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Model: Boosted 
Dark Matter (BDM)

Present day DM is moving slow by HEP 

standards ~ O(-3)

• Alternative Search Method:

• Some of the DM receives a Lorentz 

boost.

• BDM: relativistic particles with 

very weak interactions to SM stuff...

• Can we use neutrino experiments 

to search for dark matter?

Rotation curve of spiral galaxy Messier Triangulum. Credit: Mario De Leo/wikipedia



An Example of BDM: 2-Component

• Consider two fermion species DM:
• Dominant species (No SM Coupling) makes up the bulk of DM

• Lighter, sub-dominant, species (With SM Coupling) produced through an annihilation process 
where it receives a Lorentz boost

arXiv: 1405.7370v4 12/31/14



DM Scattering

• LArTPC at DUNE, and others, use GENIE: a Monte Carlo event generator 

code implemented to search for neutrino scattering events.

• The goal of this research is to modify their GENIE code for Dark Matter 

scattering events.

arXiv: 1912.05558v2 10/6/20
Hagebout, Robert-Jan. “Beyond the Standard Model with neutrino 
physics.” (2014).



Neutrino-Nucleon Resonant Scattering

DIETER REIN AND LALIT M. SEHGAL "Neutrino-Excitation of 

Baryon Resonances and Single Pion Production"

ANNALS OF PHYSICS 133, 79-153 (1981)

F . RAVNDAL 

"Weak Production of Nuclear Resonances 

in a Relativistic Quark Model"

Cross-section:
• Kinematics

o Massless lepton approximation
• Helicity Amplitudes (Left, Right, Scalar)

o Interaction type (Charge, Neutral, EM)



Boosted Dark Matter Scattering

• Similar to neutrino event generator.

arXiv: 1812.05616v1  12/13/18

• Adjustments:

• Massive DM / Mediator

• Free Params: Couplings / Charge

• No leptonic current conservation



BDM Resonant Scattering Cross-Section

BDM Cross-Section:

arXiv: 1812.05616v1  12/13/18



Cross Checks EM: Preliminary

Spectrum of final state energies after resonant scattering with proton at 1 and 2GeV
Blue: Electron
Red: BDM (behaving like an electron)



Cross Checks NC: Preliminary

Blue: Neutrino
Red: BDM (behaving like a neutrino)
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