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Introduction

� 20 endcap PWO crystals arrived Caltech by 
the end of October. 

� 8 crystals went through a test procedure 
under J–ray irradiation at 15, 100, 400 and 9k
rad/h, following by recovery. 

� All samples were annealed at 200 degree C 
for 3 hours before test, followed by irradiation 
under certain dose rate until equilibrium.

� The crystal performance is diverse. The 8 
samples can be divided to 3 types.
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Crystal Property Measured

� UV-excited photo luminescence.
� Longitudinal transmittance.
� Light output and decay kinetics.
� Radiation damage.
� Radiation induced color centers. 



'HFHPEHU�������� �CMS Week, Ren-yuan Zhu

Caltech γ–ray Irradiation Facilities
Open 50 curie Co-60: 
15, 100 and 400 rad/h 

Closed 2,000 curie Cs-137: 
9k rad/h at center, up to 36k rad/h
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Photoluminescence

All 8 samples 
show no variation 
of either excitation 
or emission 
spectra. 
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Longitudinal Transmittance  (I)

Type I sample: relatively small degradation 
in longitudinal transmittance especially 
under high dose rates.
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Longitudinal Transmittance (II)

Type II 
sample: 
relatively large 
degradation in 
longitudinal 
transmittance, 
especially 
under high 
dose rates.
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Longitudinal Transmittance (III)

Type III sample: 
preexisting 
intrinsic color 
center at 420 nm 
after 200 degree 
annealing, 
causing difficulty 
for monitoring 
with 440 nm light
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8 Samples in Three Types

Type I: 2456, 
2466 and 2467;

Type II: 2455, 
2457, 2458 and 
2464;

Type III: 2465.
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Longitudinal Transmittance versus Damage
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Radiation Induced Color Center Density

� Radiation induced 
color center density, 
or absorption 
coefficient:

beforemequilibriu LALLAL
D

11 −=

LAL:
light attenuation 
length
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Radiation Induced Color Centers (I)

C1: 2.30 eV (540 nm)  with width of 0.35 eV
C2: 3.07 eV (400 nm)  with width of 0.42 eV 
Radiation induced CC density <0.4/m
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Radiation Induced Color Centers (II)

C1: 2.30 eV (540 nm) 
with width of 0.19 eV

C2: 3.07 eV (400 nm) 
with width of 0.70 eV  

Radiation induced CC 
density up to 1/m.
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Radiation Induced Color Centers (III)

Different color centers 
under low and high 
dose dates: Poor Fit.

C1: 2.30 eV (540 nm) 
with width of 0.19 eV

C2: 3.07 eV (400 nm) 
with width of 0.16 and 
0.76 eV
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Previous Samples: Type II CC

C1: 2.30 eV (540 nm) / 0.19 eV     C2: 3.07 eV (400 nm) / 0.76 eV
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Light Output and Decay Kinetics

All samples have fast, but low, light output
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Previous Samples: Higher Light Output

>85 and 95% of light in 50 and 100 ns
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Light Output/LT Degradation (I)

Light output degradation of all samples show dose rate 
dependence. Type I crystals lose 10 – 20% light output 
under the barrel dose rate (15 rad/h) and 20—35% 
under the endcap dose rate (100—400 rad/h). 
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Light Output/LT Degradation (II)

Type II crystals 
lose 10 – 25% 
under the barrel 
dose rate and 
more than 30% 
under the endcap 
dose rate, which 
can not be 
determined by 
using source.
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Light Output/LT Degradation (III)

Type III crystals 
lose a few 
percents under 
the barrel dose 
rate. Some 
confusion of 
monitoring at 
440 nm.
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Early Samples Show less damage

5--15% and 15--30% light output loss under 15 and 500 rad/h
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2458 Recovery after 400 rad/h
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2464 Recovery after 400 rad/h
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Summary

� 8 endcap PWO crystals can be divided to three 
different types with different level of radiation 
damage and radiation induced color centers. 

� Type I crystals are different from previous 
samples, and are more radiation hard.

� Type II crystals are basically similar to previous 
samples. 

� Type III crystals have problem for monitoring 
with 440 nm light, so should be rejected. 

� All samples have fast, but low, light output.
� No correlations between radiation hardness and 

longitudinal transmittance was observed.
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Summary of Light Output Measurements

---57.373.593.594.785.073.010.8SIC-679

BGRI-826

97.7

86.6

80.283.691.398.297.392.056.88.4SIC-S392

ID

------63.676.183.959.58.8BTCP-5658

---------77.498.586.848.67.2BTCP-5618

---------82.998.548.67.2BTCP-5615

68.270.376.886.197.989.862.89.3BTCP-2162

70.572.378.689.297.889.955.48.2BTCP-2133

---62.274.786.096.784.475.711.2

---69.978.789.095.583.577.011.4BGRI-824

---59.676.094.293.585.270.310.4SIC-678

------79.391.798.488.370.310.4SIC-606

---81.484.291.594.285.671.610.6SIC-S762

------79.888.398.988.860.18.9SIC-S643

85.385.991.298.298.694.656.18.3SIC-S412

78.082.188.695.197.891.366.99.9SIC-S347

74.379.587.396.696.692.063.59.4SIC-S301

100050010015100ns/1Ps50ns/1PsJp.e.

LO (%) at R (rad/h)Fraction (%)LO (1/MeV)Sample


