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1. EW and QCD tools

The Drell-Yan process has played a key role in the developofesur understanding of QCD
and electroweak (EW) interactions in hadron collider ekpents, both from the experimental and
theoretical point of view [1, 2]. It has become a referencecpss useful to perform precision
measurements of gauge boson masses and widths, to cornl&airotonpdfs and to monitor the
collider luminosity. It represents an important backgmbun the searches of new heavy gauge
bosons. Gauge boson production in association with jeta isnportant background e.g. to the
Higgs search in association with vector boson or to Higgslgpetion in vector boson fusion.

Concerning QCD calculations and tools for EW gauge bosodymtion at hadron colliders,
the present situation reveals a quite rich structure, tiddtides next-to-leading-order (NLO) and
next-to-next-to-leading-order (NNLO) correctionsy Z total production rate [3, 4], NLO calcu-
lations forW,Z + 1, 2 jets signatures [5, 6] (available in the codes DYRAD and Ni}Fesum-
mation of leading and next-to-leading logarithms due ta ghifon radiation [7, 8] (implemented
in the Monte Carlo ResBos), NLO corrections merged with QGItdh Shower (PS) evolution
[9] (in the event generator MC@NLO), NNLO corrections¥y'Z production in fully differential
form [10] (available in the Monte Carlo program FEWZ), as & leading-order multi-parton
matrix elements generators matched with vetoed PS, sudbrasstance, ALPGEN [11], MADE-
VENT [12] and SHERPA [13].

As far as completeZ(a) EW corrections to Drell-Yan processes are concerned, thgg h
been computed independently by various authors in [14, 8517, 18] forW production and in
[20, 21, 22] forZ production. EW tools implementing exact NLO correction¥\t@roduction are
DK [14], WGRAD?2 [15], SANC [17] and HORACE [18], while ZGRADR0], HORACE [19]
and SANC [22] include the full set af'(a) EW corrections t& production. The predictions of a
subset of such calculations have been recently compartt kvel of same input parameters and
cuts, in the proceedings of the Les Houches [23] and TEV4L2T yorkshops foW production,
finding a very satisfactory agreement between the variowgpendent calculations. A similar
comparison is going on also for the neutral current charm#éie framework of the Les Houches
2007 workshop “Physics at TeV colliders”.

2. HORACE 3.1

The event generator HORACE [19], in its present version &laws the simulation of events
of the charged current [18] and neutral current [21] DredhYprocess. It includes the exact
O (a)EW corrections, matched with a QED Parton-Shower which rilees QED multiple pho-
ton emission in leading log approximation. When used in doation with the protorpdf set
MRST2004QED, it takes into account also photon-induced partonic sutgsses which contribute
at0'(a)(charged current) or already at tree level (neutral cuyrénis a true, fully exclusive event
generator, compliant to the Les Houches accord for the foofthe saved events.

The matching of the exaaf(a)calculation with the QED Parton-Shower has been imple-
mented according to the formula
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Figure 1. Peak at th& resonance of the invariant mass distribution in neutralesurDrell-Yan at LHC in
different approximations (left panel) and relative effetthe radiative corrections (right panel).
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Figure 2: Large mass tail of the invariant mass distribution in ndwarent Drell-Yan at LHC in different
approximations (left panel) and relative effect of the atieie corrections (right panel).

which can be understood in the following way: 1) the treel@ross-sectionn(= 0 in the sum) is
corrected, in leading-log approximation, to all orders ty Sudakov form factdfl (Q?, €), which
accounts for virtual and soft-photon emission up to a seatea hard-scattering process charac-
terized by a virtuality scal®); 2) the resulting expression is dressed by the QED Partow&ho
with the real bremsstrahlungphotons squared matrix elements in leading-log appratkima3)
the correction factor&sy andF, j provide the remaining’ (o )corrections missing in the leading-
log approximation: in particulafsy contains the remainder of the soft plus virtual correctjons
whereask, ; gives, for the real photon emission, the correction due ¢oetkact bremsstrahlung
matrix element with respect to the Parton Shower approximat

The effect of the EW corrections on the determination ofWhandZ masses is large and is
dominated by final-state QED radiation, enhanced by largmear logarithms. NLO EW correc-
tions induce a shift in the extracted valuemj of the order of 100 MeV and higher-order effects
contribute with a further shift of- 10% of the NLO contribution with opposite sign [25]; the &att
can not be neglected, in view of the present accuracy reaatig Tevatron[26] and foreseen at
the LHC (Am, ~ 15 MeV). In theZ case,0'(a)corrections induce a shift in the extracted value
of m, of the order of 400 MeV;, similarly to the charged current @s&; multiple photon emission
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Figure 3: Transverse mass and and transverse lepton momentum t@ilsdatheW resonance, in the
charged current Drell-Yan process, at the LHC. The effett@NLO-QCD and of the NLO-EW corrections
is displayed.
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Figure4: Large transverse mass and and transverse lepton momeiiisjimtdne charged current Drell-Yan
process, at the LHC. The effect of the NLO-QCD and of the NLW-Eprrections is displayed.

yields a further shift of- 10% of the NLO contribution with opposite sign [27]. An acatg deter-
mination of theZ mass allows to calibrate the detectors and affects thersgsiteerror on théV
mass. In figure 1 we show the effects at -ieesonance of the exaét(a)corrections, of the mul-
tiple photon emission and of the additional contributiore do the photon-induced subprocesses.
It is important to remark that multiple photon emission cimites at the few percent level, in units
of the Born cross-section. The tails at large values of th#ole transverse momentum and of
the invariant (transverse in thg case) mass distributions receive large negative correcty the

O (a) virtual corrections and in particular by the so called EW &V logarithms. In figure 2
the invariant mass distribution is shown in different apgm@ations and we can observe that also
in this region QED higher orders modify the cross sectiomatfféw percent level; furthermore the
photon-induced processes give a sizea@b{@0%) positive contribution.
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3. Combining QCD and EW correctionsin the charged current case

In order to obtain a realistic and accurate description efdtiferent observables, it is very
important to take into account both EW and QCD correctionsirgk attempt in this direction has
been presented in [28]. The strategy used in the study pgezsenthis section [29] is the follow-
ing: 1) different EW and QCD programs have been tuned in dalebtain the same results when
computing the same observable with the same set of inpuiredeas at the same order in pertur-
bation theory; 2) the QCD results have been studied usirigreift codesNIC@NLO, ResBos,
ALPGEN) which include higher-order QCD corrections according ifetent recipes; 3) the ef-
fect of the EW corrections has been studied using HORACH) dyder to approximately include
mixed QCD-EW correctiong'(a as) in a factorized form, the events generated by HORACE have
been given as input to HERWIG to be convoluted with its ihgiate QCD Parton-Shower.

The combination of QCD and EW corrections can be cast in theaimg form [29]:

do do do do
155 o157 S 1180 )~ 187 ) e
QCDeEW QCD EW Born) QCD-PS

In figures 3 and 4 the results have been obtained in threediff@approximations: i) a LO calcu-
lation convoluted with a QCD Parton Shower, ii) a NLO-QCDcteétion matched with a QCD
Parton Shower, iii) the combination of NLO-EW and NLO-QCheoluted/matched with a QCD
Parton Shower according to eq.(3.1). We stress the roleglhy the QCD Parton Shower in pro-
viding a correct lowest order description of the shape artiehormalization of the distributions.
The relative effect of the various radiative correctiomsthe lowest panels of figures 3 and 4, is
expressed in units of the Born cross section convoluted thighQCD Parton Shower. Around
theW resonance we observe that the QCD Parton Shower broadesbkaimy peaked effect of
the fixed-order NLO-EW and NLO-QCD corrections. We remaikt AW and QCD corrections
have, at the peak and in the large transverse mass tail (u@ &Y}, opposite signs and tend to
compensate each other.

In conclusion the experimental accuracy of the Drell-Yaocpsses requires precise theoret-
ical predictions, possibly implemented in event genegsaiororder to perform realistic studies of
the Tevatron and of the LHC phenomenology. The combinatioBW and QCD corrections is
necessary to describe properly several important obses/ab

A.V. wants to thank the organizers for the invitation andtfar very pleasant and stimulating
atmosphere of the workshop.
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