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Looking for SUSY 

• Minimal SUSY (MSSM) has O(100) parameters.

• We can study benchmark points in SUSY models with 
fewer parameters, for example MSUGRA, GMSB...
- Benchmark approach is too restrictive.
- What are we missing ?

• Consider more general models.
- e.g.  pMSSM with 19 parameters relevant for collider 
phenomenology, scan parameter space.

• We are focusing on a different approach.
- The qualitative features of the spectrum as defined by the mass 
ordering of the superpartners.

Conley, Gainer, Hewett, Le, Rizzo, 2010
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Different view of  Searches 

100 GeV - 3TeV by ∆M= 100GeV = 30 points

Benchmark points / 
Scanned parameters

Mass spectrum of 
sparticles

Distributions of 
kinematic variables

Hierarchical ordering 
of the sparticles

Number/Type of visible 
particles

9! = 362,880

Quantitative Searches Qualitative Searches 

309 = 19,683,000,000,000
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Our goal

• The parameter scanning is infinite but the total number 
of all hierarchical orderings (permutation) is finite and 
we exhaust all possibilities. Thus it would be good to 
study all permutations first. 

• Our question: What is the list of all possible signatures 
for SUSY and what are the corresponding mass 
hierarchies for each signature ?
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• Mass terms in SUSY

• We consider all possible orderings of susy mass terms at 
the electroweak scale.

• We have nine parameters and total possibilities are 
9! = 362,880 cases. (Third generation left for long paper.) 

Hierarchical ordering of the SUSY particles
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Colored LSP
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Number of hierarchies : 4x8! = 161,280
(candidate for colored LSP : Q,U,D,G) 
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Charged LSP

L Q

B

D

W

H
U

G
MASS

EXXXXXXXX

Number of hierarchies : 8! = 40,320
(candidate for charged LSP : E) 
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Decay Mode
SignalsSignalsSignals

SuppressionDecay Mode
lep vec jet

Suppression

Q→W 0 0 1 None

L

B

D

EH
U

G

MASS

Q WXXXXXXX

• Lightest Colored Particle (LCP)
- Most abundantly produced 
at hadron collider

4x8! = 161,280 

B
H
LNeutral LSP 

(Missing energy)
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MASS

LQ BD WEH U G

Decay Mode
SignalsSignalsSignals

SuppressionDecay Mode
lep vec jet

Suppression

G→W 0 0 2 Offshell

G→L→W 2 0 2 Four-body

G→B→W 0 1 2 Offshell,Mixing

G→B→L→W 2 0 2 Offshell

Neutral LSP: Examples
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Decay Mode
SignalsSignalsSignals

SuppressionDecay Mode
lep vec jet

Suppression

Q→H 0 0 1 Mixing

Q→L→H 2 0 1 Offshell, Mixing

Q→B→H 0 1 1 -

Q→B→L→H 2 0 1 -

Q→W→H 0 1 1 -

Q→W→L→H 2 0 1 -

Q→W→B→H 0 2 1 Mixing

Q→W→B→L→H 2 1 1 Mixing

Neutral LSP: Examples
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• LCP decays : A variation of 
traveling salesman problem. 
- count suppression by multibody 
phase space
- count suppression from neutralino 
mixing angles
- squarkLR and sleptonLR mixing 
angles are negligible.

Traveling Salesman
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• LCP decays : A variation of 
traveling salesman problem. 

• Example : 
G>U>D>E>Q>W>B>L>H

Start

End

Traveling Salesman
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• LCP decays : A variation of 
traveling salesman problem. 

• Example : 
G>U>D>E>Q>W>B>L>H 
1) Q→W→L→H

Start

End

Traveling Salesman
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• LCP decays : A variation of 
traveling salesman problem. 

• Example : 
G>U>D>E>Q>W>B>L>H
1) Q→W→L→H
2) Q→W→H 

Start

End

Traveling Salesman
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• LCP decays : A variation of 
traveling salesman problem. 

• Example : 
G>U>D>E>Q>W>B>L>H
1) Q→W→L→H 
2) Q→W→H 
3) Q→B→L→H

Start

End

Traveling Salesman
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• LCP decays : A variation of 
traveling salesman problem. 

• Example : 
G>U>D>E>Q>W>B>L>H
1) Q→W→L→H 
2) Q→W→H 
3) Q→B→L→H
4) Q→B→H

Start

End

Traveling Salesman
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• Counting all possible dominant LCP decay

Counting signatures

x2= 8 ~ 12
leptons

- Within R-parity conservation, we can have up to 8 leptons from cascade 
decay channel + (Up to 2 more leptons from V) , in total, we can have up to 
12 leptons
- With lepton number violating R-parity violation,  (e.g. LLE) we can have up 
to 16 leptons

17



One 8-lepton hierarchy example

• For the given Q, we scanned 
the W, L, B, E and H mass terms.

Optimistic, optimistic: 
How soon can we get ?
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Study one 8-lepton hierarchy

• Simulation : PYTHIA + PGS

• Count isolated leptons with
PT cut : electron 10 GeV
             muon 3 GeV
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Summary 
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Kate McAlpine

LHC could hit the 
jackpot this year
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The Higgs boson, thought to give all 
other particles mass, tops the Large 
Hadron Collider’s most-wanted list.  
It is unlikely to be seen before 2013 
according to the standard model of 
particle physics, but exotic physics 
could allow it to arrive sooner.

Modifications to the LHC will  
require it to be shut down for all of 
2012. By then it will have enough data 
to see a Higgs with a mass between 
160 and 180 gigaelectronvolts – 
except that results from the Tevatron 
collider in Batavia, Illinois, combined 
with the standard model, have 
already ruled out a Higgs mass  
above about 160 GeV. 

But the LHC could be in luck if 

IS THE HIGGS SET FOR A SURPRISE APPEARANCE?
there are particles and forces outside 
the standard model. Then the Higgs 
could be heavier than 160 GeV and 
emerge in the early data. 

What’s more, if heavy “fourth 
generation” quarks – hints of which 
have shown up at the Tevatron – 
exist, the LHC could detect a Higgs 
with a mass of up to 300 GeV before 
2012 (Physical Review D, DOI: 
10.1103/PhysRevD.76.075016).

The Higgs might also be seen by 
then if it is lighter than 130 GeV. This 
could be the case if another particle 
outside the standard model, the 
Z-prime, exists as some string theory 
models predict (Physical Review D, 
DOI: 10.1103/PhysRevD.78.055002).

–Sparticles must be in there somewhere–

“ Decays that produce 
leptons are prized as they 
leave clear tracks and their 
energies can be measured”

100911_N_p12.indd   12 7/9/10   17:21:5420



Back up
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MSUGRA result
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MSUGRA result

• CMS groups are looking for multi-leptonic channels:
example : LM6 study point
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MSUGRA result

• CMS groups are looking for multi-leptonic channels:
example : LM6 study point
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LCP pair
LCP+others
others

24



H
d

Hu

GQUDWLEBH
GQUDWLEHB
GQUDWLBEH
GQUDWLBHE
GQUDWLHEB
GQUDWLHBE
GQUDWHLEB
GQUDWHLBE
GQUDHWLEB
GQUDHWLBE
GQDUWLEBH
GQDUWLEHB
GQDUWLHEB
GQDUWHLEB
GQDUHWLEB
GQDUHWELB

 0

 20

 40

 60

 80

 100

 0  20  40  60  80  100  120

(m0=85, m1/2=400)

m2
Hu

 = m2
0*(1+ Hu

)

m2
Hd

 = m2
0*(1+ Hd

)

Extension of MSUGRA

GQUDWLBEH

25



Relations between sparticles

• Degree of Suppression for Decaying channels:
- Three body decaying suppression ~ Mixing suppression > Yukawa int.
 eg 1) 

eg 2) 

• If the suppression degrees are same, we take the leptons > Vector > Jet

ML̃ > MW̃ > MB̃
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