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• Dark sector Models and interactions

• Extracting model interactions from the dark matter scattering

• Examples: e, µ, τ, γ  etc. final states from DM scattering
                        DM near detector-DM produced at the lab
                        GCE excess-Ambient DM , 
                         MiniBooNE anomaly-DM produced at the Lab
                        Ambient DM at DUNE –far detector
                 

Outline
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Introduction

• Origin of dark matter, neutrino mass and mixing  are still unknown

• Where is the new physics scale? new models?

• Many experiments are probing  new physics scales:  
     DM direct and indirect detections, LHC, 
     neutrino experiments,  proton/electron beam dump experiments, 
     rare decays, etc.

• We will explore sub-GeV scale for DM

• We will utilize the DM scattering-based signals to probe 
     dark sector models
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Models of Light DM: A’, Higgs

• The models interact with DM and SM fermions via Yukawa type 
couplings

Models of light gauge mediators:
Lµ – Lτ ,  U(1)B, U(1)L, U(1)T3R, U(1)B-L, U(1)A etc.

• These light mediators can decay into DM and various SM particles, 
      leptons, quarks etc.

• Models also possess light scalar (associated with SSB)
       leads to interesting phenomenology, e.g., DM, g-2, MiniBooNE anomaly etc.
                                                                                          Dutta, Ghosh, Kumar, 2019      

 All these models have constraints from beam dump, low energy accelerators, g-2, 
     astrophysics and cosmology

Battel, Niverville, Pospelov, Ritz, 2014, Kaplan, Luty, Zurek, 2009, Bi, He. Yuan, 2009, 
Park Kim Park, 2016, Foldenauer, 2019, Dutta, Ghosh, Kumar, 2019;
Dutta, Karthikeyan, Mohapatra, 2026

𝜒𝜒

𝜒𝜒𝑨𝑨𝝁𝝁′ DM

DMφ

 Can the DM scattering-based signals discriminate these models?
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Low mass DM
   How do we probe low-mass DM (1 MeV to 1 GeV)?

 Ambient and Laboratory  produced dark matter

• Electron/nucleus scattering, Cosmic Boosted, Migdal etc.

o Detectors Liquid: Ar, Xe;  Semiconductors: Ge, Si, SiC; Scintillators: CsI, NaI, GaAs
                             [Also, Levitated sphere, polar materials, superconductors, 
                               superfluid helium, Dirac materials, Molecular gases etc.]

 Electron beam dump experiments: NA64e/µ, LDMX (future) etc 

 Proton beam dump based neutrino experiments
         CEνNS (CCM, COHERENT, JSNS2); SBN (Fermilab);  DarkQuest; 
          DUNE (future) , SHiP (future)

 This talk utilizes some of these facilities  invoking new scattering-based signals

DM DM

, electron
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Productions of Low mass

𝜋𝜋+

𝜐𝜐𝑙𝑙

𝑙𝑙+

φ
𝑨𝑨′

, 𝐾𝐾+

𝜋𝜋0 → 𝛾𝛾𝐴𝐴𝐴𝜇𝜇𝜂𝜂0, 𝜒𝜒

𝜒𝜒𝑨𝑨𝝁𝝁′ DM

DMφ

DM DM

, electron

2. Proton bremsstrahlung

3. Muon bremsstrahlung

4. Drell-Yan Production

1. Meson decays

• Energy of the DM
     particle arriving 
     at the detector

π±𝟎𝟎
γ

γ

γ

γη
γ

e 𝒌𝒌±𝟎𝟎
Proton (p)

Burk, Dev, Dutta, Karthikeyan, 
Kim, Han, 2601.18874
Frances Burk’s talk at PHENO 2026

Dev, Dutta, Karthikeyan, 
Rai, Tabrizi, to appear
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DM DM

e, N

𝑨𝑨′, 𝝓𝝓

e, N

DM detection

• Standard DM detection: DM-electron/nucleon elastic scattering

• Threshold: serious issue

• Background: due to SM neutrino interactions

• Cannot probe any other lepton flavors  

 We introduce 2-4, 2-3 processes with both scalar and vector mediators

𝑨𝑨′, 𝝓𝝓

• DM induced internal bremsstrahlung  (DIPP)
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A new channel for DM: Vector Mediator

Better sensitivity: l+l- final states with higher energy

Dutta, Kim, Karthikeya, Rai, Phys.Rev.Lett. 135 (2025) 1, 1

𝜒𝜒

𝑨𝑨𝝁𝝁′
𝝌𝝌

𝝌𝝌

𝑨𝑨′

• DIPP-dark photon



9

A new channel for DM: Vector Mediator

• Energy distributions of the final
      state electron-positron pair along with the 
      SM background (mostly from 𝜈𝜈𝜇𝜇-NC𝜋𝜋0)

• Sensitivity of the DIPP channel in 
     comparison with the DM-e scattering

𝑒𝑒+, 𝑒𝑒−

𝜇𝜇+, 𝜇𝜇−
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A new channel for DM: Vector Mediator
• DIPP Sensitivity - Muon-Quark philic model

• DIPP probes the combination:  𝑔𝑔𝑞𝑞2𝑔𝑔𝜇𝜇2

• Complementary: 

 NA64 probes  (missing energy) 𝑔𝑔𝜇𝜇2

 COHERENT probes 𝑔𝑔𝑞𝑞4

  Probes dark sector model interactions
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τ s  in the final state

τ+

τ--
• New mechanism to produce τ at the near detector
    at DUNE

• Proton bremsstrahlung production of  energetic 
     DM allows the production of di-tau final states

• DM from meson decays does not have enough 
     energy to produce diatu final states

• τ leptons can be detected via hadronic (mesons),
     leptonic final states (e, µ etc.)

• DIPP with τs
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τ s in the final state

• Here, the NSI line is model-dependent

• U(1)T3R model does not have the NSI line
Dev, Dutta, Goswami, Karthikeyan, Kim, To appear

• SM processes for  production 
    τ at the detector: 
     ντ induced charged current

• νµ  ντ oscillation

• D mesons decays: 
𝐵𝐵 𝐷𝐷+ → 𝜏𝜏+𝜈𝜈𝜏𝜏 = (1.2 ± 0.24) × 10−3

 Negligible number of ντ

• 𝑍𝑍′ decays into a pair of ντ can produce τ  final states 
Dev, Dutta, Han, Kim,  Phys.Lett.B 850 (2024) 138500 

• Similar sensitivity plots can also be 
   obtained for scalar mediators
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𝑅𝑅𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 =
𝑃𝑃𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

𝑃𝑃𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑃𝑃𝑇𝑇
𝜇𝜇

• Using muon +hadrons final state [Sousa et al.2023]

• Energy spectra of the hadrons 

• Hadronic final states: background due to neutral current
•  Leptonic final states: charged current

τ s in the final state

• The background can be removed with a few handles

Preliminary
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Scalar mediator and DM

Dutta, Goswami, Karthikeyan, JHEP 02 (2026) 142

γ in the final state in a DM 
scattering leads to 
many interesting possibilities
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DM scattering –models and signals
• Sub-GeV DM scattering with cosmic-ray protons can explain the GCE excess

iDM eDM

Dutta, Goswami, Kumar, Rai, Sathyan, 2605.08010 

D. Goswami’ s talk; PHENO 2026
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 4.8 σ excess: electron-like event 

• MiniBooNE Excess: 560.6 119.6 (neutrino), 77.4 28.5 (antineutrino)

• MicroBooNE also observed similar low energy excess: 
                 560.6 ± 119.6 (neutrino mode) [2025] 
          LAr based detector (94 ton at 468.5 m from the target), 8 GeV BNB

 2.2 σ excess: 1γ  final state

• These low energy excess events do not have any hadronic activity

 New physics is needed

• SBND, ICARUS, CCM  are ongoing where the explanations can be checked 

DM scattering –models and signals

Ross-Lonergan’s talk, 
PHENO 2026
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DM solution?

Dutta, Goswami, Karthikeyan, Kim, Thompson, Van de Water, Phys.Rev.D 113 (2026) 1, 015029
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DUNE –FD and DM models
• The light DM particles can produce detectable leptonic signals from 
      DM scattering at DUNE FD

•  High-energy proton jets from Blazars are useful to boost ambient DM

• Neutrinos from Blazars have been observed at IceCube

• Use these blazars to boost DM 

•  Along with electron and nuclear recoil, 23,4 scattering processing provides
      additional handles on models

• To detect sub-GeV DM  at DUNE , we need boosting from cosmic rays

Blazar Lab on Earth

proton

DM

E.g.,  De Marchi, Granelli, Nava, Sala, 
JHEP 12 (2025) 136
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DUNE -FD and DM models

Cappiello, Dent, Dev, Dutta, Goswami, Karthikeyan, To appear
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Preliminary
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Outlook
• Many dark sector models explain the DM abundance

• DM scattering via nuclear/electron recoils may not probe the details of a model

• DM scattering with multiple scattering can probe more final states, ee, µµ,ττ, γ 
     etc. via 23, 4 scattering

• These scattering processes can probe new parameter space and final states 
     with kinematics different from the SM background at DUNE near and far detectors

• These scattering processes can also explain the Galactic Center Excess, 
MiniBooNE excess etc. with new perspectives

HAPPY 70th Tao!
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