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+ Outline 

n  SUSY Searches in Jets + MET Final States 
n  Motivation for search topology 
n  SUSY signatures 

n  CMS Jets+MET SUSY Searches 
n  αT and HT  
n  MHT and HT 
n  MR and R (Razor) 

n  Results Interpretation with Simplified Topologies 
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+ 3 SUSY in Jets + MET Final States 

n   Strongly interacting sparticles 
(squarks, gluinos) dominate 
production 

n  If heavier than sleptons, gauginos  
⇒ cascade decays to LSP 

n   Long decay chains and large mass 
differences between SUSY states ⇒ 
Many high pT objects (leptons, jets) 

n   R-parity conservation ⇒ LSP stable 
(DM candidate) and sparticles pair-
produced ⇒ Large missing 
transverse momentum (MET) 

Consider R-parity Conserving SUSY: 

MET + jets + X final states 
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+ 4 SUSY in Jets + MET Final States 
Consider ‘canonical’ di-squark è 2 jets + MET: 
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q̃q̃ → (qχ̃0
1)(qχ̃

0
1)

q̃ q̃
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qq
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SUSY Signatures: 

M∆ =
m2

q̃ −m2
χ̃0
1

2mq̃

Scale: 

Angle: 

In squark rest frames, 
final state objects have 
momentum equal to: 

Different searches exploit 
these considerations in 

different ways 

Coming from different 
decays, visible and 
invisible particles do not 
necessarily balance 
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Search with αT + HT  
Jets+MET final state search is challenging due to QCD multijet 
backgrounds: σ × � ≈ ∞× 0
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αT ≤ 0.5 for  
mis-measured QCD BUT QCD multi-jets’ momentum 

must ~balance in transverse 
plane è exploit angle between 
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Search with αT + HT 
Can generalize to ≥ 3 jet final states by 
assigning all jets to either one of two 
pseudojets, defined by minimizing 

HT =
jets�

i

|piT |Scale: 

Angle: 

T!
0 0.25 0.5 0.75 1 1.25 1.5

Ev
en

ts
 / 

0.
02

5

-110

1

10

210

310

410

510

610
CMS

 = 7 TeVs, -1 L dt = 35 pb"  = 7 TeVs, -1 L dt = 35 pb"
 3 Jets#

Data
Standard Model
QCD Multijet

, W, Z + Jetstt
LM0
LM1

MHT = |
jets�

i

�piT |

αT =
1

2

HT −∆HT�
H

2
T −MHT 2

∆HT = p
pseudojet 1
T − p

pseudojet 2
T

In general: 

αT ≤ 0.5 for  
mis-measured QCD 
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+
Search for high pT jets, high HT and αT>0.55 
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Search with αT + HT 

Selection: 

pT > 100 GeV/c |η| < 2.5

|η| < 3pT > 50 GeV/c

αT > 0.55HT > 350 GeV

At least 2 jets with: 

Include additional jets with: 

Signal region defined by: 

Predict: 9.4+4.8
-4.0 (stat) ± 1.0 (syst) events 

Observe: 13 events 
 

Background prediction: 
 Extrapolate yields from low 
HT to high HT using   

Use μ control sample 

Use γ+jets control sample 

QCD

Z(νν) + jets

W (�ν) + jets, tt̄
RαT
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αT is a QCD killer; b-tagging is a EWK killer.  
⇒ Enhance early discovery potential 
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Search with αT + HT + b-tag 

Similar selection   
(+b-tag) and 
background 
prediction methods 

Predict: 0.33+0.43
-0.33 (stat) ± 0.13 (syst) events 

Observe: 1 event 
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10"

Search for high pT jets, high HT and high MHT 
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Search with MHT + HT 

Selection (baseline): 

|η| < 2.5pT > 50 GeV/c

HT > 350 GeV

At least 3 jets with: 

Signal region defined by: 

MHT > 150 GeV

HT =
jets�

i
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Search with MHT + HT 
Background prediction: 

 Re-balance and smear 

Use μ control sample 

Use γ+jets and Z(μμ)+jets 
control samples 
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Search for high pT jets, 
high HT and high MHT 

QCD multi-jet events do not intrinsically 
populate the phase-space defined by our 
requirements on scale and angle --  
 BUT, mis-measurements of jets can result 
in large measured MHT 

QCD multi-jet background 
predicted by ‘smearing’ balanced 
(no MHT) events with measured 
resolution functions 
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Search with MHT + HT 

Selection (baseline): 

|η| < 2.5
pT > 50 GeV/c

HT > 350 GeV

At least 3 jets with: 

Signal region defined by: 

MHT > 150 GeV

Search for high pT jets, high HT and high MHT 

Background prediction: 

 Re-balance and smear 

Use μ control sample 

Use γ+jets and Z(μμ)+jets 
control samples 

QCD

Z(νν) + jets

W (�ν) + jets, tt̄
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Search with MR + R (Razor) 
Introduce “Razor” variables, R and MR, designed to 
discover and characterize massive pair-production 

arXiv:1006.2727 

Scale: 
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Introduce “Razor” variables, R and MR, designed to 
discover and characterize massive pair-production 
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Search with MR + R (Razor) 

2(R cut)

0 0.05 0.1 0.15 0.2 0.25

S
lo

p
e 

P
ar

am
at

er
 [

1
/G

eV
]

-0.12

-0.1

-0.08

-0.06

-0.04

-0.02

=7 TeVs

CMS Preliminary
 

-1
 L dt = 35 pb! 

QCD multi-jets in 2010 data 

MR distribution for QCD 
background falls 
exponentially, with slope 
dictated by cut on R 

Exponential slopes scale 
linearly with (R cut)2 – used to 
predict QCD background to 
high MR search region 
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Search with MR + R (Razor) 
Same exponential 
behavior in MR and         
(R cut)2 scaling observed 
in other backgrounds 
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Search with MR + R (Razor) 
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High MR regions are used to search for SUSY in single lepton analyses 

Single muon selection Single electron selection 

Low MR regions in lepton samples (here, R > 0.45) are used 
to normalize background in jets+MET final state search 
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Search with MR + R (Razor) 

Each background species’ 
shape and normalization is 

measured in data using 
different control samples 

Selection: 

At least 2 jets with: 

Signal region defined by: 

pT > 30 GeV/c

MR > 500 GeV
R > 0.5

|η| < 3

Predict: 5.5 ± 1.4 events 
Observe: 7 event 
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Search with MR + R (Razor) 
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Simplified topology interpretation 
q̃q̃ → (qχ̃0

1)(qχ̃
0
1)

Exclusion limits from jets+MET 
SUSY searches are interpreted in 

context of simplified SUSY spectrum 
with ONLY squarks and LSPs  

M∆ =
m2

q̃ −m2
χ̃0
1

2mq̃

Here, exclusion limits 
represent the union of 

parameter space excluded 
by the three analyses 

M∆

http://www.lhcnewphysics.org 
 

no theoretical uncertainties 
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Exclusion limits from jets+MET 
SUSY searches are interpreted in 

context of simplified SUSY spectrum 
with ONLY gluinos and LSPs  

Here, exclusion limits 
represent the union of 

parameter space excluded 
by the three analyses 
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Simplified topology interpretation 

q̃q̃ → (qχ̃0
1)(qχ̃

0
1) g̃g̃ → (qqχ̃0
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+ Outlook 

n   CMS is searching for SUSY not 
only with a broad collection of 
final states, but also with different 
approaches within the jets+MET 
final state 

n   The analyses presented here, 
each with it’s own data-driven 
background estimation 
techniques, provide not only 
robust x-checks, but also 
complementarity w.r.t. the 
signature space we are searching 

n   Looking forward to discovery 
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More details at: 
  https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS 

 (GeV)0m
0 200 400 600 800 1000

 (G
eV

)
1/

2
m

150

200

250

300

350

400

(500)GeV
q~

(500)GeVg~

(650)GeV
q~

(650)GeVg~

(800)GeV
q~

(800)GeVg~

 = 7 TeVs, -1 = 36 pb
int

CMS preliminary    L

 > 0µ = 0, 
0

 = 10, A!tanT"

+b-tagT"

Jets+MHT

Lepton+M
ETSS DileptonOS Dilepton

Razor

LM1

<0µ=5, !tan, q~, g~CDF  

<0µ=3, !tan, q~, g~D0   
±

1
#$LEP2   

±l~LEP2   

 =
 L

SP
%$

 (GeV)0m
0 200 400 600 800 1000

 (G
eV

)
1/

2
m

150

200

250

300

350

400

 (GeV)0m
0 200 400 600 800 1000

 (G
eV

)
1/

2
m

150

200

250

300

350

400



+

C. Rogan - Status of Higgs and BSM Searches at the LHC - 11-13 April 2011 

25 

BACKUP SLIDES 
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Search with αT + HT  26 
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Search with αT + HT  27 
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Search with MHT + HT 
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Search with MHT + HT 
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Search with MHT + HT 
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Search with MR + R (Razor) 
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Search with MR + R (Razor) 
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Search with MR + R (Razor) 
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