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We have not found any concrete sign of new 
physics … yet! 
Looking at unusual topologies and 
hidden corners of the phase space 
 → signature based searches, using benchmark models.

Dark hadrons decaying PROMPTLY in a QCD-like 
fashion, fully (dark jets)  

or partially back to visible sector (semi-visible jets)

Dark hadrons undergoing DISPLACED decays in a 
QCD-like fashion (emerging jets)
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source

The big picture!

(Courtesy: Jorge Cham)

https://cds.cern.ch/record/2855831


Scope of the workshop

Aim to build collaboration and motivate cross-talk between the experimental and theory 
community dedicated towards developing and understanding the strongly interacting dark 
sector. 

→ understanding the current status of the dark showering module within Monte Carlo 
generators like Pythia and Herwig, as well as identifying benchmark models that can drive 
future search strategies. 

Dark jets Semi-visible jets Emerging jets 3

All pictures are taken from workshop 
talks unless stated otherwise

https://indico.mitp.uni-mainz.de/event/377/


Programme of the Workshop

Day1: Dark showers: Theory and Generator perspective

Day2: Dark showers: Experimental perspective (Run-2 results, lessons learnt, 

tools/analysis techniques developed)

Day3: Dark showers: Reinterpretability/reproducability of experimental results, and new 

final-state signatures

Day4: Plans for ways forward: summary report
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Dedicated ECS sessions, focussing on individual topics
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Day1: Dark showers: Theory and Generator perspective

Day2: Dark showers: Experimental perspective (Run-2 results, lessons learnt, 

tools/analysis techniques developed)

Day3: Dark showers: Reinterpretability/reproducability of experimental results, and new 

final-state signatures

Day4: Plans for ways forward: summary report

Programme of the Workshop summary report on arXiv [arXiv:2311.16330]
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Dedicated ECS sessions, focussing on individual topics
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https://arxiv.org/abs/2311.16330


Day 1: Summary and action items
● Main challenge on the theory frontier 

○ capturing the vast range of possible signatures while 
taking into account the limits of theoretical knowledge 

○ availability of simulation tools → currently HV is only 
Pythia8, HV in Herwig is WIP

○ finite number of phenomenological studies and 
experimental searches that can be done in practice 

Progress on simulation tools (talk), and simplified 
phenomenological models and simple but complete benchmark 
models reported throughout the day looks promising and 
shows potential for shorter term standalone feasibility studies.
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● Discussion session focused on the existing experimental results and possible 
benchmark signal choices as well as alternate analysis approaches

● Model-dependence can arise at different stages: from dark quarks production 
going to dark showering, dark hadronization and decays. 

○ fixing the portal and assuming QCD-like hidden sector [choosing certain number of dark 
colours/flavours] gives an handle on perturbative steps of the process

● Compromise has to be struck between theoretically sound models and 
experimentally searchable models focusing on uncovered phase space.

○ Independent tests are needed to gain more confidence in the different classes of theories that can be 
studied using this approach

Day 2: Summary and action items
sector
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Day 2: Summary and action items (contd)

Discussions on the definition of rinv:

● If rinv is forced as an input parameter→ can be taken at face value, and easier to 
understand for theorists

● If rinv is made an output parameter → accurate branching ratios should be taken into 
account

a. downside to this approach is that the rinv becomes much more model-dependent 
and difficult to reinterpret.

● Invisible fraction of total energy for a given model is preferred, especially when multiple 
flavours of dark quarks is involved

sector
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Day 3: Summary and action items

● Wishlist for more things to be added to reinterpretation?
○ Full likelihoods → additional information coming from covariance matrices & explicitly spelling 

out intermediate steps in the analysis chain with descriptive object definitions]

○ Efficiency maps tend to be model dependent →  difficult to reinterpret

○ Providing validated SimpleAnalysis routines, or REANA implementations of full analysis 
workflow, or using the detector smearing available within Rivet

○ Cutflows need to be documented for searches properly 

○ Wishlist for HEPData: cross-sections of signals should be included, ML info needs to be 
shared (at least features obtained from classifiers)

● To gain semi-quantitative estimate of phase space/parameter gaps: simpler analyses that are easily 
recastable are useful

● Reinterpretation of the CMS emerging jet search for exotic decays of the SM Higgs boson presented

REINTERPRETATION!
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Day 3: Summary and action items (contd…)
New signatures:

Z′ ↔ e,μ coupling suppressed

→ Avoids existing constraints from 
di-lepton searches

→ Leaves possibility of τ in jets

bb
Tau-enriched SVJ b-enriched SVJ

Two approaches for e/μ enriched 
SVJ production presented

Explicitly producing just b-hadrons in 
the visible showering step

Additional handle on tagging SVJ

Reduces multijet BG
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Conclusions
● Several avenues of strongly interacting dark sector 

open for exploration

● General idea evolving around the need of more 
signature based searches

● First bounds set on these kind of signatures from 
CMS/ATLAS (many more to come)

● Can probe unusual collider phase-space corners 
by exploiting existing wealth of jet substructure 
observables or alternate search strategies (Partial 
Event Building + TLA and/or delayed stream)

● There is a buzzing ecosystem of re-interpretation

● All discussions summarised in report, now on 
arXiv [arXiv:2311.16330]
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