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• Hidden Valleys: A Beyond Standard Model 
(BSM) framework proposing a weakly coupled 
hidden sector.

• Predicts the existence of long-lived particles 
(LLPs) that are challenging to detect in 
conventional searches.

• Provides insights into unexplored phenomena 
such as dark matter and exotic Higgs decays.
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Introduction to Hidden Valleys (HV)
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Strongly Coupled Hidden Sector 
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SM SM

“Safe” regime

… Highly 
speculative

• Dark partons evolution 
(soft and collinear): 
parton showers

• Dark jets signatures

QUASI-SPHERICAL REGIME

• Soft unclustered 
energy patterns 
(SUEPS)

• AdS-CFT insights

arXiv:1612.00850
arXiv:0801.0629

INTERMEDIATE REGIME

• Pheno interpolation between showers regimes

• Intermediate signals between jetty and spherical

arXiv:2011.06599 arXiv:2009.08981
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Semi-Visible Jets Signatures
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JETTY SIGNATURES

Invisible DM fraction (rinv)

displacement

HIDDEN VALLEYS PROVIDE NEW UNEXPLORED SIGNATURES DEPENDING ON 
BOUND STATES LIFE-TIMES AND DECAY MODES
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Model Building for FCCee
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Decay SM 
leptons and 
quarks

Decay to SM 
photons

pseudo-scalar 
meson 𝜂#$ , vector 
mesons 𝜌#% , 𝜌#

±

and pions 𝜋±,%

𝜌#
±, 𝜋±,% are detector 

stable (DM candidates)



a) Gluon fusion 

b) Vector-boson fusion 

c) Associated 
production of a Higgs 
boson and a vector 
boson 

d) Simultaneous 
production with a top-
quark pair
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Main Higgs boson production processes at the LHC
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[1]

Most 
interesting
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Model Building for LHC
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Decay to SM 
leptons and 
quarks

Decay to 
SM 
photons

pseudo-scalar 
meson 𝜂#$ , vector 
mesons 𝜌#% , 𝜌#

±

and pions 𝜋±,%

𝜌#
±, 𝜋±,% are detector 

stable (DM candidates)

Only production 
mechanism 
changes!
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Main Higgs boson production processes at the LHC
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https://cds.cern.ch/record/2243593/files/Figures_Prod.png

• Measured and predicted cross 
sections for different Higgs boson 
production mechanisms.



Implementation of model to LHC
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• Signature that is still uncovered: partially visible jets (SVJ) 

enriched in photons and leptons, possible with displaced decay

• Such signatures are challenging! A mixed one with photons and 

leptons inside is even more complex and could require specific 

reconstruction and identification algorithms  ad hoc search 

needed!

• Plan to port the model to LHC, different production mechanism

• Higgs to b quarks can be both an important background, and a 

search putting some constraints

• jets might fail the standard identification criteria for LHC 

signatures, thus these events might have been discarded

Emre Sitti, Cesare Cazzaniga, Annapaola de Cosa, Felix Kahlhoefer
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Higgs coupling to DS
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𝑃 𝝆 :	Fraction of dark vector 
mesons to dark pseudo-scalar 
mesons (0-1)

𝑃 𝜼 : Probability factor of 
𝜂#$ meson production over 
dark pions 𝜋±,% (0-1)

Higgs coupling to 
dark quarks 
(Yukawa)

Spin-0 
dark 
quarks 



𝜌-Decay
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𝜂% -Decay 

06.12.24 12Emre Sitti, Cesare Cazzaniga, Annapaola de Cosa, Felix Kahlhoefer



Model Prediction on FCCee signatures
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Model Prediction on FCCee SVJ signatures
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Model Prediction on FCCee SVJ signatures
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Signatures for LHC 
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Leptons enriched SVJ Photons enriched SVJ  

ALIGNED TO JETS

+ PROMPT LEPTON PAIRS PRODUCED  
INSIDE HADRONIC JETS

𝜒 𝐸)

MET

ℓ-enriched SVJ event 
example

𝜇

𝑒

ALIGNED TO JETS

𝜒
𝐸$

MET

𝛾-enriched SVJ event 
example

+ PROMPT NON-ISOLATED PHOTON
PAIRS PRODUCED  INSIDE HADRONIC 
JETS



06.12.24 17

Signatures for LHC: Investigating Low-Mass Regimes for SVJ Searches 
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• Current Status

• High-mass Z′ searches at TeV scale: Ongoing work.

• No current searches at low mass (~100 GeV, Higgs scale).

• Proposed Focus

• Exploring Higgs portal to dark sector (DS) for access to low-mass regime.

• Investigating photon-enriched SVJ:

• Standard selection criteria fail; requires a targeted analysis.

• Exploring lepton-enriched SVJ:

• Challenges with CMS hadronic vetoes and lepton-jet overlaps.

• Higgs as Mediator

• Higgs-mediated processes with H → bb vs SVJ:

• Dark bound states decay to SM particles with distinct jet signatures.

• Enables potential for targeted analyses
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Signatures for LHC: Example of photons-enriched SVJ 
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SVJ & dijet searches

Jet-based searches

𝛾
JetID

Remove SVJ𝛾Candidate 
jet

NEMF

NEMF = Neutral ElectroMagnetic Fraction

• Jet Definition:
• "Good jets" are identified with features similar to 

QCD for H → bb
• Challenge:

• Standard Higgs analyses (e.g., 0.9 NEMF criteria) 
reject potential signal.

• Solution:
• Develop targeted analyses for Higgs-specific jets 

(e.g., Higgs decays to photons).
• Extend similar approaches for lepton-enriched SVJ 

cases.

FatJetNEMF
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Signatures for LHC 
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[6]

• Mediator Independence:
• Photon-enriched jets impact 

analysis regardless of mediator 
type.

• Challenges:
• Classical jet analysis (blue line) 

is inefficient.
• Removing Neutral 

Electromagnetic Fraction (NEMF) 
improves efficiency.

• Proposed Solution:
• Develop a jet tagger using a 

DNN trained on jet substructure 
features.

• Technique can generalize to 
Higgs portal scenarios.
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Summary
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• Our model can be easiliy adapted to LHC 

• It enables investigation of low mass 

mediators like Higgs

• Chanllenges arising can be targeted 

by using specific analysis methods 

(DNN tagger)

• End state signatures are the very 

similar for FCCee and LHC!
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Sensitivity Studies with FCCee
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Effective Lagrangian for ALP
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Effective Lagrangian for Darkl 
Phopton



Model Prediction on FCCee SVJ signatures
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Model Prediction on FCCee SVJ signatures
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Model Prediction on FCCee SVJ signatures
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Model Prediction on FCCee SVJ signatures
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Lepton Multiplicities revisited
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Lepton Multiplicities revisited
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Photon Multiplicities revisited
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Photon Multiplicities revisited
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