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Dark matter – beyond the WIMP paradigm
● Lack of heavy WIMP DM signal
   Increasingly improving bounds 

       but thermal DM production remains
       a very attractive mechanism

● Possible small-scale structure problems

● Other tensions in ΛCDM

Generalization, LLPs

C. Boehm and P. Fayet, hep-ph/0305261
M. Pospelov, A. Ritz, and M. B. Voloshin, hep-ph/0711.4866
J. L. Feng and J. Kumar, hep-ph/0803.4196

Search for DM scattering in the FPF
● Probing DM interactions 
                                in the relativistic regime

● Signal rate depends differently 
   on the coupling constants than in traditional
   DM direct detection searches

Credit: Brian Batell



DM searches at the FPF

FPF searches – comprehensive approach & complementarity; specific examples:

              visible LLP decays + DM scattering
                                                                 e.g., hadrophilic DM models                                     [either, or][either, or]

B. Batell etal, hep-ph/2111.10343

               
              Milli-charged particle search at FORMOSA (scintillation) & FLArE (scattering)

       [simultaneous][simultaneous]

              Semi-stable new particles can also be probed via scatterings
e.g., dipole or vector portal between neutrinos and HNLs  [scattering but not DM][scattering but not DM]

K. Jodłowski, ST, hep-ph/2011.04751 
A. Ismail, S. Jana, R.M. Abraham, hep-ph/2109.05032

Search for LLP mediators
decays in the FPF

Talk: Ahmed Ismail

Direct search for DM scattering
         THIS TALK

Milli-charged particles
can be a small fraction of DM < 0.4%

Talk: Yu-Dai Tsai 



Dark photon mediator

useful parameter

Light dark photon couples to both 
the SM and DM (m

A’
=3m

χ
,α

D
=0.5)

A’ → χχ (invisible decays)

Complex scalar DM             DM DD

Majorana DM           non-relativistic
                                  scat. rates
                                  suppressed

DM annihilations  χχ → SM+SM 
- suppressed DM indirect detection
- avoid bounds from CMB

Contribution: Brian Batell, ST



Scattering signatures
● Electron scattering

● Scattering with nucleus

a) elastic proton scattering

– ν-induced BG O(100) events

– finite efficiency for χp→ χp events  (GENIE)

b) DIS regime

– ν-induced BG O(1000) events

– bounds at a partonic level:  1 GeV < E
had

 < 15 GeV,  1 GeV < p
T,had

 < 1.5 GeV

– favors low recoil energies

– ν-induced BG can be suppressed to O(10) events
                                                    (10-tonne detector)



Sensitivity

These lines take into account ν-induced BG and assume that μ-induced BG can be rejected
                                                          FASERν2 – μ BG rejection will require going beyond the currently planned design

B. Batell etal, hep-ph/2107.00666



Hadrophilic DM – multiple signatures
Talk: Brian Batell

● U(1)
B
 gauge boson can also 

   Mediate DM-SM interactions

● Coupled to baryon number
                  – attractive for LHC

● Subject to anomaly constraints
   (might also be due to DM DD)

● Anomaly-free version U(1)
B-3Lτ

● Here additional bounds from 
   ν Non-standard interactions (NSI)

● In both case multiple signatures
   Possible:
   – LLP decays
   – DM scattering
   – enhanced ν scat. rates



DM search at Advanced SND@LHC
Contribution: Alexey Boyarsky, Alex Mikulenko, Maksym Ovchynnikov, Lesya Shchutska

 

● Sensitivity reach shown for
SND@LHC (Run 3) and for
AdvSND1 and AdvSND2 (FPF)

● Two scattering signatures:

– elastic χp→χp scatterings

– excess NC/CC scatterings

● For the elastic signature, sensitivity plotted for N
DM,ev

 = 10

● For the NC/CC signature it is required that

● μ-induced BG assumed to be rejected



DM search at Advanced SND@LHC (2)

Talk: Antonia Di Crescenzo

need to make 
sure that our current
            bounds agree

Intuitive rescaling

AdvSND1 > AdvSND2 > SND@LHC

mailto:SND@LHC


Dark matter with EM form factors
Contribution: Jui-Lin Kuo etal (also talk on Monday)

(or millicharged)

                  
at low energy

effective “photon portal”



Dark matter with EM form factors (2)

dim-5 MDM dim-6 CR
● DM-electron scattering signature
                                            `a-la DM`

● milli-charged particles can be nicely
   probed by scatterings in FLArE

    Talk: Yu-Dai Tsai

● dim-5 MDM case: 
    FLArE can cover a small allowed region

● dim-6 operators more difficult to probe
   Missing-energy searches comptitive



Outlook
Many thanks for all the contributions !

● Search for DM scattering – important extension of the neutrino physics program of the FPF

● Complementarity between different experiments and signatures

● Thermal targets of important benchmark scenarios can be probed

● Discussions: suppression of μ-induced BG 
                                                             (sweeper magnet, interplay between different detectors)

THANK YOU !!!
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