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On the quark 
omponent in prompt photon andele
troweak gauge boson produ
tion at high energiesA.V. Lipatov, N.P. ZotovFebruary 1, 2010D.V. Skobeltsyn Institute of Nu
lear Physi
s,M.V. Lomonosov Mos
ow State University,119991 Mos
ow, RussiaAbstra
tIn the framework of the kT -fa
torization approa
h, we study the produ
tion of promptphotons and ele
troweak gauge bosons in high energy proton-(anti)proton 
ollisions at mod-ern 
olliders. Our 
onsideration is based on the amplitude for the produ
tion of a singlephoton or W�=Z0 boson asso
iated with a quark pair in the fusion of two o�-shell gluons.The quark 
omponent is taken into a

ount separately using the quark-gluon s
aterringand quark-antiquark annihilation QCD subpro
esses. Spe
ial attention is put on the 
on-tributions from the quarks involved into the earlier steps of the evolution 
as
ade. Usingthe Kimber-Martin-Ryskin formalism, we simulate this 
omponent and demonstrate that itplays an important role at both the Tevatron and LHC energies. Our theoreti
al results are
ompared with re
ent experimental data taken by the D� and CDF 
ollaborations at theTevatron.PACS number(s): 12.38.-t, 12.38.Bx1 Introdu
tionThe theoreti
al and experimental studying the prompt photon and ele
troweak gaugeboson produ
tion at high energies provide an important information about the nature ofboth the underlying ele
troweak intera
tion and the e�e
ts of Quantum Chromodynami
s(QCD). In many respe
ts these pro
esses have be
ome one of most important "standard
andles" in experimental high energy physi
s [1{11℄.In the previous publi
ations [12{14℄, we have 
onsidered the produ
tion of prompt pho-tons and ele
troweak gauge bosons W� and Z0 in the kt-fa
torization approa
h. Making1

http://arxiv.org/abs/0811.2575v3


use of the kT -fa
torization is motivated by the fa
t that it provides solid theoreti
al groundsfor the e�e
ts of initial gluon radiation and intrinsi
 parton transverse momentum kT . Wepay attention to individual 
ontributions from the di�erent partoni
 subpro
esses. The ideaof [12, 14℄ was in reexpressing the quark 
ontributions in terms of gluon 
ontributions, thusredu
ing the problem of poorly known and poorly 
al
ulable unintegrated quark densitiesto mu
h better investigated gluon ones. Our studies, however, reveal the fa
t that the non-redu
ible quark distributions are of major importan
e for the pro
esses under study. Thegoal of this paper is to 
larify this point in more detail and to a

omplish the 
al
ulationspresented in [12, 14℄ by in
luding the 
ontributions whi
h yet have not been taken intoa

ount.The outline of our paper is following. In Se
tion 2 we re
all shortly the basi
 formulasof the kT -fa
torization approa
h with a brief review of 
al
ulation steps. In Se
tion 3 wepresent the numeri
al results of our 
al
ulations. The 
entral point is dis
ussing the role ofea
h 
ontribution to the 
ross se
tions. Se
tion 4 
ontains our 
on
lusions.2 Theoreti
al framework2.1 The subpro
esses under 
onsiderationOur approa
h is the following. The starting point of 
onsideration is the leading orderO(�) and O(��s) subpro
esses: q + g� ! 
 + q, q + �q ! 
 + g and q + �q0 ! W�=Z0.These subpro
esses are strongly depend on the unintegrated quark distributions in a protonfq(x;k2T ; �2). In 
ontrast to the study [15℄ where the hard matrix elements of these subpro-
esses have been 
onvoluted with the relevant unintegrated quark and/or gluon distributionsin a proton, we try to reexpress the unintegrated quark densities in terms of gluon ones. Ourmain idea is 
onne
ted with the separation of the unintegrated quark distributions into sev-eral parts whi
h 
orrespond to the intera
tions of valen
e quarks f (v)q (x;k2T ; �2), sea quarksappearing at the last step of the gluon evolution f (g)q (x;k2T ; �2) and sea quarks 
oming fromthe earlier gluon splittings f (s)q (x;k2T ; �2) (see Fig. 1). In our approa
h, we simulate the lastgluon splittings by the higher-order O(��2s) o�-shell (i.e. kT -dependent) matrix elements,namely g�+g� ! 
=W�=Z0+q+�q0. In this way we take into a

ount the 
ontributions fromthe f (g)q (x;k2T ; �2). To estimate the 
ontributions from the f (v)q (x;k2T ; �2) and f (s)q (x;k2T ; �2)we use the spe
i�
 properties of the Kimber-Martin-Ryskin (KMR) s
heme [16℄ whi
h en-ables us to dis
riminate between the various 
omponents of the unintegrated quark densities1.Thus, the proposed s
heme results to the following partoni
 subpro
esses:g� + g� ! 
=W�=Z0 + q + �q0; (1)q(v) + g� ! 
=W�=Z0 + q0; (2)q(s) + g� ! 
=W�=Z0 + q0; (3)q + �q ! 
 + g; q + �q0 ! W�=Z0: (4)To be pre
ise, the gluon-gluon fusion subpro
ess (1) repla
es the q(g)+ �q(g) annihilation, andthe valen
e and sea quark-gluon s
attering (2) and (3) repla
e the q(v) + �q(g) and q(s) + �q(g)1Below we will refer to the f (s)q (x;k2T ; �2) 
ontribution as to "redu
ed sea" 
omponent.2



annihilation me
hanisms. In the last two 
ases both valen
e q(v) and "redu
ed sea" q(s) quark
omponents are in
luded. Of 
ourse, all in
oming gluons in (1) | (4) are o�-shell. To avoidthe double 
ounting we have not 
onsidered here q + �q0 !W�=Z0 + g subpro
ess.As it was mentioned above, the proposed s
heme was applied already to the prompt pho-ton [12℄ and ele
troweak boson [14℄ produ
tion at the Tevatron and LHC energies. However,in [12℄ we have negle
ted the "redu
ed sea" 
ontribution. In [14℄, to estimate the "redu
edsea" 
omponent only the 
ontribution from the q(s) + �q(v) ! W�=Z0 subpro
ess has beentaken into a

ount sin
e this 
ontribution is the dominant one at the Tevatron energies (seealso dis
ussion in Se
tion 3). In the present study we give a more a

urate analysis of allpossible 
ontributions to the 
ross se
tions of pro
esses under 
onsideration2 and 
larify therole of missing 
ontributions to the "redu
ed sea" 
omponent at the LHC.2.2 Cross se
tion for the in
lusive 
=W�/Z0 produ
tionTo 
al
ulate the 
ross se
tion of the prompt photon and/or ele
troweak boson produ
tionin the framework of the kT -fa
torization approa
h one should 
onvolute the o�-shell matrixelements of subpro
esses (1) | (4) with the relevant unintegrated quark and/or gluon dis-tributions. The 
ontribution to the in
lusive 
=W�/Z0 produ
tion 
ross se
tion from theo�-shell gluon-gluon fusion (1) 
an be written as�(p+ �p! 
=W�=Z0 +X) =Xq Z j �M(g� + g� ! 
=W�=Z0 + q + �q0)j2256�3(x1x2s)2 ��fg(x1;k21T ; �2)fg(x2;k22T ; �2)dk21Tdk22Tdp21Tp22Tdydy1dy2d�12� d�22� d 12� d 22� ; (5)where j �M(g�+ g� ! 
=W�=Z0+ q+ �q0)j2 is the o�-mass shell matrix element squared (andaveraged over the initial gluon polarizations and 
olors); ps is the total energy of the pro
essunder 
onsideration; k1T , k2T , �1 and �2 are the transverse momenta and azimuthal angles ofthe initial o�-shell gluons (having the fra
tions x1 and x2 of the in
oming protons longitudinalmomenta); pT and y are the transverse momentum and rapidity of the produ
ed promptphoton or ve
tor boson; p1T and p2T the transverse momenta of the 
o-produ
ed quark andantiquark; y1, y2,  1 and  2 are the quark rapidities and azimuthal angles, respe
tively. Theformulas for the partoni
 subpro
esses (2) | (4) are similar and 
an be written as follows:�(p+ �p! 
=W�=Z0 +X) =Xq Z j �M(q + g� ! 
=W�=Z0 + q0)j216�(x1x2s)2 ��fq(x1;k21T ; �2)fg(x2;k22T ; �2)dk21Tdk22Tdp2Tdydy0d�12� d�22� ; (6)�(p+ �p! 
 +X) =Xq Z j �M(q + �q ! 
 + gj216�(x1x2s)2 ��fq(x1;k21T ; �2)fq(x2;k22T ; �2)dk21Tdk22Tdp2Tdydygd�12� d�22� ; (7)2In the 
al
ulations of the prompt photon 
ross se
tions we will negle
t the 
ontributions from the so-
alledfragmentation me
hanism [17℄. It is be
ause after applying the isolation 
ut (see [7{11℄) these 
ontributionsamount only to about 10% of the visible 
ross se
tion. The isolation requirement and additional 
onditionswhi
h preserve our 
al
ulations from divergen
es have been spe
ially dis
ussed in [12, 13℄.3



�(p+ �p! W�=Z0 +X) =Xq Z 2�(x1x2s)2 j �M(q + �q0 ! W�=Z0)j2��fq(x1;k21T ; �2)fq(x2;k22T ; �2)dk21Tdk22Tdyd�12� d�22� ; (8)where y0 and yg are the rapidities of the �nal quark or gluon. The analyti
 expressionsfor the o�-shell matrix elements of subpro
esses (1) | (4) has been derived in our previouspapers [12, 14℄ (see also [18℄). We only mention here that, in a

ord with the kT -fa
torizationpres
ription [19, 20℄, the o�-shell gluon spin density matrix has been taken in the formX ��(ki)�� �(ki) = k�iTk�iTk2iT : (9)In all other respe
ts our 
al
ulations follow the standard Feynman rules. If we average theseexpressions over �1 and �2 and take the limit k21T ! 0 and k22T ! 0, then we re
over therelevant formulas in the leading order 
ollinear approximation of QCD.2.3 The KMR unintegrated parton distributionsIn further analysis below we will use the unintegrated quark and gluon densities in a pro-ton whi
h taken in the KMR form [16℄. The KMR approa
h is the formalism to 
onstru
tthe unintegrated parton distributions fa(x;k2T ; �2) from the known 
onventional parton dis-tributions xa(x; �2), where a = g or a = q. In this approximation, the unintegrated quarkand gluon distributions are given by [16℄fq(x;k2T ; �2) = Tq(k2T ; �2)�s(k2T )2� �� 1Zx dz �Pqq(z)xz q �xz ;k2T��(�� z) + Pqg(z)xz g �xz ;k2T�� ; (10)fg(x;k2T ; �2) = Tg(k2T ; �2)�s(k2T )2� �� 1Zx dz "Xq Pgq(z)xz q �xz ;k2T�+ Pgg(z)xz g �xz ;k2T��(�� z)# ; (11)where Pab(z) are the usual unregulated LO DGLAP splitting fun
tions. The theta fun
tionswhi
h appear in (10) and (11) imply the angular-ordering 
onstraint � = �=(� + jkT j)spe
i�
ally to the last evolution step to regulate the soft gluon singularities. For otherevolution steps, the strong ordering in transverse momentum within the DGLAP equationsautomati
ally ensures angular ordering3. The Sudakov form fa
tors Tq(k2T ; �2) and Tg(k2T ; �2)whi
h appears in (10) and (11) enable us to in
lude logarithmi
 loop 
orre
tions to the
al
ulated 
ross se
tions. The nonlogarithmi
 
orre
tions 
an be taken into a

ount byusing the K-fa
tor [15, 23℄ K(q + �q0 ! W=Z) ' exp [CF��s(�2)=2℄ with CF = 4=3 and�2 = p4=3T m2=3.3Numeri
ally, in (10) and (11) we have applied the re
ent Martin-Stirling-Thorne-Watt (MSTW) LOparametrizations [21℄ of the 
ollinear parton densities a(x; �2). This 
hoi
e is di�ers from the one [12{14℄where the Gl�u
k-Reya-Vogt (GRV) parton distributions [22℄ have been used.4



The fun
tion fq(x;k2T ; �2) in (10) represents the total quark distribution fun
tion in aproton. Modifying (10) in su
h a way that only the �rst term is kept and the se
ond termomitted, we swit
h the last gluon splitting o�, thus ex
luding the f (g)q (x;k2T ; �2) 
omponent.Taking the di�eren
e between the quark and antiquark densities we extra
t the valen
e quark
omponent f (v)q (x;k2T ; �2) = fq(x;k2T ; �2)� f�q(x;k2T ; �2). Finally, keeping only sea quark in�rst term of (10) we remove the valen
e quarks from the evolution ladder. In this way onlythe f (s)q (x;k2T ; �2) 
ontributions to the fq(x;k2T ; �2) are taken into a

ount.The multidimensional integration in (5) | (8) has been performed by the means of MonteCarlo te
hnique, using the routine Vegas [24℄. The full C++ 
ode is available from theauthors on request4. This 
ode is pra
ti
ally identi
al to that used in [12{14℄.3 Numeri
al resultsWe are now in a position to present our numeri
al results. In all our 
al
ulations a

ordingto (5) | (8) the light quark masses were set to mu = 4:5 MeV, md = 8:5 MeV andms = 155 MeV. We have 
he
ked that the un
ertainties 
oming from these quantities arenegligible 
ompared to the un
ertainties 
onne
ted with the s
ales in the unintegrated partondensities and strong 
oupling. We setm
 = 1:4 GeV,mW = 80:403 GeV,mZ = 91:1876 GeV,sin2 �W = 0:23122 and use the LO formula for the strong 
oupling 
onstant �s(�2) withnf = 4 a
tive quark 
avors at �QCD = 200 MeV (so that �s(M2Z) = 0:1232). As it is oftendone, we 
hoose the renormalization and fa
torization s
ales to be equal: �R = �F = � = mT ,where mT is the transverse mass of the produ
ed ve
tor boson. In the 
ase of prompt photonprodu
tion we set the s
ale � to be equal to the photon transverse energy E
T . We will notstudy here the s
ale dependense of our results. This issue is addressed in our previouspapers [12{14℄.3.1 Role of the quark 
ontributionsWe begin the dis
ussion by presenting a 
omparison between the di�erent 
ontributionsto the 
=W�=Z0 
ross se
tions. In Fig. 2 we plot our results for the 
ross se
tions asa fun
tion of produ
ed photon or gauge boson 
enter-of-mass rapidity y. Here, we haveperformed the 
al
ulations for both the proton-antiproton and proton-proton intera
tions atthe Tevatron and LHC energies, respe
tively. In the 
ase of ele
troweak boson produ
tion,the 
ross se
tions are multiplied by the bran
hing fra
tions f(W ! l�) and f(Z ! l+l�).We set these bran
hing fra
tions to f(W ! l�) = 0:1075 and f(Z ! l+l�) = 0:03366 [25℄.The additional 
uts jyj < 2:5 and jyj < 4 have been applied in the 
ase of prompt photonprodu
tion at the Tevatron and LHC. The solid, dashed and dotted histograms in Fig. 2represent the 
ontributions from the g�+ g� ! 
=W�=Z0+ q + �q0, qv + g� ! 
=W�=Z0+ q0and qv + �q0v ! W�=Z0 (or qv + �qv ! 
 + g) subpro
esses, respe
tively5. The thi
k solidhistograms represent the sum of all 
ontributions. One 
an see that the gluon-gluon fusionis an important photon produ
tion me
hanism at both the Tevatron and LHC 
onditions.4lipatov�theory.sinp.msu.ru5In the present analysis the 
ontributions from all 2! 1 subpro
esses have been 
orre
ted by the fa
torof 3=2 
ompared to those from [14℄. We thank V.A. Saleev for drawing our attention to this point.5



Moreover, it gives a main 
ontribution to the 
ross se
tion at the LHC. In the 
ase ofW�=Z0produ
tion, the role of gluon-gluon fusion subpro
ess is negligible at the Tevatron and isin
reased greatly at the LHC energy: it 
ontributes only about one or two per
ent to thetotal 
ross se
tion at p=1800 GeV and more than 40% at ps = 14 TeV. The Compton-likesubpro
esses qv + g� ! 
=W�=Z0 + q0 are also important.In Fig. 2, the dash-dotted histograms represent the "redu
ed sea" 
omponent. We �ndthat this 
omponent gives approximately 30% 
ontribution to the total 
ross se
tion ofprompt photon produ
tion at the Tevatron and approximately 20% 
ontribution at theLHC. In the 
ase of ele
troweak boson produ
tion, it 
ontributes about 50% and 40%,respe
tively. As it was noted above, this 
omponent 
ontains the q(s)+ g� ! 
=W�=Z0+ q0,q(s)+ �q(s) ! 
+ g (or q(s)+ �q(s) !W�=Z0) and q(s)+ �q(v) ! 
+ g (or q(s)+ �q(v) !W�=Z0)subpro
esses. The relative 
ontributions are shown in Fig. 3. Note that thi
k solid histogramsin Fig. 3 
orresponds to the dash-dotted histograms in Fig. 2. Sin
e all these subpro
essesare mainly due to the quarks emerging from the earlier steps of the parton evolution ratherthan from the last gluon splitting, one 
an 
on
lude that the quarks 
onstitute an important
omponent of the parton ladder, not negligible even at the LHC energies and not redu
ibleto the gluon 
omponent.3.2 Comparison with the Tevatron dataNow we turn to the 
omparison of our theoreti
al predi
tions with the experimental dataon the prompt photon and W�=Z0 boson produ
tion at Tevatron. The data [7{11℄ on thein
lusive prompt photon hadroprodu
tion 
ome from both the D� and CDF 
ollaborations.The D� [7, 8℄ data were obtained in the 
entral and forward pseudo-rapidity regions fortwo di�erent 
enter-of-mass energies, namely ps = 630 GeV and ps = 1800 GeV. The
entral pseudo-rapidity region is de�ned by the requirement j�
j < 0:9, and the forward oneis de�ned by 1:6 < j�
j < 2:5. The more re
ent CDF data [9, 10℄ refer to the same 
entralkinemati
al region j�
j < 0:9 for both beam energies ps = 630 GeV and ps = 1800 GeV.The data on the ele
troweak gauge boson produ
tion are also 
ome from the D� [2{6℄ andCDF [1℄ 
ollaborations.The results of our 
al
ulations are shown in Figs. 4 | 9. Fig. 4 
onfronts the double dif-ferential 
ross se
tions d�=dETd� of the prompt photon produ
tion 
al
ulated at ps = 630and 1800 GeV in di�erent kinemati
al regions with the D� [7, 8℄ and CDF [9, 10℄ data. Thesolid histograms represent 
al
ulations in the s
heme des
ribed above. For 
omparison, wealso show (as dashed histograms) the predi
tions based on the simple 2 ! 2 QCD subpro-
esses with all quark 
omponents summed together. One 
an see that the both approa
hesgive the very similar results whi
h agree reasonably with the Tevatron data on the promptphoton 
ross se
tions within the experimental un
ertainties. This fa
t demonstrates thatthe high-order 
orre
tions for prompt photon produ
tion 
onne
ted with the terms not 
on-taining large logarithms are rather small. Our predi
tions based on the subpro
esses (1) |(4) are rather similar to ones [26℄ based on the 
ollinear QCD fa
torization with the NLOa

ura
y.Con
erning the ele
troweak gauge boson produ
tion, the situation is slightly di�erent.Figs. 5 and 7 display a 
omparison between the 
al
ulated di�erential 
ross se
tions d�=dpTand the D� and the CDF experimental data [1, 3, 4℄ at low pT (pT < 20 GeV) and in6



the full pT range. These data have been obtained at ps = 1800 GeV. In Figs. 6, 8 and9, we show the normalized di�erential 
ross se
tion (1=�) d�=dpT and (1=�) d�=djyj of theW� and Z0 boson produ
tion in 
omparison with the data. The predi
tions based on thes
heme (1) | (4) are about a fa
tor of 1.25 higher than the ones based on the simple2 ! 1 subpro
esses. The main di�eren
e between the predi
tions is observed in the lowpT region. This di�eren
e 
an be attributed to the terms not 
ontaining large logarithmsand 
onne
ted with using of the high-order o�-shell matrix elements mentioned above. In
ontrast with the prompt photon produ
tion, su
h terms are signi�
ant for the 
ase ofW�=Z0 produ
tion. In [15℄, an additional fa
tor of about 1.2 was introdu
ed ad ho
 toeliminate the visible disagreement between the data and theory. The origin of this extrafa
tor has explained [15℄ by the fa
t that the input parton densities (used to determine theunintegrated ones) should themselves be determined from data using the appropriate non-
ollinear formalism. The results of our 
al
ulations based on the s
heme (1) | (4) show noneed in this extra fa
tor. Some overestimation of our predi
tions over experimental data atsmall pT 
an be, in prin
iple, 
onne
ted with problem of appli
ability of BFKL-like evolutionin this region and requires an additional study. Note that the traditional QCD 
al
ulations(valid in a wide pT range) 
ombine �xed-order perturbation theory (at present, up to NNLOterms [27{31℄) with analyti
 soft-gluon resummation [32,33℄ and some mat
hing 
riterion.These 
al
ulations gives a similar des
ription of the data [1{6℄.Additionally we have studied the e�e
ts of the non-logarithmi
 loop 
orre
tions to thegauge boson produ
tion amplitude. To do this, we have repeated the 
al
ulations based onthe 2 ! 1 quark-antiquark annihilation with the omitted K-fa
tor. The dotted histogramsin Figs. 4 | 9 
orrespond to the results of these 
al
ulations. We have found a signi�
ant(by a fa
tor of about 1.5) redu
tion of the predi
ted 
ross se
tions. Also, in our numeri
al
al
ulations we have tested the rather old GRV (LO) parametrizations [22℄ of the 
ollinearparton distributions in a proton (not shown in plots). We have found that the di�eren
ebetween the results based on the GRV and re
ent MSTW [21℄ 
ollinear parton densities isnegligible.Finally, we would like to mention that an additional possibility to distinguish the two
al
ulation s
hemes 
omes from studying the ratio of the W� and Z0 boson 
ross se
tions.In fa
t, sin
e W� and Z0 produ
tion properties are very similar, as the transverse momen-tum of the ve
tor boson be
omes smaller, the radiative 
orre
tions a�e
ting the individualdistributions and the 
ross se
tions of hard pro
ess are fa
torized and 
an
elled in this ratio.Therefore the results of 
al
ulation of this ratio in the s
heme (1) | (4) (where the O(��s)and O(��2s) subpro
esses are taken into a

ount) and the predi
tions based on the O(�)quark-antiquark annihilation should di�er from ea
h other at moderate and high pT values.This issue have been studied in our previous paper [14℄.4 Con
lusionsWe have studied the produ
tion of prompt photon and ele
troweak gauge bosons inhadroni
 
ollisions at high energies in the kT -fa
torization approa
h of QCD. The 
entral partof our 
onsideration is the o�-shell gluon-gluon fusion subpro
ess g�+g� ! 
=W�=Z0+q+�q0.The 
ontribution from the quarks has been taken into a

ount additionally.7



To study the individual 
ontributions from the di�erent partoni
 subpro
esses we haveused the KMR s
heme. We �nd that the gluon-gluon fusion is an important produ
tionme
hanism of prompt photons at both the Tevatron and LHC 
onditions. At the LHC,it gives the main 
ontribution to the 
ross se
tion. In the 
ase of W�=Z0 produ
tion, it
ontributes only about one or two per
ent to the total 
ross se
tion at the Tevatron andmore than 20% at the LHC energy.We demonstrate that an important 
ontribution to the total 
ross se
tions of the pro
essesunder 
onsideration also 
omes from the sea quark intera
tions. Notably, we found that the
ontribution of these subpro
esses are mainly due to the quarks emerging from the earliersteps of the parton evolution rather than from the last gluon splitting.A
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Figure 1: Our approa
h to 
al
ulate the unintegrated quark distributions.
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Figure 2: Di�erential 
ross se
tions of prompt photon or ele
troweak boson produ
tion atthe Tevatron and LHC as a fun
tion of their 
.m. rapidity y. The solid, dashed and dottedhistograms represent the 
ontributions from the g� + g� ! 
=W�=Z0 + q + �q0, qv + g� !
=W�=Z0 + q0 and qv + �qv ! 
 + g (or qv + �qv ! W�=Z0) subpro
esses, respe
tively. Thedash-dotted histograms represent the "redu
ed sea" 
omponent. The thi
k solid histogramsrepresent the sum of all 
ontributions.
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Figure 3: Di�erent 
ontributions from the "redu
ed sea" 
omponent to the prompt photon orele
troweak boson produ
tion 
ross se
tions at the Tevatron and LHC. The solid, dashed anddotted histograms represent the 
ontributions from the qs + g� ! 
=W�=Z0 + q0, qs + �qv !
 + g (or qs + �q0v !W�) and qs + �qs ! 
=W�=Z0 + g subpro
esses, respe
tively. The thi
ksolid histograms represent the sum of all 
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Figure 4: Double di�erential 
ross se
tion d�=dETd� for the in
lusive prompt photonhadroprodu
tion 
al
ulated for j�j < 0:9 (a) and 1:6 < j�j < 2:5 (b) at ps = 630 GeVand for j�j < 0:9 (
) and 1:6 < j�j < 2:5 (d) at ps = 1800 GeV. Solid histograms represent
al
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omposition" s
heme where all 
ontributions des
ribed in the text aretaken into a

ount. Dashed histograms 
orrespond to the predi
tions based on the simple2 ! 2 quark-gluon QCD intera
tion and quark-antiquark annihilation subpro
ess with allquark 
omponents summed together. The experimental data are from D� [7, 8℄ and CDF [9,10℄.
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