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Why we are still interested in SUSY?



• Quadratic divergences canceled completely. 

• Supersymmetry must be broken!

• Top SUSY partner must be light.

The importance of top quark superpartner



Status of stop search

Tradtional search: 
top pair + MET

mt̃ ⇡ mt +m�

mt̃ ⇡ mW +mb +m�

ATLAS results before 2015



The compressed regions

Partially filled with 
new searches



The compressed regions
+
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The compressed regions
+
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More interesting in the sake 
of EW hierarchy problem! 



Bino LSP + stop NLSP

- In the bino-stop model, the mass gap 
between bino and stop must be smaller 
than 30-40 GeV or the bino will 
overclose the universe. 

- We don’t need to assume bino is the
dark matter candidate.

W.-Y. Keung, I. Low, Y. Zhang, 1703.02977



Bino LSP + stop NLSP

- Prompt decay of stop is assumed.
- Does NOT apply to the stop-bino case. 
- There is still a gap that cannot be covered

by existing searches.



Stop decay channels

• Two channels
• Flavor changing

• Flavor conserving

• We assume flavor conserving processes dominate.  
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Model dependennt. 

Inreducible



Stop life time in the compressed region

• Tree level analysis
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t̃1 = t̃R Dimension-7
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t̃1 = t̃L Dimension-8



Stop life time in the compressed region

• Tree level analysis For pure right handed stop and pure bino, neglecting mb.
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• A mass hierarchy appears in the process
• Large logrithmic factors may appear
• NRQCD techniques are employed to resum.
• Operator mixing

NRQCD corrections
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Lifetime of stop
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t̃1 = t̃R
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Our strategy

Displaced
soft tracks

Four displaced vertices:
Two from stops
Two from B mesons

We still need a trigger

Ideally,



Our strategy

Displaced
soft tracks

Four displaced vertices:
Two from stops
Two from B mesons

We still need a trigger

monojet

Signal: Monojet + displaced vertices



Detailed simulations

• MadGraph: 
- Generate parton level events    - Calcualte the jet + stop pair cross section

• Pythia:
- Parton shower                              - Hadronization (generate tracks)

• We find the tracks from the stop and B meson vertices, and displace 
them randomly with our own code based on lifetime. 
• We simulate the background. 
• We apply the cuts and compare the signal with the background to get

the sensitivity.
Bingo!



Detailed simulations

• MadGraph: 
- Generate parton level events    - Calcualte the jet + stop pair cross section

• Pythia:
- Parton shower                              - Hadronization (generate tracks)

• We find the tracks from the stop and B meson vertices, and displace 
them randomly with our own code based on lifetime. 
• We simulate the background. 
• We apply the cuts and compare the signal with the background to get

the sensitivity.
Bingo!

Without the knowledge of detailed information of the detectors it 
is very difficult for us to simulate the background!



CMS Open Data

• Dataset: HLT_PFMET150 (MET > 150) includes Run B, Run C data with 
total luminosity of 11.6 fb-1.
• Analyzing with CMSSW 5.3.32
• Trigger and basic cuts: MET > 150 GeV, PT(j1) > 150 GeV

• Study the properties of the displaced soft tracks in the dataset. 
• Reconstruct displaced vertices
• Compute various efficiencies



CMS Open Data

• Identify the primary vertex (associated with the leading jet)
• We consider high purity tracks 

- PT > 1 GeV     - |𝜂|<2.4    

• For displacement, we require |𝑑!"/𝜎#!"| > 4 for each track.

• Vertices are reconstructed with the Trimmed Kalman Vertex Finder.

Transverse 
impact 
parameter

resolution



Displaced track efficiency in the simulation

• For real data we require |𝑑!"/𝜎#!"| > 4.
• For simulated data, we define the efficiency

Then generate the random number based on 
this efficiency to determine if the track can 
survive or not. 



Vertex reconstruction efficiencies

• We use the ttbar sample in the open data to calculate the vertex 
reconstruction efficiency.

We require at least four tracks from each displaced vertex.



HT of soft tracks from displaced vertices

• Since the tracks from stop decay are soft, we require
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Set limit

• Currently, we don’t have the ability to do simulation, we have to 
assume that all the events after cuts are signal to have a conservative 
bound. 
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Preliminary result
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8 TeV, 11.6 fb-1



Preliminary result
Stop displacement is negligible, 
displacement purely from B 
meson. 

8 TeV, 11.6 fb-1
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Stop displacement is negligible, 
displacement purely from B 
meson. 

Tracks are too soft.

8 TeV, 11.6 fb-1



Compare with CMS 8 TeV, 20 fb-1

8 TeV, 11.6 fb-1
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Compare with ATLAS 8 TeV, 20 fb-1

8 TeV, 11.6 fb-1



Summary

• We propose to search for the bino-stop coannihilation region with 
monojet + displaced tracks observable. 
• With the CMS open data, we show that without simulating the 

background, the sensitivity is better than traditional monojet results. 


