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INTRODUCTION

Before the LHC started operating we all hoped for great discoveries …







Do we have a good reason to go Beyond the Standard Model?

✤ SM fails to explain neutrino mass and mixing . 

✤ SM doesn’t have DM candidate. 

✤ SM fails to explain observed baryon asymmetry.



Who can be a DM ?

✴ Should be massive 

✴ Should be electrically neutral 

✴ Should be present in early universe  

✴ Should be stable or at least with half life greater than the age of the  universe.

Need a symmetry like  etcℤ2, ℤ3



Zoo of Dark Matter Candidates



Overview WIMP Mechanism



Overview WIMP Mechanism
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Inelastic Dark Matter (iDM)
Theoretical Framework 

Dirac Pair

Mediator

Two-component Weyl fermions forming a Dirac pair splitting into  
a pseudo-Dirac pair (  )         χ1, χ2

New vector mediator  arising from a spontaneously 
 broken abelian gauge symmetry 

A′￼

U(1)D

Dark Sector 

ℒ ⊃ − MDψ1ψ2 −
1
2 (δ1ψ2

1 + δ2ψ2
2) + h . c . , with δ1,2 ≪ MD

Dirac Majorana

Mχ2, χ1
= MD ± 1

2 (δ1 + δ2), δ = Mχ2
− Mχ1

= δ1 + δ2
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Previous studies demonstrates that      is  phenomenologically disfavored.αD = αEM



Results

Max allowed by LEP

Contrary to suggestions from previous studies, we demonstrates that      is not  
phenomenologically disfavored.

αD = αEM



FASER (ForwArd Search ExpeRiment) 

✤ FASER is a dedicated forward experiment at the LHC, located O(100) m downstream of the ATLAS interaction point (IP1)

✤ It searches for light, weakly interacting long-lived particles (LLPs) produced in proton-proton collisions that travel along the beam 

collision axis.

✤ Provides a low-background and cost-effective approach to exploring physics beyond the Standard Model.
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• Large surface detector proposed above the LHC for long-lived 
particle (LLP) searches.

• Detects displaced decays in a nearly background-free 
environment.

• Extends sensitivity to very long lifetimes, complementing 
ATLAS, CMS, and FASER.

• CODEX-b is a proposed long-lived particle (LLP) detector 
located in a shielded cavern ~25 m from the LHCb interaction 
point (IP8).

•  It searches for neutral LLPs that travel through the shielding and 
decay inside a 10 m × 10 m × 10 m instrumented decay volume, 
providing a very low-background environment.

• Shielding suppresses Standard Model backgrounds, enabling a 
low-background search for long-lived particle decays.

CODEX-b (COmpact Detector for EXotics at LHCb)
MAssive Timing Hodoscope for Ultra-Stable 
neutraL pArticles (MATHUSLA)



LLPs reaching FASER are highly boosted and produced at very small angles (≲ few mrad), making 
forward detectors particularly sensitive to long-lived particles.

1. The transverse momentum of χ2 originates mainly from the decay of the dark photon and therefore peaks around : 

2. Angle with respect to the beam axis:  

pT,χ2
≃

m2
A′￼− 4m2

1

2

θχ2
≃

m2
A′￼− 4m2

1

2 pχ2



pp → χ1χ2; χ2 → χA′￼* → χ1 f̄f

Collider Signal

480m downstream p-p IP 
Detector Vol:R=10 cm, L=1.5m 

620m downstream p-p IP 
Detector Vol:R=1 m, L=10 m 

Evis > 100 GeV



Collider Signal

1. FASER cτ is smaller than the detector distance, but the large longitudinal boost allows the χ2 to decay within 

the detector volume.

2. Even for cτ larger than the detector distance, FASER 2 retains sensitivity owing to production cross sections 
large enough



Benchmark Points Results

Transverse Boost Distribution Longitudnal Boost Distribution

signal events in 
FASER (FASER 2) 

Decay length in LHC frame:   Lχ2
= βγcτχ2

βγ =
|p |
Mχ2





 Geometric Capture: NS acts as a vacuum clean



Summary
✤  In this work we consider dark photon   portal between the Dark Sector and the SM. 

✤ Contrary to suggestions from previous studies, we demonstrates that      is not 
phenomenologically disfavored. 

✤  We also parameter space accessible via accelerator LLP searches partially overlaps with the 
region probed by  capture in neutron stars.

A′￼

αD = αEM

χ1

Any Questions ??


