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1. Introduction

The search for new particles, predicted in supersymmetric models, is one of the important
tasks of the experiments at the Large Hadron Collider (LHC).The detailed determination of parti-
cle masses and couplings will be crucial for the discrimination between various manifestations of
supersymmetry (SUSY) and alternative models, even more so if one wants to distinguish between
the different variants of supersymmetric models, to identify the origin of breaking of supersymme-
try and to measure the model parameters. One of the SUSY signals will be events with missing
energy or missing transverse momentum, resulting from cascade decays of squarks and gluinos
into the lightest supersymmetric particle (LSP) which escapes detection. The existence of squarks,
gluinos and the LSP is definitely a key prediction of supersymmetry.

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

As a consequence of their colour-octet representation the production cross section of gluinos
is large and perturbative corrections are particularly important. Furthermore, the threshold region
is strongly affected by final state interaction, which in leading order is related to Sommerfeld
rescattering corrections and which, compared to the similar situation in top-anti-top production
[14], is amplified by the ratio(CA/CF)

2 = (9/4)2.

2. Calculation and Results

The differential cross section with respect to the invariant mass of the gluino pair can be ob-
tained by integrating the partonic cross section of a given colour configurationT over the luminosity
function

M
dσPP→T

dM
(S,M2) = ∑

i, j

∫ 1

ρ
dτ

[

dLi j

dτ

]

(τ ,µ2
F)M

dσ̂i j→T

dM
(ŝ,M2,µ2

R,µ2
F ) , (2.1)

with

M
dσ̂i j→T

dM
(ŝ,M2,µ2

R,µ2
F )=Fi j→T (ŝ,M

2,µ2
R,µ2

F)
1

m2
g̃
Im

{

G[1,8,10,27](0,M−2mg̃+iΓg̃)
}

,

[

dLi j

dτ

]

(τ ,µ2
F)=

∫ 1

0
dx1

∫ 1

0
dx2 fi|P(x1,µ2

F) f j|P(x2,µ2
F)δ (τ − x1x2) , (2.2)

whereFi j→T (ŝ,M2,µ2
R,µ2

F) denotes the hard scattering kernel. The shape of the cross section
near threshold is therefore governed by the shape of the Green’s function for the corresponding
color state, which is shown in Fig. 1. The Green’s function can be obtained from the result for the
top-quark system [16]

G[R](0,M −2mg̃ + iΓg̃) = i
vm2

g̃

4π
+

C[R]αs(µG)m2
g̃

4π

[

gLO +
αs(µG)

4π
gNLO + . . .

]

, (2.3)
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Figure 1: Green’s functions for singlett and octett configuration at leading and next-to-leading order.

benchmark mg̃ [GeV] mq̃ [GeV] ∆M [GeV] 2Γg̃ [GeV] Γgg [GeV] dominant decay
point channels

(p) 734.11 714.46 16.02 3.48 0.41 g̃ → b̃1b, b̃∗1b

(X) 1300.00 1360.00 26.21 3.66 1.23 g̃ → t̃1t, t̃∗1t

(Y) 1370.00 1235.00 27.27 20.00 1.26 g̃ → t̃1t, t̃∗1t

Table 1: Comparison of gluino masses, average squark masses, gluinonium level spacing, single decay rate,
annihilation rate and dominant decay channels for the benchmark points under investigation.

with

gLO ≡ L−ψ(0) ,

gNLO ≡ β0

[

L2−2L
(

ψ(0)−κψ(1)
)

+κψ(2)+
(

ψ(0)
)2

−3ψ(1)−2κψ(0)ψ(1)

+44F3(1,1,1,1;2,2,1−κ ;1)

]

+a1

[

L−ψ(0)+κψ(1)
]

, (2.4)

and

κ ≡ i
C[R]αs(µG)

2v
, v ≡

√

M−2mg̃ + iΓg̃

mg̃
, L ≡ ln

iµG

2mg̃v
. (2.5)

The n-th derivativeψ(n) = ψ(n)(1− κ) of the digamma functionψ(z) = γE + (d/dz) ln Γ(z) is
evaluated at(1−κ) and4F3 denotes the Hypergeometric function.

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

We have investigated three typical scenarios for squark andgluino masses which are shown
in Tab. 1 in detail. In Figs. 2–4 we show the results for the cross section in the threshold region
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Figure 2: Cross section for light gluinos.

for these scenarios. For scenario (p) we show in Fig. 2 also the renormalization-scale dependence.
As can be seen the scale dependence is reduced and in particular, the uncertainty at the position
of the 1S-resonance is greatly improved. In Figs. 2(c)- 4(c)we show in addition the results for
the differential cross using a fixed-order approach for the Green’s function, i.e. replacing it by its
expansion inαs first keepingΓg̃ non-vanishing and then in the limitΓg̃ → 0

ImG[R] →
m2

g̃

4π
v(1+C[R]αsπ

2v
) . (2.6)

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

3. Conclusions

The next-to-leading order analysis for hadronic production of gluino pairs close to threshold
has been presented. The matching coefficients were evaluated separately for the different colour
configurations of gluino pairs with relative angular momentum zero. The cross section is strongly
affected by final-state interaction which is encoded in the NLO Green’s function and which depends
on the gluino decay rate, the colour configuration and the invariant mass of the pair. We have
investigated three different SUSY-scenarios covering a wide range 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-scale dependence of the result. Compared to the
leading-order prediction the result is more stable, and, for µ betweenmg̃ and 4mg̃, varies by±15%.
The complete NLO threshold production of(g̃g̃) boundstates considered in this paper enhances the
fixed-order prediction by typically 7% to 9%.
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