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Dark QCD and The Hidden Valley 

SU(3)⇥ SU(2)⇥ U(1)
<latexit sha1_base64="xGv12zMj2tFS5e9wwXDMWq9+FWU=">AAACBXicbZC7SgNBFIbPxluMt1VLLQaDkDRhNxG0DNpYRnSTQLKE2clsMmT2wsysEJY0Nr6KjYUitr6DnW/jJFlBE38Y+PjPOZw5vxdzJpVlfRm5ldW19Y38ZmFre2d3z9w/aMooEYQ6JOKRaHtYUs5C6iimOG3HguLA47Tlja6m9dY9FZJF4Z0ax9QN8CBkPiNYaatnHt86pVq5q1hAJdJc/WGnZJd7ZtGqWDOhZbAzKEKmRs/87PYjkgQ0VIRjKTu2FSs3xUIxwumk0E0kjTEZ4QHtaAyx3uSmsysm6FQ7feRHQr9QoZn7eyLFgZTjwNOdAVZDuVibmv/VOonyL9yUhXGiaEjmi/yEIxWhaSSozwQlio81YCKY/isiQywwUTq4gg7BXjx5GZrVil2rVG/OivXLLI48HMEJlMCGc6jDNTTAAQIP8AQv8Go8Gs/Gm/E+b80Z2cwh/JHx8Q3HyJYx</latexit>

⇥SU(3)d
<latexit sha1_base64="FutZ01bu3fGfZStTMcrgpqgCSe4=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0WomzBpQ9Nl0Y3LiqYttKFMptN26OTBzKRQQv/EjQtF3Pon7vwbJ20FFT1w4XDOvdx7T5BwJhVCH0ZhY3Nre6e4W9rbPzg8Mo9P2jJOBaEeiXksugGWlLOIeoopTruJoDgMOO0E0+vc78yokCyO7tU8oX6IxxEbMYKVlgam2VcspBLeeZXa5SAbLgZmGVmuXXMaDkQWqjp15Oak3kCuC20LLVEGa7QG5nt/GJM0pJEiHEvZs1Gi/AwLxQini1I/lTTBZIrHtKdphPU6P1tevoAXWhnCUSx0RQou1e8TGQ6lnIeB7gyxmsjfXi7+5fVSNWr4GYuSVNGIrBaNUg5VDPMY4JAJShSfa4KJYPpWSCZYYKJ0WCUdwten8H/Srlp2zareOuXm1TqOIjgD56ACbOCCJrgBLeABAmbgATyBZyMzHo0X43XVWjDWM6fgB4y3T8bnkx4=</latexit>

The sector is accompanied by 

a complicated spectrum

Dark QCD confines at some scale,

(Ref: Stolarski et al arXiv:1502.05409) 
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(Hidden Valley can have different 

# flavours and colours)
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Dark Parton Shows
Heavy mediator,      , will act as the portal to the standard model (SM)Zd

<latexit sha1_base64="VBMXB3GMG1jWHRry7CKk1wDWo6w=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48VTFtsQ9lsNu3SzW7Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHtzO/80SVZlI8mElKgwQPBYsZwcZK/uMgj6aDas2tu3OgVeIVpAYFWoPqVz+SJEuoMIRjrXuem5ogx8owwum00s80TTEZ4yHtWSpwQnWQz4+dojOrRCiWypYwaK7+nshxovUkCW1ngs1IL3sz8T+vl5n4OsiZSDNDBVksijOOjESzz1HEFCWGTyzBRDF7KyIjrDAxNp+KDcFbfnmVtBt176LeuL+sNW+KOMpwAqdwDh5cQRPuoAU+EGDwDK/w5gjnxXl3PhatJaeYOYY/cD5/APEjjsU=</latexit>



Emerging Jets at the Large Hadron Collider

 The dark pions being long lived will decay 

exponentially within the detector volume

Qd Q̄d ! ⇡d ! q q̄
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Emerging jets: 

Pion Lifetimes

The decay products will collimate within

The jet cone with unique Parton evolution






Benchmark Models

Using Hidden Valley/Dark QCD modules now in  PYTHIA8

⇥SU(3)d
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Dark Sector

Varying # colours and flavours has little effect to our work 



Jet Momentum and Triggering

Triggering on EJ events is easy with heavy mediator masses (four hard jets)

We attempt to probe the low mediator mass scales with current triggers



ATLAS Triggers

Missing Transverse Energy:
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HT Trigger:
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The efficiency of the event can be calculated be calculated, e↵ =
Nacc

Ntot
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Model

Implementation

Event

Generation

Parton 

Showering

Simulation Pipelines:

Trigger 

Software

(FeynRules) (MadGraph) (PYTHIA8)

The proton-proton collisions at the LHC produce Far too much data for the

The experiments (ATLAS, CMS, LHCb) to record offline

Dedicated triggers         biasing novel/unique signatures
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Initial State 

Radiation

Exploiting Dedicated Triggers

We exploit processes with additional radiation from the hard scattering
(Both QCD and EW ISR are considered)
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Trigger Efficiencies (Multi-jet Processes)
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ATLAS HT Trigger Scaled Cross Sections, s = 13 TeV

significantly more events can get on tape by 
considering extra radiation

0,1,2 - ISR jets

EW, Gamma ISR
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ECAL

Just Another Cog in the Machine
Using hit pattern information of only the tracking layers

Using only hit patterns and forgoing track reconstruction is less computational heavy 

Modelled after the ATLAS inner detector

# of visible evolve over layers
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Summary

• Emerging jets, although novel, may not pass the dedicated 
triggers at colliders.


• Light mediator masses have higher trigger efficiencies when 
additional radiation is considered (ISR).


• New triggers may be motivated using ML techniques with low 
level variables such as hit patterns on detector layers. 
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- Inner tracker
- Hadronic Calo
- ElectroMagnetic Calo
- Muon Calo

How Long Is Too Long?


