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Generalized Parton Distributions (GPD)

3-dimensional quark structure of nucleon

T Filx,by)

Elastic Scattering Deep inelastic scattering Deep exclusive scattering

transverse quark Longitudinal quark Fully-correlated
distribution in Distribution in quark distribution in
coordinate space momentum space both coordinate and

momentum space - GPDs
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Deeply Virtual Compton Scattering and GPDs

» DVCS is the cleanest process to access GPDs

Handbag mechanism: the exclusive process can be factorized into a hard
scattering part and a nucleon structure part parameterized via GPDs

€ x longitudinal quark
e momentum fraction
B , sk 2¢ longitudinal
Q’= - (e-e’)? Y momentum transfer

Xg = Q?/2Mv v=E_-E,
t = (p-p’)?
E=Xxg/(2-Xp)

GPD (x, € ,t)
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Link between GPDs, DIS and form factors

» DIS at t=¢=0: ordinary parton distributions

H'(x,5=0,t=0)=qg(x) unpolarized quark distributions
H (x,£=0,t=0)=Ag(x) polarized quark distributions
Eq,Eq new information

» First moments: form factors

Dirac axial

[ axH(x.&,1) = F' (1) [ axi’(x.&,1)=Gi()

Pauli pseudo-scalar

[ dxE*(x.E,1) = F} (1) [ dxE*(x.5,1) = G(t)
W -1
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Accessing GPDs via DVCS

Cross section of ep—epy at Q%=2 GeV/c? and X5=0.35
DVCS BH

TTE T

§E0=11Gev :

(do/dX /dQ’/dt/dd nbGeV/c™

10
2d4 ~| TDVCS + TBH |2
dQ’dx,drdp N
CPD Elastic form 107}
> factors -
o' -0 N I(DVCS * BH)

o"+0 IDVCSP+|BHF+I sl ....

0 20

BH and DVCS interference is helicity dependent

GW*, degree

DVCS can be measured via beam and target asymmetries
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Polarization observables

A= O -0 ey
O'+ n G_ k=-t/4M? leptomc pléne

hadronic “a
plane

Polarized beam, unpolarized target N

Aoy, ~singIm{FH +E(F,+ F,)H + kF,E}dp wmp H,H,E

Unpolarized beam, longitudinal target

Aoy, ~singIm{FH+E(F +F,)H+.)ldp ~wmp  HH
Unpolarized beam, transverse target

Aoy, ~singIm{k(F,H - F.E)+ ..}d¢ m HE
Beam charge asymmetry

Ao, ~cos¢Re{FH +E(F, + F,)H -kF,E}dp Wmp H,HE
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Cross section and BSA measurements

CLAS
Beam-spin asymmetry
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TSA measurements

S. Chen et al., PRL 97 (2006) CLAS
oAt E.=5.75 GeV Data were cc_)llected as a by-
02f product during the run:

ERY e S N 5.7 GeV

. with NH; longitudinally polarized
20 <Q?> = 1.82 GeV? target, Q2 up to 4.5 GeV?
oab <xz> =0.16 _ |

L c-t> = 0.31 GeV? | Non dedicated experiment
06556700 750 200 250 300 380

Target-spin (L) asymmetry (H, ﬁ)

A. Airapetian et al., JHEP 0806 (2008)

HERMES ; of 1 R MO

I - ] - - 1 - 1206 - -

TSA vylth transverse E O iy | {\7 i H++ i H; 04 —
polarized target = | < } i frhe

< -04 ,‘_ - T 3 7]

02 04 060‘0.’1‘0.‘2 03 0 2 4 6.8 10

Also longitudinal overall 1 (GeV?) X, O (Gev?)

Target-spin (T) asymmetry (H, E)
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DVCS at 6 GeV with polarized target and
polarized beam using the CLAS detector
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DVCS at 6 GeV with polarized target and
polarized beam using the CLAS ¢

» First dec

etector

icated DVCS experiment wit

polarized target
» Approved for 60 PAC days

» According to the current accelerator
schedule: Feb 4th - Mar 11th @ 5.9 GeV

Apr 9th - May 315t @ 6.1 GeV

Aug 215t - Sept 20t @ 5.9
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Jefferson Lab Continious

Electron
Beam
Accelerator
Facility

| =200uA
E, ..=6 GeV
og/E~2.5 1073
Beam Pol~80%
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The CLAS detector

CEBAF

Large
Acceptance
Spectrometer

Electron Beam

Electromagnetic
Calorimeters

Torus— Cerenkov
Six individually instrumented Counters
sectors
*Toroidal magnetic field
*Multi-particle final state Chambers

eLarge acceptance

 METERS Time of Flight
0 1 2 3 4 ; iﬁb 1 8 210 Scinti"ators
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The polarized target

*Polarized by DNP along the beam
5 Tesla magnetic holding field
*He-4 cooling bath T=1 K

*Field uniformity AB/B ~ 1074

Targets:

«"4NH; P ~ 70 - 80%
«12C & He-4 background studies
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The Inner Calorimeter (IC) .

» InCcrease Y acceptance
o EC: 17°<06<430°
o |C: 4°<0<15°

Better resolution

)

424 PbWO, crystals
‘loecmx 1.3 cmx 1.3 cm
*Pointing geometry

«~1.2 degree/crystal

18 radiation lengths
*APD readout
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Moller background

» Moller background “naturally” shielded by the
target field
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Analysis

» Detection of all final state particles e py

» DVCS: Q2>1 GeV2, W>2 GeV, -t < 0.6 GeV?

» Background from unpolarized f T
target nucleons and =n® highly
reduced by geometry cut

4 N |
3 ,:*.:?F " +¢:: 7 St
1 , 0 0.1 2,

MMy GeV'ic

03
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Kinematics and acceptance
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LR *Much higher statistics —> bins in t and x;
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Target spin asymmetry: ¢ dependence
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Target spin asymmetry: Q- dependence
x,=0.3,1=0.325GeV’, ¢ = 90°
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Target spin asymmetry: t dependence

x,=3,0° =23 GeV’, ¢ = 90°

= CLAS eg1b (Chen et al.)
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Semi-Inclusive Pion Production with a
Longitudinally Polarized Target at 6 GeV

» Concurrent to DVCS experiment

» Single- and double spin azimuthal
asymmetries in semi-inclusive

electroproduction of pions using the 6 GeV

» Study of transverse momentum dependent
parton distributions at Q¢ > 1 GeV?

7T
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Conclusions

» First dedicated DVCS experiment with polarized
target

» Improvement on statistical and systematic errors by a
factor 4 and 2.

» The Iag;e acceptance will allow to study xgz, Q% and t
dependence of the DVCS amplitude

» The target asymmetry will increase the sensitivity
toH, adding new information to existing polarized
beam data.

» This experiment together with polarized beam
experiment with the CLAS detector and the Hall-A
DVCS program, will greatly contribute to our
knowledge of GPDs and will provide a crucial step for
the 12 GeV program.
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Target polarization

» Target polarization extracted by measuring
elastic asymmetry
Nt - N— egl P,P, @ 5.6 GeV

Ameas: :PePA eo BV
N_l__N_ t<1th 3!

DY SURNS SN WS SO S ARSI SR

. IC-target distance is A ST

important for electron « g
detection Wb

wl i inchusive: I'hPt=t). 55441034

b exclusire:PBPE0.6040,027 .

LI R T RN R TEN RSN BT vl
s 1 15 2 2.5 3 3.

runs 27458-27400, E=L.615 GeV 02
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Target spin asymmetry: X, dependence

1=0.325 GeV*, Q° = 2.3 GeV*, ¢ = 90°
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Target spin asymmetry: Q? dependence

X031 0.325 GeV”, & = 9f
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Target spin asymmetry: t dependence
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