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We present the results of a fitter code which aims at extrgc@ompton Form Factors
(CFFs) from DVCS (Deep Virtual Compton Scattering) expenital data, in a largely model-
independentway. CFFs are linked to GPDs (Generalizedpaisiributions) and are the quanti-
ties which are directly measurable. The data that we haygzethare from JLab and HERMES
experiments. We obtain some first important constrainthemitandH CFFs. The kinematical

dependencexg, t) of these CFFs provide some new insights on nucleon streictur
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Generalized Parton Distributions allow us to describe thecgire of the nucleon in a very rich
and unprecedented way. Among other things, they contaicdirelations between the (transverse)
position and (longitudinal) momentum distributions of ffatons in the nucleon, they allow us to
derive the orbital momentum contribution of partons to theleon’s spin and they provide an
access to the nucleon’sd) content. Experimentally, GPDs are the most simply accesgseugh
the exclusive leptoproduction of a photon (DVC&p.— € p'y) or of a meson. We refer the reader
to Refs. [1, 2, 3, 4, 5, 6, 7] for the original theoretical elds and recent comprehensive reviews on
GPDs and for details on the theoretical formalism.

At QCD leading twist and leading order approximation, thare four independent nucleon
GPDs which can be accessed in the DVCS procEs<E, H andE. These four GPDs depend on
three variablex, ¢ andt, of which only two are experimentally accessibteandé, whereé is
related to the standard Deep Inelastic Bjorken variablthrough the formulag = ZfBXB. This is
why only CFFs, which are weighted integrals of GPDs over combinations of GPDs at the line
x =&, can in general be extracted from DVCS experiments. In otatiom which was introduced
and used in Refs. [8, 9, 10, 11], there are eight CFFs which are

1
HRe:P/O dX[H (X, &,t) — H(—x,&,1)]C* (%, &), (1)

1
ERe:P/O AX[E(x, &,t) — E(—x, &,1)]C* (%, &), 2)
~ l ~ ~
HRe:P/O dx[A (% &,1) +F(—x.&.1)]C(x.&), 3)
~ l ~ ~
Ere=P /0 X [E(x &,1) +E(—x,E,1)] C (%, &), (@)
Hlm:H(E7E7t)_H(_E7E7t)7 (5)
Elm:E(E>E>t)_E(_E>E>t)7 (6)
H~|m:H~(£afat)+H~(—fafat) (7)
Eim=E(&,&,)+E(-&,&,1) (8)

with
1 1

InRefs. [8, 9, 10, 11], we have developed a largely modedfi@ehdent fitting procedure which,
at a given experimentak( —t) kinematic point, takes the CFFs as free parameters andogxtr
them from DVCS experimental observables using the wellbéisteed DVCS theoretical ampli-
tude [12, 13]. This task is not trivial. Firstly, one has tod@ven' parameters from a limited
set of data and observables, which leads in general to am-godstrained problem. However, as
some observables are in general dominated by a few parti@i&s, one can extract a few spe-
cific CFFs. Secondly, in addition to the particular DVCS mss of direct interest, there is another
mechanism which contributes to tkp — € p'y process and whose amplitude interferes with the
DVCS amplitude. This is the Bethe-Heitler (BH) process vehidne final state photon is radiated
by the incoming or scattered electron and not by the nucliseff.i However, it is precisely known
and calculable given the nucleon form factors.

1Guided by theory considerations, we actually negggtin our work.
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With our fitting algorithm, we have managed to determine Evfmus works :

e theH, andHgre CFFs. akk xg >~ 0.36, and for severdlvalues, by fitting [8] the JLab Hall
A proton DVCS beam-polarized and unpolarized cross sexfib],

e the Hm andH,m CFFs, at< xg >~ 0.35 and< xg >~ 0.25, and for several values, by
fitting [10] the JLab CLAS proton DVCS beam-polarized andgitudinally polarized target
spin asymmetries [15, 16],

e the Him, Hre andHm CFFs, at< xg >~ 0.09, and for several values, by fitting [9, 11] a
series of HERMES beam-charge, beam-polarized, trandyeasd longitudinally polarized
target spin asymmetry moments [17, 18, 19, 20].
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Figurel: TheHy, Hre andH, CFFs, as defined in Egs.1, 5and 7, as a functiontofThe empty squares
show the results of our works, the stars the result of the QFéf RRef. [22], the curves the results of the
model-based fit of Ref. [23] and the solid points show the jot&xhs of the VGG model [13, 4, 21].

In Fig. 1, we compile all our results, each panel having timeesacales for ease of comparison.
The empty squares show the results of our works, the stanredudt of the CFF fit of Ref. [22],
the curves the result of the model-based fit of Ref. [23] (sodiithout the Hall A data of Ref. [14]
and dashed: including the Hall A data in the fit) and the sobith{s show the predictions of the
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VGG model [4, 13, 21]. Except fdfre where there are marked differences between the different
approaches, it seems that all these works show the same trdttdh error bars.

Our results have average uncertainties of the order of 30%.i3 due to the limited precision
of the data and/or the limited number of experimental okzdges to be fitted. Obviously, having
more observables to fit simultaneously and more precise(ddiizh can be foreseen in the near
future) can only reduce these uncertainties. Also, oned&sédp in mind that we keep in our fits
all seven CFFs as free parameter#f, guided by some theoretical considerations, one cammvem
some of the CFFs from the fit and thus reduce the number of &iseters, error bars on the re-
sults will obviously diminish. For instance, in Ref. [22}4ss on Fig. 1), all GPDs bid have been
neglected resulting in smaller uncertainties (an additi@nror has then to be introduced in order
to take into account the neglect of the other GPDs; an attefrtpe estimation of such addditional
error has been done in Ref. [22]). For the present time, impproach, our uncertainties reflect all
our ignorance on all GPDs other than the ones which come aut Gur fits and their full potential
influence. In particular, we found in Ref. [10] that the cahtralue on the fittedH,,, CFF would
vary by a factor okz 3 whether one would fit the JLab Hall A proton DVCS cross sestid 4] by
taking into account only thel GPD or by taking into account all four GPDs.

In Fig. 1, some general features and trends can be distmgplidVe comment them briefly in
the following:

e ConcerningHm, it seems that, at fixedt, this CFF increases ag decreases (i.e. going
from JLab to HERMES kinematics). This is reminiscent of xtrdependence of the standard
proton unpolarized parton distribution as measured in RI8hichH,, reduces in forward
kinematics £ =t = 0). Another feature is that the-slope ofH, seems to increase with
xg decreasing. This could then suggest that foguarks (the “sea") would extend to the
periphery of the nucleon while the highithe “valence") would tend to remain in the center
of the nucleon. Indeed, thedependence of GPDs can be interpreted as a reflection of the
spatial distribution of some charge in some specific frarde 28, 26].

e Hge has a very different-dependence thaH,,, both at JLab and at HERMES energies:
while H,, decreases with-t increasingHge increases (at least up tet ~ 0.3 Ge\?) and
may change its sign, starting negative at smalland reaching positive values at larger
—t: all four aproaches (empty squares, stars, solid pointsald curves) show this “zero-
crossing" at JLab kinematics while only our CFF fitting woekds to show it for HERMES
kinematics. We also notice that both VGG and the dashed afrtlee model-based fit of
Ref. [23] overestimate our fitted values fdge.

e ConcerningHim, we notice that it is in general smaller thii,, which can be expected for
a polarized guantity compared to an unpolarized one. Thewery little xg dependence.
The t-dependence is also rather flat. The weakdependence oflim compared taHm
suggests that the axial charge (to which th&PD is related) has a narrower distribution in
the nucleon than the electromagnetic charge.

2To be precise, in our work, the CFFs are actually bound to aayspacet5 times some reference model values
which should be a priori a very conservative hypothesis.
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To summarize, in this short report, we have presented thdtsesf our fitting code, based
on the leading twist and leading order QCD DVCS handbag diagemplitude (and BH), which
aims at extracting CFFs from DVCS data (in the quark sectév have extracted in a largely
model-independent way some numerical constraints on @ :H i, Hre andHim, which hint
at some original features of the nucleon structure. Whepécgble, we have compared our results
with other approaches which in general show the same trentteanes we found.

We are very thankful to V. Burkert, K. Kumericki, H. Moutar@ad D. Muller for useful
discussions.

References

[1] D. Mdller, D. Robaschik, B. Geyer, F.-M. Dittes, and J.ndjsi, Fortschr. Phy€12, 101 (1994).
[2] X.Ji, Phys. Rev. Lett78, 610 (1997); Phys. Rev. B5, 7114 (1997).
[3] A.V. Radyushkin, Phys. Lett. B80 (1996) 417; Phys. Rev. B6, 5524 (1997).
[4] K. Goeke, M. V. Polyakov and M. Vanderhaeghen, Prog..RNutl. Phys47, 401 (2001).
[5] M. Diehl, Phys. Rept388, 41 (2003).
[6] A.V. Belitsky, A.V. Radyushkin, Phys. Rept18, 1 (2005).
[7]1 M. Guidal, Prog. Part. Nucl. Phy§1, 89 (2008).
[8] M. Guidal, Eur. Phys. J. 87, 319 (2008) [Erratum-ibid.A40:119,2009].
[9] M. Guidal and H. Moutarde, Eur. Phys. J.4R, 71 (2009).
[10] M. Guidal, Phys. Lett. B589 (2010) 156.
[11] M. Guidal, Phys. Lett. B593 (2010) 17.
[12] A. Belitsky, D. Muller and A. Kirchner, Nucl. Phys. 829, 323 (2002).
[13] M. Vanderhaeghen, P.A.M. Guichon, M. Guidal, Phys. R260, 094017 (1999).
[14] C. Mufioz Camacho et al., Phys. Rev. L8#&, 262002 (2006).
[15] F.-X. Girod et al., Phys. Rev. Lett00, 162002 (2008).
[16] S. Chen etal., Phys. Rev. Le®Z, 072002 (2006).
[17] A. Airapetian et al., JHEP806, 066 (2008).
[18] A. Airapetian et al., JHEP911, 083 (2009).
[19] A. Airapetian et al., JHEROO6, 019 (2010).
[20] D. Mahon, PhD thesis, University Glasgow (2010).

[21] M. Guidal, M. V. Polyakov, A. V. Radyushkin and M. Vandiereghen, Phys. Rev. T2, 054013
(2005).

[22] H. Moutarde, Phys. Rev. 29, 094021 (2009).
[23] K. Kumericki and D. Miller, Nucl. Phys. B41, 1 (2010).

[24] M. Burkardt, Phys. Rev. B2, 071503 (2000) [Erratum-ibid. B6, 119903 (2002)] ; Int. J. Mod.
Phys. A18, 173 (2003).

[25] M. Diehl, Eur. Phys. J. @5, 223 (2002) [Erratum-ibid. G1, 277 (2003)].
[26] J. P. Ralston and B. Pire, Phys. Rev6§ 111501 (2002).



