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The COHERENT experiment

¢ COHERENT formed to search for Coherent Elastic @ Sﬁ:&ﬁfg
Neutrino-Nucleus scattering (CEVNS) A1
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C Only visible signature is leenergy nuclear recoill
- . . Z
A Need lowthreshold detectors similar to dark matter direct detectic  poson

recoil
C Made first detection of CEVNS in 2017 @
A New results orCsland Ar, with detectors studying Ge and Na

commissioning this year "/J
Today focus on COHERENT Csl[Na] data / @ @*A
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A S H ¢ a basement hallway with sufficiently low
gL = neutron flux for neutrino measurements

l/\ NIN Cubes C Multiple scattering targets to test wide range
CENNS-10 Nal
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C Specialized detectors to study neutron

backgrounds
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Dark matter in our universe

A.Zasowt al., arXiv 1710:10630 (2017
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Plank, AstrorAstrophys641 A1 (2020) X. Huang et. ARpJ909 27 (2021)
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C First evidence for dark matter (DM) comes from rotation
curves of galaxies in early®2@entury (e.g. Zwicky 1933)

¢ In 2003, precision CMB data confirmed the existence of
dark matter and estimated that roughly 80% of matter in  4.6%
the universe is dark matter Dark

¢ Continuing understanding distribution of dark matter fror Matter
weak gravitational lensing data 24%

Atoms

Dark
Energy
71.4%
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particle nature of DM despite many attemptsiew physics
we know exists, we just need to find a new place to look
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Origin of weakhnteracting dark matter —
C. Chatterjee, arXiv: 1901.05658 (2019)
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c Assuming that DM is a particle that interacts weakly with stanehaodiel (SM) matter, in the
very early universe, DM was in thermal equilibrium with SM fermions

A As the universe cools, DM production is no longer kinematically allowed, and the DM concentration f
exponentially

A Later, as the universe continued expanding, the DM concentration became so low that DM annihilatic
stopped since DM patrticles could no longer find partners to annihilate with
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the modern observed value

C Freezeout concentration depends on DM cross sectmgher cross section implies DM
can annihilate even when less dense so that concentration is lower

A Modern relic abundance tells us what the cross section is (as a function of DM mass)
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Lowmass DM phenomenology

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

¢ The DM scattering cross sectiorfis a Ta

A Lower DM mas8 lower cross sectiof higher DM abundance

Alfa 2 GeV/é, predicted relic abundance would be so large
it would close the universgpreventing modern the universe
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Lowmass DM phenomenology

¢ For decades, experiments have focused on classic WIMP M oM

searches assumed to interact with the weak force

¢ The DM scattering cross sectiorfis a Ta

A Lower DM mas8 lower cross sectiof higher DM abundance

Alfa 2 GeV/é, predicted relic abundance would be so large

it would close the universgpreventing modern the universe Which force

IS this?

¢ No longer assume DM interacts with SM particles
via the weak force, but some yet unknown hidden sector
particle,w

C In this scenarioAx a Y& which is consistent with SM SM
modern cosmology even at low mass scales

¢ Simple, general model assumes a vector mediator thatassical WiMP mass regime:

. . . . 57 , Lee and Weinberg, Phys. Rev. Le&165 (1977)
kinematically mixes with SM photofix -rR 'O w Early sukGeV DM phenomenology:

Fayet Phys. ReD70 023514 (2004)

G Model parameters Boehm andrayet Nuc. PhysB683 219 (2004)
A DM and mediator massed&: andd Pospelowt al., Phys. LetB662 53 (2008)
. . . Coherent DM scattering / DM at the SNS:
A SMmediator and DMmediator couplingskand deNiverville et al., Phys. R&84, 075020 (2015)

. . . o , , Dutta et al., Phys. Rev. Let23 061801 (2019)
¢ Relic abundance given in termsiof r | (& Ta )
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The Spallation Neutron Source at ORNL
+ Dark Matter + Neutrinos

¢ 1.4 MW proton beam on mercury target = 1.01 GeV
¢ Pulse width is 340 ns FWHM at 60 Hz, reducing backgrounds by a fac®r b from

beam pulsing

¢ Opportunistic neutrino program expands fundamental physics reach of the SNS

¢ Possible production of dark matter / hidden sector particles




The COHERENT Csl[Na] detector

D. Pershey

A handheld neutrino detector
¢ Built at U Chicago

¢ 14.6kg CslI[Na] crystal

¢ Manufactured byAmcrysH

¢ Single R87100 PMT

T
Shielding design
¢ Veto to tag cosmic events
¢ Lead to shield from gammas
| ¢ Water and plastic to
moderate neutrons
u
Layer HDPE* Low backg. lead Lead Muon veto Water
Thickness 3” 2" 4 2" 4"
Colour | [} 7. o [ ] ]

Detector made first detection of CEVNS (201
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Making DM at the SNS

SNS

¢ Any hidden sector particles with masses below®20 MeV/& could be produced in the
many protonrHg interactions within the SNS target

¢ This may include mediator particles between SM and DM particles
A Dominant production froon s © ar

C Mediator decays to a pair of DM particles, sending a flux out of the SNS
A Suitable detector placed in this flux can directly detect DM particles scattering within the detector
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