
Searching for dark matter 
with COHERENT at the SNS

Dan Pershey (Duke University)
for the COHERENT Collaboration

Mitchell Conference, Texas A&M, May 25, 2022



D. Pershey Searching for Dark Matter with COHERENT at the SNS

The COHERENT experiment

ÇCOHERENT formed to search for Coherent Elastic
Neutrino-Nucleus scattering (CEvNS)

ÇOnly visible signature is low-energy nuclear recoil
ÅNeed low-threshold detectors similar to dark matter direct detection

ÇMade first detection of CEvNS in 2017
ÅNew results on CsIand Ar, with detectors studying Ge and Na

commissioning this year
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Çaŀƴȅ ŘŜǘŜŎǘƻǊǎ ƛƴǎǘŀƭƭŜŘ ƛƴ άbŜǳǘǊƛƴƻ !ƭƭŜȅέ 
ςa basement hallway with sufficiently low 
neutron flux for neutrino measurements

ÇMultiple scattering targets to test wide range 
of BSM physics

ÇSpecialized detectors to study neutron 
backgrounds

{ŜŜ tƘƛƭ .ŀǊōŜŀǳΩǎ ǘŀƭƪ ȅŜǎǘŜǊŘŀȅ ŦƻǊ ƳƻǊŜ

Today focus on COHERENT CsI[Na] data
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Dark matter in our universe

ÇFirst evidence for dark matter (DM) comes from rotation 
curves of galaxies in early 20th century (e.g. Zwicky 1933)

ÇIn 2003, precision CMB data confirmed the existence of 
dark matter and estimated that roughly 80% of matter in 
the universe is dark matter

ÇContinuing understanding distribution of dark matter from 
weak gravitational lensing data

Çмлл ȅŜŀǊǎ ǎƛƴŎŜ ǇƻǎǘǳƭŀǘƛƻƴΣ ŀƴŘ ǿŜ ǎǘƛƭƭ ƘŀǾŜƴΩǘ ŦƻǳƴŘ ǘƘŜ 
particle nature of DM despite many attempts ςnew physics 
we know exists, we just need to find a new place to look
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NASA/ESA

A. Zasovet al., arXiv 1710:10630 (2017) X. Huang et. Al, ApJ909 27 (2021)Plank, Astron Astrophys641A1 (2020)
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Origin of weakly-interacting dark matter

ÇAssuming that DM is a particle that interacts weakly with standard-model (SM) matter, in the 
very early universe, DM was in thermal equilibrium with SM fermions
ÅAs the universe cools, DM production is no longer kinematically allowed, and the DM concentration falls 

exponentially

ÅLater, as the universe continued expanding, the DM concentration became so low that DM annihilation 
stopped since DM particles could no longer find partners to annihilate with

Ç!ǘ ǘƘƛǎ ǇƻƛƴǘΣ ǘƘŜ ǳƴƛǾŜǊǎŜ άŦǊŜŜȊŜ-ƻǳǘέ ƻŦ 5a ƻŎŎǳǊǊŜŘΣ ǿƛǘƘ ǘƘŜ 5a ŎƻƴŎŜƴǘǊŀǘƛƻƴ ŦƛȄŜŘ ǘƻ 
the modern observed value

ÇFreeze-out concentration depends on DM cross section ςhigher cross section implies DM 
can annihilate even when less dense so that concentration is lower
ÅModern relic abundance tells us what the cross section is (as a function of DM mass)
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C. Chatterjee, arXiv: 1901.05658 (2019)
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Low-mass DM phenomenology

ÇFor decades, experiments have focused on classic WIMP
searches assumed to interact with the weak force

ÇThe DM scattering cross section is ʎͯ ά Ⱦά
ÅLower DM mass O lower cross section O higher DM abundance

ÅIf ά 2 GeV/c2, predicted relic abundance would be so large
it would close the universe, preventing modern the universe
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Low-mass DM phenomenology

ÇFor decades, experiments have focused on classic WIMP
searches assumed to interact with the weak force

ÇThe DM scattering cross section is ʎͯ ά Ⱦά
ÅLower DM mass O lower cross section O higher DM abundance

ÅIf ά 2 GeV/c2, predicted relic abundance would be so large
it would close the universe, preventing modern the universe

ÇNo longer assume DM interacts with SM particles
via the weak force, but some yet unknown hidden sector
particle, ὠ

ÇIn this scenario, ʎͯ ά Ⱦά which is consistent with
modern cosmology even at low mass scales

ÇSimple, general model assumes a vector mediator that

kinematically mixes with SM photon: flͯ ʀὊ ὠ

ÇModel parameters
ÅDM and mediator masses: ά and ά

ÅSM-mediator and DM-mediator couplings: ʀand ɻ

ÇRelic abundance given in terms of ὣ ʀɻ άȾά
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DM DM

Which force
is this?

Classical WIMP mass regime:
Lee and Weinberg, Phys. Rev. Lett. 39165 (1977)

Early sub-GeV DM phenomenology:
Fayet, Phys. Rev. D70, 023514 (2004)
Boehm and Fayet, Nuc. Phys. B683, 219 (2004)
Pospelovet al., Phys. Lett. B662, 53 (2008)

Coherent DM scattering / DM at the SNS:
deNiverville et al., Phys. Rev. D84, 075020 (2015)
Dutta et al., Phys. Rev. Lett. 123, 061801 (2019)

SMSM
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The Spallation Neutron Source at ORNL
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+ Dark Matter + Neutrinos

Ç1.4 MW proton beam on mercury target at Tp = 1.01 GeV

ÇPulse width is 340 ns FWHM at 60 Hz, reducing backgrounds by a factor of 3ͯ 104 from 
beam pulsing

ÇOpportunistic neutrino program expands fundamental physics reach of the SNS

ÇPossible production of dark matter / hidden sector particles
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The COHERENT CsI[Na] detector
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Shielding design

ςVeto to tag cosmic events
ςLead to shield from gammas
ςWater and plastic to

moderate neutrons

A hand-held neutrino detector
ςBuilt at U Chicago
ς14.6-kg CsI[Na] crystal
ςManufactured by Amcrys-H
ςSingle R877-100 PMT

Detector made first detection of CEvNS (2017)
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Making DM at the SNS

ÇAny hidden sector particles with masses below 220 MeV/c2 could be produced in the 
many proton-Hg interactions within the SNS target

ÇThis may include mediator particles between SM and DM particles
ÅDominant production from ʌȾʂᴼὠɾ

ÇMediator decays to a pair of DM particles, sending a flux out of the SNS
ÅSuitable detector placed in this flux can directly detect DM particles scattering within the detector
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SNS


