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Coherent elastic neutrino-nucleus scattering (CEVNS)

A neutrino scatters on a nucleus via exchange of a « Predicted in 1974 by D. Freedman
Z, and the nucleus recoils as a whole; coherent up

-  Interesting ftest of the standard model
to E ~ 50 MeV g
D i » Sensitive o non-standard interactions
71 5 140/ N : : . .
ey’ % Vit « Largest cross section in supernovae
Z nuclear % 100 25 keV for 31-MeV v dYHGmICS
boson\ recoil P g 801_ on Ge

« Background for future dark matter
experiments
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v recols N (neutron star radius)

Recoil energy (keV)

scintillation

CEVNS cross section is well calculable in the Standard Model
do  G* (N — (1 —4sin?0y)2)

2 .
_ 2(2 e “act of hubris” - D. Freedman
dQ)  4r2 4 F(@7)

k*(1 + cos 6)

5  Need a low threshold detector
CEVNS cross section is large! |o¢ [V

* Need an infense neutrino source
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Broad Impact of i-DAR CEVNS Studies

Largest o in Supernovae Non-Standard

Nuclear Form Factors Sterile Searches

dynamics Interactions
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https://arxiv.org/abs/2204.04575v1

COHERENT Collaboration

e ~80 members, 22 institutions

* Formed in 2013 to observe CEVNS in
mulfiple nuclear targets 1o measure
N2-scaling of cross section

 Spallation Neutron Source (SNS) at
Oak Ridge National Laboratory
(ORNL) is also a perfect source of
neutrinos.

* Intense flux of low-energy pulsed
neutrinos also useful for studying
inelastic neutrino-nucleus intferactions

* Intense proton pulses also useful for
dark sector searches
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Spallafion Neutron Source at ORNL

Neutrinos via Pion Decay-at-Rest

Capture ~99%

Decay at rest
o 0 ©=2200ns @
Decays at rest \ G
T: ~26nsec 0 6

3x1014 v/cm2/flavor/SNSYear @ 20m

Neutrino Energy Neutrino Timing

§80
10° ® @ '. Prompt v, from = decay in
e j Y O time with the proton pulse
. 10* ‘T: 8
*Jet-flow" Target 5 o NE ]
. 10° = Delayed anti-v, v,
* Superconducting H-LINAC: 1 GeV @ 1.7MW @ 60 Hz e s 3t on u decay timescale
o ©
» Storage Ring: 1200 pulses, 1us Period, 350ns FWHM 1 E
1 [T '
» Liquid Mercury Target: circulates 20 tons with He gas R °O 2 4 6 .8 10
iInjection to mitigate cavitation . S
* SNS timing preserves DAR flavor separation
* Operation ~5000 hours per year - Mono-energetic v, separated from v, v
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What are the required ingredientse

Low Noise Detectors and Low Background Materials Neutrino Alley is well-shielded from beam related
from DM and Ovypp Detector R&D backgrounds

Neutfron Flux 105
at surface

O ¢
Pulsed Timing Structure of Neutrinos O .
1 V77722222
Measured Proton Pulse Neutrino Flavor Timing S || Neutrino 0
o 8 Ol 4 Aley
e o time with the proton pulse 0)

- 350 ns -8 | >V 7

£ FWHM E ° ' Delayed anti-v, v,

° o decay i [ . .
28 P = SNS Instrument Floor Basement Shielding
] \¥ % ;;_102 —— All events below 15 MeVee 3 ' ' ' ' Bemline. 14 '
0 S o ) 2 10 — All etventsabove15 MeVee 2 eamline-14a

0 1000 2o'o$ime - 3000 4000 5000 0 2 4 6 s 8 10 g 1 :::t:::: :eb::l: :: :::“’,: 3 Beamline-§
Lara Blokland, UTK //t ‘%104 E Basement 0.5 m.w.e.
* Factor 3000 suppression in steady state bkgs — g7F s | S,

"o o

* Precise measurement of steady state bkgs
« Constrains systematics on beam-related bkgs. .
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* Enables flavor dependent analyses 10° HHMf T F“* Hﬁﬁﬂf 1 ”Jﬁﬂﬂ Fﬂj Wi
* Enables prompT searches for exoftic pOrﬂC|eS 0 Tlme[us1] (;m1000 2000 3000 4000 nsooo 5000 7000 5000 9000 10000
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COHERENT “First Light” CEVNS Program

10°

—_
o
N

E COHERENT measurements

-
o

®  SM prediction

Cross section (10™° cm?)
T

Neutrino Alley

Complete the mapping of N2 Dependence O R Neﬁ;?onnuf;?ber %7655
Argon . )
Sodium (Nal) Germanium
24 kg Fiducial Mass ,
Single Phase * Lightest-Nucleus * Lowest Threshold

3.4 ton Nal Array
30 CEVNS/yr

Installation 2022

16 kg HPGe Array
500-600 CEVNS/yr

Kré3m Calibrations

4.5 p.e. per keVee .
20 keVnr threshold Installation 2022
~50 data in-hand Funded NSF-MR|

Final CJHCI|y5iS Led by Matt Green, NCSU

Designed by Sam Hedges
underway Duke (LLNL)
Designed by Jonghee Yoo, SNU . .
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CEVNS on two targets, a third very soon ...
A 0 scattered CEVNS on Csil Recoil Energy (keV.
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Accelerator-produced Dark Matter at the SNS

SNS proton beam COHERENT detector X x

Portal particles would be These hidden sector

produced mainly through 10/ pqr’rjcles would in’rergc’r v
within our detectors in

Nuclear Recoil

 Target

< 0 — Vy. Signat . . : -
i Y y ane UW Neutrino Alley in CEvVNS-like Y
- recoils. A
X' el deNiverville et al., Phys Rev D92 095005 (2015) X

Ton-scale Argon in Neutrino Alley

Prompt CEVNS Delayed CEVNS | 1
2] H
© 4 i ]
3 @ Steady-State Bkg o 300 ~+ Statistical Error -
® [ Beam Neutrons s [ I Systematic Error i
z 3 [[JNeutrino Signal 8 - M Constrained Systematic Error -
> [ LDM Signal S 00— i
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COHERENT Phys. Rev. D 102, 052007 (2020)
COHERENT Phys. Rev. Lett. 130, 051803 (2023)

The ability to measure delayed CEVNS is key to control systematics of prompt CEVNS “background”.
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https://doi.org/10.1103/PhysRevD.102.052007
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.051803

Inelastic Interactions and Physics Background Detectors

Supporting the CEVNS Program

Neutrino Induced Neutron Detectors NalvE NuThor
Pb & Fe Nubes Inelastic Interactions Neutrino Induced Fissions
Ve + 208pp _ 208p;s 4 o D v, L1271 127 Yo 4 o 52 kgs ’rrlm mel

L 28VBi 4 xy +‘yn’
v, + 29%Pb - 205pp* 4 V',

(NC)

L 208Ypp 4 xy +,‘;’

00 sesirocs

Designed by TUNL/Duke University

Installed in Neutrino Alley in 2014 Designed by TUNL/Duke Designed by TUNL/Duke
arXiv:2212.11295 Installed in Neutrino Alley Installed in Neutrino Alley
Fermilab W&C arXiv:2305.19594

Sam Hedges
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MARS
Fast Neutron Backgrounds

Assembled at Sandia
Installed in Neutrino Alley
in June 2017

COHERENT, 2022 JINST 17 PO3021
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COHERENT Precision Program now underway

Precise Flux Normalization High Statistics CEVNS
T —— ——

(41.14)

0.5

- CHARM
& Current Ar

_o5t[ICurrent Csl

-l COH-Ar-750

"l COH-CryoCsl-1

| W Joint fit
PR |

N\ 4 4 05 9% 05

BOTTOM 17 T o ) eee
Module T Module 2 L IT N Somifieantly | S Constrant
UTK/CMU/VT/ORNL - Sy e o

* Deuteron Charged Current «  750kg LAr F _Csl[146kg  —WithD,0 i

vo+td—>p+p+te * Single phase E r —Ge [16 k] o Withou! :

. . T 30— — ]

* 2-3% Theoretical Uncertainty* « Light Collection Options g _é;ﬁ;&;g] :

* Calorimetry: no Ring Imaging . 3"PMT TPB = [ i

«  2.5% Statistical in 2 yrs - SiPM, Xenon Doping, ... & 2 g
«  Module 1 now operating «  ~3000 CEVNS/yr st
COHERENT 2021 JINST 16 P08048 * Fabrication underway @ *§ o
US-Japan Workshop on Measurements for Seoul and IU St
Supernova Neutrino Detection, ORNL Mar 2023 o [

*S.Nakamura et. al. Nucl.Phys. A721(2003) 549 - | | | : |
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N
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https://indico.phy.ornl.gov/event/217/
https://indico.phy.ornl.gov/event/217/
https://iopscience.iop.org/article/10.1088/1748-0221/16/08/P08048

Future Detectors for Neutrino Alley

Cryogenic Scintillating Crystals

COH-CryoCsl Jing Liu, SD

e Undoped Csl

* Maximal Light Yield, Minimal
Afterglow at 77K

* Well matched for SiPM readout

e ~0.4 keVnr thresholds possible

* 10kg and 750kg concepts

%OAK RIDGE
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Time Projection Chambers

SLACube
30x30x30 ¢m?3

Tl
! (@ciiglelels

it i

oduct. For Instructional Use Onl

LA Cub;e Yun-Tse Tsai, SLAC

e Compact LAr TPC Design
» LArPix Readout

* nu_e Charged Current

Gas TPC
e CEVNS recoil direction

Fully Instrumented
Water Cherenkov

Performance Optimized Detector
e High Light Collection

e Ring Reconstruction

» Directional Information

» v, CC differential cross section
e Fully characterize interaction
response for supernova detection




PPU and STS upgrades will ensure SNS remains the world’s brightest
accelerator-based neutron source

Today 2024 after PPU 2032 after STS
. 900 users * 1000+ users * 2000+ users
*  Materials at atomic * Enhanced capabilities +  Hierarchical materials, fime-  [ST3
resolution and fast dynamics resolution and small samples  [0-7 MW
1.4 MW 2.0 MW 2.8 MW
1 GeV 1.3 GeV 1.3 GeV
25 mA 27 mA 38 mA
60 Hz 60 Hz 60 Hz
FTS FTS
2 MW 2 MW
60 Hz 45 pulses/sec

The choice of 15 Hz and 0.7 MW resulted from a detailed analysis of STS /
design (reviewed by a panel of experts in 2017) and optimizes
FOAK RIDGE | iiisl™ performance of STS without impacting performance of FTS




N«

OAK RIDGE

National Laboratory

ORNL LDRD to expand capability of HFIR/SNS for particle physics

Precision CEVNS with LAr Expanded FTS Footprint PROSPECT Il and beyond

Preparations for 2024 deployment
of 750kg Liquid Argon Detector
funded through Seoul National
University

ORNL leading the wavelength
shifting coating of PMTs and Teflon
panels developed for CENNS-10.

SCGSR Awardee Jacob Zettlemoyer (IU) led data
analysis and worked with ORNL’s Mike Febbraro
on coatings, to shift argon light to visible
wavelengths to boost detection

Large panels and PMT count
require larger coating apparatus
at production scale.

1'-6" CONCRETE SLAB \\\ \
== \ \ W

SNS First Target Station (FTS) will
ramp to 2 MW in 2025, 1.7MW 2023
SNS Engineering and Operations
identified additional 4 candidate
spaces with facility integrated
shielding for neutrino experiments.

2'-11" HIGH DENSITY CONCRETE AN
‘\\\\ 1
N\ AN SN
\\ N\ s/ - -

1'-6" CONCRETE SLAB

1'-6" GRAVEL FILL N

Backgrounds measurements
underway to establish feasibility

ORNL mechanical engineers
worked with collaboration to
develop interface and
requirements document for
PROSPECT Il liquid scintillator vessel.
ORNL fabrication engineer led
distribution of request-for-bid
packages and worked with
responding vendors for separate
engineering and fabrication
phases.

HFIR engineering and operations
evaluating options for facility
integrated shielding for future
neutrino programs such as reactor
CEVNS: unlimited shielding mass
tied to monolith, volumetric
constraints.
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Second Targeft Statfion
Opportunities
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e Neutrino Laboratory now approved for
STS Project Preliminary Design

e Basement location offers fCICI'ITy ) LEVEL B1 FLOOR PLAN @LEVELO1 FLOOR PLAN
integrated neutron shielding for 2 10-ton
scale detectors and adjacent utility room
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0
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Dueling Neutrinos Sources
K. Scholberg
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Conclusions

« COHERENT succeeded in its primary goal to observe CEVNS: first on Cslin 2017 followed by
Arin 2019.

« COHERENT is well on its way to complete is secondary goal to map out the nuclear size
dependance of the CEVNS cross section with new installations of Ge and Nal.

» The precision CEVNS program is now underway with ton-scale D20 and LAr in 2024.

« COHERENT has developed a broad multi-channel low energy neutrino program to take
advantage of SNS facility upgrades and advances in instrumentation into the next decade.
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Backup Slides
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3D Printed Scintillator Activities

Additive manufacturing of wavelength shifters and low-background materials
- World-leading spatial resolution for light-based 3D printing

- Developed multiple 3D printable formulations
- Wavelength shifters, scintillators, potential low-background materials

- Developed a pulsed VUV light source for testing of wavelength shifters and
photosensors and cryogenic VUV testing platform

- Wavelength range: 58 — 3200 nm
- Temperature range: 5 - 500 K

*Recently achieved the 3D printing of fast light-cured plastic scintillators,
achieving a final stable, clear and hard plastic, achieving 83% light yield.

sPublication in J. Nucl. Eng. 2023, 4(1), 241-257; https://doi.org/10.3390/ine4010019 3D Printed “benchy” in wavelength shifting material
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https://doi.org/10.3390/jne4010019

Photon-to-Digital Converters (PDCs)

« ORNL/University of Sherbrooke(Canada) & O Bigs
collaboration to develop Single SPAD level
integrated PDC using deep sub-micron —> 7\ AN
CMOS technology and 3D/Vertical | e
integration —

« Increased circuit density allows to implement full 2D DSP
SPAD readout array with large fill factor L
N

- 3D integration of the SPAD tiles to readout

electronics will yield to better Fill Factor, increasing
efficiency

« ORNL's new investment in equipment for __=.Ai Photon-to-Digital Converters ~
Microelectronics in synergy with efforts on | EL: S il 57A0 Aray R ST
. . . = 5 - }11_ 1 = :I.'.'Ll_j.l 3 11 .1;_ :‘.: IF_‘_'I___ }11. 1 =T :l.' J.‘_?'-'L— 1
Ossembllng more InTegrOTed PhOTOdeTeCTlon CMOSEIectroic i CMOSEIectronlc CMOSEIectrozlcwn CMOSEIectromc
M [0) d U | e Readout Readout Readout Readout
= E— - 1
- Dialogue with Fermilab on 3D integration R— o sicon i
technology — e e
Tile controll CMOS Driver
':l g
2 x Optical fibers
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ldea: Use the SNS ‘excess’ power early

« SNS will operate at 2 MW in 2026 and can ramp up to 2.8 MW in 2027-28

« The tunnel stub is part of PPU and will be completed in 2024

« SIS present early project completion is mid to late 2030’s

« Advancing the construction of the STS beamline can make the exira power
available for use before the STS is completed

« It will advance STS and grow support outside the neutron community

« It leverages capability to attract other
funding sources

OAK RIDGE

29 National Laboratory




Radiation Detection with Single
Crystal Lithium Salicylate

Jason Newby
Lawrence Livermore National Laboratory

2009 MRS Spring Meeting

(=

LLNL-PRES-412190 @
This work was performed under the auspices of the U.S. Department of Energy by C‘_;‘i‘c'l_"—':' C
Lawrence Livermore National Laboratory under Contract DE-AC52-07NA27344. Technoloaguy



Lithium component offers significant
advantages in flexibility and sensitivity.

(=

Why Lithium? Applications

® All-In-One Radiation Detection Y,
Fast-n, Slow-n Detection (*He
Substitute)

® Thermal Neutron Detection

® Sensitivity Fast Neutrons En<200keV : |-3

. o . . . . .
barns results in 1% level intrinsic efficiencies | | ¢ Fission Neutron Spectra

® Clean &t Signal compared to Gadolinium
(multiple-Y’s), Boron (lower light yield, +Y)

Previous Work ® Antineutrino Detection N.S.Bowden et
Greenwood and Chellew NIM 165 (1979)129-131 al. NIMA 572 (2007) 985-998
first examined small crystals (10um) of 5“V
Lithium Salicylate LiCsHsO3
Demonstrated pulse-shape discrimination of ol 5

SLi(n,x)t process from a Y-Compton process.

7~ 30 ps

2009 Spring MRS Meeting 2 Jason Newby, LLNL



Large Single Crystal Li-Salicylate
Successfully Grown

(=

® |arge cm size crystal grown from water
(and methanol) at | mm/day growth.

® Both crystaline polymorphs exhibit similar
pulse-shape discrimination.

® However, surface of methanol grown
crystal visually degraded outside solution.

® Pulse-shape performance will be presented
only on crystal grown from water.
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Full Waveform Digitization enables LLL

automated exploration.

® Struck SIS3320 12bit 200MS/s
Waveform Digitizer

® |2 bit resolution enables
analysis of lower yield delayed
light

® 5pus waveforms archived for

® Super-bialkalai photo cathode

offline analysis 1800 |
e Hamamatsu PMT R6231U 1600 ::
1400 g_ ‘
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Digital Waveform Pulse Shape Analysis LLI-

® Time relative to quadratic fit of peak

o
©

® PSD parameter is time to ~90% of pulse
integral

1 - Normalized Integral
(=] (=]
£ (=]

® Figure of merit is PSD separation divided by
sum of widths: dn-Hy / Wnt Wy

N

10

® Time-to-threshold is optimized to
maximize FOM for each crystal
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Single Crystal LiSal shows promising LL
Fast/Slow Neutron Separation
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® FEach process has unique pulse-shape

® Variations observed in both prompt
and delayed light yields

® Slow Neutrons/Gammas FOM | .4
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New and Promising Candidates...
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® Lithium chemistry presents many possibilities with organic acids.
® Even small sub-mm size crystals have good PSD.

® (Candidate Lithium containing crystal with much higher light yields,
faster growth, and perhaps better slow/fast neutron separation are
currently being examined.
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Summary

® We present the first results of large Lithium Salicylate
crystal growth and performance.

® large single crystals successfully grown from solutions of
water and methanol.

® Y’s (Compton electrons), Fast Neutrons (recoil proton), ;" S Nt
and Slow Neutrons (lithium capture) all produce light e
CUrves Of CharaCteriStiC3||)’ different Shapes. N

® Alternative lithium crystals being examined now show
promising advantages in ease of growth and performance.
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