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Abstract. The study of nucleon structure through Generalised Parton Distribut@®RBY is one major part of the future
COMPASS-II physics program [1] and can be performed using sk@ueactions like Deeply Virtual Compton Scattering
(DVCS) and Meson Production. The high energy of the muon beam attowseasure theg-dependence of theslope of

the DVCS cross section. The use of positive and negative polarised baams allows to determine the Beam Charge and
Spin Difference of the DVCS cross sections to access the real pae @fdmpton form factor related to the dominant GPD
H. The sensitivity of both measurements is examined and confrontedstingxmodels or global fits of the data. Preliminary
beam test data were analyzed and demonstrated the feasibility of the idgiotificf the DVCS reaction using the COMPASS
experimental set-up.
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KINEMATIC DOMAIN ACCESSIBLE AT COMPASS

The COMPASS experiment is located on the unique high-eng@§ GeV) and highly polarizeg® beam line of

the CERN SPS and uses a high resolution forward spectronimetemjunction with a fixed target (unpolarized or
longitudinally or transversely polarized). By installiagecoil proton detector around the target to ensure exitysi

of Deeply Virtual Compton Scattering (DVCS) and Deeply Vat Meson Production (DVMP) events, it could be
converted into a facility measuring exclusive reactionthimia kinematic subspace ranging frors- 0.005 to~ 0.1,
which cannot be explored by any other existing or plannetitiai the near future. Figure 1 displays the kinematic
domain of the fixed-target experiments COMPASS, HERMES aradb.JThese domains are indicated between the
dotted lines defined by the maximum energy of the facility tredcurve W> 2 GeV, i.e. above the resonance domain.
COMPASS would thus explore the unchartedomain between those of H1 and ZEUS at the HERA collider and of
fixed-target experiments as HERMES and the planned 12 Gedngixin of the JLab accelerator.

DVCSMEASUREMENT WITH POLARIZED ut AND u~ BEAMS

DVCS is considered to be the theoretically cleanest of tipegmentally accessible processes to measure GPDs
because effects of next-to-leading order and subleadiigg &re under theoretical control [2]. The competing Bethe-
Heitler (BH) process which is elastic lepton-nucleon sraig with a hard photon emitted by either the incoming or
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FIGURE 1. Kinematic domains for measurements of hard exclusive processes $br the COMPASS (green area enclosed by
the linesy = 0.9 andy = 0.05), HERMES and JLab fixed-target experiments and the HERA colliqeréments H1 and ZEUS.

outgoing lepton, has a final state identical to that of DVC$hst both processes interfere at the level of amplitudes

do(uN — uNy) O | ofau|? + | obvcs + Fon Dy cs+ Fanoves 1)
|

The Bethe-Heitler amplitude can be calculated using QEDedamstic form factors measurements. The collection of
almost pure BH events at smalallows one to get an excellent reference yield and to coatrolirately the efficiency
of the detection. In contrast the collection of almost puk&d3 events at largex will allow for the measurement of
thex-dependence of the t-slope of the cross section which iekta the tomographic partonic image of the nucleon.
In the intermediate domain, the DVCS contribution will béhanced by the BH process through their interference.
COMPASS is presently the only facility to provide polaridedtons with either charge: polarized™ andu~ beams.
As the BH is independent of charge and polarization, thigrdmrtion can be removed by subtracting 2 separate
measurements obtained for the two beam charges. Moreoweratoral polarization of the muon beam produced
from pion decay changes sign when the beam charge is revemsitie different topologies @ft andu—, polarized
with opposite direction, allow one to select only the reattma the imaginary part of the complex amplitude of
DVCS. COMPASS offers the advantage to provide various kat@ndomains where either BH or DVCS dominate
(see Fig. 2).

For the muo-production of real photons off ampolarized protortarget, the differential cross section can be written
as:

d*o(up— upy) — doBH 4 [dgPVes

DV SC;
Ded Odt do Ounpoi + Pud0pe > + €y [Rel +PyIm1], )
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FIGURE 2. Monte Carlo simulation of the exclusive procgssp — u'* py for @ > 1 Ge\2, showing thep angle distribution
for three bins inkg: 0.005< xg < 0.01 (left), 001 < xg < 0.03 (middle) and M3 < xg (right). The event yield shown is normalised
to the integrated luminosity of the 2009 DVCS test run. It is based on thetrme of the presently existing COMPASS set-up.

wherel is the interference term of Eq. (1f is the beam polarization arg, its charge in units of the elementary
charge. The DVCS amplitude can be expanded/iQ theyond leading twist-2 including all twist-3 contribut®ff].
The dependence op, the azimuthal angle between lepton scattering plane antbptproduction plane, is a char-
acteristic feature of the cross section. Integration gvand/or analysis of the angular dependence adlows us to
isolate specific contributions that are sensitive to défercombinations of quark GPDs. Gluon GPDs enter in DVCS
only beyond leading order ias (LO), analogous to DIS.

Atthe CERN SPS M2 beamline, the ‘natural’ polarization @& thuon beam produced from pion decay changes sign
when the beam charge is reversed. Hence wittsireeapparatus the COMPASS experiment can perform separate

measurements for the two beam charge/polarization s«?étasd%, which can be used to calculate:
the ‘Beam Charge (C) and Spin (S) Difference’ (for UnpoladZU) proton target)

_|_ —
Pucs = dot —do™" = 2[P,dopy“S+e,Rel] ©)
0 ({ﬁvcssin(pw + (c{)+c'1cos<p+{C'ZCOSZp+c5cos&p})
; ; — - 1.DVCS 1,.DVCS : o
in which the pure BH contributionancels outThe coefficients; ands are related to certain combinations

of Compton Form Factors (CFFs). A CEF is a sum over flavor$, of convolutions of the respective GPB$ with a
perturbatively calculable kernel describing the hgtd interaction. Note that the contributions shown betweenia pa
of braces corresponds to higher-twist or higher-ordercesteThe analysis of theg-dependence of the beam charge
and spin differencezy cs will provide via the term Ré the two leading twist-2 expansion coefficienfsandc}, the
dominant contribution to which is related to tieal part of the Compton form facte#” that is in LO given by a flavor
sum of convolutions involving the GPDs'H

The ‘Beam Charge and Spin Sum’ of cross sectaamsalso be evaluated:

+ —
Hics = o +do™ =2[do®H +dofyoP+ euPulm ] (4)

0 2[de®+ (CEVCS+ {cPVCScosp+ 5V Scos Zp}) + (§1 sing+ {s,sin 2(p})

in which the BH contributiordoes not cancel ouil) The analysis of the-dependence o/, cswill provide via the
term Im| the leading twist-2 quantitg,. Its dominant contribution is related to tiaginarypart of the Compton
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FIGURE 3. Léeft: Projections for measuring thes dependence of theslope parameteB(xg) of the DVCS cross section,
calculated for < Q? < 8 Ge\2. For comparison some HERA results with simil@?) are shown [6, 9]. The left vertical bar on
each data point indicates the statistical error only while the right one inchldeghe systematic uncertainty, using only ECAL1
and ECAL2 (first row) and also ECALO (second row). Two differpatameterisations are shown usimg= 0.125 GeV 2 and
0.26 GeV2. Right: Transverse proton radius as a functioxgfNew and significant information will be obtained in the uncharted
xg region, further elucidating the issue of “nucleon tomography".

form factor.sZ. 2) A parallel analysis can be performed subtracting the Bhtribution when it is not too large, and
integrating overp to get rid of the complete interference term and ofghéependent terms of the DVCS contribution.
Thus the DVCS leading twist-2 quantitg¥©S can be isolated and its characterigtislope can be determined as a
function ofx, from which conclusions can be drawn on the transverse $iteeucleon over thg-range accessible
to COMPASS in what is know as ‘nucleon tomography’.

Shrinkage of the nucleon size

Using theg-integrated beam charge and spin sum after BH subtractagurefi3 (left) shows the projected statistical
accuracy for a measurement at COMPASS of thdependence of theslope parameteB(x) of the DVCS cross
section%—‘t’(x) O exp(—B(x)t ). In the simple ansatB(x) = Bo + 20’ log(*2), the shrinkage parameter is known
a long time to describe the decrease in nucleon size witleasingx. More recently, this ansatz was also used for
the ‘reggeized’ description of a correlatéxdt) dependence of GPDs. Theslope of the GPIH' at a givenx was
shown [4] to be related to the average impact paraniebérﬂ) in the distribution of partons of flavdr carrying the
longitudinal momentum fractiorat a givert: B (x) ~ 1/2((b' )2)(x).

Data onB exist only for the HERA colliderx-range from 104 to 0.01 [6, 9], below the COMPASS range
0.01 < x < 0.1. In Fig. 3 only HERA results are reported for which the meafug (Q?) is in the investigated
domain by COMPASS. In the valence region, where no expeltaheleterminations oB exist, some information
comes from fits adjusted to form factor data which give~ 1 Ge\? [10, 11]. For the lowx sector, H1 results on
o’ from exclusivel/ production [7], which involves the generalized gluon dimttion, are smaller by two standard
deviations in the total experimental uncertainty than theesponding value’ = 0.25 for Pomeron exchange in soft
scattering processes. For the simulation shown in figure 8hese the value’ = 0.125.

This measurement will yield new and significant informatimthe context of ‘nucleon tomography’ as it is expected
in chiral-dynamics approach [8]. In this approach, the gldensity is generated by the ‘pion cloud’ of the nucleon
so that a significant increase in the transverse size of tbleow is predicted fox below the ratio of pion and proton
massesin;/mp ~ 0.15 which lies in the COMPASS domain.
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FIGURE 4. Projected statistical (error bars) and systematic (grey band) agdaraa measurement of the dependence of the
Beam Charge and Spin Difference at COMPASS f630< x < 0.07 and 1< Q? < 4 Ge\2 and for 280 days of running time with

a 2.5m L target, an intensity of & x 10°u in a 48 s SPS spill period and an overglibbal efficiencyegiopal = 0.1. The solid
and dash-dotted curves correspond to different variants of the V&d&h3] while the dashed and dotted curves show predictions
based on first fits on world data [5].

Beam Charge and Spin Asymmetry and sensitivity to models

Using the beam charge and spin asymmetycs/ A cs, figure 4 shows the projected statistical accuracy in a
particular & Q?) bin, for a measurement of itg-dependence. Two of the curves are calculated using the “\GH®
model [3]. As this model is meant to be applied mostly in thienee region, typically the valug’ = 0.8 is used in
the ‘reggeized’ parameterization of the correlated) dependence of GPDs. For comparison, also the model result
for the ‘factorized’x,t dependence is shown, which corresponds’te: 0.1 in the ‘reggeized’ ansatz.

A recent theoretical development exploits dispersiontiaia for Compton form factors. In this context, the
additional curve is the result of a fitting procedure [5] imdtihg next-to-next-to leading order (NNLO) corrections
which was developed and successfully applied to describ€®dbservables from very small valuesxpffor the
HERA collider to largex for HERMES and JLab.

OBSERVATION OF EXCLUSIVE PHOTON PRODUCTION IN 2008 AND 2009 TEST
BEAM DATA

A preliminary study of the feasibility of DVCS measurememtas performed in 2008 and 2009 with minimum
disturbance of the ongoing hadron spectroscopy measutsnifme experimental set-up makes use of the 40 cm
long LH, target, surrounded by a Recoil Proton Detector (RPD). ltighes all detectors presently available including
the ECAL1 and ECAL2 electromagnetic calorimeters for photietection. Apart from the shorter target and the
corresponding RPD lengths, this set-up has the princiflfes of the one foreseen for the proposed future GPD
program. DVCS test measurements were performed usingldogmdu— beams of 160 GeV energy, with an intensity
of about 1/3 of the maximum in 2008 and close to the maximuemisity in 2009. The 2008 DVCS test data allowed
one to clearly identify exclusive photon production and bdain a first direct determination of the global overall
efficiency. The latter, including also SPS beam and speatemnavailabilities, trigger and DAQ efficiencies, was
found to be close to the value of 10% assumed for the projestibhe 2009 DVCS tests data provided a first direct
measurement of the relative contributions of the BH and DViC8e xg domain available at COMPASS (Fig. 5).
Note that the predicte@ dependence of the DVCS cross section is not flgt tue to acceptance effects in the 2009
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FIGURE 5. Distribution in the azimuthal angle for measured exclusive single-photon evepts,— p’py with Q2 > 1 Ge\?,
in the same thregg bins as in Fig. 1. Shown here is a Monte Carlo simulation of only the BH psoaed of both the BH and
DVCS processes.

set-up as there is no electromagnetic calorimeter at langeop angles. This will be improved by the addition of the
new calorimeter ECALO already mentioned above.
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