PROCEEDINGS

OF SCIENCE

Deeply virtual Compton scattering beam spin
asymmetries with CLAS

Brahim Moreno*'
Institut de physique nucléaire d’Orsay, France

E-mail: por eno@ | ab. or g

The Generalized Parton Distributions (GPDs) parametéhigenon-pertubative structure of the
nucleon and can be used to reveal the correlations betweendmentum and position of partons
in the nucleon. They appear in the amplitudes of hard-ek@eectroproduction reactions such
as DVCS on the nucleorp— epy). The GPD formalism can be extended to more general final
states with the introduction of the so-called transitionD0SP Such GPDs permit the description
of reactions where the recoil nucleon is replaced by a nuctesonance (A" resonance for
instance). In this communication, the recent results ofliéam spin asymmetry obtained for
DVCS with the CEBAF Large Acceptance Spectrometer (at gedfelab), as well as preliminary
results for theAVCS (ep— eAy), the simplest process for accessing transition GPDs haners
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1. Generalized Parton Distributions and deeply virtual Compton scattering
processes

Since the early 1990's, the description of the nucleon evolved with the unttimeh of Gener-
alized Parton Distribution$][1[]2[]J3]. GPDs promise a more complete desmmipf the nucleon:
in particular they unify the former descriptions of the nucleon (based on factors and parton
distributions) allowing in some configurations the correlation between spatmamentum infor-
mation within it. There are, at leading twist QCD, four quark helicity-conser&PDs H, H, E,
E) which depend on three kinematical variables: x (reflecting the longitudisahentum fraction
of the probed quark)¢ (reflecting the longitudinal momentum fraction transfered to the probed
quark) andt (square of the momentum transfered to the nucleon). The simplest prosedgo
access these functions is Deeply Virtual Compton Scattering (DVCS)ideddrereafter.

1.1 DVCS(ep— epy)

DVCS involves the scattering of a lepton (in our case an electron) off thtempsvith the pro-
duction in the final state of a hard phot@p(— epy). At small t and in the Bjorken limit, the DVCS
amplitude factorizes into two parts:hard part, exactly calculable and purely electromagnetic and
asoftpart describing the non-perturbative structure of the nucleon (seeeflg left). This limit is
defined as: larg®? = —(k—K')2 and fixedxg; = Q?/2(p.q), with k, K', p, g, the four-vector of the
incoming electron, the outgoing electron, the proton target, the virtual plespectively.

Figure1l: On the left-hand side: DVCS handbag diagram. On the rightilsadeAVCS handbag diagram.
The dashed blue line symbolizes the factorization betwkendft part (lower part of the diagram) and the
hard part (upper part of the diagram).

Two main processes contribute to tap— epy reaction: DVCS and Bethe-Heitler (where the
produced photon is emitted by the incoming or the outgoing electron). The tweegses interfere
and when using a polarized lepton beam this produces an asymmetry bgweidre and negative
helicity states. This beam spin asymmetry (BSA) can be parameterized agiatfiwof ®, the angle
between the leptonic plane (defined by the incoming and the outgoing eleatrdrihe hadronic
plane (defined by the produced photon and the recoil hadrany asing/(1+ Bcosp). The
parametersr andf are related to GPDs. Therefore, measuring the beam spin asymmetry for the
DVCS process is a way of accessing GPDs.
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1.2 AVCS (ep— eAty)

The electroproduction of a hard photon andva resonance, at small t and in the Bjorken
limit, can also be factorized. The corresponding diagram (see fljuigtt) is almost the same
as in the DVCS case, the main differences being that the outgoing protowitsceinto aA™
resonance (that decays into a nucleon-pion pair:— N71) and that the non-perturbative part is
parameterized through transition GPDs (also callefl ®PDs [#]). The NA GPDs are extensions
of nucleon GPDs to baryonic final states where the recoil particleAs katuitively, they reflect
the superposition (interference) of the nucleon Anslave-functions. This is the main motivation
for studyingAVCS: it may provide information about the N4ransition at a partonic level. Also,
within thelarge Nc approximation (where the number of colors tends to infinity and which gives
predictions with a 30% accuracy), N-GPDs can be expressed in terms of nucleon GPDs. So
studyingAVCS provides another way of accessing nucleon GPDs. Within this limit thieomwc
and theA are rotational excitations of the same object; thus the only non-z&x@RDs are related
to nucleon GPDs through:

2 2y 2y r=d 2
HM(X7E7A ) - \/§[E (X757A ) E (X757A )] (11)
Cu(x,&,8%) = V3[HY(x,£,4%) — HY(x,&,47)] (1.2)
2\ i —u 2y gd 2
CZ(vavA ) - \@[E (vaaA ) E (vaaA )] (13)

As in the DVCS case, the cross section of the reaction> eAy is the sum of two processes:
the AVCS and the associated Bethe-Heitler contribution. Again, the two pracéssefere and
the resulting calculated asymmetrig¢p [4] are shown fijlire 2. These calosladice into account
the contribution from non-resonant channels.
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Figure 2: Theoretical (model-dependent) beam spin asymmetry ataptd reference|]4] foep— eNmy
as a function of the invariant mass of th&\l systemW for typical Jlab kinematics E. = 6 GeV,Q? =
2.5GeV?, xg =0.3,t = —0.5 Ge\?, ® = 9(° (d being the angle between the leptonic and hadronic planes).
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2. Datataking and analyses

2.1 The experiment

It was carried out at the Thomas Jefferson Laboratory (USA, V&)aithe CEBAF accelerator
which delivers a continuous electron beam. It was held in Hall B and use€HBAF Large
Acceptance Spectrometer CLAB [5]. CLAS was used in its standard coafign along with a
new electromagnetic calorimeter for the detection of photons at very fdraagles, where the
majority of DVCS photons are emitted. The experiment ran from March to M¥b2ising a
5.77 GeV polarized electron beam and was the first dedicated DVCS exmpercoeducted in
Hall B [A].

2.2 DVCS(ep— epy)
2.2.1 Event selection

All final state particles are required to be detected. Then, selection eugpplied to several
quantities, such as the transverse missing momentum efithe e pyX system BJ). Even though
the selection is of a high quality, there is still some background after applyitsg it comes from
partially measured®® electroproduction (where only one of the two decay photons is detected).
This background is calculated and then subtracted using Monte-Carlo snsland exclusive®
electroproduction data. It amounts to an average of 5 % and varies witlinde&tics. For more
details on the analysis sd¢ [7] affl [8].

2.2.2 Results

The DVCS beam spin asymmetry has been measured over a wide kinematigal réhe
asymmetries were fitted with the following functioA = asing/(1+ Bcosp). The extractedx
parameter (the asymmetry @t= 90°) is shown in figurg]3 (black points) for eat®?, xg) bin, as
a function of t. The comparison between data and the GPD parameterizatithes\WWGG code
[B] [£d] shows a qualitative agreement: the decrease @ reasonably well reproduced (large
—t), however the parameterization exceeds the data at srbdlh almost all kinematics). This
behaviour is not yet understodd [8] and is the subject of ongoing studie

2.3 AVCS (ep— eAty)
2.3.1 Event selection

The AVCS process leads to two different final states depending on the deeayel of the
At ep— eAty — eprPy, referred to as\VCS (°) andep— eAty — enirty, referred to as
AVCS (rr"). The identification procedure of exclusid/CS (11°) andAVCS (rr*) events is almost
the same. First it is required that all final states particles be detected., $&lkection cuts are
applied to several quantities, such as missing masses. The use of a didab&maction method
(a detailed example of which can be found [in][11]) is required¥gCS (1°) to unambiguously
identify ther®. TheA is identified by requiring the invariant mass of the nucleon-pion system to
be less than.B5 GeV. As in the DVCS case, there is still, after applying the selection puoeed
described above, some remaining background. This backgroung &ose double pion electro-
production:ep— epr°7° for the AVCS (1°) channelep— enp™ — et i andep— enrrt ©
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Figure 3: Extracted parametexr for the DVCS beam spin asymmetry. The red point correspoods t
previous CLAS result|E2] while the green ones corresponprévious Hall A data|ﬂ3]. The blue curves
are GPD parameterizations using the VGG code with twiﬂ}ls[@lid) and twist-3 Eb] (dashed) approxi-
mations. The dashed black line is the result of a simple Reguogel calculation[[14].

for theAVCS (ir) channel. The subtraction of these background contributions is worogr@ss,
and the general method used is the same as for the DVCS case.

2.3.2 Results

The ratioR= %H for both AVCS analyses are shown figUre 4 (P being the beam polar-
ization andN™ andN~ the number of identified events with positive and negative beam helicities,
respectively). They are not background subtracted but givegthetess, a first glimpse at the un-
certainties and thé dependence. In both cases the signal is not constant: it varies frsitivpo

to negative for theAVCS (%) channel (figurg]4, left plot) and from negative to positive for the
AVCS (rr") channel (figur¢]4, right plot). It is clear, with regard to the uncertaintieat the statis-
tics is a major issue for these analyses (in particular foMA€S (1°)). To complete the analyses,

the remaining step is to subtract the double pion backgrounds, and thiseattyibeing done.

3. Conclusions

Recent beam spin asymmetry results obtained in Hall B at JLab for DVGSdsan presented.
They cover the widest phase space for this reaction. Comparison withDapafRmeterization
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Figure4: RatioR= §{+—{- as afunction ofp: on the left-hand side for identifiesp— epr®yX events,

on the right-hand side for identifiezb— enm™ yX events in theA region W < 1.35 GeV). The error bars
are statistical only.

shows a qualitative agreement but more theoretical work is needed to ésityided the data. Also,
very preliminary results of the pioneering investigation &/CS beam spin asymmetries were
shown. Analyses are still underway with the double pion backgrounuiasiion to be completed.
Concerning future plans: there will be a new DVCS data taking run with Glt&®e carried out
at the end of 2008. This will increase the statistics forAMES study. Another DVCS experiment
is also expected to run in early 2009 with a longitudinally polarized tafgét [15]
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