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Dark QCD and The Hidden Valley
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Hidden Valley equipped with 
a complicated spectrum of


mesons and baryons,

Dark QCD confines like the 
strong force (QCD) some scale,
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Dark Parton Showers
(Ref: arXiv: 1903.04497)
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Emerging Jets at The LHC

The dark pions being long lived will 
decay exponentially within the 

detector volume.

Qd Q̄d ! ⇡d ! q q̄
<latexit sha1_base64="B2xkl1JSKnlqYSbJljlihxBAZ0Q=">AAACKnicbVDNS8MwHE3n15xfVY9egkPwNNopKHiZevG4gfuAtZQ0zbawNO2SVBmlf48X/xUvOyjDq3+I2VZENx8EXt77PZLf82NGpbKsqVFYW9/Y3Cpul3Z29/YPzMOjlowSgUkTRywSHR9JwignTUUVI51YEBT6jLT94f3Mbz8RIWnEH9U4Jm6I+pz2KEZKS5552/DSIIPODXR8JNJGtrgK2h8oJET0DJ2Yrmijn8Ao88yyVbHmgKvEzkkZ5Kh75sQJIpyEhCvMkJRd24qVmyKhKGYkKzmJJDHCQ9QnXU05Col00/mqGTzTSgB7kdCHKzhXfydSFEo5Dn09GSI1kMveTPzP6yaqd+2mlMeJIhwvHuolDKoIznqDARUEKzbWBGFB9V8hHiCBsNLtlnQJ9vLKq6RVrdgXlWrjsly7y+soghNwCs6BDa5ADTyAOmgCDF7AG3gHH8arMTGmxuditGDkmWPwB8bXNxUkp60=</latexit>

4



i) Exploit existing triggers with hard ISR:

Dedicated triggers (specific event criteria) were implemented to write a 
subset of data onto record completely biasing novel/unique signatures

Strategies 

ii) “Trackless” ML classifier on trigger stream:

Data

Sig

Bkg
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Benchmarks

<latexit sha1_base64="RpEbe/tC2kzaHCGOQfVZXONWWgA=">AAACBHicbVDLSgNBEJyNrxhfqx5zGQxCBAm7IupJgl68CBHygiSE2UknGTL7YKZXDEsOXvwVLx4U8epHePNv3E32oIkFDUVVN91dTiCFRsv6NjJLyyura9n13Mbm1vaOubtX136oONS4L33VdJgGKTyooUAJzUABcx0JDWd0nfiNe1Ba+F4VxwF0XDbwRF9whrHUNfPF227UnNBLatM2wgNGVahPjmnzKJfrmgWrZE1BF4mdkgJJUemaX+2ez0MXPOSSad2yrQA7EVMouIRJrh1qCBgfsQG0YuoxF3Qnmj4xoYex0qN9X8XlIZ2qvyci5mo9dp2402U41PNeIv7ntULsX3Qi4QUhgsdni/qhpOjTJBHaEwo4ynFMGFcivpXyIVOMY5xbEoI9//IiqZ+U7LOSfXdaKF+lcWRJnhyQIrHJOSmTG1IhNcLJI3kmr+TNeDJejHfjY9aaMdKZffIHxucP9m2Vuw==</latexit>

(MX > 1TeV, X)
<latexit sha1_base64="d/1uBr31o/EnCPhH44kPNq3+xCw=">AAACBXicbVDJSgNBEO2JW4xb1KMeGoMkgoQZEfXgIejFixAhG1kIPZ1K0qRnobtGDMNcvPgrXjwo4tV/8ObfOFkOmvig4PFeFVX1bF8Kjab5bSQWFpeWV5KrqbX1jc2t9PZORXuB4lDmnvRUzWYapHChjAIl1HwFzLElVO3B9civ3oPSwnNLOPSh5bCeK7qCM4yldno/d9sO69mIXtImwgOGVgkq0TGtZ49SqXY6Y+bNMeg8saYkQ6YottNfzY7HAwdc5JJp3bBMH1shUyi4hCjVDDT4jA9YDxoxdZkDuhWOv4joYax0aNdTcblIx+rviZA5Wg8dO+50GPb1rDcS//MaAXYvWqFw/QDB5ZNF3UBS9OgoEtoRCjjKYUwYVyK+lfI+U4xjHNwoBGv25XlSOclbZ3nr7jRTuJrGkSR75IDkiEXOSYHckCIpE04eyTN5JW/Gk/FivBsfk9aEMZ3ZJX9gfP4AbjuV9Q==</latexit>

(MZ0 < 1TeV, Z 0)

6

(Ref: Schwaller et al arXiv:1502.05409) 

LO LO + j LO + γ LO +W/Z

γ W/Z

Types of radiation:

Scalar mediator Vector mediator



Trigger Efficiencies
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Z’ cross section:

Scalar cross section: similar to known squark production.

proportional to free parameters 

Gives a sense of the rate independent 
of unknown Z’ freedom.=
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s = 13 TeV
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Significantly more events written onto tape 
with realistic radiation

Not enough events pass at LO
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Detector Limits
Hadronic Calorimeter
EM Calorimeter
Inner Tracker

Outside Detector
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Using tracker hit profiles to train a ML algorithm on the trigger stream.

Hits within hard 
jet direction 

Learning from The Tracker (without Tracks)
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✏bkg =
R

�bkgL
⇠ 10�3 � 10�2

Due to boosts, lower lifetimes 
span hits considerably along 

all layers.

Available new physics 
bandwidth of ~1 Hz.
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MZ0 = 500 GeV
Background:

Heavy flavours mimic E-jets 
with displaced vertices
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ML Trigger Results
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• Emerging jets, although novel, may pose difficulties at the 
triggering stage. Previous studies showed that a large 
massed scalar mediator is efficient enough.


• We show that triggering on lower mass vector mediators 
greatly benefits from the inclusion of realistic radiation.


• Online trigger strategies that employ ML techniques can 
use low level variables (I.e. tracker hits) to probe lower 
mediator masses.

Conclusion 
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Questions
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Benchmarks

Original paper benchmarks, where a Heavy scalar 
mediator was explored.

Scalar model has a dedicated CMS search: 1810.10069
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Universality 

Triggers show similar 
trends independent of 

which model it is 
trained on.

16


