PROCEEDINGS

OF SCIENCE

NNLL resummation for QCD cross sections

Nikolaos Kidonakis*
Kennesaw State University, USA
E-mail: nki donak@ennesaw. edu

| present results for the resummation of soft-gluon contidns to QCD hard-scattering cross
sections at next-to-next-to-leading logarithm accurédyey ingredient is the calculation of two-
loop soft anomalous dimensions for the partonic procegsqdicit expressions and applications
are provided for processes that involve massless partatisramassive quarks.

35th International Conference of High Energy Physics
July 22-28, 2010
Paris, France

*Speaker.
TThis work was supported by the National Science FoundatimteuGrant No. PHY 0855421.

(© Copyright owned by the author(s) under the terms of the @e&ommons Attribution-NonCommercial-ShareAlike Licen http://pos.sissa.it/



NNLL resummation for QCD cross sections Nikolaos Kidonakis

1. Resummation

QCD corrections can be quite large for many processes irohamblliders. Certain regions
of kinematical phase space can contribute the dominant@#rese corrections and can be signif-
icant even beyond NLO. One such region is partonic threshwalaire soft-gluon corrections are
important. These corrections are needed for increasedaaycun theoretical predictions and, using
factorization theorems and renormalization group evoiytthey can be resummed in terms of soft
anomalous dimensions. Two-loop eikonal calculations eséhquantities allow the resummation
to be performed at next-to-next-to-leading logarithm (NNBaccuracy.

We resum logarithms of a moment variale conjugate to a kinematical variable that mea-
sures distance from threshold. We then write the resumnuss ection as [1]

o(N) = exp llz Ei<N>] H () exp) /;/N W i) s() exo] [ " reiu)]

whereE; resums universal collinear and soft-gluon emission froeititoming partons{ is the
hard-scattering functiorg is the soft-gluon function describing noncollinear sdftan emission,
andrl s is the soft anomalous dimension - a matrix in color space afwhetion of kinematical
invariants. We calculatEs in the eikonal approximation, in momentum space and usiygrRan
gauge, from the UV poles of dimensionally-regularized eidaliagrams.

2. Two-loop soft anomalous dimensions

Complete two-loop results fdrs are now available for the soft (cusp) anomalous dimen-
sion forete~ — tt, for s-channel single top production, fog — tW— andbg — tH~, and fortt
hadroproduction.

2.1 Soft (cusp) anomalous dimension for ete™ — tt

The soft (cusp) anomalous dimension fore~ — tt is s = (ors/n)rg1> + (ors/n)zrg2> +
-+ with F(Sl) = Cg(ycothy — 1), in terms of the cusp anglg= In[(1+ B)/(1— B)] with B =
\/1—4m?/sandmthe top quark mass, and [2]

K 1 1 e
ro - EF(S”+CFCA{§+%+§—Ecothzv[zs—zzv—g—lez(e %) —Lis(e ZV)]

1 :
—3 cothy {Zz + Ly + Y+ g +2yIn(1- e‘zV) —Liy (e‘zy)} }
whereK = Ca(67/18— {2) — 5n; /9.

The cusp anomalous dimension written above is an esseotigba@nent of calculations for
other QCD processes, where the color structure gets morplivated with more than two colored
partons involved in the process.
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2.2 Soft anomalous dimensions for single-top production processes

Next, we compute two-loop soft anomalous dimensions foglsittop production in thes-
channel and for the associated production of a top quarkaWboson or a charged Higgs.
Fors-channel single top production the one-loop [3, 4] and teapl[4] expressions are

(1) B s—nP 1
MStops-on = CF ['” <m—\/§> - E]

(2) Ko (1-143)
rStop s-ch — ErStops—ch+CFCA 4 :

For associated production of a top quark witWwa, bg — tW—, the soft anomalous dimension
at one-loop [3, 5] and two-loops [5] is

@ me—t _1_ Ci m—u
Msw- =G {In<m\fs> 2% 2 "
@ _ K. (1-4s)
rStW, - EFStW, +CFCAT .

We find the same analytical results for the related probgss tH ™ [6, 5].

2.3 Soft anomalous dimension matrices for tt production

For top-antitop production in hadron colliders, the sofbrmalous dimensions were derived at
one-loop in [1] and have been studied in various approadhtesdoopsin [2, 7, 8, 9, 10, 11]. For
qq — tt the soft anomalous dimension is & 2 matrix while that forgg — tt is a 3x 3 matrix.

The soft anomalous dimension matrix gy — tt is

Msq— Fog11 T gq12
[og21 T 22

At one loop, in a color basis of singlet and octet exchangbes thannel, we find [1, 11]

m _ w _Cr (U (v _
faau="Crlbp 1 M1z =, ™" <r> ’ o =210 <t> |
1) Uz Ca tiug
rqq22—CF |:4|n<t1> LB 1:|+—2 |: 3In<t1>+l (SI’T\2>+LB:|

whereLg = [(1+ B?)/(2B)]In[(1— B)/(1+ B)] with B = \/1— 4n®/s.

In presenting our two-loop results, we use the short-hartdtion Mg to denote the terms
inside the curly brackets in our previous expression forcinigp anomalous dimension. Then at
two loops we find [11]

with Ng a subset of the terms MB-
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For theg(pa) +9(ps) — t(p1) +1(p2) channel we choose the color basis:= 62° 8y, ¢, =
d3PCTE, 3 = if3PCTS,. The soft anomalous dimension matrix fyy — tt in this basis is

Fggiz O Tgg13
Fsgg=| O Tgg22 Mgges

rgg31 rgg32 rggZZ
At one loop we have [1, 11]

L _ H _ Car,. (s @ _ Ca, (U
Moot = ~Crllp+ 3. Fogoo = ~Cellp+1+ 3 () 4| Togra=n ().
W Uz 1 Uz @w NZ—4 (u

Mgz =1n (E)’ rgg31—2|n<a>, Myg32 = e In w )

At two loops we find [11]

2 _ Koo 2 _ Koo Ca 2 _ Koo
rggll - Erggll—i_CFCA MB, rggzz - Erggzz‘i’CA <CF - ? MB, rggz3 - Erggzs,

2 _ K@ Ca Uy 2 _ K@ Uy 2 _ K@
rggl3 - irggls_ ?NB In <H> ) rgg31 - Ergg3l+CANB In H ) rgg32 - Ergg32'
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