Title: Searching for accelerator-produced dark matter particles and other BSM signatures with the COHERENT CsI[Na] detector
Speakers: Daniel Pershey

Series. Particle Physics

Date: September 28, 2021 - 1:00 PM

URL.: https://pirsa.org/21090025

Abstract: The COHERENT collaboration made the first measurement of coherent elastic neutrino nucleus scattering(CEVNS) in 2017 using a
low-background, 14.6-kg Csl[Na] detector at the SNS. Since initial detection, this detector has opened a new era of precision CEVNS measurements
by doubling the detector exposure and improving understanding of the detector response. We these improvements, we now use Csl[Na] data to
make competitive constraints of beyond-the-standard-model physics.

We will focus on our recent search for dark matter particles produced at the SNS. With our experience measuring CEVNS, we are sensitive to
analogous coherent dark matter induced recoils in our detector. Thisis anovel approach for accelerator-based dark matter experiments. Searching in
this channel is al'so very powerful, allowing relatively small detectors to explore new parameter space inaccessible to much larger detectors. We will
briefly discus other BSM opportunities with COHERENT, showing current results from Csl[Na] along with future sensitivity.
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Coherent Elastic Neutrino-Nucleus Scattering (CEVNS)

CEVNS scattered
Q neutrino
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QCEVNS is a neutral current scattering process off nuclei with a momentum transfer so
low, the nuclear state is preserved

Q0nly experimental signature is small kinetic energy transferred to the struck nucleus
* The max recoil energy is 2E2/M, 15 keV for Csl at 30 MeV

O Detector with low threshold and high flux critical to CEVNS measurements
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CEVNS cross section
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dThe process is coherent which gives a large cross section, roughly scaling with the square
of the number of neutrons

GZ
G~ ﬁ(zv — (1 — 4sin20,)2)2E2

QVery large cross section, compared to low-energy neutrino processes
* Measurements within reach of kg-scale detectors

First measurements by COHERENT in 2017 with CsI[Na] — full exposure dataset today
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Why measure CEVNS?
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Dark matter in our universe

QDark matter (DM) accounts for 85% of matter in our universe

* |ts existence is apparent from several methods: galactic rotation curves,
the cosmic microwave background, and gravitational lensing

* DM is new physics we know about — just need to know where to look

* COHERENT data gives powerful constraints for DM with masses
1to 220 MeV — parameters space not covered by astroparticle methods
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Dark matter in our universe

Atoms

4.6% Dark

Energy

QDark matter (DM) accounts for 85% of matter in our universe Eerg
Dark =

* |ts existence is apparent from several methods: galactic rotation curves, Mt
the cosmic microwave background, and gravitational lensing 24%

* DM is new physics we know about — just need to know where to look
NASA/ESA

* COHERENT data gives powerful constraints for DM with masses
1to 220 MeV — parameters space not covered by astroparticle methods TODAY

, , We search for standard DM with popular “freeze-
Chatterjee: Dark Matter Self Interaction o
and its impact on Large Scale Structures out cosmology

ason i : 1 * In the early universe, DM in equilibrium with SM particles

L ! with production and annihilation
1

»1°F "«% i 1 fngdais * DM production by SM particles quenches as universe
E wrfp © i ncreasing <o,v> ]
EvrE . ool . |
§uuf S 1 e : ¢ Inflation will then stop DM annihilation to SM particles as
Ewrp T | ¢ E concentration dwindles
Z jo-n . || S S———
e S -
S -8y 5 1 © e i . o . .
Eionf S 1 = I L dInverse relationship — larger DM cross section gives
[ &) 10-16 o=t . . .

S £ 1| NobM™m ! smaller relic abundance in modern universe

iR o L © "B interactions | _ .

g | E QFor given DM mass, we can predict DM cross

o e section from observed relic abundance
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Low-mass DM phenomenology

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

QThe DM scattering cross section is o ~ ms, /m3
* Lower DM mass — lower cross section — higher DM abundance

* Ifm, <2 GeV/c?, predicted relic abundance would be so large
it would close the universe, preventing modern the universe

N
o
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Low-mass DM phenomenology

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

QThe DM scattering cross section is o ~ ms, /m3
* Lower DM mass — lower cross section — higher DM abundance

* Ifm, <2 GeV/c?, predicted relic abundance would be so large
it would close the universe, preventing modern the universe

Which force
is this?

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

Qln this scenario, o ~ mi/m{} which is consistent with M M
modern cosmology even at low mass scales

QSimplest scenario postulates a vector mediator that Classical WIMP mass regime:

. . . . 1 5 Lee and Weinberg, Phys. Rev. Lett. 39 165 (1977)
Y i U,U g, Y
kinematically mixes with SM photon: L ~ &K,V ey SOb-GEY DM T e T MeTlohT:

Fayet, Phys. Rev. D70, 023514 (2004)

OModel parameters Boehm and Fayet, Nuc. Phys. B683, 219 (2004)
*« DM and mediator masses: mX and my Pospelov et al., PhyS Lett. B662, 53 (2008)
: . : Coherent DM scattering / DM at the SNS:
* SM-mediator and DM-mediator couplings: € and a, deNiverville et al., Phys. Rev. D84, 075020 (2015)

. . . 2 4 Dutta et al., Phys. Rev. Lett. 123, 061801 (2019)
ORelic abundance given in terms of ¥ = &%ay, (m, /my )

\\\\\\\\\\
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Searching for BSM interactions with CEVNS

QCEVNS is sensitive to non-standard interactions (NSI) between neutrinos and quarks
mediated by some heavy (> 50 MeV/c?), undiscovered particle

dGenerally parameterized by coupling constants: slo\fB (a,B Ee )

Lo fatron = —G—\/g Z, [Za(1 = 7°)vs] (€25 [vu(1 — ¥*)a] + €25 [@1u(1 +7)q])
b

a,B=e,u,T Barranco et al., JHEP 12 021 (2005)
»

CINSI scenarios would scale the observed CEVNS rate and several € parameters are only
constrained at ~ unity

R Eup / €x¢ break flavor universality predicted by the standard model (at tree level)

* €ou/ €er / €ur change neutrino flavors

ANSI would affect our interpretation of neutrino oscillation data from long-baseline neutrino
oscillation results from experiments like NOvA and DUNE which CEVNS data can resolve

* CEVNS can resolve these measurements of the CP violating angle and neutrino mass ordering

Am%zz Coloma et al., PRD 94 055005 (2017)
Scp: Denton et al., arXiv:2008.01110 (2020)
0,,: Coloma et al., PRD 96 115007 (2017)

S
. Pershey Searching for Dark Matter and Other BSM Physics with COHERENT Duke (‘w\\:ﬁf\“‘\m

Pirsa: 21090025 Page 10/45



The Spallation Neutron Source at ORNL
+ Neutrinos + Dark Matter

1.4 MW proton beam on mercury target at I; =1.01 GeV

QPulse width is 340 ns FWHM at 60 Hz, reducing backgrounds by a factor of ~3x10* from
beam pulsing

QOpportunistic neutrino program expands fundamental physics reach of the SNS
QPossible production of dark matter / hidden sector particles widens list of BSM opportunities
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Future beam improvements at the SNS

OTwo staged improvement to the beam

1: Proton Power Upgrade

* Increases the power of neutron beam
1.4-2.8MW

* Feasibility of a second target station

2: Second Target Station

* Implements a second beamline at the
accelerator

O Expected completion =2030s

OlInterest from the lab to design STS to
accommodate a specialized detector
hall for neutrino measurements
capable of fitting a 10-t detector

. " Duk S 1
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Making DM at the SNS

COHERENT detector

Nuclear Recoil

Signature7

QAny hidden sector particles with masses below ~ 220 MeV/c? could be produced in the
many proton-Hg interactions within the SNS target

dThis may include mediator particles between SM and DM particles

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

- cs i Duk =
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DM production channels
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Q0ur expected dark matter flux is produced through three channels
« m% - Vy decay: dominant channel where kinematically allowed, 2m, < my,
« n° > Vy decay: similarly only contributes for Zmy, <m,

* pN — pNV bremsstrahlung: only dominant at high energies and rate increases significantly at the p
resonance, my ~ m,
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Neutrino flux at the SNS

QLow energy pions are a natural by-product of SNS running
Capture

+ 1t will stop and decay at rest ~99%.
-t 4y, : T=26ns R &~
uwt—et+v,+V, : 1=2200ns
4 . ~1GeV Decays at rest
* Flux includes three flavors of neutrinos — cantest 'p === Hg T=22I8
flavor universality as a BSM signhature
y g \ at / . b= ‘
QFlux shape is very well known and very small Decays at rest \
ibution from d in flight at the SNS S e
contribution from decay In tlight at the
vl-‘
Vu
Timing distribution at SNS Energy distribution at SNS
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Directionality of flux at the SNS

Neutrino flux produced at rest —isotropic DM produced in-flight — is boosted
Largest beam-related background for DM A forward-directed detector would
searches at the SNS optimize DM / background
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QAfter STS is built, both targets will operate with 3(1)/4 bunches sent to FTS (STS)

QIf DM is in this mass regime, SNS very advantageous — a single detector monitors DM flux
from two beams allowing confirmation of the expected angular dependence of the flux

D. Pershey Searching for Dark Matter and Other BSM Physics with COHERENT Duke

Pirsa: 21090025 Page 16/45



The COHERENT collaboration at the SNS

Carnegie
Mellon
University

Duke !‘ .:{:.;’! «
) b
- UF L\l\du‘ll‘D‘A 5 DEPARTMENT OF Office of
e ©ENERGY 35
Y, Nisa CNEC
@ A'i % EH 34 m »NAsqu‘)ﬂn

SEOUL NATIONAL UNIVERSITY

a

A
» Los Alamos

NATIONAL LABORATORY

NC STATE
UNIVERSITY

5 A LaurentianUniversity
= 5 ‘ 5 UniversitéLaurentienne
Sandia . s W -
m National TENNESSEF NNL UNIVERSITY of %OA\}\ RIDGE
Laboratories ‘ WAS}

{INGTON National Laboratory

D. Pershey Searching for Dark Matter and Other BSM Physics with COHERENT

"
nnnnnnnnnn (-@y\\I)\’i\ 95

Pirsa: 21090025

Page 17/45



The COHERENT experiment

: ttered
O COHERENT formed to search for Coherent Elastic Q Sﬁ:ut(rairneo
Neutrino-Nucleus scattering (CEVNS) A

7’

dO0nly visible signature is low-energy nuclear recoil
z nuclear

* Need low-threshold detectors now possible due to innovation in boson ; |
instrumentation achieved for astroparticle DM experiments Sadl

O Made first detection of CEVNS in 2017 ‘?fﬂ

* New results on Csl and Ar, with detectors studying Ge and Na

commissioning this year E
l//& econdary
4

recoils
scintillation

A SHIELDING MONOLITH

OMany detectors installed in “Neutrino Alley”
H — a basement hallway with sufficiently low

= |'=" neutron flux for neutrino measurements

CONCRETE AND GRAVEL

5 B 0. ', NIN Cubes dMultiple scattering targets to test wide range
CEr\trXE 10 Nal > GeARRAY Of BSM physics

dSpecialized detectors to study neutron
backgrounds

0
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Advantages of low-recoil detectors: cross section

OWe're dealing with low enough Q2 that the deBroglie
wavelength is large compared to nuclear radius

QAIll nucleons within nucleus recoil coherently from
neutrino or DM scattering

OAstroparticle direct-detection experiments have exploited
this for years — now accelerator experiments can too with
CEVNS detectors

Direct-detection experiments
searching for light dark matter

QOThis coherency gives a Z2 enhancement in the cross Mass (t)
section — big effect for Csl (Z of 53/55) LSND WG
dGame-changing — investing in a small 14-kg detector can MiniBooNE 450
compete with multi-ton detectors
COHERENT Cisl 0.0146
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Advantages of accelerator searches: less model dependent
arXiv 1707.04591

Astroparticle

Lagy;c S
Ca

QAstroparticle experiments are within grasp of the
expected dark matter concentration for scalar DM

QBut if DM is a fermion, the scattering cross section is heavily
suppressed by DM speed v/c < 0.001

Te

QPredictions span 20 orders of magnitude

mpm

‘‘‘‘‘‘‘‘‘‘
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Advantages of accelerator searches: less model dependent

arXiv 1707.04591
107}5.

Astroparticle

o Elag..
1077 e

10—3‘),
QAstroparticle experiments are within grasp of the 104!
expected dark matter concentration for scalar DM 10~

QBut if DM is a fermion, the scattering cross section is heavily o

suppressed by DM speed v/c < 0.001

10—47.

Te

10—49.
QPredictions span 20 orders of magnitude

1 - dh,uixo L “A“i(‘]l " o

At accelerators, DM is relativistic with only a
factor of 20 between different expectations
* Accelerator searches only viable options to test
fermionic DM
QCOHERENT gets the best of both worlds
* Independent of DM particle nature like accelerator methods
* Large coherent cross section like astroparticle methods

o

5%
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Advantages of spallation sources: constraining uncertainties

LI L L L L L L I I Y I L

Timing of SNS — Prompt v, + DM!
neutrino flux
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0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
time from POT onset (ns)

QCEVNS is the principal beam-related background for DM search
* SM cross section precisely calculated, but uncertainties in detector response unique to each detector

dSince DM is relativistic, it is expected coincident with protons on target
* No DM coincident with delayed CEVNS from v, /U, flux

OThe delayed time window gives us a control sample — can constrain systematic uncertainties
in situ and use to refine background estimates in the DM timing ROI

QEnsures DM search never systematics limited — syst uncertainty shrinks as fast as stat
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The COHERENT CslI[Na] detector

A hand-held neutrino detector
— Built at U Chicago

— 14.6-kg CsI[Na] crystal | | J
— Manufactured by Amcrys-H I |
— Single R877-100 PMT

Shielding design

— Veto to tag cosmic events
— Lead to shield from gammas
— Water and plastic to

9
moderate neutrons
Layer HDPE* Low backg. lead Lead Muon veto Water
Thickness 3" 2" 4" 2" 4"
Colour | [0 /7, B | [ | m
D.P i ics wi Duk SO0
. Pershey Searching for Dark Matter and Other BSM Physics with COHERENT LuKe (‘08\’\\*’\% s

Pirsa: 21090025 Page 23/45



First observation of CEVNS with CsI[Na]

25

—In(L)

0 50 100 150 200 250 300
CEVNS counts

»

Data released publicly, used to study
— neutrino NSI

— new forces

— neutrino magnetic moment

—sin2 8y, at low-Q?

— neutrino charge radius

— nuclear weak charge distribution
—+ more

Made first observation of CEVNS

— Established the existence of CEVNS to 6.70
—134 + 22 CEVNS events

— 173 + 48 CEVNS predicted

‘‘‘‘‘‘‘‘‘‘
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Timing of scintillation in CsI[Na]

Collar et al., NIM A773 56 (2016)

10"E S—

= 3 o CsI[Tl] ]
g 10 . * CslI[Na] 4
= F 5 ]
ACsl has a high light yield and low background, g oL % ]
but afterglow photons can be troublesome pof R ;
o] [ i ]
* Cslcan scmtﬂlﬁate .forr up to 1 s following a large g 0L 5 II ]
energy deposit within the crystal a F i LIII I I I 3
. : - I i
OThe afterglow rate in Na-doped Csl is low g 107 . 11 I I II
enough to allow a search for small, few keV § i i III
nuclear recoils associated with DM and CEVNS & 107 Ill 1
scatters E I N l
T 107 .
time after interaction (us)
PR
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Scintillation response of the crystal to nuclear recoils

—~ 6~ + COHERENTH pyy
¢ [ +COHERENT2 P e
>~ |  COHERENT3 - A T
o + < - ’
S 4f 4Collar201519 ot A o=
pe Collar 2019 " &l ]
9 - ) /’,‘ /‘,' ‘(’,«‘.. ]
- I S5y l |
= 2l uo gkt T |
3 | Y f i
R R ]

0 20 40
Recoil Energy (keVm)

QO0nly a fraction of the struck nucleus’s kinetic energy, E,,,-, goes into scintillation energy, E,,

dThere are five separate measurements of the scintillation response using CsI[Na] grown by
the same manufacturer used for our detector
* Empirically model E,, (E,,,) as a fourth order polynomial with E,.(0) = 0 and fit to the global data

8
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Calibrating the Csl[Na] detector

energy, keV
20 30 40 50 60 70 80
® 450 — I —— T T T — — — —
5 = | | 318keVEC™, )
g 400 -{‘-—T'-+— K-shell escape from 57.6 keV IL I(n.y) 57.6 keV + NR
= | ‘T' | -4
350 — L | Tt A
T TS L TR
300 | | 1 +.L 41 L | g4
+ b T T T
250 % f 4T y T
£ 2Cf neutron + +
200~ calibration in situ ¥ 59.5 keV from 2Am
150 E_ 29Am calibration in "
- the UC lab (x0.2) " ‘.
100 = / K-shell escape from 59.5 keV -
— 7 4 (28.6 and 30.9 keV forCsand 1)
50 ’ ","'... e x
et oeneent®” | | w."'ﬂﬂq’ﬁm*"‘"w"..'.\' [ L | e eiatloal
00 300 400 500 600 700 800 900 1000 1100
integral, PE

O Detector calibrated
¢ 59.5 keV gamma using 2*1Am decay calibration source
¢ 57.6 keV 1?’I(n,y) peak using a 2>>Cf neutron source

QA 13.35 photon / keV light yield is achieved

* LY uniformity across crystal shown to be everywhere within 3%

dSingle PE charge monitored during data collection using accidental peaks
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Waveform reconstruction

2018/11/13 — 04:58:23 EST Beam arrival
\

80

>
S
< Bkg estimate
2 65
? I_A_\
AC PT | AC ROI ;
60 T 1
| CPT l C ROI
55 ' :
1 1 1 1 J 1 1 1 ‘ 1 1 L Il ‘ Il 1 L ‘ L 1 1 1 J 1 1 1 ‘ L 1 Il
0 10 20 30 40 50 60 70

Time in waveform, us

QEach waveform has a two regions-of-interest: coincident (C) with the beam and
anticoincident (AC), immediately preceding the arrival of the beam
* ROlis 15 ps
* Each ROl has a 40 ps pretrace region to monitor scintillation activity in the crystal in real-time
* Event begins with first reconstructed pulse in ROl and has a 3 s integration window

QAC events give an unbiased in-situ estimate of steady state backgrounds in neutrino alley

S
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Efficiency for expected signal

OWe have a 50% detection efficiency around a threshold of 9 keV,.
OWe expect 21% efficiency at our most sensitive DM mass, 25 MeV/c?
QEfficiency curve is well understood from 33Ba calibration data

| I I T | | | I 1 I | I I I | I | I I I |
1 —DM Events (m, = 25 MeV/c?)
107 —
- ~Selected Events (m, =25 MeV/c?) =
3 L _
S/ - —4
2] 21— —]
c107E =
GJ - -
> _ ]
w N ]
= B |
O
10° -
B _; L Il 1 I 1 1 Il 1 I | Il | 1 I | | | | |
0 0.01 0.02 0.03 0.04
Recoil Energy (MeV)
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Predicted excess in our sample

60_ I T T 1 | I 1 T | 1 | I I | I 1 I | T 1 I 1 | I T | I ]
- CEVNS e 0.5 event/ (PE us) A
50— DM ——1.0event/(PE us) —
N — 2.0 event/ (PEus)
40 —
o 3ol -
2of 4 | £
31 ‘ i
5
: 1 L ! 1 I 1 1 L 1 | 1 1 1 L I 1 1 1] 1 | L 1 1 1 I 1 L 1 1 :
% 1 2 3 2 5 6

Recoil Time (us)

QIf there is DM in the SNS beam, it would give an additional population of nuclear recoils at
times coincident with the arrival of the beam

AThe recoil distributions are also different — though most of our sensitivity comes from
CEVNS/DM overlap region

Q2D fit to data for these two signals will give an estimate of DM produced at the SNS

T
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Observed Csl data

DM RO
B 1] I/l 1 | I I I | ' I I T I | I I I T T I I 1 I I 1 i
C | ]
@ 2000 PE < 48 +Data —
| [F]DM (m, = 25 MeV) -
‘2 DCEVNSL : Prediction Data
§ ENIN - CEWNS  341+41 320+ 33
100 —
2 @ BRN il BRN  27.6+69 258+ 6.6
[}
£ . , ] NIN 7.6+27 74+27
w T | | |
" )
L l L 1 1 1 [ 1 L L 1 l L 1 1 1 I 1 1 1 1 I L 1 L 1 ]
0 1 2 3 4 5 6
tec (1S)

A O0ur data is consistent with predictions for the standard-model backgrounds within expected
errors

QlIn DM signal region, we see a slight deficit relative to the standard-model prediction
* Doesn’t look like a dark matter signal — best we can do is set a limit
* DM normalization in plot set to 90% limit from our data

‘‘‘‘‘‘‘‘‘‘
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Recoil distribution of data
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O Data also agrees well with the background-only prediction for the recoil energy distribution
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+ x%2 = 103/120 for background-only 2D fit

Excess Counts / PE

I”.‘.Ill‘lll\ll\ll

1

LA L R S N B I I B B B

0.75<t, <6 us

L L B B |

+ Data

E1DM (m, = 25 MeV)
[JCEVNS

ENIN

@BRN

LI B B

I I ‘ |

—F—t

o

P
150

P T
200

dLook for an excess in the DM ROl while controlling backgrounds with delayed events
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Looking for dark matter in our data

250 g
2:_ ----90% Critical Ay? -

Y .
RE: 1
< B -
11— E

: _mﬁ = 1 MeV/C2 :

F —m, =10 MeV/c® -
& —m, =100 MeV/c? 1

P | PR N ]

1 1 1 1 I L
10 15 20
DM Events

o
w
N
(&)}

A No evidence for DM — best fit is Nppy = 0 and best we can do is constrain parameter space

QSince we're near a boundary, Npy = 0, we expect non-Gaussian statistics and thus simulate
the expected Ax? explicitly with the Feldman-Cousins method

S
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COHERENT constraint on sub-GeV dark matter

At 90% confidence, Csl data significantly improves on constraints for masses 11 - 165 MeV/c?
* Constraint slightly stronger than our sensitivity due to deficit of events in DM timing ROI

QFirst to probe that matches the DM relic abundance
QAchieved with small 14.6 kg detector — but we can build bigger promising a bright future

= ' L ' N iy APV U
10°E =
= F i
éﬁo—w L —COHERENT Csl|
— z A ---Csl Sensitivity 3
e 2 —LSND ]
J —E137 T
107ME —BaBar 3
- MiniBooNE e/N 3
- o, =05 —NA64 :
L my-9m —CCM, | =
1 10 5 102
m, (MeV/c)
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Less conservative scenarios: lowering ap

10~ .
310710 =
E =

= ]
\E/ 11 |
5D10 ‘‘‘‘‘‘‘‘‘ my = 3mx —E
Al e Y fieam =
i ]
> 40712 Other Data
—op =05 Bo, =05 3

10—13 @'&XO( ---O(.D=O.1 |:|(X.D=O1 _E

= Op = gy Cop =0y 3

| 1 1 1 1 L Ll I 1
1 10°

10 >
m, (MeV/c®)

OOur dark matter model has two couplings: € and ap
+ Complicates parameter space since our relic abundance depends on Y o £2ay,

Q0ur contour depends on our assumption of ap — smaller values give tighter constraints

Qdap = 0.5 is the largest, most conservative assumption before perturbative effects important

%
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Exploring ap allowed consistent with relic abundance

2= T T ! UL L LI L
E Csl Limit Other Limits 3

o —Scalar [ Scalar i .
10 —Majorana Bl Majorana =
- Pseudo-dirac Pl Pseudo-dirac 7

-

| lIIIIII|

10"

IIIIII|

o, to Match Thermal Target
=

1073

1 10 5 107
m, (MeV/c?)

QSince our constraint depends on an assumption of a, we can connect our data directly to
cosmology by asking for which ay, is our data inconsistent with the expected concentration

QIn the scalar scenario, we can reject al ap < 0.64 at our most sensitive mass

QWe currently can make a statement for fermion DM scenarios, but constraints are looser and
to be explored with future data
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Future COHERENT dark matter detectors

QO COH-Ge-1: 16 kg of Ge PPC detectors
QOLow threshold, ~ 0.2 keV,,, improves sensitivity at low masses
dFunded with NSF MRI, detector commissioning now starting

4 O COH-Ar-750: next-generation argon scintillator

{1 rogom OLarge 610-kg fiducial volume
I dPreliminary plans for 10-t argon detector at the STS placed
YTTTINT forward from beam exploiting DM flux directionality
Chernyak et al., Eur. Phys. C80 547 (2020)
= 2.0 I : Scintillation I
< ' O Csl(undoped)
. ’ E ] N;\Il‘Lmdopcd)
A COH-CryoCsl-1: future 10-kg, undoped Csl scintillator EREIRE. By
;: E - At'lcrglm\
QCrystals cooled to 40 K, significantly reducing afterglow =,/ | e
scintillation while improving overall light yield i ‘ =
QWith low threshold and high Z, small detector has very £ |
favorable sensitivity 3 o | AL — |
o 5’0 \60 1;0 2(I)0 250 3(‘)0
Temperature [K]
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Future COHERENT sensitivity to dark matter

o —
E =
= '
E {=
=gl -
o Csl Data E
N _ gy — COH-Ge-1 .
10 e e —COH-Ar-750 3
""" ~--COH-Ar-10t 3
10-1 o =05 —COH-CryoCsl-1_|
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/| L1l I 1 1 1 1 L1l I 1 a

1 . 10

m, (MeV/c®)

Qlmmediate future: germanium detector currently being commissioned — will fully explore

scalar target at lower masses

Qln coming years: future argon and cryogenic Csl detector — will be sensitive to a lower DM

flux and probe the Majorana fermion target

QlIn next decade: large detectors placed forward at the STS will begin to ambitiously test even

the most pessimistic spin scenarios
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Other prospects for direct detection of sub-GeV DM

COH FTS =
52 kg-yr Ge +
3 |1.83t-yrAr+
1 | 30 kg-yr Cryo Csl
< COHSTS =
ap=05 3 ' 50 tyrAr+
My =3M: 4 3.5 t-yr Cryo Csl
Csl Data —CCM200 ..
COHFTS  ---CCM Improved Shielding | <M f;”s't'v'ty:Z
___OOHSTS - -CCM Undergound Argon of | 2" 220514027
1 10 5 102
m, (MeV/c®)

O Many other neutrino experiments also studying direct-detection of DM at accelerators
* Most sensitive is Coherent Captain Mills (CCM)
O CCM sensitivity still preliminary, focusing on pinning down background levels and argon

contaminates
* Most optimistic CCM scenario has comparable sensitivity to our reach at the FTS

%
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Determining the CEVNS cross section

Sr T T T ™
a4 - o
- 1 No-CEVNS rejection 1160
- 1 SM CEVNS prediction 333 + 11(th) + 42(ex)
« [ —COHERENT Data 1 mm
= [ . Stat-only ] Fit CEVNS events 306 + 20
2~ IS CEVRS 1 Fit x2/dof 82.4/98
15_ ___________________________________ L | | CEVNS cross section 169356 X 1040 ¢cm?
X 1 SM cross section 189 + 6 X 1049 cm?
0'....1....|....|‘x./.l....|...'
0 50 100 150 200 250 300
(@), (107" cm?) g10°E
dFrom the observed CEVNS rate, we calculate I
the flux-averaged cross section E ol
* Result is consistent with the standard model 2 g
predictionto 1 o S F
QObserved cross section consistent with N2 1ol
dependence F
o020 30405060 70 80 90
Neutron number
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CEVNS spectra by flux component

25—
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PE trec

At the SNS, CEVNS from vy

AThis is a lever arm for constraining CEVNS cross sections for different flavors separately
* Advantage of spallation sources with beam width < muon lifetime

occur earlier than CEVNS from v, /v,

* Now have collected enough exposure and understand our sample well enough to exploit this information,
allowing precision measurements that exploit the SNS flux shape

JWe measure the flavored CEVNS cross sections, (o), and (o)., to study CEVNS constraints of
NSI
* SM predicts flavor universality of the cross section at tree level
* (There are small SM differences in <G)u and (0), cross sections which we account for)

S
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Flavored CEVNS cross section

QAllow for completely different sool |
(o), and (o), as would be allowed —
in NSI scenarios g

Qv timing sheds light on the fraction ‘023 400}
of observed CEVNS that are from 1:@ ]
each flavor ©

dAs in 1D CEVNS fit, the SM 200
prediction is included within the
1 o contour

% 100 200 300 200
(o), (10 cm?)
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COHERENT NSI constraints

QUpdated Csl data improves upon 05
previous constraints

QUpdated from 2017 result to include W
full spectral fit

Q(o), held fixed at SM prediction
while (o), floats freely

-0.5

1 I 1 | | | I 1 1 1 L | 1 1 Il |

CHARM
i Csl 2020

=5 'ov 05 1
€. 1D Gaussian 90%

critical up-values
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Interpreting solar neutrino oscillation data
_See Phys Rev D96 11 115007

[ ] i ) | . T T T T 7]
I S Preliminary :
§
B S ]
0.4— < ‘ =
[ & | i
- A | $ i
Z 2 02H0 S |
W L ‘90 i
. _ & ]
I 3 )
o A _
i Oscillation Data N ian 1/2/3
= [ Csl 2020 _ZQGau55|an /2/30
i ‘ : , 1 critical up-values
-02 I — - P f
- 0.5 0 05

uVv

EBO

dMeasurement of PMINS parameters with neutrino oscillation experiments can be confused in
NSI scenarios

Qln particular, there is ambiguity between the large mixing angle (LMA) solution to solar
oscillations and the LMA-Dark dark model

* Would flip the 8, octant: 6, » /2 — 04,

L J
JLMA-Dark would require non-zero s’;‘évand eV, which we can test given with our flavored

_ My
cross section result

v
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Summary
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4 5 6 1 10

10 2
m, (MeV/c”)

QO COHERENT has made its first search for dark matter particles produced at the SNS
* Detection of nuclear recoils a novel and attractive technique

* First constraint probes scalar dark matter consistent with the relic abundance even in most pessimistic
scenarios

* CEVNS new probe of neutrino-quark NSI which is already helping to understand neutrino oscillation data

QPromising future for CEVNS experiments
* Natural background control sample from SNS timing constrains systematic uncertainties

* Exploiting ORNL investment in SNS upgrades, we can cover parameter space consistent with cosmology
over a wider range of masses with a relatively modest detectors
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