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GPD Physics

GPDs describe only the soft part of the interaction

Accessed via cross-sections and asymmetries: 
requires convolution with a hard scattering kernel

Results in “Compton Form Factors” accessible through 
DVCS, which have real and imaginary parts

H➞H     H➞H     E➞E     E➞E~~~ ~
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Deeply Virtual Compton 
Scattering

e p ➝ e p γ
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Deeply Virtual Compton 
Scattering
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〈Q2〉≅ 2.4 GeV2 〈xB〉≅ 0.1 〈-t〉≅ 0.1 GeV2

DVCS @ HERMES
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DVCS @ HERMES
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DVCS @ HERMES

Wanted Signal

BH from Δ, e.g
e Δ → e γ Δ → eγp π0

e p → e X γ

e p → e p π0
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Beam-Charge Asymmetries

Beam Charge Asymmetries access Re(H)
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Beam Helicity Asymmetries access Im(H)

http://arxiv.org/abs/1203.6287A. Airapetian et al, JHEP 07 (2012) 032
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A. Airapetian et al, JHEP 06 (2008) 066, 24pp
http://arxiv.org/abs/0802.2499

Transverse Target 
Asymmetries can 

access E?

Transverse-Target Asymmetries

VGG Model:

Phys.Rev. D60 (1999) 094017

http://arxiv.org/abs/hep-ph/9905372
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Double-Spin Asymmetries
Tran. Pol. target / 
Long. Pol. Beam

Extracted to be 0; 
compatible with 

VGG predictions.
http://arxiv.org/abs/1106.2990
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Real parts of H 
and E
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~

Long. Pol. target 
asymmetries 
access Im(H)

A. Airapetian et al, JHEP 06 (2010) 019

http://arxiv.org/abs/1004.0177

Longitudinal-Target Asymmetries
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Double-Spin Asymmetries
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access Re(H)~

Caveat! Relatively 
large BH 

contribution to 
these asymmetries!

A. Airapetian et al, JHEP 06 (2010) 019

http://arxiv.org/abs/1004.0177
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GPD Extraction
Even for H, VGG model 
GPDs are shown not to 

be consistent with 
experimental 

measurements when 
CFFs are extracted from 

data.
http://arxiv.org/abs/1011.4195

Guidal, ICHEP Procs. (2010)

http://arxiv.org/abs/0904.0458
Kumerički and Müller, Nucl. Phys. B841 (2010)

H. Moutarde, Phys. Rev. D79 (2009)
http://arxiv.org/abs/0904.1648
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Other Data?
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Exclusive Meson 
Production

Exclusive φ 
Meson Production

φ

φ

φ

K

K

K

K
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Exclusive Meson 
Production

Results taken from 
measurement of 

ep→eXφ.

No measured distinction 
between proton and 

deuteron data.

Leading-twist transitions 
are typically larger than 

the ρ0-equivalent.
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Longitudinal photons 
mostly produce 

longitudinal mesons

Some small indication 
that transverse photons 
can produce longitudinal 

mesons
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Other Data?
Meson data can also play a vital 

role in accessing GPDs - 
especially the “polarised” GPDs 

H and E!~~

Extraction of SDMES and Helicity 
Amplitude Ratios at HERMES for ρ 

mesons have shown that the 
handbag approximation is 

insufficient!
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Figure 3: Model predictions for the sin(φ − φS) Fourier amplitude
as a function of −t′. The curves represents predictions of GPD-

model calculations. The full circles show the values of A
sin(φ−φS)
UT,"

taken from Fig. 2. The error bars (bands) represent the statistical
(systematic) uncertainties. See text for details.

larger values of −t′, caused by a negative real part in Ẽ .
The dash-dotted curve arises from an alternative GPD ap-
proach [34], in which the imaginary part of H̃ becomes
negative while the real part of Ẽ remains positive at larger
values of −t′.

An attempt to evaluate the complete set of Fourier am-

plitudes (7), and in particular the value of Asin(φ−φS)
UT," , is

presented in [17]. In this model, the GPDs are calculated
in a similar way as in the models [15, 35], except that the
experimental value of the pion form factor Fπ is used. Here
a large non-pole contribution from Ẽ over-compensates the
pion-pole contribution leading to the zero-crossing behav-
ior of the amplitude as a function of −t′ (see dashed curve
in Fig. 3). This model appears to be qualitatively in agree-
ment with the data. However, within the large experimen-

tal uncertainty Asin(φ−φS)
UT," is also consistent with zero. A

vanishing Fourier amplitude in this model implies the dom-
inance (due to the pion pole) of Ẽ over H̃ at low −t′. This
is in agreement with the recent Hermes measurement of
the exclusive π+ cross section [22], which is well described
at −t′ = 0.1 GeV2 by a GPD model [35] based only on Ẽ
while neglecting the contribution of H̃ .

In summary, the Fourier amplitudes of the single-spin
azimuthal asymmetry are measured in exclusive electro-
production of π+ mesons on transversely polarized pro-
tons, for the first time. Within the experimental uncer-
tainties the amplitude of the sin(φ − φS) modulation is
found to be consistent with zero, thus excluding a pure
pion-pole contribution to the GPD Ẽ in leading-twist cal-
culations. This could also be an indication for the dom-
inance of Ẽ over the GPD H̃ at low −t′. The observed
amplitude of the sinφS modulation is large and positive
which implies the presence of a sizeable interference be-
tween contributions from longitudinal and transverse vir-
tual photons. A next-to-leading twist calculation as well
as knowledge of the contributions from transverse pho-

tons and their interference with longitudinal photons are
required for a description of the measurements.
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Conclusions - What did 
we learn at HERMES?

• DVCS can be used to access information 
on Generalised Parton Distributions

• HERMES has the most diverse DVCS 
measurements of any experiment.

• Polarised target experiments are essential 
for the extraction of GPDs; should be seen 
as a fundamental experimental priority!

30Tuesday, 18 September 2012



• Lack of data means that nuclear effects on 
GPDs are not quantified! Incentive for new 
experiments at JLab, COMPASS and the EIC! 

• Already, GPDs can be constrained - but 
there is much left to do! 

• What effects do chiral-odd GPDs or higher-
twist distributions have?

Conclusions - What did 
we learn at HERMES?
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Deuterium Beam-Asymmetries

Deuterium is governed by 
different GPDs - but the 
asymmetry data is not so 
different even at low t!
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Deuterium-Target Asymmetries

http://arxiv.org/abs/1008.3996

No good idea 
how to model 

long. pol. 
deuterium 

GPDs. Currently 
use a proton/

neutron hybrid

A. Airapetian et al, Nucl. Phys. B842 (2011) 265-298
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Nuclear Mass 
Dependence
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Nuclear-Binding models 
expected the DVCS 

asymmetry for nuclear 
targets to be 160-180% 

of the Hydrogen 
asymmetry.

A. Airpetian et al. Phys. Rev. C 81, 035202 (2010)
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Nuclear Mass 
Dependence
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The data shows
 no significant difference 
between coherent and 

incoherent DVCS 
processes

http://arxiv.org/abs/0911.0091

A. Airpetian et al. Phys. Rev. C 81, 035202 (2010)
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Kinematic Dependence 
of t11

F. D. Aaron et al. (H1 
Collaboration), JHEP 1005, 32 
(2010).
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Real Part follows a/Q 
with a=1.11±0.03GeV

as expected! 

Imaginary Part follows bQ 
with b=0.34±0.02GeV-1

(fit has no basis in theory)

F. D. Aaron et al. (H1 
Collaboration), JHEP 1005, 32 
(2010).
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Phase Differences of 
HARs

• GPD model predicts small phase difference 
for tan(δ11)=Im(t11)/Re(t11)

• t01 is expected to be the largest SCHC-
violating amplitude and δ01 should be 
constant

S. V. Goloskokov and P. Kroll, 
Eur. Phys. J. C 53, 367 (2008)

D. Yu. Ivanov and R. Kirschner, 
Phys. Rev. D 58, 114026 (1998)
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Phase Differences of 
HARs

40Tuesday, 18 September 2012



Large value contradicts 
GPD-based models

Should be a constant

N.B: Fits have no basis in theory

(Neither Re(t01) nor Im(t01) follow 
theoretical dependence predictions!!!)
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Helicity Amplitude Hierarchy

• u11 = |U11|/|T00| should be small (u11 ≈ 0.2) 
but visible (only) for ρ0 at HERMES!

• May naively expect a 1/Q dependence in u11

• UPE is one-pion exchange => may also see 
some influence of the pion-pole at small t?

Behaviour of UPE

|T00|2≈|T11|2 >> |U11|2 > |T01|2 >> |T10|2...
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Unnatural Parity 
Exchange
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No 
dependence 

on Q2!

Magnitude of U11 is 2.5x smaller than T00

No 
dependence 

on Q!

No 
dependence 

on t′!

Existence established to 20σ (integrated extraction)

Unnatural Parity 
Exchange
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Unnatural Parity 
Exchange

• No dependence on Q2 may be because 
HERMES is far from the asymptotic region ?

• No dependence on t′

➡ Too far from pion-pole ? 

➡ U11 not dominated by one-pion exchange ?

➡ An underlying dependence of T00 on t′ ?
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