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Quarks produced at a lepton collider will shower in a
calculable way in QCD.
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They will then form hadrons.




Cartoon picture
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DARK SHOWER

A new confining sector (possibly QCD-like) that:
« Has arelatively low (~ GeV) confining scale.
e All SM particles are neutral under new force.

o All light particles that feel the force are neutral
under the SM.

If there is a heavy mediator, then have large
multiplicity of BSM particles at LHC.
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Emerging Jets: QCD like, displaced vertices.
Semivisible jets: missing energy Iin the jet.

Soft bombs or SUEP (Soft Unclustered Energy
Patterns): spherical distribution of particles.

See also talk by D’Agnolo yesterday.



MOTIVATION
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We have seen dark matter in the sky.
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But not in the lab.
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QDM ~ 5QB

Controlled by complicated
(known) QCD dynamics
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Qpy = mpunpu (}p = mynpg
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Unknown dynamics
of baryogenesis
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QCD like Controlled by complicated
\? (known) QCD dynamics
Upyv=mpunpum lp = mphB

Unknown dynamics

of baryogenesis
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Gauge hierarchy problem:

qdA

Solved in composite Higgs (SUSY) with top-partners
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Do these partners need to be coloured?



No! But still need factor of 3.
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Most models have twin colour which confines
around GeV scale (or slightly higher).



SIMULATION
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Dark QCD is in Pythia. Can vary number of dark
colours and flavours as well as mass scales.

Two mediators also implemented.

e Scalar Pp — (I)(I)]L — C_YQd @d {q
« Vector PP — ziqg — Qd @d



Check to see if simulation makes sense by
looking at average particle multiplicity.
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Dark shapes do not change much varying
parameters in Pythia.

Girth of Jets
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Girth of Leading Jet; Varying Dark n & p Masses
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Dark shapes do not change much varying
parameters in Pythia.

Sphericity of events
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Soft bombs have approximately isotropic
particle distribution.

Can be simulated with a thermal

distribution.
dN
%NGXP{—\/pz mQ/T}
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\f/ X SUEPs” to Jets:
Parameterizing the Theory

Cari Cesarotti
Harvard University

*Soft unclustered energy patterns
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Seems that you can simulate the interpolation

using an extra dimensional model and the AdS/
CFT correspondence.

See talk by Cesarotti at Trieste workshop for
more details.

https://indico.cern.ch/event/649760/



TRIGGERING



Easy ways to trigger on dark showers:

o Lots of energy: use Ht or multi jet trigger.
 Missing energy.

Will almost always get one of these if mediator mass is
large (SUEP is an interesting exception).

 Isolated leptons (difficult if multiplicity is large).
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Can do simple trigger study
us | N g k NOWN t ri g g er Performance of the ATLAS Trigger System in 2015
th reS h O ld S_ The ATLAS Collaboration

u |}
Pyt h I a h I d d e n V a l ley During 2015 the ATLAS experiment recorded 3.8 fb~! of proton—proton collision data at a
u centre-of-mass energy of 13 TeV. The ATLAS trigger system is a crucial component of the
experiment, responsible for selecting events of interest at a recording rate of approximately
1 kHz from up to 40 MHz of collisions. This paper presents a short overview of the changes

to the trigger and data acquisition systems during the first long shutdown of the LHC and
shows the performance of the trigger system and its components based on the 2015 proton—

Current thresholds, not
high-lumi.

ATLAS not CMS. 14k
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For any dark shower, ISR is always there.
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Strategy of mono-X searches.



For any dark shower, ISR is always there.
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Strategy of mono-X searches.
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ATLAS Multijet and HT Trigger; Efficiencies for Hidden Z Spectrum

S I BR\\a S cantl -
: : High mass means

N B ¢ VX 2 - high e fficiency.

Efficiency
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Tree level + 2 Jet '

Z, Mass [GeV]

HLT Hr trigger (850 GeV)
dominates.
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ATLAS Multijet and HT Trigger Efficiencies for Hidden Z Spectrum
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HLT HT trigger (850 GeV)
dominates.
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Some showering models can naively be impossible to
trigger.

Even for worst case model, can get a few percent
trigger efficiency with ISR jet.

Worthwhile to simulate ISR (using usual matching
procedure) to can get more coverage.



To do:

» See if you can do better with multiple (vanilla)
triggers.

« Check electroweak ISR.
« Compare to dedicated triggers.
e Interplay between L1 and HLIT.

Stay tuned!






Model A
Ad 10 GeV
my, 20 GeV
My, 5 GeV
CTr, | 190 mm

Trigger menu (or):
. HT>850 (pT > 50)
3jets > 175

4 jets > 85
5 jets > 60
6 jets > 45

Delta function detector



