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7 TeV LHC

Explore previously inaccessible phase space  è 
unlocked with 7 TeV and 8 TeV pp  collisions at the LHC 

Look for deviations from Standard Model expectations  
è can make inferences about SUSY and other BSM physics   
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7 TeV LHC

SUSY in the phase space of observables  
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7 TeV LHC

n   Heavy sparticles  decaying 
to SM particles è              
large visible momenta 

n   R-parity conservation è         
large missing momenta 

n  Resonances, 
kinematic edges, 
mass sensitive 
variablesÉ  

n  Cascading 
decays 
through 
SUSY and SM 
spectrum 
can lead to 
high object 
multiplicities  

n  Production of 3 rd  generation 
super-partners can result in 
final states with tops and b-jets 

n   Sparticles  decaying to          
W/Z/ �
 /leptons 

https:// twiki.cern.ch / twiki /bin/view/ CMSPublic / PhysicsResultsSUS 
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Observational  
  phase-space ‘Model’ 

  space 
? 

n  Constrained models ( cMSSM, GGM) are ÔcompleteÕ with interesting 
signatures and predictions BUT do they cover all possible NP ÔmodelÕ 
space?  Can results interpretations be generalized to other NP models? 

n   With simplified model space (SMS) we can interpret results directly on 
simplified sparticle  spectra for specific topologies of interest  Ð building 
blocks that can be used to generalize to a more complete ÔmodelÕ-space 

How can we interpret our experimental 
observations in terms of NP models? 
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Simplified sparticle  spectrum 
with only squarks and LSPÕs 

Only one production 
mechanism Ð di- squarks 

Only one decay:  

CMS-SUS-12-005 

Results in events with jets and MET 

Different sparticle  masses can result in 
very different kinematic behavior è 
can probe a range of phase-space with 
one simplified topology ! 

cross section upper limits determined 
as a function of sparticle  masses  

theoretical x-sections can be used to 
interpret exclusions in mass-space  

CMS Simulation
!
s = 7 TeV
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            Leviathan of gluino decays 

Instead of assuming the couplings/BRÕs from a particular model,    
we can consider final-state SMS possibilities separately  
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            Jets + MET final states 
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See talk by S. Sharma for more details about hadronic  final state analyses  

 [GeV]g~m
400 600 800 1000 1200

 [G
eV

]
0 !"

 m

200

400

600

800

1000

1200
)g~)>>m(q~; m(0

!" qq#g~, g~g~#pp

CMS Preliminary
 = 7 TeVs, -14.98 fb

THJets+

)g~)>>m(q~; m(0
!" qq#g~, g~g~#pp

 [GeV]q~m
400 600 800 1000 1200

 [G
eV

]
0 !"

 m

200

400

600

800

1000

1200

 9
5%

 C
L 

O
bs

er
ve

d 
Li

m
it 

[p
b]

-310

-210

-110

1

10
)q~)>>m(g~; m(0

!" q#q~, q~q~#pp )q~)>>m(g~; m(0
!" q#q~, q~q~#pp

NLO-QCD$%=1/3prod$
NLO-QCD$=prod$

NLO-QCD$%=3prod$

C
M

S
-S

U
S

-1
2-

01
1 

C
M

S
-S

U
S

-1
2-

00
2 

HT /H T/ based HT /MT 2 based

 

n  In CMS, usually multiple analyses searching in a 
given final state 

n  SMSÕs help us understand analysesÕ 
complementarity, redundancy (both important) 
and identify regions of phase space where we 
could improve searches (like compressed spectra) 
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See talk by K. Mazmudar  for more details about single lepton final state analyses  
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n  In CMS, search analyses often have multiple   
signal regions , defined by different kinematic 
requirements 

n  SMSÕs help us understand how these different 
kinematic regions contribute sensitivity to 
different models 
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See talk by A. Cakir  for more details about 3 rd  generation SUSY searches  
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n  In CMS, search analyses often have multiple   
signal regions , defined by different object 
requirements  
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n  SMSÕs help us understand how these different 
object selections contribute sensitivity to different 
models ( here, motivated 3b-tag selection used for 
full 2011 dataset)  
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           Z boson + jets + MET 
n  We also consider SMSÕs with                                    

more than two non-trivial masses in the spectrum 

 

g̃

g̃

See talk by P.  Ruiz del Arbol  for more details about multiple lepton SUSY searches  
gluino mass [GeV]

0 200 400 600 800 1000

 m
as

s 
[G

eV
]

10 χ

200

400

600

800

1000 1 
Z

(ll
))

≥
 (ε ×

A
 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35
0

1
χ Z → 0

2
χ, 0

2
χ 2j+→ g~, g~g~ →pp 

), x = 0.5g~) >> m(q~m(

 > 100 GeVmiss
TE

 2≥ jetsn

 templatesmiss
TE

-1 = 4.98 fb
int

 = 7 TeV,  Ls     CMS,  

gluino mass [GeV]
0 200 400 600 800 1000

 m
as

s 
[G

eV
]

10 χ

200

400

600

800

1000

 [p
b]

σ
95

%
 C

L 
up

pe
r 

lim
it 

on
 

-310

-210

-110

1

10

NLO-QCDσ
NLO-QCDσ ×3 

NLO-QCDσ ×1/3 

0

1
χ Z → 0

2
χ, 0

2
χ 2j+→ g~, g~g~ →pp 

), x = 0.5g~) >> m(q~m(

 2≥ jetsn

 templatesmiss
TE

-1 = 4.98 fb
int

 = 7 TeV,  Ls     CMS,  

 

n  Here, a search requiring a leptonic  Z, jets and MET 
is not only sensitive to gluino and LSP masses, but 
also to the intermediate neutralino  mass 

mass ÷! 0
2 = (1/4)m÷g + (3 /4)m÷χ0

1
(1/ 2)mg̃ + (1/ 2)m!̃ 0

1
(3/4)mg̃ + (1 /4)m!̃ 0

1
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n  SMSÕs also show us that some analyses are 
not sensitive to the masses and details of 
intermediate decay particles   

 

on-shell stops virtual stops 

on-shell sbottoms 

n  Here, a counting experiment in final states 
with same sign di-leptons , MET and b-tags 
is only weakly-dependent on the 
intermediate details of models yielding     
4 W and 4 b-quark final states 
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g̃

g̃

            hadronic  taus+jets+MET 

n  Can interpret search 
in hadronic  tau final 
states in context of 
SMS to the left 

CMS-SUS-12-004 

n  Can use the same analysis and SMS to confront            
Gauge Mediated Symmetry Breaking (GMSB) 
models with stau NLSP and ~keV gravitino :  

n   The existing collection of SMS results covers a 
significant volume of ÔmodelÕ space 

÷χ0
2 ! τ÷τ ! ττ ÷Gwith  



+ 13 

Christopher Rogan - Caltech ICHEP 2012 Ð Melbourne, Australia -  4-11 July 2012 

            di-stop in multiple final states 
n  SMS interpretations donÕt imply that more than one 

experimental final state canÕt be considered 
simultaneously 

n  Here, 0, 1 and 2 lepton final states are combined for 
interpretations in models with SM top quarks coming 
from di-stop production 

with  
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n   Simplified models are used to 
n   interpret search results over a wide range of ÔmodelÕ space Ð 

spanning different couplings , BRÕs and mass spectra 
n   quantify performance of analyses in a systematic way Ð 

identifying complementarities , redundancies  and blind spots 

n   A collection of SMS topologies can be generalized to to other 
theoretical models 
n   SMSÕs cover many models built to solve hierarchy problem Ð                   

discrete symmetries result in pair-produced new particles 
decaying to pairs of weakly interacting particles 

n   SMSÕs provide reference for outside community Ð along with 
model efficiency maps and object response functions, theorists 
can use these results to confront other NP possibilities 

n   Complete description of CMS SMS effort in CMS-PAS-11-016 
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https:// twiki.cern.ch / twiki /bin/view/ CMSPublic / PhysicsResultsSUS 

n   Still no significant deviations from SM expectations observed 
Ð only NULL results 

n   Many more details about CMS SUSY searches contained in 
other dedicated ICHEP talks/posters Ð even more searches 
and SMSÕs available on public twiki : 

n   STAY TUNED as we continue to map out the space of NP 
possibilities using an increasing number of SMSÕs, 7 TeV and 
now 8 TeV LHC pp  collision data 

8 TeV LHC

? 
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BACK-UP SLIDES 
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7 TeV LHC

The Energy Frontier:  

phase space 

cross-
section 

n  Large         introduces the possibility of 
producing heavier sparticles , at 
higher rates 

n  We search in corresponding regions 
of phase space Ð often                      
high mass / transverse momenta 

!
s
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7 TeV LHC

The Intensity Frontier:  
n   Integrated luminosity dictates how 

much phase space we can explore Ð 
trigger-rate limitations lead to 
selected phase-space trade-offs 

7 TeV LHC
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integrated 
luminosity 

10 events 
produced / 5 fb -1 

 7 TeV LHC Phase Space @ 5 fb-1 

10 

100 
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7 TeV LHC

n  Nearby regions of phase space are often necessary to 
contextualize our observations in signal sensitive 
regions Ð sidebands, control regions, É 

n   Many different ways to constrain our SM expectations: 
n   sidebands in kinematic variables 

n   inversion/loosening of object ID requirements 

n   exploiting symmetries of the SM [ex. �
 +jets  è Z+jets ] 

n   control samples of leptons/ b+jets /photons and even 
particular kinematic configurations 

7 TeV LHC

 Searching for deviations  


