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Abstract. We present NNLO cross sections for squark- antisquark mtamuat the LHC. We have calculated new analytic
expressions for the scale dependent scaling functionsesdiot two loop.
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1. SQUARK PAIR PRODUCTION CROSS SECTION AT THE LHC

If Supersymmetry is realised in Nature then it is expected siquark and gluino pairs are produced in large numbers
at the LHC. It is possible to probe masses up to the TeV rargear®s are assumed to be heavier that00GeV [1]
so these particles are produced near the kinematical ptiodubreshold. Therefore one can use the same methods to
calculate higher order cross sections as developed fmoduction[[2/ B]. The partonic LO and NLO cross sections
are known for long time< [4]. Approximate NNLO correctionsvk been calculated ifl[5]. The LO partonic cross
section and the NLO theshold expansion are known analitif4]l. In this article we present analytical formulae
for the scale dependence determining NLO scaling functiststhe threshold expansion of the scale dependence
determining NNLO scaling functions. For related work, skm &ef. [6]. In Ref.[[7], the soft anomalous dimension
has been calculated to NNLO accuracy.
The partonic cross sectiawith identified renormalisation and factorisation scale ba expanded as
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whereij denote the initial states gluon - gluon or quark - antiquate full dependence on the renormalisation and
factorisation scale is the same as fproduction, see Ref.|[8]. The hadronic cross section ismis a convolution
of the partonic cross section with the parton luminositigs
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We performed a scan of the LO, NLO, and NNLO squark pair prédacross section in they - mg - plane
usingPr ospi no [9] and the formulae presented [ [5], see [Fig. 1(a) -(c). Elearly sees the strong enhancement
of the NLO and NNLO cross section compared to the LO crossmedtor squarks and a gluino with mass 200 GeV
and 250GeV, respectively, we have a LO cross section of ab@pb, but about 1000 pb at NLO and NNLO. At
NNLO, the 1000pb region is even enlarged to higher gluinosessFor a squark mass of 400GeV and a gluino
mass of 500 GeV, we find for the LO, NLO, and NNLO cross secti®g @b, 431 pb, and 48 pb, respectively. The
NNLO cross section is 9% larger than the NLO cross sectior.cdntour lines of constant cross section are running
nearly parallel to the gluino mass axis: The cross sectiowsta rather mild dependence on the gluino mass. There
is a weak enhancement of the cross sectiontipe= mg as one can see from the small bumprgt= mg. The cross
section decreases for more than three orders of magnitudgdiark masses from 2601000 GeV. This strong mass
dependence is well-known from hadrotigair production.

In Fig.[D(d) we show the full; - p, scale dependence of the NNLO cross section for the examjiié g =

400GeV,mg=500GeV. The scale uncertainty is abew8% for (u;, 1) = (%mq, 2mg) and abou#-8% for (u;, 14, ) =

(2mg, %mq). This is considerably larger than the usual scale unceyttaken aty, = p; = p (in our examplex —4%
atu =1/2 and+1% atu = 2). This shows that a full treatment of the scale dependeraksito more reliable estimates
of the scale uncertainty.
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FIGURE 1. LO (Fig. (a)), NLO (Fig. (b)), and NNLO (Fig. (c)) squark pgiroduction cross sections at the LHC @
14 TeV. Figure (d) shows thg; - ur dependence of the NNLO cross section figf = 400 GeV andrg = 500GeV.
The PDF setis CTEQS6.6.
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2. ANALYTICAL FORMULAE

In this section, we present analytical formulae for fﬁ]el) scaling functions and the threshold logarithms of tffé)

and fi(jzz) scaling functions. Théi(jll) scaling functions are determined by the renormalisationgequation:
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The Pi(-o) are the leading order splitting functions, see Ref. [t0Henotes the standard Mellin convolution. The scale
dependent NLO scaling function EqJ (3) depends only on LQtions. Performing the integrations yields as new
analytic results the Eq.(4) ard (5).
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The leading order scaling function‘égo) and f(ggo) can be found in Ref[[5]. The NNLO scale dependent scaling
functions follow from the RGE relations
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i,],k1,n are parton indices with implied summation over repeateit@sd The threshold expansion is derived by
computing the Mellin transformation of each of the invol\fadtors and inverting the products backa®space. The
scaling functmnféq) is very small near threshold so we did not include them. Thestntsa]*% can be found in

Ref. [5]. The coefficients of the QCP - function are given agy = 11— (2/3)n; andp; = 102— (38/3)ns. We used
the threshold expansion to fit the numerical determinedegd the NNLO scaling functions.
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