SHAPE FACTOR ANALYSIS OF THE 690 keV BETA TRANSITION IN 1A g

T. SESHI REDDY, RAJAN MATHEWS AND K. VENKATA REDDY
Laboratories for Nuclear Rescarch, Andhra University, Visakhapatnam 530 003

ABSTRACT
The earlicr shape measurements on the 69G keV beta transition of 'Ag are in-

consisteat with each other.

So a thoroughly tested Sicgbahn-Slatis coincidence beta ray

spectrometer is used to study the shape of the above transition and the shape factor is

fitted with a form C(W)= k(1 + aW) where a= (0-0879 4- 0- 0188) (m, c2)L.

The resulis

are discussed from a suitable model interpretation point of view.

INTRODUCTION

THE beta decay of M Agis of particular interest both
from the spectrum shape measurement and the
nuclear model inferpretation point of view, The
presence of four betas with end poin. energies 1044, 793,
690 and 414 keV are well established"*®, Robinson
et al.2 employing a 4= anthracene spectrometer studied
the shape of the 690keV beta and reported a large
deviation in the spectram shape from linearitye.
Hamilton efal? and later Seshagiri Rao efal® inde-
pendently studied the beta-gamma angnlar correlation
coefficient of the 690 keV beta in coincidence with
the 342 keV gamma that followed it and reported th.
coefhcients to be nearly independent of energy. Later
Lehmann®, employing a Siegbahn-Slatis coincidence
beta-ray spectrometer reported the spectium shape
to be statistical in nature in complete contradicrion
with the earlier results due to Robinson efal., More
recently Nagarajan efal’, employing an intermediate
image spectrometer, confirmd the results of Lehmann,
However, Nagarajau: ef ¢l. employed a singles spectro-
meter and hence the shape analysis of the 690 keV
beta, which was constructed after subtraction of two
outer betas, involves large errors. Moreover the end
point energy E, of the beta reported by Nagarajan
et al. (viz. 695 keV) differs from the value reported by
ILehmann, by as much as 10 keV,

Pelabaye etal® calculated matrix elemerts of this
transition based on both extreme single particle mede]
and experimental observables such as gpectrum shape,
beta gamma correlation and beta-circularly polarised
gamma correlation. The martrix elements obtained
from single particle mode} were unable 1o predict the
shape deviation measured by Robinson er al,
Seshagiri Rao analysed the matrix elements by relax-
ing the spectrum shape measurement of Robinson
ang Langer. He obtained the matrix elements of
magnituae consistent with §-approximation where
¢= oZ/2R. In fact the criterion for £-approXimation
=W, — 1 is well satisfied in this case (§~~ 10,
W, = 2°3), Thus it was felt that a remeasurcment
of the shane of the 690 keV itransition would be interest-
ing inasmuch as i clearst he discrepancics that ¢Xist
in the earlier measurements and that 1t would also
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throw much light on the structure of the 343 keV
levelin 11Cd.

EXPERIMENTAL DETAILS AND RESULTS

Carrier free 1M Ag isotope was obtained from BARC
Bombay, The decay scheme of HiAg is shown 1'1;
Fig, 1, 2mm diameter sources were prepared on
thin mylar foils and the source thickness was found to
be ~ 150pug/em?, '

A Siegbahn-Sjatis beta-ray spectrometer modified
for beta-gamma coincidence studies was employed in
the present investigation. The details of the modi-
fication ana optimisation cof the spectrometer for
coincidence studies are described elsewhere®1°,

The coinciden. e spectrum was recorded by scanning
the beta spectrum in coincidence with the 342 lLeV
gamma ray, The resolving time ¢f the coincidence
unit was set at 24 ns. The observed countrate was
corrected for (i) chance rate, (ii) finite spectrometer
resolution, (iii) back scattering "and (iv) coincidence
efficiency, Correction for beta-gamma angtlar corre-
lation anisolropy was not applied as the reported
anisotropy® 15 negligible, All the spectra- were ana-
lysed with the Fermi functions of Bhalla .and Rose®?
and screening corrcitions -due to Buhring!?, The
meilnod of analysis is described elsewherel®., The
end point energy was determined from the behaviour
of the shape factor curves, when E, the end point is
varied around the tru: end point energy,

Figure 1 shows the Fermi-Kurie piot of ithe coine
cidence sjectrum, The eXperimrental shape factor was
wcighted lcay ' square filted to a correction factor of
the form C(Wl= &(l 4 aW) and s shown by the

" 50%id line in Fig, 2. The values of *a® for aifterent

runs are shown in Table 1,

TABLE 1
Run L'nergy in keV a(m,¢?)?
| 6974 2 ~ Q- 0891 + 00324
P/ 66 | 2 — 00836 1 0-0312
3 69742 - (0913 3 00343
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DISCUSSION

Ag is a s, herical odd-proton uucleus { Z= 47)
which decays to MCd. The neutron ard proien
configurations of MAg are 50 + (2dy5)% (1g.12)®
(3s;;2)% and 28 4 (2paa)t A ae) 2p.)  Ugse)8
respectively. The initial and final configurations of
the outermost beta with an end poinl energy of
1035 keV can be written as

[(351:2)0,2 =0 7L112) 0 o 149
and -

[(“Pl e).rf =0 1‘-:1121.; - 1]2

respectively,

Thus the davghter nucleus ¥ Ca, where the odd
r.eulron is in an §,j, orbital presents a good case for
the applicability of the core excitation model due
to de— Shalitis,
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Fic. 1. The Fermi-Kurie plot of the 637 keV
beta in the decay of ™Ag measured in coincidence
with the 343 keV gamma,
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Fic. 2. Comparison of experimental and thecreti-
cal shapes of the 697 keV beta transition in 1Ag,

The Nuclear matrix elements (NMFs) evaluated
by both Oelabaye ef af. and Seshagiri Rao show that
the normal maitrix elemrents are ¢-duced in s1ze and
are comparable to the B,, matriX e.ement, According
to the &-approximation, the normal matrix elements
dominate the trarsiiion and their magnitudes conse-
quendy should be larger than that of the B, matrix
element. On the other hand if tte modified B -
approximation is applicable, the reduction ot the
normal matrix etements must be so as to reduce them
to magnitudes smaller than the B,; matlrix ewenient,
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However, relative magnitude of the matrix elements
obtdained by Delabaye efal. and Seshagiri Rao clearly
indicates that nore of these two exireme cases can ke
applied to \ne present beta trarsition. Tne couse of
the reductioy, however, cannot be inferred from the
present eXperimental resulis inasmuch as the *J-
selection rule’ is no. violated and the * K-selection
rule’ cannot be invoked in view of the fact that
HCd is a spherical nucleus,

Delabaye et al. in their aitenp. to study the struc-
ture of the 340 keV state assumed a wave function
of the type:

|J, MYy=a|d;; T=j M)+ 8]
S1i2 Jo = 2; J, M),

in which, the first part corresponds to the single parti-
cle excitation and the seco: d part corresponds to the
core-excitation. The first part of the wave function
is assumed to be due to the excitation of the partice
into the d-orbit. The later part of ihe wave func¢tion
corresponds to the retention of the particle in the sy,
orbit and exciting the core to the first phonon vibra-
tiona] state. The relative amplitudes of these wave
functions are denoted by « and B. Their analysis,
however, showed that the values of matrix elements
were not sensitive to the magnitudes of « and 8. A
pure de-Shalit type of core-excitation 18, however,
seldom encountered. Recently Ramra Murty etal’s
siudied the states of M Cd using the intermediate
coupling model and described the 3/2* state by the
following wave funccion:

| 3/2+3y=0-61 |0 3/2 3/2) —0-53
21/2 3/2)4+0-34 | 23/2 22y —0-42
2 5/23/2)y4+0-2012 7/2 3/2)

and with this description all the electromagnetic pre-
perties of this state were satisfactorily explained. Iu
‘the above wave function the contribution of the single
particle wasve function |0 3/2 3/2) is 36%. The
vresent shape data are ccensistent with the Single
particle nature of the state involved, Noting that
the contribution of the |0 3/2 3/2) in the wave
function obtained by Rama Murty eral. is the maxI-
mum (36%;), it may be concluded that the present
shape data are also consistent wilh the wave furcticon
of Rama Murty ef al, Alternatively, it may be possible
to view the 343 keV state as arising from angular

momentum coupling. The nucleus *;1Cd,s is of odd

neutron type with 13 neutrons in excess ¢f 56 (which
complete the first four major shells), having the orbitals
dsizy Z712s S1l2s dyj2s dig and kg, , for their occupation,
Several possible configuratic ns are available in which
a spin 3/2 could pecur. A detailed study of these
configurations may throw some light on the structure
of the 343 keV state which may account for the reduc-
tion In the size of the normel matrix clement.. The

present shape factor analysis is well in agreement with
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the shape predic.ed by the matrix elements calculated
by Delabaye etal. on the basis of eXireme single
particle model as shown 1n Fig. 2.

CoONCLUSION

(1) The present experimental results regarding
the shape of the 693 keV beta transiticp show a smal]
deviation frem the eXact allewed shape reported by
Lehmann, which is within the é-approximatior. Tiis
might be due to the incorrect choice of the end point
energy on the part of Lehmann,

(2) The present shape is consistent with the shape
predicted by the matrix elements calculated from

extreme single particle model.
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23, S. DESHPANDE
Lepartment of Chemistry, Science College, Nanded

ALT HOUGH a large amcurt cf work has beenr carried
. out on 1, 2, 4 triazoles, very little infermation is
availabe on s-triazolo (3, 4-b) berzethiazoles possessing
various furctional grcups. This gap may peihaps
be due to non-availability of efficient metheds for the
synthesis of starting material, The methed for the
synthesis of thissystem involving the use of hydrazine
has been discussed earlier by varicus werkers’»®
Hydrazino benzothiazele is generally prepared frem
2 mercapio® or 2-chloro benzothiazole by the action
of hydrazine hydrate, The reacticn was cartied cut
with varying concenltrations cof hydrazire hydrate
for different durations. There is ro sigrificant
improvement in the Yyield. The reported chlcro
compound obtaired from mercapto benzethiazole
and sulfur monochloride was formed cnly in low
yields. Helerocyclic thicls on oxidative chlerination
are generally knowa lo yield sulforyl chlorides ard
this method finds a gereral use for the synthesiscf the
corresponding sullgnamidests,

I{ence the usce of prascous chlorine was investigaled
under mild condiliecn. The conditions ¢f reaclicns
were S0 agjusted whac the variation of boththetime of
reaction and the chloreform: walter ralio in the sus-
pending medium was possible. When gasecus chicnire
was bubbled through Mmargapio benzoeihjasze e sug-
peaded in chlorcform and waler it was netwed that
the product after 50 to 60 nur wes indeed a 2-chleo
benzothiazele, The ¢hloro compound thus oblained

was converied into the bydrazino ccmpeund in 72-
75% yield. In this particular case reaction of chloro
derivalive with hydrazine, proceeded well to givE
good Yyields in contrast to somie reports where the
conversion of halo helerccycle to the correspondirg
hydrazine, - proceeded with poor yields?: - excessive
healing with hydrazine' resulted in the decompos:-
tion of the mived heterceycles, pessessirg suifur ard
niiregen, With excess of hydrazire for a perted of
40 minutes, the yield 15 better than that reported-by
Vellman®,
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In the hope of obtatving binlegically active ¢ ni-
potnds, hydrazirp benzothiazele was cordensed with
varicus aldehydes,  Oyeliziaer of those hydiazer es
tarangh evebhearzere Bid pot procead ood the o das
ton woh ferric Jhlonide did pot give sanisfuog oy
results,  These ware oyelised by bronune iy acenw
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