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Introduction

Supersymmetry introduces superpartner for every SM particle

SM fermions have boson superpartners and vice versa

SUSY is a broken symmetry: New particles expected in TeV range

In R-parity conserving models, lightest SUSY particle (LSP) is stable

3 / 25 A. Kasmi PHENO 2014 Inclusive SUSY Searches at CMS



Introduction
Inclusive search with jets and high MET (6HT ) (SUS-13-012)

Hadronic final states using MT2 (SUS–13–019)
Same-sign dileptons + jets (SUS–13–013)

Summary and outlook

SUSY Production at LHC

 WGσLPCC SUSY 

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections                   arXiv:1206.2892
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Squark and gluino production by strong
force: large cross section at hadron
colliders

Results presented are based on ∼ 20 fb−1

of 8 TeV data

e.g. decay chain of a SUSY

event two LSPs → Large 6ET

4 / 25 A. Kasmi PHENO 2014 Inclusive SUSY Searches at CMS



Introduction
Inclusive search with jets and high MET (6HT ) (SUS-13-012)

Hadronic final states using MT2 (SUS–13–019)
Same-sign dileptons + jets (SUS–13–013)

Summary and outlook

CMS SUSY Results

Mass scales [GeV]
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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

lsp
m⋅-(1-x)

mother
m⋅ = 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

Inclusive searches have good sensitivities on g̃ and q̃. See Michael’s talk for 3rd generation
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The CMS Detector
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Multijets + 6HT : Baseline Selection

Njets ≥ 3 (pT > 50 GeV, |η| < 2.5)

HT > 500 GeV (
jets∑
i

| ~pT ,i |) (pT > 50 GeV, |η| < 2.5)

6HT ≥ 200 GeV (| −
jets∑
i

~pT ,i |) (pT > 30 GeV, |η| < 5)

∆φ ( 6HT , jet1,2,3) > (0.5, 0.5, 0.3) (To reduce QCD)

Veto isolated leptons (e/µ) with pT > 10 GeV (To reduce W and tt̄)

Analysis performed in 36 exclusive bins in (Njets ,HT , 6HT )
Pure data-MC comparison: reasonable agreement
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Multijets + 6HT : W+ jets and tt̄

Lost Lepton:
tt̄, W + jets (e/µ +ν): e/µ not reconstructed, not
isolated, or out of acceptance (“Lost Lepton”)

From events with one e/µ (weighted according to
acceptance and detector inefficiencies)

Hadronic Tau:
tt̄, W + jets (τhad +ν): Lepton is τ (faking a jet)

Using events with one e/µ; lepton is replaced by
“τ -jet” with smeared pT (according to expected
response)
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Multijets + 6HT : Z (→ νν) + jets and QCD

Z (→ νν)+ jets:

Irreducible background.

Using γ+jets events (similar kinematics at high boson pT )

“Translation” factor (e.g. cross section, acceptance) from
simulation

QCD multi-jet:

Large jet pT mismeasurement

From rebalancing and smearing (R+S) of events with
measured jet response )
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Multijets + 6HT Results & Interpretation (BR = 100%)

No significant deviation of data from data-driven SM prediction!
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Multijets + 6HT Interpretation (BR = 100%)
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MT2: 0-lepton search using MT2 variable and b−jets

MT2: tranverse mass to measure the mass
of primary pair-produced particles in a
situation where both ultimately decay into
undetected particles
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Analysis performed in bins of Nb−jets , Njets ,
HT , and 6ET

Main backgrounds: Z (→ νν) + jets,
W (→ νν) + jets, tt̄, and QCD
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MT2: 0-lepton, MT2 variable & b−jets (BR = 100%)
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Same-sign (SS) dileptons + jets

Selection:

2 SS leptons (e/µ) with pT > 10/20 GeV (low/high pT )

Njets >2 (pT > 40 GeV, |η| < 2.4)

HT >200/250 GeV (high/low pT )

6ET >50 GeV (and > 0 for RPV searches)

54 bins in HT , 6ET , Nb−tags , and Njets

Backgrounds:

Rare SM bgs from simulation corrected for difference

Non-prompt from data: events with loosely isolated lepton
are weighted by tight/loose ratio

Charge mis-ID from data: e+e− events are weighted with
charge mis-ID probability from simulation

Very clear SUSY signature
Small SM BGs: rare SM (tt̄+ V, VV),
“fake”/non-prompt, or charge mis-ID
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Introduction
Inclusive search with jets and high MET (6HT ) (SUS-13-012)

Hadronic final states using MT2 (SUS–13–019)
Same-sign dileptons + jets (SUS–13–013)

Summary and outlook

SSD + jets: Results & Interpretation (BR=100%)

g̃ → tt̄χ̃0
1 mediated by an

off-shell stop

On-shell stop, mχ̃0
1

= 50 GeV

In both models: 4 on-shell

W’s and 4 b−quarks are

produced
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Same-sign dileptons + jets (SUS–13–013)

Summary and outlook

Summary and outlook

Search for physics beyond the
Standard Model is one of the main
motivations for the LHC experiments

So far, no significant deviation from
SM observed → gluinos of masses
with 1-1.4 TeV probed in various final
states (squarks of 0.8-1 TeV)

Run II of the LHC at 13/14 TeV will
be crucial for SUSY searches

Many more CMS results are available

References:

CMS public results: Link
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Inclusive search with jets and high MET (6HT ) (SUS-13-012)

Hadronic final states using MT2 (SUS–13–019)
Same-sign dileptons + jets (SUS–13–013)

Summary and outlook

Backup
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Inclusive search with jets and high MET (6HT ) (SUS-13-012)

Hadronic final states using MT2 (SUS–13–019)
Same-sign dileptons + jets (SUS–13–013)

Summary and outlook

MET+jets Predictions
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Inclusive search with jets and high MET (6HT ) (SUS-13-012)

Hadronic final states using MT2 (SUS–13–019)
Same-sign dileptons + jets (SUS–13–013)

Summary and outlook

Multijets + 6HT Results: bin 20

No significant deviation of data from data-driven SM prediction!

One bin shows an excess !

Nbkg = 0.7± 1.8 and Ndata = 9
plocal ∼ 0.004 → 2.7σ
pglobal ∼ 0.11 → 1.2σ
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Inclusive search with jets and high MET (6HT ) (SUS-13-012)

Hadronic final states using MT2 (SUS–13–019)
Same-sign dileptons + jets (SUS–13–013)

Summary and outlook

SS Search Bins
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Inclusive search with jets and high MET (6HT ) (SUS-13-012)

Hadronic final states using MT2 (SUS–13–019)
Same-sign dileptons + jets (SUS–13–013)

Summary and outlook

SS Predictions
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Inclusive search with jets and high MET (6HT ) (SUS-13-012)

Hadronic final states using MT2 (SUS–13–019)
Same-sign dileptons + jets (SUS–13–013)

Summary and outlook

MT2: Signal bin definitions
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Inclusive search with jets and high MET (6HT ) (SUS-13-012)

Hadronic final states using MT2 (SUS–13–019)
Same-sign dileptons + jets (SUS–13–013)

Summary and outlook

Razor

Define:
MR =

√
(| ~pq1|+ | ~pq2|)2 − (pz,q1 + pz,q2)2

and

MR
T =

√
Emiss
T (pq1

T +pq2
T )− ~Emiss

T (
~
pq1
t +

~
pq2
T )

2

Define the “Razor”:
R =

MR
T

MR

For signal: MR has peak and MR
T has

endpoint at:

M∆ =
M2

q̃−M2
˜
χ0

1
Mq̃

For background: exponentially falling
at relevant scales
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Inclusive search with jets and high MET (6HT ) (SUS-13-012)

Hadronic final states using MT2 (SUS–13–019)
Same-sign dileptons + jets (SUS–13–013)

Summary and outlook

Razor 2

Extrapolate from background dominated side bands
at low MR and R2 to “search region”

Background model: 2D function of MR and R2

Model is fitted in each box indepedently but
simultaneously for each b-tag multiplicity

Shape parameters (n, M0
R , and M2

0 ) to describe
potential differences between shape in data and

simulation

Analysis uses unbinned likelihood

Projection of 2D plane on MR and R2 axis

No deviation from expectayin
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Summary and outlook

Razor 3

P1

P2

t̃∗

t̃

t̄

χ̃0
1

χ̃0
1

t

P1

P2

g̃

g̃

t̄

t

χ̃0
1

χ̃0
1

t̄

t

P1

P2

g̃

g̃

b

b

χ̃0
1

χ̃0
1

b

b

 (GeV)stopm
200 300 400 500 600 700 800

 (G
eV

)
LS

P
m

0

100

200

300

400

500

-310

-210

-110

1

10

210
 = 8 TeVs, -1CMS Preliminary, 19.3 fb

  NLO+NLL exclusion
1

0χ∼ t→ t~, t
~
t
~
 →pp 

theoryσ 1 ±Observed 

experimentσ 1 ±Expected 

95
% 

C.
L. 

up
pe

r li
mi

t o
n c

ros
s s

ec
tio

n (
pb

)

 (GeV)gluinom
400 600 800 1000 1200 1400

 (G
eV

)
LS

P
m

0

200

400

600

800

1000

1200

-310

-210

-110

1

10
 = 8 TeVs, -1CMS Preliminary, 19.3 fb

  NLO+NLL exclusion
1

0χ∼t t→ g~, g~g~ →pp 

theoryσ 1 ±Observed 

experimentσ 1 ±Expected 

95
% 

C.
L. 

up
pe

r li
mi

t o
n c

ros
s s

ec
tio

n (
pb

)

 (GeV)gluinom
400 600 800 1000 1200 1400

 (G
eV

)
LS

P
m

0

200

400

600

800

1000

1200

1400

-310

-210

-110

1
 = 8 TeVs, -1CMS Preliminary, 19.3 fb

  NLO+NLL exclusion
1

0χ∼b b→ g~, g~g~ →pp 

theoryσ 1 ±Observed 

experimentσ 1 ±Expected 

95
% 

C.
L. 

up
pe

r li
mi

t o
n c

ros
s s

ec
tio

n (
pb

)

25 / 25 A. Kasmi PHENO 2014 Inclusive SUSY Searches at CMS


	Introduction
	Inclusive search with jets and high MET (HT) (SUS-Â�â•’13-Â�â•’012)
	Hadronic final states using MT2 (SUS–13–019)
	Same-sign dileptons + jets (SUS–13–013)
	Summary and outlook

