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e Asymmetries A; and structure functions g;
o Integrals [

e Real photon GDH measurements

\o Single spin asymmetries




The CLAS Collaboration

o ~ 210 physicists
e 39 institutions

e Arizona State University, CEA-Saclay Service de Physique
Nucléaire, University of California at Los Angeles, Carnegie
Mellon University, Catholic University of America, Christo-
pher Newport University, University of Connecticut, Duke
University, Edinburgh University, Florida International
University, Florida State University, The George Washing-
ton University, University of Glasgow, INFN Labora-
tori Nazionali di Frascatti, INFN Sezione de Genova, Insti-
tut de Physique Nucléaire ORSAY, Universitat Bonn, In-
stitute of Theoretical and Experimental Physics Moscow,
James Madison University, Kungpook National Univer-
sity, Massachusetts Institute of Technology, University of
Massachusetts, University of New Hampshire, Norfolk State
University, Ohio University, Old Dominion University, Uni-
versity of Pittsburgh, Universita Roma Tre, Rensselaer
Polytechnic Institute, Rice University, University of Rich-
mond, University of South Carolina, University of Texas at
El Paso, Thomas Jefferson National Accelerator Facility,
Union College, Virginia Polytechnic Institute and State
University, University of Virginia, College of William and
Mary, Yerevan Physics Institute




The Experiments (egl)
e Inclusive Measurements
E91-023: ¢p— X (egla: 35%)
E93-009: #d — ¢'X (egla: 10%)

e Exclusive Measurements

E93-036/E94-003: (egla: 35%)
ep— entn
ep — e'mp

Single Spin Asymmetries (SSA)
ep — e'nt X (target SSA)
é€p — ¢'m" X (beam SSA)
€p — e'mtn (exclusive beam SSA)

ép — e'py (DVCS)
e Photoabsorption
03/2 — 01/2:
Jyr— X
e First run period (egla): Fall 1998

2.5 and 4.2 GeV beams
0.1 < Q?<27GeVE W <25 GeV

e Second run period (eglb): Fall/Winter 2000/2001

1.6, 2.5, 4.2 and 5.7 GeV beams
0.05 < Q* < 5 GeV?, W < 3 GeV




CLAS Kinematics

e Electron scattering angle ¢

e Nucleon mass M

e Incident (F) and scattered (E') electron energies
e Energy transfer v = F — E’

e Bjorken z = Q*/2Mv:; invariant mass W

e Azimuthal pion angle ¢*

e Polar pion angle * (in lab or CM frames)




Kinematic Coverage
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o )’ =4AEFE'sin’% andv=FE — F.

e Jlab experiments cover the resonance region and reach
into the deep-inelastic region.

e CLAS data exist for both dark and light blue regions.

e Results presented come from light and dark blue re-
gions.




CLAS Spectrometer

Jefferson Lab
CLAS Detector

Drift Chambers

Cherenkov Counters
Time-of-Flight Counters Sampling Calorimeter




CLAS Polarized Target
Dynamic Nuclear Polarization
(DNP) NH3 and ND3 target

e —— 4’ - / o
L! ‘F\ €L TARGET Lﬁg,j)

B=5 Tesla

de ~ 104

1°K 4He cooling bath
12 and 15N targets
PNH3 ~ 75— 85%
PN, ~ 25 — 35%

6( Py P,
% ~ 3%forNHs
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Representative CLAS Event

e Upper track bends inward (electron)

e Lower track bends outward (7r+)

\




Spin Asymmetries

e Cross section:
o =09+ Pyoy + Boy + Py Pioy
0y 1s the unpolarized cross section
Py (P) is the beam (target) polarization
oy (o) is the beam (target) single spin cross section

oy 1s the double spin cross section

e Asymmetry:
Ap = op/oq is the double spin asymmetry

Ay = 0y /09 is the beam single spin asymmetry

A, — 1 NNypnU_NyM_yH
bt = Fp, P, NWANIHFNTT N

A, — 1 NN_NIT Nty
b= Fp, NUINTFNTTLNH

e Inclusive:
oy, 04 & 0 (parity violation)

Ay can be either AII or A, = g1 and ¢

e (Semi)-Exclusive:

oy, 04 are sensitive to polarized fragmentation func-
tions, transversity, higher twist, etc.

oy 18 sensitive to the isospin structure of the under-
lying resonances.




Inclusive Double Spin Asymmetries

e 0y = Fv(O'T + EO'L)
® oy — AO” = QFVD(l + ER)[UTT + norr]
® 0y — AO-J_ = 2de(1 + ER)[O'LT — CUTT]

o 0p =0()y = NFy/2x o |S)p|*

° O'TZ(O'lT/2—|—O'3T/2)/2=NF1; R=op/or
Fi+ ¢ g2) = 2mELb| Ay po?
Fi—q g9 27T%b|143/2|2; (b: lineshape)

® orr =01)y = N (g1 + g2) S1/941/9; Ay =opr/or
® o1 = (01T/2 - U3T/2)/2 = N(g1 — 7292) Ay =orr/or
o A= D(A; +nAy); Al =d(Ay —CAy)
o A1F =91 =72 ; APy =y(91 + 92)

e Integrals:
[y = ) gi(2,Q*)dx (elastic excluded)
Bjorken Sum Rule: T7 — T'? = %gACns
Leading twist: g3V = —g; + [} Myy—g)ldy

GDH Sum Rule: T'1(Q?) = —Q*k%*/8M? as Q* — 0.




S11 and D3 Amplitudes
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CLAS (egla) A; +nA, for d
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e CLAS can only measure || spin configurations.

e Therefore, A; = opp/op cannot be separated from
AQ = OLT/OT-

e 7 is generally small, so A; dominates.




CLAS (eglb) A; +nA; vs. x for p

A1+etaA2 for E=1.607
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e Red curve: MODELS (egl parametrization of world

data).

e Blue curve: estimate of nAs from MODELS.

e Plotted versus W, the data show resonance structure

at fixed positions.
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o A, varies little with Q7 in
1.4 < Q% < 4.5 on graph.

DIS region; therefore,

e CLAS results complement Hall A results for A} at
x = 0.33,0.47 and 0.60

e Shaded region: Isgur, PRD59(99)034013, Hyperfine-
Perturbed Quark Model.

Close and Melnitchouk,

e Other theoretical curves:
hepph0302013.

—~ T EEma
B ] HF perturbed QM
' [0 HF perturbed QM B g 14 - World Data parm Q? = 10 GeV? i
World Data parm Q? = 10 GeV? = World Data Parm +d WF Q? = 4.2 GeV?
[ ——  Symmetric Q Wavefunction = 8 12 | —— SymmetricQ Wavefunction =
Helicity 3/2 suppression % Helicity 3/2 suppression
——  Spin 3/2 suppression pQCD B ——  Spin 3/2 suppression pQCD
= ® CLASEGIbQ?=14-452Gev? A 1F ® CLASEGIbQ?=14-452Gev? —=
A SMC _;; A SMC 7
I ® SLAC-E143 R <L gg ™ SLAC-E143 _ / i
L 06 |- / E
[}
1 - |
- 4 E 04 | /{J, | suie)
7 ] k r |
| sl
s 1 E o2 b \ ARN E
i ® ’ 4 i 1 T
u
: PEEL |
0 =4 t
i |
S N B [ B [ [ 02 et bbb by
0 0.1 02 0.3 04 05 06 0.7 08 09 1 0 0.1 02 0.3 04 05 06 0.7 0.8 09
ij ij




A} versus z from Semi-Inclusive Data

ep — e 1 X (NH,)
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e Target limits 7 acceptance to 8 < 50° and 75° <
0 < 105°.

ecp—entX

e W2 >4, Q%> 1,y < 0.85 (reduce rad.cor.), 0.5 <
z < 0.8 (suppress target fragmentation events).

i Agi(w,Q?) [2m2x 2D (2,Q7)
i qi(2,Q?) [Zmax dz D (2,Q)

“min

o Ay =g /F =

e Results are in reasonable agreement with inclusive
extractions of Aj.




CLAS (eglb) g{ vs. z
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e Representative CLAS data.
e The A drives the 1.6 GeV data negative.
e For the 5.6 GeV data, ¢, is positive.

e The eglb data cover a wider kinematic range with
significantly better statistics than the egla data now
being published.




CLAS (eglb) g¢{ vs.
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e CLAS took data with both NH3 and NDj targets.

e The deuteron data show the same negative ¢, for the
A, which disappears at higher ).

e Curve is egl MODELS: DIS fits to data; resonance
calculations using AO with helicity amplitudes mod-
ified to fit data; smooth interpolation between the
two regions.




CLAS ¢,/ F; Proton

g1/f1 (proton)
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e For DIS, ¢, scales almost like F, and ¢,/ F} is nearly
flat. [A = g,/F, at large Q*]

e The resonance structure causes ¢, to evolve very dif-
ferently from £, at low Q.

e g1/ F| goes negative at the A resonance.




CLAS ¢/ F; Deuteron
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g versus ¢
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e Nachtmann variable & = target mass
$ 144/ 1+4M222 Q2 (targ
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e The A resonance causes g; to deviate strongly from
the DIS systematics.

e (see talk by Oscar Rondon for details)




I vs. Q* (eglb)
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e (see talk by Gail Dodge for details)
o'y =/ gi(x, Q%)dx

e Errors are statistical using only the measured data
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e First precise deuteron results for I'Y at Q? < %
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e Bjorken Sum Rule: T} — T} = %QACHS
e C,, evolves with ).

o At low Q? where resonances dominate, the pQCD
extrapolation fails.

e More data to come as the analysis progresses.




Future GDH Measurements with CLAS
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e E03-006: Battaglieri, DeVita and Ripani.

e Requires a new small-angle Cherenkov counter.




Real Photon Measurements

. dv 212 k2
e Igpn = fﬁ;(ﬁ/z — 03)9) " = — T

Iepn(Q?) = 16m2aly (Q?)/Q*

e 3-day real photon GDH test run during eglb (Jan.
2001)

e Polarized electrons of E=5.63 GeV; tagged photons
of £, =2.5-5.3 GeV; 220 M triggers with on polar-
ized "NHj.

e Measured roughly half of o, ; correct asymmetries
with known oy.;.

e Much more CLAS data expected in the future using
a frozen spin target for £, = 3-6 GeV.

e SLAC E159 plans to measure from 5-45 GeV, where
there may be a significant negative cross section dif-
ference.




Real Photon Measurements

Total real photoabsorption
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e Lower graph is negative of upper graph.

® 01/9 — 032 changes sign around 2 GeV.




Beam SSA
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e Single spin asymmetries can be determined for each
hadron azimuthal angle ¢

e The figure shows afit to Api7(¢) = a sin ¢p+asg sin 2¢

e The sine-moments provide new insight into nucleon
structure

e Q% > 1 GeV? 05 < 2z < 08, W? > 4 GeV?,
y < 0.85, and My > 1.1 GeV.

e (see talk by Harut Avakian for details)




Exclusive Beam SSA
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e Beam SSA’s for exclusive channels may provide ac-
cess to Generalized Parton Distributions (GPD’s).

o —1 < 0.5GeVZ W?>5GeV?, Q? > 2.5 GeV? and
< Q? >= 3 GeV~.

e CLAS data shown as a function of z (left) and —t
(right).




Semi-Inclusive Beam SSA
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o 0)1¢ o e(z)Hi(z) (Collins’ Mechanism)
e ¢(z) is the twist-3 unpolarized distribution function
o Hi*(z) is the Collins fragmentation function

e Curve: Afanasev and Carlson (Sivers Mechanism)

o ASLH# ~ Hf’ﬂJr(z)/D?’ﬁ(z) for sum over .




Semi-Inclusive Target SSA

o W=sing

m W=sin2¢
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Conclusions

e CLAS has taken extensive data with longitudinally
polarized electrons and longitudinally polarized p and
d targets.

e Precision structure functions ¢! and g¢ cover a wide
kinematic range for 0.1 < Q? < 2.5 GeV?.

o F]f(n) deviates from DIS systematics below Q? = 2.5
GeV?, becomes negative at Q* ~ 0.3(0.6) GeV?, and
turns upward below Q? ~ 0.1 GeV?2.

e Real photon absorption measurements confirm that
039 — 012 18 negative above 2 GeV.

e Single spin asymmetries show remarkable similarity
to HERMES data at higher energies, which allows
access to polarized fragmentation functions and new
structure functions.

e eglh still has a significant data sample at 2.5 and
4.2 GeV beam energies which is presently being an-
alyzed.




