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•  SUSY  has  st$ong  motivations  as  a  BSM  theorB  which  seeks  to  exGlain  the  
shorHcomings  in  the  SM  

•  It  is  able  to  provide  an  exGlanation  for  fine  tKning,  dark  maMer  through  the  
LSP,  unification  of  gauge  coupling    

•  Thus  searching  for  it  is  a  major  objective  of  the  LHC  exGeriments  

Ø SuperGarH>er  for  everB  
SM  parHicle  

Ø Spin  differs  by  one  half  
Ø SUSY  parHicles  produced/

annihilated  in  pairs  
Ø LSP  is  stable  in  R  paritB  

conserSing  models  
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Ø ImporHant  to  keep  a  wide  range  of  searches  on-‐going  –  you  
never  know  where  you  will  find  the  first  sig>s  for  New  Physics!  

Ø Go  aster  direct  stop/sboMom  but  also  go  aster  high  jet  
multiplicities,  chargino/neut$alinos/sleptons  etc  

Ø I  will  present  4  analyses  across  the  laMer  areas,  all  are  with  the  
fKll  2012  8  Tev  LHC  dataset  

Ø InterGretation  with  Simplified  Model  Spect$a  –  masses  of  
primarB  parHicles  and  LSP  are  ^ee  parameters  
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Summary of CMS SUSY Results* in SMS framework

CMS Preliminary

m(mother)-m(LSP)=200 GeV m(LSP)=0 GeV
SUSY 2013

 = 7 TeVs

 = 8 TeVs

lspm⋅-(1-x)motherm⋅ = xintermediatem
For decays with intermediate mass,

Only a selection of available mass limits
*Observed limits, theory uncertainties not included

Probe *up to* the quoted mass limit
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•  As  inclusive  as  possible  by  placing  no  
requirements  on  b-‐jets  or  leptons  

•  36  exclusive  sig>al  regions,  divided  using  
Njets,  MHT,  and  HT  –independent  –  
combine  for  statistical  power  
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Ø  Similar  cont$ol  sample  selection  as  e/μ  method  –  

but  muon  is  replaced  by  an  exGected  τ  jet  response  

  
Ø  Occurs  when  the  e/μ  are  out  of  acceptance,  not  

isolated,  not  reconst$Kcted  
Ø  Cont$ol  sample  consisting  of  a  single  isolated  

muon  is  weighted  according  to  e/μ  
reconst$Kction  and  isolation  efficiencies  to  
predict  the  backg$ound  in  search  regions.  
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•  Backg$ounds  are  estimated  using  data-‐driven  techniques  

tt̄/W + jets(e/µ+ ⌫)

tt̄/W + jets(⌧had + ⌫)

Dominant  Systematics:  
Ø  Statistics  of  cont$ol  sample  
Ø  Efficiency  difference  betjeen  data  and  MC  
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Ø  From  leptonic  decays  of  heavy-‐flavour  hadrons,  jet  
energB  mis-‐measurement  

Ø    Events  in  data  are  re-‐balanced  such  that  they  have  
no  missing  t$ansverse  momentKm  –  then  they  are  
smeared  with  jet  –  response  fKnctions    

  
Ø  Ir$educible  backg$ound  that  results  in  real  

Missing  EnergB  
Ø  Use  Photon  +  Jets  cont$ols  sample  to  exH$act  

cross-‐section  ratio  in  MC,  then  apply  to  data.  
Ø  Accuracy  of  MC  ratio  is  verified  with  Z-‐dilepton  

data  and  MC  
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•  Backg$ounds  are  estimated  using  data-‐driven  techniques  

Ø  Systematic:  Theoretical  er$or  on  cross-‐section  ratio  
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•  INTERPRETATION  

No  sig>ificant  excess  

80 6 Results and Interpretation
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Figure 49: Feynman diagram of simplified models considered in this search: (a-c) gluino pair
production with different decay modes; and (d) squark pair production with eq ! q + LSP.

• For T1tttt, the presence of decay products of four top quarks in final state results in a1163

large number of jets. The search bins with 3Njets 5 are not expected to contribute1164

to the sensitivity of this final state. The asymptotic exclusion curves for all the bins1165

are shown in Figures 59, 60 and 61 for three exclusive jet multiplicity bins used in1166

the analysis. As expected, bins with 3Njets 5 can safely be dropped.1167

• The asymptotic exclusion curves for all the bins are shown in Figures 62, Figures 631168

and Figures 64 for three exclusive jet multiplicity bins used in the analysis.1169

The cross-section upper limits for T2qq, T1qqqq, T5VV and T1tttt are shown in Figure 50, com-1170

bining results from all the 36 search regions. These upper limits are obtained using asymptotic1171

CLs method for now (except for T2qq which is done with full toys).1172
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•  2  opposite  sig>  dileptons  (muon,  
elect$ons)  with  b-‐tagged  jets    

•  Uses  combination  of  
discriminating  variables  to  
assess  sensitivitB  to  T1MM.  
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Ø  Sig>al  Region,  SR,  defined  on  previous  page,  Cont$ol  Region,  CR,  defined  by  inverHing  one  of  
the  tjo  leading  jet  eta  cuts  

Ø  CR  is  dominated  by  SM  processes  
Ø  ExH$apolation  factor  in  bins  of  MET,  for  a  given  b  jet  multiplicitB  
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Ø  This  analysis  benefits  ^om  a  verB  clear  SUSY  sig>atKre,  and  small  SM  backg$ounds,  (Mbar  +  
V,  VV)  

Ø  54  bins  in  HT,  MET,  #b-‐tags,  and  Njets    to  be  sensitive  to  a  range  of  scenarios    
Ø  Only  elect$ons  and  muons,  not  taus  are  selected  
Ø  Third  lepton  rejected  if  pair  falls  into  the  Z  mass  window    

12	  

4 4 Backgrounds

Table 3: Definition of the signal regions for the high-pT analysis. The low-pT analysis employs
a tighter requirement HT > 250 GeV and uses the same numbering scheme where the first
number in the name represents the requirement on the number of b-tagged jets for that search
region, i.e. SR01, SR11, SR21 correspond to SRs with Nb�jets 0, 1 � 2 respectively.

Nb�jets Emiss
T ( GeV) Njets HT 2 [200, 400] ( GeV) HT > 400 ( GeV)

= 0
50-120 2-3 SR01 SR02

� 4 SR03 SR04

> 120 2-3 SR05 SR06
� 4 SR07 SR08

= 1
50-120 2-3 SR11 SR12

� 4 SR13 SR14

> 120 2-3 SR15 SR16
� 4 SR17 SR18

� 2
50-120 2-3 SR21 SR22

� 4 SR23 SR24

> 120 2-3 SR25 SR26
� 4 SR27 SR28

signal regions, named as SStop1, SStop2, SStop1++ and SStop2++, where ”++” refers to the
selection of only positively charged dilepton pairs.

Table 4: Signal regions (SR) that are used for the search of same-sign top production and RPV
SUSY processes.

Njets Nb�jets Emiss
T ( GeV) HT ( GeV) charge SR

� 2 � 0 > 0 > 500 ++/– – RPV0
� 2 � 2 > 0 > 500 ++/– – RPV2
� 2 = 1 > 30 > 80 ++/– – SStop1
� 2 = 1 > 30 > 80 ++ only SStop1++
� 2 � 2 > 30 > 80 ++/– – SStop2
� 2 � 2 > 30 > 80 ++ only SStop2++

4 Backgrounds

There are three main sources of SM background in this analysis:

• “Non-Prompt leptons”, i.e., leptons from heavy-flavour decay, misidentified hadrons,
muons from light-meson decay in flight, or electrons from unidentified photon con-
versions. These are estimated from a sample of events with at least one lepton that
passes a loose selection but fails the full set of tight identification and isolation re-
quirements. The background estimation uses the “tight-to-loose” ratio, i.e., the prob-
ability for a loosely identified non-prompt lepton to also pass the full set of require-
ments. Various definitions of the loose lepton selection were studied in detail, and a
combination of relaxed isolation requirement as well as the relaxed identification re-
quirements were used. These probabilities are measured in control samples of QCD
multi-jet events that are enriched by non-prompt leptons as a function of lepton and
event kinematics.



Same-Sign Dilepton – background (SUS-13-013) 
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•  Non-‐prompt  leptons  

•  Rare  SM  processes  

Ø  From  heavy  flavour  decay,  elect$ons  ^om  photon  conversion  etc  
Ø  Estimated  ^om  DATA  using  a  sample  that  passes  a  loose  

selection,  but  fails  tight  selection  –  then  use  ratio  tight-‐to-‐loose  

Ø  MW,  MZ,  WW,  ZZ    
Ø  Estimated  using  MC,  but  cor$ected  for  data/MC  differences  

found  in  object  selection  efficiencies  

•  Charge  Mis-‐ID  
Ø  Events  with  opposite-‐sig>  leptons  with  the  charge  mis-‐

reconst$Kcted  
Ø  Estimated  by  selecting  opposite  ee  or  e  –mu  events  passing  fKll  

kinematic  selection  –  then  weighted  by  probabilitB  of  elect$on  
charge  mis-‐assig>ment    
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Same-Sign Dilepton – Interpretation (SUS-13-013) 

S.Paramesvaran	  (University	  of	  Bristol,	  UK) 	  Inclusive	  searches	  for	  SUSY	  @	  CMS 	  PASCOS	  2013,	  Taipei	   14	  
 (GeV)gluinom

400 500 600 700 800 900 1000 1100

 (G
eV

)
LS

P
m

0

200

400

600

800

1000

10

210

310
 = 8 TeVs, -1CMS Preliminary, 19.5 fb

  NLO+NLL exclusion
1
0χ∼ t t → g~, g~ g~ →pp 

theoryσ 1 ±Observed 
experimentσ 1 ±Expected 

95
%

 C
.L

. u
pp

er
 li

m
it 

on
 c

ro
ss

 s
ec

tio
n 

(fb
)

 (GeV)gluinom
400 500 600 700 800 900 1000

 (G
eV

)
LS

P
m

0

200

400

600

800

1000

10

210

310
 = 8 TeVs, -1CMS Preliminary, 19.5 fb

  NLO+NLL exclusion
1
0χ∼'Wq q→ g~, g~ g~ →pp 

 g~ + 0.5m0
1
χ∼

 = 0.5m±

1
χ∼

m

theoryσ 1 ±Observed 
experimentσ 1 ±Expected 

95
%

 C
.L

. u
pp

er
 li

m
it 

on
 c

ro
ss

 s
ec

tio
n 

(fb
)



T1tttt summary plot!
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Ø  What  are  we  looking  for?  

Search for Charginos, Neutralinos (SUS-13-006) 
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Ø  Select  elect$ons,  muons  and  hadronically  –decaying  taus  (one  tau  at  most)  
Ø  Principal  backg$ounds  ^om  WZ  production,  M  with  a  misidentified  “non-‐

prompt”  lepton  
Ø  Events  are  split  into  sig>al  regions    according  to  Mll,  MET  and  MT  

Ø  Three  lepton  search  

16	  



Search for Charginos, Neutralinos (SUS-13-006) 
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Ø  MC  MET  dist$ibution  is  cor$ected  by  the  
data  
Ø  MET  dist$ibution  split  into  regions  

of  HT  and  Number  of  
reconst$Kcted  verHices,  as  both  of  
these  deg$ade  the  MET  resolution  

Ø  Mag>itKde  of  the  cor$ection  varies  
^om  a  few  per  cent  to  30%.  

•  Backg$ounds:  WZ  production  

•  Fake  and  non-‐prompt  leptons  

Ø  ProbabilitB  .for  a  non-‐prompt  lepton  to  
satisfB  isolation  requirement  is  measured  
in  QCD-‐enriched  data  sample  

Ø  This  is  then  applied  to  a  three-‐lepton  
sample  with  one  of  the  leptons’  isolation  
requirement  inverHed  
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Backg$ounds  are  consistent  with  obserSations  
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Search for Charginos, Neutralinos (SUS-13-006) 
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Summary of multi-lepton !
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Summary!
•  The  search  for  New  Physics  remains  a  key  motivation  of  the  

LHC  exGeriments  

•  CMS  has  a  broad  ar$ay  of  searches,  probing  vast  areas  of  
parameter  space  

•  No  sig>ificant  SUSY  sig>al  has  been  obserSed…  

•  A  small  ^action  of  the  analyses  has  been  presented,  please  see  
– hMGs://tjiki.cer>.ch/tjiki/bin/view/CMSPublic/PhysicsResultsSUS  

•  See  also  DarBl  Hare’s  talk  here  for  CMS  results  on  third  
generation  SUSY  searches  
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Back-Up!
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CMS Detector!
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