Y-Ray Induced Radiation Damage
in PWO and LSO/LYSO

Rihua Mao, Liyuan Zhang, Ren-yuan Zhu

California Institute of Technology
October 28, 2009

Paper N32-5, 2009 NSS/MIC at Orlando, USA




Introduction

» Crystal scintillators suffer from radiation damage
originated from electromagnetic energy deposition (y-
rays), neutrons and charged hadrons. This paper
compares y-ray induced radiation damage effects in
two heavy crystal scintillators: PWO and LSO/LYSO.

» Possible effects of y-ray induced radiation damage
Include (1) damage to the scintillation mechanism; (2)
radiation induced absorption; and (3) radiation induced
phosphorescence (afterglow), which would cause an
Increase of the electronic readout noise.

» Photo-luminescence and transmission spectra, light
output and response uniformity, y-ray induced
phosphorescence are measured.
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LSO/LYSO samples: 2 x 2 x 20 cm

PWO samples: 2.85% x 22 x 32cm
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No difference was found between spectra measured before
and after irradiations for both PWO and LSO/LYSO

—— before irradiation

normalized area

380 - 460 nm
1 I 1 1 1 1 I

after 8500 rad/h irradiation ]

average of IDI 0.6% (380 - 460 nm)

1 I 1 1 Il Il I L 1 Il Il I L Il 1 L I 1 1 1 1

i T T T L I T T 1 1 I T
- BTCP-PWO-2467
—~ . — ,
35 30p¢ —  before irradiation 1 35 30
© o ] ©
~ [ after 400 rad/h irradiation ] ~— C
Z 2of 1 & 2
wn 7))
5 ol 5
10 : 4 & 1o
E i normalized area -E' i
360 - 500 nm -
0 i 1 1 L I 1 1 L L I L 1 L L L I 1 L 1 1 ] 0 B
—~ sE average of DI 0.7% (360 - 500 nm) i —~ sb
Xk 1 X
S o
O] O]
&) &)
- -] -
B ] 2
QD -10F 1 Q0
= : 1 &=
O -i5F 4 0
_20 : 1 L 1 1 I L L 1 1 l 1 L 1 1 I 1 1 1 1 I 1 1 1 L 7] _20 B 1 1
350 400 450 500 550 600 350

Wavelength (nm)

10/28/2009

NSS09 Paper N32-5, Rihua Mao, Caltech

400 450 500 550

Wavelength (nm)

600



PWO: 3 components: a few tens hours, a few thousand hours and a longer
one equivalent to no recovery. LSO/LYSO: no recovery at room temperature.

£ L 0 A R
0 PWO After 9000 rad/h in Equilibrium i Recovery after 8500 rad/h 96 h |rrad|at|on
70 :_ AAAAAAAAAAAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAAAAAAAAA . L rieeeeisesesesssien i
e I
go.ss C [s -
o 675 _ ........................... ................................................................................ =
I S e e e TR -
< ¥
® os @) 5 T S — il ]
() -
= o I
.EB I Eé 62.5 ?“m”m“m“m”i ........................... % ................................................................................ ]
No7s5f SIC-PWO-641 = -¢—¢—¢—¢——¢—¢—
g I T/T, = 0.650+0.088(1-¢"**")+0.067(1-""**%) g ) . I A S b
B I % [ Ty : Trfansmittace @ 420 nm ( tf)efore irradiétion)
Z 071{  ®BTCP-PWO-2375: = . ® CTHLSOL T,=761  y=6846 +0.0002x -
I T/T,=0.66+0.13(1-e""°)+ 0.08(1-e""%) [ e SGLYSOL T,=74.1 y=66.88 +0.0000 X
[ e CPLLYSO-L T =702 y=61.02 0.0008x |
55 _. ....................................................... ~, ......................... —]
0'65| | | I I '....i...i..i...i....—
0 1000 2000 3000 4000 0 100 200 300 400 500
Time (hours) Time (hours)

Dose rate dependent damage No dose rate dependence

NSS09 Paper N32-5, Rihua Mao, Caltech 6

10/28/2009



dD =Y {-a;Didt + (D" — D;) b;Rdt}

1=1

e D;: color center density in units of m~?;

Damage may Depend on Dose Rate

2 []_ — e_(ﬂfi'i'biR)t] + D?e—(ﬂi+biR)t}

° D?: initial color center density;

o D¢ is the total density of trap related to the color center in

the crystal;

e a;: recovery costant in units of hr—1;

e b;: damage contant in units of kRad ~?;
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R: the radiation dose rate in units of kRad/hr.

A simple model was
published in NIM A 332
(1993) 113-120 for the

kinetics of radiation

induced color center
densities in crystal
scintillators. It was used to

explain the dose rate
dependent damage for
PWO crystals in a paper
presented in NSS96 and
published in IEEE Trans.
Nucl. Sci., Vol. 44 (1997)
468-476.
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PWO: dose rate dependent damage; LSO/LYSO: No dose rate dependence.
Thermal annealing was found effective to remove y-ray induced damages.
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Emission weighted longitudinal transmittance: RN
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Damage on Optical

8-21% loss after 10° rad @9 krad/h
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1.1

BTCP-PWO-2467
L.O.= 7.8 p.e./MeV (200 ns, 18.0°C)
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7.4 Damage of Light Output-3 <
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Y-ray Induced Phosphorescence
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Y-ray Induced Readout Noise-2

y—ray Induced Readout Noise in PbWO, Crystals
Sample LY F Qbar Qend o bar o end
p.e./MeV | uA rad lh p.e. p.e. MeV | MeV
SIC-S392 7.13 97.9 290.7 9690 2.39 | 13.8
SIC-S411 6.70 89.2 264.7 8822 2.43 | 14.0
BTCP-2133 5.79 82.1 243.6 8119 2.69 | 15.6
BTCP-2162 7.12 95.7 283.9 9466 2.37 | 13.7

L.Y. is defined as the averaged light yield of nine points measured along crystals (to
reduce systematic uncertainty of peak finding) in a gate of 100 ns at 66F.

e F is the gamma induced photoelectron coefficient, defined as gamma induced photo-
electron number under unit dose rate.

o par and (eng are the derived photoelectron number per 100 ns induced by LHC
averaged dose rate in barrel (15 rad/h) and endeaps (500 rad/h) respectively.

® Tpyr and .,y are the equivelent readout noise induced by LHC gamma radiation,
derived as standard deviation of gamma induced photoelectrons in 100 ns.
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Y-ray Induced Readout Noise-3

y—ray Induced Readout Noise in LSO/LYSO Crystals

Sample

L.Y.

F

Qbar

Qend

p.e./MeV | yA rad 'h D.€. p.€. 1\(/512%; Mcsezr\lcf1

CPI-LYSO-L 2606 4.8 3.44x104 | 1.15x106 | 0.13 | 0.74
SG-LYSO-L 2305 4.9 3.51x10% | 1.17x106 | 0.12 | 0.67
CTI-LSO-L 2020 5.2 3.75x10% | 1.25x106 | 0.14 | 0.79
SIPAT-LYSO-L 2155 4.9 3.56x10% | 1.18x106 | 0.12 | 0.72

L.Y. is defined as the averaged light yield of nine points measured along crystals (to
reduce systematic uncertainty of peak finding) in a gate of 100 ns at 66F.

e F is the gamma induced photoelectron coefficient, defined as gamma induced photo-
electron number under unit dose rate.

o par and (eng are the derived photoelectron number per 100 ns induced by LHC
averaged dose rate in barrel (15 rad/h) and endeaps (500 rad/h) respectively.

® Tpyr and .,y are the equivelent readout noise induced by LHC gamma radiation,

derived as standard deviation of gamma induced photoelectrons in 100 ns.
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Summary

» y-ray induced radiation damage in large size PWO and
LSO/LYSO crystals are evaluated. No damage in the
scintillation mechanism was observed in both crystals.
While PWO crystals recover at room temperature, leading
to a dose rate dependent damage, LSO/LYSO shows no
recovery so no dose rate dependence.

» Light output loss was found 26% after 104 rad @400 rad/h
for PWO, and 12.4% after 10° rad for LSO/LYSO.

» y-ray induced phosphorescence was found at 10 level for
PWO, and was between 10-3to 10 for LSO/LYSO. Saint-
Gobain LYSO has the lowest afterglow.

» The equivalent readout noise induced by y-ray dose at
CMS Barrel and Endcap are about 2.5 MeV and 15 MeV,
respectively, for PWO. The corresponding numbers for
LSO/LYSO are 0.15 MeV and 0.8 MeV.

10/28/2009 NSS09 Paper N32-5, Rihua Mao, Caltech 19



