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We present recently-published HERMES asymmetry measurements for the hard exclusive lep-
toproduction of real photons from a longitudinally polarised hydrogen target using a 27.57 GeV
longitudinally polarised HERA positron beam. These asymmetries arise from the deeply virtual
Compton scattering and Bethe-Heitler processes. Two asymmetries are simultaneously extracted
in the azimuthal distribution of produced real photons about the direction of the exchanged pho-
ton: AUL with respect to the polarisation of the target and ALL with respect to the product of the
beam and target polarisations. The results are presented in comparison with predictions from a
generalised parton distribution model. The sinφ and cos(0φ) modulations of the AUL and ALL

respectively, are observed to be compatible with the predictions from this model. An unexpected
sin(2φ) amplitude is also observed for AUL.
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Target single- and double-spin asymmetries in DVCS off a longitudinal polarized hydrogen target at HERMES

1. Introduction

Deeply Virtual Compton Scattering (DVCS) i.e. the hard exclusive leptoproduction of real
photons, is regarded as the simplest interaction in which to access information on Generalised Par-
ton Distributions (GPDs) [1, 2], an informational framework encompassing nucleon form factors
and parton distribution functions as moments and limiting cases respectively. At leading twist (i.e.
twist–2) and leading order, there are four quark spin 1

2 GPDs (denoted H, E, H̃ and Ẽ) which
provide a multi-dimensional description of the partonic structure of the nucleon.

The e p→ e pγ process has two contributions to the cross section. One is from DVCS and
the other is from Bethe-Heitler (BH) which is exactly calculable in the framework of QED and
does not provide information about GPDs. At HERMES, the BH contribution dominates that from
the DVCS process. However, useful information related to GPDs is accessible via the interference
term I in the scattering amplitude.

This GPD information is contained in Fourier coefficients from the expansion of the scattering
amplitude in the azimuthal distribution of the real photons produced during the process [3]. These
amplitudes are functions of kinematic variables and Compton Form Factors (CFFs), denoted H ,
E , H̃ and Ẽ , which are convolutions of the corresponding GPD with a hard scattering kernel.

Information relating to these Fourier coefficients are extracted from experimental data by form-
ing asymmetries with respect to the azimuthal angle φ between the lepton scattering and photopro-
duction planes.

The single-spin AUL (double-spin ALL) asymmetry dependent on the longitudinal polarisation
of the target (beam and target) is presented. These are written as

AUL(φ)≡
[σ←⇒(φ)+σ→⇒(φ)]− [σ←⇐(φ)+σ→⇐(φ)]
[σ←⇒(φ)+σ→⇒(φ)]+ [σ←⇐(φ)+σ→⇐(φ)]

(1.1)

=

KDVCS

2

∑
n=1

sDVCS
n,LP sin(nφ)− e`KI

P1(φ)P2(φ)

3

∑
n=1

sI
n,LP sin(nφ)

1
P1(φ)P2(φ)

[
KBH

2

∑
n=0

cBH
n,u cos(nφ)− e`KI

3

∑
n=0

cI
n,u cos(nφ)

]
+KDVCS

2

∑
n=0

cDVCS
n,u cos(nφ)

,

ALL(φ)≡
[σ→⇒(φ)+σ←⇐(φ)]− [σ←⇒(φ)+σ→⇐(φ)]
[σ→⇒(φ)+σ←⇐(φ)]+ [σ←⇒(φ)+σ→⇐(φ)]

(1.2)

=

1
P1(φ)P2(φ)

[
KBH

1

∑
n=0

cBH
n,LP cos(nφ)− e`KI

2

∑
n=0

cI
n,LP cos(nφ)

]
+KDVCS

1

∑
n=0

cDVCS
n,LP cos(nφ)

1
P1(φ)P2(φ)

[
KBH

2

∑
n=0

cBH
n,u cos(nφ)− e`KI

3

∑
n=0

cI
n,u cos(nφ)

]
+KDVCS

2

∑
n=0

cDVCS
n,u cos(nφ)

,

where σ denotes the e p→ e pγ cross-section, → (←) represents the beam helicity state parallel
(anti-parallel) to the beam momentum, and⇐ (⇒) represents the target polarisation state parallel
(anti-parallel) to the beam. The lepton propagators of the BH process are denoted P1(φ) and P2(φ).
The K terms are kinematic factors: KBH = 1/

(
x2

B t
(
1+ ε2

)2
)

, KDVCS = 1/Q2 and KI = 1/(xB yt),

where Q2 is the negative square of the virtual photon four-momentum, t the squared momentum
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Target single- and double-spin asymmetries in DVCS off a longitudinal polarized hydrogen target at HERMES

Asymmetry Contributory Fourier- Power of 1
Q Dominant CFF Twist

Amplitude Coefficients Suppression Dependence Level

Asinφ
UL sI

1,LP 1 Im C I
LP 2

sDVCS
1,LP 2 Im C DVCS

LP 3

Asin(2φ)
UL sI

2,LP 2 Im C I
LP 3

sDVCS
2,LP 2 Im C DVCS

T,LP 2

Asin(3φ)
UL sI

3,LP 1 ImC I
T,LP 2

Acos(0φ)
LL cI

0,LP 1 Re C I
LP 2

cDVCS
0,LP 1 Re C DVCS

LP 2
Acosφ

LL cI
1,LP 1 Re C I

LP 2
cDVCS

1,LP 3 Re C DVCS
LP 3

Acos(2φ)
LL cI

2,LP 2 Re C I
LP 3

Table 1: The correspondences between the asymmetry amplitudes extracted from the data set and the CFF-
dependent Fourier coefficients of the e p→ e pγ cross-section. The subscript T refers to C -functions that
involve leading-order gluon transversity CFFs which are further suppressed by αs

π .

transfer to the target, y the fraction of the beam energy E carried by the virtual photon in the target
rest frame, xB = Q2

2MyE and ε ≡ 2xB
M
Q , with M representing the mass of the proton. In the case of

positron scattering, the beam charge e` =+1.
These asymmetries are simultaneously extracted using the maximum likelihood fitting formal-

ism [4] from HERMES data taken on a longitudinally polarised hydrogen target using a 27.57 GeV
longitudinally polarised positon beam. They are decomposed as

AUL(φ)'
3

∑
1

Asin(nφ)
UL +Acos(0φ)

UL , ALL(φ)'
2

∑
0

Acos(nφ)
LL , (1.3)

where the asymmetry amplitudes relate to combinations of Fourier coefficients in the numerators
of Eqs. 1.1 and 1.2 as outlined in Table 1. The Acos(0φ)

UL term was added as a test of the normalisa-
tion of the fitting procedure and was found to be zero as expected. The Fourier coefficients from
the interference (squared-DVCS) terms are related to a linear (bilinear) combination of CFFs, at
differing levels of suppression. This relationship is encoded in C -functions.

Information can be accessed on the imaginary (real) part of CFF C I
LP, expressed as [3]

C I
LP =

xB

2− xB
(F1 +F2)

(
H +

xB

2
E
)
+F1H̃ − xB

2− xB

(xB

2
F1 +

t
4M2 F2

)
Ẽ , (1.4)

via the Asinφ
UL (Acosφ

LL ) amplitude which enters at leading-twist level via the interference term, with
a suppressed twist–3 contribution from the squared-DVCS term. At HERMES kinematics, the
dominant CFF is the quark-helicity dependent distribution H̃ .

2. Results

Recently-published HERMES measurements [5, 6] of the Asin(nφ)
UL and Acos(nφ)

LL amplitudes are
shown (for n ≤ 2) in Figs. 1 and 2 respectively, in comparison with theoretical predictions from
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Figure 1: Amplitudes of the single-spin target asymmetry AUL sensitive to the interference and squared-
DVCS terms, for positrons incident on a longitudinally polarised hydrogen target, as a function of −t, xB,
and Q2. The integrated column shows the asymmetry values when the extraction is performed in a single bin
across the entire kinematic range of the data set. The error bars (open bands) show the statistical (systematic)
uncertainties and the solid bands represent the predictions from the VGG Regge GPD model [7]. There is
an additional 4.2% scale uncertainty due to the precision of the measurement of the target polarisation. The
estimated fractional contributions from resonance production are presented in the bottom panel.

the GPD model outlined in Ref [7]. The leading-twist Asinφ
UL amplitude is observed to be non-zero

when integrated over the entire data set and in agreement with the predicted kinematic trends. The
Asin(2φ)

UL amplitude is unexpectedly large and of opposite sign than predicted. This may arise from
the unknown contribution from leading-order gluon transversity CFFs appearing in C DVCS

T,LP . The

Asin(3φ)
UL (not shown) relates solely to gluon GPDs via I and is consistent with zero across the plotted

kinematic range.
The Acos(0φ)

LL and Acosφ
LL amplitudes are unlike others presented here in that they also receive

dominant contributions from also the squared-BH term. They both receive leading-twist contri-
butions from the interference term with the cos(0φ) (cosφ ) harmonic also receiving a twist–2
(twist–3) contribution from the squared-DVCS term. The Acos(0φ)

LL is found to be in agreement with
theoretical predictions of a non-zero amplitude. The other two amplitudes are consistent with zero
as expected. From the statistical precision however, no kinematic dependences can be discerned
for this asymmetry.
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Figure 2: Amplitudes of the double-spin asymmetry ALL sensitive to the interference, squared-DVCS and
squared-BH terms, for positrons incident on a longitudinally polarised hydrogen target, as a function of −t,
xB, and Q2. The labelling of the figure is the same as in Fig. 1 with the exception of a 5.3% scale uncertainty
due to the precision of the measurements of the beam and target polarisations.
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