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Dark matter evidences and candidates
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Credit:Tongyan Lin,
TASI lectures on DM models and direct detection



The freezeout mechanism and the “WIMP miracle”
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Cross section corresponds to 
weak scale

0

Freezeout is still possible without 
WIMPs.



The hunt for dark matter

Credit: Stefano Giagu
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https://www.researchgate.net/profile/Stefano-Giagu?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwcmV2aW91c1BhZ2UiOiJfZGlyZWN0In19


                              WIMP like light dark matter through portals                                       

Theory side 5



                              Light WIMP like dark matter through portals                                     

Theory side
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                An idea to look for light dark matter at colliders

                                                    Forward physics facility at LHC 

Feebly interacting particles

630 m

FPF@LHC

7

Higher production cross section of feebly 
interacting particles



                                         The FORESEE code 
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What is FORESEE: python based simulation tool for long lived particle searches at Forward physics facility
available on github: https://github.com/KlingFelix/FORESEE

Long-lived 
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https://github.com/KlingFelix/FORESEE


Forward Physics facility@FCC

❏ COM energies upto 100 TeV

❏ Expected integrated luminosity of 30 ab-1

FCC-hh era
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 arXiv:2409.02163v1



                              WIMP like light dark matter at FPF@FCC                                      

+ |H|2 𝚽μλ

Dark Higgs

After EWSB

ꭓ interacts with dark photon

After EWSB

Millicharged particles

F
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Search for long lived particles at FPF@FCC
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Ionisation Signature Decay Signature



                               Target absorber neutral at LHC

Feebly interacting particles

630 m

FPF@LHC

TAN

130 m

We want to evaluate whether hadronic and electromagnetic (EM) showers in 
the TAN can improve detector sensitivity to mCPs.

Acts as a beam dump
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Flux of neutral pions produced from neutrons at TAN

Flux of secondary 
pions higher than 
primary ones!

Next step: to check the flux of mCPs produced from meson 
decays and from EM shower
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Work in progress: 
Azam Zabihi, 
Sebastian 
Trojanowski, Leszek 
Roszkowski, Peiran 
Li, Lei Zu, JA



                                            Neutrino-philic scalar mediator

K. Kelly, Y. Zhang
arXiv: 1901.01259

After EWSB

Neutrino-philic scalars
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                                            Neutrino-philic scalar mediator

K. Kelly, Y. Zhang
arXiv: 1901.01259

After EWSB

Neutrino-philic scalars
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DM candidates
Dirac fermion

Complex Scalar

Sterile neutrino



                                                    The wrong-sign muon signature

Note: One beam is enough to probe the signature 
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1013 muons will be injected each 
second. resulting in about 1010 neutrinos 

per second



                                                             Sensitivity reach
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arXiv:2412.10315v2



                     Sterile neutrino dark matter in the minimal Dirac seesaw

Model

★ 3 right-handed neutrinos
★ 3 vector-like Dirac fermion pairs
★ 1 real scalar singlet

Sterile neutrino DM      

★ Lightest sterile neutrino → 
freeze-in DM candidate

★ Compute relic density within this 
framework
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                        Sterile neutrino Dark Matter in the minimal Dirac Seesaw

Preliminary!

19Aditya Batra, Kishan Deka, JA, expected to be on arXiv by Dec



                                  Conclusions and future work

● DM interactions should be tested in the relativistic regime, which is a direct probe of the thermal 
production paradigm.

My research directions
★ Searched for dark matter and long lived particles at the forward kinematic region of FCC-hh.

★ Looked for neutrino-philic mediator at the future muon collider.

★ Contributed in calculating the relic target of the model that realize Dirac neutrino masses through 
discrete symmetries while providing  viable dark matter candidates.

★ Aim to improve sensitivity of forward detectors to mCPs with introduction of hadron and 
electromagnetic showers at TAN/TAXN.

● Beyond colliders: It is also possible to look for complementary targets in astrophysics/cosmology in 
dark matter searches so currently looking for effect of up-scattering of inelastic dark matter 
having electric dipole moment with cosmic rays at the galactic centre on gamma ray spectra. 
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Jaime Zink, Sebastian Trojankowski, JA


