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σ=

∑

i, j=q,g

Z

σ̂i∗j (x1 , x2 , k21T , k22T ) fi (x1 , k21T , µ 2 ) f j (x2 , k22T , µ 2 ) dx1 dx2 dk21T dk22T ,

where σ̂i∗j (x1 , x2 , k21T , k22T ) is the relevant partonic cross section. The initial off-shell partons have
fractions x1 and x2 of initial protons longitudinal momenta and non-zero transverse momenta k1T
and k2T .
Concerning the unintegrated parton distributions we use two different sets. First is the KMR
set [8, 9]. The KMR approach represents an approximate treatment of the parton evolution mainly
based on the DGLAP equation and incorpotating the BFKL effects at the last step of the parton
ladder only, in the form of the properly defined Sudakov formfactors Tq (k2T , µ 2 ) and Tq (k2T , µ 2 ),
including logarithmic loops. In this approach both gluons and quarks densities can be obtained.
For prompt photon production we also use another set of unintegrated parton distributions,
obtained as a numerical solution of the CCFM evolution equation [10], namely the CCFM A0 set.
However, as a result of the solution we have only gluon distribution. In order to calculate the
quarks distribution, we follow the scheme, proposed in [5, 6]. The unintegrated quark distribution
are presented as
(v)

(g)

(s)

fq (x, k2T , µ 2 ) = fq (x, k2T , µ 2 ) + fq (x, k2T , µ 2 ) + fq (x, k2T , µ 2 ),
(v)

(g)

(s)

(1)

where fq is the unintegrated valence quarks distribution and fq and fq – the contributions of the
(v)
sea quarks arising from the last and earlier steps of the parton evolution respectively. fq (x, k2T , µ 2 )
was calculated in [11]. The contribution from the sea quarks coming from the last evolution step,
(g)
fq (x, k2T , µ 2 ), can be taken into account with the gluon fusion subprocess, g∗ g∗ → γ qq̄ [6]. The
(s)
contribution of the sea quarks coming from the earlier evolution steps, fq (x, k2T , µ 2 ), can be estimated via some change of the KMR scheme, and this contribution turns out to be rather significant
(see discussion later). However, we don’t add it to the CCFM predictions, since it may yield double
counting in this case. In the KMR approach this contribution is easily taken into account.
We have calculated the off-shell O(αem αS ) matrix elements for q∗ q̄∗ → γ g, q∗ g∗ → γ q and
O(αem αS2 ) matrix element for g∗ g∗ → γ qq̄ for prompt photon production. For Drell-Yan lepton
pair production we take into account the off-shell matrix element for qg∗ → γ /Z + q → l + l − q
and the on-shell matrix element for qq̄ → γ /Z → l + l − . In the kT -factorization approach the contribution from another subprocess, qq̄ → γ /Z + g → l + l − g is already taken into account by the
2
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Our study is motivated by recent measurements of the inclusive prompt photon and Drell-Yan
lepton pair production performed by the CMS and ATLAS collaborations at LHC [1 – 3], taken at
√
s = 7 TeV.
Previously the kT -factorization approach was used for the prompt photon production at Tevatron [4 – 6]. A good description of the results of the D0 and CDF collaborations was achieved.
Also in [7] the process of the prompt photon production with associated heavy (c, b) quarks was
investigated and a reasonable agreement of the experimental data with the theoretical results was
obtained. Here we expand the analysis to the LHC energies.
According to the kT -factorization theorem, to calculate the cross section of the prompt photon
or Drell-Yan lepton pair production one should convolute the off-shell partonic cross sections with
the relevant unintegrated quark and/or gluon distributions in a proton:
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4/3

where the color factor CF = 4/3. A particular choice µ 2 = pT M 2/3 has been proposed [13, 14]
to eliminate sub-leading logarithmic terms. We choose this scale to evaluate the strong coupling
constant in (2).
In KMR unintegrated parton distributions we used the standard MSTW’2008 (LO) set [15]
as an input. We took the renormalization and factorization scales µR2 = µF2 = ξ 2 p2T . In order to
evaluate theoretical uncertainties, we varied ξ between 1/2 and 2 about the default value ξ = 1.
Following to [16], we set MZ = 91.1876 GeV, ΓZ = 2.4952 GeV, sin2 θW = 0.23122. We used the
LO formula for the strong coupling constant αs (µ 2 ) with n f = 4 active quark flavours at ΛQCD =
200 MeV, so that αS (MZ ) = 0.1232.
Considering prompt photon production, in order to reduce the huge background from the secondary photons produced by the decays of π 0 and η mesons we have used the isolation criterion as
it is introduced in the experimental analyses:
EThad ≤ E max ,

(η had − η )2 + (ϕ had − ϕ )2 ≤ R2 ,

where EThad is the hadronic transeverse energy deposited inside a cone with with aperture R centered
around the photon direction in the pseudo-rapidity and azimuthal angle plane.
On Fig. 1 we present the results of our numerical simulations. The figure represents the simulated cross-sections of the inclusive prompt photon production in comparison with the data, obtained by the CMS and ATLAS collaborations. The notations are shown on the figure. One can see
a reasonable agreement of the theoretical results with the data. However, the CCFM predictions
tend to underestimate the data. It may be connected with the ignoring of the sea quarks, coming
from the earlier evolution. For more detailes see [17].
The results of our calculations [18] for Drell-Yan lepton pair production are presented in Fig. 2,
3 in comparison with the D0 [19], CDF [20 – 22] and CMS [3] data. Solid histograms are obtained
by fixing both the factorization and renormalization scales at the default value µ = Mll , whereas the
3
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quark-antiquark annihilation due to the initial state radiation. So this subprocess has been taken out
of our consideration in order to avoid double counting, which is in contrast with the collinear QCD
factorization.
The calculation implies a modification of the gluon polarization density matrix. It takes so
µ
called BFKL form: ∑ ε µ ε ∗ν = kT kTν /k2T . For prompt photon production we also modified the
quark polarization density matrix. For the off-shell quark it takes the form [12]: ∑ us (k)ūs (k) = xP̂,
where P is the momentum of the incoming proton. For Drell-Yan lepton pair production we used
the standard rule for quark polarization sum, since the difference between the contributions of the
on-shell and off-shell quark matrix elements is insignificant and much smaller than the uncertainty,
connected with the choice of the factorization scale. In all other respects the evaluation follows the
standard QCD Feynman rules.
To take into account the non-logarithmic loop corrections in Drell-Yan lepton pair production
we use the approach proposed in [13]. It was demonstrated that main part of the non-logarithmic
loop corrections to the quark-antiquark annihilation cross section can be absorbed in the effective
K-factor:


αS (µ 2 ) 2
π
K = exp CF
(2)
2π
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Figure 1: The differential cross sections of the inclusive prompt photon production in pp collisions
√
as a function of pT calculated at s =7 TeV.
upper and lower dashed histograms correspond to the scale variation as it was described above for
the case of prompt photon production. One can see that the Tevatron and LHC experimental data are
reasonably well described by the kT -factorization approach in the whole range of invariant masses.
Specially we point out a good description of dilepton transverse momentum distributions measured
by the CDF collaboration (Fig. 3) since this observable strongly depends on the unintegrated parton
density used.
In summary, we have studied the processes of the inclusive prompt photon production and
Drell-Yan lepton pair production in the kT -factorization QCD approach at LHC energies. A reasonably good description of D0, CDF, CMS and ATLAS data for the inclusive prompt photon and
Drell-Yan lepton pair production at Tevatron and LHC has been obtained. A theoretical uncertainties investigation has been studied and a predictive power of the used approach has been shown.
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Figure 2: The differential cross sections of the Drell-Yan lepton pair production in hadron colli√
sions as a function of Mll calculated at s =1.8 TeV (a—c) and 7 TeV (d). The experimental data
are from D0, CDF and CMS [3].
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Figure 3: The differential cross sections of the Drell-Yan lepton pair production in hadron colli√
sions as a function of pT calculated at s =1.8 TeV. The experimental data are from CDF.
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