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Evaluating the gamma and neutron radiation tolerance of Vacuum PhotoTriodes for the Endcap Calorimeter of the Compact Muon Solenoid
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The vacuum phototriode photodetectors for the endcap electromagnetic calorimeter of the Compact Muon Solenoid experiment at the LHC must survive intense gamma and neutron irradiation. We report on measurements of radiation damage tolerance of these tubes and of component parts, particularly the glass faceplates onto which the photocathode is deposited. We demonstrate that a large number of devices can be reliably made by industry at an affordable price and that they will survive doses equivalent to ten years operation of the LHC at full design luminosity.

1. Introduction 

1.1. 
The CMS electromagnetic end-cap calorimeter

The Compact Muon Solenoid detector (CMS) [1] is one of two general purpose particle physics experiments being prepared for theLarge Hadron Collider (LHC) at CERN. The radiation levels within CMS are generally very much higher than those in current or previous high energy physics experiments. Figure 1 shows the distribution of radiation dose and neutron fluence expected in the region of the electromagnetic calorimeter, after 10 years of operation [2]. The electromagnetic calorimetry uses large monocrystals of the scintillator lead tungstate coupled to sensitive photodetectors. The photodetectors that have been developed for the barrel section of the calorimeter are avalanche photodiodes [3].
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Figure 1. Calculated neutron fluence and gamma ray dose as a function of rapidity in the region of the CMS electromagnetic calorimeter for ten years of LCH high luminosity operation. The simulation code FLUKA was used with a detailed simulation of the CMS detector.

However, silicon devices cannot be used in the end-caps since the radiation doses and neutron fluences are so large that the increased leakage currents would give an unacceptably high contribution to the noise. Vacuum phototriodes (VPTs), which are essentially single stage photomultiplier tubes, have therefore been chosen for the end-caps. Such devices are potentially very radiation hard and they can be designed to have useful internal gain at moderate (< 30() angles to the magnetic field.

1.2. Vacuum Phototriodes

We have reported earlier on the development of small radiation tolerant vacuum phototriodes for the endcap calorimeter application [4]. Since then we have moved to full production of the devices that will be installed in CMS. Devices manufactured to our specifications in Russia by Research Institute Electron [5] are shipped to the UK and go through a standard set of low-field tests with batch samples evaluated at 4T [6]. A key part of the quality assurance process is to evaluate the radiation tolerance to gamma rays of the batches of glass from which the faceplates are made before they are used in the manufacturing process. In addition a number of complete tubes have been measured in both neutron and gamma irradiation facilities for degradation of performance. In section 2 we report on the faceplate testing and in section 3 results on complete tubes.

2. Radiation tolerant faceplates

In earlier work [4] we showed that UV borosilicate glasses (for example Schott 8337B) and glasses doped with cerium would be good candidates for the faceplate of the VPT. We have determined that a Russian borosilicate glass which is a UV transparent is entirely satisfactory for our application, with most batches meeting our requirement that only 10% of the light from a lead tungstate crystal (350 to 600 nm peaking at 430 nm) is lost after a gamma dose of 20 kGy (see figure 2).

The induced absorption band at ~ 330 nm is typical of all the samples we have evaluated and is known in the literature [7]. We have also evaluated glasses for resistance to extremely high fluences of neutrons, with a new cerium-doped glass "C96", having exceptionally good properties (figure 3).
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Figure 2. Induced absorption after a gamma dose of 20 kGy for a 1.0 mm thick sample of glass US-49. batch 30743. The transmission of light from lead tungstate through this glass is reduced to 93% of the unirradiated value.
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Figure 3. Light transmission of US-49C borosilicate and C-96 cerium-doped glass faceplates before and after a neutron fluence of 7×1015 cm-2.

3. Radiation tolerant VPT devices

We have evaluated complete devices for radiation tolerance with both neutron and gamma ray facilities. Two tubes were irradiated under full voltage (1000V/800V) for a gamma dose of over 20 kGy. No change in dark current was detected during the irradiation when the source was off (source on produced Cerenkov light in the faceplate). Tubes were also tested in a neutron source having a spectrum similar to that encountered in CMS (figure 4)
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Figure 4. Noise increase during neutron irradiation of a production VPT. The neutron flux was 107 cm-2.s-1

Complete VPT devices show no significant change in electrical properties with gamma rays and only a small noise increase (comparable with the fundamental electronic noise of the amplifier ~ 3000 electrons) with neutrons.

4. Summary and conclusions

Quartz faceplates for photocathodes, despite its exceptional radiation tolerance, suffers from the need for graded seals to thermally match it to the borosilicate body glass of the photodetector. Not only does this add ~ 10 mm to the length of the tube, but it almost doubles the cost due to the additional processing steps needed. UV transparent borosilicate glass is a completely acceptable alternative even for doses as high as 20 kGy. Complete VPT devices are essentially unaffected by gamma and neutron irradiation other than the effect on the faceplate transmission. Over 6000 from a total of over 15000 VPT have now been delivered and tested to schedule. We conclude that the mass production of inexpensive vacuum photodetectors for extreme radiation environments has been achieved. 
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