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PROBING PHOTONS-ENRICHED 
SIGNATURES FOR SEMI-
VISIBLE JETS AT THE LHC


χ
C. Cazzaniga1, A. Russo2, E.Sitti1, A. De Cosa1

1 ETH Zurich, 2 Stanford University

Based on Eur. Phys. J. C 84, 1223 (2024)

https://link.springer.com/article/10.1140/epjc/s10052-024-13613-9#citeas
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WIMPs SEARCHES  

Δϕ ( ⃗pT,miss, J1,2)

Adapted from 

SVJs are exotic signatures emerging from Hidden Valleys complementary to di-jet 
and WIMPs searches: broader resonances (if present), dominated by QCD 
background (detector effects)  challenging signature!→

Hidden Valleys And SVJs
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ALIGNED TO JETS
χ

ET

MET

+ (PROMPT)* NON-ISOLATED 
PHOTON PAIRS PRODUCED  INSIDE 
HADRONIC JETS

EXTEND SVJ SIGNATURE: ALLOW DS DECAYS TO PHOTONS AND EXPLOIT NEW EXPERIMENTAL HANDLES
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Photons-enriched SVJ Signatures

Eur. Phys. J. C 84, 1223 (2024) 

C.Cazzanaiga, A. Russo, E. Sitti, A. De Cosa
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SVJ  signatureℓ
Eur. Phys. J. C 82, 793 (2022)

SVJ  signatureτ
Eur. Phys. J. C 83, 599 (2023)
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SVJ  signatureγ
Eur. Phys. J. C 84, 1223 (2024)

Phys. Rev. Lett. 115, 171804

(*) also non-prompt signatures can appear in this scenario

https://link.springer.com/article/10.1140/epjc/s10052-024-13613-9#citeas
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qSM

TRACKLESS JETS (CMS)

Z′￼ qSM
Xv

qSM

Xv

A portal for pp colliders

A coupling to the dark sector

A decay mode to photons

MODEL BASED ON:

Phys. Rev. D 84, 115006 (2011)
Phys. Rev. D 89, 095033 (2014)

Phys. Rev. D 103, 115013 (2021)
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γ Axion + VLL portal
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SVJ  Model In A Nutshell γ
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• Allow to tune branching to hadrons ( )

    and photons ( )

BRhad
BRγ

Effective parameters

• Able to define a parametric model that

can be mapped to the simplified one 

Photons decay channel

Hadronic decay channel

γ
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Z′￼ qSM

qSM

ISOCURVES FOR BRγ = BRhad = 0.5

Model Parameters And Branchings

higher BRγ

higher BRhad
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Photons-based Searches Inefficiencies

Photons-based searches
Low & high mass di-photon resonances

γ
photonID

γ

Remove SVJγCandidate  
Photon 

 , H/EIγ

Photon

 = photons isolation, H/E = hadronic vs electromagnetic Calo tower energyIγ

Photon Iso removes signal

Typical photons-based searches not sensitive to SVJ  due to tight isolation 
criteria applied to remove jets faking photons

γ



||Cesare Cazzaniga (ETH Zurich) 21.01.2025Dark Showers Workshop 2025 7

Typical jets-based searches not sensitive to SVJ  due to identification

requirements to remove photons faking jets 

γ

SVJ & dijet searches

Jet-based searches

γ JetID

Remove SVJγ
Candidate  
jet

NEMF

 = Neutral ElectroMagnetic FractionNEMF

Jet ID removes signal

Jet-based Searches Inefficiencies
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Applying SVJh CMS Search Selections

SELECTIONS BASED ON CMS ANALYSIS : JHEP 06, 156 
(2022)

Selections

1. At least 2 good jets (R = 0.8)

2. Large missing momentum: RT > 0.15

4. Trigger plateau ( )mT > 1.5 TeV

3. Maximum : Δη(J1, J2) Δη < 1.5

Standard SVJ Hadronic Analysis

: di-jet transverse mass
:  ET /mT

Variables Legend

5. Jets aligned with MET: Δϕ(ET, J1,2) < 0.8

Remove JetID

BUT expected to retain 10% more  γ + jets



||Cesare Cazzaniga (ETH Zurich) 21.01.2025Dark Showers Workshop 2025 9

SVJ  Tagging Algorithmγ
Powerful DNN features

Trained Deep Neural Network on jet substructure features to identify SVJ  
against QCD and 

γ
γ + jets

(*) more performance plots in backup

pTD fh,ch

τ1 thrust
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SVJ  Expected Sensitivityγ

Sensitivity of a standard 

hadronic search

Sensitivity of a modified

hadronic search without 


jed id

Sensitivity of a hadronic

search without jet id +  

jet tagger

Photons-enriched semi-visible jets can be discovered in

Run2 data collected at the LHC but  need to remove standard jet id 

and employ a dedicated jet tagger exploiting jet substructure
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GROWING FIELD & UNCHARTED 
TERRITORIES STILL TO BE EXPLORED !

Summary And Conclusions

• Presented new signature for semi-
visibler jets at the LHC characterised 
by enhanced fraction of photons

• Current jet identification/quality 
criteria tailored for SM objects 
discard the signal

• New SVJ  algorithm based on 

jet substructure can be employed

to enhance signal sensitivity and

Discover/exclude these signals at 

the LHC !

γ
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BACKUP
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Backgrounds Efficiencies
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Jet Identification Algorithm Performance

ROC Curves at Λdark = 20 GeV AUC Scanning over  and Λdark MZ′￼


