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Introduction
gluino/squark can be produced copiously at 
the LHC.   The squark/gluino masses are 
important parameters.

The cascade decay chains depend on the 
SUSY parameters.

The leptonic channel is clean but the BR is 
small typically O(5%) or even smaller. 

Inclusive jet analysis is important at the 
early stage of the LHC experiments.



SUSY events at the LHC

Figure 1: Schematic representation of a simple R-parity conserv-
ing event at the LHC in which supersymmetric particles were pair-
produced. The colliding protons are shown coming in from the
left and right. The collision has pair produced two massive susy
particles, ζ1 and ζ2 (dark blue). Each of these has been shown
decaying to something visible (α or β) and to an undetected neu-
tralino (p or q). The typical event will also contain some initial-
or final-state radiation, or other debris, represented here by g. In
this figure it has been assumed that g consists entirely of visible
particles.

• the masses of their ‘parent’ particles are unknown,

• the center-of-mass energy of the collision is not known, and

• the boost along the beam axis of the collision center-of-mass is not
known either.

An example of such an event is shown schematically in Figure 1, where
a pair of supersymmetric particle have been produced, each of which has
decayed to some visible and some invisible daughters.
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squark/gluino are pair-
produced.

Is it possible to measure squark/gluino masses?

ECM is not known at the 
LHC

Two invisible LSPs.
Each momentum cannot 
cannot be measured.

pp −→ ζ1ζ2 −→ (αp)(βq)



Stransverse mass (mT2)
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LSP mass is not know in advance and mT2 is a 
function of test LSP mass（mχ）

mT2 end points gives squark/gluino masses.

Lester,Summer(99)
Barr,Lester(03)pp −→ q̃g̃ −→ (visible, LSP )1 (visible, LSP )2
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mT2 end points
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Figure 7: Kinematical configurations for (a). mvis ∼ mvis
min and (b). mvis ∼ mvis

max. When
mvis is large, jets in the hemisphere are less collinear, and the hemisphere analysis likely
misgroups the particles.
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Figure 8: The end point of mT2(mχ)− mχ for various test LSP masses. The solid line is
the mmax

T2 while the dashed line is the parton level m(p)max
T2 .
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End point events are interchanged at the true LSP mass.
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Kink in mT2 end point
W.Cho et al, arxiv:0709.0288,0711.4526
B.Gripaios, arxiv:0709.2740
A.Barr et al, arxiv:0711.4008

quarks. Being wino-like, the LSP and the lighter chargino are almost degenerate in mass.
The chargino decay χ̃±

1 → χ̃0
1l

±ν produces very soft leptons, which cannot be detected at
LHC. In this circumstance, both gluino decays g̃ → χ̃±

1 qq′ and g̃ → χ̃0
1qq can be considered

as ‘signals’ we are looking for, and the contamination from the small number of g̃ → χ̃0
2qq

decay is expected not to be significant. In this work, we assume integrated luminosity of
300 fb−1 for the AMSB point.
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Figure 11: (a) Gluino mT2 distribution with mχ = 90 GeV for AMSB with heavy
sfermions, and (b) mmax

T2 as a function of mχ for AMSB with heavy sfermions.

To obtain a clean signal sample for the gluino mT2, we have imposed the following
event selection cuts on the SUSY and SM event samples.

1. At least 4 jets with PT1,2,3,4 > 200, 150, 100, 50 GeV.

2. Missing transverse energy Emiss
T > 250 GeV.

3. Transverse sphericity ST > 0.25.

4. No b-jets and no leptons.

Using the event set passing these selection cuts, we calculate the gluino mT2 for various
values of the trial LSP mass mχ. Fig. 11 (a) shows the resulting gluino mT2 distributions
for the AMSB with mχ = 90 GeV. Fitting the distribution with a linear function with a
linear background, we get the endpoint value

AMSB : mmax
T2 (mχ = 90) = 778.2 ± 2.2 GeV (76)

The edge values of mT2 obtained in this way are shown in Fig. 11 (b). Blue and red lines
denote the theoretical curves obtained from (70). Fitting the data points to these curves,
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p p → g̃ g̃ → qqχ
0

1 qqχ
0

1

we obtain the following gluino and LSP masses:

AMSB : mg̃ = 776.5 ± 1.0, mχ̃0
1

= 94.9 ± 1.4 GeV, (77)

which are quite close to the true values in (75). This demonstrates that the gluino mT2

can be very useful for measuring the gluino and the LSP masses experimentally in heavier
squark scenario.

Let us now consider the case of lighter squarks, mq̃ < mg̃, for which the cascade decay
g̃ → qq̃ → qqχ0

1 is open. As an example of superparticle spectra with lighter squarks, we
choose a parameter point (SPS1a [22]) of mSUGRA schemes, which provides

mSUGRA with light squarks : mg̃ = 613, mq̃ = 525, mχ̃0
1

= 99 GeV. (78)

For this mSUGRA point, the production cross sections for g̃g̃, g̃q̃ and q̃q̃ pairs are σ(g̃g̃) ∼
4.2 pb, σ(g̃q̃) ∼ 21 pb, and σ(q̃q̃) ∼ 9 pb, respectively. The branching ratio of the signal
decay chain, i.e, g̃ → q̃q → χ̃0

1qq is B(g̃ → χ̃0
1qq) ∼ 40%, while corresponding branching

ratios to χ̃0
2, and χ̃±

1 are B(g̃ → χ̃0
2qq) ∼ 7%, and B(g̃ → χ̃±

1 qq′) ∼ 14%, respectively.
Here, we assume 30 fb−1 of integrated luminosity for the mSUGRA point.

Similarly to the above AMSB case, we have imposed following event selection cuts:

1. Missing transverse energy Emiss
T > 250 GeV.

2. Transverse sphericity ST > 0.25.

3. No b-jets and no leptons.
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Figure 12: Gluino mT2 distribution with (a) mχ = 90 GeV for the mSUGRA point with
light squarks, and (b) mmax

T2 as a function of mχ for mSUGRA with light squarks.
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From the kink, gluino/squark and LSP masses can be determined.

cho et al.



Inclusive mT2 analysis
SUSY spectrum   ISAJETv7.75

50000 Events are generated with  Herwig

Detector simulation with AcerDet

Standard cuts: MET>max(0.2*Meff,100 GeV)
Meff>1200 GeV.

A: MMAM B: mSUGRA
ni = 0, R = 20, m0 = 1475, m1/2 = 561.2,
M3(GUT) = 650 A = 0, tanβ = 10

g̃ 1491 1359
ũL 1473 1852
ũR 1431 1831
d̃R 1415 1830
χ̃0

1 487 237

Table 1: Relevant SUSY mass parameters at points A and B. All the mass parameters
are given in GeV.

to the mSUGRA model. If α = R/ ln(Mpl/m3/2) is large, the SUSY spectrum becomes
more degenerate. In this analysis, we choose the point studied in Ref.[13], ni = 0(1) for
squarks and sleptons (Higgs), R = 20, tan β = 10 and the gravitino mass is determined
so that M3 = 650 GeV at the GUT scale. The point B corresponds to the mSUGRA with
m0 = 1475 GeV, m1/2 = 561 GeV, A = 0 and tanβ = 10.

The mass spectrum of SUSY particles is calculated using ISAJET [14] for each sample
point. In Table.1, the relevant SUSY masses are listed. At point B, mq̃ > mg̃ and
the gluino undergoes three-body decay through the off-shell squark diagram. The total
production cross section of SUSY events at the LHC is σ = 0.13 pb for both points.
Squark-gluino coproduction is larger than squark-squark and gluino-gluino production
for both points.

The point B is chosen so that the Meff distribution of one lepton mode is very similar
to that for point A, where Meff is defined from the sum of the pT of the first four jets and
a lepton and the missing transverse momentum as follows,

Meff =
4∑

i=1

pT i + pT l + Emiss
T . (9)

For the Monte Carlo analysis, we generate 5× 104 SUSY events by HERWIG 6.5 [21] for
each sample point. To estimate event distributions measured by the LHC detector, we
use AcerDET [22]. This code provides a simple detector simulation at the LHC.

In Fig.1(a), the Meff distribution is shown for one lepton channel. Here we require the
the following cut.

1. njet(pT > 100 GeV) ≡ n100 ≥ 1 and njet(pT > 50 GeV) ≡ n50 ≥ 4 within |η| < 3.

2. Emiss
T > 0.2Meff and Emiss

T > 100 GeV.

3. There is one isolated lepton.

The solid (dashed) line is the distribution for point A (B). The distributions for both
points look similar.
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sample points
σ = 0.13 pb

squark/gluino 
coprodcution is main 
production.



Meff  distributions
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Hemisphere method
We need to separate two cascade decay chains to 

calculate mT2

p
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P
vis

1

P
vis

2

p
d(pk, Pi) < d(pk, Pj)

d(pk, Pi) = (Ei − |Pi| cos θik)
Ei
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(1). Each hemisphere is defined with Pivis,
summing high pT objects. (pT>50 for jets,
pT>10 for leptons/photons)

(2). High pT objects satisfy the 
following conditions



mT2 distributions 
(MMAM)

for mχ = 900 GeV. The distribution has a long tail and one cannot see a clear end

point.

As discussed in Sec.2, the cusp structure of mmax
T2 appears since the functional

form mmax
T2 (mχ) changes at mχ = mχ0

1
. The end point event for mχ < mχ0

1
is

different from the one for mχ > mχ0
1

and these end point events are interchanged at

mχ = mχ0
1
. To confirm this, let us consider how the events near the end point for

mT2(30) behaves when mχ is large. In Fig.6(a), the mT2(900) distribution is plotted

for 1200 GeV< mT2(30) <1400 GeV. There are two peaks in the distribution. The
lower peak is smaller than the true end point mT2(900) ! 1900 GeV. These events
are true end point events of mT2(30) while the events around the higher peak are fake

events. In Fig.6(b), the mT2(900) distribution is plotted using events above the true
end point mT2(30) > 1400 GeV. We find no peak lower than 1900 GeV as expected,

because they are fake events for mT2(30).

To find the end points of the mT2 distributions, we also show the fitting of the
distribution in Figs.3 and 5. We fit the reconstructed mT2 distribution with a linear
function which changes the slope at some mχ. For comparison, we also show the

fitting of m(p)
T2 . We use a Gaussian smeared fitting function in Ref. [5] for that.

χ2/n.d.f is not good for both fits, therefore our fits should be regarded as crude

estimates. In addition, the end point for mχ = 900 GeV depends on the bins used
for the fit. Note that the end point for mχ > mχ̃0

1
is realized for the events with

mvis ∼ mvis
max, while the efficiency to assign the particles correctly in hemisphere

should be low in such case, see Fig.7.

In Fig.8, the end points of mT2 for various test LSP masses are plotted with
solid lines. The end points of the mT2 are larger than m(p)

T2 by 150 − 200 GeV, one

can see a kink structure around mχ ∼ 400 GeV, which is close to the true LSP
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Figure 3: (a). The mT2 − mχ distribution at parton level for mχ = 30 GeV. (b). The
reconstructed mT2 −mχ distribution for mχ = 30 GeV. Fitting functions of the end points
are also shown, see text.
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mT2 end points
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Figure 7: Kinematical configurations for (a). mvis ∼ mvis
min and (b). mvis ∼ mvis

max. When
mvis is large, jets in the hemisphere are less collinear, and the hemisphere analysis likely
misgroups the particles.
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Figure 8: The end point of mT2(mχ)− mχ for various test LSP masses. The solid line is
the mmax
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mχ = 30 GeV.

 1600

 1650

 1700

 1750

 1800

 1850

 1900

 0  100  200  300  400  500

m
T

2
(m

!
)-

m
!
 (

G
e

V
)

m! (GeV)

SUGRA

reconstructed

parton

Figure 11: The end point of mT2(mχ) − mχ for various test LSP masses. The solid line
is the mmax

T2 while the dashed line is the parton level m(p)max
T2 .

– 15 –

We can see a kink around the true LSP mass for MMAM.

Two sample points gives different mT2 end points



Misreconstruction of Hemispheres
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Summary

We have considered inclusive mT2 
distributions for squark/gluino production.

We can separate two cascade decay chains 
by the hemisphere method.

The end point of mT2 provide information on 
squark/gluino masses.

We can determine the squark/gluino and LSP 
masses from the kink of mT2 end points.
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