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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. ‘
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SUMMARY OF THE RESEARCH PROGRIESS MEETING‘OF JULY 28, 1949
H, Pﬁ Kramer ' '

August 31, 1949

Scintillation Counters for General Research Use. L. Woubers.

A nunber of scintillation counters have been designgd and produced and are
evailable for general research, Two_ﬁountings are awa%lable, One éqnsists of &
single crystal and photomultiélief tube and the other one contains two photo-
multipliervtubesvand is to be used with a §ingle crystal in detécting radiation
that produces low jonization in the crystal.

:Egch mounting is equipped with a sWitch'that'will allow the operator to
use the instrument in connection with a 1in§ar amplifier or else with a linear
amplifiér in conjunction with a feed-back loop to produce a square pulse.

The counters are expected to be capable of registering abouf 3000 counts/éeon
in coincidence and about 10° qounts/seqf when used separately. The resolving
time of the circuit is about .25 microseconds. It depends on the time constant
of the RC loop, .2 microseconds, whigh_cannqt be-reduced further without glectron
accumulétion at.the counting end of The cirquite'

In the present desigﬁ, electronic and mechanical counting devices are
useq.in preference to an oscilloscope,'_ln the design of a proper mixing unit
for Eoincidence counts the discrimingt%oﬁ between-abmost»coin¢;@ent and coine
cident counts poses a delicate ?roblem, >In”an improperly designed mixing unit
pulses that are separated in time may shgw as @& coincidence becauée of a‘random_
distributipn of pulse heights and Wid@hs? 'A partial solution of this difficulty
has beén achieved in the present appargﬁus. All pulses are of the same hsight,
30 volts, and last for ;15 microseconds, Pu;ses that éverlap more than .05

microseconds will be counted as coincidences,
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~ The present equipment has been designed for u§e‘ﬁith antﬂréQeng éryétals;
Anthracene was chosgn in preference“oféy the”faster"trgnstilpine bgcaﬁse it pfom
duées bigger pulses. Diphenyl acetylene, a méterial that has nemiy'been suggested
for scintillgtion counters, may,éombine the advantages of both anthracene and
transtilbine,

The Study of U251. W, Crane.

U?Slldecays both by K-capture and a-emission. As a step in the general
development of regularities among'heavy'afemitters it was decided to make a de-

tailed exemination of the mode of decay of U251

o The isotqpe_wgs,produced_by
the bombardnent of thoriun with 150 Mev heliun ions. By milking the a-dsvghter
Th?27 and the K-capture daughter Paz?'l it was possible to determine the half-:_Lifé
for a-decay as being 208 years agd to fix t?g K-capture hé}fflife at 4,2 dayse

The following equations embody the assuﬁed mechanism of K-capture decay

and suggest alternative experimental procedures:

Cp /€L oy =T (1)
cL' AV i/,oL g +1=~pK= v (2)

%1, i/é\nL..l//oL..l/eK.‘ i/"’K"p—i?z:fl =N (3)
Gy - VElk e Yig” (1-/°K+1L;1>2 - N ()

In these equations, N represents the gumber of K-capture disintegrations
per minute, C the’gumber of qounts_perhminute, ijhe_numbe; of goingidences per
minute, ,O the"fractioﬁ of x-rgys_prqduged ﬁh&t remains uncqnverted, and _é?»
the external counting efficiency which is the fraotion of emitted x-rays of one
kind that is actually detected by theéount_er‘s° The external counting efficiency

& therefore involves both geometricel and olectron?c éonsideratiqns. The

subscriﬁtg refer to the place of origin of the x-rays, The index K, for example,
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shows that tpe quantity under cgnsideraﬁign“pertains to x-rays that are emitted
when a vacancy in the ¥ shell is{?il}e@_?yvaq elgctron_from a highe; level, A

certain fracﬁién pé of all K x-rays produced arises when the»vacancy"in the K

shell is filled by an electron from the L shell, Such K x-rays are called

K; X-rays,. “ . -

Equation (1) expres§es_the_hssumption that every disintegration proceeds
by the nuclear capture of an electron from the:K‘shello- Tvery disintegration
thus leaveés a vacancy in the K shell wﬁich must be filled»by the drop of an
electron from a higher level and therefore must be accompanied by £he production
of a X-x-ray. The production of a K; x-ray is accompanied by the production ofl
~an L x-ray since ah&acanqy is left inrthguL shell when one of ité electrons serves
té replénish the K shell, _The other sodrcé of L x-rays is the infernal conversion -
of X x=-rays in the L_shell. VA\K X-ray yiélds its energy to an electron in the L
shell and thereby causes its emissiqn as an Auger electron from the atom, In
this way a vacancy arises in the L shell. TWhen this vacency is filled“fromla
higher level an L x-ray is produgéd. Thegé notions are expressed in equation (2).
It is assumed throughout this Work.thaﬁ gl; K»x-rays whiqh are converteq are con~v
vefted in the L shell and thus serveltq ?;Qdﬁée L x-rays. By making use of
equations (1) and (2), equation (3) may also be éxpressed in the Torms

¢, * cL/QK;L-o ,p,;z/(%u-,oK).z =N
Finally, equation (éj_expresse; the supposition the L-L bginéidenges arise by
the simultaneous detection of L x-rays that are produced in oonjgnctioﬁ with
K& x-rays and L ergy§.whose production is incident on the conversion of K ‘
x-rays in the L shell, . -
| An attempt hés been made toAdetermine_the fraction of all disintegrations
that culminatevin the ejection of an Auger electron by a photographic éechniqlen

231

A drop of solution containing U230 and U was placed on an-electron sensitive
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photographic plate and the number of electron tracks from U conversions

»

and the number of a-stars from U2§9ddisintegratigns were counted., Some diftie

O'as a time standard,

culty was caused by the high ele@tron‘background, Using U23
the fraction of Auger electron emissions mnong the total number of disintegrations
was found to be .08 on the basis of the disihtegration rate that was determined
from the‘thne wise yield of Pa231.

._The mumber of coincidenceS'Was‘cqgnted by two tubes separated by an angle
of 180°.. Thé x-rays were analyzed by various foils placed between a mica sheet
permeated with active §qlﬁtion and the éoﬁnter windows, - In coinci@ence counting,
Auger electrons also were stopped_by the foils and,cquntequindows, A typical
arrangement is sketched in Fig. 1. :The efficiency for counting L x-rays was
conside?gbly higher thaﬁ that for coﬁntinglK X-T8yss EfL = 0,0 pércent and

ESK = 0,2 percent, Fo;vthis reason the Lnt coincidencé raée‘was about 10 times
as large as the K-L coincidence rate.

Seven@y—eight_pgrcent gf gll disinteg?ations produce K& x-rays and therefore
also L A-rays, that is,‘p; = o78., Eight percent of all disintégrations give rise |
to AugerlconVersiqn electrons and hence presumably to L kargys,_ Therefore, 86
perceﬂt of all disintegrationsvare expected to be accompanied by the emission of
L x-rays. ‘Only Slvpefcent of the disintegrations are however observed to be
accompanied by L x-ray emission., It is therefore assumed that 42‘perc§nt of the
L x~rays are internally converted,

At presént, work is continuing in view of the fact that when therbserved
value for @ _; is substituted in equation (4) one arrives at a value for N that
is four times as large as that observea in milking experimentsd. In order to
explain this discrepancy, it may‘Be necessary to postula?e a T eray that ié
completely internélly converted\primarily in the L shell, |

Information Division ' ‘ N
scb/9-20-49
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