
Summary of the Dark 
Showers working group



Goals
1. To establish search strategies for dark showers that are flexible and general 

enough to pick up any new physics of this type -- i.e., leave no sensitivity holes 

2. To identify and address the major experimental hurdles in these kinds of 
searches

Jessie Shelton:

1. Classify the different types of signatures that should be distinguished a the most 
basic level. 

2. And then we need a good strategy how to get events generated. 

3. Classification of mediators and hidden sectors and how combined they give rise 
to different sets of signatures

Pedro Schwaller:



FIG. 1. Schematic representation of a soft bomb event with ⇠ 100 tracks, showing electrons and

muons in blue and green respectively. The cylinder represents the inner boundary of the ECAL.

An O(1) fraction of the tracks are too soft to reach the ECAL, generating Emiss
T if the bomb itself

is recoiling against other hard particles in the event.

existing level 1 (L1) trigger. (For VBF and VH production of Higgs bombs, associated

hard jets or leptons permit the same.) Moreover, a sizable fraction of the final states –

so called ‘loopers’ – are too soft to reach the electromagnetic calorimeter (ECAL), as

shown schematically in Fig. 1. This means that a soft bomb recoiling against a hard

object can generate sizable Emiss
T , and thereby also pass the (L1) Emiss

T trigger with a

reasonable e�ciency.

ii) At the HLT level, we search for a highly localized population of hits compared to the

more di↵use background from pile-up interactions. To minimize the spreading of the

signal hits, we focus on the innermost layer of the tracker.

iii) In an o↵-line analysis it should be possible to fully reconstruct the event, and enhance

background rejection via requirements on track multiplicities. In addition, it may be

possible to extract extra information from the factorial moments and cumulants of

the multiplicity distributions [49]. Variables based on the track multiplicity are also

promising for more weakly coupled hidden valleys [50].

To explore the e�cacy of this strategy, we simulate soft bomb generation and propagation

inside a simplified model of the ATLAS detector for a number of representative benchmark

points and estimate the signal e�ciencies that can be obtained at both stages of the trigger.

We show that the triggering e�ciencies for bombs of mass several ⇥ 100 GeV could be as

high as ⇠ 10%. Further, the acceptance rate for Higgs bombs triggered in the manner is
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FIG. 3. Fraction of events with at least one (two) muons with a pT greater or equal the pTcut ,

for various benchmarks indicated by dark (light) curves. Production through gluon fusion was

assumed for the Higgs benchmark.

FIG. 4. Truth-level lego plot of an example event for the mS = 750 GeV benchmark. The

distribution of leptons (blue) and other particles (green) are indicated separately as function of the

azimuthal angle and the pseudo-rapidity. This event contains a relatively hard ISR jet recoiling

against the much more di↵use soft bomb.

as missing transverse energy, Emiss
T . This apparent missing energy signature, in combination

with the jet or lepton itself, provides opportunities to pass L1 Emiss
T , lepton or jet-based

triggers, as analyzed in Sec. III C below.

At the high level (software) trigger some forms of tracking information are available,

however full track reconstruction is still not possible for every event. Instead we propose

to directly use the distribution of the hits on the tracker surfaces, rather than tracks, to
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Overview

• Characteristics of dark shower 
models 

• Triggering strategies 

• Reconstruction challenges 

• Background estimation 

Bias to CMS/ATLAS in this 
discussion; LHCb can attack the same 
models with somewhat different 
strategies (see talk by M. Borsato)
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Dark Showers



Developing a common 
language:

1. Describe features theorists can imagine they can 
realize in models. 

2. These features should be mappable objects 
experimentalists can measure. 

3. Allow for a “full” (but not necessarily orthonormal) 
basis that spans the notion.



Classifiers
I. Typical width of the jet (cone size) 

II. Number of “emerging jets” (depending on jet definition) 

III. SM composition within the jet: Fraction of the jet carried by 
some SM particle at a given Lxy (light hadrons, heavy hadrons, 
electrons, muons…) 

IV. Typical number of particles per jet (as a function of Lxy)
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Classifiers: Experiment
1. Energy deposited within the jet (Lxy): connected to (III) 

and (IV) 

2. High density of hits in regions / i.e. sliding window 
(triggering, seed) 

3. Number of reconstructed vertices (within jet (clustering-
dependent) or whole event): connected to (I) and (III) 
(and (IV)..) 

4. Try to give an efficiency for reconstructing such jets … 
need cuts (e.g. isolation) to justify assumption that 
reconstruction efficiency of each vertex is independent



Classifiers: Theory
1. How can we design benchmarks such that we cover the 

range of behaviors in these categories: 

I. Typical width of the jet (cone size) 

II. Number of “emerging jets” (depending on jet definition) 

III. SM composition within the jet: Fraction of the energy of 
the jet carried by some SM particle at a given Lxy (light 
hadrons, heavy hadrons, electrons, muons…) 

IV. Typical number of particles per jet (as a function of Lxy)



Next Steps

• Need clear road map, to be determined in stages.   

• Yesterday we laid the groundwork, and should 
meet regularly to make progress by October. 

• Next meeting TBD (will send a doodle, send me an 
email if interested)



Tasks for the 
experimentalists

• Secondary vertex efficiency in ATLAS and CMS 

• How Jet cleaning cuts (or a MET cut, if we were to 
do one) affect emerging jet efficiencies cuts  

• Get SUEP lhe files from Simon Knapen, et al., and 
simulate, estimate efficiencies 

• Investigate dedicated triggers (ATLAS: FTK, 
photon-jets, inner tracker hit multiplicity, etc.)



Tasks for the theorists
• Vary particle multiplicity in existing MCs and check effect 

• Benchmark models <= can we populate the 
classifications we have outlined above 

• What gives us wide jets? (Nf, Kinematics -- How to MC 
this?): (how to interpolate between Emergent Pencil jets 
and SUEP) 

• Pedro and Dan add multiple lifetimes for dark pions 

• Doodle a meeting for theorist discussion of these things.



Discussion


