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Motivation.
Nucleon Spin Composition

Ji’s relation:
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unknown !

Proton’s Spin =

GPDs

We study DVCS to constrain We study DVCS to constrain GPDsGPDs
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Factorization: DIS & DVCS

Factorization:
A = hard scattering ⊗

( )NNA ** γγ →

Amplitude:

( )NNA  * γγ →

Forward Compton
Mandelstam t = 0

Non-forward Compton
Mandelstam t ≠ 0

Parton Distribution
GGeneralizedeneralized
PPartonarton DDistribution (istribution (GGPD)PD)

only diagonaldiagonal matrix elements nonnon--diagonaldiagonal matrix elements

⊗⊗

DIS
ep → e´X

DVCSDVCS
ep → e´pγ

N N N N
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GPDs for DVCS
on a spin-½ target

twist 2 GPDs:
( ) ( )txtx ,,

~
,,, ξξ HH target helicity conserving

( ) ( )txtx ,,
~

,,, ξξ EE
where:

target helicity non conserving

B

B

x
x
−

≅
2

ξ longitudinal momentum transfer between two partons

ξ±x parton’s longitudinal momentum fractions
t momentum transfer (Mandelstam t )

x unobservable internal variable in DVCS

N N
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Properties of GPDs

Forward limit: ( ) ( )xqxq =0,0,H ( ) ( )xqxq ∆=0,0,
~H

t = 0, ξ = 0

( ) ( )tFtxdx q
1

1

1
,, =∫− ξHSum Rules: ( ) ( )tFtxdx q

2

1

1
,, =∫− ξE

F1, F2 – Dirac and Pauli form factors
Nucleon’s spatial picture :

Transverse
Position

Longitudinal
Momentum GPD 
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DVCS & Bethe-Heitler (BH) 

DVCS Bethe-Heitler

indistinguishable
final state

&

444 3444 21
I

BHDVCSBHDVCSDVCSBH τττττττ **22 +++=

one measures interference of two processes
but BH is calculable in QED

@ HERMES

DVCS is suppressed in respect to BH
@ HERMES

DVCS

BH
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HERA & Hermes

@ DESY Hamburg
e- and e+

→ Beam Charge
Asymmetry (BCA)
e± beam

Energy 27,5 GeV
Polarization ~ 50%

Spin Rotators 
@ Hermes longitudinal beam polarization
have both beam helicities

→ Beam Spin Asymmetry (BSA)

HERA ep collider
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HERMES particle ID

tracking (∆Pe ~ 2%)

e±

pure gas target
pol. H, D
unpol. 

H, D, Ne, Kr, Xe

Calorimeter
(∆Eγ ~ 5%)

magnet

Target Polarization:
1996 -2000 :

Longitudinal
2002 – now :

Transverse

detected: scattered lepton and photon
not detected: Recoiled nucleon Missing mass reconstruction

Target Spin AsymmetryDVCS:
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Asymmetry Measurement
MC (Mx < 1.7 GeV):

Elastic (85 %)
Associated (with excitation of 

the nucleon into resonance 
state, e.g. ∆) (10%)

Semi-inclusive background 
(mostly from π0) (5%)

( ) BH
II

d
dd

dd
ddA
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σσ
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BCA (e+,e−)
BSA (Pbeam

+,Pbeam
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LTSA (Ptarg.
+,Ptarg.
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Beam Spin Asymmetry.
The Proton and the Deuteron

HALU Imsin ∝φAccessing

( ) ( ) ( )
( ) ( )φφ

φφφ
NN
NN

P
ALU sr

sr

+
−

=
beam

1

Longitudinally polarized e+ beam
Unpolarized target

( ) φφφ φφ 2sinsin. 2sinsin
LULU AAconstf ++=

03.018.0sin ±−=φ
LUA

03.000.02sin ±=φ
LUA

Proton:

03.015.0sin ±−=φ
LUA

03.003.02sin ±=φ
LUA

Deuteron:

Fit function:

expected sinΦ behavior
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Beam Charge Asymmetry.
The Proton and the Deuteron.

HAC Recos ∝φAccessingPositive and negative beam Charge
Unpolarized target

( ) ( ) ( )
( ) ( )φφ

φφφ −+

−+

+
−

=
NN
NNAC ( ) φφφ φφ sincos. sincos

CC AAconstf ++=

028.0059.0cos ±=φ
CA

028.0094.0sin ±=φ
CA

Proton:

018.0061.0cos ±=φ
CA

018.0010.0sin ±=φ
CA

Deuteron:

Fit function:

expected cosΦ behavior

(Non zero PB)
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Beam Charge Asymmetry vs. t

Proton vs. Deuteron:
1st Deuterium bin is 40% 

coherent
No difference between 

eP and eD
Difference in the last bin due 

to increasing neutron form 
factors

BCA may constrain GPD 
models

GPD model:
M. Vanderhaeghen et. al.

proton:
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New !
Longitudinal Target Spin Asymmetry.
The Proton and the Deuteron

( ) φφφ φφ 2sinsin. 2sinsin
ULUL AAconstf ++=

Longitudinally polarized target
Unpolarized beam

Fit function:

HAUL
~Imsin ∝φAccessing

( ) ( ) ( )
( ) ( )φφ

φφφ
NN
NN

P
AUL sr

sr

+
−

=
.targ

1

expected sinΦ behavior

Sizeable          ?φ2sin
ULA

sensitive to e.g. 
twist-3 Im(          )33 ~,HH

P
-0.071±0.034
-0.113±0.034

D
-0.036±0.024
-0.039±0.023

φsin
ULA

φ2sin
ULA
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New !: Longitudinal Target Spin 
Asymmetry vs. t

eD coherent production (40% 1st bin)
No effect is seen

high t :
AUL

sin2Φ is bigger than predicted by the model
interaction dependent (qGq) twist-3 is missing

GPD model:
only W.W. term of the 

twist-3 GPDs

{ }3333 ~,,~, EEHH

from twist-2 GPDs

333
qGqWW FFF +=

( ) ( ) ( ) ( )enAepAedAepA ULULULUL     ≠⇒≠
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DVCS at HERMES. Outlook.
Existing data on Proton 
and Deuteron:

BSA  →
BCA  →
LTSA →

→ is significant
(twist-3 GPDs ?) Future.

Recoil Detector
Background ´free´ DVCS:

Semi-inclusive bgd:
• 5% → << 1%

Associated bgd:
• 10% → 1%

H~Im

HIm
HRe

φ2sin
ULA

Present Data Taking:
Transverse Polarized 
Target

TTSA

DVCS  on nuclei
sinΦ is already observed 
for BSA on Ne and Xe
Dependence of coherent 
production on nuclei will be 
studied (N, Ne, Kr, Xe)

uJ→→  E
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