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ABSTRACT. Anulysis of noise pulses of RCA photomultipher 5819 has been made
with about 350 volts between photocathode and firat dynode.  The difforential chstribution
of nowo pulses has heen studied al difforont vollagos and tomperaturos. Two distmet
distributions are apparont m theso curves. Ono has boon inteiproted us due to thormal nuise
nnd the other due to after-pulses caused by ion feedbuck. Rosponse of stilbono m xylono
hqud  seintillator has been studied for Cot® gamma-rays with high collection officiency and
at low temporature. KFrom the differontial distribution of those pulsos, the Compton odge
duo to Cof gamma-rays 18 clearly indicatod.

1. INTRODUCTION

Tt is well known that the collection efficiency between the cathode and the first
dynode mereases al high voltages between the two (Engstrom et al., 1952). But
al these high voltages the noisc in the photomultiplier also goes up considerably.
The pulse height distribution of these noise pulses is of considerable importance
especially when the genuine pulses are of small size, as for example, in liquid
scintillators.

The origin of these noise pulses has heen the subject of analysis by many
workers (Engstrom, 1947; Rodda, 1949; Morton and Mitchell, 1949; Curran, 1953
and others). From these investigations it appears that the main causes of the
noise may be summarised as (i) amplified thormionic emission from the photo-
cathode, (i) positive ion feedback, (1) the generation of photons inside tho photo-
multiplier and (iv) ohmic leakage. In the early work of Engstrom, Rodda and
othors only the integrated effect of tho noise pulses i.e. the noise current was
studied. Morton and Mitchell made some studies of differential distribution of
the noiso pulses. Later Mueller (1952), Harrison (1952) Davison (1952), Lanter
and Corwin (1952) and Broitenberger (1955) studied the after-pulses which are
mainly produced by the feedback of ions created by the electrons of the main
pulse.

A systematic study of pulse height distribution of the noise pulses was there-
lore ossential to analyse the pulses from the liquid scintillator. This also helps
one to understand the origin of the noise pulscs

* Resonrch Scholar, Ministry of Education, Government of India.

+ Sonior Rosearch Fellow of the Nationul Instituto of Sciences of India,

183



184 B. P. Singh, II. S. Hans and P. 8. Gill
2. EXPERIMENTAL

For the study of noise pulses, RCA photomultiplicr 5819 was mounted in a
light-tight chamber. The assembly which contained the 5819 tube with Mu-
magnetic sheld, associated voltage dividing resistance network, and cathode {ol-
lower (scintallation head), was enclosed m a thermostatically controlled cabmet,
The temperature in the cabimet could be varied from 30°F to 75°17

The voltage between the cathode and the first dynode was about seven times
the voltage hetween tho other dynodes m order to get very high collection efficiency.
The pulses from the cathode follower were fed to the Atomne’s lmear amphfier
model 204C and the pulse height analysis was made by Atomic’s pulse height

analysor model 510, after which the pulses were sealed and recovded.

Stlbene in xylene (3 gms/litre) mtroduced by Kallmann and Frustl (1950)
is our liquid semtallator, whose response was studied for (fo% gn.mnm.-mslﬁ A
thin-walled glass cell (uiameter 4 8 em and length 11 ¢m) was filled with the kenrta.
Nator hquid solution and was covered from sides with aluminum to serve as
roflector. The cell was fixed {o the photomultiplier with silicone grease, with
a perspex piece m hetween to provide a flat surface and 1o act as a light pipe.
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For attaining a particular temperature the system was left m the cabinet
tor about 1} hours to attamn the equilibrium, which was cheched by obrerving
the counting rate al a particular pulse herght which remamed constant with time.
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g, 2. Dulerential pulse height spoctrum ol noise pulses nl vaous total voltagos
apphod 1o tho photomultipher whoen the tomposature of the photomu,tiphor
was kopt constant wt G9°L°,

3. OBSERVATJON AND RESULTS

Fignres 1 and 2 show tho curves ol differential distribution of noise pulses
al dhiferent voltages, keeping the temperature constant, while figures 3 and 4 show
the curves at different tomperatures keepmg the voltage constant Voltages were
varied from 900 to 1050 volts while the temperatures were kept atl three difforent
setbings, 37°F, 56°F and 69°F,

Au interesting feature of these cuives is that cach curve appears o consist
of two parts, the first part coming down smoothly and the second part having
& maximum  Algo it s clear from the curves that the total noise is decreased at
lower temperatures and lower vollages.
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Figure 6 gives the distribution of the pulses from the liquid scintillator for

0% gamma-rays, after substracting the background.

Peak due to Compton

edge is clearly vimble. 1t was noted that only xylene without stilbene did not

give any pulso above 4 volts.

4, DISCUSSION

Though the first part of the curves for the nose pulses more ot less resembles
the trend of the curves reported by a number of workers, (Morton and Mitchell,
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Tig. 3. Difforentinl pulse height spectrum of noises at various temporatures of the

photomultiplier when the total voltuge on tho photomultiphor was kopt

constunt at 1000 volts.

1949 and othors), the second part with a hump scems 10 be a peculiarity of these
curves. Comparatively very high voltage applied between the cathode and the first
dynode appears to be the main differenco botween this experiment and that of

other workers.

In our conditions, the gain of the photomultiplier could be taken roughly
as 4 X 109, the total stray capacity at the anode as 10 pf and the gain of the linear
amplifior as 8000. One electron from the photocathode, thercfore, gives pulse of

about 4 to 5 volts.
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The pulses due to ohmic leakage arc known to he small in size as discussed
ny Morton and Mitchell (loc, cit), Engstrom (1947), Rodda (1949) and others.
Thev are expeclted to he around or helow 5 volts  Therefore m the analysis
of these curves, we nood considor only thermionn nose and wn leedhack, as the
mam contributing factors.  According to the above authors also, these {wo effects
contribute most Lo the nose in the region ol om interest.
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g 4 Difforentinl pulse height spectrum of nowse pulses al vanous temperatin os
of the photomultiphier when the total voltage on the photomultiplior wus
kopt constunt at 950 volis.

As mentioned above, the hump poruon in our curves appears {o be related
with the high voltage between the cathode and the first dynode. This s borne
out by figure 1, where at an overall voltage of 900, when the voltage hetween the
cathode and the first dynode 1s 335 volls this portion disappears, while at overall
voltage of 1050, when the vollage between the cathode and the first dynode is
300 volts, this portion 1s very dominant  The fact that the pulse heyght, i this
portion are comparatively high, rules out the possibility of its armsing from any
other dynode, except from the cathode, 1t also appears that this 1s due to somo
secondary offects, connected with the mitial electrons startmg from the photo-
cathode. It 1s well known that the thermal electrons, which are the only primary
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clectrons from the cathode in our case, give noise pulses whose pulse height distri-
hution curve comes down smoothly followmg some sort of distribution law. Most
of the curves of noise pulses found in the literature bear this out They are
normally taken al comparatively low voltages betweon the cathode and the
first dynode where the positive ion feedback cffect will not he dominaut and
therefore the curves may be assumed to be wholly due to thermal nowse. Normally
change of voltage is expected to change the number and the pulse height but
the genoral trend of the curves due to thermal electrons should remain the same.

The most predominant secondary cause of noise pulses 1s the positive ion feed-
hack The primary clecirons starting from the cuthode may 1onize the atoms
of the residual gas, which on reaching the cathode may release further electrons,
to give one more pulse. These pulses arc expeeted to be delayed with respect
to the primary ones Though this effect should be present even at compara-
twely low voltages, its probability of occeurrence shoots up at higher voltages.
This 18 borne out by Huxford (1939) who ploted y, the average number of electrons
released by cach poritive 10n falling on (s-Ag-O photo-surface, versus the field
through which positive ion moves It appears from hus curve that while y remains
constant at a value of ahout 0.5 for fields loss than 150 volts per em, at higher fields
the value of y goos up quite steeply so that at 250 volts/cm, y 1s about 4 and il the
trend of the curve 18 assumed {o remam the same even for httle higher fields, y for
350 volts/em or 8o may be still migher. The trend of this curve for y suggesis
that 1t is [easible that after a certain field between the cathode and the first
dynode, the pulses, due to positive 10n feedback may attam heghts, Lo doviate
appreciably from the curves due to the primary electrons. The above arguinents
therefore, suggest that the humped portion may be attributed to the positive
10n feedback.

Photons produced inside the photomultiplier duc to de-excitation of the
1esidual gas may be ruled out as the cause of this part of the curve, because the
efficiency for electron emission for photons 1s extremely small It requires about.
25 photons m the photo-sensitive region to emit one electron

Pulses due to positive ion feedback which are delayed with respect to the
primary pulses, have been studied by Harrson, (1952) Davison, (1952)
Mueller et al., (1952) Lanter and Corwin (1952), and Bretenberger. (1951)
According to Harrson the amplhtude and the distribution of these
15 consistent with thew bemg caused by single positive ions, produced
by the eloctrons of the mamn pulse. Mueller ef al observed that alter-pnlses
which are produced by the imtial pulses due to the single clectrons, are of the
same height or slightly taller than the mam pulscs. Lanter and Corwin, however,
observed that at higher gain the maximum height of the after-pulse corresponds
lv more than one photoeloctron and depends on the heiyght of the main pulse.
"t appears from the oscillograph traces given m this paper that the after-pulses



190 B. P. Singh, H. 8. Hans and P. 8. Gill

follow some sort ol distribution law m heights. But according to Davison, the
number, but not the amplitude of the after-pulses seems 1o he velated to the amph-
tude of the mam pulse. TFuarther, he observed that the visual comparison of the
after-pulses produced by a single election seems to indicate that the pulse hoight
distributions of {he two are identical

At the low vollage hetween the cathode and tho first dynode the value of y
as given in the curve of Huxford 1s of the order of 0 5, which may be inferpreted
that the after-pulses will be mostly due to one electron  This seems to be horne
out by the experiments of the workers mentioned above.  However, at compara-
tively high voltages at, which the present cxperiments were carrvied out, po-
hability of emission of more than one clectron is appreciably high. It is even
possible that the most probable nnmber of electrons emitted by a smgle positive
1on al high voltages may be five or six ete m which case one should cxpeo’&m sort
of pulse height distribution with a maxima corresponding to the average value
of v This explauns the hump in our curves, !

In figure 5 the first part of the curve of figure 3 18 replotted on a semiloganith-
mic graph  Two mteresting facts emerge from these curves, firstly, these enrves
follow more or loss a parabolic shape and secondly, at hyzher temperatures and
higher voltages a deviation from the parabolie shape is observed. Tt scems 1hat
these deviations are due to preponderance of small pulses caused by ohmic leak-
age or certam effects arsing from dynodes. The parabolic shape confirms our
conclusion that the first portion of these curves 1s mostly due; to thernmiome
emission Irom the photocathode.

It is further clear from the curves m figures 1 to 4, that (I) the number of
noise pulses decreases at low temperatures, (2) the number of pulses at highe
pulse heights docreases more slowly with temperature than the number at the
smaller pulse heights, (3) the number of small pulses seems to go up very rapidly
with higher voltages and (4) m general, the structure of the curves remams

the same.

"

5. RESPONSE OF STILBENE IN XYLENEKE LIQU1D
SCINTILLATOR
Lummescence efficiency ol hquud seintillator is much less as compared Lo
Nal(TL) erystal. 1t should, therefore, be quite interesting to study their response
under our conditions of extraordmary igh collection efficiency.

The semtillators contaming atoms of low atomic number, like the one m this
experiment, respond to gamma-rays of about | Mev, mainly through Compton
offect. Co%® emits two gamma-rays of energies of 1.17 Mev and | 33 Mev. Under
vory good conditions the two Compton edges due to Co% gamma-rays have been
clearly indicated by MeIntyre and Hofstadter (1950) using Nal(TL) crystal as
detector.
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Tigure 6 gives the dilferential distribution of pulses from stilbene in xylene
iquid seintallator with Co% gamma-rays  This spectrum was taken with 390
volts between the cathode and the fist dynode and at a temperature of 37°F.
'hese conditions merease the collection efficiency and decrease the nowe pulses.
[us curve was drawn aftor substracting the noise pulses of the type mentioned
carher.

The peak at 9 volts may be interpreted as due to Compton edge At Tivolts
al~o thero is an indicution ol an edge I'f the peak at 9 volts 15 taken to be due 10
Compton edge of 1.17 Mev. gamma-rays and if the semtillator s assumed {o be
hnear, the Compton edge due 1o 1.33 Mev  gammma 1ays should come out {o he at
106 volts  However, one should he eautious m attributmg the Compton edge nt
L1 volts due to 1 33 Mev. gamma-raya, because the primary pulses from the seintil-
lantor are also expected to give after-pulses which will have thein maximum at about
12 volts  Theso after-pulses cannot  be subtracted. Though thewrr number 1s
expeeted to be siall stall 1t can not be ruled out that the edge at 11 volts may be
mostly due to them  Also because of low laminescence efficiency the santillator
15 not expected to be good enough to vesolve the two Compton edges.  Peak at.
9 volls 15, of course, defimtely due to Compton edge of Co% gamma-iays

A comparison was mado of pulse heights produced m Nal(TL) and stilbene
m xylene by the same enorgy gamma-rays under the same conditions  This
gave the ratio of photoelectron yield of ow liqud seintillator and Nal(TL) as
0.0045 for gamma-rays of Cof
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