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Summary -~ Conference on Pnotomultiplier Dovelepzcat / LA_C,&lt,"/ 1 3L

/

(uader W=7405-Eng-26)

At two sessions held in Vashingion, D. G., Jamuary 28, 1752, the
folloving items were discusseds "
' (1) Progress of present development at RCA:

(a) Photomultipliers: The two types developed under this
contract to date are belng turnsd over to Tancaster producticn
facilities: :

4646 ~ High gain, high outpub, 16 astage tube, for high-energy

particle zcintillation counters. (This tube to bs known as

C~7165 until further notice.)

5037 - ﬁarge cathode, 10 stage tube for seintillation
spegtrometers.

The 4646 should be in production bf Tall, 1752; the 5037 should be
" 4n prodﬁct;on bnypring, 1253. The chafacteristics of th@se tubas
are presented in the first abétract of the Symposium Procsedings.
(Aépandix). ' '
(b) Pulss beight anelysis: No work has been done on this
aapgct'sihce July, 1351+ In closed session, the oplnion of the
~ entire comuittee vas exbressed tﬁégdzﬁé photomultiplier development
has‘progfessed at only a barely satisfnctéry rate; unfortunatsly,
siﬂés ICA is the only congern with any reputable expefience in
this field, there is little winich can be done in & direct way to
expedite matterg. ) | |
The.;oint was again raigsed that perhaps the AFC should subsidize
soms othgr grow with interests in this field, both to pro?ide ComMm=
patitign'gndqto provide an alternate scurce fer & device of some
stratégic value. Inagsmueh as several policy desisions are to be
settled at tho next regular meeting (Summer, 1952), this item was

tabled gmtil then,
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(2) “inlaturized Tube: |

The urgenﬁ need of the Raw Materials Division for a miniature
photamultiplier.forvuse-in Survey§ng drill holes on the Co;orado
Plateau and elsewhere was discussed. In the past, other similar
requasts for developing tubes intended for speclal applications .
have been rejected inasmuch'as this contract aims at developing
tubes for general reseacch purpose. The RIB reprssentatiﬁe indi-
cated tlLat handling spseial jobé through our contract as well
appeared to be indeed ths simplest method of disposition. It was
thareféro agreed that the miniature tube would be developad under
this contract and that a standby fund commitment equiv;lent tc a
12-1/2? increase of the present éontract would«be avallable to
finance speclal projects. .. |

The principal requirament of the miniaturized tube is that it
be about one 4nch in dlameter; in other respectsxt will probabky
be similar to the high-gain, end~window 4646«
(3) Transistors:

It was indicated that commercial marketing of these items

-should occur in the near future, and that AFC subéidy should not

be extended unless som preasing requ:ement develops. Transistos

- hold much promise in the way of redusing electronic equipment size,

power requiremsnts and maintepance costg.
(4) Fundemental investigationa:

The problem of fostering fundamental ressarsh concerning photo

.

‘and secondary emisslon of electrons has been broubht up at each

meebting. Efforts are ‘being made to locate an aeademic group both
wiliiﬁg and able to undeértake a funlamental studyo It is generally
agreed that improvement of the photo sufface representg the last

major step whilch can be taken to chbitain another factor of ten in



-.3,

pulse height definit!g.on and speed,
(5) Elé;ctron-mp.],tipiier structures:

RCA can sixpply, in small quantitiesy, 731A cages manufaétumd
using treated Ag-'lg secondary surfacss. These can be exposed to
tbe atmogphere; in vacuum they -.shouid have a current gain of
about 1000.:

(Ten 324 structure:s have recently been ordered by ths
Laboratory for general use. These will be supplied having 5519

cage mounts, but no bulb.)

Committce members presents:

1. Butenhoff, Chairman - Chief, Radiation Instrument Brench
Rs Johnson, Secrstary - R.1.B.

E. Fairstein (In lisu of P. R. Bell) = ORNL

Je Bs Ho Kuper - Brookhaven National Tab.

He Do levine ~ New York Office - AEC

Re We Swank = Argonne National Taborstory

R, J. Watts - Los Alamos Seientific Tab.

L. F. Wouters - UCRN ' '

L. F. Wouters



Appendix

A largs phosphor crystal is desirsble for gauma-ray spsctroscopy
and for obtaining complete absorption of high energy particlss. A phote-
nultiplier with a largs photocathode is necessary in order to realize the
full advantage of a large crystal. Tube Type H-5037 was developed for use
with large scintillation crystals.

It is also desirable to have a photomultiplier with a gain high
enough to eliminate the meed for pulse amplifiers with their necessarily
limited frequency response. Such a tube is very usaful for studying very
fast phenomena, for pecrtable survey instruments ani for use in cases vhere
the ;hotomultiplier is necessarily in s remote lecntion. Tube Type 4646
is suitable for such applications.

Some characteristics of these two tubes are given in Table I.

TABTE I
Multiplier Types: ' _H-5037 4646
Dimensionss diameter 4" 1=5/8"
length ™ 7=1/2"
Cathedes ' dimensions 3-1/2" dia. 1/2% x 1"
gensitivity - 39-50 1a/1 30-50 wua/1
spectral type 5-9 5-9
collsstion eff. high high
Gaing number dynodes 10 16
galn _ 106 109
overall voltagse 1000 2000

The H~5037 uses a oylindrical electrostatic lens to focus elsctrons
from the photocathode onto the first stage of the multiplier. The multi-
plisr structure is gimilar to the RCA 231-A. The collection efficiency of
the electron optical system used is quite goode Preliminary tests indlicails
that results consistent with the larger photocathode ares ars obtainable.

The 4646 has a much smallexr photocathode area but has, in addition
to excellent collection efficiency, a atrong electrostatic collesting fleld
in the vielnity of tie cathode. This deorsases the transit time spread and
also mokes the tube less susceptible to interference from external magnetic
fields. The very high gain of the tube introduces a number of space chargs
problems. These are met by a special 16th dynode-ancde structure. Two
lead arrangements -for obtaining the output signal from the tube are bsing
investigeted. Onz is a coaxial transmissbn line system, the other a pair
of very short leads brought out through the sidewall of the tubs., Voltage
pulsesof the order of 40 vclis on a 200 ohm line can @sily bs obtainsd.



Summary - Conf@renee with Dr. Morton of RCA

(under W-7L05~£ng~26).

Dr, Morton feels that the RCA group presently involved in photo-
multiplier development at Princeton will be kept more than busy into late
summer»of this year stralghteneing out the following itema:

(1) Inecrsasing the space charge 1imit of the l4th dynode gap
in the 4646,

(2) Gomploting -the 5037.
(3) Afterpulsing investigation.
(4) Study of "unknown limitations":

(2) Fatigue and drift
(b) Pulse height resolution 1limitations.

(5) Secondary emission distribution width:

(a) T.oss.of collestion efficiency or:
(v) Fundamental reason for width greater than V

(6) Secondary emission time constant using beam deflection methods.

(7) Mindaturized photomultiplier.

As for futuré reséarch, congiderable discussion emsusd on the
possibilities of increasing the efficiency of phétocathodss. Dr. 'orton
did not think that a fundemental research program aimed at obtaining a
better understanding of photo and secondary emlission would be of much
interest to RCUA, nor that it would necassarily result in better photo-
‘cathodes. It was mutually felt that such work should bs carried oa ia
more acadsmic surroundings,>and that a concurrent theoretical study should
be sponsorsd. What is undsrstood about these processes is not available
in readily interpretable form, and much of the picturs must be deduced by
infersnce from field éﬂd thermionic emission and photoconductivity phenomena.

In addition to the cempletion of the devsleopments just outlinmed

above, Morton indicated twe other chamnsls of future interest:
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' (Conferencs with NDr. iforton) Do

'(8) Information storage problems, "time-stretchers".
(?’ Semi-empirical investigation of photocathode-phosphor combina-
tions more suited to seclintlillation counting. This involuss
primarily investigation of the U.V. region. 4
He_p#intad out that most successful photocathodes appear to consist
of combinations of seuiconductora plus an alkali layer; thusg: Cs-3b, Li-Sb,
Cs=-Bi, etc. Li-Sb a.peared to be particulerly promising since it would
raduce the_reaidua1 gas pressﬁre. From what is empirically knoun at the
present tine there is no hope of finling a'photo-eﬁission material which
would not be injured by atmospheric air. Falr secondary emitters such as
Ag-Mg, Be=Cu, ars kiown which will withstand such exposure, of coursa..

Pulse height analyzer problems were avolded in the diacussiohe

T, Fe Wouters



Sumpary - Telephone Conferenss - February 28, 1352
(Photomultiplier deﬁelopmsnt under 1-7405-Fng-26)

Since the meeting of January 28, R. W. Swank visited Prof. Coomes
ab Notre Dame Uh1Versity; their groﬁp is doing research on thermlonia
emission for the Bureau of Shipso According to Swank, they employ &
technique of measuring éevidtions from theoratical Schottky emission for
deternining the magnitude and shape of the potentisl barrier at metal
surfaces. They now wish to extond their method to photo-smission phenomena.
Under the gensral purposes of ﬁha photomultiplier development program, this
ressarch merits AEC‘support; eventually, this might also lead this group
to atteupt a mors general 1nvegtiga£ian of the problem. Accordingly, in
order to provide for general discussion without the expense of a formal
meeting; a telephone conference was called by the UeCeReLs rep?esantaiive.

I, The fbllowing.points were made in favor of supporting the
Notre Dame research:

(1) No other feasible pvogrém has been suggested 1n.ﬁhe past
two &aars.‘ (*t.I.T. is not interested; Reed College is proeseding
along rathsr unsuited llmes;)“

(2) Notre 5a§e hés a favorable reputation in physical research.
No objections were raised against procseding with arrangements.

R.I.Bs stated that the Ghiésgo office would enter directly inmto such
research contracts, in contrast to the procedure followed for the RCA con-~
tract (through ORNL), .Professor Coomes will be asked %o submit a proposal
. to a sub-committee consisting of Swank and Buténhoff. The contract wili
be issued as soon as abproval of the entire committes is obtainsd.

During the conversation, the sise of the contract was indicated as

being in the neighborhood of $20,000 for the first year. It was specifically



requested that Professor Coomes present:

(1) A briet sumnary of methods and resﬂ.ts of the thermlionic
emigsion programa

(2) An outline of the proposed corollary invsstiga.tion of photo
.and. secondary emission,

Ii. It was raquested that the Pulse Analyzer Subcommitiee repert
in writing as soon as prqctleable. Comments wers made to allow Dr. Jensen
to continue on the Navy program for the time being to save AEC funds.

III. The subject of rotating the "mesting grounds" waa again
bz'ought up; it was agreed to hold the next conferencs a.t Argonns National
TLaboratory (possibly in late summer) .

Participants: P. R. Bell - ORNL

: . Butenhoff) g
Re Johnson )
Je Bs He Kuper -« Brookhaven-
He Do Levine = New York Offica
Re Swank - Argozme

1o Watts = los’ Alamog
Tie Fc Wouters - UG‘{L

T.. Fo Houters



