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Summa ry

Tube backgrounds of several 2-inch photomultiplier types having

Sll» S , SI 3 and S20 cathodes are compared by measuring signal

and background pulse height distributions at pulse heights correspond-

ing to a few photo-electrons. The reference signal is generated by

means of a (3- source and a plexiglass radiator. It is found that com-

paratively good results are obtained with selected tubes of the EMI

types 6097B and 9514B> having equivalent dark current dc values down

to 10 input lumens.

Special interest is devoted to the correlation between the meas-

ured tube backgrounds and the dark current dc values of the tubes, as

a good correlation between these parameters simplifies the selection

of photomultiplier tubes. The equivalent dark currents of the testad
-12 -9

tubes extend over the range 10 to 1 0 input lumens.

Although the investigation deals with photomultiplier tubes in-

tended for use in low level Cerenkov detectors it is believed that the

results could be valuable in other fields where photomultiplier tubes

are utilized for the detection of weak light pulses.

Printed and distributed in March 1965.
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1. 0 Introduction

Scintillation counting of tritium and C is well known to repre-

sent a difficult technique due to the very weak light pulses produced

in the scintillator by the low energy ^-particles from these isotopes.

The same problems arise when a Cerenkov detector is used for detection

of {3 and y- radiation up to energies of a few MeV. The selection of

photomultiplier tubes for these applications are really important where

low level measurements are concerned.

Cerenkov detectors are mainly used in the energy region mention-

ed for the detection of j3-activities in water. For measurements of long-
90

lived isotopes, like Sr , activity concentrations less than those per-.

missible in drinking water are of interest, whereas for measurements

of fission products in reactor coolant water only concentrations suffi-

ciently higher might be important. In both cases, however» background

difficulties may arise dxie to limited sample volumes and optical losses

in radiators and reflectors. In a Cerenkov detector with a relatively

small water radiator, i.e. of the order of ] 00 cm , background pulses

originate almost exclusively from the dark current of the photomulti-

plier. At room temperature this is valid for almost any commercially

available type of photomultiplier, especially if tubes having dark current

values typical for a particular type are concerned. The spread in dark

current values may extend over two to three decades for most types [1],

and therefore selected tubes give a considerable improvement for low

level applications. Anyhow with the best 2-inch tubes available at the

time of this investigation, i. e. tubes with dark current dc values cor-
-3 2

responding to about 10 input lumens, the dark cxirrent generally gives

a larger contribution to the total background count rate than the normal

background radiation.

Cooling and coincidence arrangements are sometimes used, to

overcome the tube background difficulties in low level Cerenkov detec-

tors P2, 3j. Both methods have» however, certain disadvantages. Es-

peeially in Cerenkov detectors applied in conjunction with monitoring

of continuously flowing water cooling is impractical and complicates the

detector construction.
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A disadvantage with the coincidence connected counter is that the

Cerenkov radiation produced is shared between the two multiplier cath-

odes and tfcuis the signal falls in a more, unfavourable part of the back-

ground pulse spectrum than in the. single-tube case, Furthermore the

reduced signal pulse height gives rise to a deterioration in the energy

resolution. This investigation deals only \vith the selection of photo-

multipliers for uricooled single-tube detectors, but ought to be valuable

also when cooling and coincidence coupling are applied.

The photomultiplier tubes investigated are commercially available

2-inch tubes with Sll, S , SI 3 and S20 cathodes. Dark ciirrent de va-

lues for these tubes as well as some other tube parameters are known

from the manufacturer's production test, ' These data are normally

supplied together with the tubes by some manufacturers, whereas from

others the test results have been supplied on request. As the low level

performance of a photomultiplier tube is rather closely correlated to

the dc dark current value, the number of measured tubes of a partic-

ular type have been kept small. Yet it is hoped that the results obtain-

ed are representative for most of the investigated types. In general tu-

bes with dark current dc values considerably lower than the average

values of the various types have been selected. Both photomultiplier

tubes of "general purpose11 type and tubes specially made for low level

applications have been tested, as well as uLtraviolet sensitive types.,

As known the Cerenkov radiation falls to a great extent in the violet and

ultraviolet part of the spectrum. Also a few fast tubes have been tested

as these tubes are of particular interest in coincidence coupled detec-

tors. Some of the types have been chosen on account of being frequently

used in Cerenkov detectors.

The investigation deals mainly with the problem of finding sriitable

photomultiplier tubes for (3-sensitive Ceronkov detectors with water ra-

diators. Beta energies of 1-10 MeV are of most interest here, which

means signal pulses corresponding to one or a few photo-electrons. Due

to the spread in output pulse amplitudes it might even be necessary to

record signal pulses smaller than the average single photo-electron out-

put ptilse.

x) For one tube the value of the dark current could not be supplied.
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Although performed for the mentioned application this comparative

investigation ought to be of importance in other types of Cerenkov

detectors and in low energy scintillation detectors.

2. 0 Experimental procedure

As a rule comparative measurements on photomultiplier tubes

are very time-consuming. This is due tOi

a) large spread in tube parameter values which means that a lot

of tubes have to be investigated

b) difficulties in finding the optirrmm working condition as the per-

formance is determined by the anode voltage, the individual dy-

node voltages and for some tubes also the voltage on focusing

and accelerating electrodes

c) except for dc measurements, the performance has to be re-

lated to complete pulse spectra both.for signal and background

d) photomultiplier tubes are very sensitive to voltage and temper-

ature variations; gain and dark current vary with time» often

irregularly

e) changes in signal intensity cause variation in tube gain

f) when changing the applied voltage the final values of tube gain

and dark current are slowly reached

g) after exposure to normal daylight the tubes have to be kept in

darkness for many hours before the dark current is stable.

In this investigation as many as ten different types of 2-inch pho-

tomultiplier tubes have been studied with respect to signal and back-

ground pulse spectra. As mentioned above the number of tested tubes

of the various types has been kept small as it was found that the signal-

to-background ratio could be estimated with knowledge of the dc value

of the anode dark current at a specific amplification. In other words

this means that the dark current dc value, expressed in equivalent in-

put lumens, is a good measure of the expected number of dark current

pulses at pulse heights corresponding to one or a few photo-electrons.
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However, deviations from this rule have been found which cannot be ex-

plained by differences in the operating conditions of the tubes in this test

and the dc measurements made by the manufacturer.

To keep the time required for an investigation as comprehensive

as this within reasonable limits it is necessary that the experimental

procedure is simple. The test apparatus should permit tubes of various

length to be tested and the electronic equipment should allow the opera-

ting conditions of the tubes to be varied over wide ranges. As the spec-

tral sensitivity and speed of response of the tubes are also important

when selecting photomultiplier tubes, a "signal source" which gives

light pulses with the same spectral distribution and time characteris-

tic as those valid for the intended application is desirable.

Therefore Cerenkov light pulses produced in a small radiator by

j3-particles was utilized as a reference signal. For practical reasons

a plexiglass radiator was chosen, although a water radiator would have

given more correct results. As known both spectral transmission and

Cerenkov radiation intensity are different for water and plexiglass.

For the results obtained with ultraviolet sensitive photomultipliers

some experiments with a water radiator are discussed. Yet plexiglass

is a good radiator material as the scintillation light output is small com-

pared to the Cerenkov radiation yield. The plexiglass radiator used has

the following dimensions: diam. » 42 mr-ni height »10 rrra» and all its

surfa.ces are polished. Silicone grease (Dow Corning C-2-0057) is used

to fix the radiator to the face of the photomultiplier. During measure-

ments the photomultipliers are placed inside a light-tight tube arrange-

ment. Fig. 1, which allows photomultipliers with different length to be

tested as for each type a different length of the socket holder is chosen.

The fine adjustment for each photomultiplier can be performed by screw-

ing the top plate up or down. This top plate has an opening covered with

alurninized mylar through which (3-radiation can reach the radiator. A

small source ( ~ 0, 05 p,c) of Sr - Y attached to a plexiglass holder

which fits in the opening in the top plate supplies the reference signal.

All tubes were tested at several working points and background count

rates (source removed) and signal + background count rates (source in

position) were measured at various discriminator levels.



Top plate Aln nr\_[n i zed mylar

Plexiglas radiator

Socket holder

ig . 1. Ivxperimental set-up
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When choosing the operating conditions of the photomultiplier

tubes, the recommendations of the manufactures were followed. Thus

the recommended voltage dividers were utilized in general, and when

variable focusing* accelerating or shield voltages were proposed} these

voltages were adjusted for optimum signal-to-background ratios» The

best performance of a photomultiplier tube ought to be obtained when all

the dynode voltages are individually adjusted [4], The voltage between

cathode and first dynode is of special interest [5, 6], Here fixed vol-

tage dividers were used, but the applied high voltage was varied, most-

ly in three steps over a range of about 600 volts. Such a variation of

the applied voltage did not result in any appreciable change in signal-

to-background ratios for most tubes» though a maxiixmra could normally

be found at relatively low voltages. It is felt that a more careful choice

of working conditions ought to have Improved the performance of almost

all the investigated tubes. However, this improvement is probably neg-

ligible compared to the differences in performance of the various tubes»

The electronic instruments used for the measurements were a

high voltage supply with continuoiisly variable output voltage» a cathode

follower, a linear amplifier with a maximum gain of 10, 000 and a

sealer. Long-time stability measurements were performed by means of

a count rate meter and a recorder* The voltage divider was placed insi-

de the light-tight tube arrangement and the cathode follower outside.

The cathode follower was connected to the photomultiplier output through

a short cable.

Before the commencement of the measurements, the photomulti-

pliers were kept in darkness for 20 hours with the high voltage on. Yet

it is believed that the results obtained for some of the tubes could have

been improved slightly by keeping the tubes in darkness still longer.

The temperature dependence of the dark current demands also that

temperature stability is reached before measurements can be started.

All tubes were tested at a temperature of 23 - 1 C. Gain variations

in the amplifier chain are of small importance as the total gain always

is adjusted by means of the reference source (see below).

To estimate the influence of background radiation a shield of 1 0 cm

of lead was placed around the detector in a separate test.
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It was found that this shield did not have much influence on the total

background count rate, originating from dark emission in the photo-

multiplier and background radiation. At the lowest discriminator lev-

el used the lead shield gave a decrease in the total background count

rate of about 170 cpm. This is small compared to the count rates of

several thousands cpm measured at the same discriminator level for

most of the tubes. For practical reasons the lead shield was omitted

during the ordinary measurements of the tubes. Instead the background

pulse count rates were corrected for the small contribution from low

energy background radiation found in the separate test mentioned above.

As a matter of fact only a few of the investigated photomultiplier tubes

had dark currents low enough to permit this radiation contribution to be

measured.

j M ) R e s u l t s

The investigated tubes have been divided into groups having Sll»

S » SI 3 and S20 cathodes. Except for the group with Si 1 cathode the

investigated number of tubes is rather limited. Before presenting the

summarized results obtained for the various types the results for some

tubes will be discussed in more detail.

3. 1 General test results

Count rates at various discriminator levels between 10 and 100

volts were recorded with and without the beta source, thus giving sig-

nal + background (S+B) and background (B). The complete test results

of a multiplier of type EMI 609 ?B follows from Tab. 1. The test starts

by setting the amplifier gain at 1 0, 000 and by choosing an anode voltage

such that the reference source gives a count rate of 12, 000 cpm at the

discriminator level 20 volts. Then the count rate values S+B and B are

measured at the discriminator levels 10, 20, 40, 60* 80 and 100 volts.

The high voltage is then increased in two steps and the amplifier gain

adjusted to again give a signal of 1 2, 000 cpm at the discriminator level

V, » 20 volts. By setting the gain of photomultiplier and amplifier ac-

cording to this procedure background pulse spectra of particular inter-

est in low level Cerenkov counters are obtained.
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For instance when detecting Sr - Y in water with a Cerenkov

detector having a volume of 200 cm and with a 609 7B photomuiti-

plier the optimal signal-to-background ratio was found at a discrimi-

nator level corresponding to 10-20 volts. Taking into account the gain

of the tube and the capacitance at the amplifier input the output pulse

originating from a single photo-electron can be estimated. For a

6097B tube it was found that the discriminator level 10 voits roughly

corresponds to the average output pulse from two photo-electrons.

Thus the chosen discriminator levels are realistic when selecting

photo-multiplier tubes for Cerenkov detectors utilized for measure-

ment of (3-activities in water with energies in the range 1-10 MeV.

After completing the investigation it is obvious that the background

pulse distribution at still lower discriminator level could, be of interest,

particularly if isotopes having beta end-point energies around 1 MeV

are concerned.

Anode

voltage

1005

— —

1280

1555

Amplifier

gain

10000

. — _.. . —
1400

330

(S)

(B)

(S)

(B)

(S)

(B)

10

16800

4320

17000
4460

16900
4730

1

—
1

1

Count rate

Discr. level

20

2100

170

2000

250

1900

290

40

6020

44
.

6000
36

5720
48

(cpm)

(volts)
60

2630

19 |

2710 I
24 i

2380

18

80

950

18
—
940

12

750

10

i

100

300

10

310

12

210

16

Tab. 1. Signal and background count rates for the photomultiplier
6097B, No. 26626.

As can be seen from Tab. 1 the background pulse spectrum is almost

independent of the anode voltage ovor a range of 550 volts, which is in

accordance with the dc measurements published for the photomultiplier

type in que stion [ 11.
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The same tendency* i. e. only a small dependence of the signal-to-

background ratio on the anode voltage» was found for most of the in-

vestigated tubes over a range of several hundred volts. As the mini-

mum of the slowly varying background characteristic often was found

in the middle of the range of applied anode voltages it is believed that

most tubes were operated near the optimum anode voltage. It is only

for the 10-stage Du Mont photomultiplier 6292 that improved perform-

ance could probably have been obtained by using lower anode voltages

than those used here to get the desired amplification. {This means that

an amplifier with a maximum gain higher than 10, 000 ought to have been

used). For the RCA tube 7265 the minimum in background count rate was

particularly marked.

The shape of signal pulse height spectra do not vary much from

tube to tube as long as the tubes have about the same cathode sensitivity.

The cathode sensitivity» or better the quantum efficiency of the cathode,

determines to a great extent the resolution of a Cerenkov detector of the

type considered. As is well known resolution is limited by the statisti-

cal spread in the number of photo-electrons. The influence of the cath-

ode sensitivity on the pulse height spectrum can be clearly seen in Fig.

2» where the integral pulse height spectra of the two tubes 6097B» No.

26626 and 6097S, No. 20165 are given. These tubes have cathode sen-

sitivities of 92 I0.A/L and 36 |j,A/L, respectively. The background pulse

spectrum of the two tubes shows about the same features as the signal

pulse spectrum.

The distribution of signal pulse heights is also dependent upon the

tube gain or gain per stage [7, 8], When tube gain is increased, by in-

creasing anode voltage, the resolution ought to be improved. Such a

tendency was also found for. some of the tested photomultiplier tubes,

but the influence of tube non-linearities cannot be neglected at the high-

er anode voltages.

Counting time was half a minute at all discriminator levels, ex-

cept at V , * 60 volts where the count rates were measured for 5 min-

utes. Normally several half minute measurements were made at

V, » 20 volts. It was found that for the very best tubes the measured

number of counts were small at V, values higher than 10 volts. Thus

the results obtained for these tubes are uncertain di.te to statistical

fluctuations.
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Discriminator voltage

Pig, 2. Integral bias curves obtained, with the reference source

and two 6097 tubes having Sil and *S* cathode, respectively.
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The statistical spread in the measured count rates are» however»

small compared to the spread in count rates of the various tubes. At

the level V , as 20 volts the best tube in this investigation gave a tube
ct

background of about 60 cpm, whereas values over 1 00» 000 cpm also

were recorded for one tube.

Ali the tested tubes with really low dark current dc values» i. e.

corresponding to 10 - 10~ input lumens, had glass bases and

teflon sockets. For some of the tubes not having teflon sockets a cer-

tain background contribution from the sockets was also found. In one or

two cases part of this background contribution could be suppressed by-

mounting the socket isolated from ground on a plexiglass ring. In Tab.

2 the background coxxnt rates of a socket recommended for 7265 tubes

are given at three different anode voltages» Compared with the total

tube background of a tested tube of that particular type the socket back-

ground is almost negligible (see Tab. 4). As the anode voltage affects

tube gain more than socket pulse amplitudes the background contribution

from the socket is most noticeable at low anode voltages.

Anode

voltage

1720

1880

1985

Amplifier

gain

10000

2700

1000

10

352

142

28

Count rate (cpm)

Discr.

U 2 0

120

94

2

level (volts)

40

106

60

86

4 i -

80

44

-

-

Tab. 2. Background pulses from the socket of a 7265 tube.

Tested photomultiplier types with SI 1 cathode are» the EMI

types 6097B and 9514B, the Philips types 153 AVP and 56 AVP and

thr. Du Mont type 6292, The results obtained for a number of these tu-

bes are presented in Tab. 3.



Type

6097B

9514B

9514A

153AVP

56AVP

6292

Serial No.

24007
24166
24368
24754

24809
24866
26626

10301
10588

10628

10926
14773
11170

11782

10176
12328
12578

13111

CM-10-121

CM-11-089
CM 39201

Cathode
sensiti-
vity
(liA/L)

51

50

50

50

48

52

92

50

68

66

49

90

94

86

92

92 ,

85

45

70

88

100

i . . i o 1 2

dc
( i . l . )
100

7. 5

5

7. 5
6

3. 8
7. 5

6
40

7. 5

10

1

250

100

440

130

24

220

270

640

71

(i! i rf

• l o " 1 0

(200 A/L)

lo" 1 0

* dcmax
( i . l . )

2 .5-10" 1 0

(200 A/L)

S - l o " 1 0

(2000 A/L)j (2000 A / L )

L
_

-

r

8.3-10-1 U

(60 A/L)

1.1.10"9

/G«10 8 \

3.8-10"9

/lOSV/stage|

\60 M.A/L /

Background count rate
(cpm)

d~

278000
15900

1070
1630
2360

540

4320

4990
7540

6190
1410

990

10400
4480

35200
89800

I 6400

33100

14800

172000
3320

V,*20V
d
4950

370

150

120

210

98

170

250
170
250

no
64

2950
1470

3490

2990
170

1850

4750

31200

740

d

190

34

38

24

70

24

44

34

42
30

34

30

150

140

190

330

20

240

930

7170 |

190
!

V,«60V
d

34

26

30

22

28

22

19

22
23

19

21

16

18

22

36

42

30

60

150

1650

46

Anode
voltage

1360
1120
1365
1100
1490

1490
1005

13 00
; 905

875

1455
1190
1170
1180

1420

1445
1625

1465

1210

1325
1300

S . !mm
at V,«20Vd
(rel. value)

7. 5
2. 2

1.4

1. 3
1. 7
1. 2

1.5 .
i

1. 8
1. 5

1. 8

1 . 3 I

1.0

5. 8

4.1 j

6.3 !

5 . 8 j

1.5

4 . 6

7 .3

18.5

3 . 0

Tab. 3. Background count rates of photomultiplier tubes with Sll cathode.
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Only the background count rates are given as the signal pulse height

distributions vary only slightly compared to background variations.

(In all cases anode voltage and amplifier gain were adjusted so that

signal count rates of 12, 000 cpm were obtained at ¥rf » 20 volts).

Background count rates are only given for one anode voltage - the one,

out of three, giving the lowest tube background. As mentioned above the

lowest measured background count rates should be close to the lowest

obtainable with the voltage divider used, in spite of that the anode vol-

tages were varied in steps. The measured count rates at V, « 80 and

V, * 100 volts are omitted in the table as they do not deviate much

from the value 20-30 cpm, except for a few tubes with very high tube

background.

Data supplied by the manufacturer» i, e. cathode sensitivity and dark

current dc values of the tubes (I, ), and typical and maximum dark cur-

rent values for the various types of tubes, are also given in Tab, 3. All

dark current values are expressed in input lumens (i. 1. }.

In low activity measurements the signal is normally compared

with the standard deviation of background or background plus signal when

defining the limit of detection. The minimum signal, or activity, re-

quired to give a count rate three times the standard deviation (v (S+B)/t )

was estimated for all the tested tubes at V , » 20 volts (t w measuring
d v m B

time). These S . values are presented in Tab, 3, referred to the value
' mm r

obtained for the tube 9514A, No. 14773.

EMI tubes with the low thermionic emission S cathode are often

used in scintillation counting of tritium. A few 6097S tubes and a 6255S

tube were investigated in the same way as the tubes with Sll cathode

and the test results are given in Tab. 4. The performance of the 6255S

tube which has a quartz window is also discussed in conjunction with

tubes having SI3 response.

Typical dark current dc values for tubes with S cathode are

substantially lower than for tubes with Sll cathode (compare 6097S and

6097B tubes). The best selected tubes with S cathode which could be

supplied by the manufacturer had, however, about the same dark cur-

rents as the best available tubes with Sll cathode.



Background count rate
(cpm)Serial No, .,

vity
(M

at V,« 20ViV,»10V , ,
d id (xel. value)

609? SA 24664

1.25-10

1.1- 5 I (2000 A/JLJ) (2000

[389000 106000

(60 A/L) G.54000

21100

8110

(5000 A/lj (1000 A./L)7265 | 10,9» 22

i s

Tab. 4, Background count rates of photomultiplier tubes with S , SI 3 and S2Ö cathodes»
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The low quantum efficiency of S cathodes deteriorates the resolution

of a. Cerenkov detector (Fig- 2), In coincidence coupled Cerenkov de-

tectors the low quantum efficiency is particularly disadvantageous. It

is therefore doxibtful if photomultipiier tubes with *S cathode should

be used in Cerenkov detectors, if selected low dark current tubes with

Sll cathode can be supplied. Some improvements of Ski cathodes have

also recently been reported [9j- If on the other hand unselected tubes

have to be used the S types are preferable as they have low typical

and maximum dark currents.

V

A substantial part of the Cerenkov radiation lies in the ultra-

violet region of the spectrum and thus tubes with SI 3 cathode ought

to have great advantages compared with tubes having Sll cathode. Sig-

nal amplitudes could be estimated to be roughly doubled when a photo-

multiplier tube with quartz window (SI3) is used instead of a tube with

glass window (Sll) in a Cerenkov detector with water radiator,

A few UV--sensitive phot ©multiplier tubes were investigated by

means of the plexiglass radiator and one tube also by means of a water

radiator. As the plexiglass radiator transmits only a small fraction of

the ultraviolet Cerenkov radiation the signal pulse height distributions

should be almost indentical for tubes with Sll and SI 3 response. In

water a relatively great deal of the ultraviolet radiation is transmitted

and thus UV-sensitive photomultipliers should be preferred when de-

tecting low activities in water by Cerenkov detectors. As tube back-

ground of quartz window tubes ought to be equal or slightly lower than

that of tubes with glass windows it is possible to estimate the perform-

ance of tubes with SI 3 response from the results obtained with corre-

sponding tubes having Sll response. Thus the number of investigated

UV-sensitive tubes was kept small.

The tested UV-sensitive photomultipliers with SI 3 response (or

similar) are three Philips 53UVP tubes and one EMI 6Z55S tube. One

EMI 9558 QA tube» a tube with tri-alkali cathode and fused silica win-

dow?» was also tested. The test results for these pbotomultiplier tubes

follow from Tab. 4,
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Ptexigtos radiator

Ea

c
3
O
O

20

Fig. 3* Integral bias curves measured -with the referenc *
source and plexiglass and water radiators. The
6255S tube is UV-sensitive but not the 95lte tube
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None of the UV-sensitive tubes showed any advantage in respect to

signal-to-background ratio compared to the corresponding not UV-sen-

sitive tubes when the plexiglass radiator was used for generation of

the reference signal.

The a,dvantage of UV-sensitive photomultipliers was proved by

means of a water radiator. A 6255S tube and a 9514B tube were tested

first with the plexiglass radiator and then with a water radiator. The

anode voltages during the test with v/ater radiator were the same as

during the test with plexiglass radiator. The cathode sensitivities of

these tubes are 49 |J.A/li and 43 |J,A/L, respectively. Thus the signal

pulse height distributions for the plexiglass radiator ought to be almost

identical when again equalizing the count rates at V , » 20 volts. From

Fig. 3 follows that the two photomultiplier tubes gave almost the same

pulse spectrum with the plexiglass radiator and that the 6255S tube, as

expected, showed considerably higher pulse heights with the water radi-

ator.

The water radiator used consists of a thin-walled glass cylinder,

with diameter ss 45 mm and height » 30 mm, completely filled with water.

The glass cylinder is fixed to the photomultiplier tube with silicone

grease. Aluminized mylar, which also serves as an optical reflector,

covers the top of the cylinder. Such a radiator is difficult to handle, but

no additional optical coupling between radiator and photomultiplier is

needed with this arrangement. In a separate test with a quartz bowl, op-

tically coupled to the photomultiplier with silicone grease, it was found

that the silicone grease decreased the transmission of ultraviolet radia-

tion appreciably. Also the properties of the optical reflector determine

the amount of ultraviolet radiation reaching the photomultiplier cathode.

The different pulse height distributions obtained with the plexiglass and

water radiators for the 9514B tube is due both to differing radiator ge-

ometry and photon yield.

To take full advantage of UV- sensitive photomultipliers in a Ceren-

kov detector it is necessary that the radiator, optical reflector, window

and optical coupling all have good properties in the ultraviolet part of

the spectrum,
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As for many types of UV-sensitive photomultiplier tubes the best avail-

able, selected, tubes seem to have higher dark current dc values than

the corresponding not UV-sensitive tubes, the advantage of UV-sensi-

tive tubes in low level applications could still be small even if all the

mentioned requirements are fulfilled. It is doubtful if the higher dark

current values of UV-sensitive tubes are fundamental, as these tubes

normally are manufactured only in small numbers.

Tri-alkali cathodes are of particular interest because of the high

quantum yield and low dark current of such cathodes. Tubes with tri-

alkali cathodes can also be cooled to comparatively low temperatures

without losing much of the sensitivity. Three tubes with SZO response

were investigated3 two EMI 9558 tubes and an RCA 7265 tube. Test

results are presented in Tab. 4.

With the plexiglass radiator the 9 558 tubes show equal or some-

what higher backgrounds than those obtained for tubes with dark currents

of corresponding magnitude and having SI 1 cathodes. The enhanced red
v

sensitivity of S20 cathodes is of course of small importance in Ceren-

kov detectorSj but the high quantum yield ought to have resulted in a

better performance. When discussing the performance of the tubes in

question it should be remembered that only a small number of ttibes

were tested. The results obtained with the 7265 tube are of small value

as the dark current of that tube is unknown. The tested copy is also re-

latively old. If» however, the tested tube is representative for the typical

performance of 7265 tubes it seems reasonable that good selected tubes

of that type could be found.

Tubes with tri-alkali cathodes and fused silica windows, e. g. the

type 9 558Q, are highly sensitive to ultraviolet light. Therefore in a

Cerenkov detector, optically designed to give highest possible output

of ultraviolet radiation, the tube 9558QA, No, 8233 could well give the

best signal-to-background ratio of all tested tubes.

3. 6 New photomultiplier types

A tube which probably will be of importance in low level Cerenkov

detectors is the developmental RCA type C31 000> not available before

completion of this test series (Oct. 1964).
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According to preliminary data for this bi-alkali cathode type the equiv-
-12

alent anode dark current has typical values of 5 • 10 input lumens

and the quantum efficiency at 3342Å is as high as 28 %. It is worth

noticing that this type has glass base and teflon socket. For a similar

type> C70101B» a very good uniformity of dark current values has been

reported [1O_L Good properties of tubes with bi-aikali cathode, when

operated at high temperatures, has also been reported [9].

From Tab. 3 it is obvious that the fast photomultiplier type

56AVP can give good performance in sensitive Cerenkov detectors if

selected tubes are used. The introduction of the type 56AVP-03 having
8

a maximum dark current of 0. 5 |j.A at a gain of 1 0 is therefore wel-

come. Another fast photomultiplier type which could be of interest in

this connection is the new Philips type XP1 020.
4. 0 Cor relation _be_tween tube _bgĵ ĵ r_qund̂ and dark current dc value

According to the test procedure in question there ought to be a

good correlation between measured background count rate and tube dark

current. In Figs. 4 and 5 background count rate versus dc dark current

is shown for all the tested tubes at the discriminator level V , * 1 0 volts
d

and V, ss 20 volts, respectively.

As expected there is a correlation between the measured back-

ground and the dark current values found at the operational test perform-

ed by the manufacturer. It is therefore important that photomultiplier

tubes intended for use in critical applications, like in Cerenkov detec-

tors, are supplied with sufficient test data. There are also good reasons

for always supplying photomultiplier tubes with separate test data, as

the spread in tube parameters is so outstanding.

The observed correlation discrepancies are partly due to the fact

that the working conditions of the tubes were not the same during the

background measurements as during the operational test. Most tubes,

especially those with 13 and 14 stages, were here tested at anode volt-

ages considerably lower than those used for determination of dark cur-

rent dc values. In fact a better correlation was found for the five tested

9514 tubes at anode voltages roughly corresponding to an overall sen-

sitivity of 2000 A/L, i. e. the anode voltage used at the dc measure-

ments.
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Other facts that can explain part of the correlation discrepancies are

that the pulse and. dc measurements were performed after different

times of recovery from daylight exposure* at somewhat different tem-

peratures as veil as with different types of light sources. The proper-

ties of some of the tubes can also be expected to have been somewhat

deteriorated during the time elapsed between the dc. and pulse measure-

ments.

5.0 Conclusion
•*•

In low level Cerenkov detectors selected tubes of the types 609 7B

-1 2

and 9514B, with dark current dc values equivalent to about 10 in-

put lumens are obviously a good choice. Improvements in the perform-

ance of these and similar tubes have also recently been reported. If a

fast photomultipiier tube is needed, selected tubes of the type 56 AVP

ought to give the desired performance. In Cerenkov detectors designed

to take advantage of the ultraviolet Cerenkov radiation, tubes correspond-

ing to the mentioned types but with quartz windows are favourable due to

increased signal amplitudes. Anyhow, the availability of UV-sensitive

photomultipiier tubes with really low dark currents should not be over-

estimated.
t *

Tubes with the low thermionic emission S cathode are of inter-

est particularly because of the low values of the typical dark cxirrent for

these tubes.

Photomultipiier tubes with bi-alkali and tri-alkali cathodes show

many properties which make them suitable in Cerenkov detectors, especial-

ly if UV-sensitivity is concerned. It seems reasonable that these multi-

alkali cathode tubes will be capable of competing with the best now avail-

able tubes having Sll and SI 3 response.
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