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1. Example SUSY spectrum

30 

Compresses gauginos with diverse decay modes and cascades.  Leptonic 
searches will be useful.   

Example stop decay 

Take an example of a not so heavy t̃ decay:

Get final states: tH, tZ, bW,
bWZ, bWH, tHZ ...

⇓
n1` + n2j + n3b

often get one analysis per (n1, n2, n3) combination!

2. An experimental measurement

Simplified model spectrum:

Experimental signatures:
Full SUSY spectrum

decompose by decays

decompose by

final states

combine together for

the full sensitivity

e.g. t̃1 →tχ̃0
1

e.g. t̃1 →bWχ̃0
1

full hadronic

single lepton + jets

2 OS leptons + jets

3. Overwhelmed with SMS (simplified model spectra)

Decay modes for the 3rd generation squarks:

→ LSP
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8. Results: Sensitivity for various B(̃t2)
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ℬ(t̃2 → t̃1Z)=100%

ℬ(t̃2 → t̃1Z)=50%

ℬ(t̃2 → t̃1Z)=0%

CMS              √s = 8 TeV, ∫ ℒdt = 19.5 fb
−1

I exploit cascade decays in a difficult place of
a phase-space: mt̃ ≈ mt + mχ̃0
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SUMMARY 

!  Performed a search for stop pair production 
targeting cascade decays from stop2 to stop1 

!  Decay signatures:   
 ttbar + Higgs or Z bosons  

!  Focus on challenging gap region    
around mtop  

!  Combine three approved analyses 

!  SUS-13-008: ≥ 3�  
!  with 2 new bkg. samples 

!  SUS-13-013: 2 SS �  
!  with extra lepton veto 

!  SUS-13-021: 1� and 2 OS �  
!  Probe ~ m(stop1) < 400 GeV for             

         m(stop2) < 575 GeV 

!  Seeking approval of results for publication 
!  Additional material for approval in following 

slides 
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Improve sensitivity by
combining all channels:
important for modes
with H boson
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4. Working example: t̃2 decays
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SUS-13-021

1 ` or 2 opposite-sign `

& 3-4 b jets

target H→ bb

SUS-13-013
2 same-sign `

& 1-2. . . b jets

target H→ · · · → `

SUS-13-008
3 or more `

& 1-2-3. . . b jets

target H/Z→ · · · → `

5. Why need to split: Backgrounds

1 ` or 2 opposite-sign `

!  Dominant background is tt typically with additional jets 

!  Background from ‘rare’ SM processes such as tt+W/Z/H, tW also contribute 

1� / 2 OS � BACKGROUNDS 
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Additional sources of b-jets mostly mistags and g�bbar  
� estimate from simulation, normalized to data in ‘sideband’ control 

samples, validate prediction in data control samples 
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charm-jet 
or τ�jet 

!  Dominant background is tt typically with additional jets 

!  Background from ‘rare’ SM processes such as tt+W/Z/H, tW also contribute 

1� / 2 OS � BACKGROUNDS 
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Additional sources of b-jets mostly mistags and g�bbar  
� estimate from simulation, normalized to data in ‘sideband’ control 

samples, validate prediction in data control samples 

P1

P2

t̄

t

W�

W+

l

⌫

b̄

b

⌫

l

1

e/� 

ET
miss 

g

g

1

g

e/�  
or jets 

b-jet 

P1

P2

t̄

t

W�

W+

l

⌫

b̄

b

⌫

l

1

e/� 

ET
miss 

g

g

1

g

Mistag e.g. 
charm-jet 
or τ�jet 

Dominant background is tt typically with additional jets

Additional sources of b-jets mostly mistags and g→ bb:
I estimate from simulation
I normalize to data in ‘sideband’ control samples
I validate prediction in data control samples
1ℓ analysis                           CMS √s = 8 TeV, ∫ ℒdt = 19.5 fb−1
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2 same-sign ` or 3 and more `

≥3� BACKGROUNDS 

!  Signals with multiple W/Z bosons can have multiple leptons ≥ 3�  
  � low branching fractions but low backgrounds  

  

Dominant background typically tt 
 
 
 
 
 
 

!  EW backgrounds suppressed with b-tagging: dibosons + jets 
!  Background from ‘rare’ SM processes such as tt+W/Z/H can be important     
� derived from MC (for all channels)  
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Additional “fake” lepton 
mostly from b-decays 

� estimate from rate of leptons 
from bs to satisfy isolation and 

ID requirements 
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Dominant background is tt with non-prompt `

Additional “fake” lepton mostly from b-decays:
I measure a rate of ` from b to pass isolation and

ID requirements in data bb sample
I apply it to a dedicated control sample in data
3 ℓ off-Z events                                           CMS  √s = 8 TeV, ∫ ℒdt = 19.5 fb

−1
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6. Results: ttHH final state
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1` & 2OS` 2SS` ≥ 3` Off-Z

I Signature: large hadronic activity,
moderate Emiss

T , high b-jet multiplicity
I Signal regions used in limits: 1` /

2OS` / 2SS`/ Off-Z for 3` (few real Zs)
I 3` most sensitive: combining with 1` /

2OS` / 2SS` improves reach by 20%
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7. Results: ttZZ final state
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2SS` ≥ 3` On-Z ≥ 3` Off-Z

I Signature: large hadronic activity,
moderate Emiss

T , low b-jet multiplicity,
can have high ` multiplicity

I Signal regions used in limits: On-Z
and Off-Z for 3`

I On-Z and Off-Z search regions have
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9. Conclusions

I breakdown of the signatures to building blocks and then bringing them
together guarantees the full view of the picture and provides the best
sensitivity for the new physics searches

I in case of discovery such procedure is a vital component for understanding a
nature of a new process

https://twiki.cern.ch/twiki/bin/viewauth/CMSPublic/PhysicsResultsSUS13024 cms-pag-conveners-susy@cern.ch

http://cds.cern.ch/record/1547560
http://link.springer.com/article/10.1007%2FJHEP01%282014%29163
http://arxiv.org/abs/1311.6736
http://cds.cern.ch/record/1631338
http://arxiv.org/abs/1405.3886

