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LHC starts from 7TeV and 1fb-1 

Figure 13: Estimated 95% C.L. exclusion limits for the all-hadronic SUSY search, expressed in mSUGRA param-

eter space.
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Figure 14: Estimated 95% C.L. exclusion limits for the like-sign dilepton SUSY search, expressed in mSUGRA

parameter space. The expected standard model background at 100 pb−1 (1 fb−1) is 0.4 (4.0) events; we have

assumed an observed yield of 1 event (4 events) for the purpose of setting these exclusion limits.
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cross section for discovery 

discovery at 100pb-1

discovery at  1fb-1

gluino mass ~550GeV  

gluino mass ~650GeV  

100pb-1 ~ σSUSY>9pb       1fb-1 ~σSUSY >1pb 
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How to study the SUSY scale 

• Cross section ⇄squark mass scale  for fixed gluino mass   

• need absolute measure of squark/gluino- LSP mass.. 

• traditional measures

• Meff :  sum of transverse activities. Peak position of Meff 
scale with m(squark) + m(gluino) but MC dependent  

• End points of jet+ ll’s  : need large number of events, Br 
ratios is very small for normal MSUGRA model point. 

• MT2, MCT2:  in this talk→ lepton’s 
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 we don’t know...  

2) ISR;which jet comes from ISR  

1) We only know 
sum of LSP momenta 

=ETmiss
A 

B

A1

A2

B1

B23) if jets are 
from A or B 4) what A,B,...are 
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1)Handling ETmiss 

• assumption 1 Pmiss=p1(LSP) +p2(LSP)  

• assumption 2  pp→ AB,  A→ vA+ LSP(p1)  B→ vB+LSP(p2) 
topology. 

• split jets and leptons into two visible objects.  split missing pt 
into two visible momentum→MT2  is naturally defined for two 
narrow objects with missing momenta. 

• Naively, MT2< max(mA, mB ) when assumed LSP mass is 
correct. useful to reconstruct both LSP and squark/gluino 
mass. 

the final state†. In this paper, we will concentrate on the case that each mother particle
decays into the same set of daughter particles, since such symmetric decay typically has
higher event rate while showing the non-trivial structure which will be discussed in the
following. Fig. 1 shows an example of such process in which mother superparticles were
pair-produced and each of them decays into one neutralino LSP (χ̃0

1) and some visible
particles. While the invisible part of each decay consists of only one particle (neutralino
LSP), the visible part might contain one or more visible particle(s) in general.

Figure 1: Kinematic situation for mT2 where pmiss
T denotes the total missing transverse

momentum.

With two invisible LSPs in the final state, each LSP momentum can not be determined
although the total missing transverse momentum pmiss

T can be measured experimentally.
Furthermore, the LSP mass might not be known in advance. In such situation, one can
introduce a trial LSP mass mχ, and define the mT2 variable as follows [10, 11]:

mT2(p
vis(1)
T , m(1)

vis, p
vis(2)
T , m(2)

vis, mχ) ≡ min
{pχ(1)

T +p
χ(2)
T =−p

vis(1)
T −p

vis(2)
T }

[

max{m(1)
T , m(2)

T }
]

, (5)

where the minimization is performed over trial LSP momenta p
χ(i)
T constrained as

p
χ(1)
T + p

χ(2)
T = pmiss

T ,

†In Ref.[11], mT2 has been further generalized to the case involving more missing particles than two.

3
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2) Handling ISR 

• ISR could be a problem of the event reconstruction 
(especially for three body decay 

wISR /no hard ISR  =1.4 for gluino pair 
                               0.8 for squark pair 

 

Soft ISR we 
naively expect

g̃ → q̃∗q → qq̄χ̃0
1

pp→ g̃g̃

ISR is not 
soft!   

MT2 calculated from 4 highest 
pT jets(η<2.5 pT> 50Gev )  Madgraph/pythia

Events with 
hard ISR 

events without 
ISR 

Alwall, Hiramatsu, Nojiri, Shimizu (2009) 

PT order of ISR jet 

1  2  3  4  5
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A protocol to remove ISR 
contamination in SUSY reconstruction

• Try all possible combination to 
take 2 pair of jets among 5 
jets=assume one of the five jet is 
ISR. (generalization will be 
discussed later) 

• MT2min=mini=1~5 MT2(i) 

• MT2(i) is the MT2 after removing 
i-th jet  

• ISR tail disappear significantly 

jet level 

675.4  +/- 6.4 (imin. ge.3 ) 
672.7+/- 3.5 (for all) 

Alwall, Hiramatsu, Nojiri, Shimizu (2009) 

g̃ → q̃∗q → qq̄χ̃0
1

pp→ g̃g̃
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3) Handling (mis-)grouping 
• We need to split visible objects into two to define MT2

• Definition

• Hemisphere method: Take the two highest PT jets  and  
merge softer jets to them using certain measure.  (Moortgat 
→application to MT2 Nojiri, Shimizu, Okada,Kawagoe, 
2008)  

• MTGEN :Look for the combination of visible objects that 
minimize MT2. Just try Σm nCm combinations and take 
minimum! 

• Task: select the combination that satisfy  MT2< M(parent)   but 
end point is still visible. 
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2

2

2

2

Comparison(parton level) at 14 TeV(Nojiri, Sakurai  to appear) 
  

MTGEN 

MTGEN kills event 
 MT2~max(msq,mgl)

Some tail is obserbed 
with  heremisphere but 

events near the end 
point are preserved

テキスト

hemisphere
+MT2 
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4) Handling mixed production
(Nojiri Sakurai, appear soon ) 

• squark-gluino production is more than 40% of total production cross section 

• removing a correct jet from sq-glsystem  lead gl-gl system.   ex.  MT2sub = 
MT2(1)  proposed for mgl<<msq case.

• Fror glgl,  MT2(min) =min_i  (MT2(i)) is good for   gluino mass reconstruction. 

• endpoint of  MT2min = mgl? Need attention to decay pattern. 

gluino
squark 

LPS

leading  jet 

gluino
squark 

LPS

three body 
decay   

smaller 
BR(sq→χ)
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msq<mgl mgl<msq mgl<<msq

MT2 ISR ISR ~msq

MTmin(sq gl) msq(for i≧3) msq(for i≧3) mgl

MTmin(gl gl) mgl(for i≧3) mgl mgl

for msq<mgl, jet from squark 
decay is very high pT. The 1st 

and 2nd jet is not ISR 

some squark still directly decay
 into inos. by selecting event with two high pT 

jets. we may  recover squark mass scale  

ISR is less 
important 

When we see significant 2 jet+ 
 ETmiss events modifiy 

MT2min=min(MT2(3),MT2(4)....
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MT2(min) for mixed case 
(14TeV, 60000 events) 

MT2 MT2(min)

MT2 is more affected by ISR  
gluino mass ~ MT2(min) end point. 

Total SUSY cross section ⇄squark mass scale. 

1
3

5

1
3

4

5
mgl=

612~652 GeV 
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at 7TeV and 1fb-1

point 3 

★★

★

★      True  squark/gluino mass 

★★

mul=735GeV
mgl=636 Gev 

MT2min 
MT2min (for i≧3) 

n100≧1 n50≧4 

n200≧2 

mul=520GeV mgl=610GeV

mass difference 
is rather difficult to 

see here 

★
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mgl=558GeV mul=825 GeV

★★★★

with x10 statistics 7TeV  1fb-1

MT2

MT2min

MT2min

MT2 

using global shape probably more useful. 
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 MCT2 and sq→ gl+j reconstruction
(Wong-Sang Cho, Nojiri, appear soon) 

• MCT2 not Lorentz invariant but end point 
invariant under contra-boost

• Large enhancement near the MCT2 end point 

•  It is  useful to see the hidden decay patterns. 
example : extraction of jet from gluino squark 
decay. 
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Figure 13: Estimated 95% C.L. exclusion limits for the all-hadronic SUSY search, expressed in mSUGRA param-

eter space.
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Figure 14: Estimated 95% C.L. exclusion limits for the like-sign dilepton SUSY search, expressed in mSUGRA

parameter space. The expected standard model background at 100 pb−1 (1 fb−1) is 0.4 (4.0) events; we have

assumed an observed yield of 1 event (4 events) for the purpose of setting these exclusion limits.
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Figure 13: Estimated 95% C.L. exclusion limits for the all-hadronic SUSY search, expressed in mSUGRA param-

eter space.

Lepton mode

• Experimental reach based on leptons 
are not impressive compared with jets. 

• We  may focus on the models with large 
lepton branching ratio  (looking for a 
key under the... ) 

• model  with m1,m2<<m3 ex. first two 
generation as NG boson. 
(arXiv1004.4164[hep-ph], Mandal,Nojiri, 
Sudano, Yanagida )

• the large third generation scalar 
mass⇄less constraint from B decay, higgs 

mass,...

• DM constraint ⇄Higgs mass at GUT scale.

• Three DM consistent solution 

charged LSP 

b→
sγ

Higgs mass 

D
M

 s
ea

rc
h

m1 =0 M1/2=300 GeV 

ẽL

ẽR

µ
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Figure 3: Spectrum for comparison point (CP), in GeV.
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Figure 4: Spectrum for benchmark point 1 (BP 1), in GeV.
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• non-universal heavy third 
generation → no tau, no (^^)b

• non-universal Higgs mass at GUT 
scale →radiative correction to 
SUGRA slepton mass relation . 
Three DM acceptable scenario: 
small μ or co-annihilaiton with 

• slepton interaction: measured 
from m(jl) charge asymmetry Ac.  
(Barr, Goto Nojiri ) 

signature m1=m2~0 << m3
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Figure 9: BP 1 invariant mass distributions and endpoint fits. Upper left, mll; upper right,
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mjl+(hard) −mjl−(hard).
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ẽL/ẽR

Model point Ac,soft Ac,hard

BP 1 −0.11± 0.02 0.25± 0.02
BP 2 −0.04± 0.02 0.11± 0.02
BP 3 −0.01± 0.01 0.04± 0.01
CP 0.04± 0.04 −0.14± 0.06

Table 4: Lepton charge asymmetries for each model point.

This gives us four quantities Nsoft(l±) and Nhard(l±). Finally, we define the charge

asymmetry as

Ac ≡
N(l+)−N(l−)

N(l+) +N(l−)
. (18)

The soft and hard lepton charge asymmetries, Ac,soft and Ac,hard, are shown for each of the

model points in Table 4. We see that |Ac,soft| < |Ac,hard|, since more of the soft leptons are

from slepton decay.

4.3 Model point identification

Using the results from the reconstruction procedures above, we describe how to identify the

different model points from the data. We will assume universal gaugino soft masses at high

scale, such that M3 : M2 : M1 ≈ 6 : 2 : 1 at low scale [25].

BP 1

The single edge of the mjl(hi) distribution suggests that this is from the near lepton. The

large χ̃0
2-χ̃

0
1 mass splitting and non-observation of higher mll edges from χ̃0

4 and χ̃±
2 decays

indicate that µ > M2 −M1, so χ̃0
2 is gaugino-dominated and the decay chains are primarily

from left squarks. Combined with the large positive charge asymmetry, this suggests that

the slepton for this edge is l̃L. Following the mSUGRA mass relations [25], the large χ̃0
2-l̃L

splitting is inconsistent with mSUGRA assumptions; on the other hand, the l̃L-χ̃0
1 splitting

is small enough to give the right dark matter relic abundance. Then, we can infer that l̃R

is heavier than l̃L. Along with the lack of b- and τ -jets, an upper branch point in the NG

hypothesis is a plausible candidate.

19
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Summary 

• Event has structures, and kinematical variables 
will help you to access it to reveal particles 
natures behind. 

• invariant mass

• missing momentum 

• MT2 and MCT2 and that of subsystems 
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