|
=

A Study on Radiation Hardness of
BGO and PWO-II Crystals

Rihua Mao, Fan Yang, Liyuan Zhang, Ren-yuan Zhu

California Institute of Technology
Jun 5, 2012

Talk in the XV International Conference on Calorimetry in Particle Physics, Santa Fe




i Introduction

= 20 cm long BGO crystals produced at SIC and 20 cm
long PWO-II crystals produced at BTCP for the proposed
PANDA experiment are investigated.

s Properties were measured before and after irradiations:
Longitudinal Transmittance (LT), Light Output (LO) and
Light Response Uniformity (LRU).

= The results of BGO and PWO-II crystals are compared
respectively to the BGO crystal used in the L3
experiment and PWO crystals used in the CMS
experiment.
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L3-1980 202 x 302 x 240mm?3 Six faces

SIC-2004 25 x 25 x 200 mm3  Six faces

SIC-2011 25 x 25 x 200 mm3  Six faces

Radiation Damage Experiments

« Samples were annealed at 200°C for 200 minutes to remove residual damage

« Samples went through a series of y-ray irradiations at dose rates of 2, 8 and 30
rad/h until reaching an equilibrium
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Comparison of Initial LT and EWLT H

Samples 2011 and 2004 have better LT
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EWLT, emission
weighted longitudinal
transmittance, Is

defined by:

wir e JLT(A)Em(A)dA
EWLT = i
[ Em(X\)dA
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Sample 2011 has high LO

0 = 0%/27% for rectangular/tapered crystal geometry
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LRU, Light Response Uniformity, is
defined as follow:
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Damage recovers with consistent time constants.

Initial EWLT: 75.8%, 74.3% and 65.2% for samples 2011,
2004 and 1980 are not reached after a few thousands
hours, indicating deep color centers existing
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Recovery leads to a dose rate dependent damage level

June 5, 2012 Presented in CALOR 2012, Santa Fe, By Fan Yang, Caltech 6



Op

@% Dose Rate Dependent Damage
| in EWLT and LO

Both EWLT and LO reached equilibrium during irradiations under a
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defined dose rate, showing dose rate dependent radiation damage
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Transmittance (%)
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Damage in LT

Sample SIC-2011 has better initial LT and
IS more radiation hard than other two samples

Transmittance (%)
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Sample SIC-2011 has better initial light output and
keeps its LRU during irradiations up to 30 rad/h
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BGO Crystals with the SIC-2011 quality can be used up to 30 rad/h
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Dose rate (rad/h)

Dose rate (rad/h)
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BGO SIC-2011 460 22 31 36 4 6 8
BGO SIC-2004 373 45 68 83 19 36 59
BGO L3-1980 305 42 66 85 22 47 76
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PWO-B1757 24.5x24.5x200 mm3 Six faces
PWO-B1782 24.5x24.5x200 mm3 Six faces

CMS BTCP PWO 28.52x30.0%2x220 mm? (20 crystals)  Six faces

"CMS SIC PWO — 28.52x30.02x220 mm? (12 crystals) ..
| CMS SICPWO = 50x22x230 mm? (20 crystals) Sixfaces

Radiation Damage Experiments

« Samples were annealed at 200°C for 200 minutes to remove residual damage

« Samples went through a series of y-ray irradiations at dose rates of 2, 8, 30
and 7,160 rad/h until reaching an equilibrium
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PWO-II has sharper slope at the LT cut-off edge
Their LO is better than CMS BTCP, but similar to CMS SIC

IEEE Trans. Nucl. Sci., Vol. 51 (2004) 1777-1783
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\% ‘Comparison of LT @ 360, 440 & 600 nm

PWO-II has better LT, especially at 360 nm

IEEE Trans. Nucl. Sci., Vol. 51 (2004) 1777-1783
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\% Correlation: LT @ 360 nm versus LO
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Damage recovers with consistent time constant.
Initial EWLT: 70.0%/70.1% for samples 1757/1782 are not reached
after recovery for 900 h, indicating deep color centers existing
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Recovery leads to a dose rate dependent damage level
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Transmittance (%)
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EWLT:
Before IR: 70.1%

— 2rad/h: 69.3%

8 rad/h: 68.9%

— 30rad/h: 67.5%

— 7160 rad/h: 63.2%

.
“
] | |

?8 [ T T T T T T T T T T T T T T T 78
| PANDA PWO B1757 ]

76 - . 76l

4 - 74|
i Emission ] [
B ] — |

21 1 = 72}
| E ~ |

nor 1 < 70F
[ < i
[ =

68 | EWLT: _ E 68 |
i Before IR: 70.0% 2 i

66 2 radih: 69.4% i IC—E 66
i 8 rad/h” 68 6% ] [

64 |- 30 rad/h: 67.6% ] 64 |-
i 7160 radm 63.1% | [

62 _— - 62 N

6% I L L L L L | L L L I | I I I I “‘l I I I L | I I I L ] 60 g 1
a0 400 450 500 550 600 650 350

Wavelength (nm)
June 5, 2012

450 500 550

Wavelength (nm)

400

Presented in CALOR 2012, Santa Fe, By Fan Yang, Caltech

600

650

16



\TUTE 5 {
s"\ Q\
& ] |
| | q &
\ i

ORN;

1.2
12 P ANDA-PWO-1757 ! Before IR | PANDA-PWO-1782 ! Before IR
e | - . . . . . .
v g - 12.0p.eMeY (200ns) | | | | 1 I i\feragre S 132p.e/MeV (200ns) | |
0.8 1 ] 1 1 ] S rad/h 0.8 1 | | | T bradfh
5 [ e - 3 P —
s | . v —e . - | [t ° " . _
5 o as S o
O - Averagel o = 118 pe/Mey (200ns) | i O i\Te{rla'g[fé Y - 12.8 p.e/Msy (200 ns) | | |
% 0.8_ 1 ! : | ] S rad/h I = 0.8 1 1 1 1 ] S rad/h
O | i o |
%I —————— . . | — ——* o = J 3 . ¢ .
o [ 3=(15410)_ v 1 b 5=(1.2:1.0
N 0.8 verage LO. = 11 1 p.e/MeV (200 ns) | | | | E 0.8 A\reragre LO. = 11.6 p.e..fMe\-l' (200 ns) | | | |
E ol | | | | ! 30 rad/h | T ! ! ! ! ! 50 rad/h
Py '—_.__.__._ - _ a ) E - o
O | L] hd L -| O — & & —8— @ W -
Z | §=(-2.0+10) i = e 10) _
0 8 Average L.O. = 10|3 p. efMe\a (200 ns) | | | | A\:eraqe LO. = 1[JI Qpe.fMe‘L- (200 ns} | | |
| ' ! ' | ! 7160 radh | 081 | ! ' ' ! 7160 rad/h
L ]
e — - o J . L ™ > s - - o
B d=(-3.141. 1 = +
0s ive‘raql; (6-7. 0peiMey (200ns) , | , - i;ééfqg‘ﬂg? =71 pe/Mev 200 s) | | |
®0 25 50 75 100 125 150 175 200 0.8
0 25 50 75 100 125 150 175 200
Distance from the end coupled to PMT (mm) Distance from the end coupled to PMT (mm)

June 5, 2012 Presented in CALOR 2012, Santa Fe, By Fan Yang, Caltech 17



Damage as a Function of Dose Rate
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Correlations: LO Loss versus i
" LTloss @ 440 nm and EWRIAC

IEEE Trans. Nucl. Sci., Vol. 54 (2007) 375-382
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IEEE Trans. Nucl. Sci., Vol. 51 (2004) 1777-1783
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Summary

The 2011 BGO sample from SIC has better initial LT and LO as
well as better radiation hardness than previous BGO samples.
It is radiation hard up to 30 rad/h.

PWO-II samples have better LT @ 360 nm and LO as
compared to CMS PWO crystals. Their radiation hardness is In
the better portion of CMS PWO crystals. They are radiation
hard up to 7,160 rad/h.

Correlations are confirmed between (1) LO and LT @ 360 nm,
(2) LO loss versus EWRIAC and (3) LO loss versus LT loss at
440 nm for PWO crystals. The last correlation indicates that
radiation damage in PWO crystals can be monitored.

Radiation damage in BGO/PWO crystals recovers under room
temperature, leading to a dose rate dependent damage level.
Because of the recovery, a precision light monitoring system is
mandatory for a BGO/PWOQO crystal calorimeter to trace

variations of crystal transparency in situ.
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