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The directional correlations of five gamma-.gamma cascades in the decay
of 1268b to the excited states of 126Te have been studied by the coincidence
technique. The experimentally measured true directional correlation func-
tions for the 206427, 206462, 171-427, 109-379 and 203-176 keV cascades
are

W(0) = 1—(0-06410-027)Py(cos 6)

W) = 14(0-062+0-032)Py(cos §)—(0-013 £ 0-076)P4(cos )

W(0) = 1+(0-13310-022)Py(cos 8)—(0-118+0-040)P,(cos §)

W(f) = 1 (within /¥ 19)

W(8) = 1—(0-38110-174)Py(cos 6)+(0-317£0-134)P4(cos 6)
respectively. The results indicate spins of 1/2F, 3/2F, 1127, 5/2t, 7/27, 5/2t
and 5/2% (or 3/2%) for the ground state, 35, 145, 462, 524, 633 and 668 keV
levels respectively. Half-life of the 35 keV first excited state of 126Te has
also been measured using a fast time-to-amplitude converter and found
to be (1-50%+0-08) nsec.. Multipole characters of the 109, 171, 206 and
379 keV radiations have been investigated. The experimental partial life-
times for the 35 and 206 keV radiations have been estimated and com-
pared with the Weisskopf (Blatt and Weisskopf 1952) and Sorensen’s (1964)
estimates.

INTRODUCTION

Regardless of the fact that the level structure of 125Te has been studied
by many authors,* a number of uncertainties about the multipole character
of gamma-transitions and the orbitals of the excited states still remain un-
resolved. For example, the spin assignments for the 524, 633 and 668 keV
levels are still uncertain. Narcisi (1959) and Mann ef al. (1964), from the
measurements of relative intensity of gamma rays, internal conversion co-
efficient and log ft values of beta decays, have given 9/2 or 7/2 spin for the
524 keV level, 5/2 for the 633 keV and 668 keV levels. Andrews et al. (1968)
on the basis of nuclear orientation experiment have assigned a spin 9/2 or
11/2 for the 524 keV level, 7/2 for the 633 keV and 5/2 for the 668 keV state.
Recently using the gamma-gamma directional correlation and ICC methods,
Inamura (1968) has supported the spin assignments of 7/2 for the 524 keV
and 633 keV levels and 5/2 for the 668 keV level, originally given by Mazets

* Vide references given in the Bibliography at the end.
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and Sergeenkov (1966, 1967). Similar other conflicting spin assignments
exist in the literature (Rajput 1967; Rajput and Sehgal 1967).

Ag explained in the following sections, similar inconsistencies also exist
about the amount of multipole mixing in the 109, 171, 203, 206, 379, 427

and 462 keV radiations.
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In view of these uncertainties, we re-examined the directional correla-
tions of the 206-427, 206-462,- 171-427, 203-176 and 109-379 keV gamma-
gamma cascades. Care has been taken to evaluate accurately the contribu-
tions of the various interfering cascades to each of the measured ones. A
reagsessment of the directional correlation data has, therefore, been made and
discussed in the light of the recently published conversion coefficient measure-
ments (Inamura 1968) and the nuclear alignment experiments (Stone e al.
1965; Andrews et al. 1968).

Furthermore, the study of I-forbidden M1 transitions in odd-A4 nuclei has
received much attention in recent times, since their properties and behaviour
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provide a useful check on the applicability of the existing nuclear models.
Of particular interest, in this isotope, is the dgy—sy, M1 transition of 35
keV. Measurements of 7', of the 35 keV excited state of 125Te is under-
taken here in order to compute the M1 and E2 partial transition rates for this
radiation of 35 keV. In addition, the mean partial lifetimes of other gamma
transitions are also estimated using E2/M1 mixing ratios obtained from our
directional correlation measurements.
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F1g. 4. Garma ray spectrum in
coincidence with the 171 and 176 keV
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ExrERIMENTAL DETATLS AND COINCIDENCE MEASUREMENTS

The source used in the present work was in the form of SbCl; and SbOCI
in HCI solution and was procured from the Bhabha Atomic Research Centre,
Trombay.

All coincidence and directional correlation measurements were carried out
using a fast-slow coincidence scintillation spectrometer having an effective
resolving time of about 30 nsec. Anti-Compton graded cones were used on
both the scintillation detectors to minimize the frontal and lateral scattering
of gamma rays in all the coincidence and correlation measurements. The
source to counter distance was 7 cm.
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Fig. 1 shows the gamma ray scintillation spectrum of }?*8b. Gamma ray
spectra recorded in coincidence around the energy regions 35, 109, 171176,
(171+176+-203-206), 319 and 427 keV are shown in Figs. 2-7. The singles
and coincidence spectra have been used, wherever necessary, for estimating
the share of the interfering cascades in the cascade under investigation.
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Resvrrs
(i) Directional Correlation Studies
(a) Directional Correlation of the 206—427 keV Cascade
The directional correlation function obtained for this cascade after
applying the solid angle correlation was found to be
W(B) = 1—(0-063540-0267)Py(cos ). .. .. - (1)
This cascade may have the interference due to the 171427 keV and 206~
462 keV cascades. While measuring the above directional correlation, channel
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settings were arranged in such & manner as to minimize the contributions of
both of these interfering cascades. The graphical analysis of the singles
spectra and coincidence (Figs. 1 and 5) showed that the contribution due to
the 171-427 keV cascade under these channel settings was negligible, whilst
that due to the 206-462 keV cascade was ~ 2:5%, only. No correction for
the interfering cascades was, therefore, applied.
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Fie. 7. Gamma ray spec-
trum in coincidence with the
427 keV region.

Remembering that possible spin values for the 668 keV state are 3/2 or
5/2, while the spin values for the 462 and 35 keV states are 5/2 and 3/2 re-
spectively, we analysed the correlation function for this cascade in terms of
the spin sequences: (i) 5[2 (D, @) 5/2 (D, Q) 3/2 and (ii) 3/2 (D, Q) 5/2 (D, @)
3/2. Mazets and Sergeenkov have shown on the basis of their L subshell
ratio measurements that the 427 keV transition has a quadrupole content of
Qu27 = (0-5040-10). The value of @y, is in line with the recent findings of
Andrews et al. (1968) and Stone et al. (1965, 1968) on the basis of nuclear
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orientation experiments. Using this value, the mixing ratio analysis of the
observed A, expansion coefficient [eqn. (1)], in terms of the spin sequence (i),
shows that the quadrupole content of the 206 keV radiation is (9-251-1-75)9%,
and 8504 < 0.

When eqn. (1) is analysed in terms of the spin sequence (il), Qs4¢ 18
found to be (541)9, [3;06 > 0]. The correlation function of this cascade
favours both the possible spin values 5/2 and 3/2 for the 668 keV state.

(b) Directional Correlation of the 206462 keV Cascade

Solid angle corrected directional correlation function for this cascade was
found to be

W(0) = 1-(0-05640-030)Py(cos §)—(0-013£0-072)P,(cos ). .. (2)

This cascade has the interfering contributions of the 206427 and 171-
427 keV cascades. The gates included higher energy sides of Y206 and y462
to minimize the contributions of both these interfering cascades. A careful
graphical analysis of the coincidence spectra (Fig. 5), using the known channel
settings, then showed that eqn. (2) has got the (5-245-0)%, anisotropic inter-
fering contribution due to the 206427 keV cascade. The 171427 keV
cascade did not contribute substantially to make any allowance for it. After
applying correction for the interference mentioned above, the true directional
correlation function for this cascade turns out to be ,
W(O).z 1-+(0-0624-0-032)Py(cos 0)—(0-0134+£0-076)Py(cos 6). .. 3)
The correlation function can be explained both in terms of the spin
sequences (i) 5/2 (D, Q) 5/2 () 1/2 and (ii) 3/2 (D, Q) 5/2 (@) 1/2, using 5/2 or
3/2 spin for the 668 keV level, as in the earlier cascade. The mixing ratio
analysis in terms of the spin sequence (i) gives Qg (E2/M1) ~ (7£3)9,
(8206 < 0) and in terms of the spin sequence (ii) gives Qupq == (6-541-5)%,
(8208 > 0). These values are substantially the same as obtained from the
previous cascade. Thus the correlation functions of the cascades 206-427
and 206462 keV favour both the spin values 3/2 and 5/2 for the 668 keV
states. However, as the recent nuclear orientation experiments of Andrews
et al. (1968) favour only the 5/2 spin value for the 668 keV state, we shall
therefore use the mean Qg ~ 89, value obtained on the basis of 5/2 spin
value for this state.

(c) Directional Correlation of the 171-427 keV Cascade
The directional correlation function for this cascade, after solid angle
correction, was found to be
W(0) = 1-4(0-110:£0-015)Py(cos 6)— (0-099:0-031)Py(cos 8). .. (4)
This cascade suffers from the interference effects of the 206-427 and
206-462 keV cascades, the contributions of which were estimated to be
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(10-4+5-0)%, and (5-245-0)9, respectively (Figs. 1 and 5). Both these interfer-
ing contributions are anisotropic in nature. After allowing for these, the true
directional correlation function for the 171-427 keV cascade turns out to be

W(8) = 1+4-(0-133:£0-022)Py(cos 8)— (0-118+0-040)P,(cos 8). .. (5)

The above 4, and A, expansion coefficients differ markedly from those
reported by Rajput and Sehgal (1967) [4; = —0-5534+0-275, 4, = +0-612
+0-613] and by Inamura et al. (1964)[4, = —0-5540-16, 4, = -0-3140-28].
These high values are most likely due to inadequate shielding arrangements of
the two counters. The Compton scattering of the 598, 604 and 634 keV
gamma rays from one counter to the other can appreciably change the ex-
pansion coefficients of the 171-427 keV cascade. Recently the directional
correlation measurements on this cascade made by Inamura (1968) point out
clearly the above difficulty. He corrected for these scattering effects mainly
by referring to the spurious correlation curve of 137Cs gamma rays of energy
approximately equal to the sum of two gamma ray energies in the present .
cascade. The values of the expangion coefficients thus obtained by him are:
Adp = +0-13140-019, 4, = 40-0214-0-030, the A, expansion coefficient being
in excellent agreement with that obtained by us [eqn. (5)].

The well-established spin assignments for the 35 and 462 keV levels are
3/2+ and 5/2+ respectively (Narcisi 1959). The internal conversion measure-
v s of Mann ef al. (1964) show that the multipole character of the 598 keV
gamma ray, originating from the 633 keV level and terminating at the 35 keV
level, is either M1 or E2. Since the 35 keV level has a spin 3/2, the possible
spin values for the 633 keV level are 5/2 or 7/2. Two spin sequences thus
follow for the above cascade, (i) 7/2 (D, @) 5/2 (D, @) 3/2 and (ii) 5/2 (D, @)
5/2 (D, @) 3/2. The mixing ratio analysis of the A, expansion coefficient [eqn.
(5)] carried out in terms of the spin sequence (i), taking Q,.; = 0-50£0-10
(Mazets and Sergeenkov 1966, 1967), shows that the 171 keV gamma ray is
almost pure. M1. This conclusion falls exactly in line with that reported by
Inamura (1968), but in that case the finite value of the 4, coefficient [eqn. (5)]
obtained by us cannot be explained. We are, therefore, compelled to carry out
the mixing ratio analysis of eqn. (5) in terms of the spin sequence 5/2 (D, @) 5/2
(D, @) 3/2. As a result the 171 keV gamma ray is found to contain (77-5
+2-5)%, M1 and (22-542-5)% E2. This accounts to a certain extent for the
finite negative value of the 4, coefficient, but it contradicts Inamura’s (1968)
spin assignment of 7/2 for the 633 keV level.

The spin 5/2 for the 633 keV level together with the spm 3/2 for the 35
keV level leads to the multipolarity of the 598 keV gamma transition as
either predominantly M1 or a mixture of M1 and E2. This is in agreement
with the results of Arya and Champion (1967), who assign from their direc-
tional correlation measurements an M14-E2 character to the 598 keV gamma
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ray and a spin of 5/2 to the 633 keV level. This result is further supported by
our directional correlation measurements on the 109-379 keV cascade [sub-
section (e)}.

(d) Directional Correlation of the 203-176 keV Cascade

For the directional correlation measurements on this cascade special care
has been taken in regard to the adequate shielding arrangements of the two
counters. This is so because the energies involved in this cascade are such
80 as to lie in the low energy region of back-scattered Compton contributions
of high energy gamma rays.

Solid angle corrected directional correlation function for this cascade thus
obtained is

W(8) = 1—(0-17040-015)Py(cos 6)-(0-103-£0-036)P,(cos 6). .. (6)

The cascades likely to interfere in the above directional correlation
measurement are the 206-462, 206-427, 319-176 and 171-427 keV. The
contribution of the first three cascades are estimated to be (14+5), (25+5)%,
respectively, while the contribution of the 171-427 keV cascade is found to be
negligible.

In order to allow for these contributions, the directional correlation
functions for the cascades, 206-462, 206-427 and 319-176 keV, must be known.
The directional correlation functions for the first two cascades are available
from the present measurements as well as from the measurements of others,
whereas the correlation function for the 319-176 keV cascade was not available
till recently reported by Inamura (1968). However, before these results were
published, we tried to compute theoretically the correlation function for the
319-176 keV cascade by using the information available on the multipolarities
of the 176 and 319 keV gamma rays (Narcisi 1959; Mazets and Sergeenkov
1967). The computed correlation function for the 319-176 keV cascade is

W(6) = 1—(0-149540-0057)Py(cos 6). .. o (D

Incidentally this equation agrees fairly well with the measured correlation
function recently reported by Inamura (1968):

W(8) = 1—(0-169+0-027)Py(cos 6)-(0-0184-0-034)P,(cos 6). .. (8)

Using eqns. (1), (3) and (7), the correlation function for the 203-176 keV

cascade [eqn. (6)] has been corrected for the above contributions. The true

correlation function then turns out to be

W(6) = 1—(0-381:£0-174)Py(cos 0)-(0-31740-134)P,(cos 6). .. (9)

The above expansion coefficients agree fairly well with those reported by

Inamura (1968) [d4; = —0-36440:048, A4, = -+0-100+0-075] but differ

markedly from those reported by Rajput (1967) [4; = —0-5541+0-050 and

4, = —0:05040-082]. The discrepancy is presumably due to the lack of
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proper shielding in the measurements of Rajput (1967). The spin assignments
for the 145 and 321 keV states are 11/2 and 9/2 respectively and are almost
well established (Narcisi 1959). The spin of the 524 keV state is, however,
doubtful, the possible values being 9/2 and 7/2 as explained in subsection (a).
We, therefore, analyse eqn. (9) in terms of the spin sequences (i) 9/2 (D, @)
9/2 (D, Q) 11/2 and (ii) 7/2 (D, @) 9/2 (D, @) 11/2. Mazets and Sergeenkov
(1967) on the basis of their accurate L subshell ratio measurements (carried
out with the help of a high-resolution prism type beta spectrometer) have
shown that the value of quadrupole admixture in ¥176 is @, = 0-284£0-02.
Using this value, the mixing ratio analysis of eqn. (9) in terms of spin sequence
(i) leads to indeterminate limits of quadrupole admixture in ¥203. We, there-
fore, conclude that the spin value of 9/2 for the 524 keV level is not consistent
with our correlation function for this cascade [eqn. (9)]. However, the mixing
ratio analysis carried out in terms of the spin sequence (ii) shows that the
quadrupole admixture in ¥203 is either 0-001 < Qgo5 << 0:22 or 062 < Qg3
< 0:95. The lower value is, however, ruled out in view of the large positive
A, value. We thus conclude that the quadrupole admixture in y203 is
0-794-0-17. A similar mixing ratio analysis made on the 4, expansion co-
efficient of eqn. (9) is, however, not inconsistent with this value. Further,
the Q23 value obtained by us is in excellent agreement with that reported by
Inamura (1968) recently (076 < Qa3 << 0-88 or Qg3 = 0-8240-06). We,
therefore, assign spin 7/2 for the 524 keV level.

(e) Directional Correlation of the 109-379 keV Cascade

Solid angle corrected directional correlation function for this cascade

was found to be
W(9) = 14-(0-0584-0-018)Pg{cos 8)+(0-05940-032)P,(cos 6). (10)

This equation requires further correction on account of the contributions
which have been estimated to be (51-64+5-0)%, from the 171-427 keV cascade
and (11-54+5-0)%, from the 206-427 keV. The contribution from the 206-
462 keV cascade turns out to be negligible. Correcting eqn. (10) for these
contributions, the true correlation function for the 109-379 keV cascade turns
out to be almost isotropic within the statistical accuracy of the measurement.

The spin agsignment for the 145 keV state is 11/2 (Narcisi 1959) and that
of the 524 keV state has been found to be 7/2 in subsection (d) (Fig. 8). As
stated earlier, the level at 633 keV hag the possible spin values 5/2 and 7/2
(Andrews et al. 1968; Mazets and Sergeenkov 1967; Inamura 1968; Stone
et al. 1965, 1968). We, therefore, analyse our measured correlation function in
terms of two spin sequences:

() 5/2 (D, Q) 7/2 (Q) 11/2 and (i) /2 (D, Q) 7/2 (@) 11/2.
Mixing ratio analysis carried out in terms of the first spin sequence shows that
7109 contains a quadrupole admixture of ~~ 39, while that in terms of the second
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spin sequence shows that the value of Qg is ~20 %,. As the internal conver-
sion coefficient of y109 measured recently by Inamura (1968) using Ge (Li) de-
tectors allows only a quadrupole admixture of (643)9% in 7109, we accept
only the first spin sequence, i.e. 5/2 (D, @) 7/2 (@) 11/2, for this cascade. Con-
sequently, the spin value of the 633 keV stateis 5/2. Thus the spin value of 7/2,
as suggested by Stone ef al. (1965, 1968) in view of the absence of any transition
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from the 633 keV state to the ground state, is not favoured by the present
work. The spin value of 5/2 for the 633 keV state is, however, further sup-
ported by the recent gamma-gamma directional correlation studies of Arya
and Champion (1967) on the 598-35 keV cascade.

(ii) Half-life of the 35 keV First Excited State of 125Te

Half-life of the 35 keV excited state has been measured using the time-
to-pulse height converter technique. The experimental arrangement con-
sisted of a fast-slow coincidence circuit incorporating a 6BN6 time-to-amplitude
converter. The half-life was measured by gating the 35 keV gamma ray
(along with the Te K X-ray of 25 keV) in one of the channels and the 427 keV
gamma ray in the other. These gamma rays and the associated Te K X-ray
(25 KeV) were detected by NalI(Tl) scintillation counters. Narrow energy
windows on the respective photopeaks were selected to minimize the inter-
ference from the competing coincidences. The prompt time resolution curve

] T I I !

10 _
0 ~ -
*—

- :
@]
v +
L T,3= (1'50£0:08) ns |
w
0
&
o d _
0 - N
z - R
z r
O L N
U o
I ]
30 35 40 4s 50 55 60

PULSE HEIGHT IN VOLTS
¥ie. 9. Delayed coincidence curve for the 35 keV level of 1256T¢.



188 M. M. BAJAJ, S. L. GUPTA & N. K. SAHA

and the pulse amplitude versus relative delay calibration curve were taken
using a prompt source of 22Na. Fig. 9 shows the delayed coincidence curve
for the 35 keV level of 125Te. From the logarithmic slope of the delayed part
of the curve, the half-life of the 35 keV level was found to be (1:5040-08) ns.
The quoted error includes both statistical and calibration errors. Our value
is in good accord with those reported by Graham and Bell (1953), Voorthuis
et al. (1967) and Hohenemser and Rosner (1968).

DiscussioN

Using the measured half-life (& 15 nsec) of the 35 keV excited state
and the quadrupole content (§s; = 0-04) (Lederer ef al. 1967) and the con-
version coefficients of Y35 (ax = 11-4, a; = 1-56) from the works of other
authors (Narcisi 1959), we have computed the M1 and E2 partial lifetimes
for the 35 keV ground state transition. These are ~ 30 and 0-075 ns re.
spectively. Comparing these values with the corresponding single particle
estimates, we find that the M1 component is retarded by a factor of a 40,
while the E2 component enhanced by a factor of a 5-4. The M1 retardation
factor obtained for this (dgp — 81p, Al = 2) transition follows the same
order of magnitude as found in other isotopes of tellurium. For example, an
M1 retardation factor of 41 was obtained by us (Gupta ef al. 1966) earlier for
the 159 keV I-forbidden M1 transition in 123Te. For the 35 keV transition in
125Te, Sorensen’s theory (Sorensen 1964) predicts an E2 enhancement of 7-4
for this transition. Our experimental value of E2 enhancement agrees fairly
well with the theoretical prediction.

Nuclear speeds have also been calculated for the 206 keV radiation using
the present measured value of quadrupole admixture, the known values of
the conversion coefficient (Narcisi 1959; Mann ef al. 1964; Inamura 1968), the
branching ratio for y206 and the half-life of the excited state at 668 keV
(Metzger and Raghavan 1966). The results so obtained are given in Table I.

TaBLE 1

Nuclear properties of some of the gamma radiations in 126Te

M1 retar- E2 en-

Ey (keV) 1;“"(M1) rj,’p'(Ez) 1,’," (M1) 1;” (E2) dation  hancement
’ factor factor
35 30-0 ns 0-075 ms 0-75 ns 041 ms 40 54
206 > 60-6 ps > 6:99 ps 3-71 ps 58 ns > 16 < 83x10%

Glendenning (1960) calculated the energy level spectrum of 1§2Te73
assuming that the odd neutron in 3s;, and 2dy. states is weakly coupled to
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the collective surface vibrations of the even core. The 524 keV level for which
we have favoured 7/2 spin value appears to correspond to a level at ~~ 480
keV with spin 7/2 in the Glendenning scheme. But the positive parity of
this state in the Glendenning scheme contradiets the observed negative parity.
In fact, all the predicted energy states of Glendenning scheme have positive
parity. Evidently, simple description of the scheme is not able to account for
all the features of the observed level structure of 125Te. Kisslinger’s model
(Kisslinger 1966) on the other hand predicts a level at ~ 500 keV with spin
and parity 9/2-. Inamura (1968) has given a critical discussion of the observed
properties of energy, spin and parity of the excited states in 125Te and the
transition probabilities in the light of the pairing-plus-quadrupole force model,
single particle-plus-phonon model and the rotational model.

It is clear from these discussions and also the conclusion we have made
that the gross properties like the energy, spin and parity of the levels are
generally well described by these models. However, the problem of transition
probabilities in 125Te nucleus can be best approached from an appropriate
pairing-plus-quadrupole force consideration; but the approximate calculation
of Kisslinger and Sorensen (1963) is not sufficient to provide satisfactory
predictions.

Most recent findings of Cruse ef al. (in press) give A, = —0-4034£0-014
and A, = +0-003£0-020 for the 203-176 keV cascade, which are in line with
our measured values of the expansion coefficients for this cascade.
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