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What is Boosted Dark Matter?
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The difference with boosted
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p

Nucleons, Pions 
& other Hadrons

Nucleon Scattering

JB, Cui, Zhao:  JCAP 1502 (2015) 005
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Simple BDM Models Exist
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Z3 symmetry
Semi-annihilation
χ
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χ̅

ψ

Two component
Dark annihilation
χA

χA χB

χB
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JB, Cui, Zhao:  JCAP 1502 (2015) 005
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Solar Capture
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SunDM Earth

Hadron scattering

JB, Cui, Zhao:  JCAP 1502 (2015) 005

C ⇠ 1025 sec�1
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Annihilation
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Sun Earth

ψ

JB, Cui, Zhao:  JCAP 1502 (2015) 005

Semi-annihilation or 
Two Component AN2 ⇡ C ⇠ 1025 sec�1
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Solar Capture & Detection
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Re-scattering
Hadron scattering

Sun Earth

JB, Cui, Zhao:  JCAP 1502 (2015) 005



Solar Capture & Detection
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Sun Earth

Proton scattering
Detection

JB, Cui, Zhao:  JCAP 1502 (2015) 005

R ⇠ AN2

4⇡D2
��p

M

mp
<latexit sha1_base64="syvAtR0ElrJxoF3CObiSSPRQemM="></latexit><latexit sha1_base64="syvAtR0ElrJxoF3CObiSSPRQemM="></latexit><latexit sha1_base64="syvAtR0ElrJxoF3CObiSSPRQemM="></latexit><latexit sha1_base64="syvAtR0ElrJxoF3CObiSSPRQemM="></latexit>



Looking with Water Cherenkov
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Super-Kamiokande: PRD79 (2009) 112010

Threshold: 

Hard to reconstruct inelastic

Experiments: 
Super-Kamiokande
Hyper-Kamiokande

E
K,recoil = 480 MeV



Water Čerenkov Results
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JB, Cui, Zhao:  JCAP 1502 (2015) 005



A Future in Liquid Argon TPC
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LArSoft

γ!

e

p
γ

Threshold: Inelastic reconstruction 
possible

Experiments: 
LArIAT
ICARUS
MicroBooNE
DUNE

E
K,recoil . 50 MeV



What do we need for DUNE?
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Develop a Monte Carlo
Based on GENIE neutrino MC
Does inelastic and nuclear effects
Merged into GENIE v3

Integrate into LArSoft detector simulation

Develop analysis strategy

Projections for DUNE TDR
Theory: JB, Cui, Joglekar, Necib, Zhao

Experiment: Petrillo, Russell, Tsai



Three Different Processes
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Elastic

Relatively easy

Needs a form factor
near 1 GeV

Resonant

Dominated by ∆,N 
1 GeV < M* < 2 GeV

Need a model

Deep Inelastic

Use standard parton 
model

DM beam?

Rein & Sehgal: 
Ann. of Phys. 133, 79-153 (1981) 



Nuclear effects are important!
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Fermi Motion Pauli Blocking

Think of large nucleus as a Fermi gas
For large nucleus (say Ar): pF ~ 250 MeV



Other nuclear effects are important!
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Nuclear Rescattering!
Including: elastic, inelastic, charge exchange, pion 

production, absorption, …



Current Status of BDM in GENIE
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2 models: fermion or scalar DM, axial Z’ coupling

Elastic and Deep Inelastic scattering implemented

Framework mostly set for further models

Integrated into upcoming GENIE v3



Next: Detector Simulation!
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Preliminary

TPC boundary

Proton trackPion track

TPC boundary

Liquid Argon, MC Truth

Courtesy of 
Yun-Tse Tsai


