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ABSTRACT
A preliminary investigation of fouif types of multiplier phototubes under
conditions simulating their use in acintillaﬁon and Cerenkov nuclear detectors
is described. The investi_gation »invclvep time-spread and rise-tfme measure-
ments at different referénce points on the output pulses, as well as -oboerva-

tions of some special characteristics of these tubes.
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INTRODUCTION
In high-energy nuclear research. the multiplier phototube is an im.por-

- tant part of some of the detectors used However. output pulses from these

tubes exhibit a time spread which is in some hwtancea detrimental to the
~results sought. When controllable factors afiecting this spread are op-

timized, experimental statistical studies 'of the time ipr’cad of different points

of the output pulaeo will indicate the method that should be used to extract

time information from thele pulses to obtain minimum error due to this
spread. Little experimental data pertaix_xing "to the time sprcad is avanable

from tube manufacturers. The inveatigatibn described here was 't_hereio're

carried out on four. types of photomultiplier tubes as a preliminary‘ste'p

towards an investigation on a wider scal_e.. Time ﬁpread and iiée time of

the output pulees as well ;a the sevnaiﬁility of the tubes were observed, and

" deductions were based upon these observations.

fThis work was done under the auspices of the U. 8. Atomic Energy
Commission. |

tI”rqsezﬂ: address: United Arob Republic Atomic Energy Establishment,

- %
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METHODS‘ OF MEASUREMENT - ‘
A, General Dencription |

Time spread of the output pulses from multiplier phototubea used in
lcintilla,tion and Cerenkov counters is due to many reasons, of which t_he more.
- obvxoua are: | | | |

- a. time spread of light pulses reaching the photocathode

b. photocathode time spread caused by differences of the transit time
of photoelectrons emitted at. and (or) away {from the center of the photocathode

c. re- excztation of the photocathode due to light pu.lses reflected from
the irmer surfaces _

d. photoelectrons leaving the photocathode with’ different initial velocitiea.

_e. different electron paths and initial velocitiea in the multiplier

. gection of the tube.

Excep_t for the first cause iisted above, time spread is due to diifereﬁcea :
-'occurring inside the tube and therefore is not 'eanily cont;ollaible._ Almost .
perfect a.imulation of the conditions met by the tubes 1ﬁ nuclear counters can
be achieved in the system described below.. o

Al four tubes were nmultaneoualy exponed to light pulnel from a -

UCRL-type mercury-capoule light pulser. 1 The output pulses were oburved on
a type-3343 Fdgerton, Germeshausen, a.p‘d Grier (E. G.. and G.) travelmg-wave
diciuo-cope. and photogrgbhic records of these pull;l were made for later

aimly-is.
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B. Illumination of the Tubes

. Four tubes {RCA types 6655A, 7264, and developmental type C7260 as

| well as La Radiotechnique of Paris type 56AVP) were placed in & dark en-

_ closurel~ such that the centers of their photocathodes lay at equal distances
from a UCRL-type mercury-capaule light pu.lser afﬁxed outside the enclosure
oppoa;tq an aperture of suitable diameter. The light pulser was tested for
light output in different directions, and it was aacertained that the output is
constant within a cone of about 30 deg perpendicular'to thé planc of the pulser
base plate. This ensured that all tubes received equal light inp\ita with evai‘.y '
pulse. To bring the test nearer actual conditiona met in counting roles, a
narrow-band ﬁlter of about 4200 A was placed at the aperture. thus nimulating
light from a plastxc scintillator. In addition to the polaroid light attenuator
integral with the UCRL light pulaar. neutral denaity filters (Kodak No. 96)

were used for light attenuation.

| C. Oscilloscope Display and»éhotggraphic Recording_

For eﬁicienth and full use of the system, p'u.l:oes from all four tul;ea.
as well as a fiducial maik derived from the light'pulaer_ wefe dﬁplayed on
every awgc;p. Successive sweepe were diaplsc'qd at regular intervals on the
screen by a voltag; ramp impressed on the Y deﬂeb'ting helixes of the travel-
ing-wave oscilloscope. | | ‘ |

Output pulses from the tubes were connected tvo‘ia'a mixing junction by
delay lines (Fig. i) which served thé double ;iufpoqé of providing the néceuary |
delay required betv}e;en the trigger and the signal fo be ‘'observed, as well as '
delaying the reﬂectiéns resulting from impedance discontinuities at th§ mix-

ing points and at the anodes of the tubes beyond the rginge of the time-base ..
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sweep. Delay linee for each tube were adjusted .-o that the pulseé'appeared- |

auceeaai\;eiy on éach trace. The,autput'trig’gle'r puhe f_roﬁx the light pulser

was used to trigger the oociuoscdpe sweep circu&t. while a dalajrad’triégcr

. pulse from the light puloer wase diaplayea as a time refetence on Qach trace.

Bacause of the relatively low gain and thetefore small output pulce amplitudu

that could be obtained from tubes type 6655 and 07360. the delayed trigger

pulse was mixed with the outputs of the 7264 2nd 'S6AVP tubes, while the

outputs of the C??.GO and 6655A were mixed alone at anéther mixing point.

Each set of mixed signals was impreogod on avtcrminated Y deﬂefctiixg helix"

of the traveling-wave oscilloscope. o - | | |

The recording camera was ar_r@nged 80 that when the ibﬁftéi mechanism

was operated it triggered the ramp-frod\;ci_ng cix-'cuii. whose 'nl_.ope was adjusted -

| to pioduce a raster of about 10 traces. Fast, ‘ﬁne-grain film. (Koda;k Tri-X

film) was used to auéw uharﬁ focusing of the beam as well a§ aﬁ acc\;i'ate o

récord of each event. An example of such a record is shown in Fig. 2.

'D. Experimohtal Procedure

Optimum operating® conditions were sought ior the four tubu under test.
‘Thus divider chains were adjuated so that maximnm conoction efﬁciemy was |
achieved and tube gains were set within the useful rangen Thﬁt#gtiﬁbzrm ~
oémi«ednﬁut at-anlightdevel that produced a few photoelectrons per pulse,
Estimates of the average number of photoelectrons per pulse striking the - B

first dynode of each tube are also given in Table 1.



Table 1

Time spread, seakibihty. and avérage rise time for the phptomnmpli,e:ro tested

0.9

1.0

- ' e B
_ ‘ Pulse time spread (nanoseconds) o § .% §
. & g
Tube o w oo
e | - 2o% ZES
At 50% point At threshold point At intercept point , | E 5 2 'g g 9
' _ — e Average  Output pulses g5 @ o 3
For 95% of | For 50% of | For 95% of | For 50% of | For 95% of | For 50% of |rise time® per 1201light- ; & £
‘ pulses pulses pulses: pulses pulaes pulses - rjzanose-c) pulse inputs e ' 2
6655 3.3 1.2 3.7 1.2 4.4 1.3 2.9 110 2.5 30
C7260 1.5 0.5 2.1 0.7 1.9 0.7 . 2.1 i1 2.6 .30
56AVP 2.5 0.8 2.7 1.0 2.7 0.8 1.8 72° 0.9~ 100
7264 2.7 X 1.1 3.2 2.7 108 2,3 100

a.‘Meas.ured,betwe‘un 10% and ?0% of pulse amg":litude..

bSee text

‘AW 0076-TUON
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Thé photographically recoided trace images were .li;‘;early m&rj&d '
about 35 times in t_wd stages to auoé accnraté-xﬁanual‘ proééuing. A Because |
" of the nonlinearity of the oscilloscope sweep, a' tirme icale was obtained by |
recording a raster of traces of the output of & 250~ Mc oaciuator.v Half-cyle
perioda (corresponding to 2 mocec) wera thm unearly divided. About 120
traces were treated in this way. and the conclutiom given below are bagsed
‘on the information extracted from these traces.

Because of the impracticability of treating a large batch of recorded
traces manuauy. mechanizatwn of thu process has baen mempted with
reuonable success and accuracy. 2 In the future, such records will be
read by the flying-spot scanner fitted to tb,c IBM-709 computer at the
Lawrence Radiatian Lahoratory in Livernmrc by a program duigned by
Hane Bruijnel. Then the digitahzed information will be proecued further
by a special program on the IBM-704 computer at the University ei California,

Berkeley. |



RESULTS AND CONCLUSIONS

Hiatogramo of the time spread of output puleas from each of the four
tubes were obtained from measurements made at three different reference
points. These are: |

a., the point on the leading edge of the pulse where the pulu rises to
'50% of the peak value (referred to as the 50% point) ‘ ’

b. the point on the leading edge where the pulse rises to a ﬁxed '
-thre-hold chosen :uch that about 90% of the total'number of pulses abneived )
reach or exceed this threlhold (referred to as the threshold point) |

c. the point on the base line where a atraight line repreueuting the
mean slope of the leading edge of the pulse intersected tho base line (referred
to 28 the intercept point). | o
A fourth reference point at which these measurements would hm)e been
desirable is the cex'xtroid".of the pulse or a portion of the pulse.‘ ' Th§ location
of this point mmuany would have been prohib&tively time-comuming, howcver.

_the program prepared tor the analysis of the relultu by means of a compnter :
includes the production of a histogram ior the time spread at the centroid
| ‘Time nprcad for the different tuhet as well as senalbility and average
rise-time figures are summarized in Table I. Hiatograma of the time spread
as shown in Figs. 3 to 5. o _ |

The best refefence point cannot be decided éoncluoively now with this
amount of information. However.n Tahig I.indiéateo that thev 50%_poi’nt seems
to be the best of the three meamredlr.eferegnce §ciuts because otlthe indicated
small time spread. | | |

Interesting observations made on the C7260 and the 56 AVP tubes are given

. below,
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A. RCA Developmental Type CT260 -

This tube exhibited a rise time as well as a total time spread fe‘: ﬁhe - |
output pulse which were much u;nallcr'than those of the other tubes. How-
ever, a glow was observed at the final electrodes of th’e: multiplier, which
increased in intensity with increaéing' average anéde»' éurrent in the tube. 3
This giow :_appeénd to be éwﬁing some feedback by exciting thé pﬁqtocathode'.
through the translucent side pliten of the mﬂﬁpﬁer iectio_n. In later models
of the 67260 these plates have been ri‘aplace‘d by opaque side plafes? which

should greatly reduce this effect. 4

B. Type S6AVP

Output pulses from the 56 AVP exhibited a cbmiatent output-pulse
shape which featured a relatively fast rise and a sharp peak, followed by L
nearly perfect exponential decay. This effect 'eiphinl the clokc; values of time -
.abread measured at three different roferencé_poinﬁ on the pulse. It v&ai “
observed for two different samples of this type that the eollectioh efficiency
seemed to be lower than for the other tubes. On investigation, two main pointe
to be observed with this tube were found: » |

a. The tube is highly sensitive to mgneti? fields. When four saxnpleﬁ
were tested on-a flying-spot scanner, the collection eiﬁqiéncy could only be
aﬁdlted to a uniform patteran when tiw tube was demégnetiud and & magnetic
shield was piaccd around the tube. It ia beliaved that a better eonection
eiﬁciency than that obtained with the statistical mcnnrements can be oheained
when this precaution is followed. however it is not known whether a collection -

- efficiency comparable to that of the other tubes can be reached.
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b. As augﬁeated by 'the tube a§§igxser. G. Fietri, at least 350 v should |
be applied between the cathode and firet dynode, and a ﬁotenual distribution
such as that shown in Fig. 6 should be used. Adjustment of the potential of
dynode 3 is necessary, as it affects the el@ctrootatic field at the front eiad of
the tube because of its position (see E‘ig; 7). ' |
More work is needed to reach more &eﬁnite conclugions than those in-
dicated by the results given h;re. At least we know that' much i# to be gained |
by pursuing this im'reutiﬁati_on further, | It is hoped that"réliults of the future -

investigations will be published.
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Fig. 1. Block diagram of test setup,

. Atypical photographic record of a raetér of t:acéo.
. Histograms of the time spiead at the '50% point.
. Histograms of the time ppread at the threshold point.

. Divider for type-56 AVP tube nuggutad by the tube's designer.

2
3
4
Fig. 5. Histograms of the timé spread at the intercept poini.
6
7

. Schema.tic diagram of the electrode structure of the type-SbAVP tube.
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point.
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Fig. 6. Divider for type 56AVP tube suggested by the.
tube's designer. :
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Fig. 7. Schematic diagram of the electrode structyre
of the type-56 AVP tube. B
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