Tndian J Phys. 50, 942=951 (19746)

The first-forbidden 1.98 MeV beta decay in rhenium-188
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Nuclear matnix elements governing the 1 (1-98 MeV heta)2! iransi-
tion 1 MRe decay are extracted from the varous oxpoeumental
observables on the transition usmg the Buhring’s formalism m the
notation of Smms.  \ canecllation of veetor matrix clements in 1
(combmation of rank one matin elements) and the dommation ol
B,y matnix clement. is observed  The GV ratio shows deviation
from Fujia’s estunate. thus mdieating the sigmlicance of the off-
dagonal elements in Coulomb Hamiltonian

I INTRODUCTION

Studies on the heta decays of themum isotopes s of mporfance ax these isotopes
lie just outside the deformed rogion I the present work, the 1-98 MeV non-
unique first-forhidden heta transition e ®8Re deeay s canefully anadysed.

The deeav seheme of ™Re s well established and o partial decay scheme
(Yama zaki 1969) of (he same s shown m Fig 1 The 198 MeV (end point
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cnetgy, Wy 484 in natwral units) non-unique fiest forbidden beta transition
m 1¥8Re 1 characterised hy o high log fi. value 86 The shape (Johns of al 1956.
Bashandy ef al 1963, Andve of al 1968 Trudel ¢f al 1970. Vanderwert ef al 1969,
Nielsen & Nielsen 1958) and beta-gamma directional correlation (Trudel et ol
1970, Wyley et al 1963 Gronacs ef al 1965) of this non-nnique first forbidden
transition have been extensively studiedd  Many authors report a non-statistical
shape and a large bota-gamma anisotropy. However, the mcasurements of
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Bashandy & Bl-Nesr (1963) and Trudel et al (1970) indicate enorgy mdependent.
shape  Further, 1o facilitate a detormunation of nuclear matnx clements (hewe-
aftor referrod to as NMEs) experimental data on bota-gamma circular polarisa-
tion (Gygax & Hoss 1966) longitudinal pelarisation (Kaminker ef al 1965) and
nuclear ovientation (Brewer & Shirley 1970) is also available.

Tarlier attempts to determme matrix elements commence with the com-
putations ot Wyly et af (1963) who used the approximate Tormulie of Kotam
(1959)  Andre & Lisud (1968) also analysod the expernnental obsorvables to
obtain NMEs but m this data on polarsation was not used.  Manthuruthil ¢ «l
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Frg 2 The diectional conolabion didi used the preseut analysis

(1971), who used. all the experimental observables for the deternunation of NME
patametors, omployed the formulae of Morita & Morita (1958). Meanwhile,
Bogdan et al (1968) theoretically computed the NME parameters usmg both
Nilsson and Woods-Saxon wave functions and predicted ihe various experimental
obsorvables., But the agrcement between cxpermient and theory s rathoer
wsatisfactory, in particulu vegarding the angulat correlation and the log 1t
value. Boherens & Bogdan (1970) recaleulated the same using the iwdeas (1) the
radial dependence of the electron radinl wave function (Buhvmg J963, 1965)
and (ii) deformed pait of the coulomab potential as pointed out by Damgaard &
Winthor (1966) Still ono sces a disagreement hetween the experiment and theor)
in the case ol the log [t value

Tho prosont study of the 1:98 MeV beta transition essentially concorned
re-sualysis of the various oxperimental obscrvables for the determination ol
NMEs  This 1s done usimg more rigorous formulac ol Bubring (1963, 1965) as
modified by Smms (1965)  The results thus obtained e compured with those
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that follow (he analysis of Manthurutiul (1971) and also the model dependont
NMls duo to Bogdan (1968, 1970).

2 MATRIN BLeMENT ANALYSIS AND Resurrs

Tho prosent heta transition mvolves unit spin change and 18 governed by
fowr zeroth order matrix elements belongimg to tensor ranks 1 and 2. besides
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I3 The shape dat v used s the pesestnt analysts

the corrospondig higher order matris clements arismg out of the finite size of
the nuclows,  The matrix clement paramoters ¥, @« and z are given by

. L, iBy, o1 -
.—-—-l] , - D'y = ll—(zyfa
1 eF oy
a - y (/y]-]—f-. u y Uy j"j.’—

and -
DY — D'yy—D(x+-u)(1 4dA) /(1 4-a)

The parameters D, « ad d are defined in the paper by Smms (1965) and are
D =0306. = — 0130 and d = --0-262 (natwal units are used) {or the prosent
caso M 13 the nuelear radios (£ = 00179 m naturel units). D’ distingwishos
the elativistic matiix clements tfrom the nonaclativistic ones and D’ = | D].
Yo = (y-Fay) (1 @) y" s the Tugher order matix olement. parameter that arises
because of the finite nuclear size cfiects, corresponding to y. A s the ratio of
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higher order matrix element ' 10 the first ordor matrix elemtnt  and is given by
e [E .7
A=fe= TRy [[if.

Tho theoretical vector matrix eloment ratio, Acyvc, of Damgaard & Winthor
(1966) is givon by (for A~ decay)

j x, j ;; = Acve = Ape-hoz(0-6—2)
where A%y is the vector matrix olement, ratio due o Fujita (1962) given by
Aoy = 24ERH(W,—2-5)R.

The 1-(1-98 MoV beta)2+ decay of 18Re was analysed using the Buhring
(1963, 1965) formulae as modified by Simms (1965), with the following expori-
mental data imposod : (1) Tho angular correlation due to Trudel et al (1970),
(ir) the shape factor due to Vanderworf (1969), (iii) the beta-gamma circular
polarisation correlation due to Gygax & Hess (1966), (1v) the nuclear orientiation
duo to Brower & Shirley (1970), and (v) the longitudinal polarisation due to
Keaminker et al (1965). The usual search method was adopted for tho ovaluation
of the matrix elomonts and the analysis was carried out on the IBM 1130 com-
puter. That value of A for which the oxperimental Acyc equals the theoretical
value, is taken as the value of A. The standard matrix olement 7 is calculated
as detailed by Simms (1965). Finally the computations yielded satisfactory
solutions in the ranges given below :

Zy=1

0-094 < ¥ < 0:109

—0:02 < u, < 002

026 < =, < 0-31

0128 < 9 < 0134

227 <A < 237
The NME parameters 2, u,, etc. contain the higher order ones z’', u’, etc. They
are related as follows :

7 = x+(4/6)az’
° = T+@fb)a

_ ut@fp)en’
= 14(4/6)a

_ z+(4/6)az’
% = @l

To separate out « and 2’ and u and ', the following relationship is used :
) =A== wlu
3
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From the above one observes that the solutions for the NME parameters
confine to close limits due to the wealth of the oxperimental data available on
the transition. From the runges given above three typical sets (4, B and C)
aro chosen and shown m table 1

Table 1 Typical matrix eloment parametor sets

Set EN @ u b'yn Y 2 7

A 1.00 0.341 0017 0.004 0.104 236 0.129
B 100 0.362 0007 0.067 0099 2.34 0131
(¢} 100 0 364 0109 0068 0.099 236 0.130

The angular correlation and shape (W) calculated by these solutions as
a function of bota energy are given m table 2. Table 3 contains the calculated
values P(60), the circular polavisation parameter, U,, the orientation paramete
and P,, longitudinal polarisation parameter along with the corresponding experi-
mental values.

Tablo 2. Shape and angular corrclation parameter predicted by the NME

N Shup(: -(7_( w) (‘_or;’oTA;t-iun coofficiont ¢( W)
BNergy ——- s s e e e e e
W (m mqc?) A B C A B C
3.010 0.964 0.970 0.974 0132 0.136 0.133
3 220 0.969 0.972 0 976 0 147 0.151 0.148
3.420 0.978 0.979 0.980 0.160 0.166 0.163
3610 1000 1000 1.000 0.176 0182 0180
3.810 1.0256 1.024 1.023 0.192 0.107 0.196
4.010 1.026 1.022 1.019 0.108 0.206 0.203
4.210 1.049 1.044 1.040 0.210 0.217 0216
Table 3. Theoretical prediction for typiocal sets
Description P,(135°) P,(180°) P,[(p]W)
Set A 0.21 —0.32 0.209 0.976
Set B —0.21 —0.32 0.307 0.970
Set C 0.21 —0.32 0.307 0.974
Experimental 0.214-0.08* —0.174-0.06% 0.266+0.014** 1.0054-0.016%**

* Experimontal value of F. Gygex & R. Hess (1966).
*¢ Experimental value of W. D, Brewer & D. A. Shirley (1870).
%+ Experimental value of D. M. Kaminket e¢ al (1965).
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The absolute values of the zeroth order matrix elements, that cause the
non-unique first forbidden 1-(1-98 MeV beta)2! trunsition in 1%Re, duc {o different
authors are summarised in table 4. For comparison, the values from the present
work are shown corrosponding to sot 4 only as tho magnitudes of the values of
the other two sets are not much difforent. lirom table 4 it can he seen that the
values of Manthuruthil e @l (1971) who follow the formalism of Morita & Morita
(1968) disagree with the preseni values where the formalism of Bubring (1963,
1965, 1s used The disagroomont is essontially in the values of the vector matrix

oloments |4/R| and |fa|. This brings significant difference on the cstimation
of Acpc and henco A Figures 4 and 5 show /(W) = e(W)j(p*/W) and C(W)

X ... EXPERIMENTAL POINTS OF TRUDEL
o--- PREDICTED BY NMES
—_ MODEL PREDICTED CORRELATION

010
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g, 4. Reducod corrclation coefficient Vs. energy.

Table 4. Ahsolule values of nuclear matrx elements

1JBy/R) Ifir|R) IfoxrR| Jfal Authors Reference
0.700 0.010 0.390 0.003 ‘Woods-Saxon, Bogdan et al (1968)
0.363 0010 0.116 0.006  Nilsron, Bogdan ct al (1968)
0.632 0.001 0.176 0008 Beherns et al (1970)

01804+0.050 0.003+0.003 0.0084.0.004 0002:40.001 Manthurathil et af (1971)

0.107 0.044 0.002 0.013 Present worl.
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functions respectively due to Woods-Saxon and Nilsson wave function for tho
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present beta decaying states. Figures 6 and 7 represent. tho samo due to Nélsson
wave functions including the correction due to tho higher order effects. These
prediction were made in the works of Bogdan et al (1968) and Boherns & Bogdan
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Fig. 6. Reduced correlation coeffiocient Vs energy.

(1970). The corresponding oxperimental and the calculated values for set 4

matrix elements are also superposed in these figures. The deformation para-
meters used in each case are indicated against each curve. _
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The values of EE ,f 7 / % due to different authors are summarised in table 5,

the expected value of which is 24 according to Fujita. The preseni analysis

Table 5. Vector matrix clement ratio summary

1 Ja
Description B Jirk
Fujita 2.4
‘Woods-Saxon 1.450
Nilsson 2.032
Manthuruthil 2.3684-2.663
Present work 0.92 -0.12

° PREDICTED BY NME
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1 p—
, 6=013(tcorm mE)
b =0 (+CoRR ME)
/7, 6=0 13
- /
12 S/ bzo
s
' s
-~
R
©
i 0L
2
% w(in mec”)
O a A ' 1 JESR W [ SE———
1.0 2.0 30 4.0 5.0 60

TFig 7. Shape faclor Va. onergy.

was also carried out using the statistical shape of Trude et ol (1970). Bul no
satisfactory solutions for NME parameters consitient with othor exporimental
observables could be predicted.

3. DisoussioN

The lower oxcitations of 1¥Re and %0s nuclei can be viowed as due to pure
rotations (Alago et al 1955). However, the ratio of the ft values of the beta
transitions procecding from the ground states ir 3-2:10-6, while the predicted
value is 2 for pure rotational states. The experimentally determined B(E2)
and B(M1) values for the low-lying y-rays in ®0s also differ from the pure
rotational picture. Thus departures from the pure rotational hand region of
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lowlying states in 8Qs are noted. Bodgon et al describe these states in terms
of Nilsson model and have obtained the NME parameters.

From Fgs 4 and 5 the disagreoment between the model predicted values and
the, experiment can be clearly seen. However, Behorens & Bogdon (1970) recal-
culated the samo by introducing the higher order terms due to the finite nuclear
charge distribution Buhring (1963. 1965) and coulomb Hamiltonian (Damgaard &
Winther 1966) This substantially improves the accuracy in calculations as
evidenced from the agreement seen between cxperimental and theory in Figs.
6and 7 But still ono finds considerable difference between the predicied log fi.
value (— 7-4) and the experimental value (= 8-4). From table 4 1t is seen bul

U;.: " all the other absolute matrix olemenis of Beherons &

Bogdan and the presenti valuos are noaly of 1he same order of magnitude. In
the work of Boherens & Bogdan (1970), from the small values of [7, o large devia-
tion [rom Fujita’s ostimate for (CVC ratio is predicted. The values of % of this
analysis ranging irom 2-27 1o 2-37 substantiate this prediction. Now the dis-
agrooment betwceen the rosults of Manthuwiuthil et ol and tho present analysis

for tho valuc of I

. 7 - . . .
regarding, [ i 5 o and Agye is evident, masmueh as, the formalisms adopted

ave difleront and the prosont oxpressions are considered {o be more accurate
The values of A further indicate the importance of the off-diagonal clements in
the coulomb Hamiltonian 77, which were neglecced in arriving at the relation-
ship of Fujita. From Table 4 one finds thav all the first forbidden mat1ix elements
are attenuated to & high degrec when compared to the allowed matrix elements
and the By matrix element dominates the three vector matrix elemonts. This
cxplains the energy dependence of the several experimental observables and
the failuro of £-approximasion No K-solection 1ule hindrance of the vector
matrix elements for the present 1-—2+ beta transition takes place, inasmuch as,
the connecting states have K-quantum numbers 1 and 0 thus obeying the K-
selection rule. The values of DY are too small as can be seen from Table 2 which
suggest a cancellation of rank 1 matrix cloments. Thus the domination of By
matrix oloment and the cancellation of rank one matrix elements cause a devia-
tion from £-approximation for the 198 MeV non-unique first forbidden beta
decay in 1%Re.

From the presont analysis the following conclusions may be drawn .
1) The thoorelical computations of Beherens & Bogdan appear to be more

accurate.

2) A deviation from Fujila’s estimale ler tho CVC ratio is observed which
stresses the mmportance of tho non-diagonal matrix elements in the
coulomb Hamiltonian.
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3) For the failure of £-approximation, the domination of B,; matrix element
and the cancellation of vector matrix olemonts are ascribed.
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