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BTUDIES 1IN BETA ARD GAMMEA RAY JPECTROSCOPY

vy
Reymond Webster Hayward, Jr,

Introduction

The study of artificial radioactive isotopea is at the present
time one of the most importent toéics in nuclear research. It involves
the establishment of a detailed tem achems for the disintegration in
question., Hotl only are the snerries of the components of the different
beta and gaeme radiations of interest, but also their intensities,
These data give information concerning the probabilities of trénsitions
between the different nuclear energy levels: From thea it is possible
to dr&w conclugions regarding the mechanism of the disintegration and
to corrslate the apinsvand parities of the levels.

The theoreticael basis for such considerations is at present in an
uncompleted stage, and development in the theoretical field is hindere&
by the fact that ter:s schemes for relatively few disintegrations hsave
been establiahad experimentelly., There have besn a large nuamber of
investigators who have made observations with absorption techniques
alone, most of which are open.to question, e;pecially if there ig any
complexity in the disintegration scheme. Far fewer have been the
number of investigators using beta-ray spectromsters. A rather compre-
honsive list éf obgervers mey be found in the Taeble of Isotopes of
Seaborg and Perlmanal

The defailed experimontal results of beta~ray emission arc usually
interpr@t@& in torms of a theory which was in its simélmst form develw

oped by‘Farmig an the basias of the neutrino hypothesis, but the theory
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is oapable of many variations and can consequently be made to agree
with a wide range of different experimental results. A full discus-
sion of beta-decay theory was given by Konopinski.s Only the minimum
amount necessary to serve as a basis for the discussion snd interpreta-
tion of exp@rimenta will be given here.

The theory procceds directly from the quantun mechanical expression
for the rate of transition processes from a given quantum atste to
another where the‘?ssﬁmption is mede that the energy and momentum are
shared between théwelectron and.a neutrino of gero rest ness as well as
the residual nucleusﬁl Then Fermi's equation for the probability per
unit time that a nuoleous will emit an electron (oF positron) of momen~
tum in the interval between p and p + dp is |

P(p) dp = a%/(2w3)|u[2 K(z,p) p? (W, - W)2 dp
where p and ¥ are the momentun and energy of the'elecﬁron in units of
me and med respectively, and W, isithe maximum energy of the bete
spectrum. W, ~ W represents the momentum (and also the encrgy) of the
neutrino, P(2,p) represents the effect of the Coulomd field of the
nucleus on the betawparticle. Gz/é 3 iz a c;nstant deternined empir-
ically representing the magnitud@ of tho interaction between nucleons
end the electron-neutrino field. The factor |,*s;¥|2 represents the square
of t he absolute value of tho matrix elemﬁnt‘eontaining the form of the
interactions and weve functions characteristic of the initial and final
ataéea of the nucleus. PFor allowed transitions this factor is of the
order of unity and for forbidden transitions it hes smaller values and
may sometimes bo a function of the energy of the electron and the
neutrino.

The essential difficulty im the betawdecay theary is to guess the
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kind of interaction between the heavy particle and the light particles
(beta-particle and neutrino)., It could bo any one of five relativ-
istically invariant types, namely: scalar (8), polar vector (V),
tensor (T), axial vector (A), and psoudoscalar (P). On the basis of
exparimental results the intoraction ocurrently in Qogua is tho tonsor
interacﬁion. which gives rise to:the so-cmlled Gamow-Teller selection

rules.? fhere is an additionsl selaction rule due to ﬁignerﬁ which

 mekes some sllowed transitions favored over others if the space wave

ﬁmc.:tiona of the inltial and final stetes are similar.  If there is a
substantial change in the space wave functions (change in symmetry or
configuration), the transition nay still be allowed but with a reduced
nuclear matrix element. The selection rules for each of the above
interactions are found by expanding the matrix elements, Then for each
term the opefator has to be chosen so that only those trensitions occur
for which the angular momentum and the parity of the system are con-
served, 8clection rules resulting for each of these interactions are

tabulated below.

Intoraction |’ |Alldwed | 18% forbidden gnd forbidden
parity
change no yes Ro
v ax o Op+l 1no 00 | +1,+2
parity R . .
shange no yos ' no
T AT | 0,41 1o W0 0,41,42 no 0—0 | +2,43
parity I e
change no yes noe
A Al 0,#1 mno 00 0,41,+2 no C—0 | 2
parity .
change o yes8 ~ 1o
P Al -0 0,1 no 00 +1,4#42 mno 170
parity
ghange _yes no yos
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If the selection rules regquire ﬁﬁé%a%hé first term in thé expon-
8ion of tho mairix clement Se egqual to zerc so tha;_tha sscond %arm is
the first nonvanishing term, theu the transition ia’s\»'raf‘_e‘;rred tov as —

, ,

first forbidden and o on. First forbidden transitions should be mmaller
by'ﬁ factor of about 102 sinece the successive terme in the oxpansion
aere smaller then the pmweding‘ by the Pactor PR/h where ¥ is the aver-
age momentum and R 18 the nuclear radius in units of h/mec. Accordingiy

each higher degree of forbiddenncss is emaller by a faotor of 10-2,

The docay constant for a partioular transition is given by
.Pm
1/t -=f %fp) dp = G2/2 rr"’)f(z,wg)
0 :

where

Prayx -
£{(2,W) = j; Ffz,a’f) pa(wo - W)e dp.

£(2,Wy) 18 a function only of the charge and the upper cnercy limit and
hence can be caloulated for any slement for which these quantities are
known. .The produst of f and T which can be determined experimentally
gives the m@gnituda of the term Gz/?1r5|M|3 end hence enables one to
classify beta activities experimentally into their order of forbidden-
* ness as the value £1v will fall into groups differing by a factor 100.
The upper energy of tho bets speétrum ia found by en ingeueoﬁa

8 If one ob-

method of presenting thé‘duta, first propossd by Rurie,
gerves in a magnetic lens spectrograph the number of slectrons ina
momentum interval. Ap, which is‘grogortianAI to P(p) Ap, then the
number observed is

Hp) e Gg/éwﬁixﬁtz 7(2,0) p? (Wy - W)2 Ap.

Now for & given type of interaction | #|2 15 & constant ag well as
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Gz/'211'3 and the resolving power of the spectrograph Ap is proportional
to the momentun measured, which is in turn proportional to the magnetic
field, H, and hence the current. One can write the number of electrons
obtained for a given current valuelas

Thus if one plots Jﬁ(l)/[I3F (z,1)] a8 a funotion of W, one should
obtain & linoear function with an intercept at ¥ = Wo. This method
requires accurete knowledge of the function F(7,p) which is nothing but
the Direc wave function for a charged particle in a Coulomb fisld when

the particle is'in an unbound state (i.e. in a aontinuum). It is

2. (B + 1)
IV(Bs +1) 2 2

F(z,p) & uni*ﬂglgs'z

where p, W, 2 and R are the same qunntities and in the seaume units as
before, a is the fine structurs constant, and 8 = (1 - a2z2)1/?.
F(Z,p) ig difficult to calculate since there a;e no good tables.of the
complex gamma function. However, it is possible to approximate the
function'to any degres of accuracy by expressing the gam;a function ap
an infinite prodﬁct. For very light nuclei (Z < 15) where s = 1 one

N

can nake use of identities for the " function to get

P(Z,p) = const 2maziifp "
1 - g=dTaiti/p

Bet‘ﬂe7 gives the approximation that ie good within a few percent

for all vaelues of 7

F(Z,p) = const “‘31%%- (W3 (1 « 4a222) - 1]8=1.
1 . em2mwadi/p =

longmire and Brown® give corrections to be made for the scresning of

the nuclear charge by tho atomic elsctrons which are negligible for
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electron emission but quite appreciable for positrons emitted with
energies less than 100 Xev,

The study of bete spectra is complicated by the secondary effects
which always appear to a smaller or groeater extent in the form of
soattoering from the backing of the gample and the sample itself and
scattering from the internal surfaces of the Gpectrometer.. This effect
mani feats itself in the fagt that the nunber of low energy slectrons
relative to the remainder of the speoctrum increases, This phenomenum
is frequently so marked that ai@ple spectra give Ferml plots so curved |
that they have been falsely interpreted as having several components.
The best precautionary measure against these disturbing effects is to
uas sauples of high speolfic activity spreed over a large afea with &
backing and covering of as low a mess as possible. In the recording
of continuous speotra it is uwinecessary towork with high resolving
power. The Fermi plot obtained for infinite resolving power will
coincide with that for a finite rosolving power except in the region
very near the end point, and if no importance be attridbuted to the
last points in a Fermi plo%, it is unneccessary to introduce a correc-
tion. Thls is, however, not the cage if it ig desired, for example, to
determine the enérgy maxinmun by a direct study of the end point of the
original spectrum, but this fs not usually feasible because of the very
low inteﬁeity near the end point,

The experimental fact that most allowed and forbidden beta spectra
may be represented as straight lines in the Fermi anaelysis facilitates
the resolution of complex sprectra into their components, However, it
should be pointed out that the rosolution of e spectrum into its

compo;ents nay often be difficult to perform especially when the lower
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energy cdmponents are also low in intensity since back scattering by
the more intense components may simulate the low energy components,
However, this methed of analysis uSuaily ellows the end points of the
low energy components to be found with roascﬁable accurecy. When two
_or more components originate from the sane 15?91 there ie alﬁaya the
additional information geined from the investigation of the gamms -
radiation simo@ the difference in the energy of the beta components
must oceur in the form of gmamairadistion, The energles of the latter
when known may be ocmploysd in the Fermi analysis,

it often occurs that th; bete traunsitions to different @xciied
levels in the {inel nucleus are so strongly fbrbidden by selection
rules that they are complotely absent. #ven. the beta transition to
the ground state of the final nucleus may be so forbidden that the
final state can be reachsd only by gamma emission from some higher
exoited stato,

A nucleus in an excited gtate can déoay to a lower energy state of
the some nucleue by either emiiiing s gamme-ray of enérgy‘buJ equal to
the energy difference between the two states or by giving the energy to
an electron in the K,L,... shell of the sawe atom, the eleotron being
ojected with kinetic energy Wy « Eg, Wy =~ B ote., whore Eg, By ..
are the binding energies of the electrons in their respective shells.
This latter process is called intgrnal gonversion and is not a seconde
ary process but a primery one and is due to the direct interaction of
the nucleus with the surrounding electrons. This is importent for it
means that the probability of desay of éﬁe excited state is not eiwmply
the probability of gamma emission but is the sum of the probebilities
of the two competing processes eg gamsa ezission end internal conversion.

e
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Unlike the theory of beta-~decay the theory of geaame raliation and
internal convercicn is rathor well understood end is treated in a
nunber of places, e.g., Dancoff and Morriaon.g Esgentially the quantum
theory of gamma-reay emission utilizes the classicnl oconception of a
radintion source as an oscillating eleétric or magnetic multipole but
replaces the rate of radietion of energy of angular frequency w by hw
times the.probability per unit time that. & quantum of energy hw shall
ga emitted, When‘ghi; theory is-subjected to conservation conaidera-
tions namely, of enguler momentum and parity, it gives rise to the

selection rules for multipole radiation given below.

Parity Leven 1 odd

same 2L electric | 241 alectric
24 ipemmetic | 24 magnotic

: opposite 21*1 electrie 24 slectric
2L magnetiec | 24+l magnetic.

where |I' ~ I| S Q £|I' +I| and I' is the spin of the initial state
and I that of the final state.

As in botawdecay theory it is not possible to celoulate the abso-
iute probabiliﬁy of the trunsitions without some knowledge of the
matrix eloments and estimates of these require s nuclenr modsel the
details of which are beyond our present knowledge, Segre and ﬁelmholzlo
give an epproximate fomula for the number of quenta emitted per unit
£ime, Ay )
logyg Ay = 20430 = 2logyof1e3 eve2Ll= 1) = (204 1) (1.30 ~ logyoWy )

- 22{0.484 - 1/3 logyg &)
where Wy 1s the energy of the gémma-ruy,.ﬁ is thé multipole order for
electri; radiation. The decay constsnt for magnetioc 21 pole radiation

may be obtained by inserting L < L' + 1. Since intornal conversion is
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a-competing process the effect will increase the decay constant to
o) ; Ay + MAg where Mg i; the decay corresponding to the transition
probability induced by electrons, Ience the half-life of an excited
state will be
Ty/z = 0.883/(Ay & Ap) « 0,698/, (1 +a)
whwere ¢ is the internal conversion coef?icient'which is defined as the
number of conversion electrons per quantum emitted, Curves of half-
life versus gamua~ray onergy as functions of various multipole orders
and conversion coefficients are given in a rscent paper of Axel and
pancolf. 1l
The radiation field due to any givea strength of multipole oseil-

lator can be written down and the interaction of such a field with the
atomic elsctrons can be caloulated from the known wave functions.
,‘ Hence the internel conversion cééfficieﬁt can be calculated independ-
ently of the magnitude of the nuoclear matrix element but with some
- asgumption abqut the multipols nétura of the transition, Zxplicit
expressioﬁa for the internsl conversion coefficient applicab;e to all
values of Z, transition energies, and ﬁultipole_typ&a have not been
- obtained on account pf the mathewmtical complexities, ﬁut calculations
have been made with varying degress of approximatipn in particular |
cases. Hebb and Uﬁlenbecklz have obtained nonrelativistic expreasions'
for the K convergion coefficient aﬁ for electric trensitions only,
which are not too far off for transition energies W, << m,c2 and for
Z < 40, The calculations have besn extended by Dancoff and Yorrison®
and by Hebb and Neleon!® to include magnetic multipole traensitions and

L conversion, Ixpressions for the conversion coefficient as given by

Dancoff and Horrison for K conversion when the bindicg ensergy of the K
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slectrons is much smaller than Wy are
Electric transitions

(L« 1)m52% 442

Ay e A
1+ 1

Wy

L 3z55% <ﬁ7 + 2
4

>1 ~1/2

Kagnetic transitions

ol 27844 (w, - 2)Q*1/2
Wy W,
where W, 18 in units of mod? and L represents the multipolarity of the
transition. | : :
lore exact values for the conversion coeffiéients have been re-
cently calculated by Ross st al.lé‘using the automatic computer at
Harvard and are published in the form of tables.,

Using nonrelativistic wave funotiona and assuning the wave-lenglh
of the geamma-radiation to bs much hxrgér than atomic dimensions, Hebb
and Helson obtained the ratio %% for both electric and magnetic multi-
pole radiation which are correct to about twenty percent feor the exper-
imental ceses treeted in this paper. Their results will not be listed
here because of thelr complexity.

The investipgation of gamma spectra are complicated by di fficulties
of intensity to a much higher degres than for beta spectra since the
effioiencies of the measuring devices are strongly dependent on the
energy of the raﬁiatian. Compton effect and the photoelectrio.effect
are the most used in the inveatigatidn of ganma-radiation with a mag-
netic lens spectrometer.

When applicable the most convenient and asccurate zethed of deter-
mining the ensrgy of the gommairadietion is by neasuring the energy of

the internal conversion clectrons es.ociated with the same euergy
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transition. These internal conversion slectrons fall into discrete
groups, ¥y - Bg, W, - 5, ete., the lines separatdd by Ey - @j corre-
sponding to the same transition. The high intrinsic accuracy arises
from the fact that no secondary radiator is required to convert the
goasna- radiation i;to measurable electrons. The spread of erergy de<«
pends only on the thickness of the source. Since the internsl conver-
sion coeffiolent is stranélj dependent on the type end energy of the
ganma-radiation, 1t is not conveniont to uge the number of the conver-
gion electrons as an indication ;f the intensity of the gamnma -radis-
tion. fHowever, if the intensity of the radiatioh con. be determined by
other means, then the number of conversion electrons can glve informa-
tion on the type of radiation which iz valuable in assigning spin and
parity values of the levels. Another method of finding the type of
radi&tion, which is independent of the intensity of the gowmma radie-
tion, is to observe the relative number of K conversion clectrons to L
conversion electrans,

The production of Compton slectrons may 5& achisved by preasing
the active saméle into a small copper cylinder the walls.of which are
thick enough to absorb all of the continuous beta radiation. Owing to
the high density of eopper the radiator may be nade small. For a given
dismeter of the radiator m larger active quantity of substance can be
-inserﬁed than if the radistor were of al@ﬁtnum. At energies above 0,5
Mev only Compton clectrons are obtained bul below this velue the photo-
olectric effect in copper mekss a small'centribution.

If & thin foil of high stomic number (6.z., Pb, Au, or V) is
placed outside the radiator then photoelectrons from the radiator will

be present in addition to ths Compton electron spectrus. The photo-
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aleotric effect is espocially marked for gamna-~rediations of less than
0,8 Hev.

At the higher gamme enorgies it may be often difficult, especially
( when gamme componenté are closely ad jacent, to distinguish the contri-
buﬁiona of the photogleotric effect from the edges of the corresponding
Compton spectrum. The photoconversion lines often manifest themselves
iﬁ terracings of the-high.enargy side of the Compton distribution which
are usually diffiocult te interpret.

The ée%erminatian of the gamea energies is ospecially accurafe
when the photoclectric effect ean be utilized, the high accuracy being
due to the fact thet the poak of o well defined line is measured, The
reliability of the determination is enhanced if not only the K photo-
esonversion line bht also the L photoconversion line can be mgaSuré&.
For a given resolving power this eondiiion is fulfilled at low energles
of gmuma-radiation whiﬁh are asaoeiatad with larger intervals betweon
the X and L linea,

In cases where there is a diffioculty in utilizing the photoelec~
trie effect the gamsa onerzy .ay be determined with moderate accuracy
by measuring ﬁhe inflection peint At the upper edge of the Compton
spectrun obtained before dividing the ordinate by the corresponding

15 finds empirically that the value of the energy

abscigsa, Siegbahn
obtained in this‘manner, whon inserted in the squation for the Compton
effect from central impact between a photon and an electron, gives the
same gamma energy within the limits of error as that obtained from the
K photoconversion linevplus the binding energy for the R shell,

An importsnt matter in the analysis of the term gcheme for any

radioactive disintegration is the reletive intensity of the gamma
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radiations, since these magnitudes give information regarding the
transition prabébility between the various levels. To find the rola-
tive intensities for each ganma-ray the area of the Jompton electron
distribution must be ﬁultiplied by a fector dependent on the ensrgy of
the gamm§~ray which can be derived from an e¢fficiency curve for the
radiation. Siegbahnla has develsped an empirical method for obtaining
thie factor wiéhin 10 percent.

To form teram schemes frou inférmntian gained by the above methods
it is nceessary to meke definite assumptions regarding the order or
sequence of the different components., In many cases this is possible
but frequently one encounters difficulty, It is very valuable in this
event to employ the coincidence method which makes poesible a more
direct study of the association betweon the different beta and gmma

components. This method was first used by Deutsch end co~wnrkers.l7

It has since found incrsasing use notably by Siegbahn and Johansson18
as the result of improved designs for coincidence emplifiers with
congiderably improved reeolving_timea.. In most colncidence epplica-
tione it is nadeanary'to study both the gamme-gemme and beta-gamma
coineidsnce%effeets. In the latter case the beta-gmuma coincidonce
ef' fects oan#be maaiuréd ag & function of the spectrally resolved beta
energy intervals. 'Thia may be illustrated by a simple exﬂmple.. Ve
assume that we have measured a bete specirum which we essume To be
complex in view of the préscnce of & week gamnn aotivity of unknown
energy. A resolution into beta components by direct Feril enalysis of
the complex spectrum would be sssociated here with great sources of

srroy as a sorsequence of the wosk intensity of £he softer component,

However, spsctral resolution of the beta-gauwma coincidence offect will
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here presumably have. the same form as the softer beta component. Bj
making the Fermmi Plot for the ceincidencs spectrum it is poscible inm
this menner to obtein an upper limit of the softer beta component,

The ?equiremenfs on the resolving time of the coincidence circuit
and strength of the sample are much more stringent than in ordinary
absorption coineidénce applications, since the chance coincidences must
be negligible compared to the true coincidences in order properly to
resolve the sofler beta component. The trus coincidence counting rate
will be |

Hﬁ, = H €y eﬁ(I)

where ¥ is the mumber of disintegrations per second and €y the Toffi-
ciency" of the gamme~rey counter. The term "efficiency” includes the
offective solid angle presented by the eounter to the source as well as
the actunl efficiency of the counter for a partidular ganma-ray energy.
,Eﬁ(I) is the "efficlency™ of the beta-ray counter which takes into
account the solid engle and true efficlency as well as the fact that
only the spectrally resolved portion of the botae spectrum is counted,
Hence Eg(I) will be propertionsl to the fector F(Z,I) 19 (W, ~'ﬁ)2.
Since the two individual count{ng rates in the gamme end bste counters
ars

Ny =Ney and ?Eamﬂ'eﬁ(l)
the ratio Hé,p/ﬁg should be congtaut and equal to the sefficiency of the
gamea counter €y. Howsver, the counting rate observed on the coincidence
counter will be the sum of the true and chance coigcidence rate, and
unless the chance oai;cidanc@ rate is enall compared to the former, the
ratioc Eg~(/§@ will not be constent bubt a funotion of the beta-particle .
momentum, The chance coincidence rate i§

Hohenoe = 2Mg Wy T = anf e €T
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hence if we require that E@ y > 1008 panece we have the requirement that
NT < 102 which meane that the source strength is limited to approxi-
mately one or two microcuries for a resolvimg time of 0.2 microsecond,
the resolving time of the coineidence circuit used in the experiments

treated in this paper,



UCKL-582

Agznratus

. The magnetic lens belawray speciromoter described in this peper is
gimilar to thet described by Si@gbahn;s where, in order to reduce
spherical aberration,.the magnetic {lux density ise altered from the
simple longitudinal form to a form whore the flux density is thirty
perc;nt stronger at the two foei than at a point half way botween.

With this field form e much greater transmission factor for the same
rosolving powsr can be realized,

The megnet consists of an iron tube sixty contimeters in length by
forty centimeters in diemeter made of ¥wo inch squaere iron baers spaced
gniformly around the circumference (see Figure 1). Cylindricel pole
piecés four centimsters deep and thirteen centinmeters in diameter are
affixed to iron end pieces {ive centimeters thick which aro mountod on
wheels to ronder thean ossily movenble. Cylindriecal holes 2.8 centi-
meters in diemeter through the axis of both pole feces are provided for
the CGeiger tube and the radiocactive source.

The coil comsists of two solenolds thirty centimoters in length
with inside end gutside’diam@ters of twenty and thirty centimeters
respectively. Zach coil is wound with 3600 turns of number twelve
enaneled copper wire. The resistance of each coil is 17.2 ohms. The
coils are arranged so that they may bo used in series or in parallel.

The vecuunm chamber is composed of tho coil form, which is a brass
tube twenty centimeters in diaéeter, and the iron end pieces whieh butt
up egainst the brass tube through rubber gaskets forming e vacuum tight
seal. The entire surface of the vecuun chember is covsred with a layer
of polys;yrene to reduce slectron scattering from the walls,

A Goiger tube of the end window type with a brass cathode aix
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sentimeters in length by two sand 8 half centimeters in diameter is
placed before the hole in one of the pole faces so that its ond window
projecté ons contimetor in front of the pole fece. The end window
whioh is 0.8 ocentimebter in diameter is ugually composed of 0.4 ng/cnd
ﬁylén shest held in place by a clamping ring and sesled with gaskots of
dental dam. The Geiger tube id coumnected by a mstel tubc to an evacus~
tion and filling apperatus. This_apparﬁﬁﬁs allows the Geiger tube and
thé vaﬁuum chambsr to be evacuated at the same time so that no pressure
differantial will exist a&resa the thin nylon window., The filling
apparatus conﬂiats of'avnumb@r oﬁlreservéirs of argon, cthylene, and
alcohol Yogether with a mixing chember and nttacpad manoreter So that
ény dosired mixture (usually about eight contimeters of argon and one
of ethylené) may be introduced into the Geiger counter. Ithylene is
used rather than aloohol when mylon windows are used becsuse of the
 se1ubi1ity of ﬁylén iﬁvalcohal.

One ﬁentim;t@r before the other pole fuce'the radicactive source
is placed. The source is deposited cn‘g ﬁhin.film of nylon or Formvar
varhi;hvsupporﬁﬂd onr the ond of & poiyatyrena tube (see Figure 2).
This tube is fixéd to' a one inch diameter metal rod so that the saaple
can be introduced inte the evacuated rezion through a vecuum lock con-
slating of a cheveron seal and a.gate valve. This is necossary to
facilitate thé rapid changing of samples without opening the vacuum
ohamber. The windew of the Geiger tube will not tolerete atmospheric
pressuro. |

The shutler end slit syétem is plaoesd in the center of ihé apectro-
graph between the'sourcaland the feiger tube (sse Figurs 1). Thé 8lit

18 oirculer with imner and outer radii of five and seven centinmeters
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corresponding to a transmission factor of two percent and a resolving
power of mbout five percent. The resolving power is bascd on the
percentage width at half maximum of the Hp wvalue of & sharp conver-
sion lins. A disc made of aluminum cen be introduced so that the inner
‘half of the slit is blocked or covered up. The transmission factor is
reduced to ebout one percent while the resolving power is incrsased t&
about three and one-half percent., A cylinder of solid lesad twenty
centimeters long is placed axially between the source and the CGeiger
tube to prevent diresct gamma-radiation {rom reaching the counter.

The main vacuun chamber is evacuated by a six inch diffusion puap
backed by a "Megovace” mechanical pump. The pressure inside the vacuum
chember is measured with a thermocouple gauge,

The coils of the spectrometer are cooled by forced air passing
between the surfaces of the ecoil and the iron shell.

The power for the coils of the spectrometer comes from a five KVA
dec. generator. Current regulation is accomplished by controlling the
voltage across the generator field. This is done to bstter than one
part in a thousand by the following method., The current passing
through the spectrometer coil also passes through an adjustable resis-
tance in series with the coil, The voltage moross this resistance is
compared to a reference voltage consisting of a number of dry cells
and the difference between these two voltages is amplified in & four
stage cascaded d.o, amplifier having a gain of about 1600 in voltage.
As long as the difference betweenthe two input voltages is zero the
output of the amplifier is zero, but when there is a slight deviation,
the oubput of the amplifier immediately adjusts a grid controlled

rectifier supply which supplies the power for the d.c. field of the
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generator so that the coll current returns to the proper velus. Course
and fine adjustments of the eoil current are made by varying the geries
rosistance and the reference voltage. The coil current is measured by
means of & standard resistance of 0.2 ohm and a potentiometer which
comperes tha volbtage across the standard resistanco to that of u- stand-
ard cell.

With this lens no departure from linearity betwsen the coil cur«
reat and the focuaadfao has been established either by measuring the
Hf: values of known conversion lineg or by direct measurement of the
field. At oxtremely low values of Ho a deviation is present if cars
has not been taken to demagnetize the inatrument, since any residual
magnetism in the iron will have & large influeﬁce hare. Therefore it
is custém&ry fo demagnetize at the béginning of,éwory run and to pro-
coed only in the direction of increasing current when in the region of
low energy. A curve of measured relative flux demsity as a function of
the eoil current is shown in Pigure 3.

The Geliger tube is connected to a gusnching eircuit and a prean-
plifier of low dead time designed by W. Goldeworthy (see Appendix). It
is important to have a low demd time in‘an application such as this
since the range in counting rates encountered will be very broad and
the necessary corrections for counting loss dus to dead time should be
kept as low ms possible. The output of the preamplifier goes to a
i gZinbotham type sgalérlg having a scale of sixty-four and then to a
counting register, IA addition to the socaler there is & counting rate
meter (see Appendix) for preliminary investigations of the essential
features of the beta spectrum.

When beta-gzamna coin&ideneea are to be measured & special source

holder must be used. This holder serves as a scintillation counter for

~
-
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the pasme radiation from the sample. The outer dimensions of the
source holder are similer to the one used befors except that the meotal
rod which is used to introduce the sample into the evacuated region is
hollow and closed at the sample end with a beryllium copper foil which
maintaing the vecuun and serves as an absorber for the beta radiation
from the source., Directly behind this absorber is an anthracene crys-
tal mounted on a length of polished lucite rod which acts as a light
pipe leading to the photomultiplier tube outside the napgnetic field of
the spectrometer. The photomultiplier tube is in a container surround-
ed by dry ice to keep the noise pulses to a minimum,

The puless from the photomultiplier tube go tﬁrough an inverter
and preamplifier stage with a gain of about two into & wide band pulse
saplifier consisting of two three-tube feed back loops having & gain of
about twenty-five.A The output of this amplifier goes to one channel of
a coinecidence circuit. In each channel of the coincidence circuit is a
blocking osecillator which will give a square output pulse of 0.2 mioro-
second width; %the outputs of these blocking oscillators go into a
conventional Rossi coincidence stage. The other input channel cones
from the preamlifier of the Gieger counter, The’resolving time was
made to be 0.2 microsocond since the firing time of the Gelger counter
ia uncertain to the order of 0,1 mierosecond. The output of the Rossi
stage goes into & soaler with a scale of four and then to a counting
register which gives the coincidence counting rate. 4 secoad scaler of
the Higinbbtham type is provided to observe the counting rate of the
scintilletion or gaame counter. This system can be made to count beta-
beta coincidences with one part of the beta spectrum spectrally re-

solved if the absorber between the source and crystal is made thin
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enough to transmit beta .radiation and the anthracenc crystal is made
very thin so as to have poor efflclency for counbing gemma radiation
and high efficiendy for counting beta radiation,

A multiple source holder has been ussd in conjunction with the
spectrometer, It consists of ten sources mounted on & wheel spaced
evenly about & given radius (see Figure 4). This wheel can be rotated
from the outside of the spectrogreph where an indicator tells whioch of
the ten smmples 18 in the proper position, In front of the Qheal there
is & lead balfle covered with polystyrens with an opening at one point
go that only the radiation from the one desired sample can be trans-
nitted fhrough the spectrograph. Such & multiple source holder has
been used by G. M. Tomior " to measure excitation functions.

All.helical type spectrometers iransmit both clectrons and posi-
trons at the same time, the two di:feront pariicles spiralling in the
opposite sonse. OUgcasipnally it is necessarj to meke an experimental
identification of‘the type of particle and for this purpose a baf’le is
provided (see Figure §). Vanes are placed in front of the slit in the
spoctrogreph sueh that only those particles spiralling in the oorrect
senge are transmitted. A reverssl of the magnstic field ellows the
partiélen.of the opposite sign to get through and hence the two types
can be emsily identified, The spectrograph is normally operated with
thig baffle removed sines the acattaring that it introduces lowers the
resolution to sbout eight percent.

A peneral block diagrssx and & photograph of the apparatus ars

shown in Figurés 6 and 7.
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Experimontal Results

Tin 117 _

The 14 day tin activity was first found‘by Lindner®! in conneotion
with the investigation of spallation products from the high energy'
deuteron bombardment of antimcny. He observed both conversion electrons

119

and gamma radiation end assigned the activity to Sn on the basis of

22 have assigned

oross section arguments,, Recently Mihelioh and Hill
this sctivity to 8n'}7 by irradiating enriched isotopes of tin with
slow neutrons,

A sample was prepsred by bombarding a thick target of antimony
with 100 ¥ev deuterons. Chemicel proeedures similar to those qf‘Lindner
wore used to separate the tin, I{ was necessary to use a large amount
of tin oarrier (6 mg) @s the tin is separated from the antimony and
purified by aeleoiiva precipitation as sulfidgs‘ A gourcs was prepared )
by mounting the separated tin on & Formvar film backing so thét the
total thickness was gbout one mg/bmg. The observed conversion electrom
spectrum is shown in Figure 8, Two conversion peaks are present at
124,65 Kev and 150.,1 Kev corresponding to the gonversion of a gamna-ray
of 0,154 :;0.005 Mev; this value is slichtly smaller than‘the value of
0.159 Mev obtained in the prellminary‘investigation of Mihelich and Hi11%2,
From the value of the lifetime of 14 days and the energy of 0.154 Mev the
tr@nsition would correépond to a change in angular momentum of § according .
to the experimental and theoretical classifications of A;gl an& Dancoffll.
The experimental value of the ratio of the K snd L conversion electrons
is 242 which might bs subject to a smali error because of source thiok=-

ness. With the wvalue of zQ o § the theory of Hebb and Nelsonl® gives 0.86

as the_theoretioal K/L ratio for eleotrio transitions and 2,86 for
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magnoetic transitions. For magnetic trensitions with A = & the K/L
ratio is 3+85., Therefore in order to sccount for the K/L ratio a

mixture of 25 pole eleotric and 2 pole magnetic rediation must be

postulated,

The above energy values are based on the oalibration that one
ampare through the coils of the aspectrometer focuses an electron with
H P of 1360 # 10 gauss ventimeters, This oalibration was made for seven
different values of H/D. Four points were obtained from the K and L |
photoconversion lines in 24 mg/bmg of uranium by the 1,3316 + 0,000 Mev
and 1.1716 + 0,0010 Mev gemma-rays measured absolutely by DuMond and
oa-workerazs. Another two points wsré cbtained frOm:the K and L
photoconversion lines in 10 mg/%m? of gold of the 0.51079 + 0,00008
¥sv positron ennihilation rediation also measured by Dumond24. A
final point is from the 1985 H P "F® conversion line from thorium B;

60

A typioal photocsonversion spectrum of Co =~ used for calibration

.

purpoges is shown in Figure 9,
Qopper 62 « Zino 62

The positron spectrum of the ten mimute Guez was first observed
by Grittendenas in a cloud chember, Hore recently Beokeraa studied
the dpeotrum in & beta spectrometer using sources of copper foil which
had béen irrndiated with 22 Mev x-rays from the Illinois betatron, °
His method of obgservation required the use of rather thick sources
(11 mg/bma) sinée-no ohemical separation could be mede, Also because
of the short lifetime of Cu? g'numbar of samples had to be used
making it necessary to normalize each obse}vad interval with the
preceding one, -

A more convenient method of observing the Qusz speotrum would

‘ ] L7
be to use its parent ana as & S0uUrce. Zn62 was reported by Miller
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as 6 K~cepture activity with the helf-life of £.5 hours,jéhus the cu62
formed by the decay of Zn52 would appear to deocay with this longer life=-
times A gemple of Znsz was prepared by bombarding a thieck copper target
with 100 Mev deuterons in the 184einch oyclotrons The reaction is
Ousa(d,an)anz- The anz was separated by first electroplating cut the
majority of the copper and then performing & chemical separation on the
remainder. Only abeut 100 miorograms of carrier was added so that a thin
source of sbout 0.1 mg/&m? thiokness on e backing of Formver film was
prepared, The beta spectrum is shown in Figure 10. There are three
features in this speotrum, a high energy positron ¢omponent arising from
62

the desay of Cu°“, a& lower energy positron component from the decay of

£n62, and two conversion peeks eorresponding to the K and L conversion

62 since

lines of & 4148 + 0.8 Kev gamma-ray following the daeay.of Zn
the energy separation of the K and L lines is Just equal to the difference
between the K and L binding emnergles in coppers At this.low energy the
absorption of thé 9.4 mg/hm? aylon window of the Geiger counter begins

" to have some effeét‘soﬂthat the K conversion peak is probably absorbed
slightly more‘than'%ha L eonversiqn peak, Hence the obéerved ratio of
the X and L aanvereiog electrons would gset & lower limit om the astual
ratio. This ratio is spproximately 6.4 and would oorrespond to either

an electris or magnetic dipole treonsition. A Fermi plot of the positron
spectrum is shown iﬁ Figure 1lls The upper limit of th@ cub? positfon
spdstrum obtained from this plot is 2,82 ¢ 0,02 Mev end is about two
percent higher than the value of Beoker?®, Subtraction of the extra=

" polated straight line Fefmi plot for 0ub? frem the total spectrum gives
the fermi plot for Znez shown in Pigure 12. The upper energy limit for

5%

Z is 0.685 + 0,010 Mevs The curvature in this Fermi plot can be



7000} T0

I

12,800

6000+

5000

4000 —

3000—

2000

1000 —

BETA AND CONVERSION ELECTRON
SPECTRUM OF Zn%%4+ cu®?

’

l I l

| l \\
3.0 4.0 5.0

6.0 7.0 8.0 9.0
MAGNET CURRENT in omperes
FIG. 10

14537-1

TAaC v



(R

an T l T B ~
800} _
700} i _q,
600}~ —
o 62
FERMI PLOT OF Zn°2 AND Gu |
500 - - | —
BETA SPECTRA _»
. , 5
I
400 —d
300 -]
3
100 —]
| | 1 | | i
1.0 2.0 3.0 . 4.0 5.0 6.0 7.0
| "ENERGY in units of mc?
FIG I 148 AR -1



N (1)-N,(T)
F13

\/

) - -37 -

ENERGY in unifs of mc
. F16.'12

T T T | T I T I ) i 1
" 700~
§
| .
. _ \ . )
60 Of— . : 62
FERMI PLOT OF 2Zn
BETA SPECTRUM \
500 }—
400}
]
300f-
200}
100}
0 l ! | L | | 1 | | 4 n
1.0 i1 I.fg? 1,3 i.4 1.5 1.6 1.7 1.8 2.0 2.1 2.2




UCrL-582
«38e

attributed to a emall amount of back scattering from the much more intense
cub? spectrum. The helf-life of 202 18 9,33 hours as indicated by
Figure 13, Comperison of the number of positrons in both the Znsz and
the Onez speotra indicates that 2082 decays about ten percent of the
time by positron emission and the remainder by Keoapbure. According
to the Fermi theory of beta decay positrons should be emitted twentye
five psreent of the times This sort of diserepancy isveammon because
of the very atrong ensrgy dependence of the probability for positron
emis;ion. Parhaps a slight error in the upper energy determination
would account for this différenoe.‘ The nuqlear matrix elements should
be the same for both K<gcapture and positron emigsione However, snother
complication is the lack of knowledge of the branching ratio of the Zn82
decay where the decey might take place to two states separated by 41.8
Reve This would be difficult to determins without experimental knowledge
of the conversion cosffioient, The Guez hes & £ 7, value of 1344 x '104
and the Znsz has & f'rz valuo of B¢3 x 104 (teking into account the
daoay by K-oapture and positron emission) whioch experimentally classifies
both spectra as allowed,

Absorption measurements have indicsted a meximum energy of 2.5 Mev

8%

for the positron spestrum of Cu « Beoause of the very wide diserepancy

of the values of the uppor energy limit obtained from beta speotrometers

end from absorption, suspicion was put on the wvalidity of Festher's rule

82

for high energy positrons, S8ince the Cu - amctivity is often used as a

monitor for hard gemma radiation from synchrotrons snd betatrons, it
was thought to be profiteble to make e careful check to see if absorption

techniques oould meke a good determination of the upper energy limit of

the positron spectrume Absorption surves for both Znﬁa + Cuaa and‘0308
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samples were made exercising great ctre to keep geometry for both semples
the samss  Correotions for deocsy of both sample and background were made
since eanihilation radiation escounts for part of the background, . Absorpe
tion ¢urves are shown in ?igﬁreg-l& ané 16, and the Peather anslysis is
ghown in Figufes 16 end 17, vThe value of the upper limit obtained is
5416 Mev, far hig&er than other absorptioh‘méaaurgmentQ.' The only
caﬁclusian ?hét can be dr&wn is that Feather's rule is valid but the
experimental method is inherently ineccurate.

ndium 111

The iﬁvestigation ofvthe-2w7‘ddy K=0apture astivity of Iﬂlil was
undortaken in conjunction with the other isobaric activities Aglll and
64111. This activity was first investlgated by Lawson and Gork28 who
_reportad conversion lines qorreaponding to gamma onergies of Q0,173 and
0.247 Mev. Goincidence measurements made on these two gamma~réys by

'Bradtag

, Inlll was mede by & (cy.zn)'rsaotion on silver, and a source was prepared

show that the two geammas are emitted in oasoades The sample of

of'ﬁ:faw-ﬁgfémz ﬁhioknsas ineluding:the n&lon film backings The spectrum
.@is taken end is shown in ?15&?9 18, . Four sonversion peaks are present
having energios of 142.2, 16448, 21645, and 239,9 Keve The first two
vaiﬁés corraspond ta.energiaé of K end L oonversion lines for & transition
of 0.169 » 0,00¢ Mev in cedmium, Thejlatte: two peake correspond to &
- 04243 + 0,004 Mev transition in cadriium. Béeause_of the rether high
;thresholdifor the reection it was thought that some positron emission
might Ea'presentg_ A aaaréh fer positrons with the baffle dsseribed above
proved unsuccessfuls |

The 04243 ¥ov gﬁmma-ray is the seame a8 the one observed in the decay
of the caltl ‘yzomer which has an upper state of 48 minutes kalﬁ-lifé and

which desays with the emission of & highly converted 0,149 Mev gamma-ray,

b



COUNTS per minute

~41-

2000

1000

pU——

ABSORPTION IN ALUMINUM "

800 Zn®24 gy 62 —

% -

600

400

200

100
80

60 | . | | .

20 - | ‘ L

ol 1 1 | L l L t
0 400 800 1200 1600 2000

ABSORBER in mg cm?

FIG. 14



INTENSITY

" RELATIVE

400

200

100

80

60

40

20

| | 1

L

"ABSORPTION IN ALUMINUM
UsOg STANDARD

I l I ! | |

200 400

600 800 1000

ABSORBER in mgq cm 2

~ FI1G.

)

1200

14 544-



[

-

RELATIVE

INTENSITY

0.1
.08

.06

.04

.02

.0l
.008

006

004

002

.00l

.0008
.0006

.0004

- .0002

.000!

iy ) -

BRI

T

1

IT]III

T

I

TIIIIII

T 7 T I—IIF

! |

FEATHER ANALYSIS OF
cu®? BETA SPEGCTRUM

1 [ |

[ |

|

|

i LJlll

. 62 2
Zn 3Ccu® i

j . llll

_ba

\

4

0.9

]

J
250

L i
500 750
ABSORBER in

" FI6. 16

1
1000 1250 1500
2 ,

g cm” _ .
14543



.

in .mg cm?”.

ABSORBER

1600}
RANGE 1570 Mg G-
E=.85R + 0.245
E= 315 MEV

1400}
12001

foloje] o3

800

- 77-

600 | | o | |

EXTRAPOLATED RANGE

- FROM FEATHER ANALYSIS
400 o

OF Cu®? 7
200 -
o o . ! 1 1 1 1 |

o ol 0.2 0.3 0.4 0.5 0.6 07 08 09 10
o _ FRACTION OF RANGE

FIG. 17 - | ' ‘ 14550 -



in counts per minute

COUNTING RATE

_ T T T T u| T ] T I T T T | | !
6000 _
5000} OBSERVED CONVERSION ELECTRON | - o
' SPECTRUM OF In'! | o
4000} -~
3000 -4 L

: ¥
2000 |- .
)
1000 |- - S
> /-
ok T B B R NN R B |
"0 0.2 0.4 0.6 0.8 1.0 1.6

MAGNET CURRENT in amperes

FIG. 18
. 14545 ="



UCKEL-582
B
. The ratio of the sonversion coefficients of these two gammeereys has
been maasﬁred by ¥re Co Le ﬁoﬁipnié with the spectrometer desoribed
here, He finds theé ratio of the number of conversion eleotrohs for the.
0.14913nd.0.248 Yov geammes to be aﬁput 10, With this informetion and
with the knowledga thet the two geamma~rays originating frdm the In;ll
-decay are in oaseade one should be able to form decay scheme in which
the experimentdlly observed features would serve as a check on thé
theoretical oénclu&ions. From the lifétime and'the'energy of the gatll
isomer Qngbcan”find that the transition agcording to the elﬁasifioaticn
of Axel and Danoofflx involves § change éf four units of éngular nomentum
aand fram_thé ratio of the K/L cenversion electrons the ﬁfansitionvis an
éleétri&géé poles The conversion coefficient Aooording to tho tables of

'RQ§$14

would then be 7,4, Then the conversion cgeffieient for the 04243
Mov gemmaeray is 04087, The retio of the number of conversion electrons
from the o;iés ¥ov trensition to the number from the 04243 Mev transition
‘”-is 1476 Again from the tables of Rose if one tekes ratios of K converaion
_é@gffiéi@nts'for éhe-ﬁwo ﬁransi£iona for @11 posaible combinations of
~multipole ardérslboﬁh electric and magnetic and compares thom to the
,experimentally observed rnﬁio'of 1.7, all trensitions cen be ruled out
exeept where both transxtions ‘are both elactrlo quadrupole or magnetie
dipole. Deutsch80 haa shown that the half~life of the 0.243 Mev state
ie 8 x 10‘5 second, whloh is not inconsistent with an electrio quadrupole
trmsitic_m. Thess transitions glve d%se » 2474 and f# 169 @ 2457

e
X o %w

Al ratioa lower than 1.7 enn be ruled out as contrary to ebserved factss
all those'muah.larger would indieate an exoessive branching af the In;}l
- Kecapture decay to the lower state, Bowever, iu order to reconcile the

disagreement betweon 1.7 and 2,6«2,7 a branching ratis of about 36 percent
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would have to be postulated, 3Juch a decay scheme is shown in Figure 19,
It would be consistent to assign the same or one more degree of forbidden-
ness to the transition to the lower stete, as positron radiation does not
ogour and the transition probebility is about the same. As required by L
being even the parities of all states of Gdlll would be the same, The
spin of Gdlll in the ground state 18 1/2 so the spin of the 0,243 Mev
level would have to be 5/2 and the 0,410 Mev level 9/2. The apin of
the isomeric state would have to be 13/2 on this basis,

Silver 111

Thé study of the 7.5 day Aglll was undertaken in connection with
the other isobaric activities Inu‘1 and Gdu1 in order to correlate the
decsy scheme shown in Figure 19 in connection with the discussion of
mlil, aglxl has been studied by a number of inveatigatorsSI’sz who by
absorption'maasuremonts detarminad'that there was no apparent gama
radietion besides & continuous beta spectrum with upper limit around

1 Meve In order to confirm this & sample af‘dglll

prepared by separeting
gilver from palladium bombarded'with ﬁeutrons wag mounted on a nylon film
| 8o that the total source thicknesg was of the order of s few mg/bm?. The
bete spectrum wes examiﬁéd quite carefully for sonversion eloétrons
particulerly in the region of the conversion lines of Inlll. Ho evidence
was found for snything but a simple beta spectrum which is shown in
.Figure 20s A Fermi plot of this spectrum is shown in Figure 21s The
uppsr energy limit fram this plot is 1.04 + 0402 Mevs The fact that no
gamma trensitions are observed requires thet sny trangition to en upper
state be at least onoe more forbidden thaen the one to the ground state.
This requires that the‘paritiea be the seame for the initial and finel

states otherwise the degree of forbiddenness would be the seame to the
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ground state and the first exoited states However, meking the parities
the same makes the trapsit;on to the ground state allowed, The f'zﬂg
value for the Aglll veta spectrum clessifies it as & first forbidden
trensition. 8o probably there is an additional seleostion rule operating.

Y%triumlﬁo

As was méntiound earlier the spectra of forbidden transitions
may in some cases be expected to have shapes different from those of
allowed transitions. The exact form of the momentum distribution in such
onges will be determined by the form of the particular interaction between
the nﬁéléon and the electron-nsutrine field that is assumed., 8inoce the
: fo-biﬁden fagtor may be dominated by terms which are not dependent on-
energy or if scleotion rules other than those oni;pin and parity operate
80 &8 t0 increamse the half«life, it is poaaible-for a onoe forbidden or
twice forbidden spectrum to have an allowed shapse The shape of en
allowed spectrum is determined by the statistiocal distribution of the
nomentun between the electron and the neutrino and hence gives no direct
unigueness to the form of the interaction. However, a distribution
different from an allawad speotrun would be oonsistent with a theoretical
description, Only two types of forbidden speectra have been found to dete,
_notahiy'thn ReE sp;;trum investigated by Hearyas and & group of clements:
having the same type of spaectra YQO’ Srag. Ygl, and 08137 investigeted
reoently'by Langer554 and W8, The ReE spsctrun can be accounted for
bﬁt_tha explanation involves considerable arbitrariness in the evaluae
tion of seversl matrix elements that appear in the forbidden factor. As

& result, one cammot come to definite conclusions’ regarding the type of

interaction on the basis of the RaE spectrum.
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In thé tensor interaction {Gamow«Teller selection rules) when the
disintegration involves & spin change of oﬁe unit higher than the degree
of forbiddenness all but one of the nuclesr metrix elements vanish so -
thet a unique speotral distribution is predicted. The sbove four isctopes
are all found %o havé this distribution which lends & great deal of

weight to the validity of the Gamow-Teller selection rules espeéially

since the nuolear shell structure analyeis of Feenberg and Bammaakss

91 89

‘pradieta e gpin change of two units and & parity oh&nge for Y eand Sr

The unigue energy dependence differs from the allowed shape by the

.

{actor
g? » (Wo - W)a

where the terms correspond to the squares of the electron's and. the
neutrino's momenta, If one made a Fermi plot of the spectrum as one
d;es éonventionally a deviation from & straight line would be expected,
However, if the values of the conventional Fermi plot are divided by

]1/2

s & straight'line should results
YSO

the f@at‘srr [pa » (Ho - W)
» Through the kindness of Dr, J. W. Gofiran a sample of
(23Q~;62 hours) chemically separated from its beta ective parent Srgo
(2}%= 25 yeara) was furnished, The sample was mounted on a film of
Formvar forming @& source of about O.l mg/%mz average thicknesa, .?he

Fermi plot of the spectrum is shown in Figure 22 showing the definite

nonlinearity characteristic of this interaction. In Figure 23 the
?] 1/2

end it is seen that & very good straight line fit is obtained over the

same sSpectrum hes been divided by the factor [éa *-(Wa - W)

major portion of the spectrums The value of the YQO end point is 2,30 +

0402 Mev which is slightly higher than that observed by Langor34.
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Tin 128
The 9.5 day tin activity has bsen tentatively assigned to 3n123 by
Newton and MaDonolls7 by the bombardment of enriched isotopes of tin by
" deuterons wifh the 60«inch gerkeley oyslotron. This essignment may be
open to some questlon since three isomers must be placed at Snlaa.
Beasides the 9.6 day period a $9 minute beﬁa period has been observed with
an uppeé energy of about.l.7 Mev accompanied by & 0,17 Mev gemma and the
antimony xerays indioaﬁing that the 38 minute activity decays to en
oxoited state of Sblza followed by gemma emission to the ground state,
the gemma being partially converted, Ané%her activity mssigned to gnlt?S
ie a 130 day period with a beta energy of about 1.6 Mev and no gemmae
‘Abgerption in aluminum®’ of the 9.6 day period indicated tﬂe presence
of & gammaeray corresponding to 0,4 percent of the total radietion, low
for a gummaeray unlegs it is highly converted. Lead absorption curves-
on this radiation indiecated the pogsible presence of a 1.5 Mev gamma.
A sample of the 8,5 day tin made by fiseion of thorium with deuterons
and separated with 50 miorogr@ms of earrier was furnished by Dr. A. 3.
Newtons The beta spea#rum was investigated by mounting a small portion
of the sample on & nyléﬁ film 0.4 mg/%m?, the film accounting for the
ne jor thiekn?aa of the sample. A Fermi plot of the beta spectrunm is
shown in Figure'a4. It wae noted thét tﬁia spestrum has the same
goneral shape as the forbidden speotrum of YQO. :The quévalue of 3.7
x 108 for the §.5 dey tin indicates that the spectrum is in the second
forbiddeﬁ ¢lassification as is YQO. Division of the conventional Fermi
plot by the factor {pz + (W; - W)gj 1/2 gives the Fermi plot shown
in Figure 26, A straight line relationship is now obtained fbrlthe

larger portion of the spectrum. A low energy beta spectrum is present,

boing about ten percent of the intensity of the higher energy spectrum.
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Both spectra appear to decay with the seme lifetime. In Figure 26 is the
Fermi plot of the low energy cemponénb when the extrapolated coptribution

éf the high energy distribution is subtracted outs The values of the
upper.energy limits for the two beta spectra are 2,38 » 0,02 and 0,400
_x.d.ooeimav. The remainder of thé semple was placed in & copper radiato;
and A seérch was made fofrtho Campton electrons from_any gamma r@diatiqn
presents Thevresults iere nggﬁtivevindicnting that if there is any gammu
radiation present it ie extremely wealk.

The fact that this spestrum hés e forbidden shape is in agreement
| witﬂybﬁn £ t%avalﬁe.' ‘The shape céuld har&l& be aﬁtribuﬁed to such
- things as source thiokness or resbiving power, the major differences between
beta spestrographs, Wu3® has made experiments with o verying these two
quantities. Increasing the source thickness tendsd to strﬁighten out the
Fermi plot becsuas o£ greater baok scattering at the low snergigs.' Vary=
ing the réaoiving power had no effect on the shape, | '
Little significance can be put on the ourved ghape of the low
energy component éince the subtraction process is subject to large errorse
The_backvscattering of the high energy epeotrum is not taken into aooount,
‘hence a small number of soattered electrons will appear tenfold in the
low energy componeht. It is most puzzliﬁg thet there is no gemma redine
tién‘when N brandhing'ratio this large is observed. Attempts to sepaéate
an aﬁtimony daughter from the 9.5 dey activity set a lower limit to the
antimony helfelife of 200 yeér337. |
- Gadmianm 116 |
" The 2,33 day aotivity of cadmium was found by Cork and Thornton®

who bombarded oadmium with deuterons. They found that chemieally separated
0admi§m increassad in gctivity for‘a short fimﬂ before beginning to déoéy.

Subsequent separations of indium from the cadmium showed that the astivity



N A1) NyGT)
13 F

‘/

30 — : [ ,
28|
26|
24|

22 -

n
O
l

o
[

o)
l

N
I

o
|

0O : | 1 | |

FERM!I PLOT OF LOW ENERGY COMPONENT _
OF Sn'23 BETA SPECTRUM -

.0 1.16 .32 -

.48 .64 - 1.80

ENERGY inunits of mc?

FIG. 26

14553 -



:."{

the 2,33 day Cd
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decayed wltﬁ & halfelife of 446 hours. This is the well known isomer of
Inlls} ﬁawsaﬁ and coék4° investigated the bet&lquctrum‘of Gd115 and
founduwhat abpear; to be a‘nﬁmplex bqta gpectrum with Eo @ iulﬁ Moy, In
addition ﬁwo.gammporéys were founds The first wes highly converted aqd

corresponded to the 0,387 Ehv:gamma observed in the 4¢5 hour indium, The

- other gemma was much weaker and had en enérgy of 6.54 Heve They postulated

& dogay soheme shown in Figure 27,

d115

- In.the QOurse of the investigation of the 43 day ¢ a sample of

tha 2 33 day Gdlla was preparad. This was done by a (d,p) resction on

_oadmium necesasitating & sample of several mg/bm thickness beoauae of

the low specific activity, The beta epectrun shown in Figure 28 is

: easenti&lly the same &a that observed byllawson and Corke The oconversion

line has an energy of 0,306 Mev giving a gammaeray energy of o.asa.:

0,006 Mave A Fermi pldtwwas made of the portion of the spectrum not

obscured by the strong conversion line and is shown in Figure 29,

There‘aré two disocontinuities §oriesp0n&1ng ) tha twv ond pbints of

115 beta speetrum. The high energy portion of the Fermi

plot goes with the 48 day 04115 isamer. The upper 1imit af the beta

7 gpeotrum to the isomerxe state is 1.12 2 0,08 Mev while the low energy

beta component has an upper energy of 0485 + 0410 Meve The poor regolu=
tion of this value is due mainly t@ the-thiek 80Urces A'photoolectron '

spectrum using & gold radiator of 10 mg/&m thiokness is shown in Pigure 30.

The energies of the K and L photaeonveraion peaka are 262.,0, 318.1, 442.6,

and’ 511.0 Kev, The first two correspond to & garmasray of 0834 + 0,008
Mev ond the latter two sorreapond to & gamma-ray,energy of'O.SES.: 0,010
Mev. These wvalues are lover but egrese within the probable error with

the values of Lawson And Gorke The beta transitions to the two upper
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states of 1n115 probably heve the seme dagreg of forbiddenness. The
£ 7y, value of the édlls bota is 8.8 x 16? indicating e first forbidden
spectrum. The higher energy component of the bete spectrum can be firat
forbiddén and the 1ow§r energy component oan be allowed, but because of
the.strong energy dependence of the transition probability the transitions
will be slightly favored along the firsﬁ forbidden path, 8ince the
1 o.szs'mev gamme 18" not converted it is probebly a simple dipelé radiation,
The lifetime of the 4.6 hour state together Qith the fransition energy
‘ of Q.354 Mov indiecate aceordin to the clessification of Axzel and Danooffll
a change in angular mamentum of & requiring a spin ohenge af at least 4
and & parity change. stng these data one oan eonstrust & level scheme
with spins and parities that will be congistent with obeervatien. One
assunes even parlty‘for the ground state of w8 and-ﬁhe spin has been
measured 0 be s/a.; The first ‘e:toit_édv state sould have & spin of 1/2 and
o0dd parity and the next axéited astate sbove it oen have a spin of 8/2 and
even parity.> In order to meke the bota transition to the 4.5 hour state
in Inilb 'f‘irat Porbidden and allowed %o the next higher state, the spin
should be 1/2 wi@h even parity. The level scheme agrees with that
proposed by Lawscn and cork, | ' _

The 45 day sotivity in 06115 first reported by Gor and Lawson®Y
who noticed a 1ong ved aativity after the 2,33 dey uampenant had died _
outs This activity was agsxgpad definitely to cdlls by Seren end 00dworkers42
Ey bambardmantvof‘eadmium with slow neutronﬁ snd. by »,p resctions on indium.
“To invéstigaté this isomeric ﬂeﬁivity 8 sample was obtained from Osk Ridges

116 iﬁ several grams of cadmium

' The aample consisted of 8 millioﬁrie of ¢4
motals Bacauae of this law specifin aoﬁivity a source of sons iderable

thickness (10 0 20 mg/hm ) was raquirad. Ehevbeta qpaatrum is shown in
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Figure 3l. The two oonvefsion lines at the low current apre due o a

Gdlog conteémination of the semples The C4 08 is & K oapture amotivity

108

decaying to the Ag isomer which emits conversion electrons corresponds

ing to & 86 Kev transition, There is a very témall oconversion peak
corresponding to the 0,334 Mev gamma»ray, If one easumes that thie ganmas-
ray is sbout 50 peroent converted, then GOmparison of the arca under the
pesk with thet of th@ tatal beta spectrum 1ndicates thet about 10 of

tha diaintegrations go through the 4.6 hour isomeric state of Inn5

A Fermi plot of tha;betg spectrum of Gdlla is shown in Figure 384

The large curvature #t‘the low energy portion is due mainly Yo the
sourae thickneealwhieh introduces considerable Back seattering, However,
a branching ratio is indicated by the pﬁesénce of the 0,334 Mev convere
gion line end thia would asccount fbr.the'prosenoe of the lower energy
aoﬁponeﬁtss The upper limit of the beta spactfum 18 1466 » 0,02 Mev,

115 , L1185

This value would place the 43 day Ca 10 icomer above the 2,33 04

Ssomer by 0.2 Mev. ' Since no evidence for such a gamma-roay hes been
found the gamma trensition must ocorrespond to at lesst e Zs‘and.probably

a 28 pole tranaition; This would require thet the spin of the 43 day-
cd115 would bs 13/2 and its paiity evens This agrees with the fact that

116

the trangition to the ground state of In is second forbidden, The

ossignment of spins to the two isomeric'states'is also in agréement with

116

 the fact that in the’ raaotion cd ( ,la)cd with thermel neutrons

the cross gection of the 2,3,day,pariod is eight times that for the 43
day_periodlou The deeayvschéme is shown in Figure 33. Recent work
8till in progress 1nﬂicaﬁes that there are other levels in Inllsus'Ona
level has been found 04226 Mev above the highest level in Figure 23,

Evidence consists in the observation of photoelectrons from a 40 mg/on®
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urenium rediator corresponding to gemma=ray energies of 0,23 Mev and
& orosas over geanma~ray of 0,76 Mev which is the sum of the 0.25 and
the 0452 Mev transitions. These ensrgies are consistent with levels found

by Walﬁman43

by excitation of Indium with x-rays, He finde levels of
0¢87 Mev and 1,02 Mev above the groun& states Thoe eross section of the
lattoer ;avel is much larger. B8ince he obgerves no direct excitation of
the 0.3%54 Mev level 6ne can sey that the spin of the 1,02 Mev level is
helf-way intermediate between those of the ground stete and the 4.5 hour
levels Other radistions not yet correlated have been found,
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The following six figures contain schematic diagrams of the

electronic circuits developed expressly for use with the bete spectroe

meter desceribed in this paper.

Figure
Figure

Figure

Figure
Figure

" Figure

34
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Schematic Diagram
Schematic Diagrem

Schematic Diagram
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Sohematio Diagra£
Sohematic Diagram

Schematic Dlagram

of Generstor Field Supply
of D,Ce Amplifier
of Geiger Counter Preamplifier

® Seintillation Counter
Preemplifier

of Pulse Amplifier
of Coinoidence Qircuit

of Counting Rate Meter
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