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High-resolution Ge(Li) detectors have been used to observe y-ray singles and coincidence spectra of
30-h 11/2 ' 'Te" and of 25-min 3/2+ "'Teg. Sources were produced by neutron irradiation of
enriched "Te metal, and, in the case of "'Te, were chemically purified to remove the "'I daughter.

A total of 190 and 80 y rays are attributed to the decays of '"Te" and "'Teg, respectively; and 174
and 77 of these transitions have been placed in a "'I level scheme involving 52 excited states. The P
feeding from the 11/2 "'Te to the 7/2+ "'I ground state was determined to be (5.2 ~ 3.0)%
(log fit = 10.5). The isomeric transition branch of 11/2 Te to 3/2' Te~ was determined to be
(22.2+ 1.6)%. The 6-nsec isomer in I at 1797 keV has been assigned as 15/2 and interpreted as a
7fp yvg three quasiparticle state. The level structure of I is interpreted in terms of the shell mode 1 and
core excitation considerations.

RADIOACTIVITY 3 Te, ~ Te [from 3 Te (n, y)]; measured Ey Iy
coin; deduced logft, IT branch. i~~I deduced l,evels, J, m. Enriched target;

Ge (Li) detectors.

I. INTRODUCTION

The iodine nuclei, with three protons beyond the
closed shell at Z =50 and neutron number approach-
ing the closed shell at N=82, offer the opportunity
to examine the structure of nuclei with limited se-
niority. There has been much recent experimen-
tal work on the level structures of ~'I and "'I in-
cluding the study of the decay of ' 7Te +~ by Apt,
Walters, and Gordon, "the "Te~+~ decay study
of Mann, Meyer, and Walters, "the y-ray angu-
lar correlation study ("'I) of DeRaedt, Rote, and
Van de Voorde, ' and the ('He, d) reaction work of
Auble, Ball, and Fulmer. ' In addition, there have
been several recent theoretical papers dealing
with single particle plus phonon' and three quasi-
particle plus phonon' "states near the Z =50
closed shell. The decays of ' 'Te and "'Te to
levels in "'I are of particular interest, as the in-
creased Qz (from "'Te and "'Te) should allow the
observation of additional levels as well as extend
the systematics of the level structures of the neu-
tron excess I isotopes. The systematics of the en-
ergy levels and the y-ray branchings should then
provide a valuable check on the theoretical work.

The structure of the high-spin (~-,') excited
states of "'I observed in the decay of 30-h '-,

'
"'Te was first studied by Hebb and by Badescu
et al. "'" More recent studies, employing Ge(Li)
detectors and Ge(Li)-NaI(Tl) coincidence spec-
trometers, were performed by Devare, Singru,
and Devare" and by Beyer, Berzins, and Kelly. "

The multipolarities of several of the transitions
were established by studies"" of the internal con-
version electron spectrum of "'Te . Two isomer-
ic states have been observed in "'I, one at 149.7
keV and the other at 1797 keg, with half-lives of
0.75-nsec" and 6.0-nsec, "" respectively. In
addition, the g factors of these two states were
measured and found to be +1.11 and -0.16, re-
spectively. " The resulting decay scheme for
"'Te, however, contained many ambiguities as
to spin and parity assignments of the "'I levels.
We therefore initiated a study of the decay of 30-h

"'Te for the purpose of elucidating the high-
spin level structure of "'I. Preliminary reports
of this work have been given. ""

The structure of the low-spin (~-', ) excited states
of "'I seen in the decay of 25-min —,

' "'Te has
been studied in detail by Walters, Bemis, and
Gordon" and by Macias and Walters. " In addi-
tion, these levels have been studied using the
('He, d) reaction on '"Te by Auble, Ball, and Ful-
mer. ' During the course of our experiments on
the decay of 30-h "'Te we found it useful to re-
investigate the decay of 25-min "'Te~ to aid in the
assignment of weak y rays and to reduce the un-
certainties in the measured P, y, and isomeric
transition (IT) branches.

II. EXPERIMENTAL PROCEDURE

The sources of "'Te were produced by irradiat-
ing 10-50 mg of tellurium metal obtained from Iso-
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FIG. l. (a) Compton supressed y-ray spectrum (CSS) between 0 and 400 keV. (b) Compton supressed y-ray spectrum
between 400 and 800 keV. (c) Compton supressed y-ray spectrum between 800 and 1200 keV. (d) Compton supressed
y-ray spectrum between 1200 and 1600 keV. (e} Compton supressed y-ray spectrum between 1600 and 2000 keV and p-
ray spectrum from 19 cm3 detector between 1600 and 2400 keV.
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FIG. 1 (Continued)

topes Division, Oak Ridge National Laboratory,
Oak Ridge, Tennessee, enriched to 99.5% '"Te
for several hours in either the Livermore pool-
type reactor or the National Bureau of Standards
reactor. The sources were allowed to decay for
several hours until the 25-min "'Te~ was in tran-
sient equilibrium with the 30-h "'Te . A chem-
ical separation was then performed to remove the
large amounts of daughter "'I present.

Direct y-ray spectra were observed using a
large variety of detector-pulse-height analyzer
systems at the Lawrence Livermore Laboratory
(LLL) and at the University of Maryland (UM).
These included a 0.6-cm' Ge(Li) x-ray detector
with a full width at half-maximum (FWHM) value
of 480 eV at 60 keV as well as a large number of
Ge(Li) detectors ranging in size from 7 cm' to 65
cm and in FWHM from 1.9 keV to 2.4 keV for the
1332-keV Co y ray. In addition, extensive use
was made of the Livermore Compton suppression
spectrometer" which consists of a 7-cm' Ge(Li)

detector (FWHM of 2.0 keV at 1332 keV) and a
NaI(Tl) anti-Compton annulus consisting of two
23 cm by 33 cm NaI(TI) crystals. Spectra were
taken through various absorbers, including 0.63
cm of Al, 1.27 cm of Pb, and 2.54 cm of Pb; and
counting times ranged from =1 h to =62 h. The
spectra were analyzed using the LLL spectrum
analysis computer code GAMA&AI, ."

The yy-coincidence measurements were carried
out at UM using two large volume true-coaxial
Ge(Li) detectors (55 cm' and 65 cm', both having
a FWHM of 2. 1 keV at 1332 keV) in conjunction
with a multiparameter pulse-height analyzer and
associated electronics described elsewhere. ' The
coincidence time gate was approximately 30 nsec,
and the coincidence events were recorded on mag-
netic tape in an 8192 by 8192 channel format for
later analysis.

Sources of "'Te~ were produced by neutron ir-
radiation of "'Te in the LLL pool-type reactor.
Large samples (&50 mg) and short irra. diation
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FIG. 2. (a) y-ray spectrum between 9 and 100 keV observed with the 0.6 cms x-ray detector. (b) p-ray spectrum
between 100 and 195 keV observed with the 0.6 cm3 x-ray detector.
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TABLE I. y rays observed in the decay of 30-h &~ Te . The notes in the table mean the following: T—the rela-
tive intensity value is that measured for the total peak; G—the relative intensity value is the contribution to the peak
from ~ 'Te~ decay. The value is calculated based on the 997.16-keV transition being a pure 3 Te y ray and using the
relative intensity values for Te decay from this work; M—the relative intensity value is the result of subtracting
the contribution to the peak from ~Te~ decay; N—the contribution to the intensity from a transition in 3 Te~ decay was
negligible; MF—the relative intensity value is the result of balancing input to the level and output from the level and as-
suming no direct P feeding to the level; 125m, etc.—the decay of this Te isotope may contribute to the intensity of this
peak; Q—the presence of this transition is in some doubt. Generally this is a weak peak with large uncertainty and may
not have been observed in all of the singles spectra; D—this transition is possibly a doublet; GG—this transition was
observed solely in y-y coincidence spectra; IT—this is the internal transition lalm to lalg. The relative intensity
value is calculated from the measured IT branch and the theoretical conversion coefficients; MD—the relative intensity
value is the result of subtracting the contribution from Te~ decay; however, the placement of this transition is dif-
ferent from the placement in ~3~Te~ decay; X—coincidence information supports the assignment of this transition either
into or out of the level at 1148.9 keV; 131-I—an I y ray of this energy may contribute to the relative intensity;
DG—the relative intensity is the result of subtracting the contribution of an unresolvable transition seen only in coinci-
dence spectra; DE—the relative intensity value has been corrected for the contribution from a double escape peak.

Energy '
(keV) Intensity ~ " Note

Trans ition ~

(from/to)
Coincident y rays in Te decay

or identification

16.2 (1)
1V.a (1)
1V.6 (1)
18.4 (1)
18.7 (1)
19.6 (1)
19.9 (1)
21.1 (1)
21.8 {1)
22.4 (1)
23.1 (1)
23.7 (1)

(1)

27.2 (1)
2V.5 (1)
28.3 (1)
28.6 (1)
29.5 (1)
29.8 (1)
31.o (1)
31.v (1)

(1)
aa. o (1)
33.6 (1)

(1)
35.55 (8)
36.83 (3)
51.00 (5)

52.59 (6)
54.1 (1)
55.8 (1)
5v.5o (v)
60.84 (7)
62.38 (2)
63 2 (1)
65.o5 (8)
66.95 (5)
68.8 (1)
vo. a (1)
V1 2 (1)
72.8 (1)
V3.32: (5)
75.0 (1)

O.31 (4)
O.16 (4)

O.14 (4)
o.oa (2)
o.ov (3)

O.15 (4)
0.94 (6)
O.11 (4)
O.21 (5)
0.6 (1)

o.69 (8)

(1924/1887)
(1697/1646)

1059/1005

(2063/2001)

(2OO1/1936)

(2241/2168)

Ge x-ray escape peak
Ge x-ray escape peak
Ge x-ray escape peak
Ge x-ray escape peak
Ge x-ray escape peak
Ge x-ray escape peak
Ge x-ray escape peak
Ge x-ray escape peak
Ge x-ray escape peak
Ge x-ray escape peak
Ge x-ray escape peak
Ge x-ray escape peak
Ge x-ray escape peak

Te x ray
Te x ray
I x ray
I x ray
Xe x ray
Xe x ray
Te x ray
Te x ray
Ix ray
I x ray
Xe x ray
Xe x ray
f25Te m

Not placed

Not placed
Te

Not placed

Not placed

Not placed
Au x ray
Ge x-ray escape peak
Ge x-ray escape peak
Pb x ray
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Energy ~

(keV) Intensity ~ " Note

TABLE I (Continued)

Trans ition
{from/to)

Coincident y rays in 31Tem decay
or identification

78.57 (8)
79.19 (3)
so.ls (2)
81.14 (2)

84.9 (1)
86.43 (2)
sv. 3 (1)
92.2 {1)
95.OO(12)
96.4 (2)
98.3 {1)

100.0 {1)
lO1.6 (3)

102.06

0.40
3.3

(8)
(1)

3.8

0.10
0.15
0.35
1.9

205

{5)
{6)
(8)
(1)
{4)

(4)

1O5 (2}

852/773
2 011/1931

1980/1899

2011/1924

1646/1547
1980/1880
2001/1899

1899/1797

134, 335
'3ir [23.6]
102, 149.7, 151, 188, 190, 200, 240,

253, 342, 744, 773, 782, 793, 822,
852, 1023, 1125, 1646

Pb x ray
149.7, 278, 773, 1150
Pb x ray
Ge x-ray escape peak
Not placed
Not p1aced

102

81, 101, ll 1, 149.7, 151, 200, 240,
744, 773, 782, 793, 822, 852, 1023

103.3
105.0
109.4

111.9
113.5
123.7
125.2
126.1
127.4
130.5
132.2

(3)
(2)
(2)

(2)
(1)
(5)
(3)
(3)
(4)
(1)
(1)

1.2
0.7
1 3
0.4
0.9
0.2
0.8
0.3
0.10
0.22
0.15
0.6
1.8
0.12

(2)
(1)
(1)
(1)
(2)
(1)
(2)
(1)
(5)
(8)
(8)
(2)
{2)
(8)

T, 125m
G

M, 125m
MF

Q

(2114/2011)
(2168/2063)

602/492
2 0 1 1 /1899
2 011/1887

1887/1761
(1924/1797)

131T g 131Tem 125Te m

13 Teg [602/492]
131Tem 125

492
102, 342

Not placed
Not pl.aced

Not placed
Not placed

134.86

137.6
139.8
149.3
149.71

151.2

(2)
(1)
(3)
(1)

18.3 (6)

2 , (1)

3.0
1.0
2.0

(4)
(4)
(8)

2.0 {5)
533 (5)
4O2 (12)
131 (17)

(6)

GG
T
G
M

MF

T
G

MD

1931/1797

1899/1761

1697/1547

149/gs

1797/1646

79, 182, 200, 240, 744, 773, 782,
822, 852

Ge x-ray escape peak
283, 773, 774

Te 3 Te
13'Teg [j49/gs]
131T

81, 86, 102, 151, 189, 200, 253, 255,
278, 309, 334, 342, 351, 354, 364,
452, 462, 586, 609, 665, 685, 702,
713, 744, 793, 852, 856, 865, 910,
920, 941, 995, 999, 1127, 1148,
1165, 1254, 1333, 1496

1.31Teg 131Tem
)

3 Te [1298/1146]
81, 102, 149.7, 183, 586, 793, 852,

1646
155.9
159.66

169.7
172.0
177.2
182.25

182.25

(2)
(4)

(2)
(2)
(2)
(2)

(2)

1.0
3.3

0.8
0.3
1.7

41
20
19

(6)
(4)

(2)
(1)
(3)
{4)
(4)
(5)

123m

131-I
T
IT
GG

(2270/2114)
2170/2011

2170/2001

(19V4/1V9V}

2114/1 931

Te: 213, 364, 793, 1237, 1646

1148, 2001
Not placed
'31I[2.68]:
131Te m

Internal trans ition
134, 200, 240, 335, 375, 773, 822



1330 S. V. JACKSON, W. B. WALTE RS, AN D R. A. ME YER

Energy
(ke V) Intensity ' b Note

TABLE I (Continued)

Transition ~

(from/to)
Coincident y rays in Te decay

or identification

183.11

188.13

189.76

190.52

200.63

203.4
207.5

(5)

(4)

(6)

(2)

(4)
(1)

5.5 (3)

13 (1)

3.0 (4)

0.5
1.0

(2)
(3)

195 (3)

1980/1797

2168/1980

2114/1924

2170/1980

1797/1596

(2001/1797)
1059/852

151, 200, 240, 744, 773, 782, 822,
852

81, 283, 334, 773, 793, 852, 910,
1059, 1127, 1206

149.7, 278, 773, 793, 865, 1150,
1646, 1887,

81, 283, 334, 773, 793, 852, 910,
1059, 1127, 1206

81, 102, 134, 149.7, 182, 183, 213,
744, 773, 822, 852

852

210.3
211.9
213.98

227.7
230.65
232.3
235.0
240.93
253.17

255.44
261.4
267.2
269.2
272.4

278.56

278.56

281.4
283.2
284.30
290.3
296.8
298.8

302.7
303.9
309.47
317.9
323,7

324.8
325.8
331.2
334.27

335.44
342.92

342.92
345.9
351.3

(3)
(4)
(3)

(4)
(5)
(1)
(2)
(1)
(2)

(7)
(2)
(3)
(3)
(3)

(2)

(2)

(3)
(2)
(8)
(2)
(3)
(2)

(2)
(2)
(6)
(1)
(4)

(2)
(2)
(6)
(1)

(7)
(5)

(5)
(3)
(1)

0.4
0.3

11.0

0.4
5.0
2.4
0.4

196
16.8

8.0
0.4
0 4
2.8

46.5
0.6

46

0.9
10

2.0
1.3
0.6
0.6
1.0
1.0
9.7

0.4

0.8
247

3.5
14

0
10
2.5
5.4

(1)
(1)
(5)

(3)
(3)
(3)
(3)
(2)
(3)

(3)
(1)
(3)
(6)

(9)
(1)
(1)

(5)
(1)

(3)
(2)
(4)
(1)
(3)
(2)
(9)

(2)

(3)
(3)

(6)
(2)
(1)
(2)
(3)
(8)
(5)

Q, 121m

T
G

MD

X
T
G

131-I, GG

T
G

MF
GG, MD

N

N

(1974/1761)
2011/1797

(1924/1697)
2241/2011
2168/1936

(2170/1936)
1797/1556
1899/1646

1315/1059
2241/1980

(2241/1974)
(2168/1899) or (1646/1376)

1924/1646

2168/1 887
1980/1697

2270/1980
1148/852

1899/1596
2001/1697
1315/1005

1646/1315
1980/1646

1931/1596

492/149
1899/1556
2270/1924
1899/1547

Not placed

159, 200, 230, 240, 744, 773, 782,
822, 852

213, 364, 773, 793, 1237, 1646
1333, 1936

81, 102, 134, 182, 183, 213, 773, 782
81, 149.7, 586, 793, 852, 910, 1059,

1646
149.7, 665, 910, 1059

'"I[0.56]

13iTe m i31Teg
3 Te [1427/1148]

86, 149.7, 189, 345, 586, 793, 852,
910, 1059, 1646

1887
149.3, 188, 190, 844, 852, 923
'"I[61.5]

852
Te g [1444/1146]: Te [1800/1500]

3iTe g [1444/1146] Te g [1800/1500]
3iI [0.045]: 822

149.7, 665, 856, 1005
"I[0 79]

Not placed
i3i I[0.22]
"iI[2.49]

149.7, 188, 190, 586, 702, 773, 793,
852, 872, 910, 1059, 1646

79, 182, 744, 822
i3iTe i3i Teg

Te [492/149]
149.7
81, 111, 773, 792
278, 1150
149.7, 695, 773, 774, 852
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Energy '
{keV)

353.5 (3)

354.7
357.4
362.3
364.48

(1)
(3)
(4)
(2)

375.8
377.8
379.3
383.90

(3)
(3)
(3)
(7)

401.5 {5)

403.3
404.5
408.2

417.4
421.8

(4)
(2)
(3)

(2)
(5)

432.40
452.30

(7)
(4)

462.92
468.16
492.65

(5)
(9)
(5)

503.0
506.8

(1)
(2)

364.98(10)

2.1
0.1
2.0
5.9
0.5
2

(8)
(1)
(9)
(3)
(2)
(1)

31 (4)

0.3
1.0
0.5

10,4
5.2
5.2
0.10
0.06
0.8

(1)
(7)
(2)
(5)
(3)
(8)
(5)
(9)
(3)

1.6
7.2
0.2
0.2

17.1
147
107

(8)

(5)
(1)
(1)
(7)
(3)
(7)

40 (10)
33
47

8.1
30
28

2

0.2

(2)
(1)
(8)
(1)
(3)
(4)
(1)

2.3 (4)

rntensity ~ b Note

T

MD

T
G

MD
T
G
N

127
T
G

T
G
M

MF

T
G
M

MF

TABLE I (Continued)

Transition '
(from/to)

2241/1887
2001/1646

(1980/1622)
1646/1284

2011/1646

1931/1556
(1974/1596) or {2001/1622)

2176/1797

1980/1596

1005/602

2332/1924

2063/1646

1980/1547

602/149
1315/852
2114/1646

492/gs

Coincident y rays in 1Te decay
or identification

131Te m 131Teg
31Te g [1500/1146]

1887
149,7, 793, 852, 1646

31I[806]
149.7, 159, 230, 586, 702, 773, 793,

852, 910, 1059, 1646
182

131T m 131T g

131Teg [876/492]
744, 773, 82?, 852

[1500/1098]
1Teg [1500/1098]

'"r[0 56]

586, 793, 852, 1646
131Te g [1427/1005]

Te [1427/1005]
695, 773, 774, 852, 1547
131Te m 131Teg

1Teg [602/149]
131Tem

149.7, 546, 665, 685, 713, 1333
149.7, 609, 665, 685, 702, 852
793, 852, 1646
'"Te, '"Teg
131Teg [492/gs]
131Te m

109
'"r[3.58]
Not placed

524.8
530.7
541.4
544.8

546.7
551.1

(1)
(1)
(1)
(2)

(2)
(4)

(4)
(5)
(6)
(7)
(3)
(2)
(8)

3.5
2.7
2.9
3.0
2.5
1.0
0.10
0.11(10)

T
G
X
T
G

2170/1646
2176/1646
1315/773

1148/602

793
793
665

Te g [1146/602]
Te g [1146/602]

452, 602
Te g [1427/876)
Te g [1427/876]

558.1
567.2

572.7

579.8
586.30

597.0
602.09

{2)
(3)

(2)

(3)
(3)

(2)
(4)

0.6
0.6
0.6
1.3
0.2
1.1
2.0

51

1.3
32
24

8

(2)
(3)
{1)
(4)
(2)
(6)
(6)
(2)

(5)
{1)
(2)
(3)

T
G
T
G

MD

T
G
M

(2114/1556)

1887/1315
2176/1596
1646/1059

2001/1403

Te g [1444/876]
Te g [1444/876]

131Tem 131Teg

131Teg [1427/852)

149.7, 151, 253, 278, 334, 364, 417,
910, 1059

"Tem '"Teg
13 Teg [602/gs]
131Tem
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TABLE I (Continued)

Energy '
(ke V) Intensity ~' b Note

Transition c

(from/to)
Coincident y rays in Te decay

or identification d

609.4
(637.3)
642.73
654.2

657.2
665.05

(1)
(2)
(9)
(1)

(2)
(3)

8
3.6

( p.s)

ll
9
0.8

112

(1)
(4)
(8)

(2)
(2)
(4)
(2)

MF

131-I

T

Q

602/gs
1924/1315

(1697/1059)

1980/1315

546, 665, 713, 1333
149,7, 462, 713, 1315
'"I[72.1]
i3iI[2 18]

Te g [1146/492]tt Tee [1146/492]
Not placed
149.7, 255, 309, 452, 462, 541, 602,

702, 713, 852, 856, 910, 1059,
1165, 1315

681.95(30)
685.9 (1)

0.8
4.0

(2)
(3)

1284/602
2001/1315 149.7, 452, 462, 713, 852, 1315

695.62

702.50

713.10
722.90
727.0

738.8
744.20

749.0
773.67

(s)

(7)

(4)
(7)
(2)

(2)
(4)

(s)
(3)

11.2
0.9

10.3
10.1

(6)
(2)
(8)
(5)

3V (4)

3.0
2.8
1.7

41

(3)
(4)
(3)
(1)

0.4 (2)
1000 (8)

986 (10)

T
G

MD
N

T
G
X
N

Q
T

DG

1547/852
852/149

1315/602

1887/1148
1596/852

(2063/1315)

773/gs

31Te m 131Teg

Te [1298/602]
351, 432, 852
149.7, 334, 364, 462, 665, 744, 793,

1127, 1148
149.7, 452, 602, 609, 665, 685
'"I[1V.9]

3 Te~ [876/149]
Te& [876/149]

999, 1148
81, 102, 134, 149.7, 183, 200, 213,

335, 383, 702, 852

~3~Te doublet
81, 86, 102, 134, 149.3, 182, 183,

188, 189, 190, 200, 213, 230, 240,
334, 335, 342, 351, 364, 383, 432,
774, 782, 822, 923, 1023, 1114,
1125, 1150, 1206, 1237, 1340, 1394

774.1
782.49
793.75

(1)
(4)
(3)

14
201
358

(2)
(3)
(5)

154V/VV3
1556/773
1646/852

149.3, 351, 432, 773
81, 102, 134, 183, 213, 240, 342, 773
81, 102, 149.7, 151, 159, 188, 189,

190, 230, 253, 278, 334, 364, 417,
468, 524, 530, 702, 852

801.6
822.78

(2)
(4)

842.1 (2)

(2)
(2)
(3)

852.21
856.05

(3)
(6)

865.1
872.3
881.6
898.6

(2)
(3)
(3)
(3)

844.9
848.9
852.21

0.5
158

(2)
(2)

10
16
0.5

16
5
2.6
0.9
0.9
0.8

(5)
(1)
(1)
(1)
(1)
(3)
(3)
(3)
(2)

1.3 (4)
1.2 (2)
4 (1)
1.0 (3)

543 (6)
533 (11)

T
G

T, N

DG, N

GG, X
T
G
M

DE

N

T
G

1403/602
1596/773

1697/852
(1e22/vv3)

852/gs

2001/1148

1005/149
1924/1059
1646/773
1887/1005

81, 102, 134, 182, 183, 200, 213, 302,
335, 383, 773

'3iTe~[1444/602]
Te [1444/602]

283, 852

~Te doublet
81, 102, 134, 151, 188, 190, 200, 207,

213, 253, 278, 283, 296, 334, 351,
354, 364, 383, 417, 432, 462, 468,
665, 685, 695, 744, 793, 844, 1035,
1127, 1148, 1211, 1316

149,7, 999, 1148
&"Te m &3'Te~

3 Te [1005/149]
149.7, 309, 665, 995
DE [1887.70]: 149.7, 189, 910, 1059
334

Te [1500/602]
3~Te ~ [1500/602]
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Energy
(keV)

910.00

920.62
923.4
930.0
934.5

(3)

(5)
(2)
(4)
(1)

31
3.0
0.5
4 9
5.1

(2)
(6)
(3)
(4)
(4)

ensity

85 (2)

Note

Q
T

TABLE I (Continued)

Transition ~

(from/to)

1059/149

1980/1059
1697/773
1936/1059

Coincident y rays in 3~Te~ decay
or identification

149.7, 188, 190, 253, 255, 278, 334,
364, 586, 665, 865, 920, 941

149.7, 910, 1059
283, 773

S~Te~ [1427/492]
'3~Te~ [1427/492]

941.27
948.57

951.3

979.0
987.8
995.1
997.16

999.2
1003.6
1005.7
1007.7

1023.6

1027.8
1035.4
1059.69

1072.3
1098.3

1108.3
1114.1
1125.46
1127.96
1134.2
1146.97

1148.89

1148.89
1150.90
1162.7
1165.5
1181.4
1206.60
1211.0
1227.8
1237.32
1248.5
1254.2
1277.7

1294.47

1315.16

1316.2

(5)
(5)

(1)
(1)
(3)
(6)

(1)
(2)
(2)
(1)

(4)
(2)
(4)

(2)
(2)

(3)
(3)
(4)
(6)
(4)
(6)

(7)

(7)
(9)
(2)
(1)
(4)
(4)
(2)
(5)
(5)
(3)
(4)
(3)

(7)

(8)

(2)

20.2
13.3
13.2
2.0
1.9

4.0
2.3

19,5
19.5
4.4
0.7
1,9
4.9
4.8
1,6

0.2
2.7

40

0.6
1.1
1.1
0.6
0.3

295
25

0.2
30
29
44
39

5
17
0.7
3.6
0.3

252
1.6
0.2

17.0

0.7
0.8
0.7
2.9
2.8

20
18
2.5

(7)
(6)
(6)
(4)
(3)

(3)
(4)
(9)
(9)
(5)
(4)
(4)
(4)
(3)
(2)

(1)
(2)
(1)

(1)
(2)
(2)
(2)
0)
(6)
(2)
(1)
(3)
(3)
(2)
(8)

(6)
(2)
(2)
(3)
(2)
(4)
(3)
(1)
(8)

(1)
(2)
(2)
(2)
(3)
(&)

(2)
(9)

T
6
T
G

T
G

X, N

Q
N

T
G

T
6

Q
T, DE

6
T, N

DG

GG, X, MF

T
G
T
G
T

DG
66

2001/1059

1761/773
2001/1005

1148/149
2063/1059
1005/gs

1VSV/VV3

1880/852
1887/852
1059/gs

1924/852

2168/1059
1887/773
1899/773
1980/852
1284/149

2001/852

1148/gs
1924/773
2168/1005
1915/149
2241/1059
1980/773
2063/852

(2001/773) or (1376/149)
2011/773

1403/149

1315/gs
2168/852

149.7, 910, 1059
~3~Te ~ [1098/149]

Te~ [1098/149]
~ Te& [1444/492]

Tee[1444/492]
DE [2000.94]

149.7, 856, 1005
~3~Te~ [1146/149]

3 Te~ [1146/149]
149.7, 738, 852

309, 995
~3~Te ~ [1500/492]
'3~Te~ [1500/492]
81, 102, 773

852
188, 190, 253, 255, 278, 334, 364,

586, 665, 865, 920, 941

~Te il" [1098/gs]
~3 Te~ [1098/gs]

773
81, 773
149.7, 188, 190, 702, 852

DE [2168.54]: Te ~ [1146/gs]
Te ~ [1146/gs]

3 Te doublet
149.7, 169, 702, 852

738, 852
86, 189, 345, 773

149.7, 665

188, 190, 773
852

159, 230, 773
DE [2270.65]
149.7
~3~Te~ [1427/149]
3~Te + [1427/149]
3 Te+ [1444/149]

' 'Te~ [1444/149]
3~Te ~ doublet

609, 665, 685
852
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Energy '
(ke V) Intensity ' b Note

TABLE I (Continued)

Tr ansition
(from/to)

Coincident y rays in '3~Te decay
or identification d

1318.3 (2)
1333.8 (3)
1340.6 (1)
1350.9 (4)

1376.8 (4)
13s9.e (3)
1394.83 (9)
14O3.6 (6)
1426.8 (3)

1490.0 (3)
1496.5 (4)

1500.4 (2)

152V.V (3)

1547.75 (9)
155e.2 (5)
1596.4 (5)
1646.01 (5)

165v.5 (5)
1696.8 (5)
1v59.e (5)
1830.6 (4)
1880.1 (3)
1ssv.vo (v)
1899.1 (5)
1924.1 (3)
1936.15 (9)
1980.3 (3)
2ooo.94 (6)
2168-.S4 (9)
2270.65 (9)
2332.75(40)

1.O (2)
(2)

2.e (3)
O.3 (1)
o.3 (2)

(2)
0.4 (1)
2 s (2)
O.3 (2)
0.4 (1)
0.6 (2)

(2)

0.8 (2)
o.v (2)
O.3 (1)
0.3 (1)
1.8 (2)

32 (1)

o.4 (1)

0.2 (1)
1.6 (2)

(1)

0.10 (5)
1.9 (2)
O.S (2)

(1)
9.O (5)
9.9 (5)
0.07 (1)

T
G

T
G

T
G
T
G
N

N

2170/852
1936/602
2114/vv3

1376/gs
2241/852
2168/773
1403/gs

1646/149

154V/gs

1646/gs

1697/gs

1980/149
1880/gs
1887/gs

1924/gs
1936/gs
1980/gs
2001/gs
2168/gs
227O/gs
2332/gs

149.7, 232, 452, 602
773

3 Te~ [1500/149]
~3~Te ~ [1500/149]

~Te+ [1427/gs]
~3~Te~ [1427/gsl
SE[2000.94]
149,7

Te~[1500/gs]
3 Te~ [1500/gs]

Te~ [1677/149J
~Te ~ [1677/149]

432
SUM[773+ 782]
SUM[773+822 and 852+744]
81, 151, 159, 189, 230, 253, 278,

334, 354, 364, 417, 468
SE [2168.54]
283
SE[2270.651

189, 281, 353
SUM [1127+852]

232

169

~ Value shown as 16.2(1) means 16.2+ 0.1, for example. The uncertainties are one standard deviation.
The intensity values are relative to a value of 1000 for the combined 773-67- and 774.1-keV transitions. To convert

to absolute intensities (per 1000 decays) multiply the relative intensity value by 0.3846. This includes the absolute P
branch direct to ground of 5.27o. Since this table consists of peaks seen under a wide variety of counting conditions,
intensity values are given only for transitions assigned to Te +~ decay. Transitions not placed in the decay scheme
are thought to come from Te~ decay, as their intensity values were consistent under all counting conditions and they
were not observed in 3~Te~ decay.

Transition assignments are made for 'Te decay. Assignments in parentheses are dotted in the decay scheme and
were placed on the basis of sums and differences and on being consistent with being monopole or dipole transitions.
Double assignments are both shown in the decay scheme, with the sums and differences giving no preference for the
place ment.

Assignments to other Te isotope decays are based on variations in relative intensity values with length of irradiation
and with time after irradiation. Assignments to ~3~Te~ decay are based on the present work and on the work of Macias
and Walters (Ref. 18). Assignments to I decay are based on the work of Meyer, Momyer, and Walters (Ref. 26). On
the intensity scale of this table, the most intense ~3'I y ray (364.48 keV) had a relative intensity value ranging from
about 100 to about 700 depending on the length of the count and the time after chemical separation. For I y rays, the
absolute intensity value (per 1000 decays) from the work of Meyer et al. (Ref. 26) is given.
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TABLE II. y rays observed in the decay of 25-min 3 Te

Energy ~

(ke V)

109.40 (4)
141.20 {4)
149.716 (5)

(1)
221.57 (S)
267.5 (3)
274.68 (15)
278.17 (2)
280.17 (12)
294.75 {15)
297.OS (5)
299.94 (6)
342.945 (4)
34S.6 (1)
351 48 (7)
353.58 (9)
384.059 (3)
402.36 (14)
403 3 (e ~ ~ )
421.32 (7)
438.3 (2)
452.323 (2)
469.7 (1)
492.66 (1)
494.85 (S)
496.23 (8)
544.88 (1)
550.4 (1)
567.33 (4)
574.9 (1)
602.039 (3)
6os.ss (2)
654.26 (1)
696.19 (2)
7O2.7 {3)
727.00 (2)
744.4 (3)
805.57 (20)
825.0 (2)
841.99 (2)

Intensity ~ b

o.S (1)
0.41 (7)

1000
2.s (9)
0.48 (7)
o.o6 (5)

&0.1
1.43 (7)
0.25 (7)

&0.07
O.72 (7)
o.s7 (7)

10.2 {1)
0.20 (6)
O.34 (6)
0.28 (6)

13.0 {1)
o.io (5)
o.io (5)
0.61 (12)
o.io (5)

264.5 (7)
0.22 (8)

7O.2 (3)
(1)

0.5 (1)
6.2 (2)
o 4 {1)
1.49 (9)
o.4s (7)

60.9 (3)
1.7 (1)

22.2 (2)
2.6 (2)
0.11 (8)
6.8 (1)
0.11 (6)
o.2o (8)
O.4 (1)

{1)

Note
Transition
(from/to)

602/492
1146/1005
149/gs

1298/1146
1098/876

~ ~ ~

876/602
1427/1148
1427/1146
1146/852
1444/1146
1800/1500
492/149

1444/1098
1500/1148
1500/1146

876/492
1500/1098
1005/602
1427/1005
1444/1005
602/149

1346/876
492/gs

1500/1005
1098/602
1146/602
1427/876
1444/876
1427/852

602/gs
1098/492
1146/492
1298/602
1800/1098
876/149

1376/602
1298/492
1427/602
1444/602

Energy ~

(kev)

852.21 (6)
853.83 (S)
856.08 (3)
881.15 (9)
898.54 {3)
934.483 (5)
948.542 (4)
951.39 (2)
997 25 (1)
999.26 (15)

1005.76 (15)
1007.96 (1)
1035.5 (5)
1O66.8 (3)
1098.25 (2)
1146.96 (1)
1148.51 (6)
1148.9 (''')
1155.8 (2)
1184.7 (2)
1198.3 {2)
1265.2 (2)
1277.44 (1)
1294.34 (2)
1297.98 (16)
13O8.1 (2)
1350.91 (4)
1427.14 (2)
1500.62 (3)
iS27.73 (2)
1548.0 (5)
1579.94 (9)
1650.97 (9)
[176S.2 (5)]
1800.68 (20)
1891.1 (3)
1923.6 {2)
f1973.1 (4)]
2040.8 (1)
2O72. 8 (3)

Intensity + b

0.64 (7)
1.40 (7}
1.9 (1)
0.37 (6)
2.o (1)

12.7 (2}
32.8 (4)
4.8 (1)

48.S (2}
0.4 (1}
O.2 (1)

11.6 (1}
O. O4 (3)
O OS (5)

(1)
72.O (4}

(1)
0.9 (1)
O. O6 (3)
0.08 {3)
0.08 (2)
0.07 {2}
1.71 (7)
7.0 (1)
0.07 (3)
0.10 (1)
0.88 {5)
1.S3 {5)
1.67 (5)
0.83 (4)
0.013 (7)
0.12 (1)
0.18 (1)

fo o2 (7)]
0.05 (1)
0.04 (2)
0.05 (1)

fo.o3 (1)]
0.10 (1)
0.09 (2)

Note
Trans ition
(from/to)

852/gs
1346/492
1005/149
1757/876
1500/602
1427/492
1098/149
1444/492
1146/149
1148/149
1005/gs
1500/492
2040/1005
2072/1005
1098/gs
1146/gs
1298/149
1.148/gs
1757/602
1677/492
1800/602
1757/492
1427/149
1444/149
1298/gs
1800/492
1500/149
1427/gs
1500/gs
1677/149
2040/492
2072/492
1800/149

~ ~ ~

1800/gs
2040/149
2072/149

~ ~ ~

2040/gs
2072/gs

' Value shown as 109.40(4) means 109.40+ 0.04 for example. The uncertainties are one standard deviation.
The intensity values are relative to 1000 for the 149.716-keV transition. To convert to absolute intensities (per 1000

decays) multiply the relative intensity value by 0.6814. This includes a total conversion coefficient of 0.257 for the
149 keV transition and the assumption of 7% E2 character for the 149 keV transition (taken from BTe —' 9I data).

The contribution from isomer decay impurity is negligible.
d Part of the 297-keV transition is 1148 to 852. I=0.l as calculated from Te decay and measured 999-keV intensity

in ~S~Te~ decay.
~ The contribution from the isomer decay impurity has been deleted using intensity ratios in Table I.

1148.9-keV transition intensity was calculated from known ratios in 3 Te ~ decay and the measured 999-keV intensity
in ~3~Te~ decay.

times (30 sec} were employed to minimize the pro-
duction of "'Te and "'I. No chemical separations
were performed, and counting began =5 min after
irradiation. The direct y-ray spectrum was ob-
served, as previously described, with a new
source produced every 25 min and the old source

moved on to another detector-pulse-height analyz-
er system. Approximately 19 25-min counts were
summed on each of the several systems. No yy-
coincidence measurements were performed on
"'Te~ decay except those described above, which
utilized the equilibrium "'Te '~ source.
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III. RESULTS

The y-ray spectrum of an equilibrium source of
"'Te '~ observed with the 7-cm' Ge(Li) detector
in the Compton suppression spectrometer is shown
in Figs. 1(a)—1(e) with insets from large volume
Ge(Li) detectors to clarify certain features and
show the high energy portion of the spectrum. A

portion of the low-energy spectrum (LEPS) of
"'Te "observed with the 0.6-cm' Ge(Li) detec-
tor is shown in Figs. 2(a) and 2(b). A total of 260
peaks were observed, including single-escape
(SE), double-escape (DE), x-ray escape, x-ray,
and sum (SUM) peaks. Fourteen additional transi-
tions were established on the basis of coincidence
information, and their intensities were calculated
from the coincidence spectra.

The 274 peaks are tabulated in Table I. 190 y
rays were attributed to the decay of 30-h "'Te,
although 16 of these were not placed in the decay
scheme. A majority of the remaining y rays were
assigned to either "'Te' decay (based on the pres-
ent work and the work of Macias and Walters" ) or
to "'I decay (based on the work of Meyer, Momyer,
and Walters" ).

In the "'Te~ spectra, 80 y rays were attributed
to the decay of 25-min "'Te'. These are tabulated
in Table II, and 77 of them are placed in a decay
scheme for "'Te~. In Table I, ground-state decay
contributions were determined based on the 997.25-
keV transition, and in Table II the isomeric-state
decay contributions were determined based on the
773.67-keV and 774.1-keV transitions.

The Ge(Li)-Ge(Li) yy-coincidence data were
analyzed using the University of Maryland Univac
1108 computer along with computer codes developed
at the University of Maryland. " Approximately
three million coincidence events recorded on mag-
netic tape were scanned, and coincidence spectra
were extracted for 60 peak regions as well as for
neighboring regions to account for Compton back-
grounds. Energy gates were set on the spectrum
obtained with the 65-cm' detector, and the spec-
trum in coincidence with the gated region was re-
trieved for the 55-cm' detector. The results ob-
tained are tabulated in Table I. The coincidence
information obtained on "'Te decay is not shown
as it was less complete than, and in agreement
with, the work of Macias and Walters. "

By observing the growth and decay of daughter
"'I in an equilibrium "'Te "source initially free
of "'I, we determined a direct ground state P
branch for "'Te of (5.2+3.0)%%d . Thi s is ingood
agreement with the previous value of 6'%%uo.

" In
"'Te decay, Davare, Tandon, and Devare" were
unable to detect any measurable direct P decay to
the ground state of "'I.

To determine the 182.2-keV M4 IT branch for
"'Te we were unable to directly employ the
182.25-keV transition intensity, as this transition
was shown by coincidence measurements to be an
unresolved doublet. Therefore we determined a
"'Te P-decay intensity by totaling the intensities
of all the transitions assigned to "'Te decay ter-
minating at the ground state or one of the first
three excited states (at 149, 492, and 602 keV).
We used the ground-state p-branch value of 5.2'%%uo

and assumed that there was no direct P decay to
the first three excited states. The intensity of the
997.16-keV transition, seen only in "'Te decay,
along with the intensities in Table II, resulted in
an intensity value for "'Te' P decay. Comparison
of the two P-decay intensities, assuming transient
equilibrium, resulted in a value for the IT branch
of (22.2 a 1.6)%. This is in fair agreement with the
previous value of 18% which was obtained by com-
parison of the total p spectrum with the K and L
conversion lines due to the 182-keV M4 IT."

IV. DECAY SCHEMES

The resulting decay scheme for "'Te is shown
in Figs. 3(a)—3(d), and the levels of "'I along with
their properties are tabulated in Table III. The
notation of Figs. 3(a)-3(d) is the same as in Ta-
ble III. Energy gates were set on those y rays
depicted in the figures with a dot on their upper
end, whereas those y rays observed in the result-
ing coincidence spectra are indicated by a dot at
their lower end. Dashed transitions are indicated
in Table I by parentheses placed around the transi-
tion assignment. Dashed levels are placed solely
on the basis of sums and differences involving
dashed transitions. Energies and intensities of the

y rays are tabulated in Table I, and intensities
given on the figures as (205+145), for example,
indicate y-ray intensity plus theoretical conver-
sion electron intensity, " respectively. In making
intensity balances it was assumed that there was
no direct P decay from the isomer to the levels at
149, 492, 602, and 1148 keV. The Qs for "'Te
is 2424+13 keV, calculated based on the masses"
of "'Te and "'Xe, the Q value for the "'Te(d, p)
reaction, "the measured"'" QB of "'I, and the
isomer at 182 keV. The QB value for "'Te of
2434 a 6 keV of Wapstra and Gove" and the log f,
tables of Gove and Martin' were used to calculate
log ft values.

The positions of the first three excited states
have been firmly established by "'Te~ decay
scheme studies"'" and by "'Te('He, d) reaction
studies. ' The two states at 773.67 and 852.21 keV
are established by the strong intensities of the two

y rays of these energies, the absence of any coin-
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TABLE III. 3 I levels observed in the p decay of 30-h 3 Te

Energy 0 Absolute
(keV) (keV) P

J'f
log ft Note assignment

Energy 0. ~ Absolute
(keV) (keV) P

' 0'
J7I

log ft Note assignment

5.2

149.71 0.01 0

492.65 0.05 0

602.05 0.06 0

773.67 0.03 0.3

852.21 0.03 0.4

1005.76 0.07 0.2

1059.69 0.04 0.3

1148.9 0.1

3.0

1.3
1.3
0.2

0.4

10.5 c

(9.9) e

(9.7)

(9.9) e

(9.5) e

1284 o 0.4 -0.04 0.05 ( 10.7) f

1315.16 0.08 p.2 0.4 (9.5) e

1547.75 0.10 0.004 0.2 (10.8) e

1556.16 0.07 -0.3
1596.43 0.07 -0.5

0.2 (~10.8) g

p.3 (~10.7) g

1622.6 0.2 -0.02 0.05 (~9.8)

1646.01 0.08 2.6 0.9

1697.1 0.2 -p.pl 0.2

1761.6 0.2 0.04 0.06

7.7

(~8.8) f

(9.3) e

1376.8 0.4 p.p6 p. p4 ( 11.0) g

1403-7 0.3 0.008 0.04 (10.7) e

2

5+
2

g+
2

31+
2

2

7+
2

9+
2

7+
2

(-,")
9+
2

(
9+ 7+)
2 ' 2

7+
2

f1+
2

15+
2

13'
.2

(3~+ W 9 )2 ' 2 ' 2

11
2

31+)

(ii+ 13+)
2 ~ 2

1797.07 0.08 0.3 0.7 (8.3) e

1887.70 0.07

1899.13 0.07 16.1

1924.57 0.11 2.1

0.2

1.2
0.5

7.5

6.4

7.2

1931.93 0.10 -0.05 0.3

1936.15 0.09 0.01 0.05

1974.25 0.20 0.09 0.05

( 8.1) f

(9.4) e

8.4

1980.25 0.10 37.1

2000.94 0.06 5.4

2010.99 0.08 2.6

2063.3 0.2 0.5

2114.17 0.14 2.0

2168.54 0.09 1.1

2170.65 0.12 0.5

1.9
0.6

0.3

0.08

0.4

0.2

0.1

5.8

6.5

6.8

7.4

6.5

6.5

6.8

2176.4 0.2 0.2 0.04

0.1

7.2

6.52241.64 0.13 0.4

2270.65 0.09 0.6 0.1 6.1

2332.75 0.40 0.07 0.04

1880.1 0.3 -0.02 0.024 (—10.0)

2

(&, —2')
2-(+) 31'

gi-
2

9
2

' 2

15
2

9+ g+2'2
Qi

2 ' 2

11
2

9
2

13
2

(gi

9»
2

(ig )

(y, —, )11 13

(i~ )
9~
2

(-,' )

' All uncertainties are one standard deviation.
"This is the number of P rays to this level per 100 decays of 3'Te .

This logft value is the logfit.
A zero P feeding to this level was assumed.
The intensity balance results in a positive P branch, but due to the large uncertainty a zero P branch cannot be ruled

out.
~ The intensity balance results in a negative P branch. The log ft limit is the result of adding the uncertainty value to

the calculated value.
~ The intensity balance results in a negative P branch larger in magnitude than the uncertainty value. The log ft limit

comes from assuming a maximum P feeding of 0.1 relative y-ray units.

cidence between them, as well as a 149.71- by
702.50-keV coincidence.

The level at 1005.76 keV is placed on the basis
of a y ray of this energy and a 149.71- by 856.05-
keV coincidence. In addition, these transitions
are observed in "'Te~ decay, and several weak y
rays observed in ' Te~ decay fitted between estab-
lished low-spin "'I levels a,nd a level at 1005.76
keV. The level at 1059.69 keV is placed on the
basis of a y ray of this energy as well as 149.71-
by 910.00- and 852.21- by 207.5-keV coincidences.
The level at 1315.16 keV is established on the ba-
sis of ay ray of this energy as well as numerous
coincidences including 1059.69- by 255.44-,

1005.7- by 309.47-, 852.21- by 462.92-, and
602.05- by 713.10-keV. The level at 1403.7 keV
is established on the basis of a y ray of this ener-
gy and a 149.71- by 1254.2-keV coincidence. The
level at 1547.75 keV is established by a y ray of
this energy as well as 773.67- by 774.1- and
852.21- by 695.62-keV coincidences. For all five
of these levels the transition to ground does not
appear in coincidence with any transitions originat-
ing at levels of lower energy.

The levels of 1556.16 and 1596.43 keV are placed
by strong 773.67- by 782.49-, and 773.67- by
822.78-keV, coincidences as well as a strong
852.21- by 744.20-keV coincidence. The level at
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1646.01 keV is placed by a. strong y ray of this en-
ergy as well as 852.21- by 792.75-, 1059.69- by
586.30-, and 149.71- by 1496.5-keV coincidences.
In addition, a high-spin level at 1638 x 10 keV was
observed in the ('He, d) reaction work. ' The level
at 1697.1 keV is established on the basis of a y
ray of this energy as well as coincidences indicat-
ing feeding to the levels at 773.67 and 852.21 keV.
The level at 1797.07 keV is placed on the basis of
coincidences between the 200.63-keV y ray and the
822-773 keV cascade as well as coincidences be-
tween the 240.93-keV y ray and the 782-773 keV
cascade. This level has been observed to have a
half-life of 6 nsec. "

The 1887.70, 1924.57, 1980.25, and 2168.54 keV
levels are all placed on the basis of y rays of these
values, coincidences indicating feeding to the level
at 773.67 keV, as well as numerous other coinci-
dences indicating feeding to other established lev-
els. The level at 1899.13 keV is established on the
basis of numerous coincidences, including 773.67-
by 1125.46-, 782.49- by 342.92-, 1646.01- by
253.17-, and 200.63- and 240.93- by 102.06-keV
coincidences. The level at 1931.93 keV is placed
on the basis of coincidences indicating feeding to
the levels at 1596.43 and 1797.07 keV. The level
at 1936.15 keV is placed on the basis of a y ray of
this energy as well as 602.05- and 452.30- by
1333.8-ke V coincidence s.

The level at 2000.94 keV is placed on the basis
of a strong y ray of this energy as well as numer-
ous coincidences, including 1005.7- by 995.1-,
1059.69- by 941.27-, 1315.16- by 685.9-, and
1646.01- by 354.7-keV coincidences. The levels
at 2010.99, 2063.3, and 2170.65 keV are all estab-
lished on the basis of coincidences indicating feed-
ing to the 1646.01 keV level as well as to numer-
ous other previously established levels. The lev-
el at 2241.64 keV is placed on the basis of 1887.70-
by 353.5- and 1237.32- by 230.65-keV coincidences.
The level at 2270.65 keV is placed on the basis of
a y ray of this energy as well as coincidences be-
tween the 345.9-keV y ray and the two strongest
transitions out of the level at 1924.57 keV.

The coincidence spectra indicate a strong
1148.89- by 852.21-keV coincidence, and this cas-
cade is a major mode of deexcitation of the level
at 2000.94 keV. We have, however, placed levels
at both 852.21 and 1148.9 keV. A level at 852.21
keV is established by numerous coincidences be-
tween the 852.21-keV y ray and other y rays (such
as 1127.96-, 1035.4-, 844.9-, and 792.75 keV)
which when added to 2000.94 keV result in a value
greater than Qs, and which cannot deexcite a level
at 1148.9 keV. The level at 1148.9 keV is estab-
lished on the basis of the following coincidences:
(1) 149.71- by 999.2-keV (=1148.91 keV); (2)

1148.89- by 738.8-keV (= 1887.69 keV); (3) 999 2-
by 852.21-keV (deexciting 2000.94 keV level);
(4) 602.05- by 546.7-keV (=1148.75 keV); and,
(5) 999.2- by 738.8-keV. In addition, the "'Te~
decay data indicates the presence of the 999.2-
keV transition as well as two doublets (278-280
and 351-353 keV) which may be placed from estab-
lished low-spin levels to an established level at
1146.95 keV and a new level at 1148.9 keV. The
splitting of the 852.21- and 1148.89-keV doublets
in "'Te decay given in Table I is based on rela-
tive intensities from coincidence spectra and on

calculating an intensity balance assuming no direct
p decay from the isomer to the 1148.9 keV level.

Of the remaining eight levels shown in Figs.
3(a)-3(d) and in Table III, the levels at 1376.8,
1880.1, and 2332.75 keV are established on the
basis of y rays of these energies which were not
observed in any coincidence spectra. In addition,
each level is the result of one or more sums in-
volving y rays not assigned to previously estab-
lished levels. The remaining five levels, 1284.0,
1622.6, 1761.6, 1974.25, and 2176.4 keV, are
placed solely on the basis of a number of sums
and differences involving y rays not assigned to
previously established levels.

This decay scheme is similar to but much more
complex than the most recent decay scheme of
"'Te ." We have eliminated only two previously
suggested levels, 1488 and 2231 keV, for which

we found no evidence, and we have added 20 new

levels to the decay scheme.
The resulting decay scheme for 25-min "'Te'

is shown in Figs. 4(a) and 4(b), and the levels of
"'I along with their properties are tabulated in
Table IV. The notation is the same as is used in

Figs. 3(a)-3(d) and in Table III. The energies and

intensities of the y rays are tabulated in Table II.
The Q8 for "'Te' is 2242 + 13 keV, calculated as
described above. (The value of 2252+6 keV of
Wapstra and Gove" was used in log ft calcula-
tions. ) The P-branch values are based on a zero
direct P feeding from "'Te~ to the "'I ground
state, "and the log ft values were calculated using
the logf, tables of Gove and Martin. "

For the ground state decay of "'Te, most of the
levels were established by the decay scheme work
of Macias and Walters" and the ('He, d) reaction
work of Auble, Ball, and Fulmer. ' We have ob-
served a number of new weak y transitions and we
have placed six new levels. Three of these 852.21,
1005.76, and 1148.9 keV, are also observed in
"'Te decay. The level at 1757.9 keV is placed
on the basis of two y rays which may feed the lev-
els at 492.66 and 149.716 keV. The levels at
"-040.8 a'nd 2072.6 keV are placed on the basis of

y rays of these energies as well as three addition-
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TABLE IV. fI levels observed in the P decay of
25-min f3fTeg.

Energy
(keV)

Absolute J7t

P
b cr ~ log ft Note assignment

149.716 0.005 59.7 0.6

492.66 0.01 0.8 0.1

~ ~ ~ c

6.15

7.72

602.04 0.01

852.21 0.06

876.72 0.02

1005.76 0.04

1098.26 0.02

1146.95 0.02

1148.9 0.1

1298.23 0.03

1346.49 0.06

1427.14 0.03

1444.05 0.03

1500.62 0.03

1677.45 O. 05

1718 10

21.7 0.2 6.17

0.001 0.020 (10.1) d

1.17 0.05 7.14

-0.01 0.05 (~8.5) e

2.56 0.04 6.51

5.709.9 0.2

-O.p2 0.03 ( 8.8) e

6.90p.5 0.1

p.12 0.02 7.46

1.33 0.07 6.26

1.17 O. 06 6.28

0.40 0.04 6.64

O. O6 0.01 7.05

~ ~ ~ f

1757.9

1800.7

2040.8

2072.6

0.1

0,1

0.1

p. l

0.034 0.007 7.07

0.07 O. 02 6.61

0.013 0.005 6.29

0.024 0.006 5.80

7+
2

2

3+
2

5+
2

9+

2

f+
2

7+

2

3+
2

g+
2

y+
2

Q+
2

f+
2

2+
2

Q+
2

3+
2

f+
2

f+ 3' g+2'2'2
3+ 5+2'2
3+ 5+

2
'

2

5+

2
'

2

' All uncertainties are one standard deviation.
" Number of P rays to this level per 100 decays of

f3fTeg
~ Zero P feeding to this level was assumed.

The intensity balance gives a positive P branch but
due to the large uncertainty a zero P branch cannot be
ruled out.

The intensity balance gives a negative P branch. The
log ft limit is the result of adding the uncertainty value
to the calculated value.

~ This level was seen in (3He, d) reaction studies, how-
ever there was no definite evidence for this level in this
study of Te g decay.

al transitions apiece. In addition, the ('He, d) re-
action work placed a level at 2040+15 keV. ' The
newly observed weak y rays were placed on the
basis of precise sums and differences.

We have reassigned the 1579.94-keV transition
which was used by Macias and Walters to place a
level at 1729 keV. " Their observation of a 149-
by 1579-keV coincidence was marginal, and we
were unable to detect this coincidence. A search
for any other possible transitions deexciting a lev-

el of this energy proved unsuccessful. The ('He, d)
reaction work placed a level at 1718+ 10 keV with

an assignment of —,
' and a relatively large spec-

troscopic factor (0.31). The most probable tran-
sitions from such a level would be to the 149 keV
level (1569+10 keV) or the 493 keV level (1226

10 keV). A close examination of our singles
spectra resulted in lower limits for such transi-
tions of I (1569) ~0.02 (in two spectra) and
I (1226) ~0.01 (in all spectra).

V. SPIN AND PARITY ASSIGNMENTS

The spin and parity assignments of the "'I levels
seen in the decay of 25-min —,

' "'Te are shown in
Figs. 4(a) and 4(b) and Table IV. These assign-
ments are essentially taken from the work of Ma-
cias and Walters. " The assignments of the three
newly observed levels seen also in the "'Te de-
cay will be discussed in the context of the decay
scheme of the —", isomer. The level at 1757.9 keV
is assigned as —,', —, , and —,

'
ba, sed on a log ft value

of 7.07, indicative of allowed P decay. With log ft
values &6.3 and direct transitions to the —", ground
state, the levels at 2040.8 and 2072.6 keV are as-
signed as 2 and —,

' . The levels at 1146.95 and
1427.14 keV (-,' and —,

' in Macias and Walters) are
assigned as —,

' based on transitions to the —,
' state

at 852.21 keV. The remaining —,
' and —,

' states
have been given one or the other assignment based
on branching ratios to —,

"and —,
"states and on some

systematic considerations. These levels ma, y well
have either assignment however.

The spin and parity assignments of the levels of
"'I observed in the P decay of 30-h —", "'Te are
shown in Figs. 3(a)-3(d) and in Table III. These
assignments are based on log ft values for the p
decay of the —", isomer, the y-ray deexcitation
patterns between levels, and the earlier conver-
sion electron measurements. "" The assignments
for the ground state and the states at 149.71,
492.65, and 602.05 keV are taken from the "'Te
decay scheme work. "

All of the levels from 773.67 to 1403.7 keV are
limited to spin and parity values of —,', —,', and '-,

'
by their prompt y transitions to the —,

"ground
state, the lack of observed direct P feeding in the
decay of 25-min ~ "'Teg, and their y feeding from
numerous higher-lying levels with spin values of

2', and —",. The even parity assignments are
consistent with the logft values ranging from 9.5
to ~11.0, reflecting first-forbidden P decay. The
levels at 852.21, 1059.69, 1315.16, and 1376.8
keV a,re assigned as —,

' based on their prompt de-
cay to the —,

' state at 149.71 keV and their y feed-
ing from the '-,

' state at 1646.01 keV (although the
1376.8 keV level may be —,

"as the 269.2-keV y
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transition is dashed in and is placed twice). The
state at 1284.0 keV is assigned as —,

"based on de-
cay to —,

' states and feeding from the '-,
' level at

1646.01 keV. The states at 1005.76, 1148.9, and
1403.7 keV are assigned as —,

"based on y feeding
from —,

' states, the lack of feeding from —", states,
and their pattern of strong decay branches to the
—,
"602.05 keV level. In addition, the 1005.76 and
1148.9 keV levels are fed by several —,

' and & lev-
els in "'Te~ decay. The level at 773.67 keV is as-
signed as '-,

"based on the absence of any transi-
tions from or to any —,

"or —,
"levels, and on the

systematic presence of an '-,
"level in ~'I and ' 9I

firmly established by (n, n', y), yy', and Coulomb
excitation studie s.""

The state at 1646.01 keV was observed in the
('He, d) work of Auble et aL' They reported an l
value of 5 and a spectroscopic factor (O'S~) of
0.70. They assigned the state as '-,

' and inter-
preted it as being predominantly hery/2 single par-
ticle in character. The log ft value of 7.7 is some-
what high for an allowed P transition but is consid-
erably lower than the values for the first forbid-
den p transitions. Allowed P transitions with log ft
values as high as 9.7 have been found in the de-

yl, 2 of 9.4-h 127T
The ten states 1899.13, 1980.25, 2000.94,

2010.99, 2114.17, 2168.54, 2170.65, 2241.64,
2270.65, and 2332.75 keV, all have log ft values
&6.8 and are assigned spin and parity vat.ues of
—,', '-,', or —", consistent with allowed p decay
from —", "'Te . The four states with large y
branches to the —,

"ground state, 2000.94, 2168.54,
2270.65, and 2332. '75 keV, are assigned as —,

' . The
states at 1980.25, 2170.65, and 2241.64 keV lack
or have very weak branches to the ground state,
lack branches to any of the —,

' excited states, and
have strong branches to various of the low-energy
—,
"states. They are assigned spin and parity of

The remaining three states, 1899.13, 2010.99,
and 2114.17 keV, are assigned spin and parity of

on the basis of a lack of observed branches to
any —,

' or —,
' states and the presence of strong

branches to the 773.67 keV -',
"state. These as-

signments are all consistent with the conversion
electron measurements" "which indicate the
81.14-keV transition (1980 to 1646 keV) to be M1
+ g2.

The conversion electron measurements have
shown the 102.06-keV transition (1899 to 1797 keV)
to be pure Ml and the 200.63-keV (1797 to 1596
keV) and 240.93-keV (1797 to 1556 keV) transi-
tions to be E1. Thus the level at 1797.07 keV
must be of odd parity while the levels at 1556.16
and 1596.43 keV must be of even parity. The as-
signment of '-,

' to the 1899.13 keV level restricts
the 1797.07 keV level to spin values of '-,', '-,', and

The half-life of the 1797.07 keV level has been
measured to be 6 nsec. " The upper limit for the
intensity of a 1797.07-keV transition to ground
was determined to be ~0.1 intensity units. This
results in a partial half-life for the 1797.07-keV
transition of ~25 p, sec. The theoretical single-
particle half-lives (with statistical factor omit-
ted)" for an M2 ('-,' to —,")or E3 ('-,' to —,") transi-
tion of this energy are 1.2x10 "sec and 5.9x 10 '
sec, respectively. Thus the hindrances would be
~2x 10' and ~4200, respectively. The partial half-
life of the 1023.6-keV transition to the '-,

' level at
773.67 keV is 1.5 p. sec. The theoretical single-
particle half-lives" for an El (-", to -',

"or —", to
'—,' ), M2 ('-,' to '-,"), or E3 ('—,' to '-,") transition of
this energy are 1.6x10 " sec, 2.0x 10 ' sec, and
3.1x 10 sec, respectively. The E1 hindrance
would be =10", whereas the M2 hindrance would
be =7500, and the E3 hindrance would be =5. We
therefore propose a spin and parity assignment of

for the 179'7.07 keV isomeric level as being
most consistent with known trends of observed
and theoretical y-transition rates. ""We take
the log ft value of 8.3 as a lower limit due to the
large uncertainty involved in the intensity balance
for this level.

The assignment of the 6-nsec isomer as —", ,
along with the conversion measurements on the
200.63 and 240.93-keV transitions, limits the lev-
els at 1556.16 and 1596.43 keV to spin and parity
values of '-,", '-,", or -',". The 1596.43 keV level is
assigned as '-,"on the basis of prompt y-ray tran-
sitions to the —,

"state at 852.21 keV and the '-,'
state at 773.67 keV and the lack of any observed
branches to any levels of lower spin. The 1556.16
keV state decays solely via an intense prompt y
transition to the '-,

' state at 773.67 keV and is fed
from odd parity levels of spin ~-", . Thus, we pro-
pose a spin and parity assignment of '-,

"for this
level.

The level at 1547.75 keV is assigned as -',"on
the basis of transitions to -', , —,", and '-,' levels,
feeding from '-,

' and '-,
' levels, and a, log ft value

of 10.8. We favor assignment of '-,
' to the levels

at 1622.6 and 1761.6 keV on the basis of log ft val-
ues and transitions to only the —',"level at 773.67
keV, although —,

' and —", assignments are not ruled
out. The level at 1697.1 keV feeds levels with as-
signments '-,', —", , -', , and —,'and is fed from —,

'
and —", levels. We favor an assignment of —,

' but
ca,nnot rule out —", . With a log ft value of ~10.0
and transitions to —,

' and —,
"and feeding from an

level, we assign a value of —,
' or '-,

' to the
1880.1 keV level. The log ft value of 7.5 and

strong transitions to —", , —,", and '-,
"levels as well

as feeding from —,
' and —", levels lead us to prefer

an assignment of —,
' for the 1887.70 keV level.
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However, we cannot rule out —,
' or '-,', although

these two assignments are unlikely in view of the
logft values for first forbidden p transitions al-
ready observed in "'Te decay.

The logft value of 9.4 and strong transitions to
—,
"and —,

"states as well as feeding from a —,
' state

lead us to assign the 1936.15 keV state as —,
' or —,

' .
The state at 1931.93 keV is assigned as '-,

' on the
basis of observing transitions only to levels with
spin and parity '-,', -',", or '-,

"and feeding only
from —", levels. The states at 1924.57 and 2063.3

keV are assigned as '-,' or —,
' on the basis of logft

values suggesting allowed P decay and y transitions
only to levels with spin and parity values of —", ,
'-,", or —,

' . The levels at 1974.25 and 2176.4 keV
feed —", and '-,

"levels and are fed reasonably
strongly in p decay. We therefore assigned these
levels spin and parity values of '-,' or —", .

VI. DISCUSSION

Our study of the decay of the '-,
' isomer of "'Te

has offered the opportunity to examine the charac-
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FIG. 5. The levels of ~3~I (this work and Ref. 6) compared to the levels of ~29I (Refs. 3 4). Also shown are the even-
even Te core states (Refs. 40-45).
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TABLE V. Possible low-lying states in 3 Te and the energies (in keV) of those states ob-
served in 30Te.

Type of excitation of
particle configuration J" of resultant state

One phonon
Two phonon
Octupole
v(lh f f/&)

v (2d3/2)
2

v(3sf/P)
v(lA, ff/2, 2d3/2)

v(1A' f f/2 3sf/2)
v(2d3/2, 3sf/2)

Yr (1g7/2~ 2d 5/2)

71 (lgv/~)
2

7t-(2d, /2)
'

0+

p+
0+
0+

2+

2+

1+ 2+

{1880)
y+ ) 2+ 3+

2+

4+
4+
4+

2+ (839)
2+ (1588) 4+ (16»)

3 (2732)
4+

6 j 6

~ (2100)
5-) 6-

+
~ {1816)6+

7 (2147)

] 0+

ter of a large number of states of "'I. Added to
the results of the -', "'Te' decay study and the
earlier '"Te('He, d) reaction work' we now have
a total of 55 excited states placed in "'I below 2.4
MeV. These states may be separated into several
major categories, single quasiparticle proton
states, single proton plus Te core excitation
states (largely even pa.rity), proton three quasi-
particle states, three proton quasiparticle plus
Sn core excitation states, and three quasiparticle
states constructed from one-proton-two-neutron
configurations (largely odd parity).

In Fig. 5 we compare the levels of "'I below
=1.9 MeV with the levels of "'I observed in the
decays of 69-min —,

' "'Te,' and 34.1-day '-,
'

"'Te,' and in the "'Te('He, d) reaction. ' Also
shown are the low-lying even parity excited states
observed in the even-even cores, "'Te and
"Te. ' The notation of the 1g„» 2d„» 1h»,»
and 3s», single quasiparticle levels is made for
the levels of the appropriate spin and parity hav-
ing the largest spectroscopic factors in the ('He, d)
reaction. The 2d, &, state in both "'I and "'I re-
mains uncertain. It may be noted that qualitative-
ly the two level structures are quite similar. The
"'I level structure is lacking in observed high-
spin (~'2') states and in odd parity states, but this
is understandable as the Q8 of "'Te is only 1602
keV." The single quasiparticle levels are seen
to rise in energy from I to "'I. This continues
a similar behavior seen when going from "'I'""
to ~'I. There is also a general increase in energy
of all of the positive parity levels from "'I to "'I
which parallels the increase in energy of the core
excitations (2' one-phonon and 4', 2' two-phonon
states) from "'Te to "'Te. Thus the positive

parity state s behave as if they re suit from the

coupling of the core excitations to the single quasi-
particle 1g7], and 2d, ], states.

The general features of the level structure of
"'I may be understood in terms of the single
quasiparticle proton states coupling to core exci-
tations or to two quasiparticle states in the "'Te
core. In Table V we show the spins, parities, and
configurations expected in the low-lying '"Te level
structure, along with the energies of those states
which have been observed. Not all of these states
have been observed and identified in '"Te; how-

ever, an examination of the structure of the even-
even Sn isotopes for A =122, 124, and 126 and the
even-even Te isotopes for A =122, 124, 126, 128,
and 130" "indicates that most of these states
are present. The coupling of these core states to
the single quasiparticle proton states results in a
large number of states of even parity ranging from
spins of —,

' to '-,' and odd parity ranging from —,
' to '

—,'.
In '"Te, the one-phonon and two-phonon excita-

tions both lie lower than the lowest observed two

quasiparticle level, a 6' state at 1615 keV (see
Figs. 5 and 6). Thus, although one expects a cer-
tain amount of configuration mixing at higher en-
ergies, it appears probable that the phonon states
in "'I should be identifiable, particularly the one-
phonon excitations. In Table VI we have shown the
distribution of states resulting from coupling the
Te one- and two-phonon excitations to the 1g7/If@

and 2d„, single quasiparticle states and from a
(pig, &,

)' configuration and its coupling to the 2'
one-phonon state in "'Sn, along with a count of the
number of states of each spin and parity observed
in "'I below 2.0 MeV. This is illustrated sche-
matically in Fig. 6, which shows the observed
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even parity states in "'Te, '" ' the result of a
zeroth-order coupling of these states with the —,

"
and —,

' states (ground and 149.71 keV) in "'I, the
result of a zeroth-order coupling of the observed
(pig, /, )' —,

' state (602.05 keV) with the 'Sn one-
phonon state, and the observed levels in "'I below
2.0 MeV. The connections between states are

made on the basis of possible spin values and on
the deexcitation branchings to the —,

"and —,
"single

quasiparticle states. It may be observed that all
ten states resulting from the coupling of the two
single quasiparticle states to the 2' one-phonon
"'Te core state have been identified, and that the
second phonon excitation can account for the re-

25 3- Particle Sta tes
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FIG. 6. The even parity levels of 3 I (this work and Ref. 6). On the left are the even parity Te core states Nefs.
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TABLE VI. Distribution of even parity states of 3~I below 2 Me V predicted by zeroth-
order coupling of the one-phonon and two-phonon excitations in Te with the 1g,y& and 2d5y&

shell-model orbitals, and by the (lgvy~) configuration and the coupling of the configuration,
(1gvy~) +& to the one-phonon excitation in Sn. The 3s&~& and 2ds~& shell-model orbitals are
also included. The number of observed levels of each J'~ is also shown (this work and Ref.
6).

The or. Obs. The or. Theor. Obs.
one one Theor. Obs. (1g&g&) + two high energy even

J~ phonon phonon (1gv~&) (1g&~&) + Sn phonon phonon parity states

g+
2

2

g+
2
7+
2

g+

2

gg+

2

Q+
2

15+
2

' Includes the 3sqy& shell-model orbital.
Includes the 2d@~ shell-model orbital.
Indicates states which are assigned more than one possible J~ value.

maining observed even parity states. Most of the
"missing" states are —,", which are very difficult
to observe in the P decay of -,'or '-,

' isomers or
in the ('He, d) reaction.

In Fig. 7 we show a comparison of the experi-
mental even-parity levels of "'I with the detailed
calculations of Rustgi, Lucas, and Mukherjee'
(proton plus '"Te core), Kisslinger and Soren-
son" (quasiparticle plus Te phonon), and Almar,
Civitarese, and Krmpotic" (three-proton cluster
plus Sn core phonon). The agreement between the-
ory and experiment is reasonable; however, the
positions of some states are not identified in the
theoretical calculations, namely the -',

"and —",

states and some of the —,
' or '-,

' states. Some of
these states were not calculated as the core states
used included only first and second phonon states
and the models used are not very realistic at high
excitation energies. ' ' The three-proton cluster
plus Sn core model clearly gives the best explana-
tion of the observed density of even parity states,
and presumably extensions of this model to higher
spin states and higher excitation energies would
improve the fit to the experimental levels.

These three approaches, however, have not been
applied to try to understand the configurations of
the odd parity levels observed in "'I. Of these
levels, the —", 6-nsec isomer at 1797.07 keV is of
particular interest. A '-,' isomer has been report-
ed in ~'Sb (one n particle removed from "'I) by
Apt and Walters. '' '" That isomer has an 11-

p, sec half-life and decays by two transitions of
nearly equal intensity (805.9 and 824.7 keV) to lev-
els with spin and parity values of —,

' and '-,
' . The

partial half-life of the 1035.4-keV transition in
"'I ('-,' to P') is 1.5 gsec. The equivalent transi-
tion in "'Sb, corrected for energy differences,
has a partial half-life of =5.0-8.0 psec (pure M2)
or of =3.0-6.0 psec (pure E3). As with "'Te, the
"'Sn core has a 5 and a 7 excited state near 2

MeV in excitation energy. " It seems highly likely
then that these two '-,' isomers are very similar
in configuration.

Apt and Walters'" "have proposed that the —",

isomer in "'Sb is the result of coupling the 1g7/Q

single-proton state with the 5 state in '"Sn, and

they have proposed that the principal configuration
is [mlg7I„(v, lh»„, v,2d„,)5 ]'-,' . Some light is
shed on the interpretation of the '-,

' isomer in "'I
by the work of Tandon and Devare. " They mea-
sured the g factor of this isomeric level to be
-0.16+0.05. In Table VII we show the result of
calculating the g factor for each of the eleven pos-
sible mvyv3 configurations resulting in a '-,' state.
It is seen that only two configurations,

[~4'7(s ("il"qua "a2ds~a)4 ]a

and

[wig, q„(v,lh„q„v,2d, q, )5 ]'-,'

result in a calculated g factor within two standard
deviations of the measured value. We favor the
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second configuration, as the 4 state has not been
observed and identified in "'Te.

The deexcitation of the '-,
' isomer proceeds via

transitions to the —", single-proton state at 1646.01
keV, to the two-phonon coupled to 1g7/p states at
1596.43 and 1556.13 keV ('—,"and '-,

' ), and to the
one-phonon coupled to 1g», state at 773.67 keV
('-,' ). The first of these transitions is a 151.2-
keV pure E2 transition with a partial half-life of
-1.2 p.sec. The theoretical single-particle half-
life" is 84 nsec. The F2 hindrance of -14 is in-
dicative of the great difference in configuration

between the two states. The transition very likely
proceeds as a result of a small amount of config-
uration mixing of mv, v, character into the 1646.01
keV state and one-phonon plus 1h]y/2 character into
the isomeric state. The other three transitions
can be interpreted as merely the decay of the 5
two-neutron core state (2100.8 keV) to the 4' two-
phonon (1632.8 keV), or to the 2' one-phonon
(839.4 keV) core state.

The quantitative question of why the '-,
' state is

lower in energy than the other possible mv, v, con-
figurations (the 5 plus 1g„, coupled to '-,' in par-

2.0

l.5

)
(D
& lo

0.5

I I/2

3/2

5/2

7/2
I /2+

5/2+

3/2+
7/2+
5/2+

9/2+

I/2+
7/2+

9/2+
I I /2+

3/2+

5/2
3/2'

5/2
7/2+
I /2
3/2+

5/2+

I I /2
3/2

7/2+
5/2+
7/2+

9/2+
9/2+
II/2+

3/2+

I /2+

7/2
38+
I I/2

— 7/2+

9/2
3/2+
I/2+
II/2
7/2+

9/2+
3/2
3/2+
5/2+
7/2+

I/2+

7/2+

9/2+

II/2+

5/2+

3/2+

9/2+, 7/2+

9/2+, I I/2+

3/2+5/2+
& I/2+, l3/2+
-I/2~, 3/2+ 5/2+
-I/2+

9/2+. I I/2+
3/2+, 5/2+
I I/2+, I3/2+
I3/2+
15/2+-I I/2+
5/2+

-3/2+
5/2+
7/2+
9/2+, 7/2+
I/2+
9/2+

-3/2+
9/2~

7/2+
(5/2+)
(3/2 )

9/2+
7/2+

I /2+
9/2+

II/2+

5/2+

3/2+

5/2+

5/2+

5/2+

Proton plus
Te Core

7/2+
5/2+
7/2+

Quasi- particle
plus Te phonon

7/2+ 7/2+
Three-proton cluster Experimental
plus Sn phonon Even Parity Levels

FIG. 7. Comparison between the experimental even parity states in ~I (this work and Hef. 6) and three different
theoretical calculations (Refs. 7, 11, 49).
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Configuration
Proton Neutrons

Calculated

g factor

TABLE VII. Calculated g factors for the possible one-
proton-two-neutron configurations which result in a spin
and parity value of ~2

TABLE VIII. Distribution of the odd parity states of
f3fI predicted by zeroth-order coupling between the odd
parity Te core states in Table V and the 1g7/2 and

2d3/2 shell-model orbitals and by the coupling of the one-
phonon excitation with the 1hff/2 orbital.

J x vf v2 states Qctupole states Phonon states
[1g7/2, (1h

[1g7/2, ( hff/2

[lg7/2, (luff/2,

[1g7/2, ( ii/

[1g7/2, (1h ff/2p

[1g7/2 (»«/2

[ d5/2~ ( if/2~

[2d5/2, (1hff/2,

[2d5/2, (1hii/2,

[2d5/2, (1/Zfi/2,

[2d5/2, (1hf f/2y

Sf/2)6 ]~2

2d, /, )4 ]-'
2d3/2)5 J ~2

M, /, )6-] '-,'

2d, /, )7-] —",

»i/2)5 ]
2

3s /)6 J&

2d3/2)5 ]-

2d3/2)7 J '2'

+ 0.16

-0.32

-0.17

-0.06

-0.01

+ 0.01

+ 0.60

-0.04

+ 0.40

+ 0.30

+ 0.15

2

2

5

2

7

2

9

2

f-f
2

i3
2

2

i7
2

f9
2

d2

2

10

10

ticular) remains to be answered. It is possible
that this is the result of admixture of the —", one-
phonon plus 1Ilyy/2 configuration, as there is no
possible '-,' one-phonon state. Apt and Walters
have suggested that the admixture of

[v2d5/„(v, v, )5 ]'-,' configurations may be re-
sponsible.

The remaining observed odd parity states may
arise from three possible couplings. The 3 oc-
tupole excitation of the core may couple with the

1g,/, or 2d„, single proton state. The 2' one-
phonon Te core excitation may couple with the

Ulzz/2 single proton state. Or the odd parity two-
neutron states in "'Te may couple to the 1g,/2 or
2d„, state resulting in a 7Tv,v, three quasiparticle
configuration. The distribution of the resulting
odd parity states is tabulated in Table VIII. In

Fig. 8 we show schematically the result of these
couplings using only the observed odd parity lev-
els in the '"Te core. '"'~' An examination of Ta-
ble VIII and Fig. 8 indicates that the phonon and
octupole states alone cannot account for the ob-
served density of odd parity states, and further-
more that they would be expected to be at consid-
erably higher excitation energies than the ob-
served levels. Thus, although some configura-
tion mixing undoubtedly occurs, the observed odd

parity levels are primarily describable as 7tv, v,
three quasiparticle configurations. Couplings us-
ing only the observed 5 (2100.8 keV) and 7

(2146.0 keV) states in the "OTe core can account
for the observed density of states, and many more
high-spin states could result from the unobserved

4, 5, and 6 states noted in Ta,ble VIII.
From an examination of the possible decay paths,

we conclude that there should be two principal
mechanismsfor the P decay of ~& "'Te . In one,
the valence 1hz]/2 neutron undergoes an allowed
transition to the final proton orbital 1h»/, (1646.01
keV), or a first forbidden or first forbidden unique
transition to single particle pieces of lower lying
states. The other mechanism is decay to the
three-particle 7Tv, v, states, viewed as a single-
particle transition from a core neutron orbital (v, )

near the Fermi level to the final state proton or-
bital (v), with the valence 1h»„neutron (v, ) re-
maining unchanged. In this case the strongest P
transitions should be the allowed transitions from
an initial state with the configuration

[(v,2d3/Q7 3 3/2 &v1 h~l/g]2

to the 12 odd parity states with configurations

[v2ds/2y(v~lhy&/&y v&2ds/2)4 r5 y6 i7 ]9/&- »/2 y3/p

We have, in fact, observed major P-decay branch-
es to four —,', three '-,', and three '-,' states, al-
though it would be somewhat presumptuous to iden-
tify these states as having the exact configurations
given above.

The P-decay branch to the 1h»„single quasi-
particle proton state is relatively weak (log ft =7.7)
compared to the branches to the wv, v, states (log ft
=5.8-6.8). The equivalent P branch to the vlh»/,
state is also sma, ll in the decay of '-,' 'Te, hav-
ing a log ft value of 8.4.'' In view of the occupancy
of the parent vUl ff/2 states, the emptiness of the
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daughter mlhyy/2 states, and the relative purity of
both parent and daughter states as exhibited in the
('He, d) and (d, P) reactions, the source of the hin-
drance is not easily understood. This same hin-
drance is seen in "'Sn P decay, "and the electron
capture" of the vlhyy/2 isomer of '"Te to the mlkyy/2

state at 1365.8 keV in '"Sb with a log ft of 6.4 is

somewhat faster but still slower than decay to the
mv, v, states in '"Sb near 2 MeV. These hindrances
are consistent with the general slowness of the
first-forbidden decay of the Ulyy/2 neutron to the
positive parity states in Sb and I nuclides where
log ft values ~10.0 are quite common.

Our inability to observe a p branch to the —,
'
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FIG. 8. Odd parity states of 3
g (this work). On the left are the odd parity states observed in the 3 Te core (Hefs.

42, 43, 45), and in the center are the possible states resulting from a zeroth-order coupling of the core to the 1g&/2
and 2d5/2 states as well as the 2+ one-phonon core excitation to the 1h~~/& state.
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state observed at 1718a 10 keV in the ('He, d)
study is consistent with the earlier observations
of very hindered P transitions to the —,

' levels in"'"'"'Ifrom the respective "'"'"'Te
2 iso-

mers. ' '" Although the P transition is l forbid-
den (Al =2), the observed log ft values are much
higher than l forbiddenness is expected to contrib-
ute (e.g. , the log ft of 6.4 for decay" of —,

""'I to
the —,

' 364-keV state in "'Xe). The hindrance is
also surprising in view of the single-particle char-
acter of the states involved and, in fact, appears
to be directly correlated with the amount of single
particle character.

The y branching of the 1427.14 keV 2 level is
interesting, as E2 transitions of nearly equal in-
tensltgj are observed to the —,

' and —,
' states at

852.21 and 876.72 keV, respectively. The branch-
ing of the other lower levels can be accounted for
by assuming E2 transitions with similar enhance-
ments to the two pure transitions and little M1
contribution. The transitions to the 1146.95 and
1148.9 keV levels, however, require either F2 en-
hancements of 10 and 60 times, respectively, or
sizeable M1 contributions. We also note the ab-
sence (Iz & 0.002) of a 1444.05-keV transition to
the —,

"ground state from the —,
"1444.05 keV state.

This may be compared with the 438.3-ke V E2
branch to the —,

"state at 1005.76 keV, and a hin-
drance of -1500 for the 1444.05-keV transition
relative to the 438.3-keV transition is deduced.

The three-proton cluster plus quadrupole vibra-
tor (Sn core) model gives the best fit to the even
parity levels. However, there is evidence that
these levels have a large amount of single proton
plus Te core character. This is seen in the odd-A
iodine level systematics (Fig. 5) which show a gen-
eral rise in the level positions paralleling the rise
of the 2' state of the even-even Te nuclides with
increasing neutron number. The Sn core 2' states,
in contrast, change very little with neutron num-
ber. In addition, the theoretical three-proton
cluster work has placed a -',

"level near 800 keV
with a sizeable (1g„,)' '-,

"component. " As we note
that there is no (1g,&,

)' '-,
"state, " and as the -',

"
and '-,

"states lie close to each other and near the

position of the 4' state in the "'Te core (Fig. 6),
we suggest that the (1g,&,

)' '-,
' configuration is not

important below -2 MeV, and that the observed
'-,
"and '-,

"levels might be better described in terms
of a single proton coupled to the Te core two-pho-
non excitation. Thus a model based on both three-
particle-plus-Sn- core and single-particle-plus- Te-
core configurations might be expected to give the
most accurate fit to "'I levels. To fit the odd par-
ity levels, this model would undoubtedly have to
include a wider basis of states than have so far
been considered, specifically the 1hyy/2 proton
state, the octupole states, and the v, v, configura-
tions.

Note added in P~oof: Since the submission of this
article, a paper has appeared by Fujiwara, Ima-
nishi, and Nishi' who report absolute y intensi-
ties for the decay of "'Te and "'Te isomers. For
the 149.72-keV y ray of "'Te~ decay, they report
an absolute value of 0.87+0.04 y rays per decay.
As the o» and K/L values" have been measured
to be 0.21+0.01 and 7.9+0.4, respectively, for
the 149.72-keV y ray, 0.77 is absolutely the upper
limit for 149.72-keV y rays per decay of "'Te'.
Our measurements combined with the e~, a~, and
an extrapolated n~ would indicate a value of 0.68
+ 0.03 y rays per decay of "'Te~.
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