PROCEEDINGS

OF SCIENCE

NLO QCD corrections for DVCS and TCS

H. Moutarde
Irfu-SPhN, CEA, Saclay, France

B. Pire
CPHT, Ecole Polytechnique, CNRS, 91128 Palaiseau, France

F. Sabatié
Irfu-SPhN, CEA, Saclay, France

L. Szymanowski *
National Centre for Nuclear Research (NCBJ), Warsaw, Polan
E-mail: | echszym@ uw. edu. pl

J. Wagner
National Centre for Nuclear Research (NCBJ), Warsaw, Polan

The inclusion of QCD corrections to the Born amplitude of gigevirtual Compton scattering
in both spacelike (DVCS) and timelike (TCS) regimes modiffes extraction process of gen-
eralized parton distributions (GPDs) from observablespdrticular, gluon contributions are by
no means negligible even in the medium energy range actessiiLabl12. We emphasize the
complementarity of spacelike and timelike measuremerdgaise the question of factorization
scale dependence of tl¥as) results.
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Figure1: The real (two left panels) and imaginary (two right panektpof the spacelike DVCS Compton
Form Factors#” multiplied by &, as a function of in GK (first and third panels) and MSTW (second and
fourth panels) double distribution models, fg¢ = Q*> = 4 Ge\? andt = —0.1 Ge\2. In all plots, the LO
result is shown as the dotted line, the full NLO result by thikddine and the NLO result without the gluonic
contribution as the dashed line.

Figure 2: The real (two left panels) and imaginary (two right panekitp of the timelike TCS Compton
Form Factors’ multiplied byn, as a function ofy in GK (first and third panels) and MSTW (second and
fourth panels) double distribution models, fgf = Q*> = 4 Ge\? andt = —0.1 Ge\2.
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Figure 3: From left to right, the total DVCS cross section in pb/Gethe difference of cross sections for
opposite lepton helicities in pb/GéVthe corresponding asymmetry, all as a function of the uguaigle
(in Trento conventions [7]) foEe = 11 GeV;p2 = Q%> = 4 Ge\? and t = - 0.2 Ge¥. Curves correspond
respectively to the pure Bethe-Heitler contribution (dabhthe Bethe Heitler + interference at LO (dotted)
and the Bethe-Heitler + interference at NLO (solid).

Generalized parton distributions (GPDs) [1, 2] are a b&dutiol to access the 3-dimensional
inner structure of hadrons [3]. A necessary step to extract ieliable way some information
on quark and gluon GPDs is to study [@]as) QCD contributions to the amplitude of spacelike
Deeply Virtual Compton Scattering (DVCS) :

QZ
(P+ P/) : (Qin + QOut) 7
1)

Vk(qm)N(P) — V(QOut)N/(P/ = P+A)> qﬁ] = _Q2> qgut =0,t= sz ¢ =

and of its crossed reaction, timelike Compton scatterir@):
Q2
(P+ P/) ' (Qin + c10ut)

y(Gin)N(P) = y* (Qou)N'(P' =P+4), g5, =0, g5 = Q% t =A% n = . (2)



NLO corrections for DVCS and TCS L. Szymanowski

[ph/GeV"|

/s
/7

do
1072dids

N \\
N \\ /" A
ap
\ 7 TN N /
= Vo Ny
S\ Ny
S N
n n 3

Figure 4: The @ dependence of the lepton pair photoproduction crosseseatie, = 10 GeV,Q? = % =
4 Ge\?, andt = —0.1 Ge\? integrated oveB ¢ (11/4,3m/4): pure Bethe-Heitler contribution (dashed),
Bethe-Heitler plus interference contribution at LO (ddjtand NLO (solid).
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Figure5: The R ratio defined by Eq. 6 as a functionrpffor Q? = 2 = 4 Ge\? andt = —0.1 Ge\?; the
LO result is shown as the dotted line, the full NLO result bg golid line and the NLO result without the

gluonic contribution as the dashed line.

After factorization, the DVCS (and similarly TCS) amplieics written in terms of Compton form
factors (CFF)7, & ands?, & as :

AV (E L) = ﬁﬁ(p’)[ o’ (%(E,t)v++£(f,t) IGZMAp)
+ gk (J?(E,t)y*wrg(f,t) A2+Mys>} u(P), (3)

with the CFFs defined, for instance in the cases#(¢ ,t) and. 77 (€,t), as :

(&) = +/11dx (ZTq(x,E)Hq(x,E,t)+T9(x,E)H9(x,E,t)> ,
- q

H(E 1) = —/11dx (zf%x,s)ﬁ‘*(x,s,t)+f9<x,s>ﬁ9<x,f,t>>. (4)
q

To estimate Compton Form Factors (CFF), we use the NLO alouk of the coefficient
functions which have been calculated in the DVCS case indhg days of GPD studies and more
recently for the TCS case [4], the two results being simplgtesl thanks to the analyticity (iQ?)

properties of the amplitude [5]:

TCST(X>n)::l:(DVCST(X>E:r’)+inCCOI|(X7€:n))*> (5)
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Figure6: The real (first and third columns) and imaginary (second andfi columns) parts of the spacelike
(first and second columns) Compton Form Fadio?’ and timelike (third and fourth columns) Compton
Form Factom 7 , for u2 = Q?,Q?/2,Q?/3,Q?/4, from top to bottom, and fo@? = 4 Ge\?, t = —0.1
GeV? andas = 0.3.

where thet (—) sign corresponds to the vector (axial) case.

Our estimates are based on two GPD models based on Doublébitishs (DDs), as dis-
cussed in detail in Ref. [6] : the Goloskokov-Kroll (GK) ma@dad a model (MSTW) based on the
MSTWO08 PDF parametrization. Our conclusions do not depé&odgy on the GPD model used.

We get the results shown in Fig. 1 and Fig. 2 for the real and@jinaaty parts of the spacelike
and timelike dominant CFB#’(£,t) and.»#’(n,t), when choosing the factorization scale at the
natural value u2 = Q2. Comparing dashed and solid lines leads to the surprisisgreation that
gluonic contributions are so important that they even chaheg sign of the real part of the CFF,
and are dominant for almost all values of the skewness paeam®& milder conclusion arises for
the imaginary part of the CFF where the gluonic contributiemains sizeable for values of the
skewness parameter up t30

Because of the competing Bethe Heitler mechanism whiclm afteninates, the importance of
NLO QCD corrections to observables depend on their seitgitivthe DVCS or TCS amplitudes.
This is demonstrated in Fig. 3 in the DVCS case and in Fig. 45faf the TCS case. Note in
particular the strong dependence of the r&jq ) defined [8] as :

2
d
Zg dg cosp 7szgtd¢
R(n) = %5 , ©)
d
Ofd(dethdqo

which is linear in the real part of the timelike CFF.
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The fact that both spacelike and timelike Compton form fecteceive sizable NLO con-
tributions may worry the reader; indeed one usually trieeeBum large radiative corrections to
stabilize a perturbative expansion. Although we explo@dewhat this possibility [9], we would
like to prevent the critical reader from drawing a hasty desion on the convergence rate of the
perturbative QCD expansion of the amplitude based on our MiSOIts. Indeed, most of the NLO
correction comes from the gluonic term, which does not eati$tO. The large NLO contribution
is therefore more a signature of the large size of the gluGH® than of the slow rate of the ex-
pansion. The real rate of the QCD expansion cannot be actbssare the NNLO contributions
are computed. Our only measure of the validity of the QCD egjma is the smallness of the NLO
quark contribution to the amplitude, as exemplified by thexjmnity of the dotted and dashed lines
on Fig. 1 and 2.

Let us now turn to the factorization scale dependence ofesults. There is no proven recipe
to optimize the choice of the factorization scale in any QC@&xrpss. The question has been raised
in several studies of inclusive and exclusive reactionsbutlefinite strategy has yet emerged. In
order to pave the way, we show on Fig. 6 the spacelike andikien€ompton form factor with the
GK model, lettingu? vary betweerQ? andQ?/4.
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