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1. Introduction

The search for new particles, predicted in supersymmetadets, is one of the important
tasks of the experiments at the Large Hadron Collider (LH®g detailed determination of parti-
cle masses and couplings will be crucial for the discrimomabetween various manifestations of
supersymmetry (SUSY) and alternative models, even more@wiwants to distinguish between
the different variants of supersymmetric models, to idgrkie origin of breaking of supersymme-
try and to measure the model parameters. One of the SUSYIsigiiabe events with missing
energy or missing transverse momentum, resulting fromachksdecays of squarks and gluinos
into the lightest supersymmetric particle (LSP) which gssadetection. The existence of squarks,
gluinos and the LSP is definitely a key prediction of supenmswatny.

The importance of squark and gluino searches has motivasadies of detailed studies of
hadroproduction cross sections for squarks and gluinos.|@kest order has been evaluated long
time ago [1, 2, 3]. Subsequently the next-to-leading oréir() SUSY-QCD corrections were
calculated [4, 5, 6], more recently the effect of soft-gluesummation [7, 8, 9, 10, 11, 12, 13]
was included. The present paper will be concerned with ghpiair production close to threshold,
which exhibits a number of peculiar features.

As a consequence of their colour-octet representationbauption cross section of gluinos
is large and perturbative corrections are particularlyangmt. Furthermore, the threshold region
is strongly affected by final state interaction, which indieq order is related to Sommerfeld
rescattering corrections and which, compared to the girsitaation in top-anti-top production
[14], is amplified by the ratigCa/Cr)? = (9/4).

2. Calculation and Results

The differential cross section with respect to the invariaass of the gluino pair can be ob-
tained by integrating the partonic cross section of a givdowr configuratiorl over the luminosity
function

dGPPHT 2y L dﬁj 2 daij—>T Ann2 .2 .2
M dm (SaM ) - Z/P dr F (LHF)M dm (S>M 7”R>I—1F)> (21)
with
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where Zij_,7(§M?, U3, u2) denotes the hard scattering kernel. The shape of the crotisrse
near threshold is therefore governed by the shape of thenGraaction for the corresponding
color state, which is shown in Fig. 1. The Green'’s function ba obtained from the result for the
top-quark system [16]
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Figure1: Green'’s functions for singlett and octett configuratioreaiding and next-to-leading order.

benchmark| mg [GeV| | Mg [GeV| | AM [GeV| | 2§ [GeV] | [y [GeV] | dominant decay
point channels
() 73411 | 71446 16.02 3.48 0.41 § — bib,bib
(X) 130000 | 136Q00 26.21 3.66 1.23 g — ff, it
(Y) 137000 | 123500 2727 20.00 1.26 g — tif, it

Table 1: Comparison of gluino masses, average squark masses, gjiwinéevel spacing, single decay rate,
annihilation rate and dominant decay channels for the hmackpoints under investigation.

with
go =L—y@,
2
gnio = Bo {LZ _ 9L <w(0) _ Kll,l(l)) + kY@ 4 <¢,(0)) — 3N — 2k O™

+44F3(1,1,1,1;2,2, 1 — K; 1)} +a [L —y9 4 wm} , (2.4)

and
[R] _ ~ L .
Kzlcais(ldl(;)’ VE %’ LE nW—G' (2_5)
2v \/ my 2mgv

The n-th derivative (™ = ¢ (1 — k) of the digamma functiony(z) = y + (d/dz)InT (2) is
evaluated afl — k) and4F; denotes the Hypergeometric function.

The hard scattering kernel has to be calculated for therdiitecolour states by applying
suitable colour projectors and contains both virtual arad cerrections. The real corrections have
to be taking into account since the virtual corrections lexhinfrared singularites which cancel
when combined with the real corrections. The remainingdargies from initial-state radiation
can be absorbed into the parton distribution functions. tRemumerical evaluation we used the
MSTW2008NLO [17] PDF set.

We have investigated three typical scenarios for squarkgiuido masses which are shown
in Tab. 1 in detail. In Figs. 2—4 we show the results for thessrsection in the threshold region
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Figure2: Cross section for light gluinos.

for these scenarios. For scenario (p) we show in Fig. 2 aksoghormalization-scale dependence.
As can be seen the scale dependence is reduced and in paytthel uncertainty at the position
of the 1S-resonance is greatly improved. In Figs. 2(c)- #(€)show in addition the results for
the differential cross using a fixed-order approach for tihee@'s function, i.e. replacing it by its
expansion inas first keepingl 4 non-vanishing and then in the lindi; — 0

R OsTT

", R sl
ImGR - Dv(1+CR=0). (2.6)

In this limit the result is an approximation of the fixed-ordmlculation. The difference can be
understood as the threshold enhancement missing in thedixied calculation. Comparing the
integrated total cross sections the enhancement amoutytsi¢ally 7% to 9%.

3. Conclusions

The next-to-leading order analysis for hadronic produrctid gluino pairs close to threshold
has been presented. The matching coefficients were evalsaparately for the different colour
configurations of gluino pairs with relative angular momentzero. The cross section is strongly
affected by final-state interaction which is encoded in th&©NGreen’s function and which depends
on the gluino decay rate, the colour configuration and thariamt mass of the pair. We have
investigated three different SUSY-scenarios covering @ewange of gluino and squark masses,
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Figure 3: Cross section for heavy gluinos and a small decay width.

and studied the renormalization and factorization-scefeeddence of the result. Compared to the
leading-order prediction the result is more stable, and,foetweenmg and 4y, varies by+15%.

The complete NLO threshold production @) boundstates considered in this paper enhances the
fixed-order prediction by typically 7% to 9%.
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