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A BRIEF HISTORY…
⇒ The idea of using nuclei as “laboratories for QCD” is introduced
in the ‘80s by Brodsky, Frankfurt, Ioffe, Kopeliovich, Miller, A.
Mueller, Nikolaev, Pire, Ralston, Strikman….

⇒ Many intricacies and controversies appear: no clear-cut
interpretation of the “EMC-effect”, of the onset of shadowing and
anti-shadowing (are sum rules satisfied in nuclei? are parton
distributions probabilities?), Color Transparency….

⇒ Experiments are performed: EMC, NMC @ CERN, E665 @
Fermilab, DY and J/ψ production @ Fermilab, etc…

⇒ TODAY: Deeply Virtual Exclusive Experiments add a whole
new dimension where to explore nuclear medium modifications.
One can observe previously inaccessible spatial d.o.f.
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Recent activity in this field

Theoretical work

Formalism
D.Mueller and Kirchner (2004) .. Some formalism on A-dependence of DVCS
Guzey and Strikman (2004) .. A-dependence in BSA from nuclear DVCS
Liuti and Taneja (2005) .. Nuclear Medium Modifications of GPDs
Berger, Cano, Diehl, Pire (2001) Deuteron/Spin 1

Color Transparency
Liuti and Taneja (2005) .. Color Transparency
Burkardt and Miller (2006) .. Color Transparency

Models
M. Polyakov (2003) Liquid Drop Model
Cano and Pire (2003) Deuteron
Scopetta (2004) .. 3He
Liuti and Taneja (2005) 4He --detailed study of coherent and incoherent channels
Guzey and Siddikov (2006) .. A-dependence @ low xBj



Experiments 

HERMES ⇒ initial results (large uncertainties)
Jlab ⇒ Deuteron: M. Mazouz et al., 
Jlab ⇒ 4He: K. Hafidi et al.,  + LOI for 12 GeV



2. Some Formalism



GPDs in Nuclei: Off-forward EMC effect
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+

q q’=q+ΔDVCS

Nuclear Hadronic Tensor
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P’= P-Δ
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Non-forward kinematics
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PA’=PA-Δ
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k

Longitudinal momentum fractions

Z = A P+/PA
+                  ζ = A Δ+/PA

+= Δ+/P+

X = A k+/PA
+           X-ζ= A k’+/ PA

+

X/Z = k+/P+            Z-ζ= A P’+/ PA
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Use e.g. a spectator model (with a spin 0
diquark) to take a closer look to the nucleon
correlator MN…



 From MN  to MA (Spin 0)

Non-forward nuclear spectral function

ρA(Y,ζ,t,P2)With LC variables



In order to extract GPDs, use helicity amplitudes Quark-Nucleus
Helicity Amps.

Nucleon-Nucleus
Helicity Amps.

Chiral-Even
Quark-Nucleon
Helicity Amps.





S.L. and S.Taneja

4He

S. Scopetta

Deuteron
(data from Hall A,
Mazouz et al.)

Ru Rd

F. Cano and B.Pire

3He



Extracting Extracting GPDs GPDs from Cross Sectionsfrom Cross Sections
and Beam Spin Asymmetriesand Beam Spin Asymmetries



Fq ≡ Hq,Eq

((ep ep → → ee’’pp’’γγ))



BH, DVCS and Interference contributions azymuthal dependence written
explicitely (Belitsky, Muller, Kirchner)

Coefficients correspond to the L,T,LT,TT,LT’, … terms in the x-sec.



Bethe-Heitler
4He: Spin 0

DVCS

Interference 



Interference between BH and DVCS from Nuclear Beam Spin Asymmetry 



Coherent vs. Incoherent processes

PA
+

q
q’=q+Δq q’=q+Δ DVCSDVCS

Forward nucleonNon-forward nucleon



Similarly for Bethe Heitler processes from nuclei



Non-forward spectral
function

Forward spectral function



Hermes ⇒ first data 
Phys.Rev.C81 (2010)

Beam Spin Asymmetry

Incoherent “enriched”

Coherent “enriched”

Beam Charge Asymmetry

RLU
sinφ (A/p) = 0.91 ± 0.19 coherent

RLU
sinφ (A/p) = 0.93 ± 0.23 incoherent



•Hermes data



Jlab/Hall B analysis (K. Hafidi et al.) in progress (talk by H. Egiyan at DIS 2010)

incoherent

coherent



Main issue and Models



S. Scopetta, Phys.Rev.C79 (2009) 

Remark again “conventional” 
nuclear effects



Guzey and Siddikov (2006)

Introduce meson d.o.f. ⇒“pion excess” model



Liuti and Taneja (2005)

Effect is related to transverse motion of quarks





Moral: do exclusive experiments help us understand
nuclear medium modifications and/or QCD in nuclei or
are we back to square one?

(to the Everyone’s Model’s Cool effect? G.Miller)





Brodsky: the Glauber-Gribov picture involves interference between
rescattering amplitudes  

S.L. and Taneja: these effects, by “tagging” on transverse components 
are enhanced in exclusive experiments

Nuclei are a unique handle to test/highlight role of partons
multi-correlations, ISI and FSI!

Brodsky, Yang, Schmidt, PRD (2004)







Conclusions and Outlook
In exclusive experiments in the MEIC range nuclei
provide an even better laboratory to study QCD in
coordinate space: vast phenomenology…
We have seen more constraints on GPDs from
nuclei…
…and at the same time new insights on nuclear
modifications from GPDs
Re-interactions are important and emphasize
transverse d.o.f.: need to explore connections
between kT and b (tomorrow’s talk)
Comparison between GPD models and data is indeed
possible...GPD extraction is possible!!!
“Global Analysis” is an essential step


