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Deeply virtual Compton Scattering
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The (differential) cross section:

DVCS

Bethe-Heitler
process

dσ

dxB dQ2 dt dφ
=
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emxBy

16π2Q2e6

|TBH|2 + |TDVCS|2 + I√
1 + 4x2

BM2/Q2

|TBH|2 ! |TDVCS|2DVCS amplitude measurable despite
HERMES kinematics.
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Azimuthal dependencies 

|TDVCS|2 = KDVCS

[
cDVCS
0 + cDVCS

1 cos(φ) + cDVCS
2 cos(2φ)

]

+ λ KDVCS sDVCS
1 sin(φ)

Signatures for different azimuthal amplitudes:
Beam polarization λ, beam charge el

Beam helicity asymmetry

Beam charge asymmetry

Beam charge/helicity asymmetry

|TBH|2 =
KBH

P1(φ)P2(φ)
[
cBH
0 + cBH

1 cos(φ) + cBH
2 cos(2φ)

]

I = el
KInt

P1(φ)P2(φ)
[
cI0 + cI1 cos(φ) + cI2 cos(2φ) + cI3 cos(3φ)

]

+ elλ
KInt

P1(φ)P2(φ)
[
sI1 sin(φ) + sI2 sin(3φ)

]
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Azimuthal dependencies 

|TDVCS|2 = KDVCS

[
cDVCS
0 + cDVCS

1 cos(φ) + cDVCS
2 cos(2φ)

]

+ λ KDVCS sDVCS
1 sin(φ)

Signatures for different azimuthal amplitudes:
Beam polarization λ, beam charge el;

|TBH|2 =
KBH

P1(φ)P2(φ)
[
cBH
0 + cBH

1 cos(φ) + cBH
2 cos(2φ)

]

\mathcal{j} \mathcal{T}_\text{BH} \mathcal{j}^2 = \frac{K_\text{BH}}{\mathcal{P}_1(\phi) \mathcal{P}_2(\phi)} 
\left[ c_0^{\text{BH}} + c_1^{\text{BH}} cos(\phi)+ c_2^{\text{BH}}  cos(2\phi) \right]

I = el
KInt

P1(φ)P2(φ)
[
cI0 + cI1 cos(φ) + cI2 cos(2φ) + cI3 cos(3φ)

]

+ elλ
KInt

P1(φ)P2(φ)
[
sI1 sin(φ) + sI2 sin(3φ)

]

Propagators include additional azimuthal dependence! The 
unpolarized terms stay as dilution in the asymmetries!
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Beam helicity asymmetry

Beam charge asymmetry

Beam charge/helicity asymmetry
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Relation to Compton Formfactors
cI1 ∝

√
−t

Q
Re

[
F1H+ ξ(F1 + F2)H̃−

t

4M2
F2E

]

cI0 ∝ −
√
−t

Q
cI1

sI1 ∝
√
−t

Q
Im

[
F1H+ ξ(F1 + F2)H̃−

t

4M2
F2E

]

Both, real and imaginary part of 
CFF H can be extracted.

BUT we can only measure effective asymmetries:
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AI
LU(φ) =

− KIel
P1(φ)P2(φ)
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n=1
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The HERMES experiment
HERMES Event Selection

HERA Beam: 27.6 GeV, e+ and e−, 〈P 〉 ≈ 35 − 55%
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Lepton resolution 
1.5-2.5 % rising with p

All data has been taken without the Recoil Detector.
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Signal and background
Identification by missing mass technique:
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~ 12 %

~ 3 %
(mainly pion
 production)

After all cuts:
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Semi-inclusive background was corrected for.
Associated (resonance) production is part of the signal.

e± + p/d→ e± + γ + X
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Beam Charge Asymmetries
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γ γ′

l l′

∝ Re[F1H]
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∝ − Acosφ
C

Bin-wise fractions of 
associated (resonance) 

production.
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Beam Charge Asymmetries
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Beam Helicity Asymmetries
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Beam Helicity Asymmetries

γ γ′

l l′

γ γ′

l l′

Bin-wise fractions 
of associated 
production.

∝
[
HH∗ + H̃H̃∗

]

Dietmar Zeiler, DPG Bochum, 16.03.09

EXCHANGE
No Guzey

LU
,Iφ

si
n 

A

−0.6

−0.4

−0.2

0

0.2

LU
,D

VC
S

φ
si

n 
A

−0.4

−0.2

0

0.2

LU
,I
φ

si
n 

2
A

−0.4

−0.2

0

0.2

overall

Re
s.

 fr
ac

0

0.2

0.4

−0.6

−0.4

−0.2

0

0.2 HERMES PRELIMINARY
γ + p + ± e→ + p ±e

−0.4

−0.2

0

0.2

−0.4

−0.2

0

0.2

] 2−t[GeV
−110

0

0.2

0.4

−0.6

−0.4

−0.2

0

0.2 3.4 % scale uncertainty
 sys error→Accep & smear 

−0.4

−0.2

0

0.2

−0.4

−0.2

0

0.2

Bx
−110

0

0.2

0.4

−0.6

−0.4

−0.2

0

0.2 VGG Regge, D
VGG Fact., D

−0.4

−0.2

0

0.2

−0.4

−0.2

0

0.2

]2[GeV2Q
1 10

0

0.2

0.4

Pure DVCS squared asymmetries are 
compatible with zero. Model curves 

overestimate charge-dependent beam-helicity 
asymmetry.

∝ Im[F1H]

(higher twist)



DVCS at HERMES 12

Comparison to Deuterium Data

γ γ′
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γ γ′
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Proton and deuterium results are compatible. Both, in low t 
(t<0.06 GeV2; 40% coherent) and high t (incoherent) region.
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Summary
✦ HERMES released new preliminary results on BCA and BSA 

from an analysis on the proton with much more statistics 
than in previous publications. 

✦ The BCA clearly disfavors all factorized model variants and 
the inclusion of a D-term in VGG.

✦ The associated (resonance) production needs to be 
accounted for in the BSA. The statistical precision allows for 
strong constraints on GPDs.

✦ In the 2006/2007 data the associated (resonance) process 
can be identified with the information from the Recoil 
Detector.

✦ Also a combined analysis of the deuterium data has been 
released. The results on the different targets agree very well 
for all leading twist amplitudes.
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Comparison to Deuterium Data

γ γ′

l l′

γ γ′

l l′

2.46409 0.0953144       0.119357
1.71006 0.0687373       0.0188805
2.21257 0.0868025       0.0440631
2.43459 0.0973376       0.078706
2.7138  0.107208        0.14241

3.13413 0.115828        0.261005
3.62658 0.119652        0.463362
1.34489 0.0488911       0.102791
1.78459 0.0696394       0.0937964
2.29898 0.0892686       0.107045
2.92412 0.113478        0.124145
4.04098 0.157403        0.162766

6.11013 0.24463 0.229447
1.1961  0.0544121       0.0808457
1.58949 0.0690795       0.0979472
2.07763 0.0844124       0.108301
2.76718 0.104695        0.125603
3.76158 0.134035        0.154251
5.7495  0.199427        0.219091The sin ϕ moment from the interference term is significantly 

negative over the whole kinematic range for both targets.
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