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1. Introduction

The most important goal of the LHC is the search for the Higgsd® and one of its discovery
channels is the reactiopp — H — W*W~. The production of a pair oV bosons constitutes
therefore an important background for Higgs production éechy at LHC. In addition, the com-
parison of precise measurements of the production of gaagenbpairs with theoretical predic-
tions is a good test of the gauge trilinear couplings predidiy the Standard Model. The LHC
will exploit the high energy region where the W bosons candiesered as light and the main
contribution to the cross section comes from laBgelakowogarithms [1].

2. Evolution equations for SU(N) and for the electroweak SM

In a SU(N) gauge theory in the high energy limit, where all the kineowtinvariants are
of the same order and far larger than the gauge boson fsass|t| ~ |u] > M?, the asymptotic
energy dependence of the amplitude is dominate8umjakovogarithms logQ?/M?) (Q? = —s)
and easily studied within the evolution equations framéwor

The logarithms of collinear and soft-collinear origin degeonly on the properties of the
external particles and are known to factorize. They do npedd on the specific process and can
be determined studying the asymptotic behaviour of theesirad) form factors depicted in Fig. 1.
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Figure 1: Fermion/scalar scattering in an external singlet vectdda iead scattering of a gauge boson in an
external scalar field. The momentum of external field satigffe= s= —Q?.

At leading order inM?/Q? they are known to satisfy the following evolution equati@ [
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The remaining soft logarithms (not containedZi) depend on the process under considera-
tion. We concentrate now on-2 2 processes, where the incoming particles transform umeer t
fundamental representation of the group (as happens faegses with incoming fermions). If
T, are the generators of the algebra, for final states in theafuedtal and adjoint representation
the structure of the amplitude A& = A1 Tax Ta+ A>T x 1 andAa = A1 TaTp + Ao T Ta + Az Oapll
respectively. The coefficients; can be seen as the components of a veltdtactorizing out oA
the Z; factors described above, the remaining reduced amplitatiifies a renormalization group
like equation [3] whose solution is given by a path-ordengooaent:

G

—

A— 4 1/2 %1
- 24,

L) onQ?

X@@DA A-pexd [* Ky | A, @2

M2 X



NNLL Electroweak Corrections to Gauge Boson Pair ProductdLHC Sandro Uccirati

wherei, takes the valueg, @ or A depending on whether thé external particle is a fermion, a
scalar or a vector boson apds the soft anomalous dimension matrix. Expanding all pbetive
functions of Eq.(2.1) and Eq.(2.2) gf(1?) and absorbing; o in Ag, we get:
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where{y,{,§} =1/2 zﬁzl{y.n,zin,fin}. For the running of the coupling constant we have used
g?(x) = g?(M?) [1— g?*(M?) By log(x/M?)]. The one-loop coefficients can be fixed by comparing
the first expression in Eq.(2.3) with the asymptotic oneploesult (see [4] for explicit values).
They are sufficient to determine throught the second equati&q.(2.3) the leading and next-to-
leading logarithms at two-loop level, while to compute thvetdoop NNLL one needs in addition
yi(2>, which is also known ([5]).

In the electroweak Standard Model, which i$d(2),_ x U (1)y theory, the situation is com-
plicated by the mixing of the two gauge groups as a consegueittie symmetry breaking and by
the presence of two irreducible scales: the electrowedk sta- My ~ Mz ~ My and the infrared
scaleA. In order to proceed without breaking gauge invariancedbé considers in a first step the
case where the SM obeys the evolution equations of an unbi®ke2), x U (1)y theory and all
gauge bosons have the same mass-(M). The amplitude takes the simple fortm(M),&L(M)
whereﬁlL is obtained from Eq.(2.3) for the grou@U(2), (with g> — a/(4ms,)) andU, is the
hyperchargedJ (1) factor. All logarithms are here of the form(l9?/M?). Then we move to the
(physical) case wherd < M and the infrared logarithms (®2/A2) are described by the (1)
QED factorU,, up to power suppressed termsifiM. Requiring the matching of the two regions
atM = A leads to the result:

AM,A) = C(M) Uy, Ut | U A (2.4)

The matching coefficie®(M) describes the effect of the neglected terma jiM. This strategy
has been used at NNLL level in many similar studies [4].

The chiral structure of the SM can be taken into account gmmigrthe basis in which the
vectorA is defined, while the mass splitting between the bosons aléeroweak scale can be ef-
ficiently included in the parametér[4]. The effect of the top Yukawa coupling are also considere
following the approach described in the last reference pf [4

3. W-pair production at hadron colliders

The partonic processes relevant for the W-pair productidmadron colliders are the gluon
fusion and quark-antiquark annihilation. The contribatad the former to the total cross section is
about 5%, therefore we concentrate our analysis on the ggqge— W W~ which is described at
leading order by the first two diagrams depicted in Fig. 2himttigh energy limit only final states
where bothV’s have the same polarization are not mass suppressed. itioadthe case where
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bothW'’s are longitundinal can be reduced by means of the Golddtuemem to the production
of a pair of charged Goldstone bosons, reducing the studyeoptocess to the last two diagrams
of Fig. 2. We have explicitly computed the one-loop cormtsi to these diagrams and fixed the
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Figure 2: Tree level diagrams contributing to the partonic process

one-loop coefficients of the evolution equations by whichhaee determined the two-loop leading
logarithms (up to NNLL). In Fig. 3 the one- and two-loop catiens for left-handedi quarks in
the initial state are plotted showing an important contridsuat NNLL which partially cancels the
NLL. The behaviour for the quarks is similar, while the right-handed contribution églgible.
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Figure 3: One- and two-loop corrections to the partonic cross seétioteft-handedu quarks with energy
V8=1TeV (8' =dagi/doio, i = NLO, NNLO).

The hadronic distributions are then obtained folding theguéc cross section with the parton
distribution functions. For ther-distribution we have:

dajj
- Nz %/ dxl/ dxo Ty i (X1, UE) T, (X2, HE) B(XaX2 — Tmin) deTJ
4% ____dor Gi L eog] s R
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Restricting the analysis to highr values, the partonic process is in the range of validity ef th

high energy limit. The results, plotted in Fig. 4, show that NNLO corrections at high energies
are between 1% and 25% for transveisés and between-1% and 3% in the longitudinal case.
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Figure4: Hadronicpr distributions at LHC for beem energy of 14 Te¥ & dg; /doio, i = NLO, NNLO).
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