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1. Introduction

The Drell-Yan production oZ andW bosons [1],pp(p) — Z+X — |71~ +X andpp(p) —
W+ X — v+ X, is a fundamental process for an accurate test of the SM abhadlliders, since
it has a big cross section, a clean experimental signatackités very sensitive to the properties
of the gauge bosons. In particular, the Drell-Yan productidé Ws is important for an accurate
determination (via transverse mass grddistributions) of thaV mass,my, which together with
the top mass plays an important role in constraining the $liggss via radiative corrections. The
W mass is supposed to be measured in the near future at Tewdtiohigh accuracy Amy ~
15MeV) and at the LHC even more precisef\niy ~ 10MeV). This level of accuracy requires an
equally accurate theoretical control on the kinematicrithigtions. The Drell-Yan production &
bosons allows for a precise measurement of another impqutaameter of the SM, sty. An
accurate theoretical prediction for the forward-backwasgmmetry inth& — | 1~ decay channel
can allow the LHC to match the performance of LEP. Furtheen@rell-Yan is a background
process for many important reactions as, for instance, héugtion oftt pairs or the production
of new vector resonanceg, andW’, present in many extensions of the SM. Finally, the DrelfrYa
mechanism can be used for detector calibration and detatimmnof the collider luminosity at the
LHC. Because of all these reasons, an accurate and reliaddeetical prediction for the cross
section and the distributions of the Drell-Yan productioramanism, that means control on the
higher-order perturbative corrections, is demanded fgsiois studies at hadron colliders.

The NLO QCD corrections to the total cross section are kndncesmany years. They were
calculated in [2], finding a sizable increase of the crosti@eevith respect to the LO. The NNLO
QCD corrections [3] stabilize the convergence of the pbetive series. The electroweak NLO
corrections are known for thé/ [4] and Z [5] production cross sections, both in narrow-width
approximation and exact calculation. The total cross geceti supplemented by the resummation
of the logarithmically enhanced terms due to the soft glunission up to NNNLL accuracy [6].

More exclusive observables are known in the literature. Zla@dW production at non-zero
transverse momenturpy is known at the NLO in QCD [7] and in the full SM [8]. Recently,
the two-loop QCD helicity amplitudes for the production oZ @r aW with a photon have also
been calculated [9]. For smadr (pr < my, mz) the convergence of the fixed-order calculation is
spoiled by the large logarithmic ternaglog™ (mg,/p?) that have to be resummed [10].

Finally, the rapidity distribution of a vector boson is knowat the NNLO in QCD [11].

Although the NLO corrections are available in a fully diffatial description (they are in-
cluded in NLO Monte Carlo event generators like MC@NLO [18H&@OWHEG [13]), they are
not accurate enough for the performances of the new geoeraticolliders (Tevatron run Il and
LHC). The NNLO results mentioned above, however, are widatjusive and they cannot provide
realistic descriptions, that necessarily have to inclugeeemental cuts. Therefore, a fully differ-
ential description of the Drell-Yan process at the NNLO igdaed. Very recently, this goal was
achieved in [14, 15, 16], where the decay products of theovdaison, the spin correlations and
the finite-width effects are taken into account.

A sizable impact on the@p(p) — W — |v distributions, and therefore on the determination
of theW mass, comes from the QCD initial state radiation (ISR) witBDfinal state radiation
(FSR) or from the real-virtual (factorizable) correctiohowever, at the level of precision required
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Figurel: Left: the 40 Feynman diagrams contributing to the Drell-Yaoduction of an on-shell boson

at 0(aas). Right: the 44 Feynman diagrams contributing to the DrelirYyroduction of an on-sheal
boson a¥’(aas).

(Amy ~ 10 MeV), the complete set of mixed QCD-EW corrections maynedrtant and have to
be considered. In [17], the mixed two-loop corrections @fthrm factors for the production ofAa
boson were calculated analytically, expressing the résuérms of harmonic polylogarithms and
related generalizations [18]. The QGED corrections to the process were considered in [19].

In these proceedings, we report on the analytic calculaifahe &'(aas) corrections to the
form factors for the Drell-Yan production ofaand aw boson [20].

2. The Calculation

We consider the partonic processgs— Z+X — |t~ + X andgg — W +X — v+ X.
In the case only QCD corrections are taken into accountgthéfiect exclusively the initial state.
From a technical point of view, this means that NNLO QCD cctioms involve at most two-loop
vertices. If, now, we consider th€(aas) corrections, the situation changes considerably. The
final state can interfere with the initial state by the exg®af an electroweak gauge boson. This
means that these corrections involve two-loop boxes witksiwa propagators, pentagons for the
virtual-real radiation and 2+ 4 diagrams for the double real radiation. The calculatiomigh
more complicated. However, the bulk of the contribution tluéhese corrections comes from the
region in which theV or theZ are nearly on-shell. Therefore, we can compute the cooreziin
narrow-width approximation, expanding formally the madusquare of the amplitude in the limit
v/my — 0, wherel'y, my are the vector boson width and mass, respectively. Thig limakes
in such a way that the corrections to the initial state areaieected from those on the final state,
and the process can be described as the product of the prdoéan on-shell vector boson and
its subsequent leptonic decay. This gives the opportuaigmplify the calculation.

IForinstance, they can improve considerably the stabitinaif the renormalization/factorization scale dependenc
of the pure electroweak corrections.
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Figure 2. Master Integrals for the Drell-Yan production ofZaandW bosons atv(aas). Thick lines
represent a massive propagator, while thin lines represass-less propagators.

The Feynman diagrams involved in the calculation ofdt{er as) corrections to the production
of aZ or W, considered in [20], are shown in Fig. 1. The calculation eésfgrmed using the
Laporta algorithm [21] for the reduction of the dimensidpakgularized scalar integrals to the set
of Master Integrals (MIs), and the differential equationstinod [22] for their analytic evaluation.
Many Mis (the full set is shown in Fig. 2) were already pubdidhn the literature [23], with the
exception of two, that can be found in [20]. The diagrams inclviibothZ andW propagators are
present at the same time, are calculated expanding fh®pagator in power series of the small
paramete€ = AM?/m2 = 1—m,/m2, in such a way that the topologies that have to be reduced
contain massive propagators with the same mass. The rasalttherefore, expressed in terms of
Harmonic Polylogarithms (and their generalizations) oihagle variable.
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