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Light readout devices

Light loss in complicated readout system cancels out the gain from light yield ®

PMT at RT Light guide Crystal at LNT Light guide PMT at RT

Strategy gives you directions.
Technology leads the way.

R8778
(2 inch round) R8520-406
1]/ R8520-506

(1 inch square)

R11410
R11065
(3 inch round)

R6041-406
R6041-506
(2 inch round)  onbenar of the DarkSide-20k callaboration

SiPM for DarkSide-20k
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Nal/Csl based effort:
* COSINE
* DM-ICE
* KIMS
* ANAIS
* SABRE

* etc.

Focus:

* Location

Purification
Active shield
e PMT

Light collection



Table 1: Scintillation wavelength A and decay time 7 of various crystals.

Crystal 7 at RT [ns] 7 at 77 K [ns] A at RT [nm] Aat 77 K [nm]

NalI(Tl) 230 ~ 250 [71-73] 736 [15] 420 ~ 430 [14, 15] 420 ~ 430 [14, 15]

CsI(T1) 600 [49] no data 550 [74] no data
undoped NaI 10 ~ 15 [14, 52, 53] 30 [52, 53] 375 [57, 58] 303 [14, 15]

undoped CsI 6 ~ 36 [3, 74, 75] 1000 [2, 3, 76] 305 ~ 310 [3, 61, 74] 340 [2, 3, 61]

Nal is highly hygroscopic and mechanically fragile due to the existence of cleavage planes in the
crystal, and it can crack given a sudden mechanical or thermal shock. This demands a sophisticated



Proof-of-concept measurement

Photo—-
cathode

Conflat flange R8778MODAY (AR)
with feedthroughs

_— Stainless steel chamber
_— Infrared shield
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_——Liquid nitrogen
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_~— Temperature sensor

.~ Csl crystal
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Light yield [PE/keV] = Peak position [number of PE]/Peak energy [keV]
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The low temperature performance of CsI(Na) crystals
for WIPMs direct searches™

Xuan Zhang?, Xilei Sun®*, Jungnang Lu®, Pin Lv?

4State Key Laboratory of Particle Detection and Electronics, Institute of High Energy

Physics, CAS, Beijing 100049, China
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Scintillation mechanism in inorganic crystals

! —— Activator .
! excited states Band gap
Band J Band gap structure . Scintillation structure
gap of a pure crystal . photon , of doped |
! Activator :

§ ! ground state crystal

__________________________________________________

Valence band
Where electrons cannot move freely, they are bound to nearby atoms



A on-center

Self-trapped excitons e| s g oftcente

tk& T2

on-center configuration off-center configuration \

D0i:10.1103/PhysRevB.51.2167 Doi: 10.1002/pssb.201451464



Scintillation or Afterglow Intensity [A.U.]

* Nal(undoped) & Csl(undoped) VS
. Nal(Tl) and Csl(Na)
Operatlon temperature * 40K
* Minimal after glow rate
* Maximal light yield
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https://cds.cern.ch/record/248487/files/ppe-93-065.pdf

ve scatterings

Figure 1: Feynman diagrams for the processes of neutral current (NC) ve-scattering (a), and charged
current (CC) v,e-scattering via the exchange of a W-Boson (b,c).


https://cds.cern.ch/record/248487/files/ppe-93-065.pdf
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Cross section of CEVNS

The cross section
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Coherent effects of a weak neutral current

Daniel Z. Freedmanf
National Accelerator Laboratory, Batavia, Illinois 60510

and Institute for Theoreticak Physics, State University of New York, Stony Brook, New York 11790
(Received 15 October 1973; revised manuscript received 19 November 1973)
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Detectability of galactic supernova neutrinos coherently scattered on
xenon nuclei in XMASS

K. Abe®d K. Hiraide®9, K. Ichimura®9, Y. Kishimoto®9, K. Kobayashi®¢, M. Kobayashi?,

S. Moriyama®9, K. Nakaggwa a M. Nal<aha5aa-d, T. Noritj"’, H. Ogav];/aa-d, H. Sell)<iyaa'd,

O. Takachio? A. Takeda®‘, M. Yamashita®¢, B.S. Yang®¢, N.Y. Kim", Y.D. KimP", S. Tasaka®/, . . _

J. Liu%?, K. Martens?, Y. Suzukid, R. Fujita®, K. Hosokawa', K. Miuchif, N. Oka’, Y. Onishi/, Astroparticle Physics 89 (2017) 51-36
Y. Takeuchi®d, Y.H. Kim&P, ].S. Lee&, K.B. Lee?, M.K. Lee®, Y. Fukuda”, Y. Itow'¢, R. Kegasa',

K. Kobayashi’, K. Masuda’, H. Takiya', H. Uchida’, K. Nishijima’, K. Fujii¥, I. Murayama®X,

S. NakamuraX, XMASS Collaboration?*

Table 2
En 10¢ Number of observable supernova events in XMASS. The weakest
o 9 ' Nakazato model is the one with M, =20 My, Z=0.02 and te, =
© 85— ----t---- Livermore+background 100 ms. The brightest Nakazato model is the one with M, =30 Mg,
> - Nakazato+background Z = 0.02 and try = 300 ms. The bl;_ack—hole—forming model i_s the one
2 T : with M, = 30 M@, Z = 0.004. Neutrino energy spectra used in the cal-
3 6k i - background culation are all integrated from core collapse till about 18 s later.
- A
% 5 : Supernova model d = 10 kpc d =196 pc
S - H
£ 45 g Livermore 15.2 3.9 x 10
g 3F - ! Nakazato (weakest) 3.5 0.9 x 104
2 Eli i Nakazato (brightest) 8.7 2.3 x 10%
257 _____ Nakazato (black hole) 21.1 5.5 x 10%
IS N S
0_ -------- - I
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electron equivalent recoil energy [keV]
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Spallation Neutron . Source

Proton beam energy: 0.9-1.3 GeV
Total power: 0.9-1.4 MW

Pulse duration: 380 ns FWHM
Repetition rate: 60 Hz




The Spallation Neutron Source H

Capture: ~99%
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Comparison of pion decay-at-rest v sources
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The COHERENT Detectors at the SNS

Neutron Flux 10%
at surface
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First Measurement of Coherent Elastic Neutrino-Nucleus Scattering
on Argon

D. Akimov et al. (COHERENT Collaboration)
Phys. Rev. Lett. 126, 012002 — Published 7 January 2021

.
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Observation of coherent elastic neutrino-nucleus
scattering

, B. BECKER, V. BELOV, A. BROWN, A. BOLOZDYNYA, [...], AND COHERENT COLLABORATION +72 authors

Authors Info & Affiliations

SCIENCE - 3 Aug 2017 - Vol 357, Issue 6356




The Csl Detector in Shielding in Neutrino Alley at the SNS

A hand-held detector!

Almost wrapped up...

Layer HDPE* Low backg. lead Lead Muon veto Water
Thickness 3" 2" 4” 2" 4”
Colour . - [ ]




First light at the SNS (stopped-pion neutrinos)
with 14.6-kg CsI[Na] detector
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Signal acceptance fraction

Reason for SiPM
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Afterglow cut removes ~25% low energy events
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Replace PMTs with SiPM
* Eliminate Cherenkov light© generated
in PMT’s quartz window
* PDE of SiPM > QE of PMT ©
* high dark count rate ®



DCR [cps/mm?]

Dark counts of large SiPM arrays
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Scintillation or Afterglow Intensity [A.U.]

* Nal(undoped) & Csl(undoped) VS
. Nal(Tl) and Csl(Na)
Operatlon temperature * 40K
* Minimal after glow rate
* Maximal light yield
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Eur Phys.].C  (2022) 82:344 THE EUROPEAN
https://doi.org/10.1140/epjc/s10052-022-10289-x PHYSICAL JOURNAL C

Special Article - Tools for Experiment and Theory

The light yield of an undoped CslI crystal coupled to two
First operation of undoped Csl directly coupled with SiPMs at SiPMs at 77 K was measured to be 43.0 &= 1.1 PE/keV,

77K using X and y-ray peaks from an >*! Am radioactive source.

Keyu Ding'?, Jing Liu'®, Yongjin Yang', Dmitry Chernyak'?

! Department of Physics, University of South Dakota, 414 East Clark Street, Vermillion, SD 57069, USA
2 Present Address: University of Alabama, Tuscaloosa, USA
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Energy calibration
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Light yield [PE/keV]
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Light yields

33.2/(PMT QE:27%) x (SiPM PDE:50%)

33.2/(PMT QE:27%) x (SiPM PDE:41%)

Experiments Type of Light yield
crystal [PE/keVee]
COHERENT 2017 CsI(Na) 13.5 + 0.1 [3]
PMT+small crystal Csl 20.4 + 0.8 [51]
PMTs+large crystal Csl 26.0 + 0.4 [35]
Improved light collection Csl 33.5 £ 0.7 [52]
PMT — SiPMs Csl 40.1 £+ 1.1 [53]
WLS coating on SiPMs Csl 50.0+ 1.0 T
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Reactor neutrino physics potentials of cryogenic pure-Csl crystal
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Fig. 12: Energy (left) and time (right) distributions of CEvNS and DM signals in a 10 kg
undoped CsI detector at the SNS.



Non-standard neutrino interactions (NSI)
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Signatures of Beyond-the-Standard-Model Physics

Look for a CEVNS excess or deficit wrt SM expectation
Csl

38 1 Ratio
wrt SM

New v.-u quark interaction

-0.5

New v.-d quark interaction .
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Fig. 1: Allowed regions in the non-universal NSI parameter spaces at 90% C.L. constrained by
a 10 kg cryogenic Csl after two years of operation [26] compared to existing constraints [3, 15].



DM Counts
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Road map and resources

* Resources:

* |HEP: detector development
e UCAS: CEVNS detection at CSNS

* SIC CAS: crystal growth with the help of
e Suerfu Burkhant (Nal)
* Soo-Bong Kim (Csl)
* Tsinghua: dark matter search in underground lab

* Road map:
* |HEP + SICCAS (KEK & SYSU) @ SNS
e IHEP + SICCAS (KEK & SYSU) + UCAS @ CSNS

e IHEP + SICCAS (KEK & SYSU) + UCAS + Tsinghua @ CJPL
e 77K
* mili K



