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Introduction

= 20 endcap and 5 barrel PWO crystals went through (1)
thermal annealing at 200°C, (2) irradiations by y—ray at 15,
100, 400 and 9k rad/h until equilibrium and (3) short term
(300 hours) recovery after 9 krad/h.

= As reported on Mar 25, 2003, 25 PWO crystals belong to
three types. While type Il crystals are good for the barrel
dose rates (15 rad/h) , type | crystals are more radiation hard
and good enough for the endcaps (500 rad/h). One type Il
crystal has problem for monitoring with 440 nm light, so
should be rejected. All samples recover after irradiation.

= Two issues discussed during last ECAL week: (1) stability of
PWO crystal after 200°C thermal annealing, and (2) long
term recovery time constant.

s 7/ samples (5 type | and 2 type II) went through long term
(160 days) recovery test. 15 crystals returned to CERN.
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Thermal Annealing

= Rigorous temperature control both in
amplitude and slope:
= From RT to 200°C: 200 minutes;
= Maintain at 200°C: 240 minutes;
= From 200°C to 25°C: 400 minutes.

= Crystals are kept in dark at RT (18°C) after
annealing. The minimum time between
annealing and the 1st measurement is 48
hours.

s Question: Does the length of waiting time
between the measurement and the end of
annealing affect measurement result?
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Summary gf Light Output

Sample L.O. (1/MeV) Fraction(%) At 15 rad/h

ID p.e. photon 51“;;" 1‘]]?&;” (hours) L.O.(%) v%™(%/h) 74 (h)
B2467 7.9 538 797 962 120 76.4 6.9 3.3 :
B2466 6.9 476 809 97.1 96 83.5 -7.3 2.3 Type 1 5-20%
B2456 6.3 434 778 936 240 87.8 4.8 2.3
P7903 58  40.0 862 983 48 95.6 -0.25 15.9 loss @15 rad/h
P7654 4.8  33.1 813 939 72 95.4 -0.22 18.4
P7566 5.0 345 880 980 96 97.4 -0.09 20.7
P7557 4.8  33.1 896 97.9 120 94.0 -0.35 17.3
P7467 57 393 89 982 144 88.8 -0.70 15.7
B2464 7.6 524 818 974 48 73.0 6.6 3.9
B2458 7.0 483  8L1 956 288 78.9 -3.7 5.7 - —
B2457 6.4 441 812 953 264 87.9 -3.9 2.6 Type I 10
B2455 5.7 393 797 953 216 85.5 7.2 1914 2504 |loss

B2436 6.3 434 797 953 864 79.2 -3.6 5.5

B2434 6.2 428 809 968 840 891 14 70 @15 rad/h
B2433 6.0 414 8.7 96.7 816 91.5 1.3 6.1

B2432 58  40.0 831 96.6 792 84.9 -1.9 7.6

B2409 55 379 887 982 1152 89.1 -0.88 11.4

B2408 6.6 455 836 97.0 1128 80.8 -1.8 10.3 - _
B2407 6.1 421 831 96.9 1104 87.5 -1.2 10.4 Waltlng time:
B2406 6.6 455 829 97.1 1080 79.5 -3.3 5.8

B2382 6.5 448 848 939 1416 68.8 -3.5 8.7 at least 48h
B2381 7.2 497 8.8 934 1392 7.7 -1.8 11.9

B2376 7.4 510 800 947 1368 80.7 -1.6 11.6

B2375 6.1 421 734 922 1344 80.6 2.1 8.9

B2465 5.4  37.2 849 06.2 72 94.9 — —

* time interval between annealing and initial measurement.
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L.O. loss after 15 rad/h irradiation (%)
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PWO Stable after Annealing

No variations
In either light
output or
longitudinal
transmittance
was observed
8 hours after
the thermal
annealing
procedure.
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Longitudinal Transmittance Recovery

0.2
BTCP-P7566

| After 9000 rad/h in Equilibrium
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Short Term (two
weeks) Recovery

ECAL monitoring
takes 30 minutes
to cover entire
calorimeter in situ.

The maximum
recovery speed
and time constant
are measures of
the monitor-ability
of the crystal.
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Summary:. Short Term LT Recovery

D AT (%) Fo (%) v (%/h) 7 (h)

B2467 0.4 50.0 0.09 52.6 11
B2466* 5.8 60.3 0.16 22.8 al samples ISHOEL e
B2456 6.4 54.7 0.07 47.5 1000

P7903 6.5 47.7 0.10 32.6 Air temperature fluctuation 22 -

P7654 8.4 35.7 0.09 37.1 | of scintillation LAB s | f i { f
P7566 6.0 56.7 0.09 37.5 P S R O
P7557 6.5 50.8 0.06 5.9 gool L
P7467 7.0 52.9 0.07 59.9 - RT at Caltech § vﬁﬁ \!m \ gﬁ-g
B2464 293 52.2 0.83 25.9 [ 8 Wi
B2458  19.8 57.1 0.40 35.0 [ S
B2457 18.9 52.4 0.41 30.1  gool Time (Hour)
B2455  22.7 35.6 0.36 26.5 [ i

B2436 51.0 38.4 0.96 11.5 X' /ndf 1449 /| 7
B2434  30.1 53.8 0.75 31.0 : P1 606.1
B2433 17.6 57.9 0.95 29.5 400 P2 18.15
B2432  38.1 19.1 0.95 31.9 : P3 0.1943
B2409  29.0 40.7 0.38 43.8 P4 112.4
B2408  30.2 46.4 0.51 39.2 i P5 21.11
B2407 26.5 47.6 0.49 34.4 o0l P6 0.1957
B2406  33.0 33.2 0.54 31.1 [

B2382 429 48.7 0.85 42.8 [ / ~
B2381  33.3 47.1 0.71 33.1 [ \ *—HZ

B2376  35.5 43.9 0.79 30.5 A NL . S\
B2375  33.9 12.8 0.69 31.7 17 18 19 20 21 22
* Recovery from 35,000 rad/h, all others from 9 krad/t Temperatu re ( C)
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Long Term Recovery under 18°C

Temperature (°C)

Two type |l
samples, B2375,
and B2376, and
five type | samples
went through a
long term recovery
test for 160 days.
Since February,
they are stored in a
cooler, which
keeps temperature
at 18°C with 0.1°C
precision.
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LT Recovery: Type |

1 1
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LT Recovery: Type Il
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Emission Weighted RIAC ()

Wavelength (nm) Sample Dose Rate (rad/h)
0.4 220 700 600 200 400 ID 15 100 400 9000
BTCP-2467 B2467 0.12 0.20 035 0.42
031 X001 . —230 0 -0 RIAC=0.12 B2466 0.09 0.14 022 0.22
A,=0.16 E_, =307 c,=0.42 B2456 0.09 0.18 0.25 0.28
0.2 4 /pOF=02 . P7903 0.09 — 0.18 0.29
P7654 0.15 — 024 0.37
01 P7566 0.06 — 0.14 0.26
0 , P7557 0.07 — 0.17 0.29
400 rad/h P7467 0.07 — 0.16 0.28

B2464 0.20 0.42 089 1.61
B2458 0.11 0.26 0.56 1.02
B2457 0.10 0.25 057 0.97
B2455 0.23 047 065 0.90
B2436 0.34 0.79 1.19 3.15
B2434 0.12 032 065 1.43
B2433 0.10 033 052 0.77
B2432 0.17 048 1.05 1.96

- A =013 E =230 o, =0.35
~ A,=0.39 E_,=3.07 c,=0.42
- ¥?/DOF =0.8

o
~
I

o
N
T | T

F T
- 9000 rad/h

Emission Weighted RIAC (m™)

0.6} A =016 E,=2300,=035 B2409 0.12 — 069 1.53
[ A,=047 E,=307 0,=0.42 B2408 0.18 — 092 160
04| X/DOF-05 B2407 0.14 — 078 1.36
! B2406 0.16 — 086 179
02 B2382 0.31 — 087 242
S B2381 0.18 — 080 1.77
0% 35 , B2376 019 — 064 1.88
B2375 0.16 — 051 L78

Photon energy (eV)
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Emission Weighted RIAC (lII)

Emission weighted Rad. Ind. absorption

versus dose rate of x
3 24 BTCP CMS PWO crystals "

Absorption coefficient (m™)

o
o

Type (I)

Dose rate (rad/h)

25 Crystals: 3 Types

Type |: 2456, 2466
and 2467 and all 5
parrel samples:
P7467, P7557,
P7566, P7654,
P7903.

Type II: All other
endcap samples,
except that in | and
11

Type lll: 2465.
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EWRIAC Recovery: Type |
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EWRIAC Recovery: Type Il

BTCP-2375 BTCP-2376
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Summary of Long Term Recovery

T
Fit: — = Ag — A1 (1 — e ™) — Ay(1 — e7¥/™) . .
T Recovery of longitudinal

Sample 1-Ac F1  n  F» n»  Fx transmittance at 440 nm and
D (%) (%) (hour) (%) (hour) (%)

Type II PWO Samples EWRIAC are consistent.
B2375 33.9 39.8 3l7 224 1,363 378
B2376  35.5 42.3 305 23.7 1,232  34.0 . _ e Y
Average 347 411 311 231 1,208 359 EWRIAC = Ao+ dre™ 7 4 dae
Type I PWO Samples A = Ag + A7 + Ao

P7467 7.0 486 599 229 1847 285
P7557 6.7 49.3 520 37.3 1897 132 Sample Asum i T1 Fo T2 Fu
P7566 6.1 54.1 375 393 1926 6.6 ID (m™") (%) (hour) (%) (hour) (%)
P7654 85 353 37.1 294 2081 353 Type 11 PWO Samples

P7903 6.5 46.2 326 323 1,028 215 B2375  1.80 46.1 32.9 222 1376 31.7
Average 7.0 46.7 438 322 1,037 211 B2376 1.82 489 292 225 1231 28.6

F; denotes the fraction of corresponding component. Average 1.81 475 31.1 224 1304 30.2
Type I PWO Samples

- - P7467 029 521 623 257 1836 22.0
A residual component with P7557  0.20 517 588 345 1896 13.8

longer recovery time constant P76 025 531 40.7 347 1935 12.2
P7654  0.36 417 356 250 2065 33.3

IS at 20 to 30% level for type |  proo3 020 524 338 329 192 147
and Il crystals respectively Average 030 502 462 306 1,931 19.2

F; denotes the fraction of corresponding component.
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Summary

= No variations in either light output or
longitudinal transmittance for
measurements 8 hours after the 200°C
thermal annealing.

= PWO recovery measured under 18°C In
160 days can be described by two time
constants: few tens hours and few
thousands hours. Type | crystal has
longer recovery time constant.

= A residual component at 20/30% level
may have even longer recovery time
constant.
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