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Generalized Parton Distributions

Image from: A.V. Belitsky, A.V. Radyushkin, Phys.Rept.418:1-387,2005
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Probabilistic interpretation of form factors, parton densities and generalized
parton distributions at n=0 in the infinite momentum frame p,—



GPDs and Deeply Exclusive Processes

»>large Q?

GPDs depend on 3 variables:

X represents average momentum
fraction carried by the struck quark in
the quark loop

/q=e—e’=(v.r?i) W=v”(p+q)m

¢ — longitudinal fraction of the 4-
Q* =—¢° = p’
02 A== momentum transfer A
*B = 2mv t = 4"
A2 [ — transverse momentum transfer
Q* - My +

2 — Xp

§ = 20° Q2>>1 . &~ ot ]
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Deeply Virtual Compton Scattering

BH-DVCS
Interference
i DVCS Beam and Target
do Spin Asymmetries
~|T|? = |T T 2
dxpdQ%dtdd |IT| ITgy + Tpycesl 1
= |Tgul* + |Tpves!* + TovesTey + TovesTeu

42 Access to GPDs
xﬂlm’”ﬁm{ﬂ}f +§(Fy+F)H — E FEE}sin ) functions

Suppressed at the CLAS kinematics o _
e.g. for longitudinally polarized target:

. ~ \UCE Xp A? | . dﬂ' - dJUNP + dJLP (A)
Ay, = Jm{ﬂ}f +§(Fy +Fp) (H _?g) MRy FE)E}SII“’ﬁ where A =+1 - target helicity
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Deeply Virtual Meson Production

Production of pseudoscalar
mesons (1r9,...)

v

Access to spin dependent
GPD functions H, E in the
, Bjorken regime

v

Quark flavor filter of GPD




Deeply Exclusive Processes in CLAS

v'electron detection - EC, DC, CC
v'proton detection — SC, DC
v'photons detection — EC, IC

Large-angle Calorimeter

Drift Chambers
Region 1
Region 2
Region 3

Flectromagnetic Calorimeter
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DC: Drift Chamber
CC: Cerenkov Counter
SC: Scintillation Counter

EC: Electromagnetic Calorimeter
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egl-DVCS Experiment

Data collected between February to September

2009
High polarized electron beam (>80%)

Longitudinally polarized targets NH; and ND,

with average polarization ~80% for NH; and

~25% for ND;

Target polarization is monitored by Nuclear

Magnetic Resonance (NMR) System

Runs with 12C target for background evaluation




egl-DVCS Experiment

Part A, Band C

J

A 4
> Hydrogen target » Hydrogen target » Deuterium target
> Beam energy: > Beam energy: > Beam energy:
> 5.892 GeV » 5.967 GeV » 5.764 GeV
> 4.735 GeV » Luminosity: » Luminosity

» Luminosity: » 50.7 fb? » 25.3fb?
> 22.7 fb? » Used for results shown in

this presentations




Particle Identification (electron, proton)

Electron ID cuts:
> 0.7 =
> p>0.8 GeV

» Cherenkov triggered

p

» Vertex position within 30 ® 4 cm

Energy deposited/p corrected by sampling fraction

_Energy deposited in scintillator material

Electron Vertex

x10°
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Vertex u=-68.01 cm
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B vs momentum for positively charged particles

Proton ID cuts: Aﬁ = |ﬁmeas - ﬁcalcl < 0.035

Using Time-Of-Flight Counter:
L p

’“DSC
ﬁmeas = ﬁcalr: =

c (tSC - tstart) \/pg 4 M2 ,
proton

P [GeV]
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Particle Identification (rt°->y+y)

Photon cuts for 170 ; Invariant Mass for 2 gamma system
Inner Calorimeter y at low angles: mOmass  =134.9 MeV
10 mass 6 =7.8 MeV
* E, >0.5GeV -
Y . . . 60000
Electromagnetic Calorimeter y at higher angles: sooo0F-
* B >0.9 400005—

30000
Neutral beta E
«10° ) 20000

200

10000
180 .
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140 IM [GeV]
120 IC photons
100

80 E. 15

60 >

o NOTE: exclusivity cuts

take care of
remaining

20

85 0.6 0.7

background
events passed
due to loose
photon cuts.

Photon cuts for DVCS :
Inner Calorimeter

* single photon with E > 2 GeV

X [em]
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Exclusivity Cuts

P M

calculated

Due to different configuration the

-0.1<MM2,,,<0.14 GeV?

resolutions for 3 data sets are different.
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Kinematic Coverage (DVCS)

CLAS provides wide
kinematical coverage.

2.5
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* Plots from Erin Seder
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For Deep Processes:
»>Q?%>1 GeV?

»W > 2 GeV

»small X,
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DVCS Target Spin Asymmetry

n —n
- fP(nT+n)
n*() — rate of events with positive
(negative) target polarizations

AUL

P — average target polarizations

f = dilution factor
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* Plots from
Erin Seder
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Q* [GeV?]

Kinematic Coverage

v'Both photons in EC:
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DVMP Target Spin Asymmetry

v'Both photons in IC:
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Future Plans

* Improve:
— Nitrogen background evaluation
— Carbon data fitting
— Subtract nt° counts in single y sample
— Charge normalization
— Systematic error study
— Radiative corrections

* Improved calibrations promise better m® mass
reconstruction from EC region

* Kinematic bins definition
* Bin A, in different kinematic bins (Q?, X,,, t)
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Support Slide

o A=a-sind + b'sin2¢
f“;_ ] ShiFeng Chen thesis 2006 y.

Target Spin Asymmetry for ep->epn®
channel using eglb experiment data

a=0.109+0.056
5o 00150200 280300 350 b=-0.319+0.061
0
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S

Figure 6.12. Target Spin Asymmetry in the reaction e — epr? from all of the data. Points
are fitted with function F' = pgsing + p1sin2¢, and pg = 0.109 = 0.056, and p; = —0.319 = 0.061.
< Q?>=1.64, < —t >=0.36, and < xp >= 0.28.
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