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Neutrino Scattering with Nuclei

E,~TeV E,~GeV E,~MeV
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hadronization

A=h/{Q? KR, A=h/\Q%? =R, A=h/\Q?>»R,
Localized scattering on quarks Scattering on nucleons Elastic scattering on nuclei
with nuclear fragmentation with nucleon emission with Q2 so low, nuclear
e.g. NuTeV, MINERVA, DUNE e.g. NOvA, SBN, DUNE state is unchanged
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Neutrino Scattering with Nuclei

) E,~TeV E,~GeV E,~MeV
Y vl v v, v v
hadronization p, n, A
A=h/{Q? KR, A=h/\Q%? =R, A=h/\Q%> R,
Localized scattering on quarks Scattering on nucleons Elastic scattering on nuclei
with nuclear fragmentation with nucleon emission with Q2 so low, nuclear
e.g. NuTeV, MINERVA, DUNE e.g. NOvA, SBN, DUNE state is unchanged

COHERENT measures coherent elastic
neutrino-nucleus scattering (CEVNS) at
neutrino energies 10-50 MeV
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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
2

G
o~ ﬁ (N — (1 — 45sin20,,)2)2E2

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

First measurement by COHERENT in 2017 with Csl[Na] — new, full-dataset results today
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Nuclear Recoil Signature

dThe struck nucleus acquires a small
recoil energy
 Max recoil energy is 2E2 /M
* Only 15 keV for Csl at 30 MeV

1: Need a detector with a very
low threshold

* Recent advances in dark matter detection
has made keV-scale thresholds possible

2: Will need to place detector in
a large 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

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

QGenerally parameterized by coupling constants: 81&’3 (o, B Ee 1)

, G
£1]/vf?c{dron — _Tg Z [17(17”(1 o ’75)1/3] (82% [(1’711(1 - 75)(]] 5 5?:; [@7#(1 + ’75)(]])
N Barranco et al., JHEP 12 021 (2005)

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

* Epe/ Eup / €.+ break flavor universality predicted by the standard model (at tree level)
* €y / €er / €y change neutrino flavors

QNSI 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?2,: Coloma et al., PRD 94 055005 (2017)
Ocp: Denton et al., arXiv:2008.01110 (2020)
0,,: Coloma et al., PRD 96 115007 (2017)
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Searching for Dark Matter with CEvNS Detectors

CEvVNS beam dump COHERENT detector

Pl experiment
Target

Nuclear Recoil

Signature7

L CEVNS detectors at accelerators are sensitive to hidden sector particles and can make
competitive searches for 1 — 100 MeV mass WIMP candidates

dHuge number of proton-Hg collisions may produce portal particles (V) that mediate
interactions between SM and hidden sector particles ()

1 1 K ervi
Vectorportal: £ =L, — -V, V¥ + —m2V. VH — “YWE deNiverville et al., PRD 92 095005 (2015)
P I Tl g 2 MY Dutta et al., PRL 124 121802 (2020)

dSuch a particle makes an attractive dark matter candidate consistent with thermal freeze-out
for masses below the Lee-Weinberg bound

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

https://supercdms.slac.stanford.edu/dark-matter-limit-plotter

O

QCEVNS are an ultimate background for

dark matter detection experiments “%10—40 o)
dCosmogenic sources of neutrinos can 2510—42 s
H o
produce CEVNS in dark matter detectors 3 g
>
— the CEVNS floor — and expected rates are 2 4o T
not far from current sensitivities £ . Solarv’s - §
* Several experiments will soon see CEVNS § ® 19 g
from 8B solar neutrinos S o
i i itivi 107 “CEvNS floor” 10712
* First search with expected sensitivity released .,
this week from xenon1t: arXiv 2012.02846 o0 | Atmospheric V's
1 10 100 1000

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

https://supercdms.slac.stanford.edu/dark-matter-limit-plotter

QCEVNS are an ultimate background for o %

dark matter detection experiments “%10—40 z
dCosmogenic sources of neutrinos can §1o-42 =
. o
produce CEVNS in dark matter detectors 3 = 3
3 0 >
— the CEVNS floor — and expected rates are 2 1o« G T
not far from current sensitivities $f | solarvs Ne— — %
* Several experiments will soon see CEVNS i ® T 19 g
from ®B solar neutrinos < .

107" “CEvNS floor” 10

* First search with expected sensitivity released

this week from xenon1t: arXiv 2012.02846 Atmospheric v’s

1 10 100 1000
Lang et al., PRD 94 103009 Dark Matter Mass [GeV/c?] 4
250;—_{_ 27 Mguy, LS220 EoS
! 0<,=7[s]:500ms bins 1 JCEVNS will also be a detection channel for a
= 20 — DARWIN @0y burst of neutrinos from a supernova
g —— XENONnT/LZ (7t) | u utri upernov
Z 150} — XENONIT@Y 3 OE.g., DARWIN, a future Xe experiment expects
= i
3 s to see several hundred CEVNS events for a
2 100;' 1. typical galactic supernova
% : . .
50[ +++ 1 OCEVNS is NC — sensitive to all flavors of flux
+ g ] : : :
[y L ] which would help interpretation of data from
ot ‘ DUNE and other experiments
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High-flux Sources for Low-energy Neutrinos

Rept. Phys. Prog. 82 3, 036201 (2019)
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Pion decay-at-rest (mDAR) at accelerators

ONuclear reactors _
* Very high qux: reactors win + High flux: ~3x 104 Vo /Ve Ty /S DAR

¢ Maximum recoil energy for Csl: 1 keV ¢ Maximum recoil energy for Csl: wins
* Reactor-off data — in-situ background constraint * Pulsed beam — in-situ background constraint

Coherent Captain Mills @
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Fermilab collaboration

12

Duk o5
D. Pershey New CEVNS Results from the COHERENT Csl[Na] Detector LJuKe (CET=



Selecting a TDAR Source
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JFor selecting a source, we want
* High beam power — faster accumulation of signal
* Low duty factor — improved background rejection through beam pulsing

O Move to the Spallation Neutron Source at ORNL
e 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 at T,=1.01 GeV

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

dOpportunistic neutrino program expands fundamental physics reach of the SNS




Future Beam Improvements at the SNS

OTwo staged improvement to the beam

1: Proton Power Upgrade

* Increases the power of neutron beam
1.4 - 2.8 MW

* Feasibility of a second target station

2: Second Target Station

* Implements a second beamline at the
accelerator

O Expected completion 2028

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

4y
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Neutrino Flux at the SNS

CLow energy pions are a natural by-product of SNS running

« T will stop and decay at rest Cg%ug/:e.
- pt 4y : T=26ns Secondary particies "
+ + - &evaparation @
" = e’ +ve +Vv, : T=2200ns /'
. . ~1GeV Decays atrest
* Flux includes three flavors of neutrinos - cantest p =—=="=) Hg T=22US
flavor universality as a BSM signature \ __— @
QFlux shape is very well known and very small Decaysatr&et‘ \\
contribution from decay in flight at the SNS T \ Ve
Vu
Vu
Tlmlng dlstrlbutlon at SNS Energy distribution at SNS
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The COHERENT Collaboration at the SNS
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COHERENT at the SNS

CdMeasure CEVNS with multiple nuclear targets
test the coherent cross section scaling o< N2

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

Target
Csl[Na]
Liquid Ar
Ge

Nal[TI]

D. Pershey

Technology
Scintillation
Scintillation only
lonization

Scintillation

Recoil spectra: no quenching, efficiency or background

T \IIIII‘\:J.‘

1| | | 11 1 | L1 1 |

— Csl 14.57 kg, 19.3 m
----- Nal 3388 kg, 25.0 m
— ®Na 520kg, 25.0m
— Ar 612kg, 27.5m
--------- Ar 24Kkg, 27.5m
— Ge 16kg, 22.0m
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New CEVNS Results from the COHERENT Csl[Na] Detector

20 40 60 80 100 120 140
Recoil energy (keVr)

First result 2017
Science 357 6356
2015 New results: this talk

Commissioning

2017/~2023 v First result 2019

arXiv:2003.10630
2021

Commissioning of two

2016/2021 new detectors 2021
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Managing Neutron Backgrounds at a Neutron Source

OThe SNS does its job of making neutrons very well — where can we avoid them?

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

* “Neutrino alley” was born

Hg TARGET

L

SHIELDING MONOLITH

CONCRETE AND GRAVEL

- |

Looking down neutrino
alley, just wide enough to
deploy ton-scale detectors

19
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COHERENT CEVNS Detection on 49Ar

CJCENNS-10 (aka. COH-Ar-10): 24.4-kg liquid argon

e scintillation calorimeter with a 20 keVnr threshold
* Originally built by J. Yoo et al. at Fermilab for the lab CENNS effort
et . -Upgraded. in 2Q17 with TPB-coated I?MT.’s and Tgflon walls to
increase light yield for CEVNS detection in neutrino alley
it CCEVNS excess observed with 3.50 evidence on argon
PMTs * Second detection of CEVNS after COHERENT Csl[Na] detector
water * Fermilab JETP seminar by J. Zettlemoyer on Jan 10, 2020
o - Result: arXiv:2003.10630 (accepted to PRL)
Shield * Data release: arXiv:2006.12659

O Dataset has since increased by 2.6x = more CEVNS coming
Recoil Energ %‘(e‘v‘n?
0 250 300
T I T T T ] I T L T T [ T L

0 50 10{} 150 L L LA I R B 1T 1 T 1 L
- | ST 40l -—~CEVNS Cross Section Prediction a
200F N Flux-averaged Prediction with Uncertaint d
C e Data i i g y :
B — Total o 30l +COHERENT (Analysis A) N
1501~ 5 | +4COHERENT (Analysis B) i
= g | ]
C o I
100 A 20_— |
i =
C © [ v, Flux ]
50 ol D:e Flux E
C - 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 CslI[Na] Detector

A hand-held neutrino detector
— 14.6-kg Csl[Na] crystal

— Manufactured by Amcrys-H
— Single R877-100 PMT

D. Pershey

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. . [ ] ]

New CEVNS Results from the COHERENT Csl[Na] Detector
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First Observation of CEVNS with Csl[Na]

25

20 -

_ 15}
S
£
" 10}
5k
5 S . S
150 200 250 300
CEvNS counts
Data released publicly, used to study
Made first observation of CEVNS — neutrino NSI
— Established the existence of CEVNS to 6.70 — new forces
— 134 + 22 CEVNS events — heutrino magnetic moment
- ) 2
— 173 + 48 CEvNS predicted —sin“ 0y, at low-Q
— 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 CsI[Na]

dCsl has a high light yield and low background,
but afterglow photons can be troublesome
* Csl can scintillate for up to 1 s following a large
energy deposit within the crystal

dThe afterglow rate in Na-doped Csl is low
enough to allow a search for small, few keV
nuclear recoils associated with CEVNS

D. Pershey

afterglow (fraction of primary yield per pus)

10" grrrem

New CEVNS Results from the COHERENT Csl[Na] Detector

Collar et al.,, NIM A773 56 (2016)

o CsI[T]]

10* 10°

10" 10° 10
time after interaction (us)
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Scintillation Response of the Crystal to Nuclear Recoils

L L L S S e B B B S B
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0 5 10 15 50 55 30

Recoil Energy (keV )

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

OThere are five separate measurements of the scintillation response using Csl[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
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Calibrating the

energy, keV
20 30 40 50 60 70 80
‘g 450 [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— 1L 2 + 1 |4t
T VA AT
300 S WIS SRS S
LG AETRAS L SR 4t
250 % f + + t
=  2Cf neutron + +
200 calibration in situ + 595 keV from “'Am
150 ; “!Am calibration in *
L the UC lab (x0.2) : t
100 = K-shell escape from 59.5 keV -
- (28.6 and 30.9 keV forCsand l) .
50— “.f‘-f'._’ f. ..
:.\‘"‘r""’"r"'r*\. | \“\"‘T"ﬂﬂ'w"ﬂ"w"\ur P L1 L ".M...a lo-oia. leal
.900 300 400 500 600 700 800 900 1000 1100

O Detector calibrated

Csl[Na] Detector

integral, PE

* 59.5 keV gamma using 2**Am decay calibration source
* 57.6 keV ?7I(n,y) peak using a 2>2Cf neutron source

QA 13.35 photon / keV light yield is achieved

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

aSingle PE charge monitored during data collection using accidental peaks

D. Pershey New CEVNS Results from the COHERENT Csl[Na] Detector
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Waveform Reconstruction

90 T T T T T T
2017/04/14 - 02:20:54.07 EDT
g
= ol Background .
m .
E estimate
n ’ I | Beam /
60 AC PT AC RO CEVNS
| |
1 1 A
: CPT [ C ROI \
I 1
>%0 10 20 30 40 50 60 70

Time in waveform (us)

L Each waveform has a two regions-of-interest: coincident (C) with the beam and

anticoincident (AC), immediately preceding the arrival of the beam
* ROl'is 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 ps integration window

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

D. Pershey
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Signal (mV)

Mitigating Common Reco Pathologies and Background Events

Misidentified onset

©
o

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

©
)

What if this pulse is
an accidental?

~
o
T

ACPT

AC ROI

o
o

CPT i CROI

w
o

O Afterglow rate is high
enough the first pulse
found in the ROl may not
be from a nuclear recoil

* “Misidentified-onset events”
* 6% of signal events

dStray afterglow pulses also
cause us to lose signal
whose first pulse is = 3 us
after the afterglow pulse
* 2% of signal events

dAlso implies the timing for
signal and backgrounds
should be exponential

D. Pershey

Ultra-prompt background

Background AC data

i \ Ultra-prompt events

N
o

Background Events
N
(=]

0 2 4 8 10 12

6
Recoil Time (us)

OA background event
starting in the tail-end of
the pretrace can sneak
into the waveform ROI

* “Ultra-prompt events”

O Requiring no PE pulse in
the final 0.2 us of the
pretrace reduces the
background from =40
events to =1

New CEVNS Results from the COHERENT Csl[Na] Detector

Background Events

Afterglow background
""" Background AC data
--- Afterglow Events
---- Prompt Scatters

dCoincidence of afterglow
pulses can fake an event

dWaveform simulation
predicts these events to
fall sharply in time and we
see this behavior in data

dSimulation and beam-off
data show afterglow
events can be eliminated
with a cut on the number
of pulses reconstructed

27
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Event Selection

D. Pershey

New CEVNS Results from the COHERENT Csl[Na] Detector

Acceptance cuts
reduce detector
livetime, no cut on
ROl and effect is
measured in-situ
during operations
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Event Selection

Quality

Scintillation Activity

Ultra-prompt

At between first and
second PE peaks

D. Pershey

Remove events with muon
veto, PMT saturation, or
digitizer overflow

Reject waveforms with > 6
PE pulsesin pretrace

No PE pulse in final 0.2 us of
pretrace

Atss <0.52 ps

RO

Reject cosmic-induced events
and require energy consistent
with a low-energy recoil

Reject events that occur when
detector is especially bright

Reject events from the tail-end
of the pretrace that sneak into
the waveform ROI

Reject events with
misidentified onset

Acceptance cuts
reduce detector
livetime, no cut on
ROI and effect is
measured in-situ
during operations

A

Afterglow
pulse

At

CEvNS Signal

New CEVNS Results from the COHERENT Csl[Na] Detector

Efficiency calculated with a
simulation: 5x reduction of
misidentified onset events and
negligible effect on other signal
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Event Selection

Quality

Scintillation Activity

Ultra-prompt

At between first and
second PE peaks

Afterglow

Remove events with muon
veto, PMT saturation, or
digitizer overflow

Reject waveforms with > 6
PE pulsesin pretrace

No PE pulse in final 0.2 us of
pretrace

Atss <0.52 ps

Require = 9 pulses in ROI

0.8

Efficiency
T g T T

b
n
T T

0.2

0 10 20

40 50 60

Recoil Energy (PE)

D. Pershey

Reject cosmic-induced events
and require energy consistent
with a low-energy recoil

Reject events that occur when
detector is especially bright

Reject events from the tail-end
of the pretrace that sneak into
the waveform ROI

Reject events with
misidentified onset

Reject accidental coincidence
of afterglow scintillation

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 effect is
measured in-situ
during operations

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

Efficiency determined using 133Ba
calibration data of low-energy
Compton electrons
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CEvNS Selection Efficiency

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

QO PE-dependence

dt-dependence

* Efficiency loss from rejection of afterglow-induced background
» Determined with 133Ba calibration data

* Misidentified onset and lost events are more common at late times
* Calculated with data-driven simulation and validated with high-energy background data

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

Efficiency
g

=
=

0.8

0.2

D. Pershey

40

L
Recoil Energy (PE)

10 20

50

60

X

Efficiency

<
kS

o
=1}

0.8

0.2

Reject events with
misidentified onset

New CEVNS Results from the COHERENT Csl[Na] Detector

5(PE7 t’rec) - 6E(PE) X 5t(tre(:)
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Expected CEVNS in Our Sample

1 1 1 1 1 1 1 1 1 I I 1 1 1 1 1 | 1 1 -| |. | 1 1 1 1 | 1 1 1 1 1 1 1 1 T T 1 1 1 1 1 | 1 1 -I I. | 1 1 1 g
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I I + Data | 2001~ + Data =
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Expected events
QPerform 2D likelihood fit in PE and t,,.

Steady-state background 1286
dBeam-unrelated steady-state background Beam-related neutrons 18
measured in-situ with beam out-of-time data P 2
OBeam-related neutron backgrounds small, neutrons
only 7% of the predicted CEVNS rate CEVNS 333

¢
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Observed CEVNS

_l I I I I I I I I 1 1 I I I I I | I I -| |. | I I I |_
60 Preliminary 500
| -+ Data ]
[Best Fit CEVNS 400
- @ENIN .
a © B SSBk s
P O 9 & 300
| o
2 3
O O 200
20

60

PE

Preliminary

+-Data

[OBest Fit CEVNS
@NIN

@BRN

B SSBkg

Best fit results

. . Steady-state background 1273
dData in our Csl[Na] detector match our best-fit Y g
predicted spectra very well Beam-related neutrons 17
dBest-fit CEVNS slightly low, but consistent Neutrino-induced 5
with expected statistical error 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 (%)

CRe-assessed all systematic uncertainties
CdHuge improvement to QF error from newly available data, better model and fit strategy
dNeutrino flux normalization now dominates our cross section uncertainty

dOverall precision improves 33% — 16%
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Measuring CEVNS Rate

150

100

sz

50

1

|

_ggﬂganNT Data No-CEvNS rejection
[JSM CEVNS SM CEvVNS prediction

Fit CEVNS events
Fit x2/dof

111“~1LL111L1J1

1 I 1 1 . —3= - 1 o o 1 1 1 1 1 1
50 100 150 200 250 300
(o), (107" cm?)

dWe again see CEVNS

OBest fit X2 is consistent with degrees of freedom

dWe reject the no-CEVNS hypothesis at 11.6 o
* Can’t read off the 1 o error from this plot: moving towards precision measurements of CEVNS
* No question CEVNS is there, let’s do our best to measure it the cross section
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s
Duke »c&‘f‘@?f%‘

wwwwwwww

35



Determining the CEVNS Cross Section

< L L ) R L ]
i . o
E 1 No-CEvNS rejection
3:_ 1 SM CEvNS prediction
~ -~ — COHERENT Data 9 )
= - .- Stat-only ] Fit CEVNS events
2~ [ISM CEwNS 1 Fite/dof
1:_ K 4" _: CEVNS cross section
; 1 SM cross section
0_....I....I....I“\/.I.,..I....ﬂ
0 50 100 150 200 250 300
(o), (107" cm?)
JFrom the observed CEVNS rate, we calculate
the flux-averaged cross section
* Result is consistent with the standard model
predictiontol o
D. Pershey New CEVNS Results from the COHERENT Csl[Na] Detector

11.60
333 + 11(th) + 42(ex)
306 £ 20
82.4/98
16938 X 1040 cm?

189 + 6 X 104% cm?

s
Duke »c&‘f‘@?f%‘ .

wwwwwwww



Determining the CEVNS Cross Section

1160
333 + 11(th) + 42(ex)
306 £ 20
82.4/98
16938 X 1040 cm?

189 + 6 X 104% cm?

1IIllillllillllillIlillllillllillllillll.

T VA

St T T T 5
= - S
E 1 No-CEVNS rejection
3:_ _: SM CEvNS prediction
~ [ —COHERENT Data 1 =
= - .- Stat-only : Fit CEVNS events
1:_ A J { CEVNS cross section
; 1 SM cross section
0_....1....I....I“‘u/':/.l....l...._
0 50 100 150 200 250 300
(©), (10 cm?) £1o°
dFrom the observed CEVNS rate, we calculate 5
the flux-averaged cross section 5 3
* Result is consistent with the standard model 2
predictionto 1o S
QO Observed cross section consistent with N2 10
dependence
0 10 20 30
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Measuring the Weak Mixing Angle

5 T T T r
do  GZM MT T\’ E | | ;
— = QI%V 1——4+(1—-—— 5 — COHERENT Data y
dT  4m E2 E, al- ... Sensitivity E
w = (1 = 4sin26,)ZF;(Q%) — NFy(Q?) i :
OThe expression for the weak charge q 25 S
gives CEVNS sensitivity to determine B " -
sin0,, at low-Q? I ]
* sin?6y, = 02204 ; Nl A
I e —

sin‘e,,
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Measuring the Weak Mixing Angle

do GFM
dT = 4m

L Mro (T 2
— E2 _E_V
Qw = (1 — 4sin? GW)ZFz(QZ) - NFN(QZ)

OThe expression for the weak charge
gives CEVNS sensitivity to determine
sin0,, at low-Q?

. sm29W =0.22073928

0.242 4
Mdark 7z = 150 MeV 1

Maarc 7 = 100 MeV |
0.240 furk 2 ©

0.238

0.236

Sil’lzaveff

0.234

:
| MOLLER 13
0.230+ (Anticipated sensitivity) SLAC

0.232

-3 ) -1 0 1 2 3

Log,, Q [GeV]

arXiv: 1411.4088
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— COHERENT Data
--- Sensitivity

Ax?

W
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| S I
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S
(&)}

N

O Measurement not currently
competitive, though will be with
COHERENT plans for large datasets
with improved uncertainties

dHowever, CEVNS already helpful!

* Gives an experimental measure
of nuclear structure important for
APV measurements on 33Cs
Phys Rev D99 033010
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CEvNS Spectra by Flux Component

S L B B L B B i S i e
B , ) 300 , —
E +-Data Residual N = +4-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
=< 5 — = { ' il
o F l ;F; . A ? . i _
B — . T
i 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

CAt the SNS, CEVNS from v, occur earlier than CEVNS from v, /v,

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

* 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 (o}, and (o), cross sections which we account for)
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Flavored CEVNS Cross Section

N L L L
Preliminary .
DAllow for completely different Bic i}
(cs)u and (o), as would be allowed . = g G |
. . (8] G ]
in NSI scenarios g - SM+1o
Qv timing sheds light on the fraction % 400
of observed CEVNS that are from 1:;:
each flavor ©
JAs in 1D CEvNS fit, the SM 200
prediction is included within the
1 o contour
% 100 200 300 400
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COHERENT NSI Constraints

Preliminary |

dUpdated Csl data improves upon 0.5
previous constraints

> o

QOUpdated from 2017 result to include W0
full spectral fit

3(o),, held fixed at SM prediction 05

“[ "] CHARM

while (o), floats freely -
| B Csl 2020

TS5 o0 0.5 1
£, 1D Gaussian 90%

critical up-values

Duk NS 42
D. Pershey New CEVNS Results from the COHERENT Csl[Na] Detector UKe ((Cé\“*‘:} Lo

vvvvvvvvvv



Interpreting Solar Neutrino Oscillation Data

See Phys Rev D96 11 115007
" Preliminary /¢

0.4

[ Oscillation Data
B Csl 2020

2D Gaussian 1/2/30
critical up-values

B 05
u,
Eee

dMeasurement of PMNS parameters with neutrino oscillation experiments can be confused in

NSI scenarios
dIn 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: 8,5, - /2 — 0,

OLMA-Dark would require non-zero eg;gvand sﬁ’:{, which we can test given with our flavored

cross section result
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DM Scattering in COHERENT Detectors

Coherent 4
dark matter-nucleus

/\ elastic scattering
A A /\

dDark matter particles would produce nuclear recoil signatures, similar to CEVNS

CEVNS

<

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

dWould be “prompt” — arriving coincident with the beam and would have a harder recoil
spectrum than CEVNS as V — xx' happens in flight

DM scatters would be an additional component of our sample — can constrain with current
Csl dataset
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Csl Search for Dark Matter Particles at the SNS

———— .
+ Data i
& F]DM (m_ = 10 MeV) |
$ a tee <0.75 s |:|CEVN§ ]
£ 2. ENIN _
- — =3 N
5 3 EBRN .
> 2, ;
res 3 i
© .
C L 0 ,.......-. L 1 |
@) T | —
m L | P I S T B P :
(] 0 50 100 150 200
- PE
(¢0)
C
a0 300 H —
7)) > - ]
s &0 N + Data ]
O 200l [IDM (m, = 10 MeV) ]
O < ER PE =248 DCEWNS §
= g mu: ENIN ]
i) é BBRN 1
(&) @ E
(] Qe ] i
- ¢ —
c ¢ .
20 -
I ]
P IR RS UN NN S SO RTR S S S MR MR
2 3 4 5 6
tr’et: (“'S)

Q Extend fit region to capture DM signal region: 60 < PE <250 + t,,. < 0.75 ps
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Csl Search for Dark Matter Particles at the SNS

DM signal region

Q Extend fit region to capture DM signal region: 60 < PE <250 + t,,. < 0.75 ps
* DM background region used to constrain systematic uncertainty

D. Pershey

Early times

High recoil energy
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Constraining Dark Matter Event Rate

: 1 I I I | I I I 1 | 1 1 I I 1 I I 1 :
2.5 =]
| ~+90% Critical Ax? ./ E
« 15T -
L 50 .
< F .
= -
. —m,=1MeVic> ]
o5l —m, =10 MeV/ic® -
" —m, =100 MeV/c® 1
0: L | L L L 1 | 1 1 L L | 1 1 :
0 10 20 30 40

DM Events

dWe do not see evidence for dark matter at the SNS

QSince our limit is near a physical boundary N, = 0, we constructed critical Ax? values for
different values of dark matter mass and event rate using the Feldman-Cousins procedure

* Critical values shown to be independent of the dark matter mass

1 MeV/c? 10 MeV/c? 100 MeV/c?

90% constraint <18 <27 <35
on Npu
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DM Constraint with Our Csl Dataset

Preliminary

—
o
]

O At 90% confidence, observed data rejects parameter space competitive with other major
constraints: NA64 / MiniBooNE / LSND / BaBar

* Strongest constraint yet for m, = 7-9 MeV

OA small, 14.6 kg detector places successfully demonstrates the power of CEVNS detectors for
direct detection sub-GeV WIMP detection

Duk ot 48
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Ongoing COHERENT Activity at the SNS

2016

2016

2017

2017

Neutrino alley 2020
neutron
measurements

D. Pershey

Scintillator encased
in Pb/Fe, which is
surrounded by water
to moderate outside
neutrons

185 kg of Nal
scintillating crystals

22.4 argon
scintillating
calorimeter

Scintillator covered
with Gd paint to
observe neutron
captures

4 x 10 liter
scintillator cells

New CEVNS Results from the COHERENT Csl[Na] Detector

Measure neutrino-induced neutron
production cross sections on Pb and Fe
which is a background to CEVNS
detectors and a detection channel for
supernova burst neutrinos for HALO

Assess backgrounds for future Nal
CEVNS detector, measure 127| inelastic
cross sections, a background for Ov(33
searches with Xe

Continue physics data-taking, 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
sneakingin

49

wwwwwwwwww



2021: Commissioning Two New CEVNS Nuclear Targets

216 kg of low threshold Ge PPC detectors
 COH-Ge-1

AWill collect 500+ CEVNS/yr at E,. > 0.3 keV,,
with good energy resolution

03/8 detectors delivered, finalizing shielding design,
commissioning expected early 2021

0 Multi-ton detector of Nal scintillating crystals
* COH-Nal-2

0 13 keV,, threshold for CEVNS on 22Na with background
characterization from NalvE

O Lightest nucleus yet studied by COHERENT

(v
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Future Argon Plans at the SNS

0 CENNS-750 (aka. COH-Ar-750): O(1 ton) of LAr at SNS

O Using simulation tuned to our experience with CENNS-10
operations, we can achieve a 20 keV,_, threshold

O Working to secure 3°Ar-depleted argon mined from
underground

0 Great timing resolution and large mass gives powerful
sensitivity to measuring flavored cross sections and
searching for accelerator-produced dark matter

3 Also sensitive to inelastic interactions which will reduced
cross section uncertainties for for DUNE

supernova / solar neutrino measurements Will observe =400 inelastic interactions / year
18 T T T - - T - T
- v.-"Ar
16} B cs
. ~ NC “Ar (v,
Will observe =3000 CEVNS / year ol = ook ]

> - 12}
z b AAr subtracted >
()]
2 200 I UAr subtracted S 10}
=3 7 ~
: - :
© &
S I cEws g
8 1001 w
2
2
2 od

15 2 2 40

energy [keVee]

25 30
Energy (MeV)

(v
D. Pershey New CEVNS Results from the COHERENT Csl[Na] Detector Duke ((Cé\’*‘:} %6 =

vvvvvvvvvv



Calibrating the Neutrino Flux at the SNS

Neutrino flux largest systematic
uncertainty, will dominate error
for future Ge and Ar results

Proposed D20 detector can
measure the SNS v flux

Light collection with

Theoretical Experimental ,
vFlux | )  Preliminary PMT’s on one endcap
BRN Norm. I . COHERENT Csl
NIN Norm. ! | W 2017 Result
i [ 2020 Result T
SSBkg Norm. . : ‘ ) ‘ : ;
¢ °;"‘F S S N Heavy water fiducial
ey volume in acrylic vessel
Light Yield | | F Already have D,0 on
Statistical | | hand

5 0 5 10
Uncertainty (%)

OWhy D207 - the v_-d CC cross section is
known to 2-3% from calculations i Er——

* Use observed event rate to determine flux oo
* Flux uncertainty of few % is achievable

2
S

3

CHas very significant impact on NSI
parameter space we can probe

3

3

QVital for competitive CEVNS sin? 0y,

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

3

2 3 40
Reconstructed energy (MeV)
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Calibrating the Neutrino Flux at the SNS

Neutrino flux largest systematic
uncertainty, will dominate error
for future Ge and Ar results

Experimental

Theoretical

Proposed COH-D20 detector
can measure the SNS v flux

Light collection with

v Flux  Preliminary PMT’s on one endcap
BRN Norm. I . COHERENT Csl
NIN Norm. 1 B 2017 Result

i [ 2020 Result T
SSBkg N . : ; i ; i H H
¢ °;"‘F S S N Heavy water fiducial
ey volume in acrylic vessel

Light Yield | | F Already have D,0 on
Statistical | | hand

5 0 5 10
Uncertainty (%)

OWhy D207 - the v_-d CC cross section is
known to 2-3% from calculations i Er——

* Use observed event rate to determine flux oo
* Flux uncertainty of few % is achievable

2
S

3

CHas very significant impact on NSI
parameter space we can probe

3

3

QVital for competitive CEVNS sin? 0y,

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

QAlso allows first measurement of v, CC on 0 Sem
* Detection channel for supernova neutrinos — SK/HK ok . . -
Reconstructed energy (MeV)
D. Pershey New CEVNS Results from the COHERENT Csl[Na] Detector Duke «“@gﬁ o3



Future Sensitivity to NSI Scenarios

dFuture COH-Ge-1 and COH-Ar-750 detectors will have significantly improved sensitivity to
measuring flavored cross sections vital for aggressively probing NSI parameter space

D. Pershey

E
[&]
©
L EAr 1.83 tyr‘

103:—

L Ge 48 kg-yr
Sensitivity
10|

Ser?vity

10:I

10 102
(o), (1 0 cm?)
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Future Sensitivity to NSI Scenarios

Sensitivity from D20 flux calibration

T R T T SRR
3l Bic | al Bic _|
1o B2c | 10 B2c |
B3c ] @3c |
g L Ge 48 kg-yr . E L Ge 48 kg-yr |
g Sensitivity g Sensitivity
= 10 4 =2 0F E
L [Ar1.83tyr Csl2020 1 ¥ [Ar1.83tyr Csl 2020 ]
Ser?vity . Sensitivity .
10:' 1 1 1 1 | 10:' 1 1 1 1 1
10 10° 10° 10 102 10°

(o), (1 0 cm?) (), (1 0 cm?)

dFuture COH-Ge-1 and COH-Ar-750 detectors will have significantly improved sensitivity to
measuring flavored cross sections vital for aggressively probing NSI parameter space

dBoth measurements limited by systematic error on neutrino flux —a D20 detector at the SNS
would further increase power of future COHERENT detectors

55
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Future Sensitivity to Dark Matter at the SNS

COH-Ar-750 Sensitivity 10-t Argon, on-axis at STS

— ! ! ! ! ! L | ! ! ! ! ! =

10-5%— m, = 3m, — o'=0.5 E;

10 ;_ 10tx5years - a'=0.1

] Q’ES 1010 §_ On-Axis ‘;

- e | .

i 5 10E E

E W - ]

] > 1077 E

_§ 1071 ~

_E 10—14 _%

1 10 102 1 10 102
m, (MeV) m, (MeV)

D Analysis technigues ensure that dark matter analysis will always remain statistically limited —
scaling up detector size accompanied by similar gains in sensitivity ~ PRD 102 052007 (2020)

Our 14.6-kg Csl detector has already placed a leading bound for detecting sub-GeV dark
matter which our large 610-kg Ar can improve further

An on-axis detector at the SNS can rule out the thermal target line for scalar dark matter
particles and test intriguing parameter space for Majorana or pseudo-Dirac dark matter
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summary

EININ Background
BBRN Background

i + Data Residual =

CNew results from COHERENT are moving E Elze CEVNS 3
towards precision measurements of CEVNS 2001 E:u ggm: =
exploiting multiple flavors and neutrino .

energies available in mDAR neutrino fluxes =

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

Excess Counts / us

=1
h—
ki) =< DUSIE)

14

(=]
—_
N
w
N
&)
D

02021 will be a productive year for COHERENT — commissioning detectors to measure CEVNS
on Ge and Na and beginning construction on D20 detector — and plans to continue
expanding in the following years capitalizing on ORNL investment in SNS beam upgrades

O Data-taking and commissioning of CEVNS detectors by other collaborations will soon expand
our global understanding of CEVNS

Coherent Captain Mills @

¢

o g_s( @ MIVER BISRSHEL s ®E

nu/cleus

Duk N 57
D. Pershey New CEVNS Results from the COHERENT Csl[Na] Detector UuKe L@XE}?‘ 2

wwwwwwww






The COHERENT Collaboration

D. Pershey

COHERENT collaboration

D. Akimov,”-? P. An,*“ C. Awe,"“ P.S. Barbeau,”-“ B. Becker,® V. Belov,”"” . Bernardi,’
M.A. Blackston,” L. Blokland,® A. Bolozdynya,” B. Cabrera-Palmer,® N. Chen,”

D. Chernyak,’ E. Conley,® J. Daughhetee,” M. del Valle Coello,’ J.A. Detwiler,” M.R. Durand,”
Y. Efremenko,-/ S.R. Elliott,X L. Fabris,” M. Febbraro,” W. Fox,’ A. Galindo-Uribarri,*-/ A.
Gallo Rosso’ M.P. Green,?-/ - K.S. Hansen,” M.R. Heath,” S. Hedges,“-¢ M. Hughes,’

T. Johnson,*-¢ A. Khromov,” A. Konovalov,*-? E. Kozlova,”-” A. Kumpan,” L. Li,*-¢

J.T. Librande,” J.M. Link,” J. Liu,’ K. Mann,?-/ D.M. Markoff,”-* O. McGoldrick,"

P.E. Mueller,” J. Newby,” D.S. Parno,” S. Penttila,” D. Pershey,” D. Radford,” R. Rapp,”

H. Ray,? J. Raybern,” O. Razuvaeva,”-” D. Reyna,? G.C. Rich,” D. Rudik,*” J. Runge,"¢

D.J. Salvat,’ K. Scholberg,” A. Shakirov,” G. Simakov,*-”-* G. Sinev,” W.M. Snow,’

V. Sosnovtsev,” B. Suh,’ R. Tayloe,’ K. Tellez-Giron-Flores,” R.T. Thornton,* I. Tolstukhin,/-!
J. Vanderwerp,’ R. L. Varner,” R. Venkataraman,’ C.J. Virtue,’ G. Visser,/ C. Wiseman,”

T. Wongjirad,” J. Yang,’ Y.-R. Yen,” J. Yoo,“" C.-H. Yu,” and J. Zettlemoyer/-2

“Institute for Theoretical and Experimental Physics named by A.I. Alikhanov of National Research Centre
“Kurchatov Institute,” Moscow, 117218, Russian Federation
b National Research Nuclear University MEPhI (Moscow Engineering Physics Institute), Moscow, 115409,
Russian Federation
“Department of Physics, Duke University, Durham, NC 27708, USA
"Tri{mgle Universities Nuclear Laboratory, Durham, NC 27708, USA
“Department of Physics and Astronomy, University of Tennessee, Knoxville, TN 37996, USA
f Oak Ridge National Laboratory, Oak Ridge, TN 37831, USA
#Sandia National Laboratories, Livermore, CA 94550, USA
" Center for Experimental Nuclear Physics and Astrophysics & Department of Physics, University of Wash-
ington, Seattle, WA 98195, USA
i Physics Department, University of South Dakota, Vermillion, SD 57069, USA
) Department of Physics, Indiana University, Bloomington, IN, 47405, USA
Los Alamos National Laboratory, Los Alamos, NM, USA, 87545, USA
! Department of Physics, Laurentian University, Sudbury, Ontario P3E 2C6, Canada
™ Department of Physics, North Carolina State University, Raleigh, NC 27695, USA
" Center for Neutrino Physics, Virginia Tech, Blacksburg, VA 24061, USA
“Department of Mathematics and Physics, North Carolina Central University, Durham, NC 27707, USA
P Department of Physics, Carnegie Mellon University, Pittsburgh, PA 15213, USA
49 Department of Physics, University of Florida, Gainesville, FL 32611, USA
" Enrico Fermi Institute and Kavli Institute for Cosmological Physics, University of Chicago, Chicago, IL
60637, USA
*Moscow Institute of Physics and Technology, Dolgoprudny, Moscow Region 141700, Russian Federation
! Department of Physics and Astronomy, Tufts University, Medford, MA 02155, USA
“Department of Physics at Korea Advanced Institute of Science and Technology (KAIST), Daejeon, 34141,
Republic of Korea
V' Center for Axion and Precision Physics Research (CAPP) at Institute for Basic Science (IBS), Daejeon,
34141, Republic of Korea

Duk N
New CEVNS Results from the COHERENT Csl[Na] Detector UuKe ((CQ?X’?;'/’“‘

UNIVERSITY

59



Collaboration Early Career Members

Current Students and Postdocs

‘ % | '1:
( ,x ‘._‘.

Sam  LongLi pjexander Connor Justin ~ Brandon  Hector

Ph.D. Theses

Rebecca

Rapp Hed DUKE Beck Moreno i
B Duke Ll o= ol Tk UNM Bjorn Scholz Gleb Sinev
K U of Chicago <@ Duke
Tanaka Award 2020 3%
=  Grayson Rich " .
_ Dmitry Rudik
TUNL-UNC MEPhI

S ] APS-DNP Award 2018
Igor Dan Pershey Jacob Max Hughes

Jes Koros Alexey Karla Tellez- Erin ;
< Bernardi Duke Daughhetee U
Duke Konovalov - giron - Flores  Conley UTK (Postdoc) UTK (Postdoc) (Postdoc)

MEPhHI VT Duke

Undergraduates and Summer Students
Katrina Miller, Duke
Lara Blokland, UTK
Abasi Brown, NCCU

Former Postdocs

Matthew Heath
Indiana University

Jacob Zettlemoyer
Indiana University

.~ Alex Khromov
MEPhI

P~
John Ivan Mayra
Sparger  Tolstukhin  Cervantes JOShIGIben Danus"’slvat
ORNL Iu Duke

(v
D. Pershey New CEVNS Results from the COHERENT Csl[Na] Detector Duke ((Ceﬂe?f?/zm 60

uuuuuuuuuu



SNS Operations

SNS has delivered more than its projected protons-on-target with running up to 1.4 MW

—— Beam Delivered '8
Neutron Scatter Camera (BG Neutrons)

—— LS in Csl Shield (NINs) 7
m—— Cs| (CEVNS) 7 em:
—— SciBath (BG Neutrons) —
—— Pb Nube (NINs) '5 ‘g
= NalvE (CC) kS
CENNS-10 (CEVNS) 45
—— Fe Nube (NINs) 3 g
MARS (BG Neutrons) I
o O

/ -1

Jan"4 Jul4 Jan'5 Jul5 Jan'6 Jul"6 Jan'17 Jul7 Jan'8 Jul"18 Jan'19 Jul19 Jan'20 Jul'20

CJCOHERENT continues to collect data in several subsystems within neutrino alley

dCsl detector decommissioned spring 2019, full CEVNS dataset has now been analyzed
* More than double dataset of 2017 result (2.2x)

D. Pershey
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Global Quenching Factor Data for Csl[Na]
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Quenching Factor Model Used in 2017 Result

14 1 I 1 I 1 I 1 1

12} :
2 1 ++
~— 10 = } 7
o)
S | . -
8 8} ]
> BTt
£ O 1
(&) i
o
S 4 4 COHERENT (Duke) i
S/ 4 COHERENT (Chicago)

2+ Park et al., Nucl. Instrum. Meth. A 491 (2002) -

4 Guo et al., Nucl. Instrum. Meth.A 818 (2016)

O ] ] 1 L 1 ] 1 ]
0 10 20 30 40 50 60 70 80 90

Nuclear recoil energy (keV)

dConstant QF model with large error to encompass energy dependence for all measurements
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Csl Detector Stability
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CQSPE charge drifts by £ 7% over detector operations which is accounted for within analysis

O Acceptance is flat after one year, after initial increased afterglow rate has decayed
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Removing Ultra-prompt Events

6O~ T "~ T T T T
@ \Ultra prompt |
@40 Events -
L B i
1 | + :
-IIFI|IHI ll : hl +

:+ l + + ] Him Tk i Tl | !_H‘I l.Jlml

S  R—

Recoil Time (us)

dBackground events that begin in the tail-end of the AC region can sneak into the analysis
C region and reconstruct within the first 0.1 ps of the ROI

QThis background can be reduced from =40 events to =1 event by requiring no PE observed
in the last 0.2 us of the pretrace
* Cut trained using waveform simulation and validated with effect on beam-off data
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Single PE Shape

g 12000
g n ¥/ nat 448.6/185
5 H PR TF . < gamma amp 8.488e+06 + 3.602e+05
2 10000 }—J re ‘ Iminar \)/ gamma mean 77.83+0.09
< B ¥ gamma theta 6.149 £ 0.041
a - 1 2 gamma conv. amp  9.535e+04 + 3.458e403
3 ) 3 gamma conv. amp  3,768e-12 + 3.803e-01
6000 £ Sy [
. \, SNSdata, Oct. 12, 2015
: 1 '/v “‘".“
4000 4 N
> N
L i ~
2000 - .\._\
0. LLi it NPT RPN I, w5 il P s s ST
0 20 40 60 80 100 120 140 160 180 200 220

integral, ADC units*2ns

OWe measure the single PE charge distribution during SNS conditions by integrating afterglow
pulses

CHigh rate gives lets us monitor drifts in SPE charge on short timescales

QOWidth of the distribution is large, so we include smearing of single PE pulses in our energy
smearing
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i _05keVee _ _10keVe
so0or Photon Counting | 2000~ = 1800 B
[ Total Smearing i .
5 . 1500] .
2000/ Gamma Fit — e T 000~ -
& o L &
o - o - o
B 1000 -
1000/ — - 500 —
i 500/ — i
% % 25 55 50 e TR R—T) ) 55 50 % TR S — 55
Integral (PE) Integral (PE) Integral (PE)

Detector Smearing in Csl[Na]

We account for photon counting and the shape of the single PE charge distribution when
determining energy smearing

O Our simulated smearing is non-Gaussian, fits well to a Gamma distribution

1
1+b6 I

P(T) _ ((1(1 + b)) mbe—a(l—l—b)m a= T X is LY X Eee
['(1+0) b=0

CdModel shows degree of event smearing from absolute calibration of the SP charge has
negligible effect on our result
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Calculating Time Dependence of CEVNS Efficiency

06| before the At cut

“I after the At cut

fraction of events of a certain kind

0.2 i e y T e
™ PEE i messed |
0l = ke | ‘ y
0 2000 4000 6000 8000 10000 12000

time, ns

OWe estimate the t-dependence of our efficiency using a data-driven simulation
* Overlay a simulated CEVNS recoil on a beam out-of-time data waveform
* Library of data waveforms give unbiased sampling of afterglow pulse distribution

O Properly reconstructed events fit very well to an exponential distribution

OWe can reduce the fraction of misidentified onset events by a factor of 5 by the At cut
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Efficiency Uncertainty

1 T T T T I

0.8— |
S 0.6 —
[ o= = =
(0] | .
O B a
W 0.4 —
i + '®Ba Data i
B = Efficiency Model 7
0.2 —
Ole-sio-oine il e ¢ e 0 ¢ o omoe O 4 . |

0 10 20 30 40

PE

dUse same PCA strategy to determine an error band for our efficiency
QPE part of efficiency calibrated with 133Ba data

dAImost all variance in the covariance matrix is explained by just the first eigenvector
* Physically, this vector roughly equates to a change in the threshold by =1 PE
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Neutron Backgrounds in Csl[Na]
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dRan Eljen cell scintillator in Csl shielding to study neutron backgrounds in detector location
CFit to timing data gives the relative ratio of BRN and NIN events with uncertainties
CMCNP simulation predicts the observed recoil distribution very well in the Eljen cells

Ran observed neutrino flux through Csl simulation to determine analysis backgrounds
* Together, only 7% of signal
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2D Spectra for CEVNS Measurement
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2D Spectra for Dark Matter Search
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Fit Parameter Correlations
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Counting Experiment-style Samples
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We can isolate CEVNS from different neutrino flavors by selecting different time regions

* Ve/Vy

dApply global best fit to prediction for each sample

rec

0.125<t,.<0.5ps

0.875<t._..<4us

dAgreement of observed shape good test of our understanding of shape effects in our flux,
quenching, and efficiency
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Ongoing COHERENT Activity

QO NUBEs studying
NIN cross sections

system

dSupernovae neutrinos
+ CEVNS background

QScintillator encased in
Pb/Fe/Cu with water
brick shielding

detector
chamber

2 NalvE: 185 kg Nal
scintillator

O Measuring
inelastics on 1%/
for OvBP searches

O Prototype future
ton-scale CEVNS
detector

D. Pershey New CEVNS Results from the COHERENT Csl[Na] Detector

cryocooler

O CENNS-10
O CEVNS on LAr

O Dataset doubled
since first result

0 Continued physics
data + R&D for
future Ar program

2 Neutron flux
studies with
portable MARS

d Scintillator covered
with Gd paint to
study captures
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