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Scattering on nucleons Elastic scatteringn nuclei
with nucleon emission with 0 so low, nuclear
e.g.NOvVA SBN, DUNE state isunchanged

COHERENT measures coherent elast
neutrino-nucleus scattering (CEVNS) &
neutrino energies 1460 MeV
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CEVNS Cross Section
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C The processs coherentwhich gives a large cross section, roughly scalingtivglsquare
of the number ofnheutrons
"0 e
A T—A(i) (p TOEJN )®» O
C Very large cross section, compared to {emergy neutrino processes
A Measurements within reach of kgrale detectors

First measurement by COHERENT in 2017 with Cslfié&, fulldataset results toda},/
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Nuclear Recoll Sighature

¢ The struck nucleus acquires a small
recoil energy
A Max recoil energy i§O T0
A Only 15 keV for Csl at 30 MeV

1. Need a detector with a very
low threshold

A Recent advances in dark matter detection
has made ke\scale thresholds possible

2. Will need to place detector in
alarge neutrino flux
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Why measure CEVNS?

E Lisi, Neutrino
2018



Why measure CEVNS?

Will discuss
COHERENT data
applied to three
BSM scenarios

E Lisi, Neutrino
2018



Searching for BSM Interactions with CEVNS

Cc CEVNS is sensitive to netandard interactions (NSI) between neutrinos and quarks
mediated by some heavy (50 MeV/@), undiscovered particle

C Generally parameterized by coupling constants: (J iy N 't i)

L R atron = —G—\/g > 7 (1 = *)ve] (€25 [@7u(1 — v)a] + €25 [@7.(1 +1°)g])
w—

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

C NSI scenarios would scale the observed CEVNS rate and sgyarameters are only
constrained at unity
AR IR IR break flavor universality predicted by the standard model (at tree level)

AR IR /R change neutrino flavors

c NSI would affect our interpretation of neutrino oscillation data from ldrageline neutrino
oscillation results from experiments likkOvAand DUNE which CEVNS data can resolve

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

34 : Colomaetal., PRD 94 055005 (2017
1 : Denton et al., arXiv:2008.01110 (2020)
| :Colomaetal., PRD 96 115007 (2017)
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Searching for Dark Matter with CEVNS Detectors

CEVNS beam dump COHERENT detector
°| experiment
Target Nuclear Recoil
Signature
) " 7

C CEVNS detectors at accelerators are sensitive to hidden sector particles and can make
competitive searches for 4 100 MeV mass WIMP candidates

¢ Huge number of prototHg collisions may produce portal particley that mediate
interactions between SM and hidden sector particlep (

i 1 K : :
Vector Ortal E — £ R, V;u/ _m2 17 Vu . _V;U/F deNiverville et aI., PRD 92 095005 (20
P S s T iy b 2 HY " Dutta et al., PRL 124 121802 (2020)

C Such a particle makes an attractive dark matter candidate consistent with thermal foekz
for masses below the Lé&/einberg bound

COHERENT will test dark matter consistent with
the astronomically observed concentration
Akimovet al., PRD 102 052007
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Neutrino Physics with CEVNS in Dark Matter Detectors

https://supercdms.slac.stanford.edu/daatter-limit-plotter

¢ CEVNS are an ultimate background for b % |
dark matter detection experiments E AN

”g 10-40 g
¢ Cosmogenic sources of neutrinos can | ]
produce CEVNS in dark matter detectors & _ ‘_ g
¢ the CEVNS floar and expected rates are 2 10+ % . = 10 &
not far from current sensitivities z SolaQa - -
A Several experiments will soon see CEWNS 210 i 1070 2
from 8B solar neutrinos a. . , , -
A First search with expected sensitivity released T al 90b{ ¥t ZZNE . 10v
this week from xenonlt; arXiv 2012.02846 o 1 - AtT)SSphe”Gjoo ;"

Dark Matter Mass [GeV/c?]
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Neutrino Physics with CEVNS in Dark Matter Detectors

https://supercdms.slac.stanford.edu/datatter-limit-plotter

¢ CEVNS are an ultimate background for B %

dark matter detection experiments E 1070 g
¢ Cosmogenic sources of neutrinos can S Jot2 .S
produce CEVNS in dark matter detectors & i 8
¢ the CEVNS floar and expected rates are 2 1o+ C L et §
not far from current sensitivities z SolamQ 3 o — | S
A Several experiments will soon see CEVNS 210 T 100 2
from #B solar neutrinos 8 .. ) , 0
A First search with expected sensitivity released T al 90b{ ¥t ZZNE . ‘1ov
this week from xenonlt: arXiv 2012.02846 o0 = AtT)SSphe”Cﬁ'(% (;5‘
Lang et al., PRD 94 103009 Dark Matter Mass [GeV/c?] 4
20 + """"""" 27 Mgy, LS220 EoS | | |
ool ()_srpb;ﬁ{;vigo(ﬁ)bins | CCEVNS will also be a detection channel for a
g | —— XENONST/LZ (70 | burst of neutrinos from a supernova
Z 150} — XENONIT@) 1 ¢ E.g., DARWIN, a future Xe experiment expec
3 | 1 ] to see several hundred CEVNS events for a
g ' . 1 typical galactic supernova
= 50F, ++++ 1 CCEVNS is NCsensitive to all flavors of flux
ey S : which would help interpretation of data from

ot e Sl DUNE and other experiments

Post—Bounce Time [s]

(t
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Highflux Sources for Loenergy Neutrinos

Rept. Phys. Prog. 82 3, 036201 (2019)
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C Nuclear reactors _ C Pion decayat-rest n\DAR) at accelerators
A Very high flu reactors win A High fluxx 3 10“%4u Tu Tu /s ADAR
A Maximum recoil energy for Csl: 1 keV A Maximum recoil energy for O eMyins

A Reactoroff data® in-situ background constraint A Pulsed bean® in-situ background constraint
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Selecting aDAR Source

better
S 10°k . "
8 = Lulan.
8 10° ;_ BNB , CS.NSISIS MLF ¢
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S E Future facilities
3 10°F
S LANSCE Area A
10 ¢ ESS ¢
3 DAESALUS ¢
1E L l 1 1 L L 1 1 1 [ 1 1 L 1 L1 1 1
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C Forselecting a source, we want
A High beam powe® faster accumulation of signal
A Low duty factoP improved background rejection through beam pulsing

¢ Move to the Spallation Neutron Source at ORNL
A Upgrade will double beam power and construct second target station by 2028
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The Spallation Neutron Source at ORNL
+ Neutrino

¢ 1.4 MW proton beam on mercury target = 1.01 GeV

¢ Pulse width is 340 rBWHM at 60 Hz, reducing backgrounds by a factor3of10* from
beam pulsing

¢ Opportunistic neutrino program expands fundamental physics reach of the SNS




Future Beam Improvements at the SNS

¢ Two staged improvement to the beam

1: Proton Power Upgrade

A Increaseghe power of neutron beam
1.40 2.8 MW

A Feasibility of a second target station

2. Second Target Station

A Implements a second beamline at the
accelerator

¢ Expected completion 2028

C Interest from the lab to design STS to
accommodate a specialized detector
hall for neutrino measurements
capable of fitting a 14 detector

48
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NeutrinoFlux at the SNS

C Low energypionsare a natural byproduct of SNS running

A A will stop and decay at rest | 9%%“3/26.
AOt 1z 26ns Secondery partices S
: _ &evaporation @
t ©Q v d :z 2200ns /v .
A Flux includes three flavors of neutrinBscan test p 1:6'6\/9 Hg T~§2af,r§d
flavor universality as a BSM signature \
C Fluxshape is very well knowand very small Decaysatm \\
contribution from decay in flight at the SNS L \

Tlmlng dlstrlbutlon at SNS

— Prompt v,

a.u.

f— —— Delayed v, and v,

i P N A

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 100 150 200
time from POT onset (ns) neutrino energy (MeV)
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The COHERENT Collaboration at the SNS
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COHERENT at the SNS

Cc Measure CEVNS with multiple nuclear targets
test the coherent cross section scalthg

¢ Key advantages of different detectors and joint
fits of all COHERENT improves physics reach

Target
Csl[Na]
Liquid Ar
Ge
Na[TI]

D. Pershey

Technology
Scintillation
Scintillation only
lonization

Scintillation

Fid. MasgkQ)
14.6
24.4/610
16
185/3000
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Recoil spectra: no quenching, efficiency or background
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— Csl 14.57 kg, 19.3 m
----- Nal 3388 kg, 25.0 m
— ®Na 520kg, 25.0m
— Ar 612kg, 27.5m
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— Ge 16kg, 22.0m
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First result 2017

Commissioning _
Science 357 6356

2015 New results: this talk
2017/ 2023« First result 2019
2021 arXiv:2003.10630
Commissioning of twc
2016/2021

new detectors 2021
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Managing Neutron Backgrounds at a Neutron Source

Cc The SNS does its job of making neutrons very gwshere can we avoid them?

Cc While assessing the site, a basement hallway was discovered where the neutron flux w
reduced by orders of magnitude to levels acceptable for CEVNS experiments

AdbSdziNARy2 I ffSeé 61 a 062Ny
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Looking down neutrino
alley, just wide enough to
deploy tonscale detectors

(LATr) ' g
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COHERENT CEVNS Detecticfi4m
: ¢ CENNS.0 (aka. COAr-10):24.4kg liquid argon

feem scintillation calorimeter with a 2ReVnrthreshold
A Originally built by Jooet al. at Fermilab for the lab CENNS effo
o A Upgraded in 2017 with TRB2 G SR t a¢ Qa | yR
— increase light yield for CEVNS detection in neutrino alley
e Cc CEVNS excess observed Vith evidence on argon
PMTs A Second detection of CEVNS after COHERENT Qfkibr
water A Fermilab JETP seminar béttlemoyeron Jan 10, 2020
o A Result: arXiv:2003.10630 (accepted to PRL)
Shield A Data release: arXiv:2006.12659

¢ Dataset has since increased by 26xmore CEVNS comini
Recoill EnergXD%‘(eVnzrgﬂ 200

0 50 10{] 150 ! T L LA I R B 1T 1 T 1 L
- | ST o 40l -—~CEVNS Cross Section Prediction a
200f- [ Flux-averaged Prediction with Uncertaint ]
C e Data i i g y :
B — Total o 30l +COHERENT (Analysis A) -
1501~ 5 | +4COHERENT (Analysis B) i
= g | ]
C o I
100t A 20_— |
- &
i © [ Hv,Flux ]
50 ol D:e Flux E
C L [V, Flux
0 20 40 60 80 100 120 0 10 20 30 40 50
Reconstructed Energy (keVee) E, (MeV)
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The COHERENT Csl[Na] Detector

A handheld neutrino detector
¢ 14.6-kg Csl[Na] crystal

¢ Manufactured byAmcrysH | | |
¢ Single R87~100 PMT , I

Shielding design

¢ Veto to tag cosmic events

¢ Lead to shield from gammas

¢ Water and plastic to
moderate neutrons

Layer HDPE* Low backg. lead Lead Muon veto Water
Thickness 3" 2" 4" 2" 4"
Colour | [ /7. . [ ] ]

(%
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First Observation of CEVNS with CsI[Na]

25

20 -

15}

—In(L)

10}

............. prrrsaiesaiiaags R

150 200 250 300
CEVNS counts

Data released publicly, used to stud

Made first observation of CEVNS § ¢ neutrino NSI
coaidlof AaKSR (KS SEAaGSY®BOeECT | 9ggp{ G2

(N

¢ 134+ 22 CEVNS events C neutrino magnetic moment
¢ 173+ 48 CEVNS predicted GOEfl atlowv
¢ neutrino charge radius
Dataset increased by 2.2x before ¢ Nuclear weak charge distribution
decommissioning ¢ dark matter searches + more
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Timing of Scintillation in Csl[Na]

1 Collar et al., NIM A773 56 (2016

10" e
o CsI[TI]

C Csl has a high light yield and low background, -
but afterglow photons can be troublesome

A Csl can scintillate for up to 1 s following a large
energy deposit within the crystal

¢ The afterglow rate in Ndoped Csl is low
enough to allow a search for small, few keV
nuclear recoils associated with CEVNS

afterglow (fraction of primary yield per pus)

1

107 10 10' 10°
time after interaction (us)

10
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Scintillation Response of the Crystal to Nuclear Recoills

S TR R TR A L A LN LI AR
3 L
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c [ +Collar2019 | 7" @ I -l
ué L ¢ Park . _*_ L
S [ Jow s _
v, 1— —
s [ A b
e _
e S S E
= 105— i * —+—+” _f
> of - e e s +_§$ ]
& F ++*r Vo : :
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Recoil Energy (keV )

chyteé | FTNYOUA2Y 27F (i KSO agodsiiro cintiffadind ererd@ Q 3
C There are five separate measurements of the scintillation response using CslI[Na] growi

the same manufacturer used for our detector
A Empirically modeD 'O as a fourth order polynomial with (1) mand fit to the global data
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Calibrating the Csl[Na] Detector

energy, keV
20 30 40 50 60 70 80
9 450 [T T T T T T | T T T ‘ T T T ‘ T T T T T T T | T T ‘ T
c -
| 31.8 keV EC *#,
§ 400— -+-T-+- K-shell escape from 57.6 keV |m|(”rV) 57.6 keV + NR
- ! -
350— 1 L t -I-’f 1 S
= If +—+ H, T * t | | f -+.—+-_|_ o + +-7|7'T' +
WOE L T e T T
|t _*_ T T 1 \_ T _T_'If' + ' 1 ?
250 % f + + t
—  %2Cf neutron + +
200 calibration in situ + 595 keV from “'Am
150 ; #1Am calibration in *
= the UC lab (x0.2) ++ *,
100 = K-shell escape from 59.5 keV -
- (28.6 and 30.9 keV forCsand l) .
50— “,**f- ., *' .
:.T"‘r""’"r"'r*\. | \' ‘\“I"'Hﬂ'w"ﬂ"ﬁ"\“r P L1 L ".M...a losia Lyl
EOO 300 400 500 600 700 800 900 1000 1100

integral, PE

C Detector calibrated
A 59.5 keV gamma usif¢lAm decay calibration source
A 57.6 ke\A27(n) peak using &2Cf neutron source

Cc A 13.35 photon / keV light yield is achieved

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

¢ Single PE charge monitored during data collection using accidental peaks
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Waveform Reconstruction

90 T T T T T T
2017/04/14 - 02:20:54.07 EDT
g
= ol Bac_:kground |
< estimate
n ’ I | Beam /
60k AC PT . ACROI CEVNS |
1 1 A
CPT ' crar
I =
>%0 10 20 30 40 50 60 70

Time in waveform (us)

¢ Each waveform has a two regieakinterest: coincident (C) with the beam and
anticoincident(AC), immediately preceding the arrival of the beam
AROlis 15s

A Each ROI has a #8 pretraceregion to monitor scintillation activity in the crystal in rdéahe
A Event begins with first reconstructed pulse in ROI and hassairegration window

c AC events give an unbiasedsitu estimate of steady state backgrounds in neutrino alley
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Signal (mV)

Mitigating CommorirRecoPathologies and Background Event:

Misidentified onset

90

T
2017/04/14 - 02:20:54.07 EDT

What if this pulse i
an accidentaI/

80

70

ACPT

60| , ACROI
T 1

CPT i CROI

50
0

30 40 50 60
Time in waveform (us)

10 20

¢ Afterglow rate is high
enough the first pulse

found in the ROI may not

be from a nuclear recoil

AdaAaARByastA SRS Yida £1I0MR Y LI

A 6% of signal events

C Stray afterglow pulses also

cause us to lose signal

whose first pulse is 3{s

after the afterglow pulse
A 2% of signal events

¢ Also implies the timing for

signal and backgrounds
should be exponential

D. Pershey

70

Ultra-prompt background

60— T T T T T

Background AC data

T Ultra-prompt events

N
o

Background Events

N
(=]

0 2 4 8 10

6
Recoil Time (us)

¢ A background event
starting in the taHend of
the pretracecan sneak
into the waveform ROI

¢ Requiring no PE pulse in
the final 0.2f s of the
pretracereduces the
background from 40
eventsto 1

New CEVNS Results from the COHERENT Csl[Na] Detector

Background Events

=)
&

Afterglow background

'~ Background AC data
4 ---- Afterglow Events
---- Prompt Scatters

¢ Coincidence of afterglow

pulses can fake an event

¢ Waveform simulation

predicts these events to

S @Sy UfélEsharply in time and we

see this behavior in data

¢ Simulation and bearoff

data show afterglow
events can be eliminated
with a cut on the number
of pulses reconstructed

27
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Event Selection

Quality Remove events with muon Reject cosmienduced events il
veto, PMT saturation, or and require energy consistent Acceptance cuts
digitizer overflow with a lowenergy recoil reduce detector
Scintillation Activity ~ Reject waveforms with 6  Reject events that occur when | livetime, no CU_t on
PE pulses ipretrace detector is especially bright ROI and effeds
Ultra-prompt No PE pulse in final 0tz of Reject events from the taénd mefisured IFsitU
pretrace of the pretracethat sneak into during operations
the waveform ROI
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Event Selection

Quality Remove events with muon Reject cosminduced events il
veto, PMT saturation, or and require energy consistent Acceptance cuts
digitizer overflow with a lowenergy recoill reduce detector
Scintillation Activity ~ Reject waveforms with 6  Reject events that occur when | livetime, no CU_t on
PE pulses ipretrace detector is especially bright ROI and effeds
Ultra-prompt No PE pulse in final 0tz of Reject events from the taénd measured IFsitU
pretrace of the pretracethat sneak into durlng operations
the waveform ROI
30obetween firstand 30  0.52ts Reject events with Efficiency calculated with a
second PE peaks misidentified onset simulation: 5x reduction of

misidentified onset events and
negligible effect orother signal

ROI

A

30

Afterglow CEVNS Signal
pulse

(s
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Event Selection

Quality Remove events with muon Reject cosminduced events
veto, PMT saturation, or and require energy consistent
digitizer overflow with a lowenergy recoil

Scintillation Activity  Reject waveforms with 6 Reject events that occur when |
PE pulses ipretrace detector is especially bright

Ultra-prompt No PE pulsein final 02 of Reject events from the taénd
pretrace of the pretracethat sneak into

the waveform ROI
30between firstand 30  0.52ts Reject events with

second PE peaks misidentified onset

Afterglow Require 9 pulsesn ROI Reject accidental coincidence

D. Pershey

Efficiency

b
n
T T

0.8

o
@
T T

0.2

0 10 20 30 40 50 60

Recoil Energy (PE)

of afterglow scintillation

1 Threshold of 10 PE to reject
| afterglow background

New CEVNS Results from the COHERENT Csl[Na] Detector

Acceptance cuts
reduce detector
livetime, no cut on
ROI and effeds
measured imsitu
during operations

Efficiency calculated with a
simulation: 5x reduction of
misidentified onset events and
negligible effect orother signal

Efficiency determined using*Ba
calibration data of lowenergy
Compton electrons

(v
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CEVNS Selection Efficiency

¢ Our efficiency for detecting CEVNS recoils depends on both the recoil time and energy

¢ PEdependence
A Efficiency loss from rejection of afterglanwduced background
A Determined with'33Ba calibration data

C t-dependence
A Misidentified onset and lost events are more common at late times
A Calculated witidata-driven simulatiorand validated with higienergy background data

¢ These two parts are uncorrelated and the 2D efficiency is a simple product

5(PE7 t’rec) - 6E(PE) X 5t(tre(:)

6 LI | LI | LI | LI | LI I_ _1
o8l o8} 108
:5-.0.6_— :5-.0.6_— - > E —0.6
3 | 3 | =2 §
2 2 o
=+ E=I 5]
Wo.4- Wo.4f- . ~ 0.4
s [ Rejectevents with |
i - misidentified onset 0.2
A I T TR PR A I T T PR P ST
0 10 20 30 40 50 60 0 1 2 3 4 5 8 0 PRI T T T T AN T A N B 0
Recoil Energy (PE) toe (US) 0 10 60
Recoil Energy (PE)
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Expected CEVNS in Our Sample

60— Preliminary
I | + Data | 500
i I [OPredicted CEVNS
B ENIN ) 400
40 [ BRN

B SSBkg

Counts / PE
8

Counts / us

20

0 10 20 30 40 50 60
PE

¢ Perform 2D likelihood fit in PE amg.

Preliminary

+ Data

[@OPredicted CEVNS
ENIN

[l BRN

B SSBkg

trec (HS)

Expected events
Steadystate background 1286

Cc Beamunrelated steadystate background Beamrelated neutrons 18
measured irsitu with beam outof-time data Neutrinoinduced 5
Cc Beamrelated neutron backgrounds small, neutrons
only 7% of the predicted CEVNS rate CEVNS 333
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Observed CEVNS

Preliminary

i + Data

[ Best Fit CEVNS
@NIN i
@BRN
W SSBkg

60—

40

Counts / PE

20

60

PE

Counts / us

]
(=]
(=]

500

400

L
]
o

¢ Data in our Csl[Na] detector match our bést

predicted spectra very well

C Bestfit CEVNS slightly low, but consistent
with expected statistical error

Duk N
D. Pershey New CEVNS Results from the COHERENT Csl[Na] Detector UuKe ((C&\’X’%—‘

T T | T T T T | T T T
Preliminary
+ Data

[OBest Fit CEVNS

@NIN
@BRN

B SSBkg

Best fit results
Steadystate background 1273

Beamrelated neutrons 17
Neutrino-induced 5
neutrons

CEVNS 306
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Measurement Uncertainties

Theoretical Experimental
vFlux | | _ Preliminary
BRN Norm.| 1 | COHERENT Csl __|
NIN Norm. | | L B 2017 Result
SSBkg Norm. | | h BN 2020 Resut
QF | 5 5
Efficiency | | -
Light Yield | [r—
Statistical | r | |

5 0 5 10 15 20 25
Uncertainty (%)

C Reassessed all systematic uncertainties

C Huge improvement to QF error from newly available data, better model and fit strategy
¢ Neutrino flux normalization now dominates oaross sectiomncertainty

¢ Overall precision improves 33%16%

(v
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Measuring CEVNS Rate

[~ | | | ]
150“‘— ]
k —CGORERENT Data 1 No-CEVNS rejection 11.6K
i --- Stat-only i
100~ [[JSM CEVNS | SM CEVNS predictic 333 11(h) 42(ex)
" L | Fit CEVNS events 306 20
B H{ Fit.%/dof 82.4/98
50— 7
== g e g0z 300

(o), (107 c?)

C We again see CEVNS

cBestfit? IS consistent with degrees of freedom

¢ We reject the neCEVNS hypothesis at 1K6
Al y Qi NB K &rordranfthisipkétSmowing towards precision measurements of CEVNS
A No question CEVNS isthefeS (1 Qa R2 2dzNJ 6Said 02 YSIF adsaNB Al

(t
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Determining the CEVNS Cross Section

T R B R B R LS L R Y 5

‘e ; 7 No-CEVNS rejection 11.64

= 1 SM CEVNS predictic 333 11¢h) 42(ex)
~ | —COHERENT Data| ,-' 1 e
= - - Stat-only ! - Fit CEVNS events 306 20

2 EISMCEWNS 1 Fit.%dof 82.4/98

F .. SINY . .\ i i 1 CEVNS cross section 1693 1040cn¥

1 SM cross section 189 6 1040cne
0_....I....I....I‘\/.I....I....ﬁ
0 50 100 150 200 250 300

(o), (107 c?)

Cc From the observed CEVNS rate, we calculate
the fluxaveraged cross section

A Result is consistent with the standard model
prediction to 1A

(t
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Determining the CEVNS Cross Section

S R B R B R LA L g
= 1 No-CEVNS rejection 11.64
. 1 SM CEVNS predictic 333 11¢h) 42(ex)
« [ —COHERENT Data i
g [ --statonly ] Fit CEVNS events 306 20
2p ESMGEWS 7 Fit.2dof 82.4/98
F oo XIN A | CEVNS cross sectiol 1695 1040cn¥
/ SM cross section 189 6 10%%cmy?
o0 To0 - Teo. - 200 20 300
(o), (107 c?) g1’
¢ From the observed CEVNS rate, we calculate %
the flux-averaged cross section 25
A Result is consistent with the standard model 2
prediction to 1A g
C Observed cross section consistent with i
dependence

1IIllillllillllillIlillllillllillllillll.

T VA

i
0 10 20 30 40 50 60 70 80 90
Neutron number
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Measuring the Weak Mixing Angle

K 00 . 0 Y " °F T i
— =0 [p =— [(p = B — COHERENT Data ]
Q7Y 1A O O s --- Sensitivity ]
06 (p TOEf )FOE ) 60@ ) 3 :
C The expression for the weak charge S J
gives CEVNS sensitivity to determine - £
Sir? W aAt low-Q* i & ]
AOEfl  0.220:88% ; N 7 z
- ) | - ,‘\,_ 3 —‘1"‘| ) -
P15 0.2 0.25 0.3

sin‘e,,
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Measuring the Weak Mixing Angle

™ 00 . 0 "Y i -
QY 1A v P (0] P O 4:_

0 (p TOEfl )BFOW ) 06O )

T T T T T T

— COHERENT Data
--- Sensitivity

¢ The expression for the weak charge
gives CEVNS sensitivity to determine
sir' |, at low-Q?

AOEfl 0220848 : \\
0.2

. | ) ) e sl gl
(91 5 0.25 0.3
eW

sin®

vvvvvvvvvvvvvvvvvvvvv

C Measurement not currently
competitive, though will be with

0.242 4
Mdark 7z = 150 MeV 1

Myark z = 100 MeV ]

0.240
0238 COHERENT plans for large datase
& 0236 with improved uncertainties

0.234

Cc However, CEVNS already helpful!
A Gives an experimental measure

3
MOLLER t

0.232

0230, wipmetsasiiy e of nuclear structure important for
e APV measurements dfi*Cs
arXiv: 1411.4088 Lo, Q[GeVi Phys Rev D99 033010
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CEVNS Spectra by Flux Component

— _—

B , 5 300 , —
E +4-Data Residual § = +-Data Residual .
20— [Jv, CEVNS — - [Jv, CEVNS 3
w [ | [v, CEWNS = 2 ool [V, CEVNS B
= 151 @v, CEvVNS = e Bv,. CEVNS .
< E EININ Background S [ EININ Background
S 10 BBRN Background — 3 e @IBRN Background
a [ ) @ + i
(] E i (]
O o il
x 5 —] x y el
== l . A ? i . d
E ;‘F' — 2 _ 4
2 0
of ; =E+E g
: 1 I L L L L ‘ L L 1 1 I L L L L | 1 L 1 1 I Il L L L : i L I L { | I I ]
0 10 20 30 40 50 60 0 1 2 3 4 5 6
PE trec

c At the SNS, CEVNS fremoccur earlier than CEVNS frasmla

Cc This is a lever arm for constraining CEVNS cross sections for different flavors separatel
A Advantage of spallation sources with beam width < muon lifetime

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

Cc We measure the flavored CEVNS cross sectidins,and(A) , to study CEVNS constraints o
NSI

A SM predicts flavor universality of the cross section at tree level
A (There are small SM differences(iff) and(A) cross sections which we account for)
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Flavored CEVNS Cross Section

L B B
Preliminary .

Bic __
B20 i

¢ Allow for completely different

(K) and(A) as would be allowed . B

. . & )

In NSI scenarios g . SM+ic
ca timing sheds light on the fraction % 400

of observed CEVNS that are from =

each flavor B

c As in 1D CEvVNS fit, the SM
prediction is included within the

1 contour

% 100 200 300 200

41
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COHERENT NSI Constraints

Preliminary |
C Updated Csl data improves upon 0.5
previous constraints

C Updated from 2017 result to include 80
full spectral fit
c(A) held fixed at SM prediction o5k
while (A) floats freely L [/ CHARM

" [ Csl 2020

%5 '{?V 0.5 :
£, 1D Gaussian 90%

critical upvalues

Duk S 42
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Interpreting Solar Neutrino Oscillation Data

See Phys Rev D96 11 115007
" Preliminary /&

0.4

[ Oscillation Data

B Csl 2020 H5 DI dza a A | y MK |

critical upvalues

B 05
u,
Eee

Cc Measurement of PMNS parameters with neutrino oscillation experiments can be confus
NSI scenarios
C In particular, theras ambiguity between the large mixing angle (LMA) solution to solar
oscillations and the LMB®ark dark model
A Would flip thef octant:f © a¥c |
¢ LMADark would require noizeror "andr ", which we can test given with our flavored

Ccross section result

43
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DM Scattering in COHERENT Detectors

3 Coherent
CEVNS | . dark matternucleus o

/'\ elastic scattering '
A A /\

¢ Dark matter particles would produce nuclear recoil signatusesjlar toCEVNS

C The cross section is similarly large and precisely calculable so that a dark matter detect
sensitive to CEVNS may be competitive with much larger experiments

c2 2dzf R 0 S cartivN@cgihdident with the beam and would have a harder recoil
spectrum than CEVNS @ ? 3happens in flight

c DM scatters would be an additional component of our sandplean constrain with current
Csl dataset

(t
D. Pershey New CEVNS Results from the COHERENT Csl[Na] Detector Duke wcﬁ‘é@??z“‘ ad

wwwwwwww



Csl Search for Dark Matter Particles at the SNS

DM signal region

¢ Extend fit region to captur®M signal region60 < PE < 250t%.< 0.75>s

D. Pershey

Early times

High recoil energy

Excess Counts / PE

tee < 0.75 us

+ Data -
[IDM (m =10 MeV) |
CJCEVNS 1
ENIN a

lBRN

(=)
o
(=]

300

200

100

PE =48

-+ Data ]
[1DM (m, = 10 MeV) ]
JCEvNS
ENIN

lBRN

Excess Counts / us
(=]

|
[=]
[=]

3
tret: (us)
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Csl Search for Dark Matter Particles at the SNS

DM signal region

¢ Extend fit region to captur®M signal region60 < PE < 250t%.< 0.75>s
A DM background regionsed to constrain systematic uncertainty

D. Pershey

Early times

High recoil energy

—_ .
+ Data ]
° DM (m_ =10 MeV) |
e too < 0.75 us CICEWN 3 i
£ N ENIN ]
3 T 5N i
% [ .
3 2 —
(&) = .
>
L - _
ok 4 .
| P T R L :
0 50 100 150 200
PE
300_* m -
Z + Data )
- [FIDM (m_= 10 MeV) ]
200 .
:’% : PE > 48 CCEWNS ]
£ I ENIN §
g '™ @eRN .
D —
2 1
3 o |
: —t
LIJ -
-100 _:
Ll l R ]
2 3 4 5 6
tr’et: (“'S)

i + Data i
10 DM (ITI =10 MeV) _
w toe 2 0.75 ps Dcews i
e ENIN
3 B BRN
S 5 - f
2 |
2 L
Q
e |
4o | |
T T
- 1 P T T T T B M
0 50 100 150 200
PE
T —
T +Data i
L] []OM (m, = 10 MeV)
%200_7 i PE < 48 DCEVNS -
2 L4 BN
é llBRN
wmol» l -
1] |
@ ]
o H
x
Lu ﬁ%
O
7. | | | | |
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Constraining Dark Matter Event Rate

2.5

0.5

|

------
------

-90% Critical Ax® ./

-
------

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

o

¢ Since our limit is near a physical boundagy,N O, we constructed critica? values for

10

20 30

DM Events
C We do not see evidence for dark matter at the SNS

b

0

different values of dark matter mass and event rate using the Feld@wrsins procedure
A Critical values shown to be independent of the dark matter mass

90% constraint

D. Pershey

1 MeV/e

<18

on Ny,

10 MeV/é&

<27
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DM Constraint with Our Csl Dataset

Preliminary

1 2

—
o

c At 90% confidence, observed data rejects parameter space competitive with other majc
constraints: NA64 / MiniBooNE / LSNBaBar

A Strongest constraint yet for m 7-9 MeV

c A small, 14.6 kg detector places successfully demonstrates the power of CEVNS detec
direct detection subGeV WIMP detection

(v
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Ongoing COHERENT Activity at the SNS

2016

2016

2017

2017

Neutrino alley 2020
neutron
measurements

Scintillatorencased
in POFe, which is
surrounded by water
to moderate outside
neutrons

185 kg oiNal
scintillating crystals

22.4 argon
scintillating
calorimeter

Scintillator covered
with Gd paint to
observe neutron
captures

4 x10 liter
scintillator cells

Measure neutrineinduced neutron
production cross sections on Pb and F
which is a background to CEVNS
detectors and a detection channel for
supernova burst neutrinos for HALO

Assess backgrounds for futuxal
CEVNS detector, measufd| inelastic
cross sections, a background far @
searches with Xe

Continue physics dattaking, R&D for
future CEVNS program with argon

Mobile neutron flux calorimeter taking
measurements throughout neutrino
alley

Map the timing of the neutron flux
through neutrino alley, determine how
neutrons from the target hall are
sneaking in

Duk £
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2021: Commissioning Tudew CEVNS Nuclear Targets

¢ 16 kg of low threshold Ge PE€tectors
A COHGe1l

¢ Will collect 500+ CEVN®/at E_.> 0.3ke\,,
with good energy resolution

¢ 3/8 detectors delivered, finalizing shielding design,
commissioning expected early 2021

C Multi-ton detector ofNalscintillating crystals
A COHNal2

¢ 13keV,, threshold for CEVNS @fNa with background
characterization from NalvE

C Lightest nucleus yet studied by COHERENT

(v
D. Pershey New CEVNS Results from the COHERENT Csl[Na] Detector Duke ((C@"X’?\E%“ 50

uuuuuuuuuu



Future Argon Plans at the SNS

c CENNS50 (aka. COAr-750):0O(1 ton) of LAr at SNS

¢ Using simulation tuned to our experience WEHENN3.0
operations, we can achieve a Ré\V,, threshold

« (VU T U U Ul
NS R ER Y Y YRR
) E

¢ Working to securé®Ar-depleted argon mined from
underground

¢ Great timing resolution and large mass gives powerful
sensitivity to measuring flavored cross sections and
searching foacceleratorproduced darkmatter

¢ Also sensitive to inelastic interactions which wellluced
cross section uncertainties féor DUNE

supernova / solar neutrino measurements _ Will observe 400 inelastic interactions / yeal
. 16} B cs
Will observe 3000 CEVNS / year = o |

> 300 A e+ Ve

% I AArsubtracted >

> 200 4 I UAr subtracted 2 ol

2 - o

E o I cEws S

15 2 40
energy [keVee]

25 30
Energy (MeV)
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Calibrating the NeutrinBluxat the SN

Neutrino flux largest systematic

uncertainty, will dominate error

for future Ge and Ar results

Theoretical

Experimental

v Flux :Preliminary
BRN Norm. I : GCOHERENT Csl
NIN Norm. 1 ¢ [l 2017 Result
$SBkg Norm. : [ ] ?020 H?sult | T
QF ;
Efficiency| | -
Light Yield | F
Statistical | |
5 0 5 10

Uncertainty (%)

¢ Why D207%, the A.-d CC cross section is
known to2-3%from calculations
A Use observed event rate to determine flux
A Flux uncertainty of few % is achievable

C Has very significant impact on NSI
parameter space we can probe

¢ Vital for competitive CEVNSE [I

D. Pershey
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Proposed D20 detector can
measure the SN&flux

Light collection with
ta¢Qa 2y 2yS Sy

Heavy water fiducial
volume in acrylizessel

Already have D on
hand

t  Expected signal
CC -0

100 - - CC v,-d

Counts / (1.3-T D0 - MeV - 2 yrgys)

2 30 o
Reconstructed energy (MeV)
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Calibrating the NeutrinBluxat the SN

Neutrino flux largest systematic

uncertainty, will dominate error

for future Ge and Ar results

Theoretical

Experimental

v Flux :Preliminary
BRN Norm. L : GCOHERENT Gsl
NIN Norm. 1 ¢ [l 2017 Result
$SBkg Norm. : [ ] ?020 H?sult | T
oF | :
Efficiency| | -
Light Yield | F
Statistical | |
5 0 5 10

Uncertainty (%)

¢ Why D207%, the A.-d CC cross section is
known to2-3%from calculations
A Use observed event rate to determine flux
A Flux uncertainty of few % is achievable

C Has very significant impact on NSI
parameter space we can probe

¢ Vital for competitive CEVNSE [I

¢ Also allows first measurement of CC ort®0O
A Detectionchannelfor supernovaneutrinos¢ SK/HK

D. Pershey

ProposedCOHD20Odetector
can measure the SNSIlux

Counts / (1.3-T D0 - MeV - 2 yrgys)

Light collection with
ta¢Qa 2y 2yS Sy

Heavy water fiducial
volume in acrylizessel

Already have D on
hand

" P ccu-d

t  Expected signal
CC -0
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Future Sensitivity to NSI Scenarios

i ' o ! I
3| Bic |
R B2c -
B30 1
g L Ge 48 kg-yr i
g Sensitivity
< 10°E E
L |Ar1.83tyr Csl 2020 |
Ser?vity .
10:' 1 1 1 1 |
10 10?2 10°

(o), (1 0 cm?)

¢ Future COHGe1 and COHAr-750detectors will have significantly improved sensitivity to
measuring flavored cross sections vital for aggressively probing NSI parameter space

(%
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Future Sensitivity to NSI Scenarios

Sensitivity from D20 flux calibration

i T T T T T \
3l Bic | al Bic _|
B B2c - 0t B2c -
B3c | @3c |
g L Ge 48 kg-yr - E L Ge 48 kg-yr _
g Sensitivity g Sensitivity
T 10 1 T 10 E
L [Ar1.83tyr Csl2020 1 2 [Ar1.83 tyr\ Csl 2020 ]
Ser?vity . Sensitivity .
10:' 1 1 1 1 | 10:' 1 1 1 1 1
10 102 10° 10 102 10°
(), (10 cm?) (0), (10 cm?)

¢ Future COHGe1 and COHAr-750detectors will have significantly improved sensitivity to
measuring flavored cross sections vital for aggressively probing NSI parameter space

c Both measurements limited by systematic error on neutrino §aD20 detector at the SN:
would further increase power of future COHERENT detectors

(%
D. Pershey New CEVNS Results from the COHERENT Csl[Na] Detector Duke ((Ceﬂe?f’%g o9

vvvvvvvvvv



Future Sensitivity to Dark Matter at the SNS

COHAr-750 Sensitivity 10-t Argon, onRaxis at STS

E T ] 3

10-5%— my = 3m, — a'=0.5 E

- ool 10tx5years a'=0.1

1 Eof g

c e F ;

— :'g 10'11%— IE

E W - ]

E Il 102 -

_§ 107" —;

._% 107 —;
1 10 102 1 10 102

m, (MeV) m, (MeV)

C Analysis techniques ensure that dark matter analysis will always remain statistically kgmi
scaling up detector size accompanied by similar gains in sensitiAiRD 102 052007 (2020)

c Our 14.6kg Csl detector has already placed a leading bound for detectinGeWldark
matter which our large 61:8g Ar can improve further

C An onaxis detector at the SNS can rule out the thermal target line for scalar dark mattel
particles and test intriguing parameter space for Majorana or psdbilac dark matter
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Summary

EININ Background
BBRN Background

= +-Data Residual
¢ New results from COHERENT are moving N (v, CEVNS
towards precision measurements of CEVNS % 2o~ E:“ el
exploiting multiple flavors and neutrino f

energies available iINnDAR neutrino fluxes

100

Excess Counts

¢ New analysis techniques allow for improved
constraints on neutrino NSI and dark matter
production at the SNS

—14

¢ 2021 will be a productive year for COHEREBRdmMmissioning detectors to measure CEVN
on Ge and Nand beginning construction on D20 detectaaind plans to continue
expanding in the followingears capitalizing on ORNL investment in SNS beam upgrade:

¢ Datatakingand commissioning of CEVNS detectors by other collaborations will soon ex|
our global understandingf CEVNS

nu/cleus
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