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Introduction

Recent data shows following concerns on SIC
PWO samples: 1) absorption; 2) red emission,;
3) emission variation after irradiation; and 4)
strange recovery In light output after irradiation.

Although no new samples received, a series
tests were made at Caltech with existing PWO
samples to understand these concerns.

With result presented in this report, we hope to
clean up the confusion.

Unless specified, all samples in this report are
produced in 2001 and 2002 by BTCP and SIC
respectively.
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Transmittance Measurement Z

HITACHI U-3210 UV/VIS Spectrophotometer

with a Large Sample Compartment
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PWO is Birefringent
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are NOT directly comparable
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Transmittance of CMS Samples

a axis: better L.T., but non-isotropic T. T.
Both approaching theoretical limit

BTCP: grown along the a axis SIC: grown along the ¢ axis
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Radio-Luminescence Measurement
Issue: Absorption affects emission blue edge

Corrections: Grating efficiency & PMT (Hamamatsu R758) QE
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~7.; Photo Luminescence Measurement
~ HITACHI F4500 Fluorescence Spectrophotometer

Light Source (1), Gratings Efficiencies (2 & 3) & PMT QE (4)
Red-Extended Hamamatsu R928 PMT(4): 185 to 900 nm
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3-Dimensional Contour for CMS
Emission & Excitation

Measured by using HITACHI F4500
No controversy for bright scintillators
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Radio & Photo Luminescence

X.D. Qu et al., IEEE Trans. Nucl. Sci. NS-47 (2000) 1741
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Photo-luminescence Measurement

Issues: excitation light and its scattering light may
pass emission grating at multiple wavelength,
causing artificial peaks at red for PWO.

Xenon Lamp

Forward surface — Backward surface
| excitation: Xenon Lamp exmtatl_on: NO |
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7. Red Peak May Caused by Scattering ‘ é\“
A low pass filter may eliminate scattering
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f Full Wavelength: 350 to 800 nm ‘ é

No red emission observed in BTCP & SIC samples

oy i Hitachi F4500 Spectrophotometer Emission Side Calibration - i Hitachi F4500 Spectrophotometer Emission Side Calibration
3 1 (with Hamamatsu R928 PMT, spectral response 185-900 nm) 3 1 (with Hamamatsu R928 PMT, spectral response 185-900 nm)
= >

= =

= =

2 05 2 05

O (@]

Q Q

0 [72]

O O

o N o L

0 1 1 I 1 1 1 1 L 1 L 1 1 I 1 1 0 1 1 1 1 1 1 1 1 1 1 I 1 L

g I BTCP-658 g I SIC-LS615

3 >

8 8

© ©

c c

2 ey

0p) w

= =

= =

o / o

0 L L I L 1 L ‘ L Il L L - I 0 - J. L L

— 1k BTCP-658 — 1k SIC-LS615

= =
8 &

c c
2 ke

)] 7]
2 @

E S
L L

400 500 600 700 400 500 600 700

Wavelength (nm) Wavelength (nm)
June 8, 2004 CMS Week, DPG Meeting, Ren-yuan Zhu, Caltech 14



‘;‘;‘\T UTE - 0

I 'T)'

//g'\'iom'.i;p

o"‘g

)"‘r\

T

Z|

. o

'3 \ é‘-
.r.o

100
BTCP-2456
80i 200°C annealing
em: 420 nm ex: 310 nm
—_ 60
=
-
- .
| —-—
© 20| \
=
0
*(3 100
2 80 | 400radh
g em: 420 nm ex: 310 nm
j 60 |
<
40 -\
.
20| \
0
Wavelength (nm)
June 8, 2004

Intensity (arbitrary unit)

Photo Luminescence (350-550 nm)

“No variation in either excitation or emission spectrum
No damage in scintillation mechanism
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Photo Luminescence (350-550 nm) g

Difference bin by bin in % with area normarization
Systematic Uncertainties: 1%
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Photo Luminescence

Difference bin by bin in % with area normarization
Systematic Uncertainties: 2%
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Light Output Measurement

Corrections must be implemented for time of less than
one hour after irradiation if there is temperature change.
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| Systematic Uncertainty: 1%

With stringent control and temperature corrections

L.Y. Zhang et al., IEEE Trans. Nucl. Sci. NS-48 (2001) 372

(NSORNI

SF 3

A\
=
z

e o

(BN &
Y )

I. __I i ( }f.';,

10 1000
' (a) Air temperature fluctuation 22 |-
s | ' of scintillation LAB 5) . i { f
2 ¢ ) S A C S
S 95§ ¢ $ $ A L S
q_z i $ $ $ ¢ + + 800 B ué_ s . i 3 . T e
. i 2 1 [Py L . %ﬂ ‘; .
> 9| o Data T
- e T Corrected Data s 70
T T 600 - Time (Hour)
0 2 4 6 8 ;
Time (hl’S) [\ X /ﬂdf 1449 / 7
_ - - P1 606.1
5 Entries 20 5 Entries 20 3 o 18.15
i Mean 9.355 i Mean 9.410 .
151 (b) RMS 0.1023 151 ©) RMS 0.734E01 | 400 i P3 0.1943
I : P4 112.4
10} 10{- P5 21.11
! [ 200 | P6 0.1957
5| 51 &Q i /
9 92 94 96 98 10 9 92 94 96 98 10 97 18 19 20 1 50
L.Y. (p.e./MeV) T-corrected L.Y. (p.e./MeV)

Temperature (°C)

June 8, 2004 CMS Week, DPG Meeting, Ren-yuan Zhu, Caltech 19



CMS

.’./G:\\‘l‘ UTe Op-.
LN )&
[T o)
> x|
o
- ] il /
V2 | = \T’) | 0;.-
\{:} [ i ',.?/'

= [l -

= 3 Issues may cause confusion in laboratory
characterization for PWO crystals:

» Birefringence affects transmittance, photo
luminescence and light output;

= Dim scintillation light affects photo luminescence
and light output;

= Temperature dependent scintillation affects light
output.

= With stringent and careful control systematic
uncertainties can be reduced to 0.3%, 1%
and 1% for transmittance, emission and light
output measurement respectively.
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