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The decay of 25-min Te®!¢ produced by Te™®(n,y) has been investigated with the use of Ge(Li) and
NalI(Tl) y-ray detectors. Coincidence relationships among the v rays were determined in -y and sum-peak
coincidence experiments. Because of the good resolution of the Ge (Li) detector we have been able to resolve
complex y-ray peaks observed in the ~350- and 950- to 1000-keV regions in previous studies and to observe
additional v rays. The energies (in keV) of observed v rays and their percentage intensities relative to 150-
keV (in parentheses) are: 279 (1), 343 (1.1), 384 (1.1), 453 (24.0), 493 (7.0), 544 (0.4), 603 (5.9), 654 (1.8),
695 (0.5), 727 (0.4), 842 (0.2), 898 (0.3), 933 (1.2), 948 (3.0), 952 (0.6), 997 (5.1), 1007 (1.5), 1098 (0.8),
1147 (9.4), 1295 (1.4). The main changes from previous level schemes for I'3! are the lowering of the ~350-
keV transitions to near the ground state and the addition of levels at 877, 1188, and 1445 keV. Preliminary
measurements on the v rays of 1.2-day Te!®!™ are reported. Trends of the low-lying levels of odd-A4 iodine
isotopes from mass 127 to mass 131 are discussed. The half life of Te!3!¢ was determined to be 25.040.1 min.

I. INTRODUCTION

HE low-lying levels of even-Z, odd-N nuclides in
the neutron-shell region S0SN<82 have been
extensively studied, especially with the use of (d,p) and
(d,t) nuclear reactions.’~* The results have been com-
pared with nuclear models, particularly the treatment
by Kisslinger and Sorensen.® Information on the levels
of odd-Z, even-N nuclides is in general more difficult to
obtain and, consequently, much less information is
available. The study of the 8 and v decay of odd-mass
tellurium isotopes 4=127 to 133 to levels of the
daughter iodine isotopes offers excellent possibilities for
study of the trends of 53-proton levels as a function of
(even) neutron number 74 to 80. A useful feature of
this series is the fact that the 8 decay of both 11—
and $+ isomers of the tellurium isotopes can be ob-
served. Thus, a wide variety of spin-parity states are
populated and not as many levels are missed as in
most radioactive-decay studies.

The work reported here concerns mainly the decay
of 25-min Te''s. The decay of Te!3!s has been studied
in several previous works,*8 the most definitive being
that of Devare, Tandon, and Devare? (hereinafter
designated DTD). In the latter work, y-ray spectra
taken with NaI(Tl) detectors showed considerable com-
plexity in the region 900 to 1000 keV. In constructing
the decay scheme, DTD found it necessary to invoke the
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existence of vy rays of 920-, 935-; and two of 985-keV
energies. The level scheme also included v rays of 350
and 360 keV, although these were not resolved in the
spectra obtained with NaI(Tl). With the use of a
Ge(Li) detector, both in “singles” and coincidence
experiments, we have been able to eliminate the un-
certainties in those regions, to observe additional y
rays, and determine with high accuracy (&1 keV) the
energies of all observed transitions. In order to check
whether or not weak lines resulted from 1.2-day
TeB!™ 67-min Te?? [from (n,y) on Te®28], and 8-day
I8! we have observed singles spectra of those species.

II. EXPERIMENTAL PROCEDURES
Production of Te!3ls

The Te'3l? was produced by irradiation of 2-mg
samples of tellurium enriched to >99.5%, Te® in the
M.L.T. reactor. Irradiations lasted for 1 min at a flux
of 8X102 # cm~2 sec™’. No chemical separation was
required and the polyethylene vial containing the
irradiated sample was simply opened to release Ar#
produced by Ar®(n,y) before counting. The irradiation
also produced small amounts of 1.2-day Te!®” but
because of its high spin (31—) and long half-life, the
activity was so low that the Te'3'¢ could be studied for
several half-lives before interference from the isomer
was appreciable.

Detectors

The face of the Ge(Li) detector had dimensions
1.5X 1.5 cm and the thickness of the intrinsic layer was
about 3.5 mm. The detector was mounted in an evacu-
ated portion of a Dewar vessel containing liquid nitro-
gen. The source was placed just outside the vessel at a
position which allowed the ¥ rays to strike an edge of
the detector. The full width at half-maximum of y-ray
peaks in spectra obtained with the detector resulted
mainly from noise in the preamplifier and was about 4.9
keV for the y rays obtained from standard sources of
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Co% and Cs%¥’. The NaI(Tl) detectors used were inte- III. RESULTS

grally mounted 7.6-X7.6-cm crystals.

Amplifiers and Coincidence Units

Pulses from both types of detectors were passed
through preamplifiers and amplifiers. In the case of
Nal, the main amplifiers were transistorized DD2
amplifiers. Coincidences were observed with a commer-
cial fast-slow unit operating in the ‘zero-crossover”
mode? on the DD2 pulses. The resolving time used for
the fast coincidences was generally about 50 nsec,
large enough to avoid appreciable loss of coincidences
between pulses of very different magnitudes because of
differences in zero-crossover time. The main amplifier
for the Ge(Li) pulses was of the low-noise RC type. For
coincidence studies the RC pulses were attenuated and
fed through a DD2 amplifier before the coincidence
unit. Pulses were taken directly from the RC amplifier
for input to the pulse-height analyzer.

Sum-peak spectra were taken with well-matched
7.6-X7.6-cm NaI(Tl) detectors with amplifiers adjusted
to give as nearly as possible the same pulse height for a
given energy deposited in either detector. The signals
from the two amplifiers were summed in a linear adder.
Our sum experiments differ somewhat from others
reported in the literature in that we always demanded
fast and slow coincidences between the two detectors
which were well-shielded against Compton “cross talk.”
Thus, we eliminated all single vy rays from the spectra.
Also, we used low geometry (source-to-crystal distance
~10 cm) so that the probability for observing more than
one vy ray per event in each detector was very low.
Therefore, essentially all events observed were for one
v ray in each detector.

9 R. L. Chase, Rev. Sci. Instr. 31, 945 (1960).

In Fig. 1 we show a typical singles spectrum of 25-
min Te®¢ obtained with the Ge(Li) detector. The
y-ray energies were read from a calibration curve ob-
tained from spectra produced by a number of standard
y-ray sources. For all but the very weak lines and those
close to intense lines, the uncertainty of energy is about
+1 keV. Photopeak areas were determined by sub-
tracting an assumed linear background from the peaks.
Relative intensities were obtained from photopeak
areas with the use of a calibration curve based on the
y-ray spectra from Bi?*” and Fe® sources. Intensities of
the v rays emitted from these sources are well known'
and span the range of y-ray energies of interest in this
work. The resulting curve of total photopeak efficiency
(i.e., peak-to-total ratio X total efficiency as used by
Heath!!) versus energy was linear on log-log paper for
the energy range covered, in agreement with the
relationship observed by Easterday et al.’? In Table I
we list the y-ray energies and their intensities. For com-
parison, we also list the intensities determined by DTD
and by us using Nal detectors. The listed intensities
for Ge(Li) were mostly obtained from Fig. 1, but for
some lines which do not stand out well in the singles
spectra, the intensities were determined from the
Ge(Li)-NaI(Tl) coincidence spectra. These cases are
discussed in more detail below. The agreement in in-
tensities from the two types of detectors is generally
quite good.

In Figs. 2 and 3 are shown the spectra taken with the
Ge(Li) detector with the analyzer gated on by pulses

10 Nuclear Data Sheets, compiled by K. Way et al. (Printing and
Publishing Office, National Academy of Sciences—National
Research Council, Washington 25, D. C.).

1R. L. Heath, Atomic Energy Commission, Research and
Development Report ID0O-16408 (unpublished).

2 H. T. Easterday, A. J. Haverfield, and J. M. Hollander, Nucl.
Instr. Methods 32, 333 (1965).
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corresponding to 150 and 453-to-493 keV, respectively,
occurring in a NalI(Tl) detector. The great stability
of the Ge(Li) detector against count-rate-dependent
gain shifts and long-term drifts are particularly useful
in this application. Over the course of the Ge(Li)
experiments (6 days), the 1.333-MeV peak produced by
a Co® standard had a total variation of 0.3 channel
(mean position, channel 306). In comparing the posi-
tions of the larger peaks of Figs. 1, 2, and 3, we find no
detectable change of gain. Thus, we were able to dis-
tinguish between a peak at 952-keV coincident with the
453- to 493-keV region and a peak at 948-keV coinci-
dent with the 150-keV region, even though these peaks
occur only one channel apart and cannot be distin-
guished in the singles spectrum. In Table I are given the
intensities of the y rays in the coincidence spectra
relative to that of the 150-keV line and the ratios of

intensities of the various peaks relative to the singles
spectrum (the latter designated “coincidence ratios”).

In Table II are given the y-y coincidences observed
in the NaI-Nal experiments. In Fig. 4 is shown the sum-
peak spectrum along with the expected intensities of
the sum peaks as calculated from the level scheme
proposed below.

In Figs. 1, 2, and 3 there is definite evidence for a
weak vy ray at 852 keV and in Fig. 3, a weak y ray at
795 keV, both known to be very strong radiations
emitted in the decay of 1.2-day Te®™3 In order to
check this, several of the samples in which the original
Te''? had decayed (although a small amount is present
in equilibrium with Te®!™) were observed for several
hours with the Ge(Li) detector. Although the resulting
spectrum, shown in Fig. 5, shows lines which originate
in the decay of 8-day I'* and 12.9-h Cu® impurity, we
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Fi6. 3. Spectrum of 25-min Tells +
rays in coincidence with 453- to 493-keV
7 rays as obtained with a Ge(Li) detector.
A NaI(Tl) crystal was used to detect the
453- to 493-keV v rays.
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TasLE I. Relative intensities of v rays following Te!3l¢ decay—singles and coincidence spectra.

G Intensities, percent rel. to 150-keV
amma-ray

Coinc. ratios

energy Nal, singles Ge(Li) I(E,, coinc.)/I (E,, singles)
(keV) DTD:  This work Singles Coinc./150  Coinc./453-493 Coinc./150 Coinc./453-493
150 (100) (100) (100£3) (100) (100) 0.011 0.064
279 b b 1.040.2¢ e 0.10 e d
343 1oy 15 1.1£0.2¢ 34 0.1 d d
384 Jes - 1.1£0.2 0.7 0.6 0.062 0.29
453 28.0 23.5 24.0+1.5 43.2 0.3 0.205 0.009
493 4.6 6.9 7.040.4 0.46 0.33 0.01 0.044
544 b b 0.40.1 0.3 0.08 0.12 0.20
603 7.9 6.5 5.940.3 0.3 0.04 0.011 0.009
654 1.3 2.7 1.82£0.2 0.34 0.34 0.05 0.304
695 b b 0.5+0.1° e 0.09 e d
727 b 0.9 0.4+0.06 0.21 b 0.16 b
842 b b 0.2-£0.08¢ 0.09 e d e
898 b b 0.30.08¢ 0.13 e d e
933 1 1.240.2° 0.01 0.05 d d
948 45 45 3.0+0.4 1.28 b 0.24 b
952 | 0.6+0.2¢ b 0.025 b d
997 70 17 5.1+0.4 1.70 b 0.18 b
1007 : gt 1.5+0.2 b 0.07 b 0.29
1098 b b 0.840.2 b b b b
1147 8.0 7.9 9.4+0.6 0.13 0.07 0.012 0.04
1295 1.2 1.1 1.4+0.2 0.1 b 0.1-0.25 b

a Reference 8.
b Not seen. X
¢ Intensity determined from Ge(Li)-NaI(Tl) coincidence experiments.

d Coincidence ratio could not be determined because intensity of peak in singles spectrum was too small.

e Peak seen, but not large enough to give a meaningful intensity.

can observe the prominent radiations of Te®!™ in-
cluding the lines at 852 and 795 keV which are the
second and third most intense vy rays, respectively, from
the decay of Te®!™. In successive spectra of Te®%ls, the
852-keV line appears to decay with a half-life con-
siderably greater than 25 min. Attributing all of the
852-keV intensity in Fig. 1 to the 1.2-day Te®!™ does
not require other Te®!™ v rays to be large enough to be
clearly observable in the singles spectrum.

IV. CONSTRUCTION OF THE DECAY SCHEME

In Fig. 6 we show the decay scheme of Te'®!¢ based on
the results presented above, and below we present
arguments for the proposed scheme.

The 150-keV v ray is so intense that it can feed only
the ground state. The 453-keV line, known to be coinci-
dent with 150, must feed directly the 150-keV level
because of its high intensity. The 603-keV line shows

coincidences only with the weak 544, 842, and 898 lines
(see below); therefore, it must feed the ground state.
Within experimental error the level at 603 is the same
as that depopulated by 150-453 coincidences. By similar
reasoning, a level at 1147 keV is depopulated by an
1147-keV v ray to the ground state and a 997-keV y
ray to the 150-keV level.

The coincidence ratios from the Ge(Li)-NaI(Tl) ex-
periments listed in Table I are very useful in construct-
ing the decay scheme. Consider the coincidence ratios
for the events coincident with 150-keV « rays. The value
for 150-keV v rays, 0.011, represents random coinci-
dence events. Therefore, the peaks at 493, 603, and
1147 keV are purely random, with no true coincidence
with 150-keV v rays indicated. As we have already
established that the 453-keV line feeds the 150-keV
level directly, we can take its coincidence ratio, 0.205,
as a criterion for y rays which always lead to the 150-

TasLE II. Coincidences observed in NaI-Nal experiments.?

Gate region v ray observed in coincidence with gating pulse (keV)

(keV) 150 279 343 384 453 493 603 654 727 952 997 1147 1295
150 G,S G,S N N G G,S G,S G,S N G,S
343 G, N S G,S N
384 G,S N
453 G,8 N

493 N G,S G,S G,S G,S N

1147 N G N N N N N N N N N N

» Meaning of symbols: G, y-v coincidence observed; S, sum peak observed; N, definite absence of coincidence; blank space, no experiment which would

prove or disprove coincidence.
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F16. 4. Gamma-ray sum-peak spectrum
of 25-min Te®'? obtained with two
NalI(Tl) crystals. The points are experi-
mental and the solid curves are the sum
peaks calculated on the basis of the pro-
posed decay scheme of Fig. 6. No Comp-
ton-Compton or Compton-photopeak
background has been added to the cal-
culated sum peaks.
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keV level. In this category, we find the vy rays of 343,
727, 948, 997, and 1295 keV. There is considerable
statistical uncertainty in the intensity of the 1295-keV
line in the coincidence spectrum, but its placement is
supported by the data given in Table II. The absence of
453-948 coincidences (see below) and the high intensity
of the 948-keV line require that it feed the 150-keV
level directly.

This, in addition to a weak < ray observed only in the
singles spectrum at 1098 keV, serves to establish a level
at 1098 keV. This corresponds to the level at 1065 keV
proposed by DTD.?

Very small peaks occur at 842 and 898 keV which may
feed either the 150- or 603-keV levels. Their assign-
ments to positions which feed the 603-keV level are
based on their observation in coincidence with both the
150-keV peak and the 450- to 493-keV peak area as well

as the fact that the levels at 1445 and 1500 keV have
been established by other evidence. The intensities of
both v rays are so low that the listed intensities may
contain considerable error.

The observation of a 727-keV sum peak, as well as
a 727-keV peak in the singles Ge(Li) spectrum, indi-
cates alternate modes of a 727-keV transition, either by
a single crossover vy ray or by a 384-343 cascade. From
the coincidence ratios of Table I, it appears that the
343- and 727-keV lines feed the 150-keV level directly.
The small coincidence ratio for 384 with 150 suggests an
alternative mode of decay of the 493-keV level to
ground. This is the crossover 493-keV « ray.

The spectrum in coincidence with the 453- to 493-keV
region is more difficult to interpret. Because of the
high intensity and proximity of the 453-keV line to
that at 493 in the Nal spectrum, it is impossible to gate
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on 493-keV events without obtaining a large fraction of
gate pulses from the 453-keV events. Also in the gate
region there are large Compton tails from higher-energy
v rays. We can eliminate much of the confusion by
noting that vy rays coincident with 453 must also be
coincident with v 150. Thus, only the 150-, 544-, 842-,
and 898-keV v rays are coincident with 453. The coinci-
dence ratios (0.009) of 453- and 603-keV lines represent
purely random events. The coincidence ratios (0.04)
of the 343- and 493-keV lines arise from random events
plus coincidences with Compton events in the gate.
The ratios (0.3) for the 384-, 654-, and 1007-keV v rays
indicate true coincidences with the 493-keV line and
direct feeding of the 493-keV level.

The peak in the vicinity of 950 keV in Figs. 1, 2, and
3 was most puzzling. Since it appears in both coinci-
dence spectra, one might at first suppose that a 950-keV
v ray populates either the 493- or 603-keV level. Thus,
it would be coincident with 150 and 453 or 493. But
the bulk of the 950-keV line cannot feed the 493-keV
level, as this would require the 343-keV line’s intensity
to be slightly greater than that of 950 in the spectrum
coincident with 150. Also, the intensity of the ~950-
keV peak in the spectrum coincident with 453- to
493-keV v rays is too low compared with that of the
~950-keV peak in the singles Ge(Li) spectrum to allow
the line to feed entirely the 603-keV level. On the basis
of these considerations we propose two different v rays
of about 950-keV energy, the more intense one (948
keV) feeding the 150-keV level, the much weaker one
(952 keV) feeding the 493-keV level. As noted above,
careful inspection of Figs. 2 and 3 showed an approxi-

mately 1-channel shift of this peak, whereas other peaks
remained constant.

The small peaks at 695 and 933 keV in the spectrum
coincident with 453 to 493 feed the level at 493 keV,
as they are not observed in coincidence with the 150-
keV peak. The intensities of the 695- and 933-keV
transitions were determined from their intensities in
the spectrum coincident with the 453 to 493 region
relative to that of the 654-keV transition. By gating on
the 1147-keV peak and looking at the coincidence
spectrum, we found only a very weak 279-keV peak.
In Fig. 6 we show it populating the level at 1147 keV.

Above we have presented evidence for all of the
features of the y transitions among the levels in I3
populated by the decay of Te®®? shown in Fig. 6. An
additional check on these results is provided by the
sum-peak spectrum of Fig. 4. On the basis of Fig. 6,
we have calculated the expected magnitudes of the sum
peaks as indicated in Fig. 5, taking into account the
assumed® total conversion coefficient of 0.25 for the
150-keV transition. Because of the background caused
by Compton-Compton and Compton-photopeak sum-
ming, it is difficult to “strip” the sum-peak spectrum.
However, the agreement appears to be good between
the expected and observed magnitudes of the sum peaks.

There is one remaining problem concerning the v
rays. Because of the various arguments presented above,
the bulk of the 1147-keV v line must feed the ground
state as indicated in Fig. 6. If this were to account for
all of the 1147 intensity, we would expect the coinci-
dence ratio of the 1147-keV 4 ray in the spectrum
coincident with 453-493-keV radiations (Table I) to be
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that caused by random events, or about 0.009 as ob-
tained for the 453- and 603-keV lines. Instead, the
ratio for 1147 is 0.04, about a factor of 4 too high, well
outside of statistical error. We cannot avoid the problem
by supposing that we have missed a vy ray of >453-keV
energy feeding the level at 1147. If that were to account
for the 1147 intensity in the coincident spectrum, the
alternate mode of decay, 997-150 cascade, would also
have to be high, which it is not. Thus, there is appar-
ently another vy ray in the scheme of about 1147-keV
energy, although we have not observed any broadening
or shift of the peak in any of the singles and coincidence
spectra.

In Fig. 6 we have indicated the intensities of 3
groups feeding the various levels. These were obtained
from the differences between the sum of v rays feeding
and depopulating each level and DTD’s observation
that no appreciable number of B rays populate the
ground state. Account was taken of the approximately
0.25 conversion coefficient of the 150-keV v ray.?
The B-ray and log ft values for transitions to levels
above 1147 keV have not been listed, as both quantities
are very sensitive to errors in the intensities of the weak
v lines which depopulate the levels. Beta-ray Q values
were determined from the excitation energies of the
levels and DTD’s measurement of Qg=2.060 MeV
for the group that populates the first excited state.

We measured the half-life of Te®¢ by multiscaling
the 150-453 coincidence counts produced by a source
of Te®s and subjecting the results to a least-squares
computer analysis.'* The resulting half-life is 25.0
+0.1 min.

V. ASSIGNMENT OF SPINS AND PARITIES

Log ft values for the 8 transitions shown in Fig. 6
were determined with the use of Moszkowski’s nomo-
gram.!® The log ft values are in good agreement with
those given by DTD in cases where comparison is
possible. The B transitions to levels at 150, 603, and
1147 keV are clearly allowed. Although the log ft values
for transitions to some of the other levels are >7,
suggesting forbiddenness, we cannot rule out the
possibility that some of them are allowed. As discussed
below, the v transitions suggest strongly that the
493-keV level has spin §; thus, the 8 transition to it
should be allowed although it has log ft >7.5. This
apparent hindrance of allowed $+ — 34 transitions
appears to be rather general for the lowest 2+ state of
the odd-mass iodine isotopes.

Before applying information on y-ray branching to
the assignment of spins, we should discuss the expected
enhancement of E2 transition rates and hindrance of
M1 rates for nuclides in the mass-130 region. From the
comparison of experimental and calculated M1 rates

4P, C. Rogers, Massachusetts Institute of Technology Lab-
oratory for Nuclear Science, Technical Report No. 76 (NYO-
2303), 1961 (unpublished).

16 S. A. Moszkowski, Phys. Rev. 82, 35 (1951).
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by Goldhaber and Weneser,'® it appears that M1
transitions in this region are hindered by factors of 10
to 1000 relative to expected single-proton rates. From
similar comparisons for E2 transitions, it appears that
their rates may be enhanced by factors in the range of
20 to 30.°> More specifically, from the lifetimes of the M1
24+ -7+ transitions to the ground states of I'¥7)
') and I Jha and Leonard found M1 hindrance
factors of 67, 122, and 300.7 From our own calcula-
tions on M1-E2 competition for transitions among the
levels of I®7'8 we find values for FE2-enhancement
X M1-hindrance in the range 160 to 2000 in agreement
with the information given above.

The spins of Te®¢, and of the ground state and 150-
keV levels of I®! are known to be 2+, 24, and §+,
respectively.® Because of the allowed nature of the 8
groups to the 602- and 1147-keV levels, they must have
spins 3+, 3+, or 34+. We can eliminate 3+ for the 603
level because of the strong transition to the ground
state. If the spin is §4-, the predicted ratio, (M1,
603 — 150)/(£2, 603 — 0) for single-proton transitions's
is 4.5 10° as compared with the experimental ratio of
4. But as noted above, E2 transitions can easily be
enhanced relative to M1 by a factor of 103, so we are
unable to rule out spin -4 for this level. If the spin is
3+ and both transitions are M1, the predicted transi-
tion ratio is 0.4, within a factor of 10 of the experi-
mental value.

The 493-keV level is very interesting. The 8 group
feeding it has log ft>17.5, suggesting odd parity or
I>7%. We rule out odd parity at such a low excitation
energy on the basis of systematics of odd-Z nuclides
in the mass-130 region. But its spin must be less than
%+ as it is populated by transitions from a number of
higher levels whose decay does not feed the ground
state. Also, the 493-keV level does not appear to be fed
in the B~y decay of the 1.2-day Te®™ Ll— isomer.13
We can rule out spin 3+ on the basis of the transition
to the ground state. Two possibilities remain, $+ and
%+, as an E2 transition to the ground state could be
possible with the enhancements noted above.

The 877-keV level must have spin <24 as no transi-
tion to the ground state is observed. If the transitions
to the 150- and 493-keV levels were both M1 or E2,
the calculated single-proton ratio of intensities (877 —
493)/(877 — 150) would be 0.13 or 0.04, respectively,
compared with the experimental value of 3, which is
higher by factors of about 30 and 120, respectively.
Since the two ratios simply account for the energy de-
pendence of a given type of radiation, we would not
expect the errors to be as large as indicated. Therefore,
we conclude that the two transitions must be of dif-
ferent multipolarity, the one to the 493-keV level, M1,
and the one to the 150-keV level, E2. The calculated

(1;65 Is\g Goldhaber and J. Weneser, Ann. Rev. Nucl. Sci. 5, 1
v S.']ha. and R. Leonard, Phys. Rev. 136, B1585 (1964).
18 J. M. Blatt and V. F. Weisskopf, Theoretical Nuclear Physics
(John Wiley & Sons, Inc., New York, 1952), p. 583.



DECAY SCHEME OF 25-MINUTE Te!3w

ratio in this case is 100 in agreement with the experi-
mental ratio of 3 when account is taken of £2 enhance-
ment. As a result of these considerations, the spin of
the 877-keV level is 3+, and that of the 493-keV level
is 3+.

The 1147-keV level has spin $+4 or §+ asy rays from
it feed many levels including those having spins §+,
2+, and Z4. The level at 1098 keV probably has spin
34, as y rays from it feed the ground state and 150-keV
level, the latter much more strongly. We would be
unable to observe a 604-keV vy ray to the 493-keV level
because of the strong 603-keV + ray present in the
spectrum. The level at 1188 keV probably has spin %
as its decay picks out the lowest spin-3+ level. A v ray
of 1038 keV to the first excited state should be easily
observable if present. At the excitation energy of 1188
keV we do not believe it is safe to assume the parity is
even; thus, we assign the level spin 3.

Our information on the higher states is not sufficiently
detailed to make further spin assignments. One problem
should be noted. It is difficult to understand why the
decay of the level at 1426 keV populates the levels at
1147 and 493 keV with comparable probability in spite
of the large difference in transition energies.

The most prominent features of our proposed decay
scheme agree well with those of the scheme previously
proposed by Devare ef al.® When the difference in
resolution and accuracy of energy determinations is
taken into account, their levels at 145, 490, 590, 1065,
1130, 1425, and 1480 keV correspond well with our levels
at 150, 493, 603, 1097, 1147, 1426, and 1500 keV. In
addition we have found evidence for levels at 877, 1188,
and 1445 keV. With the observation of some additional
transitions and the change of placement of the two
v rays of ~360 keV, we have been able to make some-
what more definite spin and parity assignments.

V. INTERPRETATIONS OF LEVELS

In the upper part of Fig. 7, we have summarized in-
formation on the low-lying levels of odd-4 iodine
isotopes 4 =127 to 133 (based on Refs. 10, 13, 17,
19-24 and this work), where we have connected levels
in neighboring isotopes that appear to have similar
properties. In the region of 53 protons we expect the
protons to be filling single-particle levels gz, dse,
hyy/2, d32, and sy;2 in approximately that order.

According to the treatment by Kisslinger and
Sorensen® (hereinafter designated KS), the pure single-
quasiparticle levels (before consideration of the long-
range force) for odd-4 iodine isotopes of mass ~130

¥ D. D. Bornemeier, V. R. Potnis, L. D. Ellsworth, and C. E.
Mandeville, Bull. Am. Phys. Soc. 10, 82 (1965).

2 J. S. Geiger, Phys. Letters 7, 48 (1963).

* A. V. Ramayya, Y. Yoshizawa, and A. C. G. Mitchell, Nucl.
Phys. 56, 129 (1964).

2 C. E. Bemis, Jr., thesis, Massachusetts Institute of Tech-
nology, 1964 (unpublished).

%S. G. Prussin, thesis, University of Michigan, 1964 (un-
published).

# H. Langhoff, Nucl. Phys. 63, 425 (1965).
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are expected to fall at the following energies: gr/2, O;
da/z, 039, hu/z, 174, d3/2, 272, and S1/2y 2.91 MeV.
Inclusion of the long-range force brings various levels
down to the vicinity of the 3+ and I+ levels and
squeezes the 3+ and %+ levels closer together. These
effects can be seen in the lower part of Fig. 7, where we
have shown some of the levels predicted by KS, in-
cluding the effects of the long-range force.

The most apparent trend among the levels shown in
Fig. 7 is a general increase of level separations with
increasing number of neutrons. The main reason for this
effect is that the energy of the 2+ vibrational phonon
increases? from about 670 keV at Te!? to 850 keV at
Te!%® because N approaches the magic number of 82.
The KS predictions are in good agreement with this
trend among the low-lying levels, although the actual
magnitudes of the level energies are in considerable
error in some cases.

One of the more interesting questions is the apparent
lack of B feeding of the lowest 34 level in the three
isotopes. Although the transition should be allowed,
the log ft value is high, in the case of 4=131, >7.5.
In each case, the transition is an example of the KS
classification of “odd jumping”; thus, to first order f¢
should be proportional to (Us2.U3s2p)"%, where U’s are
“emptiness” coefficients for the parent £+ odd-
neutron and daughter 3+ odd-proton levels. The value
of Ugjan is ~0.7 or greater for the tellurium parent
nuclides. As the ds proton single-quasiparticle level
lies very high relative to g2 and ds/s, it is nearly empty
in all cases and Ujs2p~1. Therefore, the occupancy of
levels does not explain the hindrance of the 8 transitions.

Going to a higher order, one must realize that the
lowest $=+ proton levels are very heavily phonon
mixed. The single-quasiparticle $4 level lies initially
in the vicinity of 2.7 MeV above the ground state. To
first order, additional §-+ states can be constructed by
adding ~850-keV 24 phonons to the ground or first-
excited states. Thus, the lowest 3+ state is undoubtedly
mainly a mixture of §4+ and Z+ single quasiparticles
with a 24 phonon, and probably contains only a very
small admixture of pure $-+ single quasiparticle. The
KS calculations (reported in Ref. 25) for the corre-
sponding 34 level (203 keV) in I®7 predict that the
level is only 169, pure $+ single quasiparticle, with
76 and 7%, contributions from %+-1 phonon and
3+-1 phonon (ph.), respectively. Therefore, to first
order the allowed 8 decay can take place only from the
$+-0-ph. part of the parent state to the similar part
of the daughter-state wave function, or from the
$+-1-ph. part of the initial state to the §+-1-ph. part
of the final state. As the $+ state in Te®®! is probably
nearly pure single quasiparticle (KS predicts 709),
the latter process is also highly hindered. This same
reasoning could also explain the apparent hindrance of
B transitions to the lowest 2+ states of I and I'»

% J. A. Cookson and W. Darcey, Nucl. Phys. 62, 326 (1965).
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Fic. 7. Upper part: Summary of low-lying levels observed in odd-A4 iodine isotopes I*?7 through I'®, Arrows at the letf of levels denote
appreciable g feeding from the $-4- tellurium parent isomer. Dashed levels are seen only in the decay of the 32— tellurium parent
isomer. Numbers associated with y rays are relative intensities. Lower part: Levels predicted by Kisslinger and Sorensen (Ref. 5).

and the absence of feeding of the lowest 3+ levels in
the three members of the series.

If the above explanation is correct we should expect
allowed transitions to higher levels which are primarily
pure 3+ and £+ single-quasiparticle levels. The latter
could be the 603- or 1147-keV level, both of which are
strongly B fed, or one of the levels above 1147 keV. The
nearly pure 3+ single-quasiparticle level is probably
above 1147 keV. In the case of levels above 1147 keV,
even though the ft values for some of the transitions
may be low, the 8 feeding would be very small because
of the small Qg values,

It is more likely that the 603-keV level has spin
£+ and is analogous to the 418-keV level of 127 and the
483-keV level of I'* as suggested in Fig. 7. If so, the
strong B feeding of the level presents some difficulty
with the KS calculations and the interpretation of
hindered 8 transitions discussed above. The strong 8
feeding suggests that the wave function for the level
should contain a large contribution of pure §+ single-
quasiparticle. However, the KS calculations for the
418-keV level in 17 (see Ref. 25) predict only a 19},
contribution. From the transition probabilities for «y
rays originating from the 418-keV level, Langhoff finds

that the $+-0-ph. contribution should be raised to
49,2 A quantitative analysis of the 8 feeding of the
603-keV level in I'*! would probably require an even
greater contribution. The pure $+ single-quasiparticle
contributions to the second $+ levels should be larger
than those predicted by the KS calculations as, in each
member of the series, the upper §+ lies closer to the
lower one than predicted by KS.

In summary, the limited amount of data available on
the levels of the odd-A4 iodine isotopes can be qualita-
tively well explained with the model of pairing forces
plus long-range interactions as treated by Kisslinger
and Sorensen.’
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