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Dark QCD

2arxiv:1502.05409
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Emerging Jets Models
• Multiple emerging tracks from dark 

mesons decaying to SM particles

• The decays occur at slightly different 
radii from interaction point

arxiv:1502.05409
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Signals/Backgrounds in ATLAS

• 90 Simulated points in total

• Assume background completely dominated by 4-jet

• Events pass through GEANT4 ATLAS detector reconstruction

• Event generation uses modified Pythia 8.230 HiddenValley models to 
increase signal efficiency
• Includes dark coupling and truth-level 4-jet generator filter 4
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Run-2 Dataset

• Collision centre-of-mass 
energy: 𝑠 = 13 TeV

• Total integrated luminosity of 
139 fb-1
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Analysis Flow

Use a primarily cut-based 
analysis:

• Four-Jet triggers for Search Region

• Prescaled single-jet trigger for our 
Validation Region

Search for possible 
discriminants

Validate MC samples

• Evaluate systematic uncertainties

ABCD data-driven 
background estimation 

• Backgrounds are almost entirely 
QCD multijets

• Modeled using JZXW jet MC

Results!

• Either see a signal or create 
exclusion curve
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Aiming for model-
independent analysis



List of key variables

• Number of Secondary Vertices – Determined using dR matching

• Secondary Vertex dR = ∆𝜑𝐽𝑒𝑡−𝑉𝑒𝑟𝑡𝑒𝑥
2
+ ∆𝜃𝐽𝑒𝑡−𝑉𝑒𝑟𝑡𝑒𝑥

2

• HT- Scalar sum of jet pT

• pT – Transverse Momentum

• Signal Region:
• Jet multiplicity >= 4
• 4 Leading jets have pT >= 120 GeV
• 4 Leading Jets have |η| <= 2.5
• 4-Jet HT >= 1000 GeV
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Sample Truth-level distributions

• Search for truth-level features 
that could be reconstructed
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Sample Event-Level Distributions
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Sample Jet-Level Distributions

I.
 R

am
ir

ez
-B

e
re

n
d

Jets indexed according to pT – leading jet, second 
leading jet.. etc.
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• Dark Match: Jet is matched to a truth level jet, both are matched to a dark jet

• SM Jet Match: Jet is matched to a truth jet, neither are matched to a dark jet



Sample SubJet-Level Distributions

jet_secVtx_dR = ∆𝜑 2 + ∆𝜃 2
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• Dark Match: Jet is matched to a truth level jet, both are matched to a dark jet

• SM Jet Match: Jet is matched to a truth jet, neither are matched to a dark jet



ABCD Background 
Estimation Method 

• Data-driven background 
estimation method

• For Un-Correlated backgrounds:
𝑁𝐶
𝑏𝑘𝑔

𝑁𝐷
𝑏𝑘𝑔 =

𝑁𝐴
𝑏𝑘𝑔

𝑁𝐵
𝑏𝑘𝑔

• Can solve for background estimate 
in region A

𝑁𝐴
𝑏𝑘𝑔

= 𝑁𝐵
𝑏𝑘𝑔 𝑁𝐶

𝑏𝑘𝑔

𝑁𝐷
𝑏𝑘𝑔
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Data MC Validation Region comparisons

Baseline Selection:

• Search Region

• rSV < 300 mm

• |zSV| < 300 mm

• 410 < pT
leadJet < 790 GeV

Histograms normalized to unity

Only periodB data considered

G. Gonella
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Secondary Vertex Match Score

Match Score: ratio of sum pT of the representative truth vertex position 
to the sum pT of tracks in reco vertex

M. Naseri
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Secondary Vertex Reconstruction Efficiency
Efficiency: The ratio of Long Lived Particle (LLP) decays with at minimum one 
matched reconstructed vertex (with a match score > 0.5) to the number of 
reconstructible LLP decays

M. Naseri
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Boosted Decision Tree Applications?

• Can be used for Run 3 
sensitivity study

• BDT and/or other ML 
methods can help 
discriminate between 
signal and background

• Construct event-level 
variables from 
jet/subject information

K. Graham
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CMS Emerging Jets Search Results
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Future Goals

• Carry out detailed Monte-Carlo study towards Run 3 data and a 
broader range of models

• Continue developing Machine Learning tools

• Look into pileup effects

• Sensitivity vs luminosity
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Extra Content
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Sample SubJet-Level Distributions

jet_secVtx_dR = ∆𝜑 2 + ∆𝜃 2
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Sample SubJet-Level Distributions

jet_secVtx_dR = ∆𝜑 2 + ∆𝜃 2
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