of this ratio on Q

2

. In this kinemati regime where

the momentum of the reoiling proton is largely transverse, the strong ontribution



217

of MEC and IC makes it diÆult to observe the dissapearene of FSIs that would

indiate prodution of a point-like onstituent (PLC). Figs. 5.33 { 5.35 display the

ratios of the ross setion for the momentum range p

s

= 500�900 MeV/ to the ross

setion for the momentum range p

s

= 250�500 MeV/ for several bins in x = 0:8; 1:0

and 1:2 and light-one variable �

s

= (E

s

� p

s

os �

pq

)=m

p

= 0:8; 1:0 and 1:2. The

ratio is nearly independent of Q

2

, whih indiates the absene of the signature

of olor oherent nuleoni states. This results in an inability to detet nuleoni

PLCs under the kinemati onditions in whih the �-nuleon and nuleon-meson re-

sattering amplitudes play a major role in d(e,e

0

p)n. The alulations from Ref. [29℄

support these �ndings. In Figs. 5.33 { 5.35 the solid urve orresponds to the ratio

R omputed using ross setions ontaining the full desription of the d(e,e

0

p)n

sattering amplitude (PWIA+MEC+IC), dashed urve orresponds to plane wave

impulse approximation (PWIA) desription and dot-dashed urve orresponds to

the re-sattering amplitude (FSI). This observation suggests that in the range of Q

2

up to 6 GeV

2

the formation length l



(de�ned in Setion 1.4) of small transverse

momentum on�gurations is omparable to the inter-nuleon distane and muh

smaller than the radius of deuteron. This explains the absene of a CT signal in

this data set. Further studies using double sattering reation in the regions of high

momentum transfer and parallel or antiparallel kinematis ould reveal CT whih

should exist as a natural onsequene of QCD.
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FIG. 5.33: Ratio (lower panel, irles) of ross setions for p

s

= 500� 900 MeV/

and p

s

= 250�500 MeV/ versus Q

2

for x = 0:8 (upper �gure) and � = 0:8 (lower

�gure). The orresponding aeptanes are shown in the upper panel of eah �g-

ure. The urves orrespond to alulations from Ref. [29℄: PWIA+MEC+IC+FSI

- solid urve, PWIA+FSI - dashed urve and PWIA - dot-dashed urve, respe-

tively.
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FIG. 5.34: Same as in Fig. 5.33 exept for x = 1 (upper �gure) and � = 1 (lower

�gure).
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FIG. 5.35: Same as in Fig. 5.33 exept for x = 1:2 (upper �gure) and � = 1:2

(lower �gure).
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5.4 Summary

Using the CEBAF Large Aeptane Spetrometer we olleted data on the

exlusive reation d(e,e

0

p

s

)n with E

beam

= 5:764 GeV. Extensive simulations of the

inlusive d(e,e

0

) reation using a Monte Carlo event generator based on alulations

from Ref. [81℄ were performed in order to make aeptane alulations. The teh-

nique developed for the inlusive hannel was also used to alulate aeptanes for

the exlusive hannel d(e,e

0

p)n. The wide kinemati range allowed us to extrat

inlusive ross setions for d(e,e

0

) for Q

2

ranging from 1:7 to 6:7 GeV

2

and with

x up to 1:9. Previous data from SLAC [78, 80℄ and Je�erson Laboratory [73℄ did

not over muh of this high-x region. The experimental inlusive ross setions for

d(e,e

0

) support the theoretial alulations that inlude short-range orrelations and

desribed in Setion 4.2.2. at a level of 5{10%. The measured inlusive d(e,e

0

) ross

setions are tabulated in Appendix C after having been orreted for radiative ef-

fets, aeptane and bin size. The graphial representation of these ross setions

for eah kinemati bin are presented in Figs. 5.3 - 5.7.

We tagged quasi-elasti sattered protons in almost perpendiular kinemat-

is with respet to the momentum transfer diretion, and studied the evolution

of MEC, IC, and FSIs e�ets with Q

2

. To orret for the CLAS aeptane for

d(e,e

0

p

s

)n events, we used a model based on �ts to the experimental distributions

of the sattered eletron and the reoil proton. This model was onstrained to re-

spet the kinematis imposed by energy and momentum onservation. The model is

desribed in Setion 4.2.3 and the parameterizations of eletron and proton observ-

ables are given in Appendix F. We orreted for radiative e�ets and aeptane and

�nally extrated quasi-elasti exlusive d(e,e

0

p

s

)n ross setions integrated over full

phase spae for Q

2

= 2:5; 3:5; 4:5 and 5:5 GeV

2

and for p

s

= 250�1000 MeV/. The

experimental ross setions are in fair agreement with alulations from Ref. [29℄ at
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a level of 10�15%, omparable with the unertainty level of this analysis. They are

tabulated in Appendix D. The d(e,e

0

p

s

)n ross setions within the �duial CLAS

aeptane are shown in Figs. 5.19 { 5.25 versus the reoil proton momentum p

s

and in Figs. 5.26 { 5.32 versus the proton sattering angle �

pq

with respet to the

momentum transfer diretion. The theoretial preditions whih are supported by

these �ndings suggests a rather large probability of �-isobar on-shell resattering

overlapping with NN on-shell resattering. In this piture, the observation of PLCs

beomes diÆult in the kinematis hosen in this analysis.



APPENDIX A

Feynman Diagram Rules in GEA

In this setion we de�ne the e�etive Feynman diagram rules, within the gen-

eralized eikonal approximation (GEA), for the knoked-out nuleon to undergo n

re-satterings o� the (A-1) nuleons of the residual system. The di�rative exita-

tion of the nuleons into an intermediate state are systematially negleted, due to

small ontributions in this kinemati range (energies � 10 GeV). Figure A.1 shows

FIG. A.1: N-fold re-sattering Feynman diagram.

the Feynman diagram for n-fold re-sattering, represented through the n vertex am-

plitude, in whih eah vertex orresponding to one NN sattering. The Feynman

223
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rules for alulating the diagram in Figure A.1 are as following:

� For eah vertex, the transitions between \nuleus A" and \A nuleons", and

between \(A-1) nuleons" and the \(A-1) nuleon �nal state" are represented

respetively by �

A

(p

1

; :::; p

A

) and �

y

A

(p

0

2

; :::; p

0

A

).

� F

em;�

N

is assigned for the 

�

N interation.

� For eah NN interation a vertex funtion F

NN

k

(p

k+1

; p

0

k+1

) is assigned for whih

�u(p

3

)�u(p

4

)F

NN

u(p

1

)u(p

2

) =

p

s(s� 4m

2

f

NN

(p

3

; p

1

)Æ

�;�

0

� sf

NN

(p

3

; p

1

)Æ

�;�

0

;

(A.1)

s is the total invariant energy of the two interating nuleons with momenta p

1

and p

2

f

NN

= �

NN

tot

(i + �)e

�

B

2

(p

3

�p

1

)

2

?

; (A.2)

and �

NN

tot

, � and B are known experimentally from NN sattering data. The

vertex funtions are normalized by the Æ-funtion of energy-momentum onser-

vation.

� Eah nuleon in an intermediate state has a propagatorD(p)

�1

= �(p̂�m+i�)

�1

.

The \-" sign is hosen to simplify the alulation of the overall sign for the

sattering amplitude.

� Combinatoris of n- sattering's brings a fator of n!(A� n� 1)!, and spetator

nuleons are aounted as (A� n� 1).

� Eah losed ontour brings an additional fator

1

i(2�)

4

with no additional sign.



APPENDIX B

Analyti Calulation of Sattering

Amplitude

The alulation of re-sattering amplitude in Eq. 1.31 is based on the method

desribed in Ref. [41℄, whih uses the deuteron wave funtion in momentum spae,

de�ned in Ref. [99℄:

 

�

D

(p) =

1

p

4�

 

u(p) + w(p)

r

1

8

S(p

z

; p

t

)

!

�

�

; (B.1)

in whih �

�

is the deuteron spin funtion and S(p

z

; p

t

) is de�ned by the Pauli

matries, �

p

, �

n

:

S(p

z

; p

t

) =

3(~�

p

� ~p)(~�

n

� ~p)

p

2

� ~�

p

� ~�

n

: (B.2)

Here u(p) and w(p) are the radial S- and D- states wave funtions, respetively.

They an be written as [100, 101℄:

u(p) =

X

j



j

p

2

+m

2

j

; w(p) =

X

j

d

j

p

2

+m

j

; (B.3)

in whih

P

j



j

=

P

j

d

j

= 0. This guarantees that u(p) and w(p) �

1

p

4

at large p

and

P

j

d

j

m

2

j

= 0 suh that w(p = 0) = 0. By inserting Eqs. B1, B2 and B3 into the
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Eq. 1.31 we obtain:
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Substituting p
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�

and integrating

over p

0
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by losing the ontour in the upper p

0
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omplex semi-plane we obtain:
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: (B.5)

After regrouping of the real and imaginary parts, the above equation an be rewrit-

ten as:
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in whih ~p

s

(~p

sz

; ~p

s?

) �

~

~p

s

(p

sz

��; ~p

st

�

~

k

t

),  

�

is the wave funtion de�ned in Eq.B1

and  

0�

is de�ned as:

 

0�

(p) =

�

u

1

(p)p

z

+

w

1

(p)p

z

p

8

S(p

z

; p

t

) +

w

2

(p)

p

8p

z

[S(p

z

; p

t

)� S(0; p

t

)℄

�

�

�

: (B.7)

Here u

1

(p), w

1

(p), and w

2

(p) are de�ned as:
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: (B.8)

We note that the last term in Eq. B7 does not have a singularity at p

z

= 0 sine

(S(p

z

; p

t

)� S(0; p

t

)) � p

z

.



APPENDIX C

Inlusive d(e,e

0

) Cross Setions

Tabulated below are the experimental measured inlusive d(e,e

0

) ross setions

plotted in Setion 5.1 (Figs. 5.3 { 5.7) for Q

2

= 1:7 � 7 GeV

2

and x = 0:7 � 1:9.

The results presented here have been orreted for radiative e�ets, aeptane, and

bin size. The statistial and systemati errors assoiated with these orretions

are inluded. The orretion fator for radiative e�ets R.C. orresponding to eah

kinemati bin is given in the last olumn of eah table.
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Q

2

x d�=dQ

2

dx R.C.

GeV

2

�b/GeV

2

1:725 0:71 0:212E-01�0:361E-03�0:101E-02 0:855

0:73 0:148E-01�0:293E-03�0:707E-03 0:843

0:75 0:129E-01�0:309E-03�0:618E-03 0:839

0:77 0:105E-01�0:303E-03�0:500E-03 0:842

0:79 0:847E-02�0:320E-03�0:405E-03 0:855

0:81 0:628E-02�0:305E-03�0:300E-03 0:879

0:83 0:524E-02�0:359E-03�0:250E-03 0:902

0:85 0:376E-02�0:384E-03�0:180E-03 0:922

0:87 0:248E-02�0:490E-03�0:119E-03 0:919

0:89 0:641E-02�0:236E-02�0:306E-03 0:895

1:775 0:71 0:168E-01�0:214E-03�0:803E-03 0:859

0:73 0:134E-01�0:181E-03�0:641E-03 0:846

0:75 0:112E-01�0:167E-03�0:537E-03 0:840

0:77 0:923E-02�0:153E-03�0:442E-03 0:842

0:79 0:719E-02�0:135E-03�0:345E-03 0:852

0:81 0:606E-02�0:125E-03�0:290E-03 0:872

0:83 0:481E-02�0:111E-03�0:231E-03 0:896

0:85 0:411E-02�0:104E-03�0:197E-03 0:915

0:87 0:420E-02�0:111E-03�0:201E-03 0:920

0:89 0:431E-02�0:121E-03�0:206E-03 0:901

0:91 0:560E-02�0:161E-03�0:268E-03 0:866

0:93 0:722E-02�0:213E-03�0:346E-03 0:814

0:95 0:985E-02�0:298E-03�0:472E-03 0:772

0:97 0:118E-01�0:379E-03�0:565E-03 0:731

0:99 0:144E-01�0:498E-03�0:689E-03 0:717

1:01 0:124E-01�0:501E-03�0:594E-03 0:717

1:03 0:111E-01�0:545E-03�0:531E-03 0:717

1:05 0:817E-02�0:504E-03�0:392E-03 0:717

1:07 0:671E-02�0:538E-03�0:322E-03 0:717

1:09 0:465E-02�0:495E-03�0:223E-03 0:717

1:11 0:355E-02�0:513E-03�0:170E-03 0:717

1:13 0:274E-02�0:553E-03�0:131E-03 0:717

1:15 0:188E-02�0:760E-03�0:901E-04 0:716

1:17 0:152E-02�0:137E-02�0:728E-04 0:716

1:825 0:71 0:150E-01�0:169E-03�0:721E-03 0:863

0:73 0:122E-01�0:144E-03�0:590E-03 0:850

0:75 0:105E-01�0:134E-03�0:506E-03 0:841

0:77 0:879E-02�0:122E-03�0:424E-03 0:840

0:79 0:711E-02�0:110E-03�0:343E-03 0:850

0:81 0:594E-02�0:984E-04�0:286E-03 0:868

0:83 0:437E-02�0:822E-04�0:211E-03 0:890

0:85 0:364E-02�0:735E-04�0:175E-03 0:911

0:87 0:347E-02�0:727E-04�0:167E-03 0:916

0:89 0:390E-02�0:799E-04�0:188E-03 0:903

0:91 0:461E-02�0:939E-04�0:222E-03 0:863

0:93 0:595E-02�0:117E-03�0:287E-03 0:817

0:95 0:820E-02�0:153E-03�0:395E-03 0:776

0:97 0:103E-01�0:190E-03�0:497E-03 0:733

0:99 0:109E-01�0:210E-03�0:524E-03 0:717

1:01 0:107E-01�0:212E-03�0:513E-03 0:717

1:03 0:935E-02�0:201E-03�0:451E-03 0:717

1:05 0:703E-02�0:173E-03�0:339E-03 0:717

1:07 0:522E-02�0:147E-03�0:251E-03 0:717

1:09 0:417E-02�0:135E-03�0:201E-03 0:717

1:11 0:300E-02�0:115E-03�0:145E-03 0:717

1:13 0:214E-02�0:946E-04�0:103E-03 0:717

1:15 0:160E-02�0:878E-04�0:772E-04 0:716

1:17 0:139E-02�0:866E-04�0:671E-04 0:716

1:19 0:982E-03�0:742E-04�0:474E-04 0:716

1:21 0:639E-03�0:593E-04�0:308E-04 0:716

1:23 0:608E-03�0:648E-04�0:293E-04 0:716

1:25 0:630E-03�0:680E-04�0:304E-04 0:716

1:27 0:343E-03�0:484E-04�0:165E-04 0:716

1:29 0:293E-03�0:468E-04�0:141E-04 0:716

1:31 0:291E-03�0:479E-04�0:140E-04 0:716

1:33 0:284E-03�0:641E-04�0:137E-04 0:716

1:35 0:122E-03�0:451E-04�0:589E-05 0:716

1:37 0:157E-03�0:535E-04�0:756E-05 0:716

1:39 0:112E-03�0:454E-04�0:542E-05 0:715

1:41 0:691E-04�0:360E-04�0:333E-05 0:715

1:43 0:745E-04�0:388E-04�0:359E-05 0:715

1:45 0:758E-04�0:396E-04�0:365E-05 0:715

1:47 0:785E-04�0:409E-04�0:378E-05 0:715

1:49 0:194E-03�0:620E-04�0:935E-05 0:715

1:51 0:862E-04�0:450E-04�0:416E-05 0:715

1:875 0:71 0:138E-01�0:147E-03�0:667E-03 0:867

0:73 0:104E-01�0:118E-03�0:504E-03 0:853

0:75 0:953E-02�0:113E-03�0:460E-03 0:843

0:77 0:791E-02�0:103E-03�0:382E-03 0:840

0:79 0:658E-02�0:940E-04�0:318E-03 0:846

0:81 0:536E-02�0:830E-04�0:259E-03 0:863

0:83 0:423E-02�0:717E-04�0:204E-03 0:883

0:85 0:357E-02�0:639E-04�0:172E-03 0:906

0:87 0:343E-02�0:618E-04�0:166E-03 0:913

0:89 0:367E-02�0:666E-04�0:177E-03 0:903

0:91 0:446E-02�0:786E-04�0:215E-03 0:868

0:93 0:557E-02�0:954E-04�0:269E-03 0:819

0:95 0:729E-02�0:121E-03�0:352E-03 0:775

0:97 0:890E-02�0:146E-03�0:430E-03 0:734

0:99 0:974E-02�0:162E-03�0:470E-03 0:718

1:01 0:916E-02�0:159E-03�0:442E-03 0:717

1:03 0:824E-02�0:152E-03�0:398E-03 0:717

1:05 0:672E-02�0:135E-03�0:324E-03 0:717

1:07 0:468E-02�0:108E-03�0:226E-03 0:717

1:09 0:370E-02�0:953E-04�0:179E-03 0:717

1:11 0:255E-02�0:769E-04�0:123E-03 0:717

1:13 0:189E-02�0:655E-04�0:912E-04 0:717

1:15 0:140E-02�0:558E-04�0:674E-04 0:716

1:17 0:102E-02�0:472E-04�0:491E-04 0:716

1:19 0:725E-03�0:396E-04�0:350E-04 0:716

1:21 0:557E-03�0:346E-04�0:269E-04 0:716

1:23 0:420E-03�0:296E-04�0:203E-04 0:716

1:25 0:339E-03�0:266E-04�0:164E-04 0:716

1:27 0:274E-03�0:240E-04�0:132E-04 0:716

1:29 0:215E-03�0:215E-04�0:104E-04 0:716

1:31 0:204E-03�0:210E-04�0:986E-05 0:716

1:33 0:129E-03�0:169E-04�0:625E-05 0:716

1:35 0:110E-03�0:158E-04�0:533E-05 0:716

1:37 0:955E-04�0:148E-04�0:461E-05 0:715

1:39 0:821E-04�0:143E-04�0:397E-05 0:715

1:41 0:761E-04�0:140E-04�0:367E-05 0:715

1:43 0:682E-04�0:138E-04�0:330E-05 0:715

1:45 0:356E-04�0:102E-04�0:172E-05 0:715

1:47 0:412E-04�0:112E-04�0:199E-05 0:715

1:49 0:534E-04�0:129E-04�0:258E-05 0:715

1:51 0:271E-04�0:926E-05�0:131E-05 0:715

1:53 0:277E-04�0:946E-05�0:134E-05 0:715

1:55 0:201E-04�0:128E-04�0:971E-06 0:715

1:57 0:349E-04�0:119E-04�0:168E-05 0:715

1:59 0:322E-04�0:119E-04�0:156E-05 0:715

1:61 0:376E-04�0:120E-04�0:182E-05 0:715

1:63 0:139E-04�0:725E-05�0:672E-06 0:715

1:65 0:225E-04�0:911E-05�0:109E-05 0:715

1:67 0:948E-05�0:606E-05�0:458E-06 0:715

1:69 0:275E-04�0:101E-04�0:133E-05 0:715

1:71 0:938E-05�0:599E-05�0:453E-06 0:714

1:73 0:933E-05�0:596E-05�0:450E-06 0:714

1:75 0:465E-05�0:420E-05�0:225E-06 0:714



229

1:77 0:146E-04�0:760E-05�0:703E-06 0:714

1:79 0:465E-05�0:420E-05�0:225E-06 0:714

1:81 0:876E-05�0:560E-05�0:423E-06 0:714

1:83 0:836E-05�0:534E-05�0:404E-06 0:714

1:85 0:429E-05�0:388E-05�0:207E-06 0:714

1:89 0:717E-05�0:458E-05�0:346E-06 0:714

1:925 0:71 0:130E-01�0:131E-03�0:632E-03 0:870

0:73 0:101E-01�0:107E-03�0:492E-03 0:856

0:75 0:904E-02�0:101E-03�0:441E-03 0:845

0:77 0:769E-02�0:932E-04�0:375E-03 0:840

0:79 0:646E-02�0:856E-04�0:315E-03 0:845

0:81 0:490E-02�0:725E-04�0:239E-03 0:858

0:83 0:395E-02�0:635E-04�0:193E-03 0:878

0:85 0:317E-02�0:544E-04�0:155E-03 0:903

0:87 0:316E-02�0:546E-04�0:154E-03 0:915

0:89 0:335E-02�0:587E-04�0:163E-03 0:897

0:91 0:391E-02�0:667E-04�0:191E-03 0:863

0:93 0:484E-02�0:794E-04�0:236E-03 0:827

0:95 0:668E-02�0:104E-03�0:326E-03 0:778

0:97 0:810E-02�0:124E-03�0:395E-03 0:735

0:99 0:897E-02�0:140E-03�0:438E-03 0:718

1:01 0:864E-02�0:139E-03�0:422E-03 0:717

1:03 0:707E-02�0:124E-03�0:345E-03 0:717

1:05 0:564E-02�0:110E-03�0:275E-03 0:717

1:07 0:402E-02�0:890E-04�0:196E-03 0:717

1:09 0:308E-02�0:767E-04�0:150E-03 0:717

1:11 0:201E-02�0:596E-04�0:980E-04 0:717

1:13 0:167E-02�0:546E-04�0:816E-04 0:717

1:15 0:121E-02�0:456E-04�0:591E-04 0:717

1:17 0:950E-03�0:400E-04�0:464E-04 0:716

1:19 0:756E-03�0:349E-04�0:369E-04 0:716

1:21 0:514E-03�0:287E-04�0:251E-04 0:716

1:23 0:462E-03�0:276E-04�0:225E-04 0:716

1:25 0:347E-03�0:229E-04�0:169E-04 0:716

1:27 0:248E-03�0:201E-04�0:121E-04 0:716

1:29 0:245E-03�0:198E-04�0:119E-04 0:716

1:31 0:165E-03�0:153E-04�0:804E-05 0:716

1:33 0:161E-03�0:168E-04�0:787E-05 0:716

1:35 0:123E-03�0:137E-04�0:599E-05 0:716

1:37 0:119E-03�0:140E-04�0:581E-05 0:715

1:39 0:683E-04�0:952E-05�0:333E-05 0:715

1:41 0:870E-04�0:126E-04�0:425E-05 0:715

1:43 0:505E-04�0:807E-05�0:247E-05 0:715

1:45 0:445E-04�0:788E-05�0:217E-05 0:715

1:47 0:324E-04�0:671E-05�0:158E-05 0:715

1:49 0:234E-04�0:585E-05�0:114E-05 0:715

1:51 0:484E-04�0:827E-05�0:236E-05 0:715

1:53 0:333E-04�0:708E-05�0:162E-05 0:715

1:55 0:138E-04�0:416E-05�0:675E-06 0:715

1:57 0:269E-04�0:589E-05�0:131E-05 0:715

1:59 0:191E-04�0:499E-05�0:934E-06 0:715

1:61 0:141E-04�0:368E-05�0:689E-06 0:715

1:63 0:102E-04�0:376E-05�0:497E-06 0:715

1:65 0:126E-04�0:508E-05�0:614E-06 0:715

1:67 0:148E-04�0:445E-05�0:722E-06 0:715

1:69 0:186E-04�0:687E-05�0:908E-06 0:714

1:71 0:544E-05�0:284E-05�0:266E-06 0:714

1:73 0:555E-05�0:289E-05�0:271E-06 0:714

1:75 0:804E-05�0:363E-05�0:392E-06 0:714

1:77 0:188E-05�0:170E-05�0:919E-07 0:714

1:79 0:378E-05�0:242E-05�0:185E-06 0:714

1:81 0:933E-05�0:377E-05�0:455E-06 0:714

1:83 0:187E-05�0:169E-05�0:911E-07 0:714

1:87 0:187E-05�0:169E-05�0:913E-07 0:714

1:975 0:71 0:115E-01�0:114E-03�0:559E-03 0:872

0:73 0:904E-02�0:937E-04�0:440E-03 0:859

0:75 0:805E-02�0:879E-04�0:392E-03 0:848

0:77 0:730E-02�0:844E-04�0:356E-03 0:841

0:79 0:616E-02�0:771E-04�0:300E-03 0:843

0:81 0:467E-02�0:655E-04�0:228E-03 0:857

0:83 0:388E-02�0:589E-04�0:189E-03 0:874

0:85 0:316E-02�0:508E-04�0:154E-03 0:897

0:87 0:297E-02�0:485E-04�0:144E-03 0:911

0:89 0:313E-02�0:512E-04�0:152E-03 0:904

0:91 0:356E-02�0:569E-04�0:173E-03 0:864

0:93 0:466E-02�0:705E-04�0:227E-03 0:826

0:95 0:595E-02�0:879E-04�0:290E-03 0:781

0:97 0:715E-02�0:106E-03�0:348E-03 0:735

0:99 0:798E-02�0:117E-03�0:389E-03 0:718

1:01 0:725E-02�0:112E-03�0:353E-03 0:718

1:03 0:638E-02�0:104E-03�0:310E-03 0:717

1:05 0:481E-02�0:893E-04�0:234E-03 0:717

1:07 0:376E-02�0:782E-04�0:183E-03 0:717

1:09 0:268E-02�0:639E-04�0:130E-03 0:717

1:11 0:191E-02�0:528E-04�0:928E-04 0:717

1:13 0:140E-02�0:448E-04�0:681E-04 0:717

1:15 0:100E-02�0:368E-04�0:488E-04 0:717

1:17 0:777E-03�0:329E-04�0:379E-04 0:716

1:19 0:562E-03�0:279E-04�0:274E-04 0:716

1:21 0:438E-03�0:242E-04�0:213E-04 0:716

1:23 0:305E-03�0:205E-04�0:148E-04 0:716

1:25 0:285E-03�0:195E-04�0:139E-04 0:716

1:27 0:241E-03�0:187E-04�0:117E-04 0:716

1:29 0:159E-03�0:143E-04�0:776E-05 0:716

1:31 0:135E-03�0:135E-04�0:656E-05 0:716

1:33 0:117E-03�0:124E-04�0:572E-05 0:716

1:35 0:123E-03�0:134E-04�0:600E-05 0:716

1:37 0:764E-04�0:104E-04�0:372E-05 0:715

1:39 0:691E-04�0:930E-05�0:336E-05 0:715

1:41 0:531E-04�0:862E-05�0:259E-05 0:715

1:43 0:332E-04�0:654E-05�0:161E-05 0:715

1:45 0:374E-04�0:738E-05�0:182E-05 0:715

1:47 0:458E-04�0:768E-05�0:223E-05 0:715

1:49 0:329E-04�0:648E-05�0:160E-05 0:715

1:51 0:297E-04�0:616E-05�0:145E-05 0:715

1:53 0:455E-04�0:807E-05�0:222E-05 0:715

1:55 0:328E-04�0:699E-05�0:160E-05 0:715

1:57 0:197E-04�0:514E-05�0:960E-06 0:715

1:59 0:235E-04�0:588E-05�0:114E-05 0:715

1:61 0:184E-04�0:481E-05�0:898E-06 0:715

1:63 0:185E-04�0:505E-05�0:903E-06 0:715

1:65 0:151E-04�0:456E-05�0:738E-06 0:715

1:67 0:110E-04�0:404E-05�0:534E-06 0:714

1:69 0:169E-04�0:510E-05�0:825E-06 0:714

1:71 0:794E-05�0:359E-05�0:387E-06 0:714

1:73 0:760E-05�0:280E-05�0:370E-06 0:714

1:75 0:977E-05�0:312E-05�0:476E-06 0:714

1:77 0:633E-05�0:286E-05�0:308E-06 0:714

1:79 0:791E-05�0:292E-05�0:385E-06 0:714

1:81 0:728E-05�0:294E-05�0:355E-06 0:714

1:83 0:488E-05�0:221E-05�0:238E-06 0:714

1:85 0:346E-05�0:180E-05�0:169E-06 0:714

1:87 0:319E-05�0:167E-05�0:156E-06 0:714

1:89 0:372E-05�0:194E-05�0:181E-06 0:714

1:91 0:132E-05�0:119E-05�0:642E-07 0:714

1:93 0:620E-05�0:250E-05�0:302E-06 0:714

2:025 0:71 0:108E-01�0:103E-03�0:527E-03 0:874

0:73 0:826E-02�0:829E-04�0:404E-03 0:862

0:75 0:782E-02�0:822E-04�0:383E-03 0:850

0:77 0:697E-02�0:776E-04�0:341E-03 0:842
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0:79 0:563E-02�0:700E-04�0:275E-03 0:843

0:81 0:469E-02�0:631E-04�0:229E-03 0:852

0:83 0:363E-02�0:537E-04�0:178E-03 0:871

0:85 0:304E-02�0:468E-04�0:149E-03 0:891

0:87 0:279E-02�0:451E-04�0:136E-03 0:904

0:89 0:291E-02�0:464E-04�0:142E-03 0:898

0:91 0:343E-02�0:531E-04�0:168E-03 0:865

0:93 0:458E-02�0:669E-04�0:224E-03 0:825

0:95 0:561E-02�0:797E-04�0:275E-03 0:786

0:97 0:725E-02�0:998E-04�0:355E-03 0:736

0:99 0:773E-02�0:108E-03�0:378E-03 0:718

1:01 0:655E-02�0:988E-04�0:320E-03 0:718

1:03 0:580E-02�0:935E-04�0:283E-03 0:717

1:05 0:461E-02�0:809E-04�0:225E-03 0:717

1:07 0:317E-02�0:645E-04�0:155E-03 0:717

1:09 0:233E-02�0:547E-04�0:114E-03 0:717

1:11 0:157E-02�0:430E-04�0:769E-04 0:717

1:13 0:122E-02�0:376E-04�0:594E-04 0:717

1:15 0:981E-03�0:346E-04�0:480E-04 0:717

1:17 0:740E-03�0:302E-04�0:362E-04 0:716

1:19 0:601E-03�0:271E-04�0:294E-04 0:716

1:21 0:415E-03�0:220E-04�0:203E-04 0:716

1:23 0:303E-03�0:182E-04�0:148E-04 0:716

1:25 0:255E-03�0:167E-04�0:125E-04 0:716

1:27 0:191E-03�0:144E-04�0:933E-05 0:716

1:29 0:173E-03�0:147E-04�0:847E-05 0:716

1:31 0:113E-03�0:110E-04�0:551E-05 0:716

1:33 0:117E-03�0:114E-04�0:573E-05 0:716

1:35 0:101E-03�0:109E-04�0:493E-05 0:716

1:37 0:924E-04�0:105E-04�0:452E-05 0:715

1:39 0:814E-04�0:983E-05�0:398E-05 0:715

1:41 0:429E-04�0:637E-05�0:210E-05 0:715

1:43 0:404E-04�0:678E-05�0:198E-05 0:715

1:45 0:372E-04�0:686E-05�0:182E-05 0:715

1:47 0:298E-04�0:561E-05�0:146E-05 0:715

1:49 0:388E-04�0:700E-05�0:189E-05 0:715

1:51 0:274E-04�0:568E-05�0:134E-05 0:715

1:53 0:188E-04�0:470E-05�0:917E-06 0:715

1:55 0:308E-04�0:695E-05�0:150E-05 0:715

1:57 0:137E-04�0:436E-05�0:668E-06 0:715

1:59 0:208E-04�0:566E-05�0:102E-05 0:715

1:61 0:118E-04�0:434E-05�0:575E-06 0:715

1:63 0:104E-04�0:354E-05�0:507E-06 0:715

1:65 0:121E-04�0:386E-05�0:590E-06 0:715

1:67 0:941E-05�0:380E-05�0:460E-06 0:714

1:69 0:152E-04�0:486E-05�0:744E-06 0:714

1:71 0:776E-05�0:313E-05�0:379E-06 0:714

1:73 0:803E-05�0:363E-05�0:393E-06 0:714

1:75 0:122E-04�0:451E-05�0:598E-06 0:714

1:77 0:108E-04�0:398E-05�0:527E-06 0:714

1:79 0:166E-05�0:150E-05�0:812E-07 0:714

1:81 0:408E-05�0:261E-05�0:200E-06 0:714

1:83 0:539E-05�0:281E-05�0:264E-06 0:714

1:85 0:498E-05�0:260E-05�0:244E-06 0:714

1:87 0:816E-05�0:369E-05�0:399E-06 0:714

1:91 0:166E-05�0:150E-05�0:812E-07 0:714

2:075 0:71 0:996E-02�0:946E-04�0:491E-03 0:876

0:73 0:766E-02�0:759E-04�0:378E-03 0:864

0:75 0:709E-02�0:732E-04�0:349E-03 0:853

0:77 0:634E-02�0:701E-04�0:313E-03 0:843

0:79 0:537E-02�0:648E-04�0:265E-03 0:843

0:81 0:430E-02�0:566E-04�0:212E-03 0:851

0:83 0:347E-02�0:501E-04�0:171E-03 0:867

0:85 0:290E-02�0:441E-04�0:143E-03 0:889

0:87 0:263E-02�0:418E-04�0:130E-03 0:898

0:89 0:264E-02�0:418E-04�0:130E-03 0:902

0:91 0:306E-02�0:470E-04�0:151E-03 0:869

0:93 0:376E-02�0:560E-04�0:185E-03 0:834

0:95 0:509E-02�0:722E-04�0:251E-03 0:781

0:97 0:644E-02�0:887E-04�0:317E-03 0:740

0:99 0:693E-02�0:971E-04�0:342E-03 0:718

1:01 0:663E-02�0:959E-04�0:327E-03 0:718

1:03 0:504E-02�0:816E-04�0:248E-03 0:718

1:05 0:398E-02�0:702E-04�0:196E-03 0:717

1:07 0:273E-02�0:568E-04�0:135E-03 0:717

1:09 0:193E-02�0:461E-04�0:953E-04 0:717

1:11 0:133E-02�0:372E-04�0:656E-04 0:717

1:13 0:102E-02�0:325E-04�0:503E-04 0:717

1:15 0:745E-03�0:276E-04�0:367E-04 0:717

1:17 0:563E-03�0:233E-04�0:277E-04 0:717

1:19 0:403E-03�0:194E-04�0:199E-04 0:716

1:21 0:306E-03�0:181E-04�0:151E-04 0:716

1:23 0:223E-03�0:140E-04�0:110E-04 0:716

1:25 0:173E-03�0:122E-04�0:853E-05 0:716

1:27 0:173E-03�0:127E-04�0:851E-05 0:716

1:29 0:112E-03�0:921E-05�0:551E-05 0:716

1:31 0:110E-03�0:102E-04�0:543E-05 0:716

1:33 0:884E-04�0:857E-05�0:436E-05 0:716

1:35 0:546E-04�0:671E-05�0:269E-05 0:716

1:37 0:423E-04�0:558E-05�0:209E-05 0:716

1:39 0:409E-04�0:585E-05�0:202E-05 0:715

1:41 0:301E-04�0:459E-05�0:148E-05 0:715

1:43 0:454E-04�0:605E-05�0:224E-05 0:715

1:45 0:466E-04�0:657E-05�0:230E-05 0:715

1:47 0:264E-04�0:477E-05�0:130E-05 0:715

1:49 0:304E-04�0:494E-05�0:150E-05 0:715

1:51 0:207E-04�0:442E-05�0:102E-05 0:715

1:53 0:232E-04�0:411E-05�0:114E-05 0:715

1:55 0:172E-04�0:400E-05�0:846E-06 0:715

1:57 0:171E-04�0:375E-05�0:843E-06 0:715

1:59 0:115E-04�0:346E-05�0:566E-06 0:715

1:61 0:173E-04�0:432E-05�0:851E-06 0:715

1:63 0:117E-04�0:401E-05�0:579E-06 0:715

1:65 0:115E-04�0:393E-05�0:567E-06 0:715

1:67 0:109E-04�0:402E-05�0:538E-06 0:714

1:69 0:986E-05�0:364E-05�0:486E-06 0:714

1:71 0:135E-04�0:431E-05�0:665E-06 0:714

1:73 0:113E-04�0:385E-05�0:556E-06 0:714

1:75 0:179E-04�0:488E-05�0:883E-06 0:714

1:77 0:101E-04�0:373E-05�0:499E-06 0:714

1:79 0:161E-05�0:146E-05�0:795E-07 0:714

1:81 0:977E-05�0:360E-05�0:482E-06 0:714

2:125 0:71 0:900E-02�0:855E-04�0:447E-03 0:877

0:73 0:693E-02�0:683E-04�0:344E-03 0:867

0:75 0:668E-02�0:685E-04�0:332E-03 0:855

0:77 0:587E-02�0:642E-04�0:292E-03 0:846

0:79 0:503E-02�0:590E-04�0:250E-03 0:842

0:81 0:414E-02�0:537E-04�0:206E-03 0:849

0:83 0:349E-02�0:481E-04�0:174E-03 0:863

0:85 0:285E-02�0:431E-04�0:142E-03 0:884

0:87 0:259E-02�0:403E-04�0:128E-03 0:896

0:89 0:249E-02�0:392E-04�0:124E-03 0:897

0:91 0:275E-02�0:427E-04�0:137E-03 0:875

0:93 0:353E-02�0:519E-04�0:176E-03 0:836

0:95 0:478E-02�0:670E-04�0:238E-03 0:787

0:97 0:586E-02�0:810E-04�0:291E-03 0:739

0:99 0:632E-02�0:876E-04�0:314E-03 0:718

1:01 0:562E-02�0:826E-04�0:279E-03 0:718

1:03 0:492E-02�0:773E-04�0:245E-03 0:718

1:05 0:391E-02�0:681E-04�0:195E-03 0:717
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1:07 0:271E-02�0:541E-04�0:134E-03 0:717

1:09 0:193E-02�0:443E-04�0:962E-04 0:717

1:11 0:137E-02�0:360E-04�0:682E-04 0:717

1:13 0:105E-02�0:320E-04�0:522E-04 0:717

1:15 0:714E-03�0:255E-04�0:355E-04 0:717

1:17 0:520E-03�0:219E-04�0:259E-04 0:717

1:19 0:410E-03�0:187E-04�0:204E-04 0:716

1:21 0:308E-03�0:162E-04�0:153E-04 0:716

1:23 0:252E-03�0:147E-04�0:125E-04 0:716

1:25 0:168E-03�0:118E-04�0:833E-05 0:716

1:27 0:148E-03�0:109E-04�0:735E-05 0:716

1:29 0:119E-03�0:983E-05�0:590E-05 0:716

1:31 0:103E-03�0:944E-05�0:514E-05 0:716

1:33 0:785E-04�0:831E-05�0:390E-05 0:716

1:35 0:537E-04�0:637E-05�0:267E-05 0:716

1:37 0:546E-04�0:653E-05�0:271E-05 0:716

1:39 0:347E-04�0:473E-05�0:173E-05 0:715

1:41 0:361E-04�0:503E-05�0:179E-05 0:715

1:43 0:375E-04�0:550E-05�0:186E-05 0:715

1:45 0:289E-04�0:477E-05�0:144E-05 0:715

1:47 0:217E-04�0:392E-05�0:108E-05 0:715

1:49 0:276E-04�0:490E-05�0:137E-05 0:715

1:51 0:214E-04�0:404E-05�0:107E-05 0:715

1:53 0:199E-04�0:384E-05�0:991E-06 0:715

1:55 0:135E-04�0:351E-05�0:669E-06 0:715

1:57 0:162E-04�0:377E-05�0:803E-06 0:715

1:59 0:124E-04�0:300E-05�0:617E-06 0:715

1:61 0:138E-04�0:323E-05�0:687E-06 0:715

1:63 0:143E-04�0:344E-05�0:708E-06 0:715

1:65 0:106E-04�0:287E-05�0:525E-06 0:715

1:67 0:110E-04�0:287E-05�0:547E-06 0:714

1:69 0:572E-05�0:211E-05�0:284E-06 0:714

1:71 0:722E-05�0:231E-05�0:359E-06 0:714

1:73 0:628E-05�0:215E-05�0:312E-06 0:714

1:75 0:573E-05�0:211E-05�0:285E-06 0:714

1:77 0:361E-05�0:163E-05�0:179E-06 0:714

1:79 0:718E-05�0:229E-05�0:357E-06 0:714

1:81 0:286E-05�0:149E-05�0:142E-06 0:714

2:175 0:71 0:821E-02�0:784E-04�0:412E-03 0:879

0:73 0:636E-02�0:632E-04�0:319E-03 0:870

0:75 0:577E-02�0:602E-04�0:290E-03 0:858

0:77 0:541E-02�0:596E-04�0:272E-03 0:847

0:79 0:480E-02�0:561E-04�0:241E-03 0:843

0:81 0:392E-02�0:501E-04�0:197E-03 0:846

0:83 0:318E-02�0:445E-04�0:160E-03 0:860

0:85 0:270E-02�0:401E-04�0:135E-03 0:879

0:87 0:229E-02�0:356E-04�0:115E-03 0:894

0:89 0:224E-02�0:356E-04�0:113E-03 0:896

0:91 0:249E-02�0:388E-04�0:125E-03 0:874

0:93 0:318E-02�0:468E-04�0:159E-03 0:829

0:95 0:398E-02�0:577E-04�0:200E-03 0:789

0:97 0:528E-02�0:725E-04�0:265E-03 0:743

0:99 0:524E-02�0:737E-04�0:263E-03 0:718

1:01 0:517E-02�0:738E-04�0:260E-03 0:718

1:03 0:424E-02�0:674E-04�0:213E-03 0:718

1:05 0:328E-02�0:577E-04�0:165E-03 0:718

1:07 0:233E-02�0:474E-04�0:117E-03 0:717

1:09 0:160E-02�0:392E-04�0:805E-04 0:717

1:11 0:119E-02�0:332E-04�0:596E-04 0:717

1:13 0:919E-03�0:283E-04�0:461E-04 0:717

1:15 0:617E-03�0:227E-04�0:310E-04 0:717

1:17 0:504E-03�0:208E-04�0:253E-04 0:717

1:19 0:358E-03�0:172E-04�0:180E-04 0:717

1:21 0:293E-03�0:158E-04�0:147E-04 0:716

1:23 0:208E-03�0:129E-04�0:104E-04 0:716

1:25 0:197E-03�0:125E-04�0:991E-05 0:716

1:27 0:138E-03�0:101E-04�0:691E-05 0:716

1:29 0:129E-03�0:108E-04�0:649E-05 0:716

1:31 0:944E-04�0:861E-05�0:474E-05 0:716

1:33 0:923E-04�0:864E-05�0:463E-05 0:716

1:35 0:556E-04�0:653E-05�0:279E-05 0:716

1:37 0:481E-04�0:603E-05�0:242E-05 0:716

1:39 0:449E-04�0:562E-05�0:225E-05 0:715

1:41 0:281E-04�0:456E-05�0:141E-05 0:715

1:43 0:352E-04�0:516E-05�0:177E-05 0:715

1:45 0:287E-04�0:458E-05�0:144E-05 0:715

1:47 0:163E-04�0:347E-05�0:819E-06 0:715

1:49 0:890E-05�0:242E-05�0:447E-06 0:715

1:51 0:127E-04�0:296E-05�0:637E-06 0:715

1:53 0:136E-04�0:328E-05�0:682E-06 0:715

1:55 0:986E-05�0:269E-05�0:495E-06 0:715

1:57 0:164E-04�0:359E-05�0:823E-06 0:715

1:59 0:152E-04�0:332E-05�0:761E-06 0:715

1:61 0:691E-05�0:221E-05�0:347E-06 0:715

1:63 0:683E-05�0:233E-05�0:343E-06 0:715

1:65 0:359E-05�0:162E-05�0:180E-06 0:715

1:67 0:508E-05�0:187E-05�0:255E-06 0:714

1:69 0:181E-05�0:116E-05�0:911E-07 0:714

1:71 0:432E-05�0:175E-05�0:217E-06 0:714

1:73 0:879E-05�0:265E-05�0:441E-06 0:714

1:75 0:269E-05�0:140E-05�0:135E-06 0:714

1:77 0:339E-05�0:153E-05�0:170E-06 0:714

1:79 0:454E-05�0:183E-05�0:228E-06 0:714

2:225 0:71 0:742E-02�0:745E-04�0:375E-03 0:880

0:73 0:572E-02�0:580E-04�0:289E-03 0:871

0:75 0:540E-02�0:566E-04�0:273E-03 0:860

0:77 0:506E-02�0:560E-04�0:256E-03 0:849

0:79 0:431E-02�0:515E-04�0:218E-03 0:844

0:81 0:364E-02�0:472E-04�0:184E-03 0:847

0:83 0:291E-02�0:415E-04�0:147E-03 0:858

0:85 0:240E-02�0:363E-04�0:121E-03 0:875

0:87 0:211E-02�0:334E-04�0:107E-03 0:891

0:89 0:196E-02�0:322E-04�0:992E-04 0:896

0:91 0:224E-02�0:354E-04�0:113E-03 0:873

0:93 0:291E-02�0:433E-04�0:147E-03 0:835

0:95 0:376E-02�0:531E-04�0:190E-03 0:791

0:97 0:473E-02�0:657E-04�0:239E-03 0:742

0:99 0:521E-02�0:724E-04�0:264E-03 0:718

1:01 0:471E-02�0:691E-04�0:238E-03 0:718

1:03 0:382E-02�0:600E-04�0:193E-03 0:718

1:05 0:319E-02�0:545E-04�0:161E-03 0:718

1:07 0:222E-02�0:436E-04�0:112E-03 0:718

1:09 0:156E-02�0:357E-04�0:790E-04 0:717

1:11 0:112E-02�0:295E-04�0:567E-04 0:717

1:13 0:799E-03�0:247E-04�0:404E-04 0:717

1:15 0:579E-03�0:205E-04�0:293E-04 0:717

1:17 0:431E-03�0:179E-04�0:218E-04 0:717

1:19 0:314E-03�0:155E-04�0:159E-04 0:717

1:21 0:239E-03�0:133E-04�0:121E-04 0:717

1:23 0:213E-03�0:135E-04�0:108E-04 0:716

1:25 0:170E-03�0:111E-04�0:860E-05 0:716

1:27 0:132E-03�0:977E-05�0:668E-05 0:716

1:29 0:102E-03�0:841E-05�0:516E-05 0:716

1:31 0:861E-04�0:755E-05�0:436E-05 0:716

1:33 0:681E-04�0:684E-05�0:345E-05 0:716

1:35 0:634E-04�0:684E-05�0:321E-05 0:716

1:37 0:543E-04�0:639E-05�0:275E-05 0:716

1:39 0:348E-04�0:492E-05�0:176E-05 0:716

1:41 0:335E-04�0:498E-05�0:170E-05 0:715

1:43 0:282E-04�0:430E-05�0:143E-05 0:715
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1:45 0:289E-04�0:477E-05�0:146E-05 0:715

1:47 0:264E-04�0:443E-05�0:134E-05 0:715

1:49 0:137E-04�0:311E-05�0:696E-06 0:715

1:51 0:197E-04�0:370E-05�0:995E-06 0:715

1:53 0:196E-04�0:378E-05�0:993E-06 0:715

1:55 0:117E-04�0:283E-05�0:594E-06 0:715

1:57 0:127E-04�0:318E-05�0:642E-06 0:715

1:59 0:493E-05�0:257E-05�0:249E-06 0:715

1:61 0:425E-05�0:172E-05�0:215E-06 0:715

1:63 0:917E-05�0:262E-05�0:464E-06 0:715

1:65 0:590E-05�0:201E-05�0:298E-06 0:715

1:67 0:346E-05�0:156E-05�0:175E-06 0:714

1:69 0:605E-05�0:207E-05�0:306E-06 0:714

1:71 0:419E-05�0:169E-05�0:212E-06 0:714

1:73 0:488E-05�0:197E-05�0:247E-06 0:714

1:75 0:917E-06�0:829E-06�0:464E-07 0:714

1:77 0:596E-05�0:204E-05�0:302E-06 0:714

1:79 0:367E-05�0:166E-05�0:186E-06 0:714

1:81 0:253E-05�0:132E-05�0:128E-06 0:714

1:83 0:260E-05�0:135E-05�0:131E-06 0:714

2:275 0:71 0:700E-02�0:744E-04�0:358E-03 0:880

0:73 0:527E-02�0:581E-04�0:269E-03 0:873

0:75 0:490E-02�0:553E-04�0:250E-03 0:862

0:77 0:468E-02�0:535E-04�0:239E-03 0:852

0:79 0:407E-02�0:493E-04�0:208E-03 0:844

0:81 0:350E-02�0:453E-04�0:179E-03 0:847

0:83 0:284E-02�0:400E-04�0:145E-03 0:856

0:85 0:231E-02�0:350E-04�0:118E-03 0:875

0:87 0:201E-02�0:318E-04�0:103E-03 0:891

0:89 0:193E-02�0:309E-04�0:988E-04 0:888

0:91 0:217E-02�0:342E-04�0:111E-03 0:875

0:93 0:251E-02�0:391E-04�0:128E-03 0:838

0:95 0:325E-02�0:480E-04�0:166E-03 0:788

0:97 0:408E-02�0:586E-04�0:208E-03 0:745

0:99 0:427E-02�0:622E-04�0:218E-03 0:718

1:01 0:412E-02�0:619E-04�0:210E-03 0:718

1:03 0:335E-02�0:548E-04�0:171E-03 0:718

1:05 0:262E-02�0:473E-04�0:134E-03 0:718

1:07 0:190E-02�0:392E-04�0:971E-04 0:718

1:09 0:134E-02�0:323E-04�0:683E-04 0:718

1:11 0:987E-03�0:270E-04�0:504E-04 0:717

1:13 0:739E-03�0:235E-04�0:378E-04 0:717

1:15 0:582E-03�0:213E-04�0:298E-04 0:717

1:17 0:411E-03�0:171E-04�0:210E-04 0:717

1:19 0:321E-03�0:151E-04�0:164E-04 0:717

1:21 0:234E-03�0:125E-04�0:120E-04 0:717

1:23 0:185E-03�0:109E-04�0:947E-05 0:716

1:25 0:158E-03�0:102E-04�0:809E-05 0:716

1:27 0:116E-03�0:870E-05�0:593E-05 0:716

1:29 0:959E-04�0:787E-05�0:490E-05 0:716

1:31 0:754E-04�0:677E-05�0:385E-05 0:716

1:33 0:459E-04�0:531E-05�0:235E-05 0:716

1:35 0:583E-04�0:629E-05�0:298E-05 0:716

1:37 0:445E-04�0:542E-05�0:227E-05 0:716

1:39 0:421E-04�0:543E-05�0:215E-05 0:716

1:41 0:273E-04�0:390E-05�0:139E-05 0:716

1:43 0:238E-04�0:368E-05�0:122E-05 0:715

1:45 0:231E-04�0:382E-05�0:118E-05 0:715

1:47 0:222E-04�0:372E-05�0:113E-05 0:715

1:49 0:120E-04�0:264E-05�0:616E-06 0:715

1:51 0:163E-04�0:307E-05�0:833E-06 0:715

1:53 0:149E-04�0:302E-05�0:764E-06 0:715

1:55 0:153E-04�0:295E-05�0:784E-06 0:715

1:57 0:109E-04�0:255E-05�0:558E-06 0:715

1:59 0:851E-05�0:222E-05�0:435E-06 0:715

1:61 0:600E-05�0:181E-05�0:306E-06 0:715

1:63 0:476E-05�0:163E-05�0:243E-06 0:715

1:65 0:523E-05�0:179E-05�0:267E-06 0:715

1:67 0:279E-05�0:126E-05�0:143E-06 0:715

1:69 0:582E-05�0:186E-05�0:298E-06 0:714

1:71 0:568E-05�0:181E-05�0:290E-06 0:714

1:73 0:400E-05�0:148E-05�0:204E-06 0:714

1:75 0:476E-05�0:163E-05�0:243E-06 0:714

1:77 0:667E-06�0:602E-06�0:341E-07 0:714

1:79 0:340E-05�0:137E-05�0:174E-06 0:714

1:81 0:667E-06�0:603E-06�0:341E-07 0:714

2:325 0:71 0:651E-02�0:694E-04�0:336E-03 0:879

0:73 0:484E-02�0:540E-04�0:250E-03 0:873

0:75 0:456E-02�0:533E-04�0:236E-03 0:863

0:77 0:415E-02�0:514E-04�0:214E-03 0:853

0:79 0:374E-02�0:489E-04�0:193E-03 0:846

0:81 0:334E-02�0:466E-04�0:172E-03 0:845

0:83 0:267E-02�0:397E-04�0:138E-03 0:856

0:85 0:212E-02�0:338E-04�0:109E-03 0:869

0:87 0:183E-02�0:296E-04�0:943E-04 0:886

0:89 0:175E-02�0:288E-04�0:901E-04 0:895

0:91 0:203E-02�0:320E-04�0:105E-03 0:871

0:93 0:243E-02�0:370E-04�0:125E-03 0:842

0:95 0:315E-02�0:460E-04�0:162E-03 0:792

0:97 0:376E-02�0:537E-04�0:194E-03 0:746

0:99 0:400E-02�0:586E-04�0:206E-03 0:719

1:01 0:374E-02�0:578E-04�0:193E-03 0:718

1:03 0:311E-02�0:512E-04�0:161E-03 0:718

1:05 0:232E-02�0:433E-04�0:120E-03 0:718

1:07 0:180E-02�0:373E-04�0:927E-04 0:718

1:09 0:118E-02�0:295E-04�0:607E-04 0:718

1:11 0:916E-03�0:255E-04�0:473E-04 0:717

1:13 0:578E-03�0:200E-04�0:298E-04 0:717

1:15 0:450E-03�0:174E-04�0:232E-04 0:717

1:17 0:316E-03�0:143E-04�0:163E-04 0:717

1:19 0:277E-03�0:139E-04�0:143E-04 0:717

1:21 0:217E-03�0:121E-04�0:112E-04 0:717

1:23 0:166E-03�0:101E-04�0:858E-05 0:717

1:25 0:141E-03�0:986E-05�0:728E-05 0:716

1:27 0:929E-04�0:815E-05�0:479E-05 0:716

1:29 0:789E-04�0:747E-05�0:407E-05 0:716

1:31 0:621E-04�0:623E-05�0:320E-05 0:716

1:33 0:583E-04�0:608E-05�0:301E-05 0:716

1:35 0:458E-04�0:549E-05�0:237E-05 0:716

1:37 0:389E-04�0:497E-05�0:201E-05 0:716

1:39 0:302E-04�0:437E-05�0:156E-05 0:716

1:41 0:271E-04�0:408E-05�0:140E-05 0:716

1:43 0:252E-04�0:409E-05�0:130E-05 0:715

1:45 0:138E-04�0:303E-05�0:713E-06 0:715

1:47 0:240E-04�0:403E-05�0:124E-05 0:715

1:49 0:133E-04�0:269E-05�0:687E-06 0:715

1:51 0:146E-04�0:302E-05�0:753E-06 0:715

1:53 0:154E-04�0:304E-05�0:795E-06 0:715

1:55 0:105E-04�0:262E-05�0:540E-06 0:715

1:57 0:560E-05�0:179E-05�0:289E-06 0:715

1:59 0:601E-05�0:192E-05�0:310E-06 0:715

1:61 0:590E-05�0:188E-05�0:304E-06 0:715

1:63 0:661E-05�0:199E-05�0:341E-06 0:715

1:65 0:806E-05�0:230E-05�0:416E-06 0:715

1:67 0:280E-05�0:127E-05�0:145E-06 0:715

1:69 0:526E-05�0:180E-05�0:271E-06 0:714

1:71 0:295E-05�0:133E-05�0:152E-06 0:714

1:73 0:441E-05�0:163E-05�0:227E-06 0:714

1:75 0:161E-05�0:103E-05�0:832E-07 0:714

1:77 0:350E-05�0:142E-05�0:181E-06 0:714
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1:79 0:301E-05�0:136E-05�0:155E-06 0:714

1:81 0:148E-05�0:943E-06�0:762E-07 0:714

2:375 0:71 0:560E-02�0:673E-04�0:292E-03 0:880

0:73 0:429E-02�0:528E-04�0:223E-03 0:875

0:75 0:401E-02�0:495E-04�0:209E-03 0:865

0:77 0:385E-02�0:485E-04�0:200E-03 0:855

0:79 0:351E-02�0:462E-04�0:183E-03 0:847

0:81 0:321E-02�0:451E-04�0:167E-03 0:846

0:83 0:256E-02�0:395E-04�0:133E-03 0:853

0:85 0:211E-02�0:354E-04�0:110E-03 0:870

0:87 0:172E-02�0:307E-04�0:894E-04 0:882

0:89 0:167E-02�0:298E-04�0:870E-04 0:886

0:91 0:183E-02�0:311E-04�0:956E-04 0:868

0:93 0:219E-02�0:349E-04�0:114E-03 0:840

0:95 0:282E-02�0:418E-04�0:147E-03 0:799

0:97 0:348E-02�0:505E-04�0:181E-03 0:747

0:99 0:373E-02�0:552E-04�0:194E-03 0:719

1:01 0:335E-02�0:525E-04�0:175E-03 0:719

1:03 0:269E-02�0:460E-04�0:140E-03 0:718

1:05 0:205E-02�0:389E-04�0:107E-03 0:718

1:07 0:152E-02�0:330E-04�0:792E-04 0:718

1:09 0:106E-02�0:265E-04�0:552E-04 0:718

1:11 0:838E-03�0:240E-04�0:437E-04 0:718

1:13 0:533E-03�0:186E-04�0:278E-04 0:717

1:15 0:495E-03�0:184E-04�0:258E-04 0:717

1:17 0:316E-03�0:143E-04�0:164E-04 0:717

1:19 0:234E-03�0:119E-04�0:122E-04 0:717

1:21 0:175E-03�0:107E-04�0:912E-05 0:717

1:23 0:158E-03�0:103E-04�0:824E-05 0:717

1:25 0:114E-03�0:847E-05�0:592E-05 0:717

1:27 0:821E-04�0:666E-05�0:428E-05 0:716

1:29 0:881E-04�0:743E-05�0:459E-05 0:716

1:31 0:764E-04�0:664E-05�0:398E-05 0:716

1:33 0:449E-04�0:519E-05�0:234E-05 0:716

1:35 0:347E-04�0:435E-05�0:181E-05 0:716

1:37 0:394E-04�0:489E-05�0:205E-05 0:716

1:39 0:286E-04�0:436E-05�0:149E-05 0:716

1:41 0:271E-04�0:414E-05�0:141E-05 0:716

1:43 0:263E-04�0:396E-05�0:137E-05 0:716

1:45 0:130E-04�0:270E-05�0:678E-06 0:715

1:47 0:133E-04�0:291E-05�0:693E-06 0:715

1:49 0:142E-04�0:288E-05�0:741E-06 0:715

1:51 0:954E-05�0:239E-05�0:497E-06 0:715

1:53 0:141E-04�0:309E-05�0:734E-06 0:715

1:55 0:115E-04�0:269E-05�0:600E-06 0:715

1:57 0:815E-05�0:222E-05�0:424E-06 0:715

1:59 0:688E-05�0:207E-05�0:358E-06 0:715

1:61 0:754E-05�0:205E-05�0:393E-06 0:715

1:63 0:704E-05�0:212E-05�0:367E-06 0:715

1:65 0:427E-05�0:158E-05�0:223E-06 0:715

1:67 0:441E-05�0:163E-05�0:230E-06 0:715

1:69 0:332E-05�0:150E-05�0:173E-06 0:715

1:71 0:307E-05�0:139E-05�0:160E-06 0:714

1:73 0:445E-05�0:164E-05�0:232E-06 0:714

1:75 0:306E-05�0:138E-05�0:159E-06 0:714

1:77 0:294E-05�0:133E-05�0:153E-06 0:714

1:79 0:166E-05�0:106E-05�0:865E-07 0:714

2:425 0:71 0:545E-02�0:669E-04�0:286E-03 0:879

0:73 0:421E-02�0:539E-04�0:221E-03 0:875

0:75 0:386E-02�0:514E-04�0:203E-03 0:867

0:77 0:367E-02�0:511E-04�0:193E-03 0:857

0:79 0:329E-02�0:476E-04�0:173E-03 0:848

0:81 0:276E-02�0:422E-04�0:145E-03 0:846

0:83 0:227E-02�0:370E-04�0:119E-03 0:851

0:85 0:185E-02�0:325E-04�0:974E-04 0:865

0:87 0:162E-02�0:294E-04�0:851E-04 0:883

0:89 0:153E-02�0:279E-04�0:802E-04 0:894

0:91 0:154E-02�0:285E-04�0:807E-04 0:876

0:93 0:204E-02�0:352E-04�0:107E-03 0:833

0:95 0:257E-02�0:426E-04�0:135E-03 0:791

0:97 0:299E-02�0:488E-04�0:157E-03 0:748

0:99 0:343E-02�0:546E-04�0:180E-03 0:719

1:01 0:318E-02�0:526E-04�0:167E-03 0:719

1:03 0:246E-02�0:441E-04�0:129E-03 0:719

1:05 0:177E-02�0:359E-04�0:929E-04 0:718

1:07 0:127E-02�0:295E-04�0:665E-04 0:718

1:09 0:918E-03�0:244E-04�0:482E-04 0:718

1:11 0:697E-03�0:212E-04�0:366E-04 0:718

1:13 0:468E-03�0:164E-04�0:246E-04 0:718

1:15 0:369E-03�0:152E-04�0:194E-04 0:717

1:17 0:245E-03�0:119E-04�0:129E-04 0:717

1:19 0:189E-03�0:102E-04�0:992E-05 0:717

1:21 0:147E-03�0:901E-05�0:773E-05 0:717

1:23 0:122E-03�0:830E-05�0:640E-05 0:717

1:25 0:827E-04�0:653E-05�0:434E-05 0:717

1:27 0:794E-04�0:660E-05�0:417E-05 0:717

1:29 0:606E-04�0:581E-05�0:318E-05 0:716

1:31 0:648E-04�0:624E-05�0:340E-05 0:716

1:33 0:456E-04�0:532E-05�0:239E-05 0:716

1:35 0:384E-04�0:482E-05�0:202E-05 0:716

1:37 0:312E-04�0:470E-05�0:164E-05 0:716

1:39 0:358E-04�0:483E-05�0:188E-05 0:716

1:41 0:328E-04�0:475E-05�0:172E-05 0:716

1:43 0:209E-04�0:371E-05�0:110E-05 0:716

1:45 0:192E-04�0:339E-05�0:101E-05 0:716

1:47 0:118E-04�0:286E-05�0:622E-06 0:715

1:49 0:131E-04�0:295E-05�0:686E-06 0:715

1:51 0:777E-05�0:234E-05�0:408E-06 0:715

1:53 0:817E-05�0:233E-05�0:429E-06 0:715

1:55 0:855E-05�0:244E-05�0:449E-06 0:715

1:57 0:995E-05�0:260E-05�0:522E-06 0:715

1:59 0:798E-05�0:228E-05�0:419E-06 0:715

1:61 0:926E-05�0:252E-05�0:486E-06 0:715

1:63 0:967E-05�0:252E-05�0:507E-06 0:715

1:65 0:590E-05�0:188E-05�0:310E-06 0:715

1:67 0:339E-05�0:153E-05�0:178E-06 0:715

1:69 0:327E-05�0:148E-05�0:172E-06 0:715

1:71 0:259E-05�0:135E-05�0:136E-06 0:714

1:73 0:564E-05�0:193E-05�0:296E-06 0:714

1:75 0:738E-06�0:667E-06�0:387E-07 0:714

1:77 0:339E-05�0:153E-05�0:178E-06 0:714

1:79 0:245E-05�0:128E-05�0:129E-06 0:714

2:475 0:71 0:536E-02�0:659E-04�0:284E-03 0:878

0:73 0:412E-02�0:527E-04�0:218E-03 0:876

0:75 0:348E-02�0:482E-04�0:185E-03 0:869

0:77 0:346E-02�0:488E-04�0:183E-03 0:859

0:79 0:313E-02�0:469E-04�0:166E-03 0:850

0:81 0:278E-02�0:443E-04�0:147E-03 0:846

0:83 0:214E-02�0:378E-04�0:113E-03 0:851

0:85 0:181E-02�0:340E-04�0:957E-04 0:862

0:87 0:153E-02�0:305E-04�0:812E-04 0:879

0:89 0:136E-02�0:273E-04�0:721E-04 0:884

0:91 0:142E-02�0:284E-04�0:755E-04 0:875

0:93 0:164E-02�0:318E-04�0:869E-04 0:846

0:95 0:214E-02�0:384E-04�0:114E-03 0:799

0:97 0:270E-02�0:465E-04�0:143E-03 0:751

0:99 0:297E-02�0:506E-04�0:157E-03 0:719

1:01 0:290E-02�0:515E-04�0:154E-03 0:719

1:03 0:216E-02�0:426E-04�0:114E-03 0:719

1:05 0:174E-02�0:384E-04�0:924E-04 0:719
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1:07 0:115E-02�0:294E-04�0:610E-04 0:718

1:09 0:870E-03�0:248E-04�0:461E-04 0:718

1:11 0:602E-03�0:207E-04�0:319E-04 0:718

1:13 0:402E-03�0:160E-04�0:213E-04 0:718

1:15 0:303E-03�0:134E-04�0:160E-04 0:718

1:17 0:193E-03�0:103E-04�0:102E-04 0:717

1:19 0:167E-03�0:960E-05�0:884E-05 0:717

1:21 0:138E-03�0:844E-05�0:733E-05 0:717

1:23 0:116E-03�0:792E-05�0:613E-05 0:717

1:25 0:100E-03�0:741E-05�0:533E-05 0:717

1:27 0:651E-04�0:594E-05�0:345E-05 0:717

1:29 0:561E-04�0:560E-05�0:297E-05 0:717

1:31 0:547E-04�0:563E-05�0:290E-05 0:716

1:33 0:452E-04�0:502E-05�0:239E-05 0:716

1:35 0:327E-04�0:414E-05�0:173E-05 0:716

1:37 0:268E-04�0:397E-05�0:142E-05 0:716

1:39 0:240E-04�0:362E-05�0:127E-05 0:716

1:41 0:266E-04�0:376E-05�0:141E-05 0:716

1:43 0:235E-04�0:359E-05�0:124E-05 0:716

1:45 0:144E-04�0:271E-05�0:762E-06 0:716

1:47 0:151E-04�0:298E-05�0:802E-06 0:716

1:49 0:852E-05�0:213E-05�0:451E-06 0:715

1:51 0:594E-05�0:179E-05�0:315E-06 0:715

1:53 0:876E-05�0:220E-05�0:464E-06 0:715

1:55 0:597E-05�0:180E-05�0:316E-06 0:715

1:57 0:507E-05�0:173E-05�0:269E-06 0:715

1:59 0:268E-05�0:121E-05�0:142E-06 0:715

1:61 0:455E-05�0:155E-05�0:241E-06 0:715

1:63 0:403E-05�0:149E-05�0:214E-06 0:715

1:65 0:125E-05�0:800E-06�0:664E-07 0:715

1:67 0:216E-05�0:113E-05�0:115E-06 0:715

1:69 0:656E-05�0:187E-05�0:348E-06 0:715

1:71 0:132E-05�0:845E-06�0:701E-07 0:715

1:73 0:336E-05�0:136E-05�0:178E-06 0:714

1:75 0:125E-05�0:800E-06�0:664E-07 0:714

1:77 0:361E-05�0:146E-05�0:191E-06 0:714

1:79 0:131E-05�0:838E-06�0:696E-07 0:714

2:525 0:71 0:508E-02�0:628E-04�0:272E-03 0:878

0:73 0:381E-02�0:495E-04�0:204E-03 0:876

0:75 0:339E-02�0:465E-04�0:182E-03 0:870

0:77 0:309E-02�0:454E-04�0:166E-03 0:860

0:79 0:300E-02�0:455E-04�0:161E-03 0:851

0:81 0:257E-02�0:420E-04�0:137E-03 0:846

0:83 0:217E-02�0:385E-04�0:116E-03 0:850

0:85 0:168E-02�0:328E-04�0:901E-04 0:861

0:87 0:150E-02�0:305E-04�0:806E-04 0:876

0:89 0:137E-02�0:289E-04�0:735E-04 0:882

0:91 0:139E-02�0:289E-04�0:743E-04 0:876

0:93 0:169E-02�0:339E-04�0:906E-04 0:844

0:95 0:191E-02�0:377E-04�0:102E-03 0:795

0:97 0:233E-02�0:451E-04�0:125E-03 0:748

0:99 0:274E-02�0:508E-04�0:147E-03 0:719

1:01 0:239E-02�0:465E-04�0:128E-03 0:719

1:03 0:189E-02�0:406E-04�0:101E-03 0:719

1:05 0:148E-02�0:354E-04�0:795E-04 0:719

1:07 0:102E-02�0:277E-04�0:547E-04 0:718

1:09 0:736E-03�0:231E-04�0:394E-04 0:718

1:11 0:495E-03�0:185E-04�0:265E-04 0:718

1:13 0:400E-03�0:168E-04�0:214E-04 0:718

1:15 0:330E-03�0:156E-04�0:177E-04 0:718

1:17 0:224E-03�0:122E-04�0:120E-04 0:718

1:19 0:171E-03�0:107E-04�0:917E-05 0:717

1:21 0:132E-03�0:943E-05�0:710E-05 0:717

1:23 0:120E-03�0:898E-05�0:644E-05 0:717

1:25 0:629E-04�0:620E-05�0:337E-05 0:717

1:27 0:631E-04�0:618E-05�0:338E-05 0:717

1:29 0:494E-04�0:519E-05�0:265E-05 0:717

1:31 0:474E-04�0:501E-05�0:254E-05 0:717

1:33 0:261E-04�0:368E-05�0:140E-05 0:716

1:35 0:354E-04�0:466E-05�0:190E-05 0:716

1:37 0:249E-04�0:370E-05�0:134E-05 0:716

1:39 0:206E-04�0:310E-05�0:110E-05 0:716

1:41 0:193E-04�0:324E-05�0:103E-05 0:716

1:43 0:149E-04�0:293E-05�0:797E-06 0:716

1:45 0:166E-04�0:312E-05�0:888E-06 0:716

1:47 0:209E-04�0:357E-05�0:112E-05 0:716

1:49 0:132E-04�0:273E-05�0:706E-06 0:716

1:51 0:750E-05�0:204E-05�0:402E-06 0:715

1:53 0:718E-05�0:205E-05�0:385E-06 0:715

1:55 0:883E-05�0:221E-05�0:474E-06 0:715

1:57 0:674E-05�0:193E-05�0:361E-06 0:715

1:59 0:229E-05�0:103E-05�0:123E-06 0:715

1:61 0:266E-05�0:120E-05�0:143E-06 0:715

1:63 0:567E-05�0:181E-05�0:304E-06 0:715

1:65 0:144E-05�0:922E-06�0:773E-07 0:715

1:67 0:299E-05�0:135E-05�0:160E-06 0:715

1:69 0:347E-05�0:140E-05�0:186E-06 0:715

1:71 0:273E-05�0:123E-05�0:146E-06 0:715

1:73 0:355E-05�0:143E-05�0:190E-06 0:715

2:575 0:71 0:482E-02�0:600E-04�0:261E-03 0:877

0:73 0:345E-02�0:459E-04�0:187E-03 0:876

0:75 0:316E-02�0:433E-04�0:171E-03 0:870

0:77 0:291E-02�0:429E-04�0:158E-03 0:862

0:79 0:273E-02�0:422E-04�0:148E-03 0:853

0:81 0:246E-02�0:405E-04�0:133E-03 0:848

0:83 0:212E-02�0:380E-04�0:115E-03 0:849

0:85 0:162E-02�0:319E-04�0:879E-04 0:861

0:87 0:131E-02�0:282E-04�0:709E-04 0:873

0:89 0:119E-02�0:260E-04�0:646E-04 0:886

0:91 0:135E-02�0:285E-04�0:730E-04 0:878

0:93 0:143E-02�0:307E-04�0:775E-04 0:845

0:95 0:199E-02�0:386E-04�0:108E-03 0:797

0:97 0:236E-02�0:455E-04�0:128E-03 0:754

0:99 0:274E-02�0:530E-04�0:148E-03 0:720

1:01 0:236E-02�0:487E-04�0:128E-03 0:719

1:03 0:205E-02�0:444E-04�0:111E-03 0:719

1:05 0:154E-02�0:374E-04�0:834E-04 0:719

1:07 0:996E-03�0:288E-04�0:540E-04 0:719

1:09 0:775E-03�0:249E-04�0:420E-04 0:718

1:11 0:555E-03�0:214E-04�0:301E-04 0:718

1:13 0:350E-03�0:165E-04�0:190E-04 0:718

1:15 0:240E-03�0:129E-04�0:130E-04 0:718

1:17 0:161E-03�0:107E-04�0:872E-05 0:718

1:19 0:152E-03�0:103E-04�0:826E-05 0:718

1:21 0:124E-03�0:952E-05�0:673E-05 0:717

1:23 0:110E-03�0:861E-05�0:596E-05 0:717

1:25 0:564E-04�0:584E-05�0:306E-05 0:717

1:27 0:460E-04�0:536E-05�0:249E-05 0:717

1:29 0:546E-04�0:582E-05�0:296E-05 0:717

1:31 0:469E-04�0:562E-05�0:254E-05 0:717

1:33 0:366E-04�0:498E-05�0:198E-05 0:717

1:35 0:201E-04�0:356E-05�0:109E-05 0:716

1:37 0:400E-04�0:602E-05�0:217E-05 0:716

1:39 0:183E-04�0:345E-05�0:993E-06 0:716

1:41 0:101E-04�0:228E-05�0:548E-06 0:716

1:43 0:128E-04�0:280E-05�0:694E-06 0:716

1:45 0:105E-04�0:253E-05�0:569E-06 0:716

1:47 0:146E-04�0:302E-05�0:790E-06 0:716

1:49 0:398E-05�0:161E-05�0:216E-06 0:716

1:51 0:592E-05�0:178E-05�0:321E-06 0:716
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1:53 0:961E-05�0:251E-05�0:521E-06 0:715

1:55 0:619E-05�0:186E-05�0:336E-06 0:715

1:57 0:913E-05�0:229E-05�0:495E-06 0:715

1:59 0:468E-05�0:160E-05�0:254E-06 0:715

1:61 0:527E-05�0:168E-05�0:285E-06 0:715

1:63 0:350E-05�0:141E-05�0:190E-06 0:715

1:65 0:413E-05�0:152E-05�0:224E-06 0:715

1:67 0:562E-05�0:180E-05�0:305E-06 0:715

1:69 0:134E-05�0:855E-06�0:725E-07 0:715

1:71 0:395E-05�0:146E-05�0:214E-06 0:715

2:625 0:71 0:476E-02�0:579E-04�0:261E-03 0:876

0:73 0:339E-02�0:441E-04�0:186E-03 0:875

0:75 0:301E-02�0:421E-04�0:165E-03 0:871

0:77 0:273E-02�0:401E-04�0:149E-03 0:863

0:79 0:262E-02�0:403E-04�0:143E-03 0:854

0:81 0:225E-02�0:375E-04�0:123E-03 0:848

0:83 0:195E-02�0:350E-04�0:107E-03 0:849

0:85 0:156E-02�0:310E-04�0:855E-04 0:858

0:87 0:130E-02�0:277E-04�0:710E-04 0:872

0:89 0:115E-02�0:252E-04�0:629E-04 0:884

0:91 0:120E-02�0:261E-04�0:659E-04 0:878

0:93 0:132E-02�0:282E-04�0:724E-04 0:848

0:95 0:171E-02�0:349E-04�0:939E-04 0:806

0:97 0:208E-02�0:420E-04�0:114E-03 0:753

0:99 0:229E-02�0:462E-04�0:125E-03 0:720

1:01 0:214E-02�0:455E-04�0:117E-03 0:720

1:03 0:179E-02�0:417E-04�0:982E-04 0:719

1:05 0:128E-02�0:336E-04�0:702E-04 0:719

1:07 0:976E-03�0:294E-04�0:535E-04 0:719

1:09 0:720E-03�0:245E-04�0:394E-04 0:719

1:11 0:450E-03�0:185E-04�0:247E-04 0:718

1:13 0:413E-03�0:183E-04�0:226E-04 0:718

1:15 0:257E-03�0:133E-04�0:141E-04 0:718

1:17 0:213E-03�0:122E-04�0:117E-04 0:718

1:19 0:180E-03�0:116E-04�0:986E-05 0:718

1:21 0:117E-03�0:990E-05�0:641E-05 0:718

1:23 0:107E-03�0:961E-05�0:589E-05 0:717

1:25 0:790E-04�0:728E-05�0:433E-05 0:717

1:27 0:403E-04�0:470E-05�0:221E-05 0:717

1:29 0:369E-04�0:496E-05�0:202E-05 0:717

1:31 0:519E-04�0:723E-05�0:284E-05 0:717

1:33 0:277E-04�0:443E-05�0:152E-05 0:717

1:35 0:286E-04�0:443E-05�0:157E-05 0:717

1:37 0:186E-04�0:367E-05�0:102E-05 0:716

1:39 0:192E-04�0:369E-05�0:105E-05 0:716

1:41 0:176E-04�0:424E-05�0:963E-06 0:716

1:43 0:124E-04�0:312E-05�0:682E-06 0:716

1:45 0:739E-05�0:252E-05�0:405E-06 0:716

1:47 0:164E-04�0:349E-05�0:898E-06 0:716

1:49 0:592E-05�0:218E-05�0:324E-06 0:716

1:51 0:969E-05�0:277E-05�0:531E-06 0:716

1:53 0:958E-05�0:274E-05�0:525E-06 0:716

1:55 0:794E-05�0:254E-05�0:435E-06 0:715

1:57 0:547E-05�0:202E-05�0:300E-06 0:715

2:675 0:71 0:432E-02�0:491E-04�0:240E-03 0:875

0:73 0:319E-02�0:399E-04�0:177E-03 0:875

0:75 0:291E-02�0:397E-04�0:162E-03 0:871

0:77 0:259E-02�0:382E-04�0:144E-03 0:864

0:79 0:240E-02�0:380E-04�0:133E-03 0:856

0:81 0:208E-02�0:356E-04�0:115E-03 0:849

0:83 0:180E-02�0:334E-04�0:100E-03 0:849

0:85 0:150E-02�0:296E-04�0:834E-04 0:857

0:87 0:124E-02�0:262E-04�0:689E-04 0:873

0:89 0:110E-02�0:242E-04�0:609E-04 0:882

0:91 0:109E-02�0:243E-04�0:602E-04 0:873

0:93 0:131E-02�0:285E-04�0:726E-04 0:845

0:95 0:162E-02�0:341E-04�0:899E-04 0:801

0:97 0:205E-02�0:415E-04�0:114E-03 0:756

0:99 0:208E-02�0:433E-04�0:115E-03 0:720

1:01 0:196E-02�0:422E-04�0:109E-03 0:720

1:03 0:162E-02�0:386E-04�0:899E-04 0:720

1:05 0:114E-02�0:317E-04�0:634E-04 0:719

1:07 0:816E-03�0:265E-04�0:453E-04 0:719

1:09 0:593E-03�0:221E-04�0:329E-04 0:719

1:11 0:376E-03�0:172E-04�0:209E-04 0:719

1:13 0:250E-03�0:135E-04�0:139E-04 0:718

1:15 0:242E-03�0:141E-04�0:134E-04 0:718

1:17 0:157E-03�0:105E-04�0:874E-05 0:718

1:19 0:128E-03�0:926E-05�0:713E-05 0:718

1:21 0:914E-04�0:770E-05�0:507E-05 0:718

1:23 0:720E-04�0:682E-05�0:399E-05 0:718

1:25 0:744E-04�0:676E-05�0:413E-05 0:717

1:27 0:620E-04�0:647E-05�0:344E-05 0:717

1:29 0:459E-04�0:560E-05�0:255E-05 0:717

1:31 0:385E-04�0:507E-05�0:214E-05 0:717

1:33 0:319E-04�0:474E-05�0:177E-05 0:717

1:35 0:304E-04�0:445E-05�0:169E-05 0:717

1:37 0:259E-04�0:390E-05�0:144E-05 0:717

1:39 0:175E-04�0:344E-05�0:970E-06 0:716

1:41 0:549E-05�0:188E-05�0:305E-06 0:716

1:43 0:951E-05�0:248E-05�0:528E-06 0:716

1:45 0:124E-04�0:281E-05�0:691E-06 0:716

1:47 0:742E-05�0:223E-05�0:412E-06 0:716

1:49 0:156E-04�0:314E-05�0:863E-06 0:716

1:51 0:314E-05�0:142E-05�0:174E-06 0:716

1:53 0:317E-05�0:143E-05�0:176E-06 0:716

1:55 0:389E-05�0:157E-05�0:216E-06 0:716

1:57 0:107E-04�0:269E-05�0:595E-06 0:715

2:725 0:71 0:420E-02�0:476E-04�0:235E-03 0:875

0:73 0:304E-02�0:367E-04�0:170E-03 0:875

0:75 0:265E-02�0:343E-04�0:148E-03 0:872

0:77 0:244E-02�0:337E-04�0:136E-03 0:865

0:79 0:222E-02�0:336E-04�0:125E-03 0:857

0:81 0:217E-02�0:351E-04�0:121E-03 0:850

0:83 0:175E-02�0:324E-04�0:982E-04 0:849

0:85 0:140E-02�0:281E-04�0:783E-04 0:856

0:87 0:113E-02�0:245E-04�0:635E-04 0:868

0:89 0:105E-02�0:236E-04�0:588E-04 0:879

0:91 0:978E-03�0:221E-04�0:547E-04 0:873

0:93 0:118E-02�0:260E-04�0:661E-04 0:851

0:95 0:150E-02�0:323E-04�0:841E-04 0:806

0:97 0:183E-02�0:377E-04�0:102E-03 0:754

0:99 0:202E-02�0:424E-04�0:113E-03 0:720

1:01 0:187E-02�0:408E-04�0:105E-03 0:720

1:03 0:148E-02�0:360E-04�0:827E-04 0:720

1:05 0:110E-02�0:307E-04�0:618E-04 0:720

1:07 0:830E-03�0:262E-04�0:465E-04 0:719

1:09 0:592E-03�0:221E-04�0:332E-04 0:719

1:11 0:371E-03�0:163E-04�0:208E-04 0:719

1:13 0:265E-03�0:138E-04�0:149E-04 0:719

1:15 0:206E-03�0:128E-04�0:115E-04 0:718

1:17 0:113E-03�0:879E-05�0:635E-05 0:718

1:19 0:117E-03�0:913E-05�0:657E-05 0:718

1:21 0:991E-04�0:818E-05�0:555E-05 0:718

1:23 0:682E-04�0:668E-05�0:382E-05 0:718

1:25 0:400E-04�0:505E-05�0:224E-05 0:718

1:27 0:431E-04�0:550E-05�0:241E-05 0:717

1:29 0:320E-04�0:426E-05�0:179E-05 0:717

1:31 0:320E-04�0:476E-05�0:179E-05 0:717

1:33 0:269E-04�0:411E-05�0:151E-05 0:717
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1:35 0:138E-04�0:294E-05�0:772E-06 0:717

1:37 0:235E-04�0:425E-05�0:132E-05 0:717

1:39 0:147E-04�0:332E-05�0:824E-06 0:717

1:41 0:109E-04�0:274E-05�0:612E-06 0:716

1:43 0:128E-04�0:309E-05�0:717E-06 0:716

1:45 0:814E-05�0:245E-05�0:456E-06 0:716

1:47 0:656E-05�0:210E-05�0:367E-06 0:716

1:49 0:485E-05�0:179E-05�0:272E-06 0:716

1:51 0:252E-05�0:132E-05�0:141E-06 0:716

1:53 0:549E-05�0:203E-05�0:308E-06 0:716

2:775 0:71 0:400E-02�0:481E-04�0:227E-03 0:874

0:73 0:269E-02�0:337E-04�0:152E-03 0:874

0:75 0:241E-02�0:318E-04�0:137E-03 0:872

0:77 0:227E-02�0:312E-04�0:128E-03 0:867

0:79 0:213E-02�0:306E-04�0:121E-03 0:858

0:81 0:195E-02�0:300E-04�0:111E-03 0:852

0:83 0:170E-02�0:287E-04�0:965E-04 0:850

0:85 0:139E-02�0:261E-04�0:785E-04 0:855

0:87 0:114E-02�0:237E-04�0:646E-04 0:870

0:89 0:982E-03�0:219E-04�0:557E-04 0:877

0:91 0:974E-03�0:218E-04�0:552E-04 0:879

0:93 0:111E-02�0:248E-04�0:628E-04 0:844

0:95 0:140E-02�0:304E-04�0:793E-04 0:800

0:97 0:166E-02�0:351E-04�0:944E-04 0:754

0:99 0:184E-02�0:394E-04�0:104E-03 0:721

1:01 0:163E-02�0:372E-04�0:927E-04 0:720

1:03 0:136E-02�0:337E-04�0:770E-04 0:720

1:05 0:101E-02�0:286E-04�0:574E-04 0:720

1:07 0:677E-03�0:226E-04�0:384E-04 0:720

1:09 0:462E-03�0:185E-04�0:262E-04 0:719

1:11 0:342E-03�0:160E-04�0:194E-04 0:719

1:13 0:276E-03�0:147E-04�0:157E-04 0:719

1:15 0:216E-03�0:123E-04�0:122E-04 0:719

1:17 0:145E-03�0:984E-05�0:820E-05 0:718

1:19 0:101E-03�0:850E-05�0:575E-05 0:718

1:21 0:886E-04�0:763E-05�0:503E-05 0:718

1:23 0:609E-04�0:644E-05�0:345E-05 0:718

1:25 0:719E-04�0:740E-05�0:408E-05 0:718

1:27 0:557E-04�0:650E-05�0:316E-05 0:718

1:29 0:278E-04�0:419E-05�0:158E-05 0:717

1:31 0:329E-04�0:482E-05�0:187E-05 0:717

1:33 0:232E-04�0:437E-05�0:132E-05 0:717

1:35 0:173E-04�0:369E-05�0:982E-06 0:717

1:37 0:251E-04�0:484E-05�0:142E-05 0:717

1:39 0:154E-04�0:385E-05�0:871E-06 0:717

1:41 0:125E-04�0:326E-05�0:708E-06 0:717

1:43 0:120E-04�0:312E-05�0:679E-06 0:716

1:45 0:134E-04�0:294E-05�0:760E-06 0:716

1:47 0:914E-05�0:275E-05�0:518E-06 0:716

1:49 0:710E-05�0:262E-05�0:402E-06 0:716

1:51 0:729E-05�0:249E-05�0:413E-06 0:716

1:53 0:798E-05�0:255E-05�0:453E-06 0:716

1:55 0:621E-05�0:229E-05�0:352E-06 0:716

1:57 0:508E-05�0:205E-05�0:288E-06 0:716

1:59 0:474E-05�0:214E-05�0:269E-06 0:716

2:825 0:71 0:397E-02�0:495E-04�0:228E-03 0:873

0:73 0:290E-02�0:386E-04�0:166E-03 0:874

0:75 0:230E-02�0:324E-04�0:132E-03 0:873

0:77 0:214E-02�0:306E-04�0:123E-03 0:868

0:79 0:192E-02�0:285E-04�0:110E-03 0:860

0:81 0:172E-02�0:278E-04�0:988E-04 0:852

0:83 0:152E-02�0:261E-04�0:870E-04 0:849

0:85 0:132E-02�0:242E-04�0:754E-04 0:856

0:87 0:104E-02�0:210E-04�0:595E-04 0:865

0:89 0:931E-03�0:200E-04�0:533E-04 0:877

0:91 0:933E-03�0:201E-04�0:535E-04 0:871

0:93 0:105E-02�0:225E-04�0:602E-04 0:848

0:95 0:135E-02�0:286E-04�0:774E-04 0:803

0:97 0:158E-02�0:329E-04�0:905E-04 0:756

0:99 0:173E-02�0:372E-04�0:993E-04 0:721

1:01 0:170E-02�0:381E-04�0:977E-04 0:721

1:03 0:128E-02�0:335E-04�0:734E-04 0:720

1:05 0:969E-03�0:274E-04�0:555E-04 0:720

1:07 0:646E-03�0:219E-04�0:370E-04 0:720

1:09 0:444E-03�0:179E-04�0:255E-04 0:720

1:11 0:291E-03�0:136E-04�0:167E-04 0:719

1:13 0:223E-03�0:126E-04�0:128E-04 0:719

1:15 0:187E-03�0:121E-04�0:107E-04 0:719

1:17 0:122E-03�0:929E-05�0:697E-05 0:719

1:19 0:118E-03�0:953E-05�0:676E-05 0:718

1:21 0:751E-04�0:696E-05�0:430E-05 0:718

1:23 0:545E-04�0:620E-05�0:312E-05 0:718

1:25 0:392E-04�0:522E-05�0:224E-05 0:718

1:27 0:262E-04�0:439E-05�0:150E-05 0:718

1:29 0:334E-04�0:483E-05�0:191E-05 0:718

1:31 0:218E-04�0:387E-05�0:125E-05 0:717

1:33 0:199E-04�0:339E-05�0:114E-05 0:717

1:35 0:133E-04�0:284E-05�0:765E-06 0:717

1:37 0:113E-04�0:294E-05�0:646E-06 0:717

1:39 0:137E-04�0:285E-05�0:787E-06 0:717

1:41 0:863E-05�0:235E-05�0:494E-06 0:717

1:43 0:571E-05�0:258E-05�0:327E-06 0:717

1:45 0:368E-05�0:235E-05�0:211E-06 0:716

1:47 0:662E-05�0:299E-05�0:379E-06 0:716

1:49 0:475E-05�0:175E-05�0:272E-06 0:716

1:51 0:549E-05�0:188E-05�0:315E-06 0:716

1:53 0:230E-05�0:120E-05�0:132E-06 0:716

2:875 0:71 0:391E-02�0:489E-04�0:226E-03 0:872

0:73 0:262E-02�0:358E-04�0:152E-03 0:874

0:75 0:231E-02�0:338E-04�0:134E-03 0:872

0:77 0:205E-02�0:318E-04�0:119E-03 0:868

0:79 0:187E-02�0:301E-04�0:108E-03 0:861

0:81 0:171E-02�0:283E-04�0:993E-04 0:853

0:83 0:141E-02�0:247E-04�0:817E-04 0:850

0:85 0:112E-02�0:219E-04�0:649E-04 0:853

0:87 0:955E-03�0:193E-04�0:553E-04 0:865

0:89 0:850E-03�0:182E-04�0:492E-04 0:875

0:91 0:842E-03�0:184E-04�0:487E-04 0:872

0:93 0:975E-03�0:201E-04�0:564E-04 0:849

0:95 0:118E-02�0:242E-04�0:682E-04 0:804

0:97 0:148E-02�0:298E-04�0:855E-04 0:756

0:99 0:156E-02�0:323E-04�0:901E-04 0:721

1:01 0:141E-02�0:320E-04�0:814E-04 0:721

1:03 0:125E-02�0:302E-04�0:725E-04 0:721

1:05 0:906E-03�0:257E-04�0:525E-04 0:720

1:07 0:606E-03�0:213E-04�0:351E-04 0:720

1:09 0:389E-03�0:157E-04�0:225E-04 0:720

1:11 0:292E-03�0:144E-04�0:169E-04 0:720

1:13 0:221E-03�0:122E-04�0:128E-04 0:719

1:15 0:134E-03�0:959E-05�0:775E-05 0:719

1:17 0:111E-03�0:844E-05�0:640E-05 0:719

1:19 0:964E-04�0:802E-05�0:558E-05 0:719

1:21 0:645E-04�0:643E-05�0:373E-05 0:718

1:23 0:522E-04�0:631E-05�0:302E-05 0:718

1:25 0:481E-04�0:571E-05�0:279E-05 0:718

1:27 0:257E-04�0:410E-05�0:149E-05 0:718

1:29 0:279E-04�0:409E-05�0:162E-05 0:718

1:31 0:205E-04�0:338E-05�0:119E-05 0:718

1:33 0:215E-04�0:381E-05�0:124E-05 0:717

1:35 0:144E-04�0:308E-05�0:837E-06 0:717
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1:37 0:137E-04�0:301E-05�0:794E-06 0:717

1:39 0:110E-04�0:266E-05�0:639E-06 0:717

1:41 0:111E-04�0:269E-05�0:645E-06 0:717

1:43 0:843E-05�0:230E-05�0:488E-06 0:717

1:45 0:443E-05�0:164E-05�0:257E-06 0:717

1:47 0:888E-05�0:242E-05�0:514E-06 0:716

1:49 0:315E-05�0:142E-05�0:183E-06 0:716

1:51 0:318E-05�0:144E-05�0:184E-06 0:716

2:925 0:71 0:357E-02�0:459E-04�0:209E-03 0:872

0:73 0:253E-02�0:349E-04�0:148E-03 0:873

0:75 0:214E-02�0:319E-04�0:125E-03 0:872

0:77 0:184E-02�0:295E-04�0:108E-03 0:868

0:79 0:178E-02�0:297E-04�0:104E-03 0:862

0:81 0:163E-02�0:288E-04�0:951E-04 0:854

0:83 0:136E-02�0:264E-04�0:797E-04 0:850

0:85 0:110E-02�0:223E-04�0:640E-04 0:852

0:87 0:878E-03�0:191E-04�0:513E-04 0:865

0:89 0:809E-03�0:177E-04�0:472E-04 0:877

0:91 0:767E-03�0:174E-04�0:448E-04 0:873

0:93 0:816E-03�0:181E-04�0:476E-04 0:850

0:95 0:112E-02�0:233E-04�0:653E-04 0:806

0:97 0:123E-02�0:251E-04�0:719E-04 0:761

0:99 0:150E-02�0:303E-04�0:877E-04 0:721

1:01 0:136E-02�0:292E-04�0:795E-04 0:721

1:03 0:109E-02�0:262E-04�0:639E-04 0:721

1:05 0:788E-03�0:218E-04�0:460E-04 0:721

1:07 0:497E-03�0:164E-04�0:290E-04 0:720

1:09 0:439E-03�0:166E-04�0:256E-04 0:720

1:11 0:277E-03�0:128E-04�0:162E-04 0:720

1:13 0:211E-03�0:115E-04�0:123E-04 0:719

1:15 0:126E-03�0:856E-05�0:734E-05 0:719

1:17 0:894E-04�0:678E-05�0:522E-05 0:719

1:19 0:707E-04�0:633E-05�0:413E-05 0:719

1:21 0:895E-04�0:825E-05�0:523E-05 0:719

1:23 0:523E-04�0:595E-05�0:305E-05 0:718

1:25 0:396E-04�0:522E-05�0:231E-05 0:718

1:27 0:408E-04�0:569E-05�0:238E-05 0:718

1:29 0:283E-04�0:467E-05�0:165E-05 0:718

1:31 0:296E-04�0:458E-05�0:173E-05 0:718

1:33 0:240E-04�0:497E-05�0:140E-05 0:718

1:35 0:213E-04�0:467E-05�0:124E-05 0:717

1:37 0:114E-04�0:285E-05�0:664E-06 0:717

1:39 0:107E-04�0:291E-05�0:625E-06 0:717

1:41 0:119E-04�0:298E-05�0:694E-06 0:717

1:43 0:919E-05�0:277E-05�0:537E-06 0:717

1:45 0:105E-04�0:273E-05�0:610E-06 0:717

1:47 0:658E-05�0:243E-05�0:384E-06 0:717

1:49 0:376E-05�0:196E-05�0:220E-06 0:716

2:975 0:71 0:322E-02�0:404E-04�0:190E-03 0:871

0:73 0:238E-02�0:333E-04�0:141E-03 0:873

0:75 0:203E-02�0:305E-04�0:120E-03 0:872

0:77 0:186E-02�0:297E-04�0:110E-03 0:869

0:79 0:170E-02�0:285E-04�0:100E-03 0:864

0:81 0:149E-02�0:269E-04�0:882E-04 0:855

0:83 0:127E-02�0:248E-04�0:753E-04 0:851

0:85 0:107E-02�0:228E-04�0:634E-04 0:855

0:87 0:937E-03�0:212E-04�0:554E-04 0:863

0:89 0:797E-03�0:195E-04�0:471E-04 0:869

0:91 0:666E-03�0:163E-04�0:393E-04 0:874

0:93 0:768E-03�0:178E-04�0:454E-04 0:850

0:95 0:930E-03�0:204E-04�0:550E-04 0:805

0:97 0:115E-02�0:245E-04�0:682E-04 0:762

0:99 0:135E-02�0:286E-04�0:797E-04 0:722

1:01 0:120E-02�0:270E-04�0:712E-04 0:721

1:03 0:948E-03�0:237E-04�0:560E-04 0:721

1:05 0:722E-03�0:206E-04�0:427E-04 0:721

1:07 0:515E-03�0:166E-04�0:304E-04 0:720

1:09 0:357E-03�0:138E-04�0:211E-04 0:720

1:11 0:296E-03�0:129E-04�0:175E-04 0:720

1:13 0:204E-03�0:107E-04�0:120E-04 0:720

1:15 0:117E-03�0:744E-05�0:689E-05 0:719

1:17 0:925E-04�0:699E-05�0:547E-05 0:719

1:19 0:990E-04�0:745E-05�0:585E-05 0:719

1:21 0:614E-04�0:542E-05�0:363E-05 0:719

1:23 0:489E-04�0:532E-05�0:289E-05 0:719

1:25 0:259E-04�0:384E-05�0:153E-05 0:718

1:27 0:245E-04�0:359E-05�0:145E-05 0:718

1:29 0:197E-04�0:331E-05�0:116E-05 0:718

1:31 0:233E-04�0:439E-05�0:138E-05 0:718

1:33 0:190E-04�0:374E-05�0:112E-05 0:718

1:35 0:161E-04�0:352E-05�0:949E-06 0:718

1:37 0:155E-04�0:314E-05�0:917E-06 0:717

1:39 0:715E-05�0:215E-05�0:423E-06 0:717

1:41 0:124E-04�0:281E-05�0:734E-06 0:717

1:43 0:484E-05�0:179E-05�0:286E-06 0:717

1:45 0:557E-05�0:190E-05�0:329E-06 0:717

1:47 0:699E-05�0:211E-05�0:413E-06 0:717

1:49 0:323E-05�0:146E-05�0:191E-06 0:717

3:025 0:71 0:311E-02�0:408E-04�0:186E-03 0:871

0:73 0:213E-02�0:292E-04�0:127E-03 0:872

0:75 0:187E-02�0:282E-04�0:112E-03 0:872

0:77 0:171E-02�0:279E-04�0:102E-03 0:870

0:79 0:157E-02�0:274E-04�0:937E-04 0:864

0:81 0:143E-02�0:264E-04�0:858E-04 0:856

0:83 0:131E-02�0:255E-04�0:784E-04 0:851

0:85 0:105E-02�0:224E-04�0:625E-04 0:853

0:87 0:925E-03�0:211E-04�0:553E-04 0:860

0:89 0:772E-03�0:190E-04�0:462E-04 0:872

0:91 0:723E-03�0:184E-04�0:432E-04 0:874

0:93 0:742E-03�0:188E-04�0:444E-04 0:852

0:95 0:905E-03�0:219E-04�0:541E-04 0:815

0:97 0:113E-02�0:254E-04�0:673E-04 0:762

0:99 0:117E-02�0:263E-04�0:698E-04 0:722

1:01 0:108E-02�0:254E-04�0:647E-04 0:722

1:03 0:954E-03�0:240E-04�0:571E-04 0:721

1:05 0:668E-03�0:194E-04�0:399E-04 0:721

1:07 0:456E-03�0:157E-04�0:273E-04 0:721

1:09 0:325E-03�0:129E-04�0:195E-04 0:720

1:11 0:214E-03�0:102E-04�0:128E-04 0:720

1:13 0:146E-03�0:829E-05�0:871E-05 0:720

1:15 0:115E-03�0:746E-05�0:688E-05 0:720

1:17 0:805E-04�0:600E-05�0:481E-05 0:720

1:19 0:748E-04�0:600E-05�0:447E-05 0:719

1:21 0:696E-04�0:597E-05�0:416E-05 0:719

1:23 0:408E-04�0:454E-05�0:244E-05 0:719

1:25 0:375E-04�0:427E-05�0:224E-05 0:719

1:27 0:359E-04�0:458E-05�0:215E-05 0:718

1:29 0:198E-04�0:332E-05�0:118E-05 0:718

1:31 0:212E-04�0:345E-05�0:127E-05 0:718

1:33 0:880E-05�0:221E-05�0:526E-06 0:718

1:35 0:135E-04�0:272E-05�0:807E-06 0:718

1:37 0:633E-05�0:191E-05�0:379E-06 0:718

1:39 0:996E-05�0:232E-05�0:595E-06 0:717

1:41 0:766E-05�0:200E-05�0:458E-06 0:717

1:43 0:678E-05�0:194E-05�0:405E-06 0:717

1:45 0:338E-05�0:136E-05�0:202E-06 0:717

1:47 0:422E-05�0:156E-05�0:253E-06 0:717

1:49 0:133E-05�0:849E-06�0:795E-07 0:717
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0:73 0:210E-02�0:305E-04�0:127E-03 0:871
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0:75 0:173E-02�0:264E-04�0:104E-03 0:872

0:77 0:149E-02�0:239E-04�0:902E-04 0:869

0:79 0:135E-02�0:237E-04�0:816E-04 0:866

0:81 0:127E-02�0:240E-04�0:764E-04 0:857

0:83 0:117E-02�0:239E-04�0:709E-04 0:852

0:85 0:968E-03�0:213E-04�0:585E-04 0:852

0:87 0:820E-03�0:193E-04�0:496E-04 0:860

0:89 0:709E-03�0:176E-04�0:428E-04 0:870

0:91 0:688E-03�0:176E-04�0:416E-04 0:872

0:93 0:734E-03�0:184E-04�0:443E-04 0:853
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0:99 0:118E-02�0:289E-04�0:715E-04 0:722

1:01 0:113E-02�0:289E-04�0:680E-04 0:722

1:03 0:798E-03�0:223E-04�0:482E-04 0:722

1:05 0:626E-03�0:197E-04�0:378E-04 0:721

1:07 0:466E-03�0:162E-04�0:281E-04 0:721

1:09 0:287E-03�0:119E-04�0:173E-04 0:721

1:11 0:212E-03�0:105E-04�0:128E-04 0:720

1:13 0:136E-03�0:792E-05�0:820E-05 0:720

1:15 0:107E-03�0:699E-05�0:648E-05 0:720

1:17 0:856E-04�0:643E-05�0:517E-05 0:720

1:19 0:488E-04�0:457E-05�0:295E-05 0:720

1:21 0:433E-04�0:461E-05�0:262E-05 0:719

1:23 0:457E-04�0:451E-05�0:276E-05 0:719

1:25 0:154E-04�0:239E-05�0:931E-06 0:719

1:27 0:199E-04�0:287E-05�0:120E-05 0:719

1:29 0:151E-04�0:246E-05�0:914E-06 0:718

1:31 0:186E-04�0:313E-05�0:113E-05 0:718

1:33 0:135E-04�0:245E-05�0:818E-06 0:718

1:35 0:767E-05�0:209E-05�0:463E-06 0:718

1:37 0:131E-04�0:259E-05�0:794E-06 0:718

1:39 0:631E-05�0:180E-05�0:381E-06 0:718

1:41 0:908E-05�0:219E-05�0:548E-06 0:717

1:43 0:726E-05�0:219E-05�0:438E-06 0:717

1:45 0:977E-05�0:236E-05�0:590E-06 0:717

1:47 0:439E-05�0:150E-05�0:265E-06 0:717

1:49 0:316E-05�0:128E-05�0:191E-06 0:717

3:125 0:71 0:286E-02�0:385E-04�0:175E-03 0:871

0:73 0:192E-02�0:286E-04�0:118E-03 0:871

0:75 0:176E-02�0:278E-04�0:107E-03 0:871

0:77 0:145E-02�0:248E-04�0:887E-04 0:869

0:79 0:133E-02�0:235E-04�0:813E-04 0:866

0:81 0:114E-02�0:212E-04�0:694E-04 0:858

0:83 0:104E-02�0:211E-04�0:636E-04 0:853

0:85 0:927E-03�0:206E-04�0:566E-04 0:853

0:87 0:773E-03�0:190E-04�0:472E-04 0:861

0:89 0:638E-03�0:164E-04�0:390E-04 0:868

0:91 0:624E-03�0:163E-04�0:381E-04 0:876

0:93 0:711E-03�0:182E-04�0:435E-04 0:852

0:95 0:829E-03�0:206E-04�0:506E-04 0:808

0:97 0:104E-02�0:254E-04�0:633E-04 0:763

0:99 0:109E-02�0:268E-04�0:664E-04 0:723

1:01 0:101E-02�0:268E-04�0:614E-04 0:722

1:03 0:832E-03�0:237E-04�0:509E-04 0:722

1:05 0:577E-03�0:191E-04�0:353E-04 0:722

1:07 0:406E-03�0:162E-04�0:248E-04 0:721

1:09 0:287E-03�0:132E-04�0:175E-04 0:721

1:11 0:198E-03�0:106E-04�0:121E-04 0:721

1:13 0:143E-03�0:832E-05�0:872E-05 0:720

1:15 0:103E-03�0:777E-05�0:628E-05 0:720

1:17 0:711E-04�0:565E-05�0:434E-05 0:720

1:19 0:540E-04�0:506E-05�0:330E-05 0:720

1:21 0:397E-04�0:423E-05�0:243E-05 0:720

1:23 0:387E-04�0:463E-05�0:236E-05 0:719

1:25 0:272E-04�0:362E-05�0:166E-05 0:719

1:27 0:216E-04�0:317E-05�0:132E-05 0:719

1:29 0:193E-04�0:299E-05�0:118E-05 0:719

1:31 0:191E-04�0:306E-05�0:117E-05 0:719

1:33 0:152E-04�0:280E-05�0:928E-06 0:718

1:35 0:114E-04�0:236E-05�0:697E-06 0:718

1:37 0:713E-05�0:179E-05�0:436E-06 0:718

1:39 0:657E-05�0:171E-05�0:401E-06 0:718

1:41 0:594E-05�0:162E-05�0:363E-06 0:718

1:43 0:531E-05�0:152E-05�0:325E-06 0:718

1:45 0:356E-05�0:122E-05�0:218E-06 0:717

1:47 0:439E-05�0:140E-05�0:269E-06 0:717

3:175 0:71 0:284E-02�0:382E-04�0:176E-03 0:872

0:73 0:196E-02�0:289E-04�0:121E-03 0:871

0:75 0:159E-02�0:256E-04�0:983E-04 0:871

0:77 0:143E-02�0:245E-04�0:885E-04 0:870

0:79 0:131E-02�0:241E-04�0:813E-04 0:866

0:81 0:112E-02�0:222E-04�0:695E-04 0:860

0:83 0:997E-03�0:205E-04�0:616E-04 0:854

0:85 0:823E-03�0:184E-04�0:509E-04 0:852

0:87 0:699E-03�0:171E-04�0:432E-04 0:860

0:89 0:600E-03�0:159E-04�0:371E-04 0:869

0:91 0:568E-03�0:151E-04�0:351E-04 0:868

0:93 0:577E-03�0:158E-04�0:356E-04 0:855

0:95 0:699E-03�0:186E-04�0:432E-04 0:810

0:97 0:880E-03�0:225E-04�0:544E-04 0:765

0:99 0:990E-03�0:253E-04�0:612E-04 0:723

1:01 0:940E-03�0:255E-04�0:581E-04 0:723

1:03 0:730E-03�0:218E-04�0:451E-04 0:722

1:05 0:559E-03�0:189E-04�0:346E-04 0:722

1:07 0:372E-03�0:152E-04�0:230E-04 0:722

1:09 0:262E-03�0:122E-04�0:162E-04 0:721

1:11 0:194E-03�0:107E-04�0:120E-04 0:721

1:13 0:109E-03�0:765E-05�0:677E-05 0:721

1:15 0:946E-04�0:747E-05�0:585E-05 0:720

1:17 0:849E-04�0:715E-05�0:525E-05 0:720

1:19 0:592E-04�0:591E-05�0:366E-05 0:720

1:21 0:348E-04�0:402E-05�0:215E-05 0:720

1:23 0:248E-04�0:338E-05�0:154E-05 0:720

1:25 0:295E-04�0:366E-05�0:182E-05 0:719

1:27 0:237E-04�0:367E-05�0:146E-05 0:719

1:29 0:134E-04�0:252E-05�0:826E-06 0:719

1:31 0:875E-05�0:177E-05�0:541E-06 0:719

1:33 0:124E-04�0:212E-05�0:766E-06 0:719

1:35 0:977E-05�0:197E-05�0:604E-06 0:718

1:37 0:859E-05�0:183E-05�0:531E-06 0:718

1:39 0:705E-05�0:170E-05�0:436E-06 0:718

1:41 0:405E-05�0:122E-05�0:250E-06 0:718

1:43 0:281E-05�0:104E-05�0:174E-06 0:718

1:45 0:215E-05�0:970E-06�0:133E-06 0:718

1:47 0:216E-05�0:976E-06�0:134E-06 0:717

3:225 0:71 0:267E-02�0:362E-04�0:167E-03 0:873

0:73 0:190E-02�0:281E-04�0:119E-03 0:871

0:75 0:153E-02�0:252E-04�0:954E-04 0:871

0:77 0:135E-02�0:235E-04�0:846E-04 0:870

0:79 0:121E-02�0:226E-04�0:756E-04 0:866

0:81 0:110E-02�0:220E-04�0:687E-04 0:861

0:83 0:876E-03�0:193E-04�0:547E-04 0:855

0:85 0:716E-03�0:175E-04�0:448E-04 0:853

0:87 0:652E-03�0:161E-04�0:408E-04 0:857

0:89 0:576E-03�0:149E-04�0:360E-04 0:869

0:91 0:515E-03�0:143E-04�0:322E-04 0:870
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0:99 0:951E-03�0:250E-04�0:594E-04 0:723

1:01 0:814E-03�0:232E-04�0:509E-04 0:723

1:03 0:702E-03�0:210E-04�0:439E-04 0:723

1:05 0:459E-03�0:162E-04�0:287E-04 0:722

1:07 0:366E-03�0:149E-04�0:229E-04 0:722

1:09 0:248E-03�0:119E-04�0:155E-04 0:722

1:11 0:163E-03�0:961E-05�0:102E-04 0:721

1:13 0:121E-03�0:834E-05�0:755E-05 0:721

1:15 0:791E-04�0:613E-05�0:494E-05 0:721

1:17 0:482E-04�0:490E-05�0:301E-05 0:720

1:19 0:387E-04�0:413E-05�0:242E-05 0:720

1:21 0:399E-04�0:454E-05�0:249E-05 0:720

1:23 0:356E-04�0:474E-05�0:222E-05 0:720

1:25 0:228E-04�0:382E-05�0:142E-05 0:720

1:27 0:190E-04�0:318E-05�0:119E-05 0:719

1:29 0:244E-04�0:378E-05�0:152E-05 0:719

1:31 0:114E-04�0:237E-05�0:715E-06 0:719

1:33 0:907E-05�0:205E-05�0:567E-06 0:719

1:35 0:112E-04�0:245E-05�0:699E-06 0:719

1:37 0:514E-05�0:164E-05�0:321E-06 0:718

1:39 0:862E-05�0:225E-05�0:538E-06 0:718

1:41 0:543E-05�0:163E-05�0:339E-06 0:718

1:43 0:511E-05�0:154E-05�0:319E-06 0:718

3:275 0:71 0:247E-02�0:342E-04�0:156E-03 0:874

0:73 0:179E-02�0:268E-04�0:113E-03 0:871

0:75 0:145E-02�0:239E-04�0:917E-04 0:871

0:77 0:134E-02�0:236E-04�0:847E-04 0:870

0:79 0:115E-02�0:216E-04�0:729E-04 0:867

0:81 0:101E-02�0:206E-04�0:636E-04 0:861

0:83 0:946E-03�0:204E-04�0:597E-04 0:855

0:85 0:754E-03�0:179E-04�0:476E-04 0:855

0:87 0:629E-03�0:163E-04�0:397E-04 0:859

0:89 0:516E-03�0:145E-04�0:326E-04 0:868

0:91 0:464E-03�0:134E-04�0:293E-04 0:872

0:93 0:499E-03�0:138E-04�0:315E-04 0:855

0:95 0:548E-03�0:152E-04�0:346E-04 0:819

0:97 0:750E-03�0:204E-04�0:474E-04 0:764

0:99 0:821E-03�0:228E-04�0:518E-04 0:724

1:01 0:765E-03�0:218E-04�0:483E-04 0:723

1:03 0:579E-03�0:189E-04�0:365E-04 0:723

1:05 0:449E-03�0:167E-04�0:283E-04 0:723

1:07 0:322E-03�0:141E-04�0:203E-04 0:722

1:09 0:204E-03�0:106E-04�0:129E-04 0:722

1:11 0:136E-03�0:824E-05�0:855E-05 0:722

1:13 0:948E-04�0:673E-05�0:598E-05 0:721

1:15 0:878E-04�0:704E-05�0:554E-05 0:721

1:17 0:545E-04�0:510E-05�0:344E-05 0:721

1:19 0:585E-04�0:587E-05�0:369E-05 0:720

1:21 0:425E-04�0:523E-05�0:268E-05 0:720

1:23 0:218E-04�0:315E-05�0:137E-05 0:720

1:25 0:257E-04�0:411E-05�0:162E-05 0:720

1:27 0:261E-04�0:394E-05�0:165E-05 0:720

1:29 0:125E-04�0:241E-05�0:789E-06 0:719

1:31 0:126E-04�0:293E-05�0:792E-06 0:719

1:33 0:128E-04�0:308E-05�0:805E-06 0:719

1:35 0:971E-05�0:277E-05�0:612E-06 0:719

1:37 0:116E-04�0:291E-05�0:732E-06 0:719

1:39 0:104E-04�0:272E-05�0:658E-06 0:718

1:41 0:526E-05�0:212E-05�0:332E-06 0:718

1:43 0:513E-05�0:207E-05�0:324E-06 0:718

1:45 0:680E-05�0:232E-05�0:429E-06 0:718

1:47 0:179E-05�0:114E-05�0:113E-06 0:718

3:325 0:71 0:238E-02�0:304E-04�0:152E-03 0:874

0:73 0:170E-02�0:256E-04�0:108E-03 0:871

0:75 0:139E-02�0:229E-04�0:885E-04 0:871

0:77 0:120E-02�0:214E-04�0:768E-04 0:870

0:79 0:107E-02�0:206E-04�0:681E-04 0:867

0:81 0:980E-03�0:203E-04�0:626E-04 0:862

0:83 0:861E-03�0:191E-04�0:550E-04 0:857

0:85 0:765E-03�0:179E-04�0:489E-04 0:853

0:87 0:596E-03�0:156E-04�0:381E-04 0:857

0:89 0:510E-03�0:144E-04�0:326E-04 0:864

0:91 0:449E-03�0:130E-04�0:287E-04 0:869

0:93 0:465E-03�0:140E-04�0:297E-04 0:851

0:95 0:572E-03�0:166E-04�0:366E-04 0:814

0:97 0:672E-03�0:186E-04�0:429E-04 0:769

0:99 0:770E-03�0:211E-04�0:492E-04 0:724

1:01 0:680E-03�0:202E-04�0:435E-04 0:724

1:03 0:554E-03�0:182E-04�0:354E-04 0:723

1:05 0:357E-03�0:143E-04�0:228E-04 0:723

1:07 0:267E-03�0:123E-04�0:171E-04 0:723

1:09 0:184E-03�0:995E-05�0:118E-04 0:722

1:11 0:140E-03�0:877E-05�0:895E-05 0:722

1:13 0:844E-04�0:664E-05�0:540E-05 0:722

1:15 0:623E-04�0:546E-05�0:398E-05 0:721

1:17 0:614E-04�0:595E-05�0:393E-05 0:721

1:19 0:332E-04�0:408E-05�0:212E-05 0:721

1:21 0:266E-04�0:385E-05�0:170E-05 0:721

1:23 0:188E-04�0:326E-05�0:120E-05 0:720

1:25 0:167E-04�0:296E-05�0:107E-05 0:720

1:27 0:150E-04�0:271E-05�0:957E-06 0:720

1:29 0:999E-05�0:226E-05�0:638E-06 0:720

1:31 0:849E-05�0:205E-05�0:542E-06 0:719

1:33 0:103E-04�0:233E-05�0:659E-06 0:719

1:35 0:862E-05�0:208E-05�0:551E-06 0:719

1:37 0:756E-05�0:197E-05�0:483E-06 0:719

1:39 0:563E-05�0:169E-05�0:360E-06 0:719

1:41 0:728E-05�0:190E-05�0:465E-06 0:718

1:43 0:322E-05�0:130E-05�0:206E-06 0:718

3:375 0:71 0:232E-02�0:305E-04�0:150E-03 0:875

0:73 0:161E-02�0:222E-04�0:104E-03 0:871

0:75 0:136E-02�0:216E-04�0:875E-04 0:870

0:77 0:111E-02�0:203E-04�0:718E-04 0:870

0:79 0:103E-02�0:196E-04�0:662E-04 0:868

0:81 0:914E-03�0:192E-04�0:589E-04 0:863

0:83 0:800E-03�0:183E-04�0:516E-04 0:857

0:85 0:671E-03�0:165E-04�0:433E-04 0:855

0:87 0:594E-03�0:155E-04�0:383E-04 0:860

0:89 0:503E-03�0:142E-04�0:324E-04 0:863

0:91 0:413E-03�0:123E-04�0:266E-04 0:871

0:93 0:474E-03�0:140E-04�0:306E-04 0:856

0:95 0:547E-03�0:161E-04�0:353E-04 0:811

0:97 0:669E-03�0:189E-04�0:431E-04 0:769

0:99 0:721E-03�0:209E-04�0:465E-04 0:724

1:01 0:666E-03�0:204E-04�0:430E-04 0:724

1:03 0:502E-03�0:168E-04�0:324E-04 0:724

1:05 0:362E-03�0:135E-04�0:233E-04 0:723

1:07 0:244E-03�0:115E-04�0:157E-04 0:723

1:09 0:182E-03�0:996E-05�0:118E-04 0:722

1:11 0:113E-03�0:788E-05�0:729E-05 0:722

1:13 0:847E-04�0:658E-05�0:546E-05 0:722

1:15 0:685E-04�0:604E-05�0:442E-05 0:722

1:17 0:468E-04�0:498E-05�0:302E-05 0:721

1:19 0:390E-04�0:437E-05�0:252E-05 0:721

1:21 0:298E-04�0:397E-05�0:192E-05 0:721

1:23 0:154E-04�0:283E-05�0:992E-06 0:721

1:25 0:139E-04�0:261E-05�0:895E-06 0:720

1:27 0:189E-04�0:312E-05�0:122E-05 0:720

1:29 0:114E-04�0:231E-05�0:738E-06 0:720

1:31 0:722E-05�0:188E-05�0:466E-06 0:720
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1:33 0:109E-04�0:255E-05�0:706E-06 0:719

1:35 0:670E-05�0:192E-05�0:432E-06 0:719

1:37 0:506E-05�0:161E-05�0:326E-06 0:719

1:39 0:308E-05�0:124E-05�0:199E-06 0:719

1:41 0:130E-05�0:830E-06�0:838E-07 0:719

1:43 0:210E-05�0:109E-05�0:135E-06 0:718
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0:73 0:159E-02�0:233E-04�0:104E-03 0:871
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0:89 0:433E-03�0:128E-04�0:282E-04 0:867

0:91 0:427E-03�0:129E-04�0:278E-04 0:869
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1:05 0:317E-03�0:132E-04�0:207E-04 0:724
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1:15 0:577E-04�0:543E-05�0:376E-05 0:722

1:17 0:368E-04�0:391E-05�0:240E-05 0:722

1:19 0:368E-04�0:409E-05�0:240E-05 0:721

1:21 0:222E-04�0:330E-05�0:145E-05 0:721

1:23 0:200E-04�0:296E-05�0:130E-05 0:721

1:25 0:226E-04�0:308E-05�0:148E-05 0:721

1:27 0:867E-05�0:209E-05�0:565E-06 0:720

1:29 0:110E-04�0:248E-05�0:716E-06 0:720

1:31 0:926E-05�0:224E-05�0:604E-06 0:720

1:33 0:112E-04�0:253E-05�0:732E-06 0:720

1:35 0:711E-05�0:203E-05�0:463E-06 0:719

1:37 0:709E-05�0:193E-05�0:462E-06 0:719

1:39 0:344E-05�0:139E-05�0:224E-06 0:719

1:41 0:133E-05�0:847E-06�0:864E-07 0:719

3:475 0:71 0:220E-02�0:310E-04�0:145E-03 0:878

0:73 0:155E-02�0:237E-04�0:102E-03 0:871

0:75 0:131E-02�0:216E-04�0:868E-04 0:870

0:77 0:105E-02�0:180E-04�0:692E-04 0:870

0:79 0:909E-03�0:164E-04�0:600E-04 0:868

0:81 0:838E-03�0:171E-04�0:553E-04 0:864

0:83 0:691E-03�0:158E-04�0:456E-04 0:859

0:85 0:573E-03�0:149E-04�0:378E-04 0:855

0:87 0:543E-03�0:147E-04�0:359E-04 0:858

0:89 0:437E-03�0:128E-04�0:288E-04 0:864

0:91 0:389E-03�0:120E-04�0:256E-04 0:870

0:93 0:386E-03�0:123E-04�0:255E-04 0:859

0:95 0:432E-03�0:136E-04�0:285E-04 0:817

0:97 0:560E-03�0:168E-04�0:370E-04 0:770

0:99 0:589E-03�0:178E-04�0:389E-04 0:725

1:01 0:617E-03�0:193E-04�0:407E-04 0:725

1:03 0:419E-03�0:157E-04�0:276E-04 0:724

1:05 0:326E-03�0:132E-04�0:215E-04 0:724

1:07 0:253E-03�0:120E-04�0:167E-04 0:723

1:09 0:168E-03�0:992E-05�0:111E-04 0:723

1:11 0:102E-03�0:695E-05�0:672E-05 0:723

1:13 0:869E-04�0:649E-05�0:573E-05 0:722

1:15 0:524E-04�0:523E-05�0:346E-05 0:722

1:17 0:357E-04�0:400E-05�0:236E-05 0:722

1:19 0:323E-04�0:397E-05�0:213E-05 0:722

1:21 0:241E-04�0:315E-05�0:159E-05 0:721

1:23 0:115E-04�0:216E-05�0:757E-06 0:721

1:25 0:171E-04�0:265E-05�0:113E-05 0:721

1:27 0:103E-04�0:214E-05�0:681E-06 0:721

1:29 0:608E-05�0:159E-05�0:401E-06 0:720

1:31 0:368E-05�0:126E-05�0:243E-06 0:720

1:33 0:493E-05�0:148E-05�0:325E-06 0:720

1:35 0:424E-05�0:135E-05�0:280E-06 0:720

1:37 0:435E-05�0:139E-05�0:287E-06 0:719

1:39 0:203E-05�0:917E-06�0:134E-06 0:719

3:525 0:71 0:197E-02�0:266E-04�0:131E-03 0:879

0:73 0:153E-02�0:234E-04�0:102E-03 0:872

0:75 0:127E-02�0:213E-04�0:847E-04 0:870

0:77 0:106E-02�0:194E-04�0:708E-04 0:870

0:79 0:868E-03�0:166E-04�0:578E-04 0:868

0:81 0:769E-03�0:152E-04�0:512E-04 0:864

0:83 0:656E-03�0:144E-04�0:437E-04 0:858

0:85 0:586E-03�0:146E-04�0:390E-04 0:856

0:87 0:502E-03�0:139E-04�0:334E-04 0:858

0:89 0:420E-03�0:122E-04�0:280E-04 0:863

0:91 0:406E-03�0:126E-04�0:271E-04 0:865

0:93 0:385E-03�0:123E-04�0:256E-04 0:853

0:95 0:433E-03�0:134E-04�0:288E-04 0:818

0:97 0:543E-03�0:166E-04�0:362E-04 0:774

0:99 0:532E-03�0:168E-04�0:354E-04 0:725

1:01 0:523E-03�0:173E-04�0:348E-04 0:725

1:03 0:403E-03�0:149E-04�0:268E-04 0:725

1:05 0:307E-03�0:127E-04�0:204E-04 0:724

1:07 0:219E-03�0:109E-04�0:146E-04 0:724

1:09 0:155E-03�0:884E-05�0:103E-04 0:723

1:11 0:972E-04�0:694E-05�0:647E-05 0:723

1:13 0:540E-04�0:472E-05�0:360E-05 0:723

1:15 0:494E-04�0:496E-05�0:329E-05 0:722

1:17 0:474E-04�0:488E-05�0:315E-05 0:722

1:19 0:250E-04�0:341E-05�0:167E-05 0:722

1:21 0:218E-04�0:315E-05�0:145E-05 0:722

1:23 0:255E-04�0:364E-05�0:170E-05 0:721

1:25 0:124E-04�0:244E-05�0:825E-06 0:721

1:27 0:136E-04�0:256E-05�0:903E-06 0:721

1:29 0:932E-05�0:198E-05�0:621E-06 0:721

1:31 0:736E-05�0:184E-05�0:490E-06 0:720

1:33 0:105E-04�0:237E-05�0:699E-06 0:720

1:35 0:354E-05�0:131E-05�0:236E-06 0:720

1:37 0:827E-05�0:200E-05�0:551E-06 0:720

3:575 0:71 0:202E-02�0:262E-04�0:136E-03 0:881

0:73 0:142E-02�0:202E-04�0:957E-04 0:873

0:75 0:121E-02�0:203E-04�0:817E-04 0:870

0:77 0:103E-02�0:192E-04�0:697E-04 0:870

0:79 0:858E-03�0:175E-04�0:578E-04 0:869

0:81 0:776E-03�0:163E-04�0:523E-04 0:865

0:83 0:639E-03�0:141E-04�0:431E-04 0:860

0:85 0:526E-03�0:125E-04�0:355E-04 0:855

0:87 0:433E-03�0:116E-04�0:292E-04 0:857

0:89 0:395E-03�0:118E-04�0:266E-04 0:865

0:91 0:338E-03�0:109E-04�0:228E-04 0:868

0:93 0:358E-03�0:118E-04�0:242E-04 0:855

0:95 0:424E-03�0:134E-04�0:286E-04 0:814

0:97 0:508E-03�0:156E-04�0:343E-04 0:771

0:99 0:576E-03�0:180E-04�0:388E-04 0:726

1:01 0:487E-03�0:166E-04�0:328E-04 0:725

1:03 0:423E-03�0:154E-04�0:285E-04 0:725

1:05 0:273E-03�0:123E-04�0:184E-04 0:725

1:07 0:206E-03�0:104E-04�0:139E-04 0:724



241

1:09 0:137E-03�0:828E-05�0:923E-05 0:724

1:11 0:903E-04�0:651E-05�0:609E-05 0:723

1:13 0:625E-04�0:533E-05�0:421E-05 0:723

1:15 0:298E-04�0:360E-05�0:201E-05 0:723

1:17 0:465E-04�0:491E-05�0:313E-05 0:722

1:19 0:179E-04�0:286E-05�0:121E-05 0:722

1:21 0:167E-04�0:259E-05�0:113E-05 0:722

1:23 0:171E-04�0:273E-05�0:115E-05 0:722

1:25 0:432E-05�0:123E-05�0:291E-06 0:721

1:27 0:962E-05�0:185E-05�0:649E-06 0:721

1:29 0:851E-05�0:199E-05�0:574E-06 0:721

1:31 0:490E-05�0:156E-05�0:330E-06 0:721

1:33 0:390E-05�0:158E-05�0:263E-06 0:720

3:625 0:71 0:193E-02�0:259E-04�0:132E-03 0:882

0:73 0:138E-02�0:197E-04�0:938E-04 0:874

0:75 0:111E-02�0:174E-04�0:755E-04 0:870

0:77 0:952E-03�0:172E-04�0:648E-04 0:870

0:79 0:832E-03�0:170E-04�0:566E-04 0:869

0:81 0:702E-03�0:157E-04�0:478E-04 0:866

0:83 0:599E-03�0:146E-04�0:408E-04 0:860

0:85 0:534E-03�0:131E-04�0:364E-04 0:856

0:87 0:455E-03�0:117E-04�0:310E-04 0:857

0:89 0:363E-03�0:102E-04�0:247E-04 0:862

0:91 0:329E-03�0:991E-05�0:224E-04 0:866

0:93 0:370E-03�0:119E-04�0:252E-04 0:855

0:95 0:365E-03�0:122E-04�0:249E-04 0:826

0:97 0:471E-03�0:150E-04�0:321E-04 0:772

0:99 0:478E-03�0:159E-04�0:325E-04 0:726

1:01 0:505E-03�0:171E-04�0:344E-04 0:726

1:03 0:325E-03�0:128E-04�0:221E-04 0:725

1:05 0:287E-03�0:125E-04�0:195E-04 0:725

1:07 0:184E-03�0:952E-05�0:125E-04 0:725

1:09 0:128E-03�0:783E-05�0:872E-05 0:724

1:11 0:751E-04�0:580E-05�0:511E-05 0:724

1:13 0:579E-04�0:537E-05�0:394E-05 0:723

1:15 0:525E-04�0:503E-05�0:358E-05 0:723

1:17 0:356E-04�0:393E-05�0:242E-05 0:723

1:19 0:228E-04�0:330E-05�0:155E-05 0:722

1:21 0:253E-04�0:361E-05�0:172E-05 0:722

1:23 0:190E-04�0:286E-05�0:130E-05 0:722

1:25 0:601E-05�0:140E-05�0:410E-06 0:722

1:27 0:599E-05�0:180E-05�0:408E-06 0:721

1:29 0:587E-05�0:201E-05�0:400E-06 0:721

1:31 0:122E-04�0:305E-05�0:828E-06 0:721

1:33 0:442E-05�0:179E-05�0:301E-06 0:721

3:675 0:71 0:170E-02�0:246E-04�0:117E-03 0:884

0:73 0:128E-02�0:185E-04�0:880E-04 0:875

0:75 0:109E-02�0:173E-04�0:752E-04 0:870

0:77 0:945E-03�0:163E-04�0:651E-04 0:870

0:79 0:773E-03�0:150E-04�0:533E-04 0:869

0:81 0:728E-03�0:159E-04�0:501E-04 0:866

0:83 0:615E-03�0:148E-04�0:424E-04 0:860

0:85 0:542E-03�0:141E-04�0:374E-04 0:857

0:87 0:455E-03�0:125E-04�0:313E-04 0:858

0:89 0:365E-03�0:104E-04�0:252E-04 0:861

0:91 0:317E-03�0:928E-05�0:219E-04 0:866

0:93 0:308E-03�0:938E-05�0:212E-04 0:857

0:95 0:381E-03�0:116E-04�0:263E-04 0:820

0:97 0:423E-03�0:137E-04�0:291E-04 0:776

0:99 0:473E-03�0:154E-04�0:326E-04 0:727

1:01 0:427E-03�0:147E-04�0:294E-04 0:726

1:03 0:328E-03�0:127E-04�0:226E-04 0:726

1:05 0:237E-03�0:105E-04�0:163E-04 0:725

1:07 0:173E-03�0:921E-05�0:119E-04 0:725

1:09 0:997E-04�0:662E-05�0:687E-05 0:724

1:11 0:840E-04�0:598E-05�0:579E-05 0:724

1:13 0:604E-04�0:525E-05�0:416E-05 0:724

1:15 0:463E-04�0:480E-05�0:319E-05 0:723

1:17 0:316E-04�0:392E-05�0:218E-05 0:723

1:19 0:356E-04�0:430E-05�0:245E-05 0:723

1:21 0:170E-04�0:301E-05�0:117E-05 0:722

1:23 0:143E-04�0:275E-05�0:984E-06 0:722

1:25 0:129E-04�0:243E-05�0:889E-06 0:722

1:27 0:921E-05�0:231E-05�0:635E-06 0:722

1:29 0:106E-04�0:240E-05�0:731E-06 0:721

1:31 0:751E-05�0:196E-05�0:517E-06 0:721

3:725 0:71 0:174E-02�0:282E-04�0:121E-03 0:885

0:73 0:129E-02�0:193E-04�0:897E-04 0:875

0:75 0:105E-02�0:167E-04�0:728E-04 0:871

0:77 0:871E-03�0:154E-04�0:606E-04 0:869

0:79 0:769E-03�0:146E-04�0:535E-04 0:869

0:81 0:684E-03�0:139E-04�0:476E-04 0:867

0:83 0:552E-03�0:130E-04�0:384E-04 0:863

0:85 0:500E-03�0:133E-04�0:348E-04 0:858

0:87 0:447E-03�0:128E-04�0:311E-04 0:857

0:89 0:367E-03�0:115E-04�0:255E-04 0:863

0:91 0:294E-03�0:952E-05�0:204E-04 0:866

0:93 0:273E-03�0:880E-05�0:190E-04 0:853

0:95 0:325E-03�0:100E-04�0:226E-04 0:824

0:97 0:391E-03�0:120E-04�0:272E-04 0:773

0:99 0:454E-03�0:144E-04�0:316E-04 0:727

1:01 0:395E-03�0:139E-04�0:275E-04 0:727

1:03 0:328E-03�0:127E-04�0:228E-04 0:726

1:05 0:213E-03�0:101E-04�0:148E-04 0:726

1:07 0:160E-03�0:860E-05�0:112E-04 0:725

1:09 0:117E-03�0:743E-05�0:813E-05 0:725

1:11 0:896E-04�0:719E-05�0:624E-05 0:724

1:13 0:496E-04�0:467E-05�0:345E-05 0:724

1:15 0:408E-04�0:432E-05�0:284E-05 0:724

1:17 0:250E-04�0:310E-05�0:174E-05 0:723

1:19 0:139E-04�0:229E-05�0:965E-06 0:723

1:21 0:113E-04�0:197E-05�0:789E-06 0:723

1:23 0:120E-04�0:231E-05�0:835E-06 0:722

1:25 0:969E-05�0:201E-05�0:675E-06 0:722

1:27 0:786E-05�0:225E-05�0:547E-06 0:722

1:29 0:786E-05�0:214E-05�0:547E-06 0:722

1:31 0:708E-05�0:213E-05�0:493E-06 0:721

1:33 0:630E-05�0:201E-05�0:438E-06 0:721

3:775 0:71 0:170E-02�0:285E-04�0:119E-03 0:886

0:73 0:123E-02�0:209E-04�0:867E-04 0:876

0:75 0:944E-03�0:158E-04�0:664E-04 0:871

0:77 0:839E-03�0:148E-04�0:590E-04 0:870

0:79 0:725E-03�0:141E-04�0:510E-04 0:869

0:81 0:608E-03�0:128E-04�0:427E-04 0:867

0:83 0:521E-03�0:119E-04�0:366E-04 0:862

0:85 0:507E-03�0:126E-04�0:357E-04 0:858

0:87 0:436E-03�0:124E-04�0:306E-04 0:858

0:89 0:335E-03�0:109E-04�0:236E-04 0:863

0:91 0:312E-03�0:103E-04�0:219E-04 0:865

0:93 0:301E-03�0:101E-04�0:211E-04 0:860

0:95 0:330E-03�0:104E-04�0:232E-04 0:823

0:97 0:338E-03�0:108E-04�0:238E-04 0:773

0:99 0:402E-03�0:127E-04�0:282E-04 0:728

1:01 0:349E-03�0:116E-04�0:245E-04 0:727

1:03 0:293E-03�0:110E-04�0:206E-04 0:727

1:05 0:199E-03�0:930E-05�0:140E-04 0:726

1:07 0:158E-03�0:833E-05�0:111E-04 0:726

1:09 0:948E-04�0:655E-05�0:667E-05 0:725

1:11 0:816E-04�0:590E-05�0:574E-05 0:725

1:13 0:491E-04�0:446E-05�0:345E-05 0:724



242

1:15 0:302E-04�0:347E-05�0:213E-05 0:724

1:17 0:258E-04�0:333E-05�0:182E-05 0:724

1:19 0:150E-04�0:247E-05�0:105E-05 0:723

1:21 0:171E-04�0:302E-05�0:120E-05 0:723

1:23 0:907E-05�0:183E-05�0:637E-06 0:723

1:25 0:111E-04�0:200E-05�0:780E-06 0:722

1:27 0:510E-05�0:139E-05�0:359E-06 0:722

1:29 0:834E-05�0:183E-05�0:586E-06 0:722

1:31 0:307E-05�0:105E-05�0:216E-06 0:722

1:33 0:242E-05�0:827E-06�0:170E-06 0:721

3:825 0:71 0:157E-02�0:266E-04�0:111E-03 0:888

0:73 0:121E-02�0:215E-04�0:857E-04 0:878

0:75 0:980E-03�0:176E-04�0:696E-04 0:872

0:77 0:838E-03�0:154E-04�0:595E-04 0:869

0:79 0:676E-03�0:132E-04�0:480E-04 0:869

0:81 0:610E-03�0:129E-04�0:433E-04 0:867

0:83 0:527E-03�0:120E-04�0:374E-04 0:863

0:85 0:474E-03�0:114E-04�0:336E-04 0:859

0:87 0:370E-03�0:100E-04�0:263E-04 0:858

0:89 0:312E-03�0:971E-05�0:221E-04 0:861

0:91 0:285E-03�0:964E-05�0:202E-04 0:867

0:93 0:270E-03�0:959E-05�0:191E-04 0:862

0:95 0:313E-03�0:110E-04�0:222E-04 0:827

0:97 0:347E-03�0:119E-04�0:246E-04 0:776

0:99 0:378E-03�0:124E-04�0:268E-04 0:728

1:01 0:340E-03�0:119E-04�0:241E-04 0:727

1:03 0:271E-03�0:104E-04�0:192E-04 0:727

1:05 0:203E-03�0:872E-05�0:144E-04 0:726

1:07 0:129E-03�0:677E-05�0:916E-05 0:726

1:09 0:105E-03�0:653E-05�0:743E-05 0:726

1:11 0:727E-04�0:565E-05�0:516E-05 0:725

1:13 0:513E-04�0:476E-05�0:364E-05 0:725

1:15 0:385E-04�0:415E-05�0:273E-05 0:724

1:17 0:259E-04�0:324E-05�0:184E-05 0:724

1:19 0:161E-04�0:262E-05�0:115E-05 0:724

1:21 0:133E-04�0:269E-05�0:947E-06 0:723

1:23 0:138E-04�0:273E-05�0:982E-06 0:723

1:25 0:815E-05�0:197E-05�0:579E-06 0:723

1:27 0:144E-04�0:324E-05�0:102E-05 0:722

1:29 0:766E-05�0:231E-05�0:544E-06 0:722

1:31 0:681E-05�0:218E-05�0:484E-06 0:722

3:875 0:71 0:155E-02�0:243E-04�0:112E-03 0:890

0:73 0:111E-02�0:205E-04�0:797E-04 0:879

0:75 0:991E-03�0:184E-04�0:712E-04 0:872

0:77 0:843E-03�0:165E-04�0:606E-04 0:870

0:79 0:688E-03�0:145E-04�0:495E-04 0:869

0:81 0:531E-03�0:118E-04�0:382E-04 0:867

0:83 0:475E-03�0:114E-04�0:341E-04 0:863

0:85 0:420E-03�0:106E-04�0:302E-04 0:859

0:87 0:365E-03�0:982E-05�0:263E-04 0:857

0:89 0:322E-03�0:933E-05�0:232E-04 0:863

0:91 0:279E-03�0:875E-05�0:201E-04 0:867

0:93 0:253E-03�0:897E-05�0:182E-04 0:856

0:95 0:268E-03�0:100E-04�0:192E-04 0:822

0:97 0:363E-03�0:128E-04�0:261E-04 0:781

0:99 0:389E-03�0:140E-04�0:279E-04 0:728

1:01 0:338E-03�0:130E-04�0:243E-04 0:728

1:03 0:247E-03�0:998E-05�0:178E-04 0:727

1:05 0:192E-03�0:847E-05�0:138E-04 0:727

1:07 0:128E-03�0:674E-05�0:917E-05 0:726

1:09 0:714E-04�0:490E-05�0:513E-05 0:726

1:11 0:652E-04�0:469E-05�0:469E-05 0:726

1:13 0:344E-04�0:357E-05�0:248E-05 0:725

1:15 0:312E-04�0:364E-05�0:224E-05 0:725

1:17 0:303E-04�0:372E-05�0:218E-05 0:724

1:19 0:276E-04�0:349E-05�0:198E-05 0:724

1:21 0:166E-04�0:294E-05�0:119E-05 0:724

1:23 0:210E-04�0:330E-05�0:151E-05 0:723

1:25 0:770E-05�0:174E-05�0:553E-06 0:723

1:27 0:746E-05�0:187E-05�0:536E-06 0:723

1:29 0:533E-05�0:152E-05�0:383E-06 0:723

1:31 0:465E-05�0:140E-05�0:334E-06 0:722

3:925 0:71 0:144E-02�0:225E-04�0:104E-03 0:891

0:73 0:109E-02�0:186E-04�0:788E-04 0:881

0:75 0:948E-03�0:186E-04�0:687E-04 0:873

0:77 0:766E-03�0:155E-04�0:555E-04 0:870

0:79 0:643E-03�0:141E-04�0:466E-04 0:869

0:81 0:549E-03�0:129E-04�0:398E-04 0:868

0:83 0:474E-03�0:113E-04�0:344E-04 0:865

0:85 0:366E-03�0:954E-05�0:266E-04 0:860

0:87 0:350E-03�0:981E-05�0:254E-04 0:859

0:89 0:280E-03�0:869E-05�0:203E-04 0:861

0:91 0:258E-03�0:829E-05�0:187E-04 0:863

0:93 0:256E-03�0:832E-05�0:186E-04 0:854

0:95 0:260E-03�0:899E-05�0:189E-04 0:821

0:97 0:340E-03�0:122E-04�0:247E-04 0:780
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0:99 0:275E-04�0:270E-05�0:306E-05 0:767

1:01 0:198E-04�0:220E-05�0:221E-05 0:765
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1:03 0:163E-04�0:197E-05�0:182E-05 0:763

1:05 0:129E-04�0:184E-05�0:144E-05 0:761

1:07 0:875E-05�0:142E-05�0:976E-06 0:759

1:09 0:632E-05�0:124E-05�0:704E-06 0:758

1:11 0:517E-05�0:121E-05�0:577E-06 0:756

1:13 0:319E-05�0:102E-05�0:355E-06 0:755

1:15 0:131E-05�0:835E-06�0:146E-06 0:753

6:675 0:89 0:471E-04�0:343E-05�0:529E-05 0:887

0:91 0:395E-04�0:301E-05�0:443E-05 0:881

0:93 0:332E-04�0:291E-05�0:373E-05 0:878

0:95 0:186E-04�0:218E-05�0:208E-05 0:861

0:97 0:219E-04�0:255E-05�0:246E-05 0:817

0:99 0:165E-04�0:213E-05�0:185E-05 0:768

1:01 0:131E-04�0:168E-05�0:147E-05 0:766

1:03 0:121E-04�0:158E-05�0:136E-05 0:764

1:05 0:782E-05�0:113E-05�0:878E-06 0:762

1:07 0:748E-05�0:128E-05�0:839E-06 0:760

1:09 0:380E-05�0:748E-06�0:426E-06 0:758

1:11 0:253E-05�0:809E-06�0:284E-06 0:757

1:13 0:330E-05�0:113E-05�0:371E-06 0:755

1:15 0:138E-05�0:882E-06�0:155E-06 0:754

6:725 0:89 0:445E-04�0:353E-05�0:504E-05 0:886

0:91 0:316E-04�0:250E-05�0:357E-05 0:883

0:93 0:338E-04�0:268E-05�0:382E-05 0:879

0:95 0:207E-04�0:222E-05�0:235E-05 0:858

0:97 0:207E-04�0:237E-05�0:234E-05 0:819

0:99 0:195E-04�0:236E-05�0:221E-05 0:769

1:01 0:154E-04�0:209E-05�0:174E-05 0:767

1:03 0:136E-04�0:183E-05�0:154E-05 0:765

1:05 0:888E-05�0:152E-05�0:100E-05 0:763

1:07 0:719E-05�0:142E-05�0:813E-06 0:761

1:09 0:448E-05�0:112E-05�0:506E-06 0:759

1:11 0:171E-05�0:691E-06�0:193E-06 0:758

1:13 0:294E-05�0:886E-06�0:333E-06 0:756

1:15 0:200E-05�0:682E-06�0:226E-06 0:755

6:775 0:91 0:358E-04�0:284E-05�0:408E-05 0:885

0:93 0:258E-04�0:229E-05�0:294E-05 0:878

0:95 0:218E-04�0:218E-05�0:248E-05 0:861

0:97 0:224E-04�0:271E-05�0:255E-05 0:822

0:99 0:193E-04�0:233E-05�0:220E-05 0:770

1:01 0:146E-04�0:208E-05�0:166E-05 0:768

1:03 0:113E-04�0:155E-05�0:128E-05 0:765

1:05 0:109E-04�0:160E-05�0:124E-05 0:764

1:07 0:563E-05�0:102E-05�0:641E-06 0:762

1:09 0:326E-05�0:982E-06�0:371E-06 0:760

1:11 0:411E-05�0:875E-06�0:468E-06 0:758

1:13 0:185E-05�0:966E-06�0:211E-06 0:757

1:15 0:195E-05�0:789E-06�0:222E-06 0:756

6:825 0:91 0:288E-04�0:278E-05�0:330E-05 0:886

0:93 0:290E-04�0:237E-05�0:332E-05 0:878

0:95 0:208E-04�0:201E-05�0:238E-05 0:858

0:97 0:175E-04�0:209E-05�0:200E-05 0:820

0:99 0:168E-04�0:221E-05�0:192E-05 0:771

1:01 0:149E-04�0:215E-05�0:170E-05 0:769

1:03 0:169E-04�0:230E-05�0:193E-05 0:766

1:05 0:809E-05�0:136E-05�0:926E-06 0:764

1:07 0:559E-05�0:108E-05�0:640E-06 0:763

1:09 0:400E-05�0:966E-06�0:458E-06 0:761

1:11 0:351E-05�0:100E-05�0:401E-06 0:759

1:13 0:200E-05�0:683E-06�0:229E-06 0:758

1:15 0:146E-05�0:659E-06�0:167E-06 0:756

6:875 0:93 0:304E-04�0:272E-05�0:349E-05 0:881

0:95 0:209E-04�0:202E-05�0:241E-05 0:861

0:97 0:258E-04�0:274E-05�0:297E-05 0:821

0:99 0:215E-04�0:264E-05�0:247E-05 0:772

1:01 0:158E-04�0:248E-05�0:182E-05 0:770

1:03 0:161E-04�0:249E-05�0:185E-05 0:767

1:05 0:879E-05�0:165E-05�0:101E-05 0:765

1:07 0:794E-05�0:153E-05�0:914E-06 0:763

1:09 0:455E-05�0:968E-06�0:523E-06 0:762

1:11 0:286E-05�0:815E-06�0:329E-06 0:760

1:13 0:226E-05�0:646E-06�0:260E-06 0:759

1:15 0:157E-05�0:578E-06�0:180E-06 0:757

6:925 0:93 0:286E-04�0:301E-05�0:331E-05 0:882

0:95 0:282E-04�0:323E-05�0:327E-05 0:861

0:97 0:225E-04�0:239E-05�0:261E-05 0:821

0:99 0:239E-04�0:288E-05�0:277E-05 0:772

1:01 0:164E-04�0:240E-05�0:190E-05 0:770

1:03 0:126E-04�0:242E-05�0:146E-05 0:767

1:05 0:935E-05�0:194E-05�0:108E-05 0:765

1:07 0:527E-05�0:119E-05�0:610E-06 0:763

1:09 0:385E-05�0:100E-05�0:446E-06 0:762

1:11 0:287E-05�0:819E-06�0:332E-06 0:760

1:13 0:181E-05�0:578E-06�0:210E-06 0:759

1:15 0:120E-05�0:542E-06�0:139E-06 0:757

6:975 0:93 0:743E-04�0:124E-04�0:866E-05 0:882

0:95 0:437E-04�0:512E-05�0:509E-05 0:861

0:97 0:340E-04�0:349E-05�0:396E-05 0:821

0:99 0:400E-04�0:469E-05�0:465E-05 0:774

1:01 0:261E-04�0:378E-05�0:304E-05 0:772

1:03 0:227E-04�0:332E-05�0:264E-05 0:769

1:05 0:136E-04�0:262E-05�0:159E-05 0:767

1:07 0:526E-05�0:137E-05�0:613E-06 0:765

1:09 0:686E-05�0:160E-05�0:799E-06 0:763

1:11 0:298E-05�0:952E-06�0:348E-06 0:762

1:13 0:346E-05�0:104E-05�0:403E-06 0:760

1:15 0:131E-05�0:682E-06�0:152E-06 0:759



APPENDIX D

Exlusive d(e,e

0

p

s

)n Cross Setions

Tabulated below are the experimental measured exlusive d(e,e

0

p

s

)n ross se-

tions similar to those plotted in Setion 5.2 (shown in Figs. 5.19 { 5.25) for p

s

=

0:25 � 1 GeV/ and Q

2

= 2 � 6 GeV

2

. In this ase unobserved variables are inte-

grated over their full range and not limited to the experimentally dependent ross

setions within CLAS �duial uts. The results presented here have been orreted

for radiative e�ets, aeptane and bin size. The statistial and systemati errors

assoiated with these orretions are inluded. The orretion fator for radiative

e�ets R.C. for eah kinemati bin is given in the last olumn of eah table.
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Q

2

x p d�=dQ

2

dxdp R.C.

[GeV

2

℄ [GeV/℄ [�b/GeV

3

℄

2:5 0:4 0:375 0:215E-05 � 0:858E-06 � 0:131E-06 0:858

0:425 0:549E-05 � 0:978E-06 � 0:335E-06 0:828

0:475 0:390E-05 � 0:694E-06 � 0:238E-06 0:898

0:525 0:245E-05 � 0:472E-06 � 0:149E-06 0:956

0:575 0:205E-05 � 0:394E-06 � 0:125E-06 0:900

0:625 0:218E-05 � 0:388E-06 � 0:133E-06 0:857

0:675 0:150E-05 � 0:319E-06 � 0:915E-07 0:860

0:725 0:113E-05 � 0:273E-06 � 0:692E-07 0:863

0:775 0:104E-05 � 0:262E-06 � 0:634E-07 0:857

0:825 0:911E-06 � 0:243E-06 � 0:556E-07 0:859

0:875 0:105E-05 � 0:264E-06 � 0:638E-07 0:870

0:925 0:527E-06 � 0:187E-06 � 0:321E-07 0:833

0:975 0:948E-06 � 0:248E-06 � 0:578E-07 0:834

2:5 0:6 0:275 0:254E-04 � 0:210E-05 � 0:155E-05 0:926

0:325 0:286E-04 � 0:189E-05 � 0:174E-05 0:908

0:375 0:202E-04 � 0:140E-05 � 0:123E-05 0:904

0:425 0:145E-04 � 0:110E-05 � 0:884E-06 0:925

0:475 0:116E-04 � 0:939E-06 � 0:708E-06 0:909

0:525 0:132E-04 � 0:978E-06 � 0:806E-06 0:885

0:575 0:878E-05 � 0:786E-06 � 0:536E-06 0:852

0:625 0:810E-05 � 0:754E-06 � 0:494E-06 0:864

0:675 0:582E-05 � 0:635E-06 � 0:355E-06 0:915

0:725 0:744E-05 � 0:721E-06 � 0:454E-06 0:848

0:775 0:568E-05 � 0:633E-06 � 0:346E-06 0:888

0:825 0:560E-05 � 0:625E-06 � 0:341E-06 0:908

0:875 0:487E-05 � 0:587E-06 � 0:297E-06 0:920

0:925 0:352E-05 � 0:500E-06 � 0:215E-06 0:867

0:975 0:523E-05 � 0:604E-06 � 0:319E-06 0:862

2:5 0:8 0:275 0:661E-04 � 0:273E-05 � 0:403E-05 0:911

0:325 0:538E-04 � 0:226E-05 � 0:328E-05 0:903

0:375 0:472E-04 � 0:204E-05 � 0:288E-05 0:888

0:425 0:441E-04 � 0:192E-05 � 0:269E-05 0:895

0:475 0:348E-04 � 0:168E-05 � 0:213E-05 0:887

0:525 0:304E-04 � 0:157E-05 � 0:185E-05 0:857

0:575 0:249E-04 � 0:142E-05 � 0:152E-05 0:896

0:625 0:211E-04 � 0:130E-05 � 0:129E-05 0:845

0:675 0:170E-04 � 0:118E-05 � 0:103E-05 0:882

0:725 0:156E-04 � 0:113E-05 � 0:952E-06 0:859

0:775 0:145E-04 � 0:109E-05 � 0:887E-06 0:885

0:825 0:131E-04 � 0:105E-05 � 0:797E-06 0:872
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Q

2

x p d�=dQ

2

dxdp R.C.

[GeV

2

℄ [GeV/℄ [�b/GeV

3

℄

0:875 0:119E-04 � 0:101E-05 � 0:726E-06 0:878

0:925 0:115E-04 � 0:994E-06 � 0:704E-06 0:860

0:975 0:675E-05 � 0:768E-06 � 0:412E-06 0:926

2:5 1:0 0:275 0:379E-04 � 0:208E-05 � 0:231E-05 0:876

0:325 0:474E-04 � 0:218E-05 � 0:289E-05 0:876

0:375 0:425E-04 � 0:203E-05 � 0:259E-05 0:883

0:425 0:425E-04 � 0:201E-05 � 0:259E-05 0:864

0:475 0:417E-04 � 0:198E-05 � 0:254E-05 0:843

0:525 0:384E-04 � 0:191E-05 � 0:234E-05 0:846

0:575 0:297E-04 � 0:169E-05 � 0:181E-05 0:874

0:625 0:291E-04 � 0:169E-05 � 0:178E-05 0:829

0:675 0:227E-04 � 0:150E-05 � 0:138E-05 0:865

0:725 0:154E-04 � 0:125E-05 � 0:938E-06 0:867

0:775 0:164E-04 � 0:131E-05 � 0:100E-05 0:861

0:825 0:106E-04 � 0:105E-05 � 0:646E-06 0:907

0:875 0:134E-04 � 0:119E-05 � 0:820E-06 0:872

0:925 0:109E-04 � 0:108E-05 � 0:667E-06 0:940

0:975 0:920E-05 � 0:962E-06 � 0:561E-06 0:870

2:5 1:2 0:275 0:337E-04 � 0:220E-05 � 0:205E-05 0:767

0:325 0:236E-04 � 0:171E-05 � 0:144E-05 0:801

0:375 0:194E-04 � 0:151E-05 � 0:118E-05 0:824

0:425 0:180E-04 � 0:144E-05 � 0:110E-05 0:806

0:475 0:171E-04 � 0:141E-05 � 0:105E-05 0:820

0:525 0:163E-04 � 0:137E-05 � 0:991E-06 0:813

0:575 0:147E-04 � 0:130E-05 � 0:899E-06 0:834

0:625 0:119E-04 � 0:118E-05 � 0:727E-06 0:856

0:675 0:100E-04 � 0:107E-05 � 0:613E-06 0:849

0:725 0:110E-04 � 0:111E-05 � 0:669E-06 0:823

0:775 0:799E-05 � 0:930E-06 � 0:487E-06 0:857

0:825 0:964E-05 � 0:102E-05 � 0:588E-06 0:839

0:875 0:613E-05 � 0:805E-06 � 0:374E-06 0:882

0:925 0:639E-05 � 0:814E-06 � 0:390E-06 0:807

0:975 0:612E-05 � 0:816E-06 � 0:373E-06 0:839

2:5 1:4 0:275 0:282E-04 � 0:220E-05 � 0:172E-05 0:716

0:325 0:226E-04 � 0:176E-05 � 0:138E-05 0:717

0:375 0:126E-04 � 0:125E-05 � 0:767E-06 0:759

0:425 0:943E-05 � 0:106E-05 � 0:575E-06 0:746

0:475 0:768E-05 � 0:940E-06 � 0:469E-06 0:765

0:525 0:673E-05 � 0:865E-06 � 0:410E-06 0:913

0:575 0:941E-05 � 0:102E-05 � 0:574E-06 0:813



257

Q

2

x p d�=dQ

2

dxdp R.C.

[GeV

2

℄ [GeV/℄ [�b/GeV

3

℄

0:625 0:630E-05 � 0:833E-06 � 0:384E-06 0:800

0:675 0:554E-05 � 0:770E-06 � 0:338E-06 0:883

0:725 0:590E-05 � 0:797E-06 � 0:360E-06 0:786

0:775 0:452E-05 � 0:710E-06 � 0:276E-06 0:797

0:825 0:465E-05 � 0:721E-06 � 0:283E-06 0:810

0:875 0:345E-05 � 0:629E-06 � 0:210E-06 0:851

0:925 0:344E-05 � 0:631E-06 � 0:210E-06 0:860

0:975 0:427E-05 � 0:708E-06 � 0:261E-06 0:886

2:5 1:6 0:275 0:228E-06 � 0:761E-07 � 0:139E-07 0:752

0:325 0:323E-05 � 0:581E-06 � 0:197E-06 0:782

0:375 0:776E-05 � 0:999E-06 � 0:473E-06 0:715

0:425 0:571E-05 � 0:869E-06 � 0:349E-06 0:841

0:475 0:435E-05 � 0:752E-06 � 0:265E-06 0:804

0:525 0:574E-05 � 0:857E-06 � 0:350E-06 0:782

0:575 0:424E-05 � 0:750E-06 � 0:259E-06 0:757

0:625 0:495E-05 � 0:808E-06 � 0:302E-06 0:754

0:675 0:385E-05 � 0:722E-06 � 0:235E-06 0:758

0:725 0:334E-05 � 0:675E-06 � 0:204E-06 0:769

0:775 0:214E-05 � 0:546E-06 � 0:130E-06 0:879

0:825 0:249E-05 � 0:581E-06 � 0:152E-06 0:951

0:875 0:122E-05 � 0:419E-06 � 0:742E-07 0:800

0:925 0:490E-05 � 0:849E-06 � 0:299E-06 0:808

0:975 0:524E-05 � 0:870E-06 � 0:319E-06 0:817

3:5 0:4 0:425 0:226E-06 � 0:180E-06 � 0:138E-07 0:862

0:475 0:287E-06 � 0:132E-06 � 0:175E-07 0:859

0:525 0:430E-06 � 0:129E-06 � 0:262E-07 0:863

0:575 0:109E-06 � 0:613E-07 � 0:666E-08 0:865

0:625 0:995E-07 � 0:556E-07 � 0:607E-08 0:853

0:675 0:153E-06 � 0:704E-07 � 0:931E-08 0:868

0:775 0:544E-07 � 0:415E-07 � 0:332E-08 0:887

0:825 0:158E-06 � 0:727E-07 � 0:965E-08 0:870

3:5 0:6 0:275 0:364E-05 � 0:779E-06 � 0:222E-06 0:864

0:325 0:361E-05 � 0:589E-06 � 0:220E-06 0:860

0:375 0:260E-05 � 0:423E-06 � 0:159E-06 0:892

0:425 0:187E-05 � 0:324E-06 � 0:114E-06 0:890

0:475 0:156E-05 � 0:277E-06 � 0:953E-07 0:847

0:525 0:146E-05 � 0:257E-06 � 0:888E-07 0:842

0:575 0:102E-05 � 0:214E-06 � 0:620E-07 0:837

0:625 0:572E-06 � 0:159E-06 � 0:349E-07 0:840

0:675 0:350E-06 � 0:124E-06 � 0:213E-07 0:846
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Q

2

x p d�=dQ

2

dxdp R.C.

[GeV

2

℄ [GeV/℄ [�b/GeV

3

℄

0:725 0:598E-06 � 0:167E-06 � 0:365E-07 0:840

0:775 0:502E-06 � 0:150E-06 � 0:306E-07 0:847

0:825 0:498E-06 � 0:150E-06 � 0:304E-07 0:855

0:875 0:213E-06 � 0:975E-07 � 0:130E-07 0:848

0:925 0:429E-06 � 0:137E-06 � 0:262E-07 0:826

0:975 0:148E-06 � 0:813E-07 � 0:901E-08 0:818

3:5 0:8 0:275 0:773E-05 � 0:719E-06 � 0:472E-06 0:852

0:325 0:690E-05 � 0:622E-06 � 0:421E-06 0:845

0:375 0:653E-05 � 0:580E-06 � 0:398E-06 0:839

0:425 0:529E-05 � 0:511E-06 � 0:323E-06 0:830

0:475 0:453E-05 � 0:470E-06 � 0:276E-06 0:826

0:525 0:344E-05 � 0:409E-06 � 0:210E-06 0:819

0:575 0:282E-05 � 0:372E-06 � 0:172E-06 0:822

0:625 0:370E-05 � 0:425E-06 � 0:226E-06 0:815

0:675 0:268E-05 � 0:364E-06 � 0:163E-06 0:822

0:725 0:221E-05 � 0:326E-06 � 0:135E-06 0:823

0:775 0:183E-05 � 0:298E-06 � 0:112E-06 0:822

0:825 0:177E-05 � 0:296E-06 � 0:108E-06 0:828

0:875 0:196E-05 � 0:306E-06 � 0:119E-06 0:823

0:925 0:886E-06 � 0:209E-06 � 0:541E-07 0:826

0:975 0:328E-06 � 0:129E-06 � 0:200E-07 0:828

3:5 1:0 0:275 0:645E-05 � 0:651E-06 � 0:393E-06 0:811

0:325 0:728E-05 � 0:653E-06 � 0:444E-06 0:815

0:375 0:727E-05 � 0:648E-06 � 0:444E-06 0:813

0:425 0:813E-05 � 0:680E-06 � 0:496E-06 0:811

0:475 0:781E-05 � 0:669E-06 � 0:476E-06 0:810

0:525 0:578E-05 � 0:573E-06 � 0:352E-06 0:809

0:575 0:569E-05 � 0:572E-06 � 0:347E-06 0:804

0:625 0:308E-05 � 0:420E-06 � 0:188E-06 0:802

0:675 0:223E-05 � 0:359E-06 � 0:136E-06 0:804

0:725 0:240E-05 � 0:371E-06 � 0:146E-06 0:805

0:775 0:211E-05 � 0:350E-06 � 0:129E-06 0:815

0:825 0:181E-05 � 0:322E-06 � 0:110E-06 0:810

0:875 0:108E-05 � 0:253E-06 � 0:656E-07 0:820

0:925 0:223E-05 � 0:360E-06 � 0:136E-06 0:806

0:975 0:960E-06 � 0:236E-06 � 0:586E-07 0:811

3:5 1:2 0:275 0:506E-05 � 0:670E-06 � 0:309E-06 0:731

0:325 0:473E-05 � 0:590E-06 � 0:288E-06 0:756

0:375 0:258E-05 � 0:418E-06 � 0:158E-06 0:777

0:425 0:224E-05 � 0:384E-06 � 0:137E-06 0:789
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Q

2

x p d�=dQ

2

dxdp R.C.

[GeV

2

℄ [GeV/℄ [�b/GeV

3

℄

0:475 0:137E-05 � 0:303E-06 � 0:834E-07 0:791

0:525 0:268E-05 � 0:420E-06 � 0:163E-06 0:795

0:575 0:205E-05 � 0:371E-06 � 0:125E-06 0:794

0:625 0:694E-06 � 0:216E-06 � 0:423E-07 0:786

0:675 0:139E-05 � 0:307E-06 � 0:846E-07 0:789

0:725 0:128E-05 � 0:295E-06 � 0:778E-07 0:792

0:775 0:137E-05 � 0:304E-06 � 0:834E-07 0:798

0:825 0:672E-06 � 0:212E-06 � 0:410E-07 0:801

0:875 0:136E-05 � 0:303E-06 � 0:832E-07 0:797

0:925 0:795E-06 � 0:233E-06 � 0:485E-07 0:813

0:975 0:905E-06 � 0:248E-06 � 0:552E-07 0:806

3:5 1:4 0:275 0:171E-05 � 0:410E-06 � 0:104E-06 0:702

0:325 0:187E-05 � 0:407E-06 � 0:114E-06 0:702

0:375 0:131E-05 � 0:320E-06 � 0:799E-07 0:722

0:425 0:196E-05 � 0:378E-06 � 0:119E-06 0:751

0:475 0:250E-05 � 0:423E-06 � 0:153E-06 0:769

0:525 0:182E-05 � 0:356E-06 � 0:111E-06 0:775

0:575 0:923E-06 � 0:248E-06 � 0:563E-07 0:777

0:625 0:104E-05 � 0:263E-06 � 0:632E-07 0:780

0:675 0:959E-06 � 0:259E-06 � 0:585E-07 0:783

0:725 0:357E-06 � 0:157E-06 � 0:218E-07 0:785

0:775 0:452E-06 � 0:173E-06 � 0:276E-07 0:792

0:825 0:227E-06 � 0:124E-06 � 0:139E-07 0:801

0:875 0:695E-06 � 0:218E-06 � 0:424E-07 0:798

0:925 0:115E-06 � 0:893E-07 � 0:704E-08 0:807

0:975 0:238E-06 � 0:130E-06 � 0:145E-07 0:808

3:5 1:6 0:325 0:302E-07 � 0:227E-07 � 0:184E-08 0:761

0:375 0:444E-06 � 0:165E-06 � 0:271E-07 0:743

0:425 0:416E-06 � 0:177E-06 � 0:254E-07 0:726

0:475 0:113E-05 � 0:295E-06 � 0:687E-07 0:835

0:525 0:424E-06 � 0:183E-06 � 0:258E-07 0:755

0:575 0:117E-05 � 0:309E-06 � 0:712E-07 0:758

0:625 0:137E-06 � 0:103E-06 � 0:834E-08 0:767

0:675 0:138E-06 � 0:104E-06 � 0:842E-08 0:763

0:725 0:295E-06 � 0:157E-06 � 0:180E-07 0:758

0:775 0:146E-06 � 0:112E-06 � 0:891E-08 0:786

0:825 0:293E-06 � 0:155E-06 � 0:179E-07 0:749

0:875 0:285E-06 � 0:153E-06 � 0:174E-07 0:770

0:975 0:143E-06 � 0:109E-06 � 0:873E-08 0:779

4:5 0:6 0:275 0:666E-06 � 0:376E-06 � 0:406E-07 0:863
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Q

2

x p d�=dQ

2

dxdp R.C.

[GeV

2

℄ [GeV/℄ [�b/GeV

3

℄

4:5 0:6 0:325 0:501E-06 � 0:200E-06 � 0:306E-07 0:864

0:375 0:443E-06 � 0:144E-06 � 0:270E-07 0:861

0:425 0:351E-06 � 0:114E-06 � 0:214E-07 0:857

0:475 0:307E-06 � 0:994E-07 � 0:187E-07 0:857

0:525 0:148E-06 � 0:680E-07 � 0:906E-08 0:850

0:575 0:145E-06 � 0:664E-07 � 0:884E-08 0:853

0:625 0:469E-07 � 0:371E-07 � 0:286E-08 0:848

0:675 0:953E-07 � 0:539E-07 � 0:581E-08 0:879

0:725 0:202E-06 � 0:799E-07 � 0:123E-07 0:854

0:775 0:102E-06 � 0:576E-07 � 0:622E-08 0:868

0:825 0:513E-07 � 0:411E-07 � 0:313E-08 0:865

0:925 0:490E-07 � 0:390E-07 � 0:299E-08 0:859

0:975 0:997E-07 � 0:560E-07 � 0:608E-08 0:860

4:5 0:8 0:275 0:353E-05 � 0:423E-06 � 0:215E-06 0:851

0:325 0:176E-05 � 0:268E-06 � 0:107E-06 0:845

0:375 0:104E-05 � 0:200E-06 � 0:636E-07 0:840

0:425 0:883E-06 � 0:179E-06 � 0:538E-07 0:836

0:475 0:938E-06 � 0:184E-06 � 0:572E-07 0:827

0:525 0:819E-06 � 0:171E-06 � 0:500E-07 0:826

0:575 0:595E-06 � 0:147E-06 � 0:363E-07 0:825

0:625 0:702E-06 � 0:158E-06 � 0:428E-07 0:824

0:675 0:238E-06 � 0:928E-07 � 0:145E-07 0:823

0:725 0:413E-06 � 0:122E-06 � 0:252E-07 0:827

0:775 0:358E-06 � 0:115E-06 � 0:218E-07 0:832

0:825 0:170E-06 � 0:776E-07 � 0:104E-07 0:844

0:875 0:175E-06 � 0:794E-07 � 0:107E-07 0:833

0:925 0:605E-07 � 0:471E-07 � 0:369E-08 0:816

0:975 0:119E-06 � 0:659E-07 � 0:727E-08 0:826

4:5 1:0 0:275 0:185E-05 � 0:282E-06 � 0:113E-06 0:815

0:325 0:179E-05 � 0:262E-06 � 0:109E-06 0:812

0:375 0:177E-05 � 0:260E-06 � 0:108E-06 0:814

0:425 0:129E-05 � 0:219E-06 � 0:789E-07 0:815

0:475 0:158E-05 � 0:245E-06 � 0:962E-07 0:811

0:525 0:991E-06 � 0:192E-06 � 0:605E-07 0:809

0:575 0:118E-05 � 0:209E-06 � 0:717E-07 0:806

0:625 0:630E-06 � 0:154E-06 � 0:385E-07 0:800

0:675 0:882E-06 � 0:182E-06 � 0:538E-07 0:803

0:725 0:761E-06 � 0:170E-06 � 0:464E-07 0:810

0:775 0:126E-06 � 0:684E-07 � 0:766E-08 0:800

0:825 0:253E-06 � 0:976E-07 � 0:154E-07 0:804
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2

x p d�=dQ

2

dxdp R.C.

[GeV

2

℄ [GeV/℄ [�b/GeV

3

℄

0:875 0:130E-06 � 0:723E-07 � 0:796E-08 0:828

0:925 0:259E-06 � 0:101E-06 � 0:158E-07 0:810

0:975 0:461E-06 � 0:135E-06 � 0:281E-07 0:807

4:5 1:2 0:275 0:121E-05 � 0:274E-06 � 0:741E-07 0:755

0:325 0:898E-06 � 0:213E-06 � 0:548E-07 0:760

0:375 0:118E-05 � 0:232E-06 � 0:720E-07 0:780

0:425 0:762E-06 � 0:184E-06 � 0:465E-07 0:790

0:475 0:687E-06 � 0:176E-06 � 0:419E-07 0:795

0:525 0:301E-06 � 0:116E-06 � 0:183E-07 0:796

0:575 0:781E-06 � 0:181E-06 � 0:477E-07 0:797

0:625 0:306E-06 � 0:117E-06 � 0:187E-07 0:790

0:675 0:522E-06 � 0:152E-06 � 0:319E-07 0:796

0:725 0:321E-06 � 0:124E-06 � 0:196E-07 0:799

0:775 0:794E-07 � 0:609E-07 � 0:484E-08 0:793

0:825 0:787E-07 � 0:616E-07 � 0:480E-08 0:826

0:875 0:797E-07 � 0:607E-07 � 0:486E-08 0:781

0:925 0:149E-06 � 0:829E-07 � 0:912E-08 0:830

0:975 0:161E-06 � 0:869E-07 � 0:983E-08 0:783

4:5 1:4 0:275 0:541E-06 � 0:199E-06 � 0:330E-07 0:731

0:325 0:200E-06 � 0:105E-06 � 0:122E-07 0:744

0:375 0:534E-06 � 0:176E-06 � 0:326E-07 0:731

0:425 0:377E-06 � 0:141E-06 � 0:230E-07 0:750

0:475 0:437E-06 � 0:147E-06 � 0:266E-07 0:765

0:525 0:938E-07 � 0:712E-07 � 0:572E-08 0:776

0:575 0:186E-06 � 0:100E-06 � 0:113E-07 0:780

0:625 0:868E-07 � 0:659E-07 � 0:530E-08 0:775

0:675 0:170E-06 � 0:922E-07 � 0:104E-07 0:788

0:825 0:884E-07 � 0:675E-07 � 0:539E-08 0:785

0:975 0:866E-07 � 0:664E-07 � 0:528E-08 0:791

4:5 1:6 0:425 0:182E-06 � 0:957E-07 � 0:111E-07 0:748

0:475 0:167E-06 � 0:887E-07 � 0:102E-07 0:764

0:525 0:316E-06 � 0:137E-06 � 0:193E-07 0:756

0:575 0:213E-06 � 0:114E-06 � 0:130E-07 0:767

0:625 0:112E-06 � 0:844E-07 � 0:686E-08 0:760

0:775 0:987E-07 � 0:741E-07 � 0:602E-08 0:758

5:5 0:8 0:275 0:702E-06 � 0:168E-06 � 0:428E-07 0:929

0:325 0:216E-06 � 0:859E-07 � 0:132E-07 0:852

0:375 0:101E-06 � 0:564E-07 � 0:615E-08 0:845

0:425 0:143E-06 � 0:651E-07 � 0:874E-08 0:837

0:475 0:408E-06 � 0:113E-06 � 0:249E-07 0:832
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[GeV

2

℄ [GeV/℄ [�b/GeV

3

℄

0:525 0:249E-06 � 0:877E-07 � 0:152E-07 0:836

0:575 0:980E-07 � 0:542E-07 � 0:598E-08 0:827

0:625 0:196E-06 � 0:766E-07 � 0:119E-07 0:829

0:675 0:966E-07 � 0:537E-07 � 0:589E-08 0:833

0:725 0:144E-06 � 0:656E-07 � 0:881E-08 0:837

0:775 0:456E-07 � 0:364E-07 � 0:278E-08 0:864

0:825 0:989E-07 � 0:548E-07 � 0:603E-08 0:832

0:875 0:989E-07 � 0:560E-07 � 0:603E-08 0:867

0:925 0:154E-06 � 0:701E-07 � 0:942E-08 0:835

0:975 0:104E-06 � 0:571E-07 � 0:632E-08 0:822

5:5 1:0 0:275 0:347E-06 � 0:110E-06 � 0:212E-07 0:810

0:325 0:368E-06 � 0:109E-06 � 0:224E-07 0:822

0:375 0:210E-06 � 0:814E-07 � 0:128E-07 0:813

0:425 0:155E-06 � 0:699E-07 � 0:945E-08 0:825

0:475 0:410E-06 � 0:113E-06 � 0:250E-07 0:821

0:525 0:450E-06 � 0:117E-06 � 0:275E-07 0:816

0:575 0:307E-06 � 0:969E-07 � 0:187E-07 0:807

0:625 0:273E-06 � 0:946E-07 � 0:166E-07 0:811

0:675 0:157E-06 � 0:703E-07 � 0:959E-08 0:808

0:725 0:359E-06 � 0:106E-06 � 0:219E-07 0:828

0:825 0:529E-07 � 0:416E-07 � 0:323E-08 0:833

0:875 0:117E-06 � 0:649E-07 � 0:715E-08 0:826

5:5 1:2 0:275 0:279E-06 � 0:120E-06 � 0:170E-07 0:756

0:325 0:720E-06 � 0:171E-06 � 0:439E-07 0:763

0:375 0:137E-06 � 0:741E-07 � 0:833E-08 0:793

0:425 0:668E-07 � 0:516E-07 � 0:407E-08 0:804

0:475 0:187E-06 � 0:831E-07 � 0:114E-07 0:800

0:575 0:294E-06 � 0:101E-06 � 0:179E-07 0:798

0:625 0:618E-07 � 0:477E-07 � 0:377E-08 0:801

0:775 0:616E-07 � 0:477E-07 � 0:376E-08 0:808

5:5 1:4 0:325 0:954E-07 � 0:698E-07 � 0:582E-08 0:721

0:375 0:352E-06 � 0:131E-06 � 0:215E-07 0:741

0:475 0:738E-07 � 0:560E-07 � 0:450E-08 0:776

0:575 0:148E-06 � 0:802E-07 � 0:901E-08 0:794

0:825 0:806E-07 � 0:613E-07 � 0:492E-08 0:779

0:975 0:699E-07 � 0:545E-07 � 0:426E-08 0:820

5:5 1:6 0:425 0:906E-07 � 0:673E-07 � 0:552E-08 0:743

0:525 0:178E-06 � 0:947E-07 � 0:109E-07 0:763

0:575 0:715E-07 � 0:539E-07 � 0:436E-08 0:765



APPENDIX E

GSIM FFREAD Card Settings

MLIST

CUTS 5.e-3 5.e-3 5.e-3 5.e-3 5.e-3

CCCUTS 1.e-3 1.e-3 1.e-3 1.e-3 1.e-3

DCCUTS 1.e-4 1.e-4 1.e-4 1.e-4 1.e-4

ECCUTS 1.e-4 1.e-4 1.e-4 1.e-4 1.e-4

SCCUTS 1.e-4 1.e-4 1.e-4 1.e-4 1.e-4

MAGTYPE 3

MAGSCALE .5829 0.75

TARGET 'e6a'

TGTP 2 1

RUNG 10

NOSEC 'TORU" 'MINI'

NOGEOM 'PTG ' 'ST'

AUTO 1

STOP
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APPENDIX F

Parameterization of p

s

, Q

2

, x and

�

pq

For extration of aeptanes for d(e,e

0

p)n reation we simulated events based

on a realisti model build to �t experimental data and kinemati orreted to respet

the energy and momentum onservation. We �tted the aeptane orreted data

distributions for sattered proton momentum p

s

, momentum transfer Q

2

, Bjorken

saling variable x and proton azimuthal sattering angle �

pq

and extrated parame-

terization funtions for eah distribution individually. This fatorization assumption

�t the di�erential ross setions well. We used ombinations of uniform, Gaussian

f(x) / �

�(x�x

0

)

2

=2�

2

, exponential f(x) / e

bx

and sinusoidal probability distributions

in the model.

p

s

(GeV/) was piked:

� 38% from a uniform distribution on the interval [0.2,1.0℄.

� 62% from a gaussian distribution on the interval [0.2,1.0℄, with � = 0:345 and

x

0

= 0:195.

Q

2

(GeV

2

) was piked:
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� 13:45% from an exponential distribution on the interval [1:5; 5:5℄ with b = �2:848.

� 86:55% from an exponential distribution on the interval [1:5; 5:5℄ with b = �1:284.

x was piked:

� 66% from a gaussian distribution on the interval [0,2℄ with � = 0:174 and x

0

=

0:877.

� 34% from a gaussian distribution on the interval [0,2℄ with � = 0:326 and x

0

=

1:059.

�

pq

was piked from a distribution:

� 1� f os�

pq

on the interval [0,2�℄ with f = 0:274.

�

el

was piked from a uniform distribution on the interval [0,2�℄

The virtual photon azimuthal angle is then �

q

= �

el

� �. The proton polar angle

�

pq

is given by Eq. 4.7.
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