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We report on numeri
al studies of the NLO 
orre
tions to ex
lusive meson ele
tropro-du
tion, both in 
ollider and �xed-target kinemati
s. Corre
tions are found to be hugeat small xB and sizeable at intermediate or large xB.1 Motivation and general frameworkGeneralized parton distributions (GPDs) are a versatile tool to quantify important aspe
tsof hadron stru
ture in QCD. They 
ontain unique information on the spatial distribution ofpartons [1℄ and on the orbital angular momentum they 
arry in the proton [2℄. The theo-reti
ally 
leanest pro
ess where GPDs 
an be studied is deeply virtual Compton s
attering(similar to in
lusive DIS, whi
h plays a dominant role in 
onstraining the usual parton den-sities). Hard ex
lusive meson produ
tion is harder to des
ribe quantitatively, but it providesopportunities to obtain important 
omplementary 
onstraints. In parti
ular, ve
tor mesonprodu
tion is more dire
tly sensitive to the gluon distributions, whi
h enter the Comptonamplitude only at next-to-leading (NLO) order in �s. Together with a wealth of high-qualitydata [3℄, this warrants e�orts to bring meson produ
tion under theoreti
al 
ontrol as mu
has possible.In the present 
ontribution [4℄ we investigate ex
lusive � produ
tion (
�p ! �p) using
ollinear fa
torization, whi
h is appli
able in the limit of large photon virtuality Q2 at �xedBjorken variable xB and �xed invariant momentum transfer t to the proton [5℄. In pra
ti
alterms, this means that the des
ription is restri
ted to suÆ
iently large Q2 but 
an be usedfor both small and large xB , thus providing a 
ommon framework for analyzing both 
olliderand �xed-target data. The pro
ess amplitude 
an then be expressed in terms of GPDs forthe proton, the q�q distribution amplitude for the �, and hard-s
attering kernels. The kernelsare known to NLO, i.e. to order �2s [6℄.The requirement of \suÆ
iently large" Q2 is demanding for meson produ
tion. Contri-butions that are formally suppressed by powers of 1=Q2 
annot be 
al
ulated in a 
ompletelysystemati
 way, but the estimates [7, 8, 9℄ agree that for Q2 of several GeV2 the e�e
t of thetransverse quark momentum inside the meson 
annot be negle
ted in the hard-s
atteringsubpro
ess, as it is done in the 
ollinear approximation. This e�e
t 
an be in
orporatedin the modi�ed hard-s
attering pi
ture [7, 8℄, in 
olor dipole models [9℄, or in the MRTapproa
h [10℄. Unfortunately, the 
al
ulation of �s 
orre
tions remains not only a te
hni
albut even a 
on
eptual 
hallenge in these approa
hes, so that the perturbative stability oftheir results 
annot be investigated at present. One strategy in this situation is to study theNLO 
orre
tions in the 
ollinear fa
torization framework, identifying kinemati
al regionswhere they are moderate or small. There one may use formulations in
orporating power
orre
tions from transverse quark momentum with greater 
on�den
e. This is the aim ofthe present 
ontribution.In the following we show results for the 
onvolution of the unpolarized quark and gluonGPDsHq andHg with the 
orresponding hard-s
attering kernels and the asymptoti
 form ofthe � distribution amplitude. We model the GPDs using a standard ansatz based on doubleDIS 2007 1
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µ [GeV]Figure 1: Imaginary part of the 
onvolution integral for the sum of gluon and quark singletdistributions as a fun
tion of the renormalization and fa
torization s
ale �.distributions [11℄, with the CTEQ6M distributions as input. Unless indi
ated expli
itly, wetake t = 0 and set the fa
torization and renormalization s
ales equal, � = �F = �R.2 Numeri
al results
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xBFigure 2: Cross se
tion for 
�p ! �p witha longitudinal photon. Bands 
orrespond tothe range Q=2 < � < 2Q and solid linesto � = Q. We also show the power-law be-havior � / W 0:88 (with arbitrary normaliza-tion) obtained from a �t to data in the range0:001<�xB <� 0:005 [12℄.

In a wide kinemati
al range at small xB ,we �nd huge NLO 
orre
tions whi
h haveopposite sign to the Born term and almost
an
el it. This is shown for xB = 2 � 10�3in Fig. 1, where there are indi
ations foran onset of perturbative stability at Q =7GeV, but not yet at Q = 4GeV. TakingxB = 2 � 10�4 one �nds no stability evenat Q = 7GeV, whereas for xB = 2 � 10�2the 
orre
tions are of tolerable size alreadyat Q = 4GeV.Figure 2 shows that in kinemati
s rele-vant for HERA measurements, NLO 
orre
-tions have a huge e�e
t on the 
ross se
tionand moreover lead to a 
at energy behav-ior in 
on
i
t with experiment. Due to thestrong 
an
ellations between LO and NLOterms, the dependen
e on fa
torization andrenormalization s
ale is not redu
ed whengoing to NLO.As already observed in [6℄ the large sizeof NLO 
orre
tions at small xB 
an betra
ed ba
k to BFKL-type logarithms appearing �rst at NLO for ve
tor meson produ
-tion. Su
h logarithms are present in many pro
esses (in
luding DIS) but have a rather largenumeri
al prefa
tor in the present 
ase. It is to be hoped that all-order resummation of2 DIS 2007
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µR [GeV]Figure 4: Renormalization s
ale dependen
e of the real part of the 
onvolution integrals forthe sum of gluon and quark singlet distributions (left) and for for the di�eren
e of u and dquark distributions (right).these logarithms in the hard-s
attering kernel will give perturbative stability at small xB .In the xB range relevant for experiments at COMPASS, HERMES, and JLAB, we gen-erally �nd 
orre
tions whi
h are sizable but not huge. An ex
eption is the real part of thegluon and quark singlet amplitudes, where 
orre
tions be
ome large for de
reasing xB , as isseen in the left panel of Fig. 3.In the quark nonsinglet se
tor there are large terms in the NLO kernel due to gluonself-energy 
orre
tions. The BLM pro
edure for setting the renormalization s
ale aims atresumming these to all orders in �s. Applied to the pro
ess at hand, one �nds however thatthis requires �R to be typi
ally an order of magnitude smaller than Q [13, 14℄. This is outsidethe validity of the perturbative 
al
ulation for most pra
ti
ally relevant Q. Numeri
allywe �nd that for �R<� 2GeV the NLO 
orre
tions be
ome unstable for several 
onvolutionintegrals, as shown for examples in Fig. 4.We have therefore omitted this region when estimating the s
ale setting error in Fig. 5,where we show the 
ross se
tion in typi
al �xed-target kinemati
s. We see that NLO 
orre
-DIS 2007 3
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orrespond to therange 2GeV < � < 4GeV in the left and to 2GeV < � < 6GeV in the right plot, and solidlines to � = Q in both 
ases.tions are quite large for Q2 = 4GeV2, whereas for Q2 = 9GeV2 and xB > 0:1 they be
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