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Abstract. The estimation of the backgrounds for gluino signals in focus point supersymmetry is extended
by including the backgrounds from the production of four third generation quarks in the analysis. We find
that these backgrounds are negligible if one uses the strong selection criteria proposed in the literature (in-
cluding this analysis) for heavy gluino searches. Softer selection criteria often recommended for lighter gluino
searches yield backgrounds that are small but numerically significant. We have also repeated the more con-
ventional background calculations and compared our results with the other groups. We find that the size of
the total residual background estimated by different groups using different event generators and hard kine-
matical cuts agree approximately. In view of the theoretical uncertainties in the leading order signal and
background cross sections mainly due to the choice of the QCD scale, the gluino mass reach at the LHC
cannot be pinpointed. However, requiring a signal with ≥ 3 tagged b-jets (instead of the standard choice of
≥ 2) it is shown that gluino masses close to 2 TeV can be probed at the LHC for a range of reasonable choices

of the QCD scale for an integrated luminosity of 300 fb−1.

PACS. 11.30.Pb; 12.60.Jv; 14.80.Ly; 95.35.+d

1 Introduction

Supersymmetry (SUSY) is one of the most elegant ex-
tensions of the standard model (SM) which naturally
stabilizes the Higgs boson mass even in the presence of
a very high energy scale like the grand unification scale
(MG) [1–4]. This occurs due to the cancellation of the
quadratic divergences among loop diagrams involving SM
particles and their superpartners (sparticles). This cancel-
lation, however, loses much of its attractive naturalness
and smacks of fine tuning if the sparticles are much heav-
ier than the corresponding particles. Thus SUSY models
with sparticle masses much larger than 1 TeV are usually
disfavored.
On the other hand it is well known that if the scalar su-

perpartners of the fermions belonging to the first two gen-
erations in the SM are very heavy with masses in the multi-
TeV region, then several problems can be avoided without
further unnatural adjustment of the parameters. Firstly in
the most general minimal supersymmetric extension of the
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standardmodel (MSSM) there are unacceptably large loop
induced flavor changing neutral currents, unless the masses
of the first two generations of squark are assumed to be de-
generate to a very good approximation without a symme-
try underlying this degeneracy. This SUSY flavor problem
becomes less severe if the above loops are suppressed by the
masses of the heavy scalars. Secondly SUSY models with
complex soft breaking parameters have potentially danger-
ous large loop induced CP violating contributions to the
electric dipole moments of various particles in general. This
SUSY CP problem is also tamed if the scalars are very
heavy. Therefore, models with very heavy scalars without
sacrificing the naturalness criterion are indeed welcome.
All the above attractive features are realized in the fo-

cus point (FP)/hyperbolic branch region [5–8] of the min-
imal supergravity (mSUGRA) model [9–14]. The SUSY
flavor and CP problems become less severe [15]. The mag-
nitude of µ, the higgsino mass parameter, which is fixed by
the radiative electroweak symmetry breaking (REWSB)
condition, also turns out to be ∼mZ as required by natu-
ralness [5–7, 16–23].
The low value of µ thus obtained has another important

implication. The lightest supersymmetric particle (LSP),
which is the lightest neutralino (χ̃01) over most of the pa-
rameter space, is usually a mixture of the electroweak
gauginos and higgsinos. However, for small µ the higgsino
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component in χ̃01 dominates. In this case χ̃
0
1 very efficiently

annihilates into gauge boson pairs, leaving open the at-
tractive possibility that LSP could be a viable dark matter
candidate [24–29]. In fact it is now widely acknowledged
that the focus point region of the mSUGRAmodel leads to
a dark matter density compatible with the latest WMAP
data [30]. Thanks to the above interesting features the
collider signatures of focus point supersymmetry have at-
tracted wide attention [31–38].
Although the scalar quarks are rather heavy in this

model, naturalness arguments imply that the gluinos must
be necessarily light [5–7]. Thus the gluinos are the lightest
strongly interacting sparticles within the striking range of
the LHC. In spite of the fact that the squarks belonging to
the first two generations are indeed very heavy, the lighter
squark mass eigenstates belonging to the third generation,
though significantly heavier than the gluino, may be rela-
tively light at the weak scale MW. This is partly due to
the renormalization group (RG) evolution fromMG toMW
driven by large Yukawa couplings and partly due to mix-
ing effects in the mass matrices (see, e.g., [31], Eqs. 3–11).
As a result the gluino preferentially decays into third gen-
eration quarks via three body modes mediated by the rela-
tively light squarks. Therefore dominant decay modes of
the gluino are

g̃→ f1f̄1+X , g̃→ t̄b(tb̄)+Y ,

where f1 = t or b, X = χ̃
0
i (the ith neutralino), i= 1–4 and

Y = χ̃±j (the jth chargino), j = 1, 2. Hence the signals of
gluino decay at the LHC will be rich in b-jets [31]. In add-
ition, one or more reconstructedW bosons in the final state
may also help the SUSY search via this channel.
The size of the signal involving≥ 3 tagged b-jets (intro-

duced mainly to control the QCD background) and various
numbers of leptons was estimated by a parton level Monte
Carlo in [31]. The SM background from tttt production
only was estimated to be small after imposing a strong
missing transverse energy E/T cut.
Subsequently the LHC signal of focus point supersym-

metry has been studied by several groups using simulations
beyond the naive parton level [32–38]. Some of these works
required ≥ 2 tagged b-jets in the final state for efficient
background rejection. These works will be briefly reviewed
in a later section. However, none of these works considered
the background from f1f̄1f2f̄2 production, where fi = t
or b. A priori, however, some of these backgrounds with
production cross sections larger than the gluino pair pro-
duction cross section (see Sect. 2) by several orders of mag-
nitude seem to be potentially dangerous. Moreover, these
backgrounds are rich in b-jets. Hence b-tagging, which ef-
fectively suppresses light flavor QCD events, may not be
very effective.
The purpose of this paper is to study the above

backgrounds systematically (see Sect. 2) along with do-
ing a thorough study of the signal and other backgrounds.
We have calculated the new background cross sections
using CalcHEP [39] v2.4.5, ALPGEN [40] v2.1.1 and
MadGraph/MadEvent v4 [41, 42]. The results agree fairly
well. The parton level events are then interfaced with

Pythia [43] v6.325, for implementing showering hadroniza-
tion, fragmentation, decays and a toy detector simulation,
and analyzed with suitable selection criteria. We have used
the default parton shower and string fragmentation model
(Lund) provided in Pythia. The relevant parameters are
also at their default values. We shall also study the re-
sponse of these backgrounds to the cuts used by other
groups [37, 38]. We next study the dominant QCD and
tt backgrounds as well as the signal using our selection
criteria and compare and contrast the results with other
published works (see Sect. 2). In order to facilitate the com-
parison we required like other groups≥ 2b-jet tags. Finally,
the consequences of selecting a signal with a richer b-jet
content as suggested in [31] are examined. Our conclusions
and future outlooks will be summarized in Sect. 3.

2 Signals of focus point SUSY at LHC
and the backgrounds

We begin by briefly reviewing some of the earlier works.
Baer et al. [32] scanned the focus point region of the
mSUGRA parameter space consistent with the WMAP
data. The LHC reach in channels withm-jets+n-leptons+
E/T was then examined. It was concluded that the part
of the focus point region corresponding to gluino masses
< 1.8 TeV is within the reach of LHC. The suppression of
the SM background due to light flavor QCD, tt etc. was
considered in estimating the mass reach. However, one of
the key features of the signal in the focus point region,
namely the large number of b-jets in the final state was not
utilized in improving the signal to background ratio.
Subsequently Mercadante et al. [34] estimated that re-

quiring final states with tagged b-jets as suggested in [31]
and by adjusting the kinematical cuts the gluino mass
reach can be improved by about 20%. However, the poten-
tial backgrounds from four heavy flavor production men-
tioned in the introduction were not included in either of
the above analyses. The viability of SUSY signals in the re-
gions of the parameter space consistent with dark matter
data was also studied by the CMS collaboration [35]. This
analysis included only a part of the FP region (m0 < 2 TeV)
and the above potential backgrounds were neglected.
A few points (FP1–FP5) in the FP region allowed by

theWMAP data from [36] are shown in Table 1. All masses
and mass parameters in this paper are in GeV unless oth-
erwise stated. The other mSUGRA parameters areA0 = 0,
tan β = 30 and sign(µ)> 0. For each point the gluino mass
and the lowest order gluino pair production cross section
(in fb) for two choices of the QCD scale (see the last two
columns in Table 1) are also shown. The first scale yield-
ing smaller cross sections will be subsequently referred to
as scale choice one (SC1). The second choice (SC2) is moti-
vated by the fact that at this scale the leading and next to
leading order production cross sections almost agree [44].
The renormalization and factorization scales are set at the
same value throughout our analysis. It is to be noted that
we have considered gluino masses near the LHC search
limit only. The gluino pair production cross section in
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Table 1. Cross-sections (in fb) for pp→ g̃g̃ at LHC using
CalcHEP v2.4.5 for different FP scenarios and two choices of
the QCD scale (see the last two columns). The masses and mass
parameters are in GeV

QCD scale

FP point (m0, m1/2) mg̃
√
ŝ mg̃/2

FP1 (3700.0, 700.0) 1751.3 1.18 2.37
FP2 (3975.0, 730.0) 1824.7 0.81 1.63
FP3 (3975.0, 790.0) 1950.0 0.39 0.80
FP4 (4130.0, 833.0) 2047.4 0.24 0.48
FP5 (4235.0, 866.0) 2119.8 0.16 0.33

the leading order is computed by CalcHEP. The expected
sharp fall of the cross section for gluino masses near the
kinematic limit is quite apparent.
From the dominant gluino decay modes discussed in the

introduction it is clear that a typical final state will con-
sist of four third generation quarks and their decay prod-
ucts. Additional quarks, leptons and missing energy would
come from the decays of heavier charginos and neutrali-
nos also produced in gluino decays. Thus the signal consists
of 4b-jets+mother-jets+nisolated leptons+E/T, where m
and n depend on the details of the gluino cascade decays.
The multiplicity of jets and hard isolated leptons (m+n)
in the signal would be large in general. Keeping this in
mind the criteria listed below for selecting (rejecting) the
signal (the background) events have been formulated. It
should be noted that instead of separately requiring a large
number of jets and hard isolated leptons (henceforth jets
and isolated leptons will be collectively called objects), we
require the total number objects in the final state to exceed
eight.

• Njet ≥ 6 andNobj ≥ 9.
•Nbtag ≥ 2 and one of the tagged jets withET ≥ 300GeV.
• E/T ≥ 300GeV, where E/T has been computed using all
visible objects in an event.

•Meff =E/T+∑objET ≥ 2000GeV.
All jets with |η| < 2.5 containing a B-hadron within
a cone of ∆R < 0.3 are selected. If the decay length of
the B-hadron is above a certain value, the jet is called
B-tagged. The cut on the decay length is tuned in such
a way that in a sample of generated t–t̄ events the over-
all single b-jet tagging efficiency turns out to be 55%–60%
(this information is obtained from detailed simulations by
CMS and ATLAS).
It may be noted that at this stage the constraint on

Nbtag is similar to the one employed by other analyses. We
shall show below that requiring more tagged b-jets in the fi-
nal state, as suggested in [31], improves the signal vis à vis
the background.
We begin the analysis by estimating the backgrounds

from production of four heavy flavors in different combi-
nations. This will be followed by the simulation of more
conventional backgrounds and the signal also studied
by other groups. The production cross sections com-
puted by CalcHEP, ALPGEN and MadGraph are pre-
sented in Table 2. We have set the following input values

Table 2. Production cross section (fb) for different final states
involving four third generation quarks obtained using different
generators. Variation of the cross sections with the QCD scale
is shown in the last three columns

Process Generator 0.5
√
ŝ

√
ŝ 2.0

√
ŝ

tttt MadGraph 4.38 2.82 1.93
ALPGEN 4.42 2.90 1.96
CalcHEP – 2.89 –

ttbb MadGraph 2.62×103 1.76×103 1.14×103

ALPGEN 2.86×103 1.89×103 1.29×103

CalcHEP – 2.27×103 –

bbbb MadGraph 1.20×107 7.61×106 5.62×106

ALPGEN 1.22×107 8.04×106 5.52×106

CalcHEP – 1.15×107 –

at the weak scale (Mweak): αem =
1

127.934 , αs = 0.1172,
mt(pole) = 175.0

1,mb(mb) = 4.25GeV.
In our calculation we use the CTEQ5L [47] parton dis-

tribution functions (PDF). The appropriate loop corrected
values of the strong coupling constant at the renormaliza-
tion scale is calculated by CalcHEP during the convolution
with the PDF. To avoid the generation of unwanted events
the following nominal cuts are applied only on the bottom
quarks: pbT > 10 GeV, η(b)< 5.0 and ∆R(b, b)> 0.3, where

∆R=
√
∆η2+∆φ2.

In Table 2 we demonstrate the variation of the cross
sections with the QCD scale. There is reasonable agree-
ment between different generators at the same scale. As
expected, there is a significant scale dependence in these
leading order cross sections. However, in spite of this un-
certainty some of the background processes have cross
sections several orders of magnitude larger than that of
the signal, which is typically a few fb for mg̃ near the
LHC search limit (see Table 1). Thus it is worthwhile
to see the response of these backgrounds to our choice
of the kinematical cuts listed below as well as to the
cuts used by similar analyses [37, 38]. We shall subse-
quently show that our cuts also lead to a healthy signal
size and control other conventional backgrounds quite
effectively.
We next simulate the backgrounds listed in Table 2.

The parton level unweighted events from ALPGEN have
been interfaced with Pythia. As noted earlier our final con-
clusion regarding the importance of these backgrounds re-
mains unchanged in spite of the sizable uncertainty due to
the choice of scale. In order to avoid generation of events
unlikely to pass the cuts, we have imposed the following
conditions on the parton level sub-processes. It should be
noted that these conditions are somewhat stronger than
those used in Table 2.

• tttt events have been generated with no cut on t.
1 The recent world average value for the top quark mass is
mt = 170.9 GeV [45, 46]. We have, however, chosen the refer-
ence value mt = 175 GeV. This facilitates the comparison with
other published studies.
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• ttbb events have been generated with no cut on t, P̂ bT >
20 GeV and |ηb| ≤ 4.5.

• bbbb events have been generated with P̂ bT > 50 GeV and
|ηb| ≤ 4.5.

We have used the toy calorimeter simulation (PYCELL)
provided in Pythia with the following criteria.

• The calorimeter coverage is |η| < 4.5. The segmenta-
tion is given by ∆η×∆φ= 0.09×0.09, which resembles
a generic LHC detector.

• A cone algorithm with ∆R =√∆η2+∆φ2 = 0.5 has
been used for jet finding.

• EjetT,min = 30GeV and jets are ordered in ET.• Leptons (�= e, µ ) are selected with ET ≥ 20 GeV and
|η| ≤ 2.5.

• No jet should match with a hard lepton in the event.
•A jet with |η| ≤ 2.5 matching with aB-hadron of signifi-
cant decay length has been marked tagged (see above).

Wehave implemented jetand lepton(�= eorµ) isolation
using the following criteria: if there is a jet within ∆R= 0.5
and EjetT /E

�
T ≤ 1.2, the jet is removed from the list of jets,

else the lepton is removed from the list of leptons.
The distributions of E/T and Meff for different final

states involving four third generation quarks are shown
in Fig. 1. Selection efficiencies for these background pro-

Fig. 1. Distributions for missing transverse energy (E/T) (left) and effective mass (Meff) (right) for four heavy flavor final states
and signal withmg̃ = 1751.3 GeV (FP1, see text): in both figures the distributions are indicative of shapes only and normalized to
unit cross section

Table 3. Selection efficiencies for different final states involving four third generation quarks due to
individual cuts

Process Njet ≥ 6 Nobj ≥ 9 Nbtag ≥ 2 P b1T ≥ 300 GeV E/T ≥ 300 GeV Meff ≥ 2000 GeV

tttt 0.9304 0.5457 0.5946 0.1014 0.0316a 0.0346a

ttbb 0.5792 0.0831 0.4509 0.0265 0.0033 0.0018a

bbbb 0.2186 0.0064 0.5854 0.0120 0.00004a 0.0002

a The individual cut which rejects most events for each background

cesses due to individual cuts are shown in Table 3; the in-
dividual cut that rejects most events for each final state
is shown with superscripts ‘a’. The residual cross sections
for these backgrounds after all our selection cuts are shown
in Table 4. As is expected from Fig. 1, very little back-
ground survives.
For comparison we have computed the backgrounds

corresponding to the cuts implemented by the ATLAS col-
laboration [37] (column 5 of Table 4) and Baer et al. [38]
(column 6 of Table 4). It may be noted that in all cases
these backgrounds are rather small compared to other
backgrounds from tt̄ production or QCD processes (see be-
low). This conclusion holds even if a factor of 2 due to
the QCD scale uncertainty is taken into account. It may
be recalled that the cuts in [37] are designed for relatively
light gluinos in the focus point region. Consequently they
are less severe than the ones introduced in this paper or
in [38]. As a result some of the residual backgrounds of this
type are numerically significant for integrated luminosities
≥ 100 fb−1 and require some attention.
Next we turn our attention to the conventional back-

grounds. First we shall summarize the earlier works which
employed b-tagging. Mercadante et al. [34] found that the
dominant background comes from QCD processes involv-
ing light flavors and gluons only. The analysis of [37] ig-
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Table 4. The cross section at the generation level (σgen), number of events generated, and the re-
sidual cross section (εsel . σgen) after all cuts. The cross sections were computed with cuts on final
states partons different from the ones used in Table 2 and the default QCD scale (Q2 = Σf (m

2
f +

P 2Tf ), where ‘f ’ stands for the final states partons) of ALPGEN

Process σgen Events This work ATLAS Baer et al.
(fb) generated εsel . σgen εsel . σgen εsel . σgen

tttt 5.3 1.25×104 0.012 0.093 0.004

ttbb 831 1.40×105 0.042 0.665 0.059

bbbb 7260 3.02×105 0.000 0.240 0.000

nored this background arguing qualitatively that the re-
quirement of 2 tagged b-jets should be adequate to reduce
it to a negligible level. However, they studied the bbj back-
ground, which is included in the QCD background in this
work as well as in [38] and found it to be 41% of the dom-
inant tt background. Very recently Baer et al. [38] analyzed
the same backgroundwith different kinematical cuts. They
found that this background is rather small.
It has been identified that the tt background is the

dominant one in both [38] and [37], and we agree with
them qualitatively. In the former work this background
was simulated by ISAJET [48]. However, in addition to
other selection criteria they required > 7jets+> 2 tagged
b-jets in the final state. Since the parton level process
has at most 6 jets (including 2 b-jets) the size of this
background crucially depends on the model of parton
showering in the generator. Our cut on Nobj is simi-
lar in nature. We shall briefly comment on the reliabil-
ity of analyses requiring a high jet multiplicity in the
following.
We now present our estimates of these backgrounds.

The cross sections for QCD processes (which includes
bb and cc̄ production) and tt production are quite large
(see Table 6). Since the selection demands a large num-
ber of jets, E/T and Meff, it is more likely that events
with a higher

√
ŝ will survive. Even then both the above

backgrounds survive the cuts (mainly the one on the multi-
plicity of objects) because of initial state and final state
radiation (ISR and FSR) and multiple interaction. On the
other hand events with a lower

√
ŝ have a very large share

of the cross section and ISR and FSR help them pass the se-
lection. To estimate the contributions from the above two
regions with sufficient statistics and to avoid generating
a large number of events that will not pass the selection,

Table 5. Selection efficiencies for major backgrounds due to individual cuts

Process Njet ≥ 6 Nobj ≥ 9 Nbtag ≥ 2 P b1T ≥ 300 GeV E/T ≥ 300 GeV Meff ≥ 2000 GeV

Signal 0.9674 0.7116 0.7899 0.6275 0.7416 0.8173
QCD-high 0.1490 0.0074 0.0177 0.0599 0.0018a 0.1033

QCD-low 0.0151 0.0001 0.0052 0.0003 0.0000a 1.9×10−6

tt-high 0.2318 0.0188a 0.4567 0.5853 0.1799 0.0963
tt-low 0.1984 0.0083 0.1490 0.0074 0.0023 0.0014a

a The individual cut which rejects most events for each case

we have generated events with certain cuts at the parton
level.

• tt events have been generated in two bins, P̂ tT ≤ 600GeV
(tt-low) and P̂ tT > 600GeV (tt-high).• QCD events have also been generated in two bins,
100GeV≤ P̂T ≤ 600GeV (QCD-low) and P̂T > 600GeV
(QCD-high) for the final state partons.

The hat denotes variables in the center of mass frame
of the parton. The efficiency of the individual cuts and the
size of the different backgrounds are listed separately in Ta-
bles 5 and 6. The cross sections are calculated with SC1. It
is to be noted that while the cut Nobj ≥ 9 is most effect-
ive for rejecting tt-high events with high

√
ŝ, it is either

the cut on E/T or Meff for events with low
√
ŝ. The E/T dis-

tributions before and after applying all other kinematical
cuts are shown in Fig. 2. The distributions ofNjet andNobj
are shown in Fig. 3. It is obvious that even after the cut
Njet ≥ 6 quite a bit of background survives whereas the cut
Nobj ≥ 9 suppresses the background more effectively.
We do not impose any extra strong hardness cut on a jet

which is counted as an acceptable object. It is quite plausi-
ble that in a real life situation such jets indeed arise from
showering. However, as noted before the number of such
jets in an event crucially depends on the parton shower-
ing model in the generator. Therefore, the reliability of the
background estimate both in this work as well as in [38]
cannot be guaranteed until the showering model is vali-
dated using LHC data. In the next paragraph we briefly
summarize a study [49] that indicates that the tt back-
ground estimated as above may not be wide off the mark.
It is certainly desirable to supplement the lowest order

estimates of the background by higher order matrix ele-
ment calculations. However, care must be taken to avoid
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Table 6. The cross section at the generation level (σgen) , number of events generated, and residual
cross section (εsel . σgen) after all cuts. σgen is calculated for Q

2 = ŝ

Process σgen Events Residual cross-section (εsel . σgen)
(fb) generated Nbtag ≥ 2 Nbtag ≥ 3

Signal

mg̃ = 1751.3 1.20 104 0.3598 0.2445

mg̃ = 1824.7 0.81 104 0.2267 0.1527

mg̃ = 1950.0 0.40 104 0.1445 0.0987

mg̃ = 2047.4 0.24 104 0.0921 0.0634

mg̃ = 2119.8 0.16 104 0.0652 0.0431

Background

QCD-high 1.81×105 1.08×107 0.4362 0.0504

tt-high 4.14×102 2.325×106 0.1675 0.0205

tt-low 3.70×105 1.14×107 0.8806 0.1793

Fig. 2.Missing transverse energy (E/T) distributions for the major backgrounds and the signal (mg̃ = 1751.3 GeV). In the left plot
the distributions are indicative of the shapes only. In the right plot they have been normalized to the residual cross sections after
all cuts except the one on E/T

double counting of jets that may arise in a lower order cal-
culation due to hard emissions during shower evolution
as well as from a higher order matrix element. A proper
matching of matrix elements and shower evolution is,
therefore, called for. In [49] the lowest order cross section
of tt production was computed. Next the combined cross
section of the processes tt (exclusive), tt̄j (exclusive), tt̄jj
(exclusive)and tt̄jjj (inclusive), where j stands for a light
quark or gluon, were obtained after matrix element match-
ing (see Tables 1 and 2 of [49]). The two results agree nicely
both for Tevatron and LHC energies. A similar agreement
is found for various distributions of the produced tt̄ system
computed by the two different ways. It is these distribu-
tions, which after all determine the efficiencies of various
cuts. Thus one may conclude that at least the lowest order
tt background including parton showering, which is the
dominant background for the signal under study, is fairly
reliable.

The case of the pure light flavor QCD background is
rather similar. The required final state with nine objects
from this 2→ 2 process can arise solely due to parton show-
ering and, therefore, is model dependent to some extent.
Simulating the lowest order QCD processes in Pythia we
find that the size of this background is smaller than the
tt background but is non-negligible. However, the entire
contribution comes from QCD-high events P̂T > 600GeV.
After generating 15 million QCD-low (100GeV ≤ P̂T ≤
600GeV) events we found that no event survives the cuts.
We now compare our results with other calculations,

which required two or more tagged b-jets in the final state.
The distributions for number of b-tagged jets (Nbtag)
is shown in Fig. 4. A comparison with [37] may not be
meaningful, as the cuts the authors of this reference im-
plemented are designed for the search of a relatively light
gluino (mg̃ = 857.0). In fact, with their cuts we find that
the survival probability of the tt background is twice
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Fig. 3. The distributions of the number of jets (Njet) (top) and number of objects (Nobj) (bottom) for the major backgrounds and
the signal (mg̃ = 1751.3 GeV). The figures on the left show the distributions before any cut (normalized to unit cross section); the
figures on the right showdistributions normalized to residual cross sections after all cuts except those onNjet (top) andNobj (bottom)

as large as our estimate and will overwhelm the gluino
signal for mg̃ ≈ 2 TeV, which is roughly the LHC reach
in the FP region, having a cross section not exceeding
a few fb.
The tt background after all cuts estimated by Baer et

al. [38] is 1.5 fb with ‘a tiny’ contribution from QCD. On
the other hand we get a smaller tt background, while the
QCD background is non-negligible. Thus one may con-
clude that our cuts are more efficient in reducing the for-
mer background, while the cuts of [37] may be better for
eliminating the QCD backgrounds. Alternatively the dif-
ference may be due to the difference in parton showering
and hadronization in the two generators [50]. A more de-
tailed comparison is not possible, since we do not know the
QCD scales for the various cross sections in [38].
It is probably a numerical conspiracy that the total

background (tt+QCD) computed by the two groups agree

rather nicely. However, the fact that two groups using dif-
ferent event generators and different sets of kinematical
cuts get comparable results at least indicates that the ma-
jor backgrounds obscuring the search for focus point SUSY
at LHC are fairly well understood.
We next present the signal size for different gluino

masses. The efficiencies of the cuts used in this paper
for scenario FP1 are in Table 5, while the signal size for
SC2 in different scenarios after all cuts are in Table 6. The
signal cross sections should be multiplied by a factor of
2 if the scale mg̃/2 is considered (see Table 1). The E/T,
Njet and Nobj distributions are in Figs. 2 and 3. Com-
paring these with the background cross sections and tak-
ing the QCD scale uncertainty into account it is clear
that the gluino mass reach at the LHC cannot be pin-
pointed as yet. Nevertheless the following comments are in
order.
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Fig. 4. Distributions for number of b-tagged jets (Nbtag): (left) before any selection criteria have been applied and (right) after
other selection criteria have been applied. In both cases the distributions are indicative of shapes only

Using SC2 (=mg̃/2) one finds that for FP1 (FP3) (cor-
responding tomg̃ = 1751.3 (1950)) S/

√
B =10.0 (4.0) with

an integrated luminosity of 300 fb−1, where S and B are
the number of signal and background events, respectively.
Of course the S/

√
B ratio may be modestly increased by

optimizing the cuts [34]. On the other hand, the LO sig-
nal cross section at the scale mg̃/2 mimics the NLO cross
section [44]. In view of this the next to leading order tt̄
cross section (about a factor of 2 larger than the cross
section in Table 6) may give a more reliable background
estimate. This will further suppress the S/

√
B ratio by

a factor of
√
2. For SC1, on the other hand, the above ra-

tios will be suppressed by a factor of 2. On the whole it
seems unlikely that using the selection criteria based on
2 or more tagged b-jets as is usually required, the gluino
mass reach at LHC can be pushed far beyond 1.8 TeV with
certainty.
We now impose more stringent b-identification crite-

ria as suggested in [31] and require ≥ 3 b-jet tags keeping
all other selection criteria listed above unchanged. The re-
sidual signal and the backgrounds are shown in the last col-
umn of Table 6. Even SC1 now yields S/

√
B ratio 8.5(3.4)

for mg̃ = 1751.3 (1950). For SC2 the above ratios are en-
hanced approximately by a factor of

√
2.0 after doubling

the background, which should reflect the theoretical uncer-
tainties due to possible NLO corrections etc. In view of the
possibility of further improving this ratio by optimizing the
selection criteria, one can hope that irrespective of the un-
certainty due to the choice of scale the reach inmg̃ at LHC
is close to 2.0 TeV.

3 Conclusion

If supersymmetry in the focus point region is realized in
nature, it may lead to spectacular signals at the LHC via
gluino pair production [31, 32, 34–38]. We propose a new

set of criteria for selecting (rejecting) the signal (back-
ground) (see Sect. 2).
We have extended the estimation of the backgrounds

that may hinder the search for supersymmetry in the focus
point region. In particular, we have simulated and ana-
lyzed the potentially dangerous backgrounds from differ-
ent processes involving four heavy flavor quark production,
which have so far been neglected. Some of these processes
have cross sections several orders of magnitude larger than
that of the signal. Moreover, these backgrounds are rich
in b-jets and cannot be reduced by b-tagging, which is re-
commended as one of the most effective tools for removing
other SM backgrounds [31, 34, 38].
Using the rather stringent cuts (see Sect. 2) appropri-

ate for detecting relatively heavy gluinos with masses near
the kinematic reach of the LHC, we have shown that these
backgrounds are highly suppressed (see Table 4). On the
other hand, for the less severe cuts often employed for
relatively light gluinos in the focus point region (see for
example [37]), these backgrounds may be small but numer-
ically significant and call for some attention.
We have also simulated the conventional SM back-

grounds estimated by other groups. We qualitatively agree
with the observation [37, 38] that tt events are the most
severe background to the gluino signal. In view of various
theoretical uncertainties in the production cross sections
the LHC reach in mg̃ cannot be pinpointed as yet. This is
especially so if the selection criteria are restricted to ≥ 2
tagged b-jets which is the usual strategy. Requiring 3 or
more tagged b-jets in the signal the gluino mass reach at
LHC is close to 2.0 TeV even with a modest production
cross section corresponding to a particular choice of the
QCD scale.
We look forward to improved b-tagging efficiencies

along with improvement in the theoretical understanding
(e.g., the inclusion of matrix element matching) of the light
flavor QCD and other backgrounds for a better handle on
gluino searches in the FP scenario.
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