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Chapter I
(EIERAL INTRODUCTION

(i) General Survey: (1) (2) (3) (&)

The first evidence for the instability of nueclei in ceftain
energy stétes, was the observaﬁion in the closing years of the past
centur:x*, of the radicactivity of the heavy el@nenté. In addition to
alpha and gamma emission, radiations consisting pf negatively charged
particles were observed in many cases, By the meésurement of their e/m
value, for instance, these particles have been identified as electrons,
With the advent of the artificial production of radiocactive nueclei
this phenomenon of beta emisgsion ﬁas been shown ﬁo be very wide”spreaa,
| There are very few mass values corresponding to which there is not at
least one beta-radioactive isobar,

Tn addition to‘négative electron emission two other kinds of
beta=radiocactive processes, positron emission and orbital electron
canture are known, All three of these closely related processes are
knownfcalleétively‘as?beta decay;’for each process the mass number A
renains constant, The process of negatron and posiﬁron ernission may
be represented by: A

" @)+ BTy
where?)represents an accompanying neutral particle. On the other hand
the orbital electron canture is represented hys

ZA v - (Z"}) + ‘U ‘ ' (1.2)

Generally speaking the lifetimes Tor the beta=nrocess are very

long; measured half-lives vary from a fraction of a second to 1014

-1
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years or more. The slow processes are associagted with large angular
mdmentum‘changes between the nuclear states in&olved, as vell as with
ﬁarity changes,

Epistemologically, beta~decay in nuclear physics is important
for two reasons, By:maasuring the shape of the beta speutrum information
about the angular momentim and pafity changes involved vn the transition
can be obtained, This is signifiecant in determining the static properties
of the parent and daughter miclei, Secondly, theybeta-decay process pre-
isents a new tvpe of interaction in physics, The form is sinilar té
that of the electromagneﬁic interaction in the process of enlssion and
absorntion of light cuanta, Unfortunately, the beta=iecay process is
cdnsiderably nore complex and furthermore, there exists no classical
theory tgéﬁ attempts to explain this type of interaction as fully as .
the electromagnetic interaction is explained by Maxwell's theory, Thus
5ne has no suide to the study of the beta interaction,

The neutral particle mentioned in equation (1,1) and (1.2) was
postulated br Pauli and utilized by Fermi in his attempt to 1or“u73te
the first successful quantitative theory of the shape of the beta
spectra and of the lifetime of the beta-ray emitters, Its existence
| was~pos£u1ated in order to satisfy the basic principle that the process
of beta~decay must satisfy the lays of conservation of energy, linear
momentur, angular momentum, and statistics,

The beta»oecav theory set up by Fermi is based on a mathematical
structure which envisages the interaction as being due to the continuous
absorption and re-emission by the nucleons of virtual electrons and
neutrinos, %hen a real electron-neutrino palr appears a beta-erlssion

 has oceurred(5). In the construction of the theory, the mathematical
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form of the interaction as well as its strength, must be kmown, Several
interaction forms which satisfy the physical and mathematical require=

ments are:(6)

S or sealar interaction ............;....HS , {a)
V or polar vector interaction..,.........HV V (b)
T or tensor interaction STTTETTTRPPPIRES: A | (e) (1.3)
A or axial vector interaction‘:.‘......Q.HA | (a)
P or pseudoscalar interaction............Hp - (e)

The complete beta-interaction is a linear combination of the above; that
is, the most general Hamiltonian for the beta~interaction ig given by
H=CgHg + Cylly + Copll + C4Hy+CpHp , (1.4)

The coupling coefficients Cx are constants whose values can only be
determined by eomparing theory with experimental results. Experimental
.evidence is currently regarded as having established the following points
regarding possible‘coﬁbinations of the fivé forms of interactions: (&)

(i) The T and 4 forms must be a part of the correct law of beta=inter-
action, Only the T, or the 4, form ylelds Gamow-Teller selection rules,
which are needed for understanding the shorgﬁlives of mény beta~ inter-
actions'with a unit spin change and no parity change.

(11) The 5 or the V form must alse be included. The cbief evidence for
this is the short life found for beta-transitions between nﬁglear states
-~ of zero spinai

(iiifxfhe P form is needed to explain the singular RgR spectrum,
Each of the above arguments require the inclusion of some component

form without precluding the presenée of other forms, A generally recog-
nized empirical argument is that not both T and 4 forms, nor both the

S and V forms, can be parts of the coupling, If they are, then the spee-

afRecently Yamada has shown that 5,T(1<0) and V,A(1-0) fit the experimental
data for the RaE Beta-spectrum, as well as T,P(0-0) if the finite De Broglie
wave length effeet ig taken into account.

"~ M. Yamada, Prog, of ‘heor. Phys, 10 , (1953) , 852 .

”
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tra of allowed beta-emission should deviate frem the allowed shape,
However, no such deviations ha#e been found, Also experimental evidence
shows that Cy.and Cas Tather than Cg and CT’ uooroxlmaue Zero,

(i1) The Allowed Enerzv Srectrums

The detailed theory by which the energy svectrum is calculated for
allowed transitions involves the evaluation of matrix elerents arising
from the general Hamiltonian#for the beta=interaction, By considering
only those trahsitions whiéh have the largest decay constant, and hence
the shortest half-life, the selection rules for allowed transitions are

arrived at, Thev are:

S,V AJ=0 AT=no

TANAT=0, %, n0o—o ATT=no
where J is the total angular momentum and T the parity. The energy
spectrum for an allowed transition is given by: (7)

NE(W) QW = (g2/2rr3)F(;;g,ie)pw(% - WM F by (1.5)

where the rest>mass of thé‘neutrino is assumed téfbe,zero,‘and N+ (Waw
- is the rraction of the tdtalﬁhumber of processes with total electron
ene$gles beuwecn ¥ and W+dW, the upper sign refers to positron and the
, lower to electron emission, F(;Z,W) is a complicated function of Z and
é Y. it describes the effect of'the Coulomb field of-thé nucleus on the

- emitted electron, Its effect is to emphasizeylowéenergy electrons and
;de-emphasize lov=energy positrons, and is important'for all but the
lightest elements. Tables giving its value for a large range of values

for Z as a funct"on of D, the electron pomentum, exist(45). The term

pw(w - w) represents the energy dependence of the distribution function

-~

for a pure interaction, that is, where there is no Goulomb field., Ib'is

called the statistieal weight, It is derived on the basis oi' che mumber
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" of states avéilablé for the particles in momentum space. ngrepneseﬂﬁs
a céﬁpling consiant, The term tﬁ%% referred to as the Fierz interrerence
tern, variés very slovly with W and is usually regarded as being etfec-
vively zmero. The factor M in eépation 1,5 is a nuclear méfrix element,
It is . a measure of the vrobabilivy oI occurrence of the transition, Its
value depends upcn‘the type of interaction assumed’and upon thé wave
funections of fhe nuclear particles before and after fhe process, Sinee
little is lnown about the wave functions M can only be estimated, M
- fixes the order of the transition., It can be axpfeséed as a series of
terms, which if they do not vanish, become progreéSively snaller, The
first'ﬁérm, if it does not vanish, is independenﬁ of energy. These tranéi»
tions ave vhat have here been called alloved transitions. C is a coup-’_‘
ling constant which may be the sum of the squares of the coupling
‘coefficients for scalar, tensof, ete. type of interaction, It gives an
appropriately weighted mean of the square of the nuclear matrix element M,
Comparlson of observed spectra with theory is usually made with

>tha aid of the Kurie plot, With b=0 equatlon 1.5 may be written as:

1 (W) /P (72, W) B 3'/2.—. K(W, - W) | | (1.6)

where K is now 1ndenendenf of the energy We The modified Fermi function
G=pF(¥2,%W) M has been evaluated for a large range of % values as a
function of p, the electron momentwn(45). With the aid of the observed
energy distribution the quantity on the left may be éomputed and plotted
against energy, W. For an allowed spectrum»a~straight~line should be the
result, However, it is often thé cagse that there exists an upward cur-
vature at the low energy end of the spectrum, This non-linearity at the

low energy end has ofﬁen been found to be attributable’to distortions

S DL
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introduced by self~absorpﬁion’and scattering, The use of thinner sources
and thinner backing materials has been found to‘improve the linearity
of the allowed Furie plot in some instances. On other occasions, however,
the non-linearity of the allowed Kurie plot has ﬁot been corrected in this
Simple manner, It is then expected that the transition is not allowed.

(1ii) Forbidden transitions:

In the theory of ailowed beta~decay only transitions between nue
clear states of the'same parity and differing in spin by'no more than
one unit, are permitted. The allowed-transition selectiun rules arise
after certain small effects are ieft out of consideration. These neglected
efrects bec&me verv important when their absence leads to a vanishing
transition rate inasmuch as they then become responsible for the for-
bidden transitions,

The small effects nerlected in the allowed theory are: (1) those
due to corrections needed to produce Lorentz invariance in the vector,
tensor, and axial vector Hamiltonians, (2) those &rising from the vari-
ation of the lepton waves(electron and neutron uaves) across the nucleus,
and (3) those arising when the source velocitv is not neglected. The
source velocity effects are introduced by the requirement of Lorents
invariance‘for H?;y,ﬁ since the extra terms present in the Hamiltonians
of these interécﬁionfforms are of the order v/c, where v is the nucle-
onic velocity, It is for this reason that these extra terms are referred
to as "source velocity effects.”'wheﬁ these velocity interactions are
included?transitiops vhich violate the allowed selection rules'are W
generated and are referred to as forbidden transitions, When the variation
of the lepton waves across the nuéleua is considered the nuclear matrix
element has to be expressed as a sefgés of terms which become progrese

‘sively smaller, The nbh term introduces n components of the moment arm




vector, r, into the nuclear matrix element, giving rise to n*! forbidden
transitions which mav, or may hot, be vanishingly small, The selection
rules for the general, nth forbidden transition are as followa:

AJ=n, n +1;An:(-l)n nFl-

AJ=0,1, 2 ATI=-1 n=1
where n=1 correéponds to first forbidden transitions and n;fl corresponds
to second and higher order forbidden transitions, The selecticn rules
for the allowed tranéitions have béen given above,

Thé electégn(negatron) spectrum for an n»timés forbidden transition
can be written as (9):

(W) aw = (g2/2m8)Fy (+2,W) (o, = W)2 Sy (W) 1.7
in the ﬁotation used for the allowed spectrum, Fy here is defined as
F(Z,W) /{1+Y ) /2 where Y is equal to [J_. - (X 2)9 1/2, X'is the fine stru-
cture éonstant and Z, the atomic rumber., S5,(W) is called the "shape
factof“ and is of considerable importance in thet it is used as a means
of linearizing the alloﬁed ¥urie plots of forbidden transitions. If'Sh(W)
is indépendent of the energy W,_then the spectfum has the "statistical
- shape" ~pH(W, - H)z modified only by tﬁe Coulomb effect, Fo(Z2,¥). In
general, however, Sn(H) depends on the emergy and a departure from the
statistical shape is to be expected. '

Several forms for the shape factor have been tried by variocus
workers in the field but the one ?resented here and which will be used

later, is thé one developed by E, Konopinski(?), This shape factor, which
| is sometines referred to as the "exact"” shape factor, results from come
binations of ST couplings.

The general, n;times forbidden shape factor can be written as the

sum of two partial cnes:



Sn=5y + Snn+1 (1.8)
SB contributes to AJ=n but not to AJ= n+1 transitions while S P+1

is the total shape factor for the " wnique" forbidden transitione,
AJ = n+ 1. It also contributes to AJ = n transitions (except for
'J‘ = 0-*J = n) but its contrilution is neglizible if the Coulomb emergy
0( Z//D is much greater than the maximum kinetic’ energy, W, - 1. (ﬁ is
the nuclear radius). |

The partial shave factor Sg for negatron emission may be written

as:{(9)

sf - 4mnl_ SUB¥ (o /p),’zx {C’zP,,/zx/}) +

(20 + 1)1 fomtT X1 T
A ((2/ae) CT Bl ¥ B2 R L) 42, (x2) CF L, (2w ) ¢
2 L (oxs, 2) + FoAn((2/8Cs €1 Ly (=, /_b)} ... (1.9)

where the '17” in Kohopinski’s notation has been changed to Ay, to avoid
confusing it with n, The functigﬁns Pn represent radiations by the ine
dividual Ypure" moments, and the functions I, are results of interference
between the radiations(10). Both functions P, and I depend on the emitted
neutrino energy. The evaluation of these functions has been greatly faci-
litated by the work of Rose, Perrv, and Dismuke(1l), who have constructed

exhaustive tables of data on the variables on which the functions are

dependent. The real parameters f'n and /\),, are defined by:

SO Yoo 312 An(4726) [1F) Yo (£ 52
wi (B Y, ()=, [0, (£54) oo
Y (W By (G MOEy (e

are the spherical harmonic counbterparts of the motrix elerents:

N
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Q—-~~~i'; R, ; =mmmmm; 3 T. =~ww==. . respectively(9).
i1 i112 , in ! in /

| Tt is these real pavameters that are manipulated in order to obtain
the best possible fit bebwesn the experimental énd theoretical Kurie
plots for forbidden transitions. The usual'procedure in testihg a neas
sured spectrum N_(W), as to whether it is govgrned by a given shape fac=
tor S , is to plot N__(’W)/sn- (W)Fop%ﬂl/?/-v (wo - W) - (1.11)
that is, one tries to linearize the spectrum with an appropriate choice
of a theoretical shape factor, |
(iv) Half-Life:

The total ﬁrcbability per unit time, 4 , that a beta-active
nueleus will decay is obtained by integrabing N_(W)dW, which is the
probability of decav into a»éiven energy interval dW, over the entire
beta=spectrun, This pro’bability also defines the half-life, t , of the
beta~decay. We get:

S,

i
q =i 2 = (g?/2m3) f Dawo pH(W, = W2 s, (W) . (1.12)

% : |
: ¥

This integral must be evaluated muierically. To do this for the spectrum

of a general n-times forbidden transition requires that the shave fac-
tor~Sn(w) be Imowm explicitiy. This requires a numerical evaluation of
the puclear momentsyinvolved;égs wéll as the scalar and tensor coupling
cbéf%icients, if the shape factor i1s of the form given by eguatidn 1,9..
Sinc% little is nown about nuclear wave Tfunctions the nuclear moments
cannot at presentvbe.evaluated explicitly. The absolute magnitu&es of
~ the scalar and tensor coupling coefficients are not known but their
relative strengths can be determined from analyﬁés:of allowed transitions
+Q’5

(13). The present “best“ value of Csz/ CTz::‘O.Sé_O 25 - (1.13)
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Preston(AZ) suggests that 1“rom certain syrmetry argunents the beta-decay
int eractlon is S-T # P. Whether this implies a change in the r@lat*ve |
strengths of the scalar and tensor coupling coefficients is not stated.
In view of these difficulties in evaluating the integral of equation (1'12)

it is re~yritten with S (W) 1. Feenberg and Trigz(1l4) have g’ven tables

and graphs of the integral for the allowe&fbeta~spectrum and these are
usually uged to obﬁain a mmerical value of the integral‘in the general
case, '

From the definition of the half-life, t = 1ln 2‘/}\ s 1% is clear
that t is not in itself charécteristic of-an allowed trgﬁsition since
it is strongly deﬁendent on the end-ooinﬁ cnergy Wy, of the beté»swectrum.
On this account the hal?-llves of allowed transitions w111 show a wide
varlatiﬁn. On the other hand the matrlx elements associated with the

sca’ar and tensor couplings B% and CT should be of the same order of

magnitude for all alloved transmtions. It is for this reason that the
characteristic quanﬁltv, t, called the comparatlve halfelife, is cal-
culated, The term £ is the integral'of equation 1.12 with 8 (W) =1 and

t is the half-life in secconds, For allowed transitions the values of'fti.
cluster roughly 1nto a 81nole group. For forbidden transitions the £t
values fall into distinet groups accordlng to the order of forbiddenness
of the ﬁransitiong For the purposes of compafisén, it is customary to

take,logioft rather the £t, For the sake of completeness, a table

giving the numerical values of logyaft for the different orders follows:



-ll-_

Transitions : ‘ - Logynft

Allowed ' 4.5 to 6,0 for odd A

: ' o 4.0 to 5,7 for even A
+ 1 st, forbidden ’ E 6.4 to 7.3

2 nd, forbidden 12,2 %0 13,5

3 rd, forbidden : 17.5, 19

Kthough the £t value alome is not an infallible eriterion on
which a forbiddenness classification can be based,it plus a knowledge
of thé paritv’éhange is deciéive since if the parity change is "no"™ the
ambiguity exists between only two oi'defs of forbiddenness, which differ
Ey two units, The difference in the ft values for the two forbidden
transitions is so large that no confu#ipn:aé to the identity of the ft

value can arise,
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4 RURIDIUM

(1) Review of the Literature:

That the ifotope of rubidium with mass number 87.is radicactive,
has been known for half a‘cenﬁury, having first been discovered by J.J.
Thomsop(lS) in 1905, It has also been sepa2atéd from the other isotopes
of rubidium by mass spectroscopy(16). The best value of 27.85% for its |
éercentage abundance has been determine& by A,0. Wier(l?),’ : |

Since the time of discovery that 3587 was naturally radioactive
numerous detérminations of its hélf-life have been made, In 1946 8, Eklund(lS)
meagured fhe half-life with a counter calibrated by mixed alpha and beta
particles from a uraniﬁm'deposit. Hé found the half-life, t, to be
5.8 x 10%0 vears, The thinnest 1av§r he used wéS’O.l mg, Rbcl/ém;?g No
coincidence between the particles emitted forﬁard and thosé emitted back-
ward was discovered, and thus it was concluded %&at’the,3£87{deéay'invblvéd
the emission of a single particle, S | | |

In 1948 Haxel et al(19) measured very thin layers of RbCl produced
by evaporatioh on silwer coated Zapén foils of about 0,1 mg/cmz, suspended
freely‘between a counﬁer arrangement which allo&ed the measure of particles
from both sides of the foil simultaneously as well as the"numbér of coine
eidences between counts‘on both sidgs, They found that with'decreasing
thickness of the RWCL layer from Z.dEto 0.05 mg RbCl/em?, the mumber of
elsectrons per mg., RbCl pér minute increased regularly for the back side
of the foil, while the front side showed a2 considersbly higher increase.
This inﬁicates a high percentage of very soft electrons from Rb, which
could be stopped by the supporting Zapon foll, Coincidence measurements

i
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indicated that up to 30% of the front 31de number for zero thickness
coincided with counts on the back side, These results were explained by
making the assumption that forﬁaveryfdegay»0f13b87vone;séft“electron of
energy up to 10 kev is emitied aé well as Qhe faster electron with the -
known enérgy 1imit.

To check on the comparatively large error in measuring the exact
amount of Rb deposited, Haxel et 21(19) ran another series of experiments
in which RbCl was evaporated on Al foils and placed on the inside wall of
a GM counter of known éfficiency. The weight of RbCl was accurately de-
| termined (3%),for a layer thickness of 0,025 mg/ cm2 RbCl.'Corrections
for backscattering were made, As a welighted average 6f both series of
experiments they obtained (6,010,6) x 1010 years for the half-life,

Curran et a1(20) (1951), usiné a proportional éounter, obtained an
energy -spechrum of the beta-disintegratlon from which they concluded
that the process is simple beta—decay. The energy spectrum they obtained
increases rapidly with decreasing energy down to at least 10 kev, which
Qas the lowest point to which they pursued their observations, To verify
that the decay process was simple in nature a search for K o? L x=rays
was carried out with the same equipment, 4s a further check a scintillation
snectrometer uas used to determlne the number of events due to gamma emis-
sion. for an upper limit they obtained one gamma-quantum per 5 X 103 beta-
rays. Lhev eoncluded therefore that the process Rb87 —— Sp +¢€ “is a
- ground %o uround-state tran31tnon and attributed the /9 - €  coincidence,
reported by Haxel, as being due to reflection, For the half-life they
obtained a valus of (6.15%£0.3) x 10°0 years. ,

To re-evaluate the half-life and t6é provide further information

about the decay scheme, MacGregor and Hiedeﬂﬁéﬁk(ZI) used & cell counter
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~described by Sawver and Wiedenbeck(22)., With the arrangement used the
results were essentially independent of the decay scheme. For the half-
life they obtained:a value of (6.23%0. 3) x 1010 years. In'addition they
carried out a series of experiments to determine whether or not there
‘are coincidences betwéen beta~partieles and conversion electrons, The
results obtained for Rb87 were compared with the results obtained for
single beta-emitters having differént upper .energies such as N163 (50 kev)
$39(169 kev), Ca%5(260 kev), and P32(1.7 Mev). They found that the coine
cldence curves for t;ese elements varied slightly with the energy of the
emitued radiation, The curves taken for the Rb87 sources of varying thicke
éess vere found to resemble most closely the‘curveﬁ for $35 and 0345, On
the basis of these results they concluded' that bhe'disinbegration of RbET
consists of a simple beta-decay. |

4 more recent experiment making use of the latest ad&ances in scin-
tillation spectromgtry, was carried out by Lewis(ZB), By using a crystal
of rubidium iodide, activated with thallig, ,;pr‘cblem-;ammg from self-
. absorpfion and backescattering were avéided. However, new problems arising
from poor resolution, low pulse height’efficiency and long-.ived phospho-
rescence inherent in‘theARbI(Tl) cryétal, were introduced. The energy
response of the crystal was found to be linear over the entire energy
range from 17 kev on up,. The beta-spectrum was then obtalned by means of
a szngle channel pulse height analyzer, xhe Ferml plot gave a forbidden
shape, for the most part close to that given by Curran's(20) proportional
counter work’using 2T géometrﬁ, but having slightiylmore counts at the
high energy end and femarfat’tﬁeulbw:enéfgﬁ end;,The increase in the
high energy counts was attributed to the fact that these particles are

absorbed fairly completely in the erystal and nut so well in the gas 7
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céunter. The fewer eounts in the low energy end was attributed to the
aﬁsence of back-scattering, as well as to the lower resolution of the
cfystal method at these energies. Upon‘extrapolating the;allowed Fermi
plot to zero energy and Calculating the total counting rate, Lewis ob-
tained a value ofl(s.yo:to.si x 1010 years for the half-1ife. Leuis
attempted a theoretical analysis of the data and concluded that pure

scalar interaction does not explain the Rb87 plot.

Perhaps the most thorough theoretical analysis of'the Rb87'beta-
speetrum has been car~1ed out by Morita, Fujita, and Yamada(2%)
have analyzed the experimental data of Lewis on the basis of the single
particle shell model, in which case the beta—decay takes place with the
‘ transition of a neutron in a g9/2 state into a proton in A'P3/2 state,
On this basis the transition is third forbidden. Tn their analysis in
terns of scalar and tensor inter&ctions,'there~are four matrix elements
~ to be considered, One of these, being a tensor of one rank higher than
the others, is neglected because its effect is small. The two ratios>
formed by the other three anpear as parameters' one ratio can be calcu—
lated on the single partlcle shell model or on the special j=J coupling
shell model° the other is treated as a~variable parameter whereby the
Kurie plot is stralghtened out over the largest portion of its energy
range, On the basis of thelr analysis they concluae that the sign of the
ratlo of the scalar and tensor interactions is probably'mlnus, and its
magnatude is somewhat smaller than unity,

The most recent work done on the beta-speectrum of Rb$7 is thaf of
Charles D, Goodman(25), ﬁe used a high presSure proportional counter
with an internal: somrece on a thin flat backing. No value of the half-life

for the decay is given, In determiaing the betaFdecay interaction Goodman
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finds that the shape of the spectrum can be fittéd approﬁimately by
severa; cqmﬁinations of scalar and tensor ;nteiactions. However, lack
of knoﬁledge of beta=-decay matrix elements'prevents him from making a
unique f£it, In agreement with Morita, Fujita and Yamaday, Goodman flnds'
the ratio of CS/'CT to be negatlve for the values of the matrix elements
tried, |

_RéW'eméhasis on ﬁhe importance of knowing accurateTy the halfalife
of rbE7 has been brought about bv the recent developnent of the rubidium= .
| strontium method of geochronometrv(Zé) Since the caleulation of a geo-
loglc age is based on a comparisgon of the extent of a transformation with
the rate(bf the transformation it follows that‘the age iS'diﬁec%ly%pr$~
portional to the assumed value of the half-life of the transforming nu-
rcleus. Therefore, ﬁhé half-life must be acéﬁr&tely known,

Until recently, all reiiable‘minerai ages séemedvto be less than
about 2,5 x 107 vears, ?ith the<rubidium~strontium method of géoehronometry,
‘é numberkof ages‘éibse %o this figure,,aﬁd a féwfwhich exceed it substan-
.tially, have'been obtained,,ﬁﬁrenS(Aéj, who did not emﬁlay'mass-spectro-
graphic analysis;ibﬁt-who advénced good reasons for believing that lepi-
dolites are usualy quite free of non-radiogenic strontium, obtamned a
‘number of apnarent ages over 2 x 109 years for lenidolites. Some values,
reported by other wbrkers(29) using the same method of geochronometry, run
asrhigh as 3,36 x 109 years or higher, Some of the rocks tested have been
xanalyzéd as to their age by measurements'based on fhe production of lead
and helium by alpha- deday, In view ofvthe fact that several ages derived
from the decay of Rb87 are considerably greater than the upper limit for
ageskderived frgm alpha decay, andkinvview éfbthe fact;that the process
‘of alpha diéintegration is well understood; and that good minerals yield

~consistent ages by methods based on U238, U235, and Th2325 the suggestion
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has been made that the currently accepted hslf-life of 6,2 x lOl Yesrs
for Rb'’7 is too large, Wetherill et al(47) have by determining the

287 587

ratio in samfles of feldspar and mica by the mass spectrometric
isotope dilution technicue, calculated the half=life of Rb“ & to be |
(5.0%.2) % 1ﬁlgvears on the basis of the Pb {/U 8 and Pb207/U2)5 ages
of uraniun minerals taken from the same rock hodies,

Tt is for the purpose of investigating this possibilitr as well

as SPOnlWP Turther information concerning the bgta-aecav interaction,

that the Rbgf nroblem was attennted,

1., The Secintillation Counter:

the electronic °c¢rtljlation counter generally consists of a solid,
liguid, or gaseous {lourescent medium vith a volure from a few cubic
milliretres to as 1&? Te 4§ . ten cubic feev, One or many photomultipliers
are coupled to the phoSphor’Lo sroduce current pulses from the emitied
light flas kcs. The shape and mapnitude oi the uut b current pulse obtained
from the scint tillation counters has been studied and found to be de .erdenc
£o gone extent on the following:?irét, the electrons arriving at tne

| .

coilecting anode of the photqmultiplier tube do not arrive at orecisely
the same instant buu are sfread out over a time interval because the paths
traversed by che individual electrons between multiplys ng stages are not
identical and so different electrons have different transit-tizes bebween
stages, This spread in the tronsit-time affects the resolution of the
counter, Secondlv, tﬁe photomultiplier outpuv eurrvent wavefoim ig denen-
dent on the phosphor tire-constant., If the decar time of the phosphor is
very short, t e output current waveform has both a sharp rise and a sudden

~drop, If, however, the wbosphor exhibits a long aecav—tlme the rise
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time of the current pulsevis slover and the pulseeteﬁds;te’have‘a long
duratioh. In the case where the phosphor has both a phesphorescent and
fluorescent component, the output eurrent waveform is extremely lon
In this case one may get both plllng up of pulses, glvinv g higher number
of the large amplitude pulses, and double pulsing, that is, where the
deeayhﬁime of the fluereseent component is so mhch shorter than the decay
" time of the phosphorescent component, that the'output current waveferm ofA
the photormltiplier hasvactually £wn maximum amplitudes. When this happens
.a paralysis circuit must be introduced into the differentiating,circuit
such that the circuit will be paralyzed for the duration of the phOSphor-‘
escent component after it has passed the pulse due to the fluorescent
component. This will be discussed more fully in a subsequent paragraph.

2. ehe Cathode Foll over and Detector.

In a scintillation spectremeter.the photomultiplier tube acis.ae a
censxant current source of high internal impedance. The current flows into,
~and is integrated by, the total stray capacitance of the tube eutput elec=
trode and of the output clrcult. This capacitance is ehunted by the grid
reeistance of the cathode-follower tube (see figure 2, l) and a voltage
waveform is obtained at high impedance. It is used %o drlve a cathode=~ -
follower tube, so glving a»31milar pulse at low impedance, The rise~time
of the pulse‘is determined byrthe combined effect of the transit-time
| spread in the multiplier and the deeay time-constﬁht of the phosphor,

In the experimex{t about to be deseribed the rubidium fodide thallium
activated crystal used emitted both a fluorescent end phosphorescent com-
eonent, Iﬁ-was due to the presence of the laftef ccmpehent'that the oute~
put pulse of the standard eaﬁhode—follower was,raggeé Qnd?poorly'integrated.

The pulse observed from the erystal had a'rise—time ‘feStén: than one
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mierosecond, which is considerably lﬁnger than for‘phOSphérs'most com=
.monly used, To have a satisfactory integrating éircuit as far as the main
curfent pulse was concerned, the shunting resistance acrosé £he stray
¢a§acitance had to be increased to .51 from the usual value of 220K, To
smooth out the raggedness of the puléé as much aS'possible a resistance -
of L,7K was placed in series with the collecting anode of the multlpller,
Larger resistance values attenuated the output pulse so much that any
further improvement in smoothing out the pulse was not warranted. The.
introduction of an appropriate section of delay line in éeries with thé
collecting anode of the mﬁltiplier'had a similar effeét. A diégram of the
photormiltiplier and eathode fol]aﬁer is giveﬂ in ?igure 2 ole ?iguf@s
2.2(a) and 2.2(b) givs an indieation of the gmoothing out. effeet vealizedi
by-the in sertion of the 4,7K series r951stance 1nto the anode load of
the photomultiplier,

The photomultiplier tube selected fér the experimental work was a
Dﬁmont (Type X1190) with a cathode diameter of ome incﬁ. This tube was
found to have the highest gaih and 8t the samé,ﬁime,'the lowest noise
level of a dozen similar tubes tested, It was the same tube as the one
used esrlier in a series of radiocarbon dating expefimenté(27). Lewis’s(ZB)
pulse height analysis extended down to 17 kev belew which the thernal
noise level from his photomultiplier maae furtner countlng impracticable,
With the K1190 photomultiplier it wasvexpected that thiS'analy31s could
Be pursued below 17 kev, | ‘ ‘

3. Shielﬁing:

The detector éssemblvaas housed in érmassivé lead and mercury shield

which was used toAreduce the background counting rate to ag low a value

- as possible without the use of anticoincidencé shielding, A diagram of



FIGURE 2,1
PHOTOMILTIPLIER AND

CATHODE~-FOLLOWER CIRCUIT

FIGURE 2,2
SHAPING OF OUTPUT PULSE
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the arrangement is given in figuréﬁé;S;;A fuller diseuSsicn of the effect -

of the shielding has already been given in previous work(23),

4. Elsctronicss

The pulses observed under gamma~-bombardnent were 1/12 th the height
of those from thallium activated sodium iodidef Due to this low pulse
height efficiency the demands placed on the amplifier were severe, The
amplifie; used was one that had been emplbved in past 1OWblevelvcounting
apparatus, It is one of the Chase=Higginbotham 102 design and manufactured
by the Rediation Instrument Company’éf Silver Spring, Marylasnd, It employs
four long-tailed pair émplifiers plus a phase inverfgr and an oubput stage,
The overall gain was determined to be about 40,000 or more;’Considerable
effort had to be made to eliminate to a large degree the ripple on the
B-plus supply line. The noise level af full gain was reduced to an ame
ﬁlitude of three volts‘or less, |

The pulse height analysis was carriéd out with a five—channel pulse

height amplitude analyzer, manufactured by Murphy Radio Limited of Englaﬁd.

The type 1074 has four contiguous differential gates and a surplus count

channel whose diserimination levelyis contiguous with the top of the

fourth channel, The cnannel width is adjustable from 0,25 to 5 wvolts, and

| the gaﬁes can secan 8 spectrum from 3 to 32,5 volts at the loweat level,

In the analysis of the rubidium spectrum the gate width wvas varied in

‘accordance with the overall gain requ:red so that the energy interval

over which a count was taken was kept constant, 4 detailed”diagram of the
unit is given in fiéure 2.3. | |

Lewis(23) repor%ed that the rubidium iodide thallium aetivated
erystal exhibited a phosphoresecence deecay lasting the order of a milli~

second, As stated earlier, the way to avoid counting this radiation is



FIGURE 2,3
LOW LEVEL ACTIVITY
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to use’afparaiyaig circult which will paraiyze the diserimination cir-
euit for the durafion of thekph§spha§é309nce decay, A diagram of the para-
lysié ¢ircuit is given in figure’z;ﬁ.'A deseription of its operation is :'
briefly as follows: The.péralysis circuit ﬁOﬂBi%tS of a ﬁnivibfator and
a phage>inverter'operateé‘by'a?éeparate Lamtdat;;e {(Model 28) 300 §°lt
gtabilized power supély.vThe,univibfator is triggered by the positive
.going pulse from the éutput ofvthe pré-aﬁplifier éf the pre-treatment
unit of the five—cbangel puise height analyzef(point B). The positive
pulse obtained from one of the plates of the ﬁniviﬁrator is then inverted
by thévsharp-cutoff 6AU6 pentodés;‘twn of which are reQuired in parallel
in order that the output nulse be 6f sufficlently large amplitude. The
amplitude of the negatlve pulse was gveaier+nan 100 volts. This large
amplitude pulse, whose length is variable by varving'the valie of the
eondenser'C,Ox the univ1brator, is then apnlied through a high back=im-
| pedance crvatal diode to the plate of the output tube of the longhtailed -
pair amplifler(point D) Upon tasting the operation of the paralysis cir-
cuit with a pulse generator vhose pulse could be varled both in repetition _
‘frequency and amplitude, it was found that the paralyzing circut was |
fully effective, even dn hlocking cut the large pulses when the smaller
ones were being analyzed, Furthermore, the D.C, level of the discriminator
VRS not affectexi

5, Source and Back;zround Materialgs -

Tor the souree,.a rubidium iodide tgallium-activated crystal was

| obtained from G.M. Lewis, Departmehﬁ of ﬂa%ural Philosophy, The Uni&ersify,
Glasgow. Due to the irregularity of the crystal it was difricult to pack
the Mg0 reflector aroand all free surfaces, Attempts were ‘therefore made

at flattening its sides by filing. HOWever, dae to its original small



FIGURE 2,/
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size of about A.mé. to the side, it was impossible to carry this pfocess
through to satisfaction., The upper side had to be left irregular, The
crystal, as mounted, was approximately Jom x 2m x 3mm in dimension: and
weighed 0, 0938:t 00005 grams, For the container of the crystal a,lu01te
ring, 3/4 inches outer diameter, 1/4 1nch‘inner diametcr, and 1/4 inch
in height wes made, Over one end a thin flat transvarent glass was cemeﬁted.
Using a little silicon grease for a bond, the small RbI crystal was mounted
centrally in the ring with the flattened side next to the qlass. Mg0 was
then packed around the erystal from above, aftev which the top end was
covered by a ecircular plate of plastie cementedéﬁe&the‘ring. The crystal
assembly thus formed could then be pit on and off the photomultiplier wiﬁh
ease, This was advantageous ih‘view of the frequencj with which the crystal
ﬁad to be remc&ed in order to determine fhe backgfound counting rate,

To determine the background a NaI(Tl) crystal, of size similer to
‘the RbI(T1), was mounted in a container in a manner identical to that
described im tne nraceding paragraph Althou°h the pulse height efchlenPV
of the Nal crvstal was twelve times greater than that of the RbI, the
baclkground could, nevertheless, be obtained in the same energy intervals

by simply varying the overall gain of the electronic circuitry,

6. Calibrating Sources:
- The pulse height scale at the high energy end was calibrated for

energy in terms of the gamma radiation from 03137(662 kev) and 1331
(364 and 28/ kev), The 28/ kev line was obscured for the most part by

the large Compton effeet due to the 36ikev line, For a partial spectrum
of IlBl see figure 2,5, It is seen that the 80 kev line is well defined
and that there is also good evidence of the 163 kev line. These plus ’the
46,5 kev line from RaD and the 31 5 kev Ba K x=ray were used to calitrate

the middle part of the energy: seals, Figure 2.6 shovs the resolutlon obe
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FIGURE 2,5

PARTIAL SPECTRUM OF Il 31
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FIGURE 2.6
RESOLUTION OF THE 46,5 KEV RaD
AND 31,5 KEV Ba K X-RAY
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tained for the 46.5 kev RaD line and the 31,5 kev—Ba K x~ray, The rescnk

lution was calculated as the ratio of the full wi\lth of a peak at half
maximum to the mean amplitude of the peak, For the former it was 70% at
19.5 volts and for the latter 70% at 13,25 volts, With the small NaI(TL)
erystal the resolution of the two lines at comparable pulse heights was
caleulated to be 20.4% and 35%, respectively.

Lewis found that the pulse‘heightivs. energy ©urve was linear over
the range from 17 kev to 662 kev, To efféct the calibgaticn éttf7 kev
Lewis used the K x-rays of molybdemum, In this experiﬁent, however,‘it
was anticipated that é closer appfoach to zero of the energ& axis,qould
be made and a calibration point in the energy region 0 - 17 kev was there-
fore required, The K x-ray of Cu (7.8 kevj, which follows orbital electron
capture in:Zn65 could not be resclved from the Compton component of the

65

high energy part of the Zn"7 spectrum, Thgrafore a germanium. source was ob;
tained from the Atomic Energy Cormission of Canada. Ge71 decays whollj
by electron capture to Ga’l and is followed by the production of Ga K
x=rays, The 9 kev K x=-rays were used for calibration. Figure 2.7 shows
~the resolution obtained at a pulse height of 11,5 volts. For full width
at balf-height it amounts to 822,

During the pulse height aﬁalysisvof the rubidiumﬁbet&-specﬁrum'the'
energy scale was calibrated before and after each run, With all the gammas
or x-ravs being reasonably intense this calibration took at‘the most

a quarter of an hour,

7. Refrigeration:

In sttempbting to count in the energy region‘below 10 kev it was
soon found necessary to reduce the photomultiplier tube noise by cooling,

This was achieved by building a cylindrical jacket around the photo-




FIGURE 2.7
RESOLUTION OF 9KEV Ga K X-RAY
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miltiplier and £illing it with dry ice, Styrofoam, out of which the
Jacket was made, is a good insulator and easy‘to work with, wWith the wall

‘greater than an inch thick it was found that dry ice inside the chamber
kept’a large fraction of its initial Volﬁme for six hours or more, &
diagram of the jacket about the photomuuipiier appears in figure 2.8,
The purpose of the blotﬁing paper ig to absorb any moisture that may
collect at the base due to~tge melting dry ice and sorprevent it from

condensing on the circuitry of the eathode-follower,

(1i1) Experimental Results:

The main pulse has been shown to vary linearly with energy over
& range 9 kev to 662 kev using various x and gamma rays, rigure 2.9 shows
the linear variation from 9 kev to 364 kev.

The pulse height distribution for Rb87 was obtained using the small
Rb(T1) crvstal as source. The spectrum was analyzed by means of the five
channel pulse ampiitude analyzer whose first four contiguous channels
were varied in width froﬁ 0.5 volts to 2 volts to maintain“an energy
gate of 2,5 kev, Good statistics were obtained by accumulating more than
500 counts at each point, The time required véried from a few'minuteé to
twenty=-five hours depending on the energy at which the count was made,

The spectrum from 25 kev on was first obtained using no paralysis,
in the differentiating circuit, Then with a paralysis of 2.2 msecs, énd
starting from 11,5 kev the ﬁulse height distribution was determined to
the energy Qhere paralysié became ineflective, Figure 2,10 shows the
pul%e height distribution, corrected for background,aﬁd paralysis, The
curve is composedﬁof three sets of points: a Set of points determined
with the amplifier at low gain, another‘with the amplifier at‘medium

gain, and a third set using the maximm gain possible, The three sets of



FIGURE 2.8
PHOTOMULTIPLIER TUEE
REFRIGERATION UNIT
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FIGURE 2.9
LINEAR VARIATION WITH ENERGY

OF PULSE OF RUBIDIUM IODIDE CRYSTAL
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FIGURE 2,10
PULSE HEIGHT DISTRIBUTION SPECTRUM
OF RUBIDIUM 87
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. points overlap one another. The deviation of the points from the best
line through them is within statistical accuracy., Not all the points
obtained are shown in the figure but enpugh are included to make the
draying of the curve'easy. One point below 11,5 kev has been included,
namely at 9,25 kev, This was obtained by cooling the photomultiplier tube
and crystal to dry ice temperature(?78.5 C). Assuming lihearity of pulse
height response:of the crystalybeloﬁ 9 kev a series of counts in the
energy interval>between 7.5 and 9.25 kev were méde. However, due to the
large variation in the values obtained, these have not been included in
the plot. Further refinement in techniqﬁe was terminétedvuhen, after
the crystal had ﬁeen cooled and thawed several times, it was discovered
to be badly fractﬁredu |

To obtain the total counting rate above 11.5 kev, a planimeter was
used to find the tétal area under the curve of the pulse height distri-
bution spectrum given by figure 2,10. The mean of five trials gave
1546 £53 counts per minute, Extrapolation to zero energy is rééﬁired
before thé_total counting rate from the Rb source can be determined.

(iv) Determination of Half-life:

Due to the rapid rise in the pulse height distribution in the low

energy region, direct,gxtrapelation of the raw specirum to zero energy
is not Teasible. Instead the extrapoletions were earried out on the
allowed Fermi plot of the R587 beta=spectrum, For the purpose of oampuéyt’u}4'

tation equation 1-11 was rewritien as:

[M X - (2.2)

Wzﬁ

vhere Gz=pF/y,
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Values of the modified Fermi functien G 2s a function of s the electron
momentur, were taken from the tabulation by Rose(45), The values for Z=538
and A= 90 vere chosen; and valﬁes of G at intermediate values of p were

2 2
obtained by interpolation., Figure 2,11 shows the curve for[%(W)/WNG:]l/
87

Ty
T
¥

vs. energr W, Although the raw spectrum of Rb™' indicates an end=point
energy of 275 kev the allowed Fermi plot does not. Linear extrapolation
to zero counting rate frem the last seven points of the plot indicates
an end-point energy of 294 kev., Langer et al(48) have pointed out that
the conventional Fermi plot must be corrected for the finite resolution
of the spectrometer., The effect of the resolution on the shape of the
snectrum is narticularly evident near the end-point, Applving the'reso~
lution eorrections of Palmer and Laslett(49) to the second forbidden 8136

beta=spectrum, Langer et al found the cor: ‘ections to be 2% or less at

each point except for the five points nearest the end point, Bpnlying

a resolution correction to the points near the end-noint encygy causes

these points to have a lover ordinate value.?n view of these facts it is

sugeested that the allowed Ferml plot of the experizentally obtained

Rb87 beta-spectrum has an~end-pcint energy sonevhat less than 294 kev,

An  end-point cnergy of 275 kev is therefl ‘ore used in subsecuent calcu-
.

lations, this being the mean of several values . It is also noteworthyr

that since the effeect of making a resolubtion eorrection for the noints

at the low energy end is gnall, the linear extrapclation of the Ferr-i

nlot from 10 kev to zero energr, as carried out in fipgure 2.11, aopears

reasonable, From this eﬂfrapolation an additional 383 counts per nimnte

were obtaired, yvielding a total counbting rate of 19207 65 counts per min=

ute, The estimated error of 65 counts per minute is the error due %o the
standard deviation in the intepral count above 11.5 kev,
The mean end-point energy of 275 kev was obtained by averaging the values

given by Lewis(23), MacGregop and Wiedenbeck(2l), and Curren et al(20)
with the one obtained in this experiment.,




FIGURE 2;11
ALLOWED FERMI PIOT
CF
RUBIDIUM 87 BETA-SPECTRUM
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With a RbI(T1) source of 0,0938 * ,00005 gms. and a 27.85% abusdance of
the isotope Rb87, the specific activity of the beta=-decay process works
out to 85 5., disintegrations per second per gram of rubidium, corréépon—
ding to a half-life of (5.,047T,2) x lOlOvears, which agrees with the
calenlated value of the half-life of npt7 as given by Witherill et 31(47}.
It is not iﬁ agreement with the currently accested half-life of 6.2 x 10+C
vears, and in martiéular} is not in agreement with Lewis' value of
(5.9%.,3) % 1010 vears, Céﬁparison of the tobtal counts above 17.5 kev
indicates agrcement well within statistical accurscy. It is therefore,
sugrested that the 2dditional counts obtained by Lewis in extrapolating
to zero energy are too cgnsefvative.

(v) Theoretical Intorpretation:

With 10g10f(z,w0) equal to -0,68 for an end~pbint energﬁ:of 275 kev

(14) a value of 17,52 is obtaired for the com parative ﬁalfmlife,

TOg f(z,wo, t ,and the transition Rb87fa-8rg7 is third forbhidden, The

nuclear spin change of 3(ves! between the ground state§ Pgﬁt—zgqézaccords

with this, A tbeoretiqal correcticn factor to the Ferri plot shape has

been formulated hy E, Kononinski(9), and has been given in equation 1,9

Fof 3 third fofbiddem spectrum this may be re-written after dividing

b f/&/y /,M/)}-Z/C

ast S (Wo(:{ (£xm)+ )} [x2/2p)? P(«)wf)‘apm +
AZp) Lo xw, o«)+:g[j)1 (Oxsp, 4)t
ﬂ(o(,z/F)[dt/' 3 (= ;4’)} ,‘ w22

!t ¢ 1
where f= -’i—¢ 3 and (" Z) 17.3 me?, A and§ are variahble para=-

roters with which the allowed Ferndi plot is %o be linesrized, ‘l and §
5

re defined by equations 1,10 , § is readily caleulated either by using

the single particle shell model or the special j-j coupling shell model

)

in which cuter neutrons and vrotons enter into the same shells,
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respectively(24), In the latter case only the angular part of the wave
function is required since the radial nart drops out as a common factor,

Vamada et al(24) give f:: -1 for RO/

and state that the sign of CS/CT
is probably =inus,It is therefore exvected that;§ should be positive,
The ratio, } , on the other hand, cannot be ealeculated as reliably,

Yamada(50), defining hb‘-’ /1- fg—%) = 7 Q"’(/?‘(74’>
- Ry (Prxt,t)

obtains for k( %;;—.')a value of 7.12 for 7687, With the Cowlomb energy of
the daughter nucleus 6%2/79:17.3:mc2, A becomes 823 .

In determining what values to use for the two paraﬁeters an
-ex$@rimenﬁal shape fctor is obtained as
s.(exp)= BN /G0 w)% L)

P ; ’

by putﬁing the experimental values of H(W) into ecuation 1.7 , Figure 2,12
shows the Rb87 experimental shape factor for tuo end=point enefgigs,
275 wev(1,538 me?) and 294 kav(l.575 mcg). Clearly, 53(eXp) becores
very sensitive to the valus adopted for the end-point energy, ngifor
the energles neaf W Subsequent ecaleulations were made on the basis of
an end-point energy of 275 kev,

In fitting the "exact" shape factor SB(M), equation 2,2, to the
experimental data, 83(exp), v%lues of ?lfrom =7 to +31 were tried.
For eacn trial of}l,)_wés determined by solving equation 2,2 with the
quantity on the left set to SB(exp) for 20 kev, Both roots of the
quadratic equation in ) were tried in SB(Q) for other emerzies. The
results of some of the calculations are shown graphically in figures
2,12 and 2,13 ., The best‘agreemént hetween Sa(exp) and the theoretical

-
. ! !
shape factor was found for §=3.5, }=,68 and §=25,‘L94,5? . The allowed

s : : b) . Py . : ~ .
Fermi plots of Rb?7,11neﬁr1zed bv the resulting two shape faclors, are

shown in Figires 2.11 and 2.132, respectivelv, The Ferni plot is linearized
7 ! 2 f) jr

except at the low energy end. This non=linearitr at the low ensrgy end

See footnote on Page 35.
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FIGURE 2,12

EXPERIMENTAL AND THECRETICAL
SHAPE CORRECTION CURVES
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FIGURE 2,13

ALLOWED FERMI PLOT OF RbS7
GORRECTED WITH THEORETICAL
SHAPE FACTCR
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is in part due to what might be termed, the edge elfect, which is
simply that an undeterﬁ*red miber of beta=particles emitied from the
Rb87 nucleus near the surface of the RbI{(T1) crvstal escape from the
crvstal withoutwéxpending any considerable portion of their kinetic
energy. Libbw(51) gives, for the maximim range of the beta-particle
from Rbgz a value of 20 mg/ecm?, For normal incidence electrons will
then eseave without losing any, or only some, of their
from a2 surface layer thickness of 5,64 x lO'chs. Due to the very

small ervsgtal used the volume of thils surface layer, assuming é

cuhic crvstal, renresents 7,.506% of the total volume of the crystal,
However, it is exvected that at least half of the beta-particles
eritted within this critical volume are emitted with initial directions
into the erystal and that therefore, 1t is perhaps ressonable to assune
that only about 3«49 of the total cr?stal volume is ineffeétive in
totallv absorbing the beta-particles emitted, The fact that most of
the counts occur at the Llow energy end of the distribution spectrim

suggests that this edge-effect mav be of smaller magnitude than

Za

2ndteated, Calculations show that a eorrection of this magnitude does
not linearize the shape corrected Ferml plot at the low energy end,

1 ‘ e
Since f ig much greater than gero it is irplied that pure tensor

7p57

interaction does not explain the R plot, The present "best" value of

L)

(CSKGT)Z has been given in the foregoing, equation 1.13 , Writter as
an inequ=lity it isr

0.29 € (Cg/Cp)® = 1.04
The ratio f may then be caleulated from F-«( Co/C } f . Velues of the
ratiog of the three miclear matrix elements invelved in the correctisnﬂva

factor requ*red to analyze the third forbidden rbE7 beta=snecirln

given in the following table: &




o D
TARLE 2.1
RATIOS GF NUCLEAR MATRIX BELEMENTS INVOLVED

1 287 spmOTRUN CORRECTIGN FACTOR

JOYnn)

A ﬂ'g)%mé) jf/ | (CS/CT)?' -

)
SO Y (222) SO Y (Tx2)
.68 5.88 3.5 20¢ (CS/CT}il.OA 2.424)¢]<6.5
459 397 25 .29 2 (Cg/0p .04 | 24.52[¢[216.5

5

The value of .68 for A in the Tirst instance, compares favonrably with
Yamada's theoretical velue of .823, The value of -1 for f ¢ caleulated

theoretically by Vamada et 81{24} on the basis of the single particle

)

hell model does not fall within the experimental range as given by

3,425)?)56&5 . In the second instance the large values of 4,59 and
- / . . - IR .
25 for A and f s respectively, result in making the radiation terr

PB(g'x T) in equation 2,% negligible, o theoretical justification
for doing so exists. The resvlting shape factor, however, avrears

+ . - e 87
ecually effective in linearizing the b5 beta~=spectrum,
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VANADIUM 50

(i) Introduction:

Leland(12) has reported the natural occurrence of an isotope of
vanadium of mass 50 and an abundance of 0,23 #,01% as measured by a mass
spectroneter, JDhnson(AA) has measured the mass differences between V5O,'

71°0 and 0r%0, He has found that V20 is more massive than TL° and cr0
by 2,39%0.12 Mev and 1,18 £,12 Mev respectively, Ample encrgy is there

fore available for decsy of V0 t5 crP or T150 1o occur, Failurekto detect
this activity is attributed to a long half-life,

The nuclear spin of V5O hag been measured to be 6(43), This agrees
with the results of theoretical calculations based on the shell ﬁodel.
According to the nuclear shell model VﬁO(N==27, Z =23) has 7 neutrons
and 3 protons in f7/2 orbitals and hence has even parity in the ground
state., The neighboring isobars Tiso{ﬁ:=28, Z=22) and CrSO(N==26, Z =24)
are even-even nuclei and are therefore expected to have ground state
spinsAJ¥=O and even parity, The ground-ground’state transitions from
7° 4o 71°0 or cr?0 are therefore expscted to be ®aixbh forbidden.® The
associated half-lives for these transiﬁions may therefore be expected to
be very long, | | |

The first excited level of Ti5O has been determined to be 1,58 +,06
Mev(37) and according to the systematicsroh evenmeven nuclei(33), it is
expected to have a spin J=2 and even parity, With AJ=/ and no parity

50

change, the K capture transition between the ground state of V7" and the

50

can be classified ag "fourth forbidden," A

-l 3

first excited level of Ti
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rough estimate of the ﬁalf-life can be obtained by considering the come

: parétive half-lives for beta transitions of this order, If log ft=23 is
taken as being characteristic of fourth forbidden transitions and log f
for a K captﬁre transition in v for a decay energy of 0.81 Mev is taken
from curves given by Feeﬁberg(lA) and Trigg, then a value of 9,6 x 1@15 years
is obtained for tbewhalfwlife.

The presence of a measurableinegatron activity procesding to an
excited level of 0r°C is unlikely. Goldhaber's(33) plot of the energles
of the first excited lkvels of evch-even nuclel against the number of
neutrons shows that the energy of the fiist excited level of even=-even
nuclel varies smoothly and decreasesy in general, with increasing mass
number, It is, therefore, expected that the first excited level of Gr™
should be appréximaﬁeiy the same as that for TigO, Goldhaber also points
out that in a large mumber of examples, the addition of two protons to a
nucleus hardly affects the energy of the first excited level, TiAS(N::26,
Z =22) is known to have‘a first excited level at 1.35 Mev, It is, there-
fore, expected that the first excited level of Cr C is at least of the
order of the VSO »-Cr50 mass difference, It then follows that the energy
avallable for such a trgnsition'is so low as to make the assoeiated half-
life too long to measure;

Munerous attempts{30,31,32,27) to detect the long-lived radicacti-
vity of the V2O isotopé have been made in the past, The literature up to
the near present has béen fully reviewed reecently(27) and will, therefore,
not be attempted here. In this recent attempt a search for the 1.58 lMev
gamma gy Was madé usging a scintillation spectrometer, whiéh was housed
in the massive shield shown diagrémmatically in figure 2,3, Using a

11/4x11/2 inch NaI(T1l) crystal mounted in an aluminum can a compara-
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tively large background counting rate of 1.,13#0,02 coumts per mimite
wés obtained in the energy iﬁterval between 1,45-1,70 Mev, For the source
200 grams of vanadium metal twrningzs (99,9% pure) were used. A mean
sample plus background counting rate of 1,16 *,02 counts per minute was
obtained in the same energy interval, leaving a nét actividy of O;OBi:Ol
counts per minute for the 1,58 Mev gamma radiation,

No attempt was made to determine to what gxtent the presence of
the source distorted the baekground counting rate, With the net activity
being of such dubious magnitude this ommission becomes important, Further-
more, although, preliminary work revealed the presence of low energy gamma
radiation, indicating that the vanadium sample wvams contaminated with some
radioactive impurities, no attempt to identify, gqualitatively or quanti-
tatively, the impurity was made, The small net activity observed cannot,
in the light of these ommissions, be regarded as being wholly due to the
1,58 Hev gamma radiation,

In consldering the possibility of redueing the overall background
counting rate cognizahce must be taken of the fact that the presence of
radiocactive impurities in the materials of thevNaI(Tl) crystal-photorl ti-
plier combination sets’a lower 1limit on the background, The presencs of
trace amounts of potassium in the glass of the photomultiplier cannot
eaéily be eliminated, DuMont is looking into the possibility of producing
radicactive free photomultipliers and special low background tubes should
be available in the near future(34). What is perhaps more easily elimi-
nated are the impurities in the crvstal assemblv, An analvsis of the
sources of background in Nal counting has been nade by C.E., Miller of

Argonne National Laboratory(35). He has shown that a large fraction of

the residval background eonnting rate was due to radiation from the radium
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in the aluminum in which the NaI §rystals are usually mounted, It was
found that samnles of Al, regardless of alloy tpe or.supplier, éveraged
0.3 uuc of Ra per gram of Al, Mounting the crvstal in a Ho. 304 stainless
steel can reduced the background by 60% in the 0,090 = 2,15 Mev region
of the spectrum, No beta or gamma activity was found to be attributable
to the MgO reflector or the Tl activator,

In view of these recent advances in technical knowledge it was felt
that another atiempt at detecting the radicactivity of y20 should.be
undertaken, The following is é brief account of the techniques emvloyved
~and the results obtained,

(ii) Apparatus:

Three sheets of stainless sheel {No, 304) and one sheet of electro-
lytic copper were tested for radiocactive contamination by eounting in
the 1 - 2 Mev interval using samples of these sheets as'source, and
subtracting the background counting rate in each case, Qf the thiee sheets
of stainless stee} only one was found to be uncantaminated. By using a
11/4 %1 1/2 ineh Al'cannéd‘NaI(Tl) crvstal, the sample plus background,
and background, counting, rates for this particle wers foﬁnd to be 15,82%0,1
and 15.80%0.3 counts_per minutz, resvectively. The nét activity of 0,62
counté rer minute is within the statistical érror, Similarly, the sample
plus bacﬁground,and background, counting rates for the copper shesl were
- deternined to be 15,45+ .12 and 16,12 4,29 counts per mimute in the same
energy interval. The defielt.of 0,67 counts per minute is greater than

the standard deviation and it may therefore be preéumed that this sample
of electrolytic copper was free. from radicactive impurities, In view of
the fact that there was no loeal spinner able to use the 26 gauge le: 304

stainless steel in spinning a proper container for an ummounted 1 1/4 x 1 1/2
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inch'ﬁaI(Tl) erystal, the copper sheet was used instead, it being only
five and one=half thousandths of an inch thick, The ervstal was obtained
from the Harshaw Chemical Company and mounted locally at Huclear Enter-
prises Limited in a manner shown diagrammatieally in figure 3,1 and
deséribed by'P;R. Bell(36). A three inch lucite light piper was used in
' pléce of a glass window for two reasons, namely, that it removes the erystal
from the contaminated glass of the photomultiplier and eliminates the use
of potassium—containing glass for the window,

To agcomodate the use of a light piper a ten inch extension of the
lead shield showm diégramﬁatically in figure 2.3 had to be made, With
this in place sevéral léngths of ITucite light pipe were tried, simply
by adding four inches at a“time to the three'inches already incorporated
ihio the phosphor assembly, The variation in the resolution and pulse
height of the 662 kev gamma from C5137 for the same overall gain is shown
in{the following table:

TABLE 3,1

PULSE HEIGHT AND RESOLUTION

Type of Photomultiplier |Length of Pipe |Pulse Height | Resolubion
K1190( 1 inch) 7 inches | 12,5 Volts 60%
SRl 3 inches. | 16 Volts 1%

‘K1190 : 0 inches | 21 volts 14.3%
352 ( 2 inch)KL186 | O inches 25 Volts 14%

An analysis‘of the backeround counting ratefusing the various
lengths of light pipe and the different photomultipilers is shown rraphi-

cale in figure 3.2. The dif”erence in the background obtained by using




FIGURE 3,1
PHOSPHOR ASSEMBLY
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an aluminum éanned Hal crystal (NaI(Al)) and a copper canned Nal ervastal
(Nai(cu)) is relatively large. The reduction in the background counting
rate in the .45 - ,67 and 1.55 -~ 1,77 Mev intervals is 17.5% and 275
respectively, Compare the solid line with the dash-dot line of figuie 3,2.
Botﬁ of these, as well as the dotted line, which’corresponds to a seven
ineh light pipe, were obtained with the two-inch photomultiplier,

the dashed line shows the histogram obtained when the one~ineh
photomultiplier was used in combination with the‘phosphor assembly shown
in figure 3,1. The background reduction is largest in the low‘energy
region of the speectrum, Nevertheless, the background reductions realized
in 100 kev cates in the 1,50 and 1,60 Mev regions by using the one-inch
photomultiplier with the phosphor assembly amount to about 407 and 25%
respectively, In visw of tnis significant reduction in the background
counting rate and with the resolution of the two tubes being about the
same, the one~inch photomultiplier was used in the subsequent experiment,
The pulse height distribution was obtained by the apparatus alreadv des=-
eribed in Chapfer IT. |

For the source 186 grams of wvanadium metal turnings (99.9% pure)
were packed into a paper container fitted snugly over the erystal so
that it covered the crystal on all free sides to a thickness of about
0.3 inches of vanadium, This was the source used im an earlier experiment(27)
and was found to contain a radicactive impurity. Corrections, allowing for

this irpurity are described and calculated in the subsequent section,

(111) Experimental Procedure and Results:
An attempt was made to detect the predicted X capture activity in
50

V7 by measuring the 1,58 Mev photoline counting rate from the vanadium

sample and comparing it with the photoline counting rate for gamma rays
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of 1.465 Vev camiﬁg from 71,6 grams of KCl in the same geometry, Calibration

-,
Py

of the energy scale wag carried out with the photolines from Cle? (0,662

Mev) and ¢ (1,17, 1,33 Mev), Knowing the variation of spectrometer i

resoiution with gamma ray energy the gate required to include all the

activity of the photoline from the predicted 1.55 Mev gamma ray was cal-

enlated, The four contiguous channels of the pulse amnmlitude analyzer

were then adjusted in width so as to include just this gate. Background

and sample counts were alternated every eight hours, this practice being

largely a precaution against serious drift. The results of the series

of runs are tabulated below:

TABLE 3,2

VANADIUM SAMPIE ACTIVITY

- Backeround

gafe 1.,46-1,74 Mev

Vanadium {186 grams)

Time (mins.)| Counts {Ctg. Rate (cpm)| Time (mine,) | Counts | Ctg. Rate (cpm)
2140 157 0.65+,05 405 279 0,69+ ,04

385 198 0.51£,03 420 196 0.46 *,03

390 182 0,46+ .03 560 350 0,63 4,03

460 206 0.45 +,03 585 396 0.67 %,03

475 218 0.46 *.03 95 585 0.64 t,02
1950 961 0.49 +,015 2885 1806 | 0.62 £,014

Net counting rate diue to vanadium sample = 0,13 2.02 ‘epm. A histopram of

the net’activity g

possibly due to a

©1.58 Mev gamma is

. given in figure 3.3, The presence of the 1.58 Mev gamma ray is indicated,

The counting rate in the 1.465 Mev photoline of ¥°C from the KCl
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FIGURE 3,3
HISTOGRAM OF PREDICTED
1.58 MEV GAMMA RAY

FROM VANADIUM 50
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samplé in the same gecmefry was ﬁéasﬁfed with the lower and upper channel 4
levels set to passvpulses vhose energies were between 1,33 and 1,60 Mev,
The results are tabulated below:

TARLE 3,3

k0 acPIVITY

1y

Background o pate (1.33-1.60 Mev) KCl (71.6 grams)

Time (mins.)| Counts |Ctg, Rate (epm)| Time (mins.) | Counts |Ctg, RHate (cpm)

385 198 0.511,03 180 10505 58,36 % .5
240 157 0.65 +,05 - 180 11611 64.50 * .6
625 357 | 0,56 %.03 30 22116 | 61,43 .4

Wet counting rate due to 71.6 grams of KC1 = 60.871f .5 cpm,

To determire the background enhancement facter; that is, the extent
by which the presence of the sourée distorts the background counting rate
by its interaction with the backeround radiation, chromium metal (fised)
in the form of granules was placed in a paper container similar to the
" one used for the vanaéium source, & cqunt of the background wiﬁh and with-
" oub the chromium sample revealed that a net counting rate of 0,26%.03
counts per minute could be attributed to the chromiwm sample., Of the three
‘possible types of intsraction of gamme rays with matter the Compton effect
becomes predominant at medium energies (the partial absorption ccefficients
of the photoelectric effect, the Compton effect, and of pgif production
are proportional to PZS,'QZ, QZZ respectively) and it might therefore be
expected that the observed net activity for the vanadium and chromiuﬁ

samples in the 1,46 - 1,74 Mev energy interval could be due to Comnton
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rocegses resulting from-the tnteraction of medium energy garma radiation

ke

from radicactive contamination in the Pb shield, photomultiplier tube,
or from the interaction of cqsmic rays with the samples. Regardless of
what tvpe of interaction it actually isgthe ratio of the net couniing’rate
‘due to the vanadium sample to that due %o the chromium sample should be
about 0,83 since the & numbers of the two sémples differ only by one imit
and 0,83 is the ratio of their denéities,'The observed ratio is C.5 *.14.
Therefore, the possibility that the obsérved net activity for the vana-
dium and chramium is wholly due to the interaction of the background
radiation with the samples, seems unlikely. This suggests that the chro-
mivm metal was also contaminated, in which case the béckground enhancement
factor as ziven above is not a reliable estimate and cannot legitimately be
uséd to correct the observed activity of the vanadium sample in the 1.46 =
1.744}bv energy interval for‘background distortion. The counting rate
of 0,13 *+.02 counts per minute caﬁ, in the 1light of the foregoing, be
rezgarded as representing an upper 1imit_to the activity of the vapadium
sarple in the 1.46 = 1.74 Mev energy range. |

An attempt was made to correct the wanadium sample couﬁtiqg rate
in the 1.46 = 1,74 Mév interval for the activity of thé contaminant re-
ferred to earlier, Since the principal vanadium ores are(38): carnotite
(potassium uranyl vanadate) 2U203'V205'K20 BHzG, patronite, an impure‘
vanadium sulfide, and vanadinite Pb5(VOA)ClB’ the possibility of tﬁe cone
teminant being any of the produéts of the Thorium or. {and) Uranium decay
series suggests itself, The three series may be differentiated by the

208

fact that one of the products of the Thorium geries, SlTl erits an

intense gamma of energy 2,62 Mev while the highest energy gamma from any
of the products of the Uranium series is the relatively weak 2.42 Mev

¥ 14 was found that the counting rate of the radiation from 0060 inh the
1,2-1.4 Mev interval was reduced on the average by 5% when the
vanadium semple was interposed between the source and the erystal,
Therefore the interaction of the background radiation with the sample is small,
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emitted by 8351214/as it decays to 84?0214(28)(39). Tt was decided theres
fore, to determine theﬁdonﬁribution to the vanadiwm sample counting rate
of 0.13 counts ner minute ef a8 possible thorium or (and) uranium family
contaminant, The thorium contribution was determined by measuring the
counting rate of the vanadium sample and a thorium sample in the 1.46 -

1.7 Vev and 2,56 = 2,66 Mev intervals, The results are tabulated below:

[ Y

TABLE 3.4
Source Counting rate: in 1.46 = 1.74 Mev In 2.56 - 2,66 lev
Vanadium | ~ 0.,13%.02 cpm ¢ =,007 1,016 cpm
Thorium a= 4908 cpm b =1447 cpm

The quantity (ac/ﬁ)::.024.counts per minute gives some measure of the
contribution of & possible thorium contaminant, Similarly in considering
the possibility of the contaminant being of the uranium series an upper
energ# interval was chosen between 1,70 - 1.88 }Mev, this being the region
where the pulse height distribuiion spectrum of a TUranium sample exhibits
an intense line. This energy ihterval includes éome weak gamma radiation

from the thorium series, The results are tabulated below:

TABLE 3,5
Source Counting rate: In 1,46 = 1.74 Mev | In 1,70 - 1.88 Mev
Vanadium 0.13%.02 epm d =,024% .02 cpm
Urapium e=16,29/ cpm £=8,768 cpm
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The quantiﬁy (ed/f£) = L0LL coﬁnts éer minute gives some measure of the
contribution of a posslble uranlun.contamlnant Twn values for the net
vanadium sample activity in the energy range from 1,46 to 1.74 Yev are
thus obtained by subtracting the calculated contribucion due to the im-
purity from the vanadium sample counting rate:
0,106 *,029 cqunts per minute c..... Cvik(corrected for Th impurity)
0,086 1,029 counts per mimute ...... Cy, {corrected for U impurity)

The specific act 1V¢ty of the 1,58 llev gamma rav, Sys for vanadium
ecan be expressed in terms of the specific gamma ray activity of pcta851um,
Sgs @s followst

S - J-v (m(}e ed/K

v
SK_
Cp (mGe ey
Where MK weight of X in KCl sample (3755 grams)

¥, =welght of vanadium sample (186 grans)
A = the aborption correction needed to account for the fact that
_garmas interact with matber in thres well-known ways.

A% the energy considered the ratio of Ap/By =1

G = geometrical factor-in this case the same for both the vanadium.
and potassivm samples, | |

(eg)w/(eg)y =retio of the officiency of the Nal crystal in detecting

the gamma rays of.energv 1.465 and 1,58 Yev.
=1.03 for a 1 1/2 x 1 inch high Nal crystal with souree

rémoved 0.2 cms.ﬁkmmthe crysfal(&ﬂ).

(e )K/(e )y= the ratio of the photofraction of the two gamras here
“eoncerned, lhe photofraction of any ga mrea of energy W |

is the fraction of events taking place in the crvstal
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dﬁevto the gamma‘and that give rise to pulses in the
photoline
=1,03
Sy = the specific activity of K4O gamma activity, It is taken to be
3.4%10,1 gamna quanta per second per gram of potassium(4l)(27),
The‘speéific activity Svythen becomess ‘ |
Sy <12.69 x 1074 and Sy, <9.13 x 1074
1,58 Mev gamma quanta per second per gram of wvanadium for Gy

and Cys, Tespectively,

The pértial decay constant, \, and the partial half-life, t, for X cap-
“ture in V5O to the first exeited level in Tiso at 1.58 liev are then readilv
evaluated and are tabulated beibwz .
~ Sv1<112.69 x 1074 garmas/sec,/gm, of V 3 SV2‘59.13 x 16°4‘gammas/sec,/gm.
of V,
AL 447 x_10"23 seconds"l A<3.22.x 10~%3 seeo‘ndsul
‘t>-/+.92 x 1004 vears | t2%6,8 x 10%4 years.
For & transition énergy of 1;58 Mev these half-lives vield loglo £t values
of 23.24 and 23.38,'respecti§ely, The half-lives are written as inequalities
in view of the uncertainty in the background ehhancament‘factor, as well
as of the faet that the corrections applied are somewhat arbitrary ih
nature, To determine them with more rigour would recuire that a comparison
of the complete vaﬁadium pulse height distribution spectfum be'médé witﬁ
.similar spectra from thorium and radium samples, By identifying gimilar
. features on the spectrs and determining their relative intensities a more
| accurate correction factor might concelvably be arrived at, With the vary

low counting rate obtained from the'vanadium,sample such a procedure is

not feasible.
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The values obtained for the half-life of the decay of VO to Ti7C
by K capture are in general agreement with the theory and the values of
the half=-life for this mode of deeay obtained by othei workers. That the
1.58 Mev gamma ray has been detected conclusively is not certain, A dif-
ferent approach to the problem is proposed.

If the 1.58 Mev gamma from the excited level of Tiso

exists then
its emission should be followed by the Ti K x-rays of energy ko5 kév,

A eonicidence eount of the i,58 Mev gamma and the 4,5 kev K x-ravs
should then be possible. Using a large NaI(Tl) crystal to detect 1,58
Mev gamma ravs and an urmounted CsI erystal, which is nonhygrescopic,
to detett the soft K x»rays, with a thinly spread out source that could
also 'serve 88 & refiector,‘the total absorption of the x-rays in the
source could possiﬁly be avoided. By putting both scintillation counters
inside the lead shiseld the cbincidence due to background should be
minimized, & source enriched in VSO would increase the genuine coinci=
dence counts, By doing a similar experiment with KAO)the specific acti-

vity of the 1,58 Mev gamma transition in vanadium would be computable,
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e 1gohas hoe Imoewn for about twenty

of

S . a 18
vears, It is produced in a nuhber 0¢ ﬁlf erent reactions: Tg “1(n 4n},

X
L7

s 2 18D A ; ,
Tal“}(x,n), Talol(p nn) =y, on) . A decay scheme has heen provesed

by Brown et al {52) and is shown belowt

180 : 1, 150
79..}_H 74\A/

Th

La

e logyft values ofﬂxma.ﬂ are ﬂiven ag 6.8 and 4.5 respectively{52),

thus elas ajxyin? the trangitions as first forbidden (A;J].xves)}, oT

3

which eass ﬁo w-“ntw c

pogsihly in hange ig
involved, Since W is an ever~even v nnelens with ground state J=0+

st J z+ this 'ﬁ% 1ies that the 8.3 honr level of
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: (43] 1‘1‘

S the mresence of da g tantalum,
Wth an arundanee of 0,01237 , Taken ftogebther with the adiacent isohars
.‘_.'1;‘( 1.':’(—‘* o i
e +%Y 4g the central 1 naturally

which at least onc member should be

x,

ey e € P oy T H EReg ) & ~ RGNS ey
character, Its low isotonic abundance supvoris this wview,

Tt follows thern that the .3 hour activity of tantalw: is proceeding

: £y :
from a mebastable state of Ta“ Y aince the cround state mist have a

2

half-1ife of the ordcr of, or greater t%gn, the age of the earih. The

failure of vrevious worksrs Lo detect evidence foroan dsomerdc bransziiion

dve to the isomeric transition propossd

gs. the “e‘ﬁﬂl*e intensity of this OO“UOFﬁﬂ+ or

half—life ol aboutb 83@ sours: for the isors

mnltipolarity for the transition, Acc

=

neutron=nroion noﬂji:u“ntwors for the mround state~oa Ta ' “mav he

; Y 4 .
taken to be \g7/2,p1/2) on the bas

e
Oud Z racleus Te " and

veak caupling'rule‘{54)

SO I s . o
of Ta- U is 3or 4 (<) . view of the urovqule assimm

for the &,3 hour leve 1 this leads Lo the selection riles 43=2 or 3{no)
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for the isomeric transition. The long half-life estimated in the fore-
Lol

zoing nitigates in fovour o*.AY“'B(ﬂo) leading to the proposal of

iy « e
Je=/l(=) for the grournd state of Ta

On this basis bthe sround-ground state transitions between Talgo

: 70 180 L ~ :
and either AFLH0 or W obev the selection rulesAJ =4{yes} and are

Yo

sg.  ££=18 as representd-
“10 ~ e .

therefore third LOTbld&G unigue., Taking
tive of thig class of transitions, and assuming’a transition energy .

of 700 kev for the negatron transition and 400 %ev foé the electron
capture decay onc ariives at halfelives of 5.0 x'iolé and 1.5 x 10
vears resgnectively, for these possible modes; Transitiomsvtc the fifsﬁ
excited levels will obey the selec jon rul esBJd —-?(ve..:) and ml’ be
“Mrét forbidden unique with log,o £ between 7.4 and 9,9, and shoul&
certainly be obeervable, oven for transition energies as 70w as. BOU kev.
It ds noteworthy t 1at these haif«:i"es reﬁr,h ent 1 iy u values in view
of the maxirum tran sition energles tamen."or a range Qf pbéSible‘

nal »1*ves ses the Gable belows

| BADIE 4.1

BALF-LIVES
vode of decay ,urerhf of tran i'ion log,y £t Half-1iTe
Tegatron enission o600 Tk = 9.9 2,0 % 107
: S ' , o e F e .
: . : to 6,3 x 107 vears
K~-capbure 300 Tod = 9.9 7.9 x 107 S

to 2,5 x 108 years

Eberhardt et al(55) have examined various tantalum ores in a

searcn For substantial quantities of w”go whlcn should follow the
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negatron decar of Tal , and have cstablish
T
LA ¥al G & 1 o
vears fTor o this moce o1l :Ge

;_4,

4 sinilar case to that proposed for 1a+Ci5 the one of Lut 76
: GUL Ty
vhere the sround state has a total balf-life of 4 x 10°Y years for

negatron emission and for K aanture, whllc the first excited level

has a holf=life for negatron amission of 3.7 hours, Mo evidence for
\ cino s a96% s 170 , < e
the dAsomeric trensgition Ly’ —> i hag heen advanced, This 18 3o
s ‘ 176% S 176 . :
be expected since Lu has J=1(%) and Lu has JZz7 . According

%o the shell model L qul’é{"3=7l,ﬁz=165) should have the proton cone-

fiouration of 1u¢?7{g7/2} and the neutron configura t¢an of

]7'}‘ % . 3 PR 18‘3 e 1 ) et N y
as in the case of Ta . Kinkenberg(59) has shown

17¢

L.

%
1

4
: P . . 1 » » > 3 x
that in the case of Lo the odd proton is in the £h 1/ state and

v

the odd reutron is in the 7i, ., sﬁatg aﬁd,PTDEGSGS

J=10{-) for the sround state ELt”GLt excluding the possibility of

St

J=9 or 11 , He su *ests as an explaration for this departure from

the msual shell model level schene the pr;>CFCe of 2 larse muadrovol

Y

voment. The recent nnified model of Beohr and Mottelson (57) rredicts

Fal

s larre cusdrupole moment for isotopes well removed from closed shells

i ‘ TR 5
ag are In” " and Te~Y, on the basis of 131&0 core ¢

With gifong counling betuesn the extra nucleons and the deformed

smartures from the strict 31Mgle particle rodel arc to be expected.

Tt 18 fhoucht then that the spin of the ground etnte of Ta’ mizht
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%o any of the excited levels of elther Hf

(i1) Apparatus and Bxperinental Procedurs:

I@ &tueﬁotzng to detect the natural radicactivity of Talgo s the

scintillation spectroneter deseribed in Chapters 2 and'B wag used, In

O

the hone of being able to separate the expected 93 kev gamma ray

' . ; . o nae0
procéeding from the first excited level to the ground state of HI70 fron

Fng
the expected 102 kev gamma ray from the Pirst eycvoet level of wlc@ to
itg sround state, a 1 /4 x1 1/2 inch HaI(TL) crysﬁal, moumbed in the

normal £oshion in an A1 caﬁ, was us rd gounled o the K1190 photo»

: Ly
multiniier tube the resolution of the u62 kev gamma ray from Cs*37

was found 1o be 9,6% , Two sources of o 80

were sb ained. Phot@g?aphic
anzlvsis showed thﬁﬁ the irmt sample tried, ?? cramg Gf Laﬁﬁg ob=
%ﬁined‘frgm Eisher,Scieatific Companys wos GOﬂu ;&nqtea with radic-
active‘prcdﬁcﬁs from the Thdriuﬁ and Ufanium sgriese A pilse heighﬁ
analvsis 31900 ‘nd this facﬁ."or the secé 1 éaﬁ?ie,v§0 Zrams of'
Tantalnm foleYiuars r’ébt ned fram Johnson, Matthey & ug,, Linmd ted, Were
‘used, Spectrosraphical eSﬁimates of the quantities of the 1m§uritieé,

present were made Wy the producers and are ziven below:

XA SN N P s 5 ¥ - v
Feti-ates of Imovrities in Tantolum ?auder

Blenent : : ~ Parts per 111ion
Iron : 30
Niobium . 10

Sildicon : 10

Marmesium 10
Mickel ' 5

Pt s e e e e I L e e U e A e L T A R S e L e R TR P

$

GV R R
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Calciwm 1
Sodiunm less than ik

Blerents snecifically soughﬁabut not deteclieds ;
Ag, As, Au, BPa, Be, G4, Co, Cr, Ga, Ge, Hg, In, Ir, K, Ld, I, To, Os,
°h, Pd, Pt, Rb, Th, Ru, 3b, Sn, Sr, Te, V, U, Zn, Zr,
These 50 grams of Tantalum powdcr uere p&ﬁked“imt@'a piastic container
fitted snugly over the c?wstal so that the péwder coversd the

erlindrical wall of the crvstal to a thickness of about 1 mm, Photo-

sraphic analvsis ( 48 hour expasure) revealed some weak activity of

erergy arcund 65 rev, A wide channel pulse neight distribution aralysis
shoved no net activitv above 4DO 7 that was nob within the statis-

round counting rate, A narrow channel pulse

between 0 and a0 “ev wes vnderiaken

»

and a historran of the net sac ctivit Ty of the Tantalum nowder in this
eneryv interval is given in fimuwre 4.1 . An analvsis of the histogran

verifies the nresence of radiantion of energy around 65 kev and possibly

e

indieates sone activity between 90 snd 100 kev,

(311) Intcrprebation of “egiltsg

o 80

Whether the eknevted decay of T proceeds by negatron enission:
Looaaen ' : el S . .y
(RaY or bv elect on capture to HE Y, nnless the transition is to the

fo 1)

nulee helzht distribution should yield

cither a 93 kev or 102 kev gorma ray
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FIGURE 4,2

HISTOGRAM OF TANTALUM 180
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sa ray of enersy abrut

of ¥ z=-ray pulses plus the escape peak of a gm

limited stat*suical aceuracy (about 10%)

o
2
Y
o}
=
£ ]
o}
=
jate
<
e
o
e}
{,.D
ck
]
o

thig dinterpretadion eaniol dbe rel eﬂtﬁq cenc¢vswve1”' There are, however,

a nmunber of sirvong arguments agai@st~it.‘?he’width of the superimposed

srovinent feature on the distribution is net a supernosition line,

unless the suneriivosed co monents are close togetﬁer on vhe ‘ena Ty

there is one prozinent line near 65 kev with tqe
‘of a2 ruch sraller intensity. In thw Flgure ther@
>x-ected location of Lhe K w=-ray (56 kev), the escape

Yoy garma rav (65 kev) and the 102 ganva ray (74 kev),

“or the 93 kev and 102 kev garma rays. It'is clesr that
e L)

~ot 21l %rese features are present in the ob erved distrimation with

" |3

7y sircs in tﬁis_event the distribution should be vuch
broader, The “0“ phausiﬁle explanation is that the feature arises

from a guperpositior of the 56 kev I X=rav, the 65 ey escape‘peak
he 93 ev gatma ray and the thtQWAne for the latter ~1r”a rav,
this exmlaration is ob 1 ikely can be seén from a consideration

,-78. * . : '.’ 1
ke Ozs being excited by

£ Lieation. If the 93 kev level in
¥ecanture, there should be 2,3 K x-rays for every 10 ui integrations
since the ¥ shel!l fluorescence vield of Hf is 93%. The 93 kev level

will be de-excited in an B2 transition with a large interral conver-

| PG
sion eoelflicient, Th

The tables of internzl eonveraion coefflelents are

uriortunately not conplete so tna? 2 reliable estinzate of the relative

sig Ea P ]

sumber of rzvg and ¥ x-rays LO;$%Wiﬁg internal conversion cannod

e made. Yov

ase the K shell (Z2=72)
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ne transition energy of 200 kev between the
g - e
80

-
180 S
s of WY ana Be

A

a " first excited levs

renresents alvost the minimm possible, the corres vonding lop. . %

8o 1
ore a minimuw, Tt therefore seecns alnost certain

-, =
) ; . ; Lo
that the spin of the sround sbate of Ta 7 is

=

areatsr than L as

T

provosed on the bhasls of assuring the neutron-proton corfipurations

2 G Y : L X .
Por the round state of Taro o be.{g7/9,p?/9). A preater spin for
180

s

is pbbaired if the vroltone-neutron cond

the sroond siats of Ta

q/z} . ”he forbiddenness of the

R . ; 180
Aransition from the iscverie state bo-the sround state o¢ Ta™ ~ is

\\

“Q“”@ﬁ?ﬁAliﬁ?lﬂ irereased,
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