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1. Introduction

Perturbative corrections to the partonic cross sectionpdo production of heavy coloured
particlesH,H’ (top quarks, squarks, gluinos...) at hadron colliders aianterms of the form
[asIn?B]" (“threshold logarithms”) andas/B)" (“Coulomb singularity”) that are enhanced near
the partonic threshold < 4M?2 but can be resummed to all orders in perturbation theory.rgHe
B = (1—4M?/8)Y/2 M the average heavy-particle mass anhle"partonic centre of mass-energy.)
Resummation of threshold logarithms at next-to leadingiitymic accuracy (NLL) was achieved
in [1] in the Mellin-moment formalism [2]. Coulomb resumriwat has been performed for top,
squark and gluino pair production [3—5]. Here we report onkw§6] towards threshold resumma-
tion at next-to-next-to leading logarithmic (NNLL) accayaand the combination with Coulomb
resummation. We present results for a combined momentuce $§ppresummation of NLL thresh-
old logarithms and leading Coulomb corrections for squartisquark production at the LHC.

2. Factorization, diagonalization and resummation

Near threshold, the partonic cross sections of the subgsespp — HH’ + X wherepp &
{g9,q0,99,90,9q} satisfy the factorization formula [6] (witE = v/$— 2M)

9 (1) = Y Hy(M.p) [ dw 3 (B HW (@0h) (2.2)

that separates hard, soft and potential effects and inslinédeading Coulomb singularitiégs/3)"
to all orders! The sum extends over the irreducible colour representiiothe decomposition
R®R =Y 4Rq of the final-state representations. The potential funcliénis proportional to the
imaginary part of the non-relativistic zero-distance @oulb Green function quoted e.g. in [4]. The
soft functionV\/“Ff" is defined in terms of soft Wilson lines (see eq. (1.6) of [6])l & related to the
threshold logarithms while thieji: encode the partonic hard-scattering processes. The #idice
denote the elementé';} of a basis of colour structures. As we have shown in [6], thiefgaoction

is diagonal in the basis -

. _ .
C?;} = dim(ra) 2 Ch,a,Caagaus (2.2)

where theC are Clebsch-Gordan coefficients combining the initial (jirstate representations
r,r’ (R,R) to an irreducible representatio (Rg) and the index labels pairsh = (rq,Rg) of
equivalent initial and final state representations. Forkyaatiquark and gluon initiated squark-
antisquark production the allowed pairs &e {(1,1), (8,8)} andR € {(1,1), (8s,8), (8a,8)}.

In the diagonal basis, the soft function in position spatisfies an evolution equation [6]

iZouer

W 20) =2 (Mgt Thagin (2555 ) = 0l £ 410) W), (23)

similar to that of the soft function in the Drell-Yan procd8$. Threshold logarithms can be re-
summed [9, 7] by evolving the soft function using (2.3) fromacalepus characteristic for the soft

1Eq. (2.1) applies to S-wave production of the heavy pasiclgote that (as mentioned in [6]) this formula does
not include&(aZlogB) terms related to higher order potential effects and higlmensional soft functions that may
account for the three parton correlations reported in [8wEler, these NNLL effects do not affect the soft function

Wiﬁ“ discussed here.
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radiation to a scal@s where the parton distribution functions are evaluated ngsin analogous
equation, the hard function is evolved from a scaje~ 2M to u;. The anomalous dimensions
Mtusp@nd g for a massless particle in the SU(3) representatiane known with the accuracy re-
quired for NNLL resummations. The soft anomalous dimensiahe heavy particle system in the
representatiofRy, yfff’s, has been given at one-loop for some examples [1, 5]. Thét igsto two-
loops, as required for NNLL resummations, was extracte@Jifrpm results of [10] and confirmed
by [11] for top production (wittCgr, the quadratic Casimir invariant for the representatRa:

. o2 98 2m 40
V&s = %T(_ZCRG) + (Z_T[) Cr, [—CA (3 -3 +4ZS> + l—snf} +0/(ad). (2.4)

3. Combined soft and Coulomb resummation for squark-antisquark production

The factorization formula (2.1) allows a combined resumaomabdf soft- and Coulomb effects
using the momentum space solution [7] to the evolution eégugR.3) and the resummed Coulomb
Green function]. We give here an analytical result for the partonic crossi@ecthat includes
soft corrections resummed to NLL accuracy (the first termguase brackets), single Coulomb
exchange interfering with resummed NLL soft radiation ($eeond term in square brackets) and
higher-order Coulomb correctiorisis/3)" resummed without soft radiation (the last term):

+ 2K, Im[yY(1— iKRa)]}.

| Ee e\ VT K
ghtLeC _ § 50 ) yRa ( ) Ra
pp .;, pp i M 2r(2n +3) +F(2r; +1)
(3.1)

Herekr, = (—Cr,/2)0s(lc)+/ 2Mreq/ E With the reduced mass.eq Of the heavy particle pai€; =
—Cr,Cg=1/(2N¢), ¢'© are the tree cross sections for the singlet and octet cotmnrels [12]
at thresholdp) = 2ar (s, t¢) and (¥ andy?" are given in [6]):

/ —2ar (n, Hs)
U = exp{4S(ph, ts) — 28 (n, Hs) -+ 289" (s, p1) + 2a®" (s, s )] <4M2)

g
ats(s) re a _|_|—r’ a s
Sk, Hs) = — / da; 2= 25) cuse ) / o%
as(Hn) B(as) as(Hn) B(as)
os() Tl 0s) + Moy Q)

_ v - _
o) == [ oSS S () = - [ Cdan

In order to calculate the squark-antisquark productiossection at the LHC, we match to
the fixed-order NLO calculation [13] in the parameterizatad [12] (see e.g. [5]) and convolute the
partonic cross section (3.1) with the MSTWO8NNLO partostatution functions. We chooge
as the scalgis that minimizes the fixed-order one-loop soft correctiorjsfgsulting infis = 123—
455 GeV formg = 200— 2000 GeV. In the quantityr, we setlic = 2M max{ 3, as(Lc) }, motivated
by the momentum transfék| ~ M3 ~ Mas involved in the Coulomb corrections and the form of
the known higher order corrections to the Coulomb Greentioncin the results below, we identify
the hard- and factorization scalgs, = us. The black (solid) line in the left plot in figure 1 shows
the corrections from soft and Coulomb-gluon effects as ritesgt by (3.1) relative to the fixed-
order NLO cross section. The blue (long-dashed) line shbe$\i_L soft-gluon corrections alone
(i.e. only the first term in the square bracket in (3.1)), iml¢ative agreement with results from

0ts( o) v (as)

. (3.2)
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NLL resummation in Mellin space [5]. The red (dot-dashed)elncludes the effect of Coulomb-
resummation added to the soft NLL corrections (without-§&filomb interference). Our choice
for uc results in larger corrections than those found in [5] fler= us. Finally we compare to
the NNLO,pproxresults in egs. (17-18) of [12] which include soft-Coulomierference and the
running coupling in the Coulomb potential at fixed order,etibgr with NNLL soft corrections
and further two-loop Coulomb corrections. For the magedtdt¢d) curve the tree-level scaling
functions (99 at threshold have been used @) in (3.1)) whereas in the green (dashed) curve
the full tree-level result is used as in [12]. The relativerecotions obtained from (3.1) and the
NNLOL}I‘Ff*IDrox result include different higher order effects and henckedify 20— 35%. The right
plot in figure 1 shows the reduced factorization scale degecwl of the NLL compared to the NLO
cross section. The red band accounts for the variation cfdftescale betweefis/2 < s < 2fis.
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Figure 1: Squark-antisquark production cross section for an 14 Te\Clddd a gluino massy = 1.25my.
Left: Relative corrections in various approximations. lRigactorization scale dependencefigy= 1 TeV.
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