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Undoped crystals
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Light loss in complicated readout system cancels out the gain from light yield ®
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Experimental setup

Current experimental setup
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Single PE measurement
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Fvents/(1 ADC counts)

Single PE distribution

Poisson Noise
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Electron loss
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Uncertainty on gain

PMT Temperature | Temperature | Mean of single PE distri-
of PMT ["C] | of LED [7C] | bution [ADC counts-ns]

. 1566+13 | 81+13 26.74 + (.34
P | 1205+13 | -66+13 26.40 + 0.30
B 1939+13 | 81+123 38.57 + (.34
OuHom 1 1033+13 | -6.6+13 38.57 + (.34

Amplification factor: 10




Energy calibration
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Energy calibration

Table 2 Summary of y-ray peaks in the energy spectra.

E‘m: 1 80 data x* / ndf 3848 /22
s L p0 28.63 £1.63 PMT | Isotope | Energy Mean Sigma | FWHM
€25~ — Gaus+Pol2 pl ~0.004044 + 0.000287 (keV) (PE) (PE) (%)
ﬂ C e i e g | P2 1.432e-07 £ 1.218e-08 7
= 20— pom norm 1534 +0.33 Cs 661.7 0450.3 496.7 12.4
mor mean 1.06e+04 £ 5.21e+00 60Co 1173.2 18435.2 642.0 8.2
's - sigma 269.8 153 Top 80Co 1332.5 21375.1 676.2 1.5
C norm? 13.08 +0.26 0K 1460.8 | 23489.5 | 769.1 7.7
- mean? 1.215e+04 £ 5.386e+00 EﬂETl 2614.5 44071 .8 775 8 39
10— sigma2 2954 %459

137y 661.7 5786.9 194.3 7.9
60Co 1173.2 10596.2 | 269.8 6.0
Bottom | *Co 1332.5 12147.1 205.4 5.7

| | | . N . 0K 1460.8 13252.2 315.0 5.6

9000 10000 11000 12000 13000 14000 15000 16000 17000 18000 2087 2614.5 25452.9 439.0 4.1
Number of PE




Light yield

M. Moszynski et al., NIMA, vol.
no. 1, pp. 357-362, Jan. 2005.
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Nonlinearity of light yield
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Progress and plans for DARKS

DarkSide SiPM ArrayS measurements in LAr, Claudid
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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]
Nal(T1) 230 ~ 250 [7T1-73] 736 [15] 420 ~ 430 [14, 15] 420 ~ 430 [14, 15]
CsI(TT) 600 [49] no data 550 [74] no data
undoped Nal 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]




DCR [cps/mm?]

Dark counts of large SiPM arrays
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Another reason for SiPM

COHERENT Science paper
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Thresholds
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Simulated setup | Assuming an 80% trigger efficiency
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Possible setup

Proposed 77 K setup
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CEVNS event rate
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Assumptions:

* 50 PE/keVee
* 10 kg of undoped Nal
» 2 years of data taking
* Nal(Tl) quenching factor
* 2 PE coincident trigger



https://github.com/schol/dukecevns

Light dark matter from SNS
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Expectation
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Strategies to tackle background:
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using delay’s neutrino signal
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Strategies to deal with background:
move the detector forward

" 1 Evaluating the curve at these angle
D. Pershey « DM(cosB8=0.3)/DM(cosB=-0.7) = 1.41
» ¢0s0=0.3 also closer to the source
(additional flux boost of 1.37)
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Strategies to tackle background:

rad 10 puU r ty Of C ryStal Possible sources of crystal:
» Alpha Spectra

» SICCAS
* AMCRYS
» Other experiments
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This approach + LAr
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A prototype capable of delivering physics

10 kg crystal + 2 years of data taking at SNS
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Scintillation mechanism

Self trapped holes: R on-center

E S T off-center

t\\_}w T

on-center configuration off-center configuration
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V. B. Mikhailik, V. Kapustyanyk, V. Tsybulskyi, V. Rudyk, and
H. Kraus. Luminescence and scintillation properties of Csl: A

potential cryogenic scintillator. physica status solidi (b),
252(4):804-810, 2015

H. Nishimura, M. Sakata, T. Tsujimoto, and M. Nakayama. » \

Origin of the 4.1-eV luminescence in pure Csl scintillator.
Phys. Rev. B, 51(4):2167{2172, 1995.
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relative light yield
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Scintillation mechanism
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Decay times

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

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

Nal(T1) 230 ~ 250 [71 73] 736 [15) 120 ~ 430 [14, 15] 420 ~ 430 [14, 15)

CsI(T1) 600 [49] no data 550 [74] no data
undoped Nal 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]
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light yield, a.u.

Quenching in Tl doped crystals
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Quiz

What kind of crystals?
Operation temperature?

Light sensors?
Threshold

» Electron recoil?

vV v v vy

» Na recoil?

» (s recoil?
» Prototype

» Mass?

» Exposure?
» # of CEVNS?




Answer

vV v v vy

What kind of crystals? Undoped Nal and/or Csl
Operation temperature? 40 K (max LY, min after glow)

Light sensors?  SiPM arrays to avoid Cherenkov light
Threshold

» Electron recoil? ~180 eVee (80% trigger efficiency)

» Narecoil? ~2 keVnr (80% trigger efficiency)

» Csrecoil? ~3 keVnr (80% trigger efficiency)
Prototype

» Mass? 10 kg

» Exposure? 2 years

# of CEVNS?  ~1000




Crystal Decay time at room temperature Decay time at 77 K
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The low temperature performance of CsI(Na) crystals
for WIPMs direct searches™

Xuan Zhang®, Xilei Sun®*, Junguang Lu®*, Pin Lv*

A State Key Laboratory of Particle Detection and Electronics, Institute of High Energy
FPhysics, CAS, Beijing 100049, China
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Light sensors

\ cryostat
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Sole quenching measurement

alpha (5.3 MeV) counts only 85% of gamma (662 keV)
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