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Introduction

Measuring the radiation tolerance of the glass batches which are candidates for the faceplates of the production VPT devices is a critical step in the production chain. This note outlines the measurement technique and provides data for the batches of glass, provided by RIE, which have been tested at Brunel to date.

Method

Faceplate samples have their optical absorption measured from 300 nm to 800 nm in a dual-beam spectrophotometer
 at a temperature of 20±1 °C. Following this the samples are gamma irradiated, in the dark at a temperature of about 19 °C, to a dose close to 20 kGy. This dose is given in a highly accelerated manner over a period of approximately 48 hours. After being removed from the irradiation facility the optical absorption of the samples is remeasured and the induced absorption is calculated.

From these data, and using the parameterised scintillation spectrum of lead tungstate (figure 1), the effect on the spectrally weighted transmission of the light is determined. Batches which pass the acceptance criterion of ( 90% after a dose of 20 kGy are notified to RIE by RAL and these are used in the production tubes.
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Figure 1
The parameterised scintillation emission spectrum which is used to calculate the spectrally weighted transmission loss after irradiation. The area under the curve is equal to 100%.

Batches tested

Table 1 lists the faceplate glass batches currently at Brunel and their status.

	Glass
	Total number of samples
	Number of samples tested
	Comment

	C96
	5
	0
	INTAS project

	US49#29364
	5
	3
	

	1149-N93
	2
	2
	

	YC11449#27545
	4
	1
	

	YC11449#27561
	1
	0
	

	YC11449#93
	1
	2
	Sample cut up

	YC49 (no batch #)
	2
	1
	51 mm diameter

	YC49#20346
	4
	1
	

	YC49#30334
	1
	1
	

	YT49#30797
	5
	2
	

	YC49#33453
	1
	1
	

	YC49#5273
	4
	2
	Sample cut up

	YT49#25236
	5
	4
	

	YT49#30832
	5
	2
	

	YT49#31394
	5
	2
	


Table 1
List of Russian faceplate samples currently at Brunel and their test status.

Results

Table 2 lists the faceplate glass batches which have been explicitly evaluated for use in pre-production or production VPT.

	Glass
	Dose (kGy)
	Weighted transmission (%)

	US49#29364
	26.3
	91.4

	1149-N93
	26.3
	92.3

	YC49 (no batch #)
	24.8
	93.4

	YC49#30334
	26.3
	90.4

	YT49#30797
	19.3
	94.2

	YC49#33453
	19.3
	94.7

	YC49#5273
	26.3
	91.1

	YT49#25236
	28.2
	85.1

	YT49#25236
	19.3
	88.5

	YT49#30832
	28.2
	92.4

	YT49#31394
	28.2
	88.1


Table 2
Radiation induced absorbance of Russian faceplate samples. Note that faceplates made of glass YT49#25236 were tested at both 19.3 kGy and 28.2 kGy total dose.

It can be seen that faceplates made from glass YC49 are in general more radiation tolerant than those made from glass YT49. The small change in the value of the weighted transmission for glass YT49#25236 for faceplates irradiated to a total dose of 28.2 kGy compared to those irradiated to a total dose of 19.3 kGy indicates that the damage has essentially saturated.

Accuracy

There are a number of factors that contribute to the accuracy with which the weighted transmission can be calculated. The absolute dose is known to within 10%, but the error on the relative dose is not larger than 2% With the U4100 spectrophotometer the repeatability of measurements where the sample has not been removed and replaced is better than 0.001 OD peak to peak. The tolerance to re-positioning of the current design of sample holder is however less good by a factor of about 5. In some of the plots, especially figures 3 and 4 taken on the old Lambda 9 spectrophotometer, one can see the effect of the W/D2 lamp changeover at 320 or 340 nm giving rise to a jump in the absorption spectrum. This effect is generally much smaller with recent data from the Hitachi U4100. A detailed analysis of the sources of error is currently underway, however in Table 3 we quote the weighted transmission for a number of glasses where two or more faceplate were simultaneously irradiated and measured. From this we estimate the error on this quantity to be 0.5%.

	Glass
	Dose (kGy)
	Weighted transmission (%)

	YC49#5273a
	26.3
	91.1

	YC49#5273b
	26.3
	91.1

	US49#29364a
	26.3
	91.4

	US49#29364b
	26.3
	90.7

	US49#29364c
	26.3
	91.0


Appendix

This appendix contains plots of radiation induced absorbance for some of the samples listed in tables 1 and 2 above.
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Figure 2
Radiation induced absorbance for glass 1149-N93b Sample measured using Lambda-9 spectrophotometer. 
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Figure 
3
Radiation induced absorbance for glass US49#29364c. Sample measured using Lambda-9 spectrophotometer. The jump at 320 nm is due to imperfect compensation for lamp changeover. 
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Figure 4
Radiation induced absorbance for glass YC49#30334a. Sample measured using Lambda-9 spectrophotometer. The jump at 320 nm is due to imperfect compensation for lamp changeover
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Figure 5
Radiation induced absorbance for glass YT49#25236a. Sample measured using U4100 spectrophotometer.
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6
Radiation induced absorbance for glass YT49#25236c. Sample measured using U4100 spectrophotometer.
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Figure 7
Radiation induced absorbance for glass YT49#30797a. Sample measured using U4100 spectrophotometer.
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Figure 8
Radiation induced absorbance for glass YT49#30832a. Sample measured using U4100 spectrophotometer. The jump at 340 nm is due lamp changeover compensation not working properly.
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Figure 9
Radiation induced absorbance for glass YT49#31394a. Sample measured using U4100 spectrophotometer.

Figure 10
Radiation induced absorbance for glass YT49[image: image11.wmf]1149-N93 Sample b
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#33453a. Sample measured using U4100 spectrophotometer.







� Measurements prior to 2002 were made on a Perkin-Elmer Lambda 9 spectrophotometer. Measurements  in 2002 were made using a new Hitachi U4100 spectrophotometer.





