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Introduction

• SUSY mass spectrum depends on SUSY breaking 
mechanism.
•Mirage mediation predicts degenerate mass 

spectrum compared to mSUGRA.
• But missing ET, Meff distributions may look similar in 

both models. (Okada-san’s talk)
•We will consider whether such a degenerate mass 

spectrum is distinguishable from mSUGRA at LHC.
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Mirage Mediation
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SUSY breaking: Modulus(M0) + Anomaly(m3/2/(４π^2))
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We  will take ai = ci = 1



Mirage unification
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SUSY breaking masses are unified at the mirage scale

When α is large, the mirage scale becomes low and the 
SUSY spectrum becomes degenerate.
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Mirage vs mSUGRA
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R=20 point A

# of evt/10fb-1 87.66 events 88.28 events

Point A:
m0=1475 m1/2=561.20,  A0=0, tan!=10, sgn(µ)=+

R=20;Pcm=656.6±8.9GeV
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MissingET : ! Ldt=10fb-1 Effective Mass : ! Ldt=10fb-1

As an example, we find the pointA which 
almost correspond to the event number 
of R=20 at 10fb-1 by changing the squark mass.

ーpointA (mSUGRA)ーR=20 (KKLT) 

By changing the squark mass for mSUGRA, we can match 
the event number and the event distributions with KKLT !!

The shape of each distribution is similar.
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Okada-san’s talk

Meff ≡

leading−4jets∑

i=1,..,4

PT +

leptons∑
PT + "ET

mSUGRA
m0 = 1475,m1/2 = 561, A0 = 0, tanβ = 10

KKLT
R = 20,m3(MGUT) = 650, tanβ = 10

(α = 0.61,M0 = 802)

R=20 point A

# of evt/10fb-1 87.66 events 88.28 events

Point A:
m0=1475 m1/2=561.20,  A0=0, tan!=10, sgn(µ)=+

R=20;Pcm=656.6±8.9GeV
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MissingET : ! Ldt=10fb-1 Effective Mass : ! Ldt=10fb-1

As an example, we find the pointA which 
almost correspond to the event number 
of R=20 at 10fb-1 by changing the squark mass.

ーpointA (mSUGRA)ーR=20 (KKLT) 

By changing the squark mass for mSUGRA, we can match 
the event number and the event distributions with KKLT !!

The shape of each distribution is similar.
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Looks very similar.



Masses and branching ratios
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q̃R 1415 q̃R χ
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0
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g̃ > q̃L > q̃R > t̃1 q̃L > q̃R > g̃ > t̃1



MC simulation
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ISAJET.V7.75+Herwig + Acerdet

I will consider signals only. (No BG analysis)

Standard CUT (to reduce SM background)

PT >100 GeV 1st jets, others 50 GeV, |η|<3.
PT>20 GeV, |η|<3, isolated leptons.
Missing ET> max(0.2*Meff, 100 GeV)
Meff>400 GeV
ST>0.2



Jets distributions
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There are more high PT jets in mSUGRA because squark → 
gluino is allowed.

# of jets  with PT>100 # of jets  with PT>200

Mirage

SUGRA

Mirage

SUGRA



Meff distributions
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We modify the definition of Meff  due to many high PT jets.

Meff ≡

leading−4jets∑

i=1,..,4

PT +

leptons∑
PT + "ET

Mirage

SUGRA

M
′

eff ≡

PT >50∑

i=1,..,

PT +

leptons∑
PT + "ET

Mirage

SUGRA



Squark MT2 
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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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q̃R q̃R → q χ
0

1 q χ
0

1

Barr, Lester, Stephens, ‘03

MT2 is useful to determine the masses.

→Yeong Gyun’s talk
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Trial LSP momenta

For true LSP mass, the endpoint of MT2 gives the squark mass.

m
math
T2 (χ0

1) = mq̃
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Mirage mSUGRA

The LSP mass is fixed as nominal value.

q̃R q̃R → q χ
0

1 q χ
0

1
q̃R q̃R → q g̃ q g̃

Clear end point ~mqR=1415



Kink in MT2 distribution
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Cho, Choi, Kim, Park ‘07
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Gluino MT2 (→Yeong Gyun’s talk)

p p → g̃ g̃ → qqχ
0

1 qqχ
0

1

MT2 distribution has a kink at true LSP mass.

Recently, it is shown that the kink 
structure appears more complicated  
process.

Gripaios, ‘07
Bar, Gripaios, Lester, ‘07
Cho, Choi, Kim, Park ‘07

We will try to use this kink method   for 
inclusive  processes.

p p → g̃ g̃, g̃ q̃, q̃ q̃ → jetsχ
0

1 jetsχ
0

1



Hemisphere analysis
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We separate two jet system  originating from two parent 
particles (gluino, squark) by hemisphere analysis.

(1). Each hemisphere is defined by axises Pi (i=1,2)
which is the sum of objects PT> 50(Jets), 10
(Lepton/photon)

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.

2

(2).High PT objects k belonging to hemisphere i 
satisfies

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

d(pk, Pi) = (Ei − |Pi| cos θik)
Ei

(Ei + Ek)2



Invariant mass of hemisphere jets
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SUGRA

Mirage

Max(  invariant masses of  two 
hemispheres)

The mSUGRA predicts a lager 
value.

q̃L → g̃ → χ
±
2



MT2 distribution
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End point is not so clear: inclusive analysis, 
mis-id of hemisphere, ...

Mirage trial LSP mass =30 GeV



Kink in MT2 distribution
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Consider difference of MT2 distributions of different trial LSP mass.
Right edge corresponds to Kink in MT2 distribution.
→　True squark/gluino mass

Mirage mSUGRA

MT2~min[Max(MT(i))]→sensitive to heavier parents mass.
We can see a heavier edge in mSUGRA.

g̃q̃R q̃Rg̃



χ２ fitting
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Fit the difference with step function.

χ
2(n) =

n∑

i=1

(∆i − a)2

xi

+
N∑

i=n+1

∆2
i

xi

N: Total  bin, xi: Number of MT2 for trial LSP,
yi: Number of MT2 for different LSP,  Δi=yi-xi
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Summary
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•We investigate whether we can discriminate SUSY 
with degenerate mass (mirage mediation) and 
mSUGRA.
• It may be possible to discriminate two models by 

inclusive analysis. (Jet, modified Meff, MT2 
distributions)
•We also see the kink structure in the MT2 

distribution, but it is not so clear.
• From the kink, we can guess the squark mass.


