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CMS Supersymmetry Searches + 2  CMS SUSY Searches 

Christopher Rogan - Caltech Implications of the LHC Results for TeV-scale Physics – CERN 26-30 March 2012 

7 TeV LHC

Explore previously inaccessible phase space  
! unlocked with 7 TeV pp collisions at the LHC 

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

The Intensity Frontier: 
"   Integrated luminosity dictates how 

much phase space we can explore – 
trigger-rate limitations lead to 
selected phase-space trade-offs 
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7 TeV LHC Phase Space @ 5 fb-1 + 5  7 TeV LHC Phase Space @ 5 fb-1 

Christopher Rogan - Caltech 

7 TeV LHC

SUSY in the phase space of observables 

Implications of the LHC Results for TeV-scale Physics – CERN 26-30 March 2012 

7 TeV LHC

"   Heavy sparticles decaying 
to SM particles !              
large visible momenta 

"   R-parity conservation !         
large missing momenta 

"  Resonances, 
kinematic edges, 
mass sensitive 
variables… 

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

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

"   Sparticles decaying to          
W/Z/�/leptons jdjdjdjd 

Object multiplicity 

kinematic phase-space 
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Searching for general excesses + 10  Searching for general excesses 

Christopher Rogan - Caltech Implications of the LHC Results for TeV-scale Physics – CERN 26-30 March 2012 

7 TeV LHC

"  Nearby regions of phase space are often necessary to 
contextualize our observations in signal sensitive 
regions – sidebands, control regions, … 

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

"   inversion/loosening of object ID requirements 

"   exploiting symmetries of the SM [ex. �+jets ! Z+jets ] 

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

7 TeV LHC
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The view from North Cole 
+ 11  The view from the pole 

Christopher Rogan - Caltech Implications of the LHC Results for TeV-scale Physics – CERN 26-30 March 2012 

mT =

q
2peT p

�
T (1� cos�)

   
 [p

b]
to

t
!

Pr
od

uc
tio

n 
Cr

os
s 

Se
ct

io
n,

   

-110

1

10

210

310

410

510

CMS

W

1j"

2j"

3j"

4j"

Z
1j"

2j"

3j"

4j"

 > 30 GeV jet
TE

 | < 2.4 jet#| 

$W

 > 10 GeV$ 
TE

,l) > 0.7$R(%

$Z

WW
WZ

ZZ

 ZZ&
(127)H

-136 pb -136 pb -11.1 fb -14.7 fb
JHEP10(2011)132

CMS-PAS-EWK-10-012
PLB701(2011)535 CMS-PAS-EWK-11-010 CMS-PAS-HIG-11-025

theory prediction
syst)'CMS measurement (stat

CMS 95%CL limit

) (pb)t(t!

0 50 100 150 200 250 300
-0.5

8.8

Ap
pr

ox
. N

NL
O 

QC
D

NL
O 

QC
D

+jetsµCMS e/   7±  29
36 ± 14 ±173 

arXiv:1106.0902 (L=36/pb)  lum)± syst. ± stat. ±(val 

)µ,eµµCMS dilepton (ee,   7±  14
14 ± 18 ±168 

arXiv:1105.5661 (L=36/pb)  lum)± syst. ± stat. ±(val 

+jets+btagµCMS e/   6±  17
17 ±  9 ±150 

arXiv:1108.3773 (L=36/pb)  lum)± syst. ± stat. ±(val 

CMS 2010 combination   6±  17
17 ±154 

arXiv:1108.3773 (L=36/pb)  lum.)± tot. ±(val 

)"µCMS dilepton (   9±  26
26 ± 24 ±149 

TOP-11-006 (L=1.09/fb)  lum)± syst. ± stat. ±(val 

CMS all-hadronic   8±  40
40 ± 20 ±136 

TOP-11-007 (L=1.09/fb)  lum)± syst. ± stat. ±(val 

)µ,eµµCMS dilepton (ee,   8±  16
16 ±  4 ±170 

TOP-11-005 (L=1.14/fb)  lum)± syst. ± stat. ±(val 

+jets+btagµCMS e/   7±  12
12 ±  3 ±164 

TOP-11-003 (L=0.8-1.09/pb)  lum)± syst. ± stat. ±(val 

=7 TeVsCMS Preliminary, 

Theory: Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
 PDF(90% C.L.) uncertainty#MSTW2008(N)NLO PDF, scale 

https://twiki.cern.ch/twiki/bin/view/CMSPublic/
PhysicsResults 

" SUSY searches begin at ‘the pole’: bosons, tops and Onia SM candles  

" Used to: select control samples of leptons, photons, b-jets, … 
calibrate/measure object reconstruction performance,                         
fake-rates, energy scales 
validate our understanding of the SM  
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" SUSY searches begin at ‘the pole’: bosons, tops and Onia SM candles  

" Used to: select control samples of leptons, photons, b-jets, … 
calibrate/measure object reconstruction performance,                         
fake-rates, energy scales 
validate our understanding of the SM  

the NC (see prev. pic): bosons, tops and Onia SM candles 
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CMS SUSY @ 5 fb-1 7 TeV LHC + 13  CMS SUSY @ 5 fb-1 7 TeV LHC 

7 TeV LHC

The analyses described 
in this talk: 

EXO-11-045/SUS-11-013 – multi-leptons 

SUS-11-010 – SS di-leptons 

SUS-11-020 – SS di-leptons +btags 

SUS-11-011 – OS di-leptons 

SUS-11-021 – Z+MET 

SUS-12-010 – Single lepton+MET+jets 

SUS-12-005 – Inclusive Razor 

SUS-12-001 – Photon(s)+MET 

Christopher Rogan - Caltech Implications of the LHC Results for TeV-scale Physics – CERN 26-30 March 2012 

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS 

Single Lepton+ b + MET – SUSY-11-028 

Multilepton Searches– SUSY-11-013/ EXO-11-045 

Hadronic Razor + MET – SUSY-12-005 

Interpretation of Searches for  
Supersymmetry with SMS – SUSY-12-005 
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Multi-Lepton Search + 15  Multi-Lepton Search 

"   Look for deviations from SM in 
final states with 3 or 4 isolated 
leptons (e, �,�h) 

 

"  Look in a ‘matrix’ of phase-space: 
"   low vs. high HT  
"   low vs. high MET  
"   presence of opposite-sign (OS) 

same flavor (SF) lepton pairs (DY)      
"   OSSF pairs in / out Z mass window 

Christopher Rogan - Caltech Implications of the LHC Results for TeV-scale Physics – CERN 26-30 March 2012 

CMS-SUS-11-013 
CMS-EXO-11-045 Selection 

Backgrounds 

"   SM sources of 3 or 4 prompt, 
isolated leptons: 

"  Contribution predicted from 
simulation – control region 
validations 

"   Z+jets with lepton(s) from jet(s) 
"   rate of reconstructed leptons 

coming from jets inferred from data 

"   Drell-Yan ! 4 leptons  
"   internal and external photon 

conversions yield leptons – estimate 
rate from data 52 different regions  

H
T 

0 DY 1 DY+ZV 2 DY 

tt̄,WZ,ZZ, tt̄Z, tt̄W

jdjdjdjd 
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Multi-Lepton Search 
+ 16  Multi-Lepton Search 

"   Use the ‘Z pole’: 

"   measure the ratio of               
to                at the Z pole               

Christopher Rogan - Caltech Implications of the LHC Results for TeV-scale Physics – CERN 26-30 March 2012 

CMS-SUS-11-013 
CMS-EXO-11-045 Asymmetric Conversions 

The view from the pole 
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Z+jets x (jet ! lepton) 
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"   Use ‘the rate peak’ - multijets 

"   measure the probability that 
isolated track (trk) ! lepton 
in jet triggered events 

 P (trk ! e/µ)

Use these factors 
to extrapolate 
from one grid of 
phase space to 
another 

R =
Nµµ⇥(mµµ⇥ 2 [75, 105])

Nµµ�(mµµ� 2 [75, 105])

µµe/µ
µµ�

R P

                    arXiv:1204.5341 
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Multi-Lepton Search:  + 17  Multi-Lepton Search 
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CMS-SUS-11-013 
CMS-EXO-11-045 
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Yields are consistent with 
SM expectations –                       

see backup for more results 

See backup for R-parity violating model  interpretations 

Null result interpreted as constraint on 
new physics 

Here, GMSB model: 
gravitino LSP 
degenerate sleptons: 

 co-NLSP 
neutralino is bino 

 and next in mass 

                               Submitted to JHEP: 
                                   arXiv:1204.5341 
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Results 
+ 51  Multi-Lepton Search 

Christopher Rogan - Caltech Implications of the LHC Results for TeV-scale Physics – CERN 26-30 March 2012 

CMS-SUS-11-013 
CMS-EXO-11-045 
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RPV interpretations 

1

1 Introduction

Supersymmetric (SUSY) extensions of the standard model (SM) solve the hierarchy problem
and provide a mechanism for unifying particle interactions [1, 2]. Assigning R-parity as Rp =
(�1)3B+L+2s , where B and L are baryon and lepton numbers, and s is the particle spin, all SM
particle fields have Rp = +1 while all superpartner fields have Rp = �1. In models where Rp
is conserved, superpartners can only be produced in pairs, and the lightest superpartner (LSP)
is stable and a candidate for a dark matter particle. In addition, Rp conservation ensures proton
stability. The role of R-parity in protecting the proton lifetime is an example of a more gener-
alized “matter symmetry,” which applies to theories besides SUSY wherein partner particles
with differing spins are posited [3].

Models with R-parity-violating (RPV) interactions conserving either B or L in addition to s can
avoid direct contradiction with the proton-lifetime upper limits [4]. The most general specifica-
tion of the superpotential includes three Rp violating terms each parametrized by the Yukawa
couplings lijk, l0

ijk or l00
ijk.

W/Rp =
1
2

lijkLiLjĒk + l0
ijkLiQjD̄k +

1
2

l00
ijkŪiD̄jD̄k,

where i, j, and k are generation indices, L and Q are the lepton and quark SU(2)L doublet
superfields and Ē, D̄, and Ū are the charged lepton, down-like quark, and up-like quark SU(2)L
singlet superfields. The third term violates baryon-number conservation, while the first and
second terms are lepton-number violating. In this analysis, we consider leptonic R-parity-
violating (L-RPV) models with lijk 6= 0 and l0

ijk = l00
ijk = 0, as well as hadronic R-parity-

violating (H-RPV) models with lijk = l0
ijk = 0 and l00

ijk 6= 0. We look for leptons in the final
state coming from decays of squarks and gluinos through an intermediate particle, either a
neutralino (L-RPV) or bino/higgsino (H-RPV).

If lijk is non-zero, the intermediate particle will decay and yield multilepton final states. The
value of lijk determines the lifetime and therefore the decay length of the intermediate particle,
which in our models is the bino. Values of lijk considered in this analysis correspond to decay
lengths / 100 µm. Our results are independent of the decay length.

An upper limit on lijk is set by constraints from neutrino-mass values. We choose values for
lijk or l00

ijk that give prompt decay and are consistent with neutrino mass values. In this paper
the lepton-generation indices corresponding to e, µ, and t are sometimes denoted by 1, 2, and
3 respectively.

RPV interactions allow for single production of SUSY particles (sparticles) and for sparticle
decay into SM particles only. The decay of the lightest SUSY particle (LSP) results in extra
leptons. Due to their clean final-state multilepton signatures, processes with single-slepton
production followed by decay to a pair of SM charged leptons are promising search channels
for RPV SUSY particles [3]. Prior searches for RPV interactions include those by the CDF and
the D0 experiments at the Tevatron [5, 6], which were recently superseded by the Compact
Muon Solenoid (CMS) experiment at Large Hadron Collider (LHC) using 35 pb�1 of integrated
luminosity [7].

Since the LSP is unstable due to RPV, the usual experimental strategy of SUSY searches—
selecting events with large missing transverse energy (Emiss

T )—may not be optimal [3]. We
note that the H-RPV events in particular fail to produce sufficient Emiss

T in the detector. On
the other hand, if the SUSY production is dominated by electroweak processes, the final state
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Single lepton, b-jets and Missing Transverse Energy  + 21 

CMS-SUS-11-010 

            SS di-lepton Search 

Christopher Rogan - Caltech Implications of the LHC Results for TeV-scale Physics – CERN 26-30 March 2012 
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Control plots for 4.96 fb-1

SUSY benchmark points in   cMSSM → m
0

m
1/2

 A
0
 tanβ σ (LO *K factor)

LM3 → 330 240 0 20 3.438 * 1.4 pb
LM8 → 500 300 -300 10 0.73 * 1.41 pb

LM13 → 270 218 -553 40 6.899 * 1.42 pb

b Jet Multiplicity

1 Mu or 1 Elealatanalatab Selection: 
o  Event selection based on 1 lepton + MET 

search with few changes to optimize for 
b-rich SUSY models.  

o  Hadronic activity: 

o  Four Jets (ak5PF) each with ET> 40 GeV 

o  B-tags*: 0,1,2,3 or 4 more (TCHEM) 

o  Exactly one isolated electron and muon 
with PT > 20 GeV 

o  MET > 60 GeV 
 

+ 15  Multi-Lepton Search 

"   Look for deviations from SM in 
final states with 3 or 4 isolated 
leptons (e, �,�h) 

 

"  Look in a ‘matrix’ of phase-space: 
"   low vs. high HT  
"   low vs. high MET  
"   presence of opposite-sign (OS) 

same flavor (SF) lepton pairs (DY)      
"   OSSF pairs in / out Z mass window 

Christopher Rogan - Caltech Implications of the LHC Results for TeV-scale Physics – CERN 26-30 March 2012 

CMS-SUS-11-013 
CMS-EXO-11-045 Selection 

Backgrounds 

"   SM sources of 3 or 4 prompt, 
isolated leptons: 

"  Contribution predicted from 
simulation – control region 
validations 

"   Z+jets with lepton(s) from jet(s) 
"   rate of reconstructed leptons 

coming from jets inferred from data 

"   Drell-Yan ! 4 leptons  
"   internal and external photon 

conversions yield leptons – estimate 
rate from data 52 different regions  

H
T 

0 DY 1 DY+ZV 2 DY 

tt̄,WZ,ZZ, tt̄Z, tt̄W
Francesco COSTANZA  |  Latest public results from our search for New Physics  |  07/05/2012  |  Page 4

Event Selection

> Event selection based on 1 lepton + MET search with few changes to 
optimize for b-rich SUSY models.

 Hadronic activity: 

 Four PF jets (ak5) each with E
T
 > 40 GeV

 several b-tags: # of b-jets = 0, 1, 2, 3 or more

> Currently using medium working point of Track 
Counting High Efficiency (TCHE) algorithm*.

 Exactly one isolated electron or muon with 

 MET > 60 GeV

HT=∑
jets

pt>375GeV

pT>20GeV

* CMS Collaboration, “Performance of the b-jet identification in CMS”, CMS-PAS-BTV-11-001

Francesco COSTANZA  |  Latest public results from our search for New Physics  |  07/05/2012  |  Page 4

Event Selection

> Event selection based on 1 lepton + MET search with few changes to 
optimize for b-rich SUSY models.

 Hadronic activity: 

 Four PF jets (ak5) each with E
T
 > 40 GeV

 several b-tags: # of b-jets = 0, 1, 2, 3 or more

> Currently using medium working point of Track 
Counting High Efficiency (TCHE) algorithm*.

 Exactly one isolated electron or muon with 

 MET > 60 GeV

HT=∑
jets

pt>375GeV

pT>20GeV

* CMS Collaboration, “Performance of the b-jet identification in CMS”, CMS-PAS-BTV-11-001* 
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Single lepton, b-jets and Missing Transverse Energy  
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Control plots for 4.96 fb-1

SUSY benchmark points in   cMSSM → m
0

m
1/2

 A
0
 tanβ σ (LO *K factor)

LM3 → 330 240 0 20 3.438 * 1.4 pb
LM8 → 500 300 -300 10 0.73 * 1.41 pb

LM13 → 270 218 -553 40 6.899 * 1.42 pb

HT Y MET=MET / √H T

1 Mu or 1 Ele + 
at least 1 b-jet

1 Mu or 1 Ele + 
at least 1 b-jet
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Background Estimation (Factorization Method) 
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Results

> Data and prediction agree well → No Signal

> MC Closure → Factorization Method works

> Small sys uncertainties in data thanks to cancellation in the ABCD method

> Large sys uncertainties in MC (scale factors)
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8.2 Simplified models 15

The acceptance times the efficiency for the ”T1tttt” and the ”T2ttww” model are presented in333

Fig. 9. For the ”T2ttww” model the inclusive one b-tag (n� 1) selection is used. Despite the334

better Aiei factors compared to the ”T1tttt” model, it is not possible to exclude any point, as the335

cross-section for direct squark production is much lower than for gluino production. For the336

”T1tttt” model the inclusive three b-tag selection (n� 3) is used. In this case acceptance times337

efficiency in the control regions is near the exclusion region below 3%. The 95% CL upper-limit338

on the cross-section is presented in Fig. 10.339
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Figure 9: Acceptance times efficiency for two simplified models. For the ”T1tttt” model (a) the
inclusive three b-tag selection is used and for the ”T2ttww” model (b) the inclusive one b-tag
selection.
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Inclusive final state search: Razor Analysis + 42 42             Inclusive final state search - Razor 

Implications of the LHC Results for TeV-scale Physics – CERN 26-30 March 2012 Christopher Rogan - Caltech 
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Inclusive Razor + 43 43 
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Inclusive Razor + 44 44 
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Inclusive Razor: Results + 45 45             Inclusive Razor 
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Interpretation of Searches for Supersymmetry with SMS  
 

4 3 Simplified Model Spectra

LSPs, which is modeled with gluino pair production, followed by the decay eg ! tt̄ec0, but could
also be modeled by eg ! ett̄,et ! tec0. Generator level studies indicate that the top quarks are
produced with only a small correlation to their mother’s direction, and not with large boosts,
in either scenario. Full simulation studies support this result [13].

Each SMS is labeled using the mnemonic TNx. “T” is universal, and refers to a topology. “N” is
a number ranging from 1 to 6. Odd N refers to gluino pair production, in the QCD limit (with
the squark decoupled), while even N refers to squark anti-squark production, in the QCD limit
(with the gluino decoupled). N refers to different hierarchies of decays for the two produced
mothers: N=1(2) for direct decays, N=3(4) for one direct decay, one cascade decay, and N=5(6)
for two cascade decays, for gluino (squark) production. “x” is a string that describes the final
state when necessary. The mnemonic has been adapted to the production of charginos and
neutralinos by replacing “TN” with “TChi”.

The simplest SMSes that cover the hadronic jets + 6ET analyses are gluino pair production with
the direct decay eg ! qq̄ec0 (T1), and squark-antisquark production with the direct decay eq !
qec0 (T2), illustrated in Figure 1. The free parameters of T1 (T2) are the gluino (squark) and
the ec0 masses. For b-enriched SMS, gluino pair production with the direct decay eg ! bb̄ec0

(T1bbbb) has been considered. The corresponding SMS with the direct decay eg ! tt̄ec0 (T1tttt)
has also been considered. These are illustrated in Figure 2. 1
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Figure 1: Diagrams of the hadronic models: gluino pair production (T1,left) and squark anti-
squark production (T2,right).
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Figure 2: Diagrams of the heavy flavor models: T1bbbb (left), T1tttt (right).

Additional models are constructed by adding an intermediate particle in the decay chain, so
that the gluino can undergo a direct three-body decay into jets and a chargino or a neutralino
that is heavier than the LSP. Such SMS are illustrated in Figures 3 and 4. Both the chargino and

1The sbottom antisbottom direct production with direct decay to b and ec0 will be referred to as T2bb.
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3.1 SMS Construction 5

the neutralino would then subsequently decay into a gauge boson and ec0 or undergo a 3-body
decay including the LSP.

The SMS with cascade decays are interesting to study, since the amount of energy available for
the LSP is reduced, for a fixed mother mass, as when there is a direct decay. When gluinos
undergo cascade decays, the number of jets per event is expected to be greater than for direct
decays, and the spectrum of jet energies will depend on the ratio of gaugino masses. The
presence of cascade decays may be a benefit or detriment, depending on the analysis.
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Figure 3: Diagrams of the dilepton models: T3lh (left), T5lnu (right).
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The mass of the intermediate particle for cascade decays is specified by the formula [21]

mec0
2
|mec± = x · meg + (1 � x) · mec0 , (1)

with x = 1
4 , 1

2 , and 3
4 , chosen to yield different kinematics for the intermediate particle, and

avoid the region where the intermediate particle is effectively the mother (x = 1) or the LSP
(x = 0).

In the T3lh and T5lnu SMS, the neutralino or chargino, respectively, undergoes a 3-body decay
to leptons and the LSP. The intermediate particle mass is fixed at x = 1

2 . T3lh is characterized
by the OS lepton edge,2 while T5lnu produces SS lepton pairs and OS lepton pairs with equal
probability. The leptons are produced democratically in the three families (e,µ,t).

The SMS T3w includes one gluino decaying directly to the LSP, and the other decaying to an
intermediate chargino, with ec± ! W± ec0. In T5zz, the intermediate neutralino subsequently
decays to a Z boson and the LSP, yielding a final state with two Z bosons. In case Eq. 1 does
not allow for the decay to an on-shell Z boson, the intermediate particle mass is shifted to

2In the 3-body decay eg ! f f̄ ec0, the invariant mass of the f f̄ is bounded by meg � mec0
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mec0
2
= 1.01MZ. For the T5zz and T3w, the intermediate ec0

2 and ec± mass are specified with
x = 1

4 , 1
2 , and 3

4 . The weak bosons decay inclusively, producing final states with combinations
of jets and leptons.

Illustrations of the SMS for chargino and neutralino direct production are given in Figure 5.
TChiwz and TChiSlepSlep are models of the associated production of a chargino and a neu-
tralino. In TChiwz, the chargino and neutralino decay to a W boson and LSP and a Z boson
and LSP, respectively. In TChiSlepSlep, an intermediate slepton is introduced with a mass equal
to the average of the chargino and LSP mass. TChizz is a model of the associated production
of neutralinos. This process is modeled by the production of a pair of different neutralinos,
ec0

2 ec0
3, with similar masses, as can be realized in a light Higgsino model. These processes have

kinematics similar to chargino-neutralino production.
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Figure 5: Diagrams of chargino and neutralino production: TChizz (left,top) TChiwz
(right,top), and TChiSlepSlep (bottom).

4 Results with Simplified Models

4.1 Results for models with hadronic decays

Two searches probe the all-hadronic channels – the aT and the high- 6HT + jets searches. These
analyses are interpreted in the SMS T1, T2, and T5zz (x= 1

2 as defined in Eq. 1).

The aT variable is a kinematic discriminant that can be used to select events with real 6ET bal-
ancing a dijet system. The aT analysis [2] searches for an excess of events in data over the
SM expectation for large aT and HT above 275 GeV. Figure 6 (left) shows the signal selection
efficiency as a function of the mother and LSP mass for the T1, T2, and T5zz topologies, respec-
tively. Only the lower half of the plane is filled because the LSP must be lighter than the mother
particle.

The signal selection efficiency increases for higher mother particle masses, and decreases to-
wards the diagonal, where the mass splitting is small and jets are produced with lower trans-
verse momentum. The overall selection efficiency of this analysis decreases for a fixed mother

4.1 Results for models with hadronic decays 7

prod.
name mode decay visibility section document

T1 egeg eg ! qqec0 hadronic 4.1 [2, 3]
T2 eqeq eq ! qec0 hadronic 4.1 [2, 3]

T5zz egeg eg ! qqZec0 hadronic 4.1 [2, 3]
di-leptons 4.3 [14]

T3w egeg eg ! qqec0 single lepton 4.2 [15]
eg ! qqec± , ec± ! W± ec0

T5lnu egeg eg ! qqec± ec± ! lnec0 di-leptons 4.4 [9]
T3lh egeg eg ! qqec0 di-leptons 4.4 [10]

eg ! qqllec0

T1bbbb egeg eg ! bbec0 hadronic 4.5 [4, 5]
T1tttt egeg eg ! ttec0 hadronic 4.6 [5]

di-leptons(b) [9, 13]

TChiSlepSlep ec± ec0
2 ec0

2 ! ll̃ , l̃ ! lec0 multi-leptons 4.7 [11]
ec± ! nl̃ , l̃ ! lec0

TChiwz ec± ec0
2 ec± ! W± ec0 , ec0

2 ! Zec0 multi-leptons 4.7 [11]
TChizz ec0

2 ec0
3 ec0

2, ec0
3 ! Zec0 multi-leptons 4.7 [11]

Table 1: Summary of the simplified models used in this document.

and daughter mass as the number of partons in the final state increases, as seen by compar-
ing the T2 (2 jets), T1 (4 jets) and T5zz (4–8 jets) results. For low LSP mass, the aT selection is
inefficient, because the fraction of visible energy in the final state increases. In general, the aT
variable is more sensitive when 6HT is comparable to HT.

Figure 6 (right) displays the 95% CL upper limits on the T2, T1, T5zz topology as a function
of the mother and LSP mass. The contours illustrate where the reference cross section and the
upper limit on the cross section intersect. The T1 limit is better than the T2 limit, despite the
fact that gluino cascade decays lead to a higher number of jets in the final state. This is related
to the larger expected cross section for a color octet fermion, since the T2 efficiency is better. It
is important to note that the T1 and T5zz topologies have the same mother (gluino), and hence
the same reference cross section. The reduction in sensitivity for T5zz at each (mother, LSP)
point is directly related to the presence of cascade decays.

The 6HT + jets analysis [3] is based on the selection of three or more high transverse momentum
jets whose transverse vector sum yields a large pT imbalance ( 6HT). Several HT and 6HT cut
combinations are considered to maintain sensitivity to different mass hierarchies. The overall
selection efficiency of this analysis is higher for the T1 topology, with more partons in the final
state, than for the T2 topology. This is not surprising, since this analysis requires at least three
high-pT jets. Different selections are shown to better cover different regions of phase space:
the looser requirement on the HT and 6ET has a better sensitivity for small mother-LSP mass
splitting; for higher mass splitting, instead, the tight selection is more sensitive; the high HT
and low 6HT selection are better suited for long cascade decay with more visible energy in the
final state, as expected in the T5zz topology. Figure 7 (left) shows the selection that has the best
expected cross section upper limit, and (right) the upper limits on the product of the production
cross section and the branching ratio. As in the case of aT, the limit for T5zz is degraded with
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Figure 24: Exclusion limits for gluino and squark masses, for mec0 = 0 GeV (dark blue) and
mmother � mec0 = 200 GeV (light blue), for each analysis, for the leptonic results. For limits on
m(eg), m(eq) � m(eg), and vice versa. sprod = sNLO�QCD. If not specified otherwise, x = 0.5 for
intermediate mass states. For T3w and T5zz, results for all three values of x are presented.

squark production processes fi f̄ j ! eqLieq⇤Lj, fi f̄i ! eqLjeq⇤Lj, and gg ! eqLieq⇤Li are selected using
MSUB(274)=1, MSUB(277)=1, and MSUB(279)=1. The 2-body decays of the eq ! qec0 are han-
dled in the SLHA file.

eqeq production is not part of our simplified models, even though it is often the dominant process
in the cMSSM at low m0. The reason is that the production rate depends upon the gluino mass.
Furthermore, the kinematics (rapidity and pT) of the squarks are not too dissimilar from eqeq⇤
production; in fact, the acceptance for eqeq production is expected to be higher. Thus, limits from
T2 can be conservatively applied to eqeq production with similar decays.

When dealing with pairs of Majorana particles (the gluino and the neutralinos), some SMS
require one particle to decay one way, and the other to decay another way for every event. This
is handled using the Pythia MDME codes.

25

Figure 25: Best exclusion limits for gluino and squark masses, for mec0 = 0 GeV (dark blue)
and mmother � mec0 = 200 GeV (light blue), for each topology, for all results. For limits on
m(eg), m(eq) � m(eg), and vice versa. sprod = sNLO�QCD. If not specified otherwise, x = 0.5
for intermediate mass states. For T3w and T5zz, results for all three values of x are presented.
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Figure 26: Exclusion contours for several analyses: (left) T1bbbb/T1; (right) T5zz.

As mentioned earlier, events are not generated in one step. First, the PYUPEV subroutine is
used to generate the hard production and resonance decays and write these events to LHE
files. Pythia defines a resonance as any parton heavier than a b quark, so all SUSY particles

Ø   ~5 fb-1 of data analyzed by the CMS 
Collaboration 

o  Unfortunately no evidence of 
Supersymmetry 

o Extended previously explored range of 
model parameters 

o Results are presented in the cMSSM 
and SMS models 

Ø  Prospects for 2012: expected 5 (10) 
fb-1 data at 8 TeV center of mass 
energy up to end of this year . 


