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Outline: DVCS on nuclei

• Theoretical motivation

• HERMES experiment at HERA/DESY

• Azimuthal asymmetries in DVCS and GPDs

• Results on the deuteron and heavier nuclei

• Summary
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HERMES AUL on 1H and 2H
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HERMES ALL on 1H and 2H
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Beam-helicity and 
beam-charge asymmetries 

on tensor-polarized 
deuterons with Pzz=0.827 

in comparision to 
unpolarized deuterons

14
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HERMES ALU on (un)polarized 2H 
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HERMES AC on 
(un)polarized 2H

 ☐ Re H1 
■ Re (H1-⅓H5)      
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for coherent 
scattering
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HERMES AC on 
(un)polarized 2H

 ☐ Re H1 
■ Re (H1-⅓H5)      
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HERMES AC on 
(un)polarized 2H

 ☐ Re H1 
■ Re (H1-⅓H5)      

DVCS ALZZ sinϕ amplitude:

0.074 ± 0.196 ± 0.022
(-t<0.06 GeV2, 40% coherent)

16

for coherent 
scattering
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Beam-spin and beam-charge 
asymmetries 

on heavier nuclei 

17
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incoherent 
enriched

 Nuclear data sets

18

HERMES  
Phys. Rev. C 81 (2010) 

035202
arXiv:0911.0091

Target Spin L (pb-1)
1H 1/2 227

He 0 32

N 1 51

Ne 0 86

Kr 0 77

Xe 0, 1/2, 3/2 47

Heavy target data taken at 
the end of each HERA fill 

(“high density runs”) • Separation of coherent-enriched and incoherent-
enriched data samples by t-cutoff such that ≈same 
average kinematics for each target.

• Coherent enriched samples: ≈65% coherent fraction

• Incoherent enriched samples: ≈60% incoherent fraction

coherent 
enriched
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DVCS asymmetries on Nuclei

19
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● Targets with 2 beam charges available.
AC and charge-difference ALU sensitive to 

DVCS-BH interference term

○ Targets with only one beam charge available.  
No AC and single-charge ALU 
with entangled s1 coefficients
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A-dependence of DVCS 
asymmetries 

20

•How does the nuclear medium modify parton-parton 
correlations?

•How do the nucleon properties change in the nuclear 
medium?

• Is there an enhanced ‘generalized EMC effect’, which 
could be revealed through the rise if τDVCS with A?
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Average ALUA / ALUH:

coherent enriched:    0.91±0.19

incoherent enriched: 0.93±0.23

DVCS Nuclear Mass Dependence

21

HERMES  
Phys. Rev. C 81 
(2010) 035202
arXiv:0911.0091

Normalization to 
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(A) Beam charge asymmetry: 
 GPD H

(B) Beam helicity asymmetry: 
GPD H

(C) Transverse target spin asymmetry: 
 GPD E from proton target  

(D) Longitudinal target spin asymmetry:
 GPD H 

(E) Double-spin asymmetry: 
GPD H~

~
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HERMES DVCS
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     Preliminary
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arXiv:0909.3587

arXiv:0911.0095

arXiv:0911.0095

HERMES results for 
spin-1/2 GPDs

22

See talk by M. Düren
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(A) Beam charge asymmetry: 
 GPD H

(B) Beam helicity asymmetry: 
GPD H

(C) Transverse target spin asymmetry: 
 GPD E from proton target  

(D) Longitudinal target spin asymmetry:
 GPD H 

(E) Double-spin asymmetry: 
GPD H~

~

Amplitude Value
−0.3 −0.2 −0.1 0 0.1 0.2 0.3

   )!cos(2
LLA

      !cos 
LLA

   )!cos(0
LLA

     )!sin(2
ULA

         !sin 
ULA

!sin  )s!  − !cos(
UT,IA

!cos  )s!  − !sin(
UT,IA

   
)s!  − !sin(

UT,DVCSA

    
)s!  − !sin(

UT,IA

      )!sin(2
LU,IA

   !sin 
LU,DVCSA

         !sin 
LU,IA

   )!cos(3
CA

   )!cos(2
CA

      !cos 
CA

   )!cos(0
CA

HERMES DVCS
  Hydrogen
  Deuterium

     Preliminary

arXiv:1004.1077

arXiv:1004.1077

arXiv:0802.2499

arXiv:0909.3587

arXiv:0909.3587

arXiv:0911.0095

arXiv:0911.0095

Re H
Im H

Im H∼

Im (H-E)
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HERMES results for 
spin-1/2 GPDs

22

See talk by M. Düren
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Summary: DVCS on nuclear 
targets at HERMES

• HERMES has analyzed its rich set of DVCS data on nuclear targets
(Deuterium, Helium, Neon, Nitrogen, Krypton, Xenon): 
➤beam-helicity, beam-charge, target-spin and double-spin asymmetries. 
Final results. Unique data set!

• These measurements allow for the search for 

• the coherent signature expected for a deuteron target at low t.

• the tensor signature expected for tensor-polarized deuterons. 

No obvious signatures revealed within the experimental 
uncertainties. 

• No A-dependence of the DVCS asymmetries was found within the 
experimental uncertainties.

• Measure these observables with greater precision at an EIC
23
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Backup slides

24
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Systematics and corrections

25

• Results corrected for background from decays of neutral mesons 
(semi-inclusive: 4.6%, exclusive: <0.7%)

• Dominant contribution to systematics: limited spectrometer 
acceptance and finite bin widths.

• Combined contribution from acceptance, finite bin width, 
detector misalignment and kinematic smearing determined from 
MC simulation.

• Scale uncertainties due to polarization measurement: 

• deuterium target polarization: 4.0%

• beam polarization, unpolarized deuterium: 2.4%, polarized 
deuterium: 1.9%
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HERMES ACL 

(single helicity) 
on polarized 

2H

26
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Nuclear DVCS backup

28
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