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▪ Co-annihilating DM and long lived NLP

▪ Analysis strategies

▪ Data processing

▪ Vertex reconstruction and signal 

efficiencies

▪ Limit contours
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Public collision data from 

http://opendata.cern.ch
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Co-annihilating DM and long lived NLP

Displaced vertex is a novel 

feature distinguishable from SM 

backgrounds

➢ Feeble couplings: 

RPV SUSY, Hidden sector

models, freeze-in

➢ Heavy mediators: RHv

➢ Phase space squeezing：
Nearly degenerate states

(Focus of this study)

Met+jets

+Soft

https://indico.cern.ch/event/607314/contributions/2542309/attach

ments/1447873/2231444/20170424_LLPs.pdf

Review: https://arxiv.org/pdf/1903.04497.pdf
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Co-annihilating DM and long lived NLP

Generic requirements to produce 

the signatures of interest

• Small mass splitting

• Z2 symmetry: the LSP fly 

outside the detector 

• SM partners: the NLP should 

decay into the LSP + some SM 

particles

Natural models:

➢ Fermionic DM (SUSY): 

stop -> t* bino

➢ Bosonic DM (Extra-dim/LHT):

tH -> t* AH

Bonus:

Lightest stable particle provides a DM candidate 

Coannihilation avoids DM being over-abundant
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Analysis strategies

Challenges

• Hundreds of soft tracks

• Background from 

misidentified track

• Mis-association of tracks 

in vertex reconstruction

Signatures

• PF MET trigger

• Reconstruct displaced 

vertices based on some 

displaced tracks



6

Data processing

• Dataset: CMS 2012 MET primary dataset Run B, Run C, 

integrated luminosity 11.6 fb−1

• CMSSW 5.3.32 with build-in tools from the Docker image

• Trigger: PFMET > 150 GeV

• +Preselection: at least one jet pT > 150 GeV

• local sample size ~300 G
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Vertex reconstruction and signal efficiencies

Signal samples

• MG5_aMC@NLO+Pythia8

• MLM 1+2 jets matching

• Fastjet3 for jet clustering

• Simulate stop/tH decay vertices 

based on the their widths, and 

the Pythia R-hadron decay 

program.

CMS detector simulation?

➢ Compute KEY efficiencies for the MC samples

• Track efficiencies 

• Vertex reconstruction efficiencies
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Track selection and efficiencies

Track selections

𝑝𝑇 > 1 GeV

|𝜂|<2.4

Track efficiencies

Reco: 90%

𝜀(|𝑑𝑥𝑦/𝜎𝑑𝑥𝑦|>4) = 
𝑁(𝜎𝑑𝑥𝑦<|𝑑𝑥𝑦

0 |/4|𝑝𝑇
0)

𝑁(𝜎𝑑𝑥𝑦>0|𝑝𝑇
0)

Zero refers to the quantities of a 

sample of high fidelity tracks. 

High fidelity tracks:

➢ Uncertainty 

distribution of 

real tracks
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Vertex reconstruction and signal efficiencies

Parametrized vertex efficiencies for phenomenological studies

➢ Signal like events from the CMS ttbar sample

• Generator level 𝐵0, ത𝐵0 hadronic decays

• Energy in the range 10-30 GeV

• Vertex position from the beam-line: 0.5-18 mm

➢ Two methods for a proof of principle (large overlap fractions)

• Track fraction method

• Vertex distance method

◆ ≥ 4 displaced tracks

◆ 𝑑𝐵𝑉 from 0.1 to 20 mm 𝑁𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑,𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑=N1

𝑁
𝑟
𝑒
𝑐
𝑜
=

N
2
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Vertex reconstruction and signal efficiencies

We have limited data and 

cannot fully exploit signal 

features

𝑚 ሚ𝑡 = 360 GeV, Δ = 20 GeV
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Limit contours: SUSY stop-bino model

Our results 

(stop-bino model)

• 8 TeV 11.6 fb−1

• 95 % CL FC limit

• Most sensitive in the 

compressed region

• Continuously transits into 

prompt analysis

Prompt CMS

• 8 TeV 19.7 𝐟𝐛−𝟏

• channel

• Truncated at c𝜏=0.2 mm
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Limit contours: SUSY stop-bino, comparing with 13 TeV limits

Our results 

(stop-bino model)

• 8 TeV 11.6 fb−1

• 95 % CL FC limit

• Most sensitive in the 

compressed region

• Continuously transits into 

prompt analysis

Prompt CMS

• 13 TeV 35.9 𝐟𝐛−𝟏

• channel，
MVA approach

• Truncated at c𝜏=0.2 mm



▪ Displaced vertices reconstructed from 
soft tracks can be sensitive to BSM long-
lived particles

▪ We searched for long-lived stop signals 
using the 8 TeV CMS open data

▪ We present competitive limits in the 
compressed region for both of the 
models

▪ Opendata can be a powerful tool to 
help theorists study backgrounds of 
non-conventional new physics searches
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Beam-spot correction
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Quality of vertex reconstruction
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Setting limits
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