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Abstract

The development of a high energy photon detector system in compact

form for use in experiments of high energy physics is described, and the

results of its characteristics calibrated using converted electron beams

and a pair spectrometer are reported.

This system consists of a total absorption lead glass Cerenkov

counter, twenty hodoscope arrays for the vertical and the horizontal

directions respectively, a lead plate for the conversion of y~rays into

electron-positron pairs, veto counters, photon hardener, and lead blocks

for shieldings and collimation. The spatial resolution of the hodoscope

is 15 mm for each direction, covering 301 * 301 mm2 area. The energy

resolution of the total absorption lead glass Cerenkov counter, whose

volume is 30 * 30 x 30 cm3, is typically 18 X (FWHM) for the incident

electron energy of 500 MeV, and it can be expressed with a relation of

AE/E - 3.94 E~ l / 2. (E in MeV).

* This work has been financially supported by the Grant-in-Aid for
Scientific Resecrches of the Ministry of Education.
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51. Introduction

The equipments that detect high energy y-rays with good energy and

spatial resolutions are desired for the experimental study of high energy

physics; YP "*" YP» YP "** n°P» or Y n "*" 1J°n ^ o r example. Besides the previous

conditions, good time resolution and firm shielding system against heavy

background are needed when the experiment is carried out with electron

synchrotron. It is also important to construct a detector system as

compact as possible without reducing its aperture for ease of manipulation

during the experiment. Taking these requires into account, we chose a

total absorption lead glass Cerenkov counter for measuring the energy of

a photon, and a lead plate and scintillation counter hodoscope for

converting an incident photon into electron-positron pairs and deciding

the position of the conversion point respectively. Veto counter is

applied for the rejection of charged particles such as electrons or

positrons, and photon hardener (LiH) for reducing soft components of

photons.

There are other various apparata for high energy physics experiments

which measure the energy of y-ray; pair spectrometer, total absorption

scintillation counter (Nal crystal, e t c ) , sandwich type shower counter,

and emulsion chamber. A total absorption lead glass Cerenkov counter has

the merits; good time resolution which enables high counting rate,

strongness against background, relatively good energy resolution, and

less expensive cost.

For determining the incident position of y-Tayr scintillation counter

horoscope is suited for its high repetition rate, compactness, simplicity
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of construction, and easiness to operate, among other detectors as wire-

or optical spark chamber, multi-wire proportional chamber, drift chamber,

lead glass hodoscope, etc. The spatial resolution of 15 mm is good enough

for some experiment.

The basic concept of the construction of this photon detector system

is to produce a firm set of all needed detectors lii compact form as

possible, taking into account the simplicity of repair works when troubles

occur.

§2. Mechanical Construction

The whole assembly is illustrated in Fig.l viewed from the top and

in Fig.12. Each component is, where possible, made modular for individual

future applications. The total absorption lead glass Cerenkov counter can

be separated from this detector system for ltd own use and car. be settled

in tbp shielding wear of lead blocks if needed, which is also separable.

One can use the hodoscope only in a magnetic spectrometer due to its

large aperture and relatively good spatial resolution. It however takes

a little trouble to exchange a wrong photomultiplier for a new one,

because the phototubes and the divider boxes are piled up in two layers

for compactness.

The lead plate converter is easily exchanged for another one through

a small door on the side face of the iron box surrounding this system.

There is a space for a converter plate of up to 18 mm thick. Whatever
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thickness the plate has, it always is held parallel to the hodoscope

plane as seen in Fig.l.

The surrounding iron box of 19 mm thick, whose volume is 75 * 75

* 75 cm3, prevents these detectors from a mechanical damage in an

emergency, and it also plays as a magnetic shield, a radiational shield

for low energy background, and a little bit light shield for photo-

multipliers. The photon hardener, its porch, and lead collimator are

removable if they are not needed.

§3. Descriptions

3-1. Total absorption Cerenkov counter

The Cerenkov element is a flint glass SF-2 (Ohara Optical Glass HFG.

Co., Ltd., Tokyo) of 30 x 30 x 30 cm3 volume; its density is 3.85 g/cm2,

radiation length is 10.9 g/cm2 (2.85 cm), a refractive index of 1.64769

for D-line, and a critical energy is 16.9 MeV. The light transmission of

10 mm thick glass is given in Table 1. All faces of the glass are optical-

ly polished and the glass is wrapped with aluminium foil to reflect the

Cerenkov light effectively.

The Cerenkov light produced in the glass is collected by nine R329

photomultipliers (Hamamatsu TV Co., Ltd., Hamatoatsu, Japan). The photo-

tube has equivalent size and characteristics to RCA 8575; its diameter is

53*5 mm. It has bialkali photo-cathode of 46.0 mm in diameter and twelve

stages of CuBe dynodes. The divider box is light shielded for fear the

light leak at the connector between phototube and box. The electronical

wiring is shown in Fig.2, which guarantees linearity of the output up to

2.0 V. Each phototube is wrapped with black tape (Permacell Co., Ltd.)

to give some protection in the event of light leak, it also is magnetical-

ly shielded with a cylinder of 1 mm thick y-metal.

Phototubes and lead glass are optica."? connected with 8 mm thick

silicon rubber plates made with KE 103 RTV (Shin-etsu Chemical Industry

Co., Ltd., Tokyo); its refractive index is 1.403 and its hardness is 20

JIS units. They also serve as cushions between the photomultipliers and

the lead glass. Light ehieldings are made doubly with black neo-plane

sponge plates against the leak at the silicon rubber plates through the

holes of rear panel.

The box containing a glass and photomultipliers is made with 6 nnu

thick iron and the total volume is 38 * 38 * 54 cm3. A gallium phosphide

light emission diode Monsant MV10B is mounted on the front face. The

pulsing is achieved by use of an avalanshe pulse generator.

3-2. Hodoscope

The scintillator matrix of 301 * 301 mm2 is constructed from Pilot-B

blades of 3 * 16 x 302 mm3. Pilot-B was chosen for its low light

attenuation. Light guides were manufactured with 4 mm thick lucite plates,

and curved after annealed at 150°C for an hour to guide light to photo-

multipliers, which are mounted on the plane perpendicular to the hodoscope

plane for the purpose of compactness.

Couplings between scintillator blades an'* light guides were ra^de

using Hysol adhesive and they were wrapped with aluminium foil and black

tape.



Philips XP1110 and Hamamatsu R654 photomultipliers are employed,

mainly because of their small size and large gain. The characteristics

of R654 are equivalent to those of Philips XP1118. They are 20 mm in

diameter and have 10-stage dynodes of CsSb. Photo-cathodes are S-10

(XP1110) and S-ll (R654) of 14 mm in diameter. Each phototube is wrapped

with black tape and magnetically shielded with a cylinder of 0.5 mm thick

y-metal. The electronical wiring of the divider chain is shown in Fig.3.

Phototube and its divider box are set in an aluminium case of 37 x 50

x 185 cm3 for the protection of light leak and the simplicity of repair

work.

The optical coupling between light guide and phototube is made using

10 mm thick silicon rubber plate of KE103RTV and silicon adhesive KE45RTV

(Shin-etsu Chemical Industry). The springs in the aluminium box and the

silicon rubber plate serve as cushion between light guide and phototube.

A light emission diode is mounted at the connected point of a light

guide and a photomultiplier.

Sclntillatbrs in vertical and horizontal directions respectively are

set alternatively with a distance of 2 mm each other, and the overlap region

between one blade and the next is 0.5 mm when seen perpendicularly. That

prevents from missing the desired particles that would pass through the

narrow region between two scintlllator blades in the case of non-over-

lapping type.

3-3. Lead plate converter

Three kinds of lead plate were manufactured; 1, 1.5 and 2 radiation

lengths. For this time, 310 x 310 x S.o^0*05!^3 one was used.
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3-4. Veto counter

The veto counter is separated into two scintillation counters. Each

scintillator size is 6 x 153 x 302 mm3. They overlap 1 mm each other

when viewed perpendicularly. The light guides were made with 6 x 155 x 250

mm3 lucite plates which were curved after annealed, and also with silicon

rubber KE103RTV.

Connection between scintillator and light guide was made using

Hysol adhesive and the optical coupling between light guide and photo-

multiplier was made with silicon oil.

Photomultipliers are mounted on the top side perpendicular to the

scintillator plane, and Philips 56AVP was chosen for its large gain.

3-5. Photon hardener

Some absorber material should be placed at the front in order to

reduce the background of low energy photons. Lithium hydride (LiH) was

chosen for its relatively easiness of practical handling and efficient

attenuation of soft photons, which passes high energy photons without

serious attenuation. The container box is of 100 * 330 x 330 mm3 inside

volume and made of aery lite plates; front and rear plates are 5 turn thick

and other four side ones are 10 mm thick. The LiH powder is packed in

this cade and sealed off, because it is easy to pervate in the air, and

reacts violently with water vapour.
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§4. Performance

This photon detector system was calibrated using electron beams, the

momentum of which was defined up to 550 MeV. High energy y~rays of the

bremsstrahlung beams from the 1.3 GeV electron synchrotron at the Institute

for Nuclear Study, University of Tokyo, were converted into electrons. The

momenta of the converted electrons were analyzed by a magnet and three

small scintillation counters in front of the detector system. The momentum

dispersion of the electron beam was about 1 2 at 500 MeV, and the projected

beam size on the detector was about 2 * 4 cm2. The accidental coincidence

rate of the three counters was about 0.1 %. The block diagrams of

electronics is shown in Fig.4.

For the test of Cerenkov counter, output pulses from nine R329

phototubes were adjusted in height and in time, and added together by

linear adder. One of the outputs coincidenced with the 3-fold scintil-

lation counter after passing through a "logic attenuator" and a discriminator.

The other passed through a "analog attenuator" and a linear gate which is

opened by the coincidence of Cerenkov counter and the 3-fold counter. The

output of the linear gate was analyzed by EG&G 128-channel CAMAC charge

digitizer- It was read out by OKITAC-4300 computer, and the spectrum was

displayed. It was typed out at the end of the run in numeric forms, and

In graphic forms if needed. The linearity of the whole circuit held

strictly up to 150 mV in pulse height at the input of linear adder. The

accdiental coincidence rate between Cerenkov counter and the 3-fold

counter was 1 %.
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The pulse height distributions for several incident electron energies

with 7 dB attenuation of each photomultiplier output are shown in Fig.5.

The spectrum is close to a Gaussian distribution. The curve in Fig.6

shows the peak position of the distribution as a function of the incident

electron energy. The energy resolution, defined by the full-width of the

distribution at the half maximum AE over E, is about 28 % at 200 MeV and

18 % at 500 MeV as plotted in Fig.7 together with some of other results

previously reported. *2*3' A dependence of pulse height on the position

of the incident electron beam, was measured for several points on the

quarter of the front surface as the counter is symmetric. In Fig.8 are

shown pulse height transformed to equivalent energy and its FWHM for

350 MeV electron as a function of the distance froi the center on the

horizontal center line.

We also tested with a lead plate converter of one radiation length.

In this case che pulse height of the Cerenkov counter is also plotted

against the electron energy in Fig.9, and the energy resolution is shown

in Fig.10.

The output of each scintillation counter of the hodoscope was

amplified for about ten to hundred times by a linear amplifier, and then

passed through an INS 6-channel discriminator module, and INS 16-channel

FAN-IN module to coincide with the output of the 3-fold counter. Another

output of the discriminator went to a sealer to monitor a single count

against troubles of the photomultiplier. The rest output, which is 1U0 ns

delayed,- goes to an INS CAMAC strobed coincidence module to get hodoscope

bit Informations in the case of application to real experiments. The high

voltages were supplied to the divider boxes from two INS 24-channel H.V.



dividers and they were set about 1500 V. The coincidence curves and the

attenuation curves of the counters were measured by momentum selected

electrons.

The two counters of the veto were also calibrated by the electrons.

Inefficiency of the veto counter was evaluated by measuring the accidental

coincidence between the pair counter and the Cerenkov counter, and its

coincidence rates with veto on and off. In the forward region, the single

counting rate of the veto went up to 2 MHz after multiplied ten for a

duty factor.

After all the tunings had been over,, the double ana coincidence

between the photon detector system and che proton spectrometer was made

for the process of YP •* ̂ 'p* VP "*" YP o r YP •* T V P - Using a liquid

hydrogen target, the conversion efficiency of a lead plate of one radiation

length was evaluated by measuring the coincidence rate with hodoscope on

and off respectively.

§5. Results

1) The pulse height from the Cerenkov counter is linear to the

incident electron energy between 150 MeV and 550 MeV in both

case of with and without a lead converter.

2) The energy resolution of the Cexenkov counter is proportional to

E"1'2 between 150 MeV to 500 MeV for the electron energy, which

can be expressed as

&B/E « 3.95 E " 1 ' 2 (E in MeV) .
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When a lead pla te of one radiation length i s placed in front of

i t , the energy resolution can be expressed as4»5 '

AE/E " 4.3 (E - 3 0 ) " 1 / 2 (E in MeV).

3) There is little difference in the pulse height distribution and

energy response at least inside the center 10 x 10 cm2 square on

the front surface.

4) The inefficiency of the veto counter is evaluated as follows.

- (P»C»V) - (P-C)'
n (P-C) - (P-C)' •

where (P-CV) and (P«C) are the coincidenced number of the 3-fold

counter and the Cerenkov counter with the veto counter on and off

respectively. (P-C)1 is the accidental coincidenced number

between them. Therefore, n = 0-145 + 0.055 %.

5) The conversion efficiency of 5.8 ± 0.05 mm lead plate is cal-

culated as e * 50.4 ± 1.2 %. the photon energy is about 50 to

750 MeV. This value is consistent with the one obtained from

Monte Carlo simulation.

§6. Conclusion

The total absorption Cerenkov counter showed a good energy resolution

in spite of its large aperture and a fewer photomultipliers. The behaviours

of energy resolutions and pulse height distributions under 150 MeV for the
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incide-it electron energy are accoun-ed for by the threshold o£ the dis-

criminator of logic circuit for Cerenkov counters. As seen in Fig.11,

logic bias cuts off the signal lower than about 50 MeV.

"Tiere occurred a trouble with one of the phototubes of the veto

ccizizzz, nna 1L was exchanged a new one. It took little time.

This photon decector system are now applied to the simultaneous

experiment of proton Compton scattering and photoproductlon of neutral

pions off protons at INS. The photograph of the experimental set-up is

seen in Fig.13.

For the future development of a high energy photon detector system,

we are planning a Nal crystal hodoscope system with rigid shieldings

, against background and a strong sweeping magnet.

machine shop. A lot of useful informations on photomultipliers and

electronic modules were obtained from Messrs. E. Inuzuka, K. Shiino and

S. Inaba. There also were helps of Mr. T. Ishii in making light guides

of the hodoscope.

Finally the authors are indebted to Mrs. H. Katayama and Miss A. Sato

for typing the manuscript and neat preparation of figures.
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Table Caption

Table 1 The light transmission of 10 mm thick lead glass SF-2.

Figure Captions

Fig. 1 The whole assembly of the photon detector system viewed from the

top.

Fig. 2 The electronical wiring of the high voltage divider chain for

Hamamatsu R329 phototube.

Fig. 3 The electronical wiring of the high voltage divider chain for

Philips XP1110 and Hamamatsu R654 phototubes.

Fig. 4 The electronics block diagram for the calibration of this system.

Fig. 5 Tha pulse height distributions from the total absorption lead

glass Cerenkov counter for several incident electron energies.

The pulses from the nine phototubes are added.

Fig. 6 The peak position of the distribution as a function of the incident

electron energy.

Fig. 7 The energy resolution defined by the full-width of the distri-

bution at the half maximum AE over E as a function of incident

electron energy. The lead plate converter is taken off. The

solid line is 3.95 E"1'2. The energy resolutions of the preveouly

constructed lead glass Cerenkov counters are also shown for

comparison.
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Fig. 8 The pulse height response and its FWHM for 350 MeV incident

electrons ae a function of the distance from the ce-^er ou the

horizontal center line.

Fig. 9 The peak position of the distribution as a function of the

incident electron energy when a lead plate converter of one

radiation length is placed in front of the lead glass Cerenkov

counter*

Fig,10 The energy resolution as a function of incident electron energy

when a lead plate converter of one radiation length is applied.

The solid line is 4.3 (E - 30)~ l / 2.

Fig.11 The efficiency of the lead glass Cerenkov counter as a function

of the attenuation value of a "logic attenuator." The threshold

is variable with this logic attenuator. The minimum threshold

corresponds to 60 MeV for the incident electron energy.

Fig.12 The photographs of the photon detector system.

Fig.13 The photograph of experimental layout for high energy physics,

the simultaneous experiment of proton Compton scattering and

photoproduction of neutral piona off protons at INS. The photon

detector system was applied to the experiment.

(photograph by Kr. Kohiyama, 1974)

X (nm)

320

33P

340

350

360

370

380

390

400

440

SOO
600

700

10 mm

0.11

0.47

0.74

0.88

0.938

0.960

0.978

0.984

0.994

0.998

0.998

0.998

Table 1 The light transmission
of lead glass SF-2.
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