
��

A Search for Evidence of Supersymmetry 
Production as the Stop Pair on CMS


4th year seminar

Fan Xia


Professor Brad Cox Supervisor


April 27th 2016




Fan Xia 4/27/2016��

Outline
Theory


The Standard Model

Supersymmetry

GMSB


Experiment

CMS at LHC


Analysis

RunI Results 

RunII Progress


2Theory   Experiment   Analysis  



Fan Xia 4/27/2016��

• It explains how the basic building blocks of matter interact 
under the government of the fundamental forces. 

• In half century’s development, it has successfully explained 
almost all experimental results and precisely predicted a wide 
variety of phenomena.
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The Standard Model

Theory   Experiment   Analysis  

Physics cooking 
ingredients & recipe
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• SM: QFT of matter and its interactions  

• SU(3)
C 
x SU(2)

L 
x U(1)

Y 
gauge symmetry 

• SU(3)
C 
– color charge  

• SU(2)
L 
– weak isospin  

• U(1)
Y 
– weak hypercharge 

• Predicted Higgs particle
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The Standard Model

Theory   Experiment   Analysis  
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Higgs Discovery
• A candidate boson was announced being 
discovered on July 4th 2012 

• Consistent with standard model higgs boson

5Theory   Experiment   Analysis  

http://arxiv.org/pdf/1503.07589.pdf
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The Hierarchy Problem

6

The Higgs boson receives mass corrections 
proportional to the highest energies squared in the 
Standard Model (the UV cutoff Λ

UV
)( to one-loop order): 

• If the SM is valid up to the gravitational scale ( Λ
UV

 = MPlanck ~ 1019 
GeV/c2), how is the Higgs mass so light?  

• More generally, why the electroweak scale is so different from the 
Plank mass?  

• No answer from SM 

Theory   Experiment   Analysis  
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• One solution: new physics beyond SM 

• Supersymmetry: a scalar partner to a fermion with the same 
quantum numbers and couplings: 

7Theory   Experiment   Analysis  

The Hierarchy Problem

• The Higgs mass is sensitive to the heaviest particles it couples to, 
namely, the top quark 

• If a scalar top is introduced (sTop), it would be best if it was not 
much heavier than the top!        —> Light stop

+
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Supersymmetry
• Supersymmetry(SUSY) introduces a partner particle for every SM 

particle. 
Q |Boson›=|Fermion›   Q |Fermion›=|Boson› 

• All quadratically divergent Higgs mass terms cancel  
• No Hierarchy problem! 
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Other Benefits
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Dark matter candidates 
SUSY model can introduce several weakly- interacting massive 
particles(WIMPs) 

Gauge unification 
SUSY can offer a nearly-exact gauge 
coupling unification at ~1016 GeV 

SUSY Lagrangian can be built with both the fermion and 
boson processes, no renormalization is required as in 
SM
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SUSY Breaking

10

Including the necessary additional new 
particles that are able to be super-partners 
of those in the Standard Model,the 
simplest possible supersymmetric model 
consistent with the SM is the Minimal 
Supersymmetric Standard Model 
(MSSM)

Theory   Experiment   Analysis  

• If Supersymmetry exists, it must be 
spontaneously broken at some high 
energy  

• Several ways to introduce this breaking 
• Gauge mediation (GMSB) – hidden 

breaking sector communicates with 
the MSSM via the ordinary SM 
gauge interactions 
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GMSB
• Gaugino masses are generated in one-loop interactions  

• The stronger the coupling, the heavier the gaugino 

• The electroweak gauginos (bino, wino) tend to be the Next-to-Lightest SUSY Particle (NLSP) 

• The gravitino is the very light (eV – keV) Lightest SUSY Particle (LSP)  

• GMSB respects R-parity (acting in MSSM): PR=(-1)
3(B-L)+2s

 

• +1 for SM particles and -1 for SUSY particles  

• Sparticles are produced in pairs in collider experiments  

• All sparticles decay to the NLSP and then to the gravitino LSP  

• The gravitino LSP is absolutely stable  

• Dark matter candidate: The weakly-interacting LSP 

• Large Missing Transverse Momentum (MET) 
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τ+τ   1%
τ+µ   2%

τ+e   2%

µ+µ   1%

µ+e   2
%

e+e   
1%

e+jets 15%

µ+jets 15%

τ+jets  15%

"alljets"  46%

"lepton+jets""dileptons"

Top Pair Branching Fractions

GMSB
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• Stop pair 
• Bino like neutralino decay to photon and 
gravitino 

• Semi-leptonic decay of the top quark pair  
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LHC
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Run I: 2009-2013
Run II: 2015-onward
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CMS
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CMS
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Analysis Overview

19

Signature:

one or more photons

exact one lepton(electron or muon)

two b-quark tagged jets

additional jets

Missing transverse momentum(MET)

Theory   Experiment   Analysis  

To find SUSY: goal is to 
observe an excess of 
events at high MET region 

pp->stop pair 
    ->tt+B0B0 
    ->bbWW+!!+MET 
    ->bbjjℓ"+!!+MET
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Backgrounds
• Monte Carlo simulated 

• Dominant: 

• tt+!(!) 

• tt+jets(mis-identified as !) 

• Sub-dominant 

• W!, Z!, Z+jets 

• Others: 

• tt+W/Z 

• W+jets 

• Di-boson(WW,WZ,ZZ) 

• Single top

20Theory   Experiment   Analysis  
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Event Preselection
• Trigger on lepton 

• Electron channel: Data & MC: electron_ PT>23GeV/c 

• Muon channel: Data & MC: muon_PT>20GeV/c 

• Required exact one tight isolated 30GeV/c lepton 

• Veto events with additional 10GeV/c loose lepton 

• Required at least three 30GeV/c jets 

• At least one of the selected jets is b-tagged 

21Theory   Experiment   Analysis  
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Event Preselection
• Trigger on lepton 

• Electron channel: Data & MC: electron_ PT>23GeV/c 

• Muon channel: Data & MC: muon_PT>20GeV/c 

• Required exact one tight isolated 30GeV/c lepton 
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• Required at least three 30GeV/c jets 

• At least one of the selected jets is b-tagged 
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To pick out clean 
events
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• Categorize events regions 
• Signal regions:  

SR1: N(γ) = 1  

SR2: N(γ) ≥ 2  
• Control regions:  

Veto photons in control regions 

CR1: N(f) = 1  
CR2: N(f) ≥ 2

Photon selection

23

Signal Photon (Loose)
• Et>20 
• |eta|<1.4442 (restrict barrel only) 
• dR(pho,ele)>0.3

“fake” photon
• Similar to signal photon 
• Require to fail  

• either: Shower shape variable   
• or: Charged hadron isolation 

CR2

CR1 SR1 SR2

pre-selection

N
um

be
r o

f F
ak

es
Number of Photons

0

1

≥2

1 ≥20

Theory   Experiment   Analysis  
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• Run I: 8TeV,19.7fb-1

• Electron Channel
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RunI Results

Theory   Experiment   Analysis  

Excluded

• No significant excess in the shape of the MET 
distribution is observed

• Interpret into exclusion contour 
• Pushed exclusion in stop mass up to ~ 650 – 

750 GeV 
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RunII Progress
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Xsec(pb) Event number Lumi(/fb)

Data
Muon channel 1.731

Electron channel 2.67

Backgrounds

tt+! 3.697 4832230 1307

ttjets 831.76 19757190 23.75

z+jets 6025.2 28747969 4.77

ttw->lnu 0.2043 252908 1238

wjets->lnu 61526.7 24184766 0.4

2015 datasets with 13TeV, 25ns bunch crossing 
Have investigated the data and some background samples
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Very preliminary results: Electron channel
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Very preliminary results: Muon channel
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RunII Progress
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Very preliminary results:

• MET shapes agree between backgrounds sum and data 

• Event numbers: sum of backgrounds is over data expected: 

• Data is quite limited 

• To describe the data accurately, need to investigate Monte Carlo Bkgs: 
efficiencies, reweighting, scale factors…
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Outlook

31

• By the end of 2016, expect to 
accumulate integrated lumi ~30fb-1 

• More and more data… 

• SUSY might be around the corner

Theory   Experiment   Analysis  

8TeV exclusion

If no susy, and with the similar signal 
events yield, can push up the exclusion 

13TeV exclusion
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Thank You! 

(Back up)

32
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Event display

33
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• stop pair 
cross section

34
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‘bino-like’ (χ 0̃1 )  
‘wino-like’ (χ 0̃ 2) 
‘higgsino-like’ mixture χ 0̃3, χ 0̃4  
charginos are a wino-like χ ±̃1  

higgsino-like χ ±̃2 
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GMSB

36

Topologies: for the bino like 
neutralino…
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MET

Missing transverse momentum (MET) is the imbalance in the transverse momentum 
of all visible particles, particles which interact with the electromagnetic or strong 
forces, in the final state of collisions. Because momentum is conserved in each 
direction, MET is the transverse momentum that must have been carried by 
something invisible. Neutrinos, for example, are invisible particles

37

̸E⃗T

Raw MET is the negative of the vector sum of 
of all reconstructed particles
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Jet

Sketch of pp-collision and resulting collimated spray of particles, a jet.

38
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Muon Tight Loose

Pt >30 >10

|eta| <2.1 <2.5

POG ID Tight Loose

PF 
RelIso(dR0.4

4)

0.15 0.25

Electron Tight Loose

Pt >30 >10
|eta| <2.5 <2.5

POG ID Tight Loose

Jet (Loose)
• Pt>30 
• |eta|<2.4 
• pass jetPF LooseId 
• bjet csvm>0.89

Photon (Loose)
• Et>20 
• |eta|<1.4442 (restrict barrel only) 
• pass ElectronVeto 
• POG Loose Id 

•dR(pho,mu)>0.3

Analysis Objets
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RUN I
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RunII
• Due to the very high instantaneous luminosity, the interactions that occur in each 

bunch crossing can be up to ~20 

• Monte Carlo samples simulate the pileup based on expected data pileup, 
however, might not well describe the “real” pileup, so need to reweight the MC to 
get close to data.

42

Pileup reweighting
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RunII

43
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