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Gauge boson production belongs to the most important processes a lcatliders. In par-
ticular, at the Large Hadron Collider (LHC) th¢ andZ boson, as well as direct photon production
will be a benchmark process of great significance for e.g. the measotrefrtbe parton distribu-
tion functions, measurement of the strong coupling consitgrdr calibrating the response of the
detectors. For the first time, it will be possible to produce gauge bosorastionic collisions with
the center-of-mass energy of a few TeV, and consequently, exptodugtion of gauge bosons
with transverse momentunps{) in the TeV range. Given the relatively high cross sections for
the leading-order (LOPpr-distributions of gauge bosons, indicating small statistical errors of the
future measurements, it is essential to improve the theoretical knowledgess# tjuantities by
calculating higher-order radiative corrections. In the TeV regime, theritbgnic terms of the form
aklogz'“i(é/M\%,) (i > 0), known as the electroweak (EW) Sudakov logarithms, provide dominant
contributions to the cross section and may well be responsible for conmeaifoseveral tens of
percents. A survey of the literature on EW logarithms can be founfl] in [d]pakticular, EW
corrections to the hadronM/-boson production were studied if [, [8, 4], whereasZHaoson
and prompt photon production at large were investigated if[%] 4] 7]. Numerical results for the
one-loop corrections to the latter two processes can be also found iffReh the following we
briefly report on the calculations of the gauge boséhdroduction in association with a jef)(in
the procespp — V j, presented in Refs[](2 B, B, 71.

1. Calculation of the electroweak corrections

The nature of the/(a) corrections to the procespﬁﬁ — V|, differs significantly between
neutral ¥ = Z,y) and charged = W*,W~) gauge boson production. For the latter, the elec-
tromagnetic contributions cannot be separated from the weak ones irga-gaariant manner,
hence making it necessary to include them in the calculations. In contrast ¢ortections due to
emission of massive gauge bosons, the contributions due to emissionafideattual photons are
separately singular and both have to be calculated. Effects due to resiVengauge boson emis-
sion are not included in our calculations\WF, Z or y cross sections. For W-boson production
we study thepr-distributions at the next-to-leading (NLO) orderdnwhich at the partonic level

are given by
daabawik(v) — _
- / 40, 5 1.4 KPR (Y1) + / 403 5 W Ry 50 ). (1.1)

In the calculations of’(a) corrections tqor -distributions for neutral gauge boswfl = Z, y only
the weak contribution is considered and

daab—>vok
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@y, (N = 2,3) above denotes the phase-space measurEgads the observable function

Fon(®)) = 8(pr — prv)0(pr,j — pI™). (1.3)

1Such corrections tpr-distributions forZ j andyj final states have been studiedﬂ'n [9].
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Our observable of interest is then the-distribution of a gauge boson produced in association with
a jet carrying momenturpy j > p?“? Note that forW-boson production, this is a more exclusive
observable than that studied i [4]. In particular, events with Bétandy at high pt in the final
state do not contribute to the cross section. Our calculations are b@adnd the QCD corrections
are not included.

The virtual corrections are calculated by reducing the one-loop diagi@msinimal set of
coupling structures, standard matrix elements and scalar integrals. Tlile dethe calculation
together with the discussion of the renormalization procedure and compbdigieal results can
be found in Refs.[|3],[]6].[[7] for th&V-, Z-boson andy production processes, respectively. For
W-boson production, soft and collinear singularities due to virtual phao:eegularized by either
introducing small photon and fermion masses or using dimensional regtitamizahese singular-
ities cancel against IR-singularities present in the real corrections.if@ependent calculations
combining real and virtual corrections are performed. They use théedipbtraction formalism in
the formulation which employs either dimensional regularizatjoh [11] or smaliqshand fermion
masses[[10] in order to regularize the singularities. The initial-state collingglarities, remain-
ing in the expressions f&¥ cross section after the subtraction procedure, are absorbed intdithe de
nition of the parton distribution functions (PDFs) using M8 scheme with the scaleéep = M.

The contribution with photons in the initial state is not included in this analysis of\tHmson
production; they have been studied jh [4]. Also in the cas@/dfoson production, the emission
of photons from the final-state (anti-)quarks in processes of thedgpe W*d'y gives rise to
collinear singularities. In order to avoid them we recombine the quark apipmomenta if the
azimuthal-angle and pseudorapidity separation variBbte /(nq— ny)?+ (@ — @,)? is smaller
than the separation parameRgy, i.e. R < Rsep In this case we definpr,j = /(Pr.q+ Pr.y)2,
otherwisepr,; = pr,q Of Pr,j = Pr,g if the final-state particlek) is a gluon. As demonstrated
in [B], different treatment of the quark and gluon final states leads to ricatig irrelevant effects,
therefore providing a viable approach to calculate predictions for csgrehble.

Apart from calculating the ful’(a) correction for the gauge boson production procesg] in [6,
[, 3] we also provide compact expressions for high-energy appréixinsaof these results up to
the next-to-next-to-leading logarithmic (NNLL) accuracy. In the highrgpeegime the Sudakov
logarithms are dominating terms in the one-loop corrections and the NNLL ssiprs deliver
an excellent approximation of the full result. Moreover, we also calculaten#xt-to-leading-
logarithmic (NLL) approximation of the two-loop cross section. To illustrate fhygearance of
the Sudakov logarithms in the expressions for ﬁfé — V j process, here we present this NLL
asymptotic behaviour of the EW corrections for the specific 8aseW*. For a discussion of
the calculation we refer tq][3]. The same class of corrections has beeputed forZ-boson
production in [$] andy production in [F]. The presented results are for the IR-finite part of the
EW corrections, obtained after subtraction of IR singularities. As disclissf3], at one loop this
subtraction is performed in such a way that, to NLL accuracy, the IR-fimiteqorresponds to the
complete EW correction regularized with a fictitious photon m4gs- Myy. The same prescription
is adopted at the two-loop level.

The unpolarized squared matrix elementdafr— W+g proces$, including NLL terms up to

2Results for other partonic subprocesses contributir@ﬂo—> W | are obtained via crossing and CP-symmetries.
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the two-loop level, has the general form

— _ £2 .2 2
qq—Wg 2 _ AU 0, (2 a0, (9N @
214 [#=o4raas fa [A + (271) AT <2rr) A (1.4)

with £ = (pg— pw)% U= (py — pw)2 The Born contribution reada© = 1/(2s2), with the
shorthands, = sinBy for the weak mixing anglédy. At one loop, the NLL part consists of
double- and single-logarithmic terms and reads

Nt 1
AL N 25‘%/{ eW(LZ 3Le) +

Here we used the shorthand & In*(|7|/M) for the logarithms an@g" = Y2 /(4c2) + Cr/<,
Cr = 3/4,Ca = 2. This expression is consistent with the process-independent res{fii8] afs
well as with the NLL part of the one-loop asymptotic expressions presem{@i At two loops

we obtain
aA@ N 1 1 cevy Ca
23%, Zsa,

b (Y \* by Ca
+6 C\%’<2> +SW CF+2
whereb; = —41/(6¢2,) with ¢2, = 1 — % andb, = 19/(6sZ,) denote the one-loop-function coef-
ficients associated with the U(1) and SU(2) couplings, respectively.

é (L§+L§—L§)} . (1.5)

Ca
2%,

Ls}, (1.6)

o (L§—6L3) +

(L4+L4—L4)]

2. Numerical predictions

The hadronic cross sections are obtained using LO MRST2001 ROPs Y¥é choose? as
the QCD factorization scale and, similarly, as the scale at which the runnomgstoupling con-
stant is evaluated. We also adopt the valggM2) = 0.13 and use the one-loop running expression
for as(u?), in accordance with the LO PDF extraction method of the MRST collaboratimmthie
exact values of the EW input parameters the reader is referrgfi[fo[]B, BheW-boson hadronic
cross section was obtained with the following choices of the value of thercyt @f the jet:
p?'? 100GeV for LHC anob?'” 50GeV for Tevatron. The value of the separation parameter
below which the recombination procedure is applied was taken Radye= 0.4.

In Fig. [l we present the relative NLO and NLL two-loop EW corrections topfuntegrated
cross sections foV -, Z-boson andy production inpp collisions at,/s = 14 TeV (left column),
as well asw*(-), Z andy production inpp collisions at,/s= 2TeV (right column). The correc-
tions are shown as a function "', the lower limit of the integration of the distribution jor.

To underline the relevance of the corrections, we also plot an estimate sfatistical error, ob-
tained assuming branching ratiB& = 2/9 for W-boson production anBR= 0.306 for Z-boson

3In order to consistently includ€(a) corrections in the calculation of hadrodéboson production, PDFs used in
the calculation should take into account QED evolution. The currently al@iMbO QED PDFs, i.e. MRST2004QED,
include QCD effects at NLO. Since our calculation is LO in QCD we choosaédhe LO QCD set (MRST2001) and
take the QED factorization scalgep = My for which the neglected QED effects are small, as discusseﬂi in [3].
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production as well as asumming integrated luminosity of 306 flor the LHC and 11fb? for
the Tevatron. The NLO corrections are negative and grow in size pyitiThey reach-46% for
W production and-39% forZ production atp$"' = 2 TeV at the LHC. Their size is much bigger
than the corresponding statistical error for all valueppht the LHC. In the case of direct photon
production at the LHC, the integrated EW corrections reatB% atp$"' = 2 TeV, showing qual-
itatively the same behaviour wrt. the statistical error as observed for vaassson production.
The contributions from the two-loop corrections (referred to in fig. 1NINLO”) are positive.
At pt=2TeV at the LHC they amount to 10%8% and 4% for th&V"-boson,Z-boson andy
production, respectively. In terms of the estimated statistical error, thesébp contributions
amount to 1- 3 standard deviations fgrr of & (1TeV). The NLO and NNLO EW corrections for
W~ production at the LHC are quantitatively very similar to thoseVior production. The plots
in the right column in Fig[]1 show results of the similar analysis for the gaugenbmduction
at the Tevatron. The size of the NLO EW corrections is comparable with theceed statistical
error for a significant range g values of interest, the impact of the two-loop corrections appears
negligible. These conclusions remain valid also for the smaller value of theatgegTevatron
luminosity,.Z = 7fb~L.

Summarizing, at the LHC the NLO EW corrections to the progess— V j where a gauge
bosonV is produced with transverse momentum in the TeV range are large i.e. ofdbedadtens
of percents. Their size is driven by the Sudakov logarithmic terms, domirtagngne-loop virtual
contributions. The two-loop NLL contributions are important for the cdrigerpretation of the
results for the highpt gauge boson production at the LHC. At the Tevatron, the EW corrections
are of lesser relevance, though the NLO EW corrections should be gttindhe analysis when
considering precision measurements.
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