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W i o MARY arxiv.org/abs/1110.2770

(% Two authors appeared. in the electronic list after the A

opt-in deadline
* The computer-generated author list has TeX bugs
* The opt-in'system does not include limited members

* The opt-in system does not include term members
who have moved on

* A dozen authors were added after opting in via email
after the deadline.
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A CLAS Experiment with RTPC

WILLIAM & MARY
(- A N.Baillie, S. Tkachenko,
* Bound Nucleon Structure Experiment W. Melnitchouk, K. Griffioen,
* d(e,e'ps)X [(deep) inelastic] S. Kuhn, C. Keppel, M.E. Christy,
» deuterium target, spectator proton H. Fenker, J. Zhang, S. Bultmann
70 < ps< 180 MeV/c
» JLab Hall B CLAS with an RTPC g
« measure F2"at high x Acceptance
Spectrometer
.

13 October 2011

DC: Drift Chamber
CC: Cerenkov Counter
SC: Scintillation Counter
EC: Electromagnetic Calorimeter
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/) /
d heutron ‘Ep/—l—En = M,y
- E* =M, — /M? + p?
,,,,,,,,,, : X
2 2 =2
M* :(Md_ES) _ps
after ™ o
[ )
W*2 ~ M** — Q% +2Mv (2 — ;)
e plane-wave impulse approximation E, — Ds,
e backward-emitted p is spectator s = M
e struck neutron is off-shell ) ’ )
e momenta are equal and opposite = 0 ~ 0 — X
u
e Lorentz invariants are corrected for 2png* ZMv(2 —as) 2 —a;
initial neutron 4-momentum \. J
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PWIA Spectator Formalism

) .
do  A4magy [ »°? ra ) Cross Section
dxd0?> ~ x*0* |20+ R) Y
N M*2x*2y 2 1 — R . (X* . (ﬂ/ Off-Shell F2
Q2 1 + R 2 ) S pTa
p R=0L/o0T
%
XS(“S& pT) pTa L htC
9 s J ig one
Spect IF/“:' : A
ectral Function
P oo Sy, pr) 2 pr = (KPP

Nonrelativistic w.f. &s .

S et - | M?>+ p; o =1 — I
P(ps) = J|Ynr(ps)I? M=Vaa—a M I+ R
J:1+ps||:(2_aS)Md k V 2+k2 I;T:I_C)T

E* ~ 2(My — Ey)
day , . / / f S (o, pr=1
S(a, pr)—d*pr = P(py)d° p; .

Oy
13 October 2011
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Off-Shell Structure Functions

Liuti & Gross PLB356(95)157
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1 by 7-20% in these models

e at a=1.4 the deviation from unity could be 40%
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Final State Interactions

e several groups have
calculated FSls

* @Qpq> 110° minimizes FSls

13 October 2011

e struck neutron can interact with the
spectator proton

e proton momentum is enhanced
*FSls are small at low psand large Opq

o
o

FSI PWIA
do " /do
o 'u]
e
N
o
=
™)
(e}
[\]

0 30 60 90 120 150 180
. Opq

Palli et al, PRC80(09)054610

00 53 211 T, [MeV]
4.0}

3.2+
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Palli et al, PRC80(09)054610

g 7l —p,=0.3 GeV/c
Q ] ©
I p,=0.4 GeVic
%: % 5~ ........ p2=0.5 GeV/C ‘-
b 4- ; e target fragmentation enhances
+ 3] x=0.2 ) the proton yield only at
b 2 7 forward angles (cos Opq>0.6)
Il 2'. Q=3 (GGV/C). : -;', R * this can be ignored
Y 1 —— = T —_
0.2 0.4 0.6 0.8 1.0
COS 92
COS Opq
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‘. .
ot
<

Field Cage Voltage Divider Support Field Cage Electrodes
Plates

GEM Port

Voltage il : Cathode
| Divider & Wires % 1 Window
Gas Port  to HVPS

e Bound Nucleon Structure Experiment
eHall B, JLab, CLAS

ed(e,e’ps)X with 0.07 < ps< 0.15 GeV/c
*Epeam=1.1, 2.1,4.2, 5.3 GeV

e Radial time projection chamber for ps

e Data taking in 2005

13 October 2011 CLAS Collaboration Meeting



&) Ih\,\(flﬁLIA/M ~MARY BoNuS Detector

I“ 20cm >

Thin-wall High Pressure
Gas Target

‘
o5 cm

Trigger Electron
& (to CLAS)

/

Thin Al-Mylat Thin Al-Mylar
Window m Cathode -
/ / \ Track Lonization

/ Dritt Gas

- GEM (Gas Electron Multiplier)
..................................... T QGain Stage

Readout Electrodes (pads)

Readout Connections

H. Fenker et al., Nucl. Instrum. Meth. A 592, 273 (2008)
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BoNuS RTPC Performance

13 October 2011

e upper left: dE/dx vs. p/Z for He target

e lower left: dE/dx vs. p for deuterium target

ebelow RTPC+CLAS resolution for
common e- events

[ Z(CLAS corrected)-Z(BoNuS) [ z_BoNuS vs z_CLAS (electrons) |
o=8mm|
sl ZBoNuS VS ZCLAS
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“wittiameomary  BONUS RTPC Performance

[ aHe Target, E=2GeV | e upper left: dE/dx vs. p/Z for He target
E .. : —prowon | e lower left: dE/dx vs. p for deuterium target
@ : riton |
g 160 —reilums. e below RTPC+CLAS resolution for
g0 AT common e events
= 120
k=]
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© —
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* Very Important Protons 70<ps<100 MeV/c
» Corrections make resonances stand out 250
* F2"/F2P can be measured at high x*

200:—
’E i
s [ ¢
3.150—
s [
—— ps distribution R
100\~
o | e
T’ . cSDO ’ d
= [ 9o . d(e,e ps)X J

BaNUS | 70 100,200 MeVic  Fe %% > d(e,e’)X .

o
/ A "
]
opallllllllllllllllllllllllllllllll

08 1 12 14 16 18 2 22 24
W* or W [GeV]

| T

10 280 350
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* The Ratio Method
* measure tagged counts divided by inclusive counts
* correct this ratio for backgrounds
= one scale factor gives F2"/F2d
* The Monte Carlo Method
* measure tagged counts
* divide by spectator model Monte Carlo results
* multiply by F2" used in the model

* The two methods have different systematic errors, but
give very similar results.

13 October 2011 CLAS Collaboration Meeting 14
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Accidental Backgrounds
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3 20 -10 0 10
Z(CLAS)-Z(BoNusS), mm

CLAS Collaboration Meeting

Z is the position along the
beam direction

Tracking of the electron gives
Z(CLAS)

Tracking of the spectator
proton gives Z(BoNuS)

AZ=Z(CLAS)-Z(BoNuS)
shows a coincidence peak
and a triangular background

Fits to the triangular
background allows us to
measure backgrounds
underneath the peak

Blue area = Rpg X Pink area

Roug is independent of
kinematics

15
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CLAS Detection Efficiency
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Ntag (W*an) Nbg(W*an)
Z 1 _ R, Z 1
Rcor'r' — Nuntag (VV,Qz) 1
; Ek:(‘/Va Q2)
Fy
7d = (Reorr)(Ce+ )(Cr ) (Tre) (1)
2

* Rcorr is the tagged to untagged ratio corrected for CLAS efficiency and accidentals
» Ce+ and Cy are corrections for pair-symmetric and 1 backgrounds
* nc IS the radiative correction

* nis an overall normalization constant that ensures agreement with world data at
x=0.3

13 October 2011 CLAS Collaboration Meeting 17
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|_Pair Sym Background Correction | [ Pion Background Correction |

Cr correction < 1/2 %

g 1-0055— 1.01F
< ;_ ““m"""“”""on 1.005— C
. +++++++ - 1T
0.995— -
: Hh > | *
» 1_-’ B ++
985 : ¢
nsnssE Ce+ | ﬂ # 0s0s|- ++*+¢ .
0.98[ + - .
0.9753—11.1.111...1.1.11,111_ 0'99:_.1 | | | |
1 1.5 2 25 3 1 15 2 25
o WGev) W (GeV)
lbOF ] '?
,_ : 2 ] .
1.25 )
various Q¢ values »: . C.. correction < 2 %
1.00 — . —' .
75 f— \:\\X\ : o

72| Irc correction < 10% in the
os0f Irc . region 1.2<W<2.7 GeV

|+ 1/n=0.02535 + 3.37%
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Kinematic Coverage

0626466 08 ' '
Q* (GeV?)
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[ E=4.223Gev |

CLAS Collaboration Meeting
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Combined
Systematic Errors on F,"
0.04
=== total systematic error
0.035 -
I ~@— spectator momentum + 10MeV
— | —&— spectator theta + Rand Gauss
o 003 -
=
|= spectator phi + Rand Gauss
2 I
‘6 0.025 [ —=—CLAS acceptance correction + 10%
5 —&— Rad Corrections Off (weight 0.5)
% oo
V>). t st Pi- cOrr * 2
® 1 ——PScorr* 2
' — L
o 0.015
e Background * 20%
E 0.01 [ ——— Expon. (total systematic error)
0.005 +
0
0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6

» Full analysis of F2" is done after shifting or broadening various quantities
« AF2" =0 at x=0.3 where normalization takes place (total value there is interpolated)

» Blue line, all changes are made at once; total error rises from 1% to 4% vs x.
13 October 2011 CLAS Collaboration Meeting 20
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BoNuS F»"
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—proton
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1 7. .
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4 of 16 spectra: 0.8 < Q?<4.5; Epeam = 4.2 & 5.3 GeV; Bosted/Christy world fits
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Monte Carlo Method
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R(data/MC) =

Q2 1.66,cos -0.60,p_s from 0.085 to 0.10q
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Feff(W* Q27ps)
Fmodel(m Q2)

Left: Black=raw tagged
data; blue=accidental
subtracted data; red=elastic
and radiative tail
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Data / MC vs W* for Different ps

Q2 1.66,cos -0.60,p_s from 0.070 to 0.085 |

-
® F

25-

0.5

0 12 14 16 18 2 22 24 26
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| @2 1.66,cos -0.60,p_s from 0.085 to 0.100 |

J
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-
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Deviations from
unity at low W*
comes from
difficulties of
getting the
model right for
the resonances

Generally the
ratio is close to
unity

Perhaps some
effects at high ps
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°'35; osh 1.56 < Q” < 1.87 GeV?
0.3} 0251
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s 0.1 | compared to a
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structure
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BoNuS F>"/F2P
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Fon/Fao"vs. X

Curves are
CETQ error
bands

CETQ cuts off at
low X because
Q2 is too low

Lower cuts in W*
imply higher x
but the inclusion
of resonance
contributions.

Results are
consistent with
CETQ trends at
high x.
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WILLIAM & MARY Conclusions

e BoNuS:

— We have measured F2" on a “free” neutron target

— No effects from Fermi motion and final-state
Interactions

— No evidence for off-shell structure for ps<100 MeV/c

— F2"F2P behaves at high x much like CETQ high-x fits

— F2" resonance data will significantly improve the world
data set, which up to now came from d with nuclear
corrections

— Long paper, with details of the off-shell study is in the
works (S. Tkachenko), as is a paper on D(e,e’1Tpsp)
(J. Zhang)
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WILLIAM & MARY Off-Shell Structure Functions

Liuti & Gross PLB356(95)157 Melnitchouk et al, PLB335(94)11
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 Resonances induce huge variations in A1 compared to the
smooth deep-inelastic behavior (red)

e The world’s collected wi
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WILL IAM & MARY Spectral Functions

Melnitchouk et al., ZPA359(97)99 Heller & Thomas, PRC41(90)2756
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