Scintillation time distributions of ZnWO,
signal for electrons and low-energy
protons
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JThe goal is to present the preliminary beam test results of the

ZnWO4 gcm_tlll_a tIO_n pulse and pUISe Scintillator characteristic [1] m
shape discrimination.

Effective Z
1Outline: Density (g/cm3) 7.87
« Beam Test setup; Refractive index 2.0-2.3
« Scintillation signal modeling; Light yield (photons/MeV) ~9000
* Fit results; Peak emission wavelength (nm) 480
« Pulse shape discrimination with ZnWQ,;  Decay time (ps) 20
« Conclusions. Radiation length (cm) 1.2
Moliere radius (cm) 1.98

[1] Barsuk, S. et all. “First characterization of a novel grain calorimeter: the GRAINITA prototype”,
2024 JINST 19 P04008. DOI 10.1088/1748-0221/19/04/P04008
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https://iopscience.iop.org/article/10.1088/1748-0221/19/04/P04008

_JElectrons are measured from a beta source 20Sr+°0Y,

1Signal from low-energy (~10 - ~25 MeV) protons was measured in April with
the Cyrce cyclotron at Strasbourg.

IScintillation photons were measured with two wavecatchers:
 slow - 100 ns sample rate (covering time up to ~ 100 us);
» fast - 2.5 ns sample rate (covering time up to ~ 2560 ns).

JA common trigger was used for both wave catchers.

JAnNn RC filter with 7,..=25 ns was used to smooth pulses from PMT.
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Scintillation signal modeling

IThe scintillation pulse was modeled with four exponents:

Fx) = ZQ‘ i)

— Tyc

t; parameters are assumed to be dependent only on scintillator material and to
be the same for electrons and protons of different energies.

JUsing the same t; parameters justified by simplifying the fit of Q;. The
difference in pulse, fitted with t;, is small compared to the PSD effect.

I Two stages of fit (slow + fast wavecatchers data on both):
« combining the proton data of various energies to fit t; parameters;

. Fine-tuning of Q; parameters for each energy of protons for electrons, performing separate
its.
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Fitted functions (25 MeV protons example)

Fast wave catcher, 25 MeV protons

1) ©1=4993+53 V*ns; 1=(2.529+0.029)e+04 ns
2) @2=811%45 V*ns; 1=(6.68x0.55)e+03 ns
3) Q3=142.7+7.7 V*ns; 1=1058+95 ns

4) Q4=19.8%2.2 V*ns; 1=118%12 ns
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Charge components Q; no 25300 30 ns

T, 6700 £ 550 ns
_ T3 1060 £+ 100 ns
1The relative charge components . 118 + 12
4Ql are presented in the plot.
j=2¢
80 - )| ® o o © e o o
IThe values for electrons are given ¢ _ |
in horizontal lines. ; s 2n componant
; ® 3rd component
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Difference in Q; leads to different ~ ~
pulse shapes, giving the possibility
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Accumuiated charges

—— 10.0 MeV protons vs electrons
h I d h 3.04 16.2 MeV protons vs electrons
DT e accu m u ate C a rge n —— 19.2 MeV protons vs electrons
1 g 2.5 - — 20.2 MeV protons vs electrons
Can be measu red USIng 2 — 21.3 MeV protons vs electrons
N o990 —— 22.8 MeV protons vs electrons
E 23.8 MeV protons vs electrons
t o 1.5 — 24.8 MeV protons vs electrons
1 i 25.0 MeV protons vs electrons
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80 MS time [us]

Qo = f f(x)dx JAg(t) has the maximum at 10 us

0 (threshold for separation).
10 us

Aq(t) = CIp'rot.(t) — qer.(t) Qf — f f(x)dx
0
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IDifferent particles can be
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distin U|shed by comparing .,
ratio - with 0,4. £ 1500

Q 8 1000
500 -
1 The histogram of L actually
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T
different proton energies and
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Gonclusions

IThe scintillation pulses from ZnW0O4 were measured with electrons
and low-energy protons, capturing fast components and slow tails
with two wavecatchers.

IThe fitted different charge fractions Q; show pulse shape
dependence on particle type.

JAnalysis shows the possibility of doing pulse shape discrimination
between low-energy protons and electrons, with the fast charge

threshold being at 10 ps, and a separation value of % being at 0,4.

S
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Fitted functions (25 MeV protons example)

JUncertainties estimated via the Pt v cocher, 25 W provon
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Ratio of puise curves

PSD_ratio. Run 21, 9.98 MeV beam

V protons (normalized) / V electrons (normalized)

—— Protons 9.98 MeV / electrons
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PSD_ratio. Run 1, 25 MeV beam

—— Protons 25 MeV / electrons

V protons (normalized) / V electrons (normalized)
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