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238pa B~ decay

History

Type Author Citation Literature Cutoff Date

Full Evaluation E. Browne, J. K. Tuli NDS 127, 191 (2015)

Parent: 23Pa: E=0.0; J"=(3"); T,2=2.28 min 10; Q(87)=3585 16; %p~ decay=100.0
Additional information 1.
The Gamow-Teller S-decay strength function has been calculated in 19781204 and 1979KIZT.

The decay scheme is that given in 1970HeZX. It is the same as that given in 1969KaZP except that 1969KaZP show a level at

1160, not adopted here, and 1970HeZX show a level at 1243.

Delayed fission activity observed (T,=2.3 min /) from 238pa source was interpreted in 1978Ga07 as due to a spontaneously

fissioning level in the second minimum of 233U nuclear potential, populated in 23¥Pa 8~ decay. Delayed fission probability was
determined to be ~1x1078. Delayed fission probability more than 5x10~7 from 1977B0oZO. Delayed fission probability less than
2.6x1078 obtained by 1985Ba57. This result rules out positive evidence for this decay mode of 238Pa reported in 1977BoZO and

1978Ga07.
2381 Levels
E(evel) J*T Tij E(level)  J©T E(level) il
0.0¥ 0t 4468x10°y6 | 10379 2+ | 1412952€@ 12 2t

4508 2* 1059.52  (3%) | 1561.4

148.65 4+ 1060.0¢ 2+ | 1617.2
307.3%  6* 110579 (3%) | 1645.1
680.0% 11— 11282¢  (27) | 16755 (37)
732.0%  3- 11678  (4%) | 1774.6

826.6%  5- 1168.9¢ 3~ | 1934.2 (37)
930.5% (17 122399 2+ | 1992.1 -
949.9¢ - 1243.1¢  (47) | 2063.9 27)
997.6% 3~ 1381.1?

T From Adopted Levels.

¥ Band(A): K"=0" ground-state band.

# Band(B): K"=0" octupole-vibrational band.

@ Level proposed by evaluators based on data in Coulomb excitation and (n,n’y).
& Band(C): K™=1". a=1.

¢ Band(D): K™=1". a=0.

b Band(E): K™=3 v 1/2(631)+v 5/2(622).

¢ Band(F): K™=2" y-vibrational band. a=0.

4 Band(G): K*=2* y-vibrational band. a=1.

¢ Band(H): K™=2".

B~ radiations

E(decay)t E(level) 15~

1200 35
1700 40
2200 20
2900 5

 From 1968Tr07 (scin).

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/ensnds/238/U/238u_beta_decay_documents.pdf
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Iz04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979KlZT,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970HeZX,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969KaZP,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969KaZP,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970HeZX,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ga07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977BoZO,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1985Ba57,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977BoZO,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ga07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Tr07,B
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238pa B~ decay (continued)

B~ radiations (continued)

¥ From 1968Tr07. Intensities are per 100 B~ decays.
# Absolute intensity per 100 decays.

7(238U)

vy: see 1969KaZP, 1970TrZZ.

x-rays (relative to Iy(1015y)=100 (1969KaZzZP, 1968Tr07)):

Ey Iy
13.53 Lay x ray+Lap X ray
17.17 LS X ray
16.44 LB> X ray
20.13 Ly X ray
94.67 60 Kap X ray
98.42 83 Ka X ray
110.42 KB3 x ray
111.28 33 KB X ray
114.39 11 KB> X ray
the intensity given for Kg; x ray includes Kf3 X ray
E, L Ejlevel) I7 Ef T Comments
(41.4) 1168.9 3~ 1128.2 (27) E,: from Coulomb excitation. Not seen in 5~ decay.
45.024 450  2F 0.0 0*
68.1% 1128.2 (27) 1060.0 2%
68.8 7 1128.2 (27) 1059.5 (3%)
103.4 12 148.6 4+ 45.0 2%
109.4& 1168.9 3 1059.5 (3%)
*114.84
*115.234
*115.554
130.7 1128.2 27) 997.6 3~
142,644
*154.4 3
158.7 4 307.3 6* 148.6 4*
*164.5
171.1 1168.9 3 997.6 3~
178.2 11 1128.2 27) 9499 27
*189.4  <2h
11933 <2h
197.8 9 1128.2 27) 930.5 (17)
*212.9
217.9 14 949.9 2- 732.0 3~
*221.9 4
*228.8
*238.3 E,: placed by 1970HeZX from the 1169 3- level; however, this transition is
not reported in Coulomb excitation or in (n,n"y).
250.6 7 930.5 1) 680.0 1~
*258.5 8
*265.5 E,: placed by 1970HeZX from the 998 3- level; however, this transition is
not reported in Coulomb excitation or in (n,n"y).
269.8 12 949.9 2 680.0 1~

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Tr07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969KaZP,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970TrZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969KaZP,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Tr07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970HeZX,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970HeZX,B
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E,\ L  Eievel
76

289.1 4 1934.2
%930 12

3018 2

317.0 7 1934.2
¥322.0

¥329.5

%3473

%3533

373 <6@ 19342
375 <69 19921
%377 <6@

396.5 18 1128.2
Y4075 9

402 6

%433.0

4370 16 1168.9
4429

4483 697 11282
4483 ~7P 16172
4562 7

¥459.6

4656 2

4762 19 1645.1
489.0 49 1168.9
489.0 169 16172
5019 26 1561.4
¥508.4

511

5193 ~1.5% 8266
5472 40 1675.5
5579 <44 16172
¥569.6 <6

5701 <6l

5835 41 732.0
6057 10 1774.6
%6152 8

%6236 19

635.0 88 680.0
6464 9 1774.6
¥659.8

¥667.7

678/  ~3n 826.6
679.9 70" 680.0
686.8 54 732.0
744

X749

7653 4 1934.2
769

¥797.5

805.7 44 1934.2
818.1

8232 9 1992.1

i

(€]

(€]

(2]

5
(€]

5-
1-

(37

(37
(€]

Ef

1645.1

1617.2

1561.4
1617.2

732.0

732.0

680.0
1168.9

1168.9

680.0
1128.2
1059.5

307.3
1128.2
1059.5

148.6
1168.9

45.0
1128.2

148.6
0.0
45.0

1168.9

1128.2

1168.9

3-

1-
3-

-
-

27
(3

6+
@)
3

4+
3-

2+
27

238pa B~ decay (continued)

7(238U) (continued)

Comments

E,: taken from author’s spectrum. The value given on the decay scheme is

448 4.

557.9y may feed the 1059.5- or 1060.0-keV level.

Continued on next page (footnotes at end of table)
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E, L Ei(level)
836.7
839.6
849.1 20 997.6
863.6 54 1992.1
874.4 9 1934.2
885.5 45 930.5
905.0 23 949.9
911.1 173 1059.5
911.1 2™ 2 1060.0
930.5 <6 930.5
9325 <6P 1992.1
943.5 7 1675.5
952.4 21 997.6
957.2 18 1105.7
961
967 <4¢
969 <4¢
¥979.6
984.6 7 1934.2
¥991.1
991.1¢ 1037
995.4 10 1675.5
1003.6 1934.2
10145 <100% 1059.5
10152 <100° 1060.0
1019 ~2" 1167.8
1020 8" 1168.9
¥1032.9
¥1036.1
1036.1¢ 1037
1042.4 8 1774.6
1060.1 <45! 1060.0
1060.6 <45! 1105.7
X071
1074
1083.4 50 1128.2
¥1090.2
109454 <s5H 1243.1
109454 <5U 1774.6
1112 <6/
1113 <6/
1123 ~1° 1167.8
1124 40 1168.9
¥1159.5 <5k
*1161.5 <sk
¥1178.8 6
1178.8¢ 6 1223.9
¥1214.8 6
¥1224.0 6
1224.0¢ 6 1223.9
¥1233.5
¥1306.4

i

2+
2+
39
@)
“47)

4"

2+

2+

148.6

1128.2
1059.5
45.0
45.0
148.6
148.6
0.0
1059.5
732.0
45.0
148.6

949.9

45.0
680.0
930.5

45.0

45.0
148.6
148.6

0.0
732.0
0.0
45.0
45.0

148.6
680.0

45.0
45.0

45.0

0.0

238pa B~ decay (continued)

7(238U) (continued)

Comments

4* I,: 1968Tr07 assign I'y=14 and Iy=6 to peaks at 849.3 and 851.9,
respectively. Only a single peak is shown in 1970HeZX.

7=

2+
-
17
2+
2+
4+

o+
3-
o+
2+
2+
4+
-

2+
2+

2+

O+

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Tr07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970HeZX,B
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From ENSDF U465

E,

*1311.7

*1325.2
1332.0
*1336.7

1336.7"
*1359.3
*1364
*1368.8

1368.8"
*1377.1
1383.9
*1394
*1410
1413
1413
*1420
1496.6
*1507.1
1516.5
1527.1
1600
*1611
*1620
1626
1630.5
*1647.5
1730
*1737
*1752
1785.7
*1804
*1841
*1872.5
1889.1
*1907.0
*1976
*1985.5
*1997
*2013
2019
*2048
*2081
*2089
*2126
*2529 2

L

R
—

17

w2

E;(level)

2063.9

1381.17

1412.95?

2063.9

1412.95?
1561.4

1645.1
1561.4

1675.5
1645.1

1774.6

1675.5

1774.6

1934.2

1934.2

2063.9

i

29

2+

29

2+

(€]

(€]

(€]

(€]

29

Ey

238pa B~ decay (continued)

7(238U) (continued)

Comments

732.0

45.0

45.0

680.0

0.0
148.6

148.6
45.0

148.6
45.0

148.6
45.0

45.0

148.6

45.0

45.0

2+

2+

ot
4+
2+

4+
o+

4+
2+

2+

4+

2+

2+

E,: reported only by 1968Tr07.

T From 1970HeZX, except where noted otherwise. Others: 1968Tr07 and 1969KaZP. These three references refer to work by the
same group, but the spectrum of 1970HeZX is a sum of more runs than the others, and more transitions are reported. All spectra
were recorded with a 60 @ Ge(Li) detector. In addition, 1969KaZP show a low-energy spectrum, 5-170 keV, taken with a 0.5 «
Ge(Li) detector. Only 1968Tr(07 report intensities.

¥ From 1968Tr07. No uncertainties are given.

# From 1968Tr07. No uncertainties are given. The decay scheme cannot be normalized since the schemes given in the papers

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Tr07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970HeZX,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Tr07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969KaZP,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970HeZX,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969KaZP,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Tr07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Tr07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Tr07,B
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238pa B~ decay (continued)

y(238U) (continued)

1970HeZX, 1969KaZP, 1968Tr07 are not complete. In particular, the intensities of several of the transitions among the low-lying
levels are not known, and a comparison of the measured E(87) of 1968Tr07 with the Q(8™) value of 1985Ba57 and known level
energies does not allow one to determine to which levels the measured I(87) correspond.

@ 1(373y+375y+377y)=6.

& Ppeak not labeled in spectrum of 1970HeZX, but placed in decay scheme. Peak is present in low-energy spectrum of 1969KaZP.

¢ Estimated by evaluators from authors’ spectrum.

b 1(930.5y+932.5y)=6.

¢ 1(967y+969y)=4.

@ Reported only in 1969KaZP in their low-energy spectrum.

¢ Unplaced by 1970HeZX, but energy agrees with transition seen in Coulomb excitation and in (n,n’y).

I Peak not labeled in spectrum of 1970HeZX, but placed in decay scheme. This weak transition would not be resolved in singles
from a strong close-lying peak.

§ 1(1410y+1413y)=3.

" 1y(189.4y+193.3y)=2.

i Unplaced by authors. Placement suggested by evaluators on the basis of data in Coulomb excitation or (n,n’y).

T Ty(1112+1113y)=6.

K Iy(1159.5y+1161.5y)=5.

! 1y(569.6y+572.1y)=6.

" 1968Tr07 report Iy=19 for the 911+, deexciting the 1060 doublet. From branching in Coulomb excitation, one obtains Iy<4 for
placement from the 1060 2+. If one assigns an uncertainty of 10% to Iy(911y), then, with the component from the 1060 2+ taken
as 2 2, one obtains Iy=17 3 for the component from the 1060 3+.

" Ty(678y+679.9y)=73. The 678y is placed from the 827 level, and the 679.9y from the 680 level. From Iy/lIy(635y)=0.79 4 for
the 680 level in Coulomb excitation, one obtains Iy(679.9y)=70. Leaving Iy(678y)~3. From Iy(519y)/Iy(678y)=0.50 5 for the
827 level in Coulomb excitation, one can deduce Iy(519y)~1.5 in B decay. 1968Tr07 do not report an intensity for this
transition.

? 1968Tr07 report I'y=5 for the 1123+1124 doublet. From Coulomb excitation, Iy(1124y)/ly(437y)=0.27 3 for the 1169 3- level,
giving ly(1124y)=4, thus leaving Iy(1123)~1 for the 1168 4+ level.

P 1968Tr07 report Iy=76 for the 448.3y placed by them from the 1129 2- and 1617 levels. From Coulomb excitation,
Iy/1y(396y)=3.84 25 for placement from the 1129 level, giving Iy(448.3y)=69 for this placement, leaving I'y~7 for placement
from the 1617 level. No uncertainties are given in 1970HeZX, but if the uncertainties were greater than about 5%, the data would
be consistent with placing the 448y entirely from the 1129 level.

9 1970HeZX report a 489.0 transition with Iy=20 (1967Tr07) which they place from the 1169 3- and 1617 levels. From branching
in Coulomb excitation, Iy/Iy(437y)=0.234 19 for placement from the 1169 level which gives 1y(489y)=4 for this placement,
leaving Iy=26 for placement from the 1617 level.

" 1968Tr07 report I'y=10 for the 1019+1020 transitions. From Coulomb excitation, Iy(1020y)/1y(437y)=0.50 6 for the 1169 3-
level, giving Iy(1020y)=8, thus leaving Iy(1019y)~2 for the 1168 4+ level.

¥ Ty(1014.5y+1015.2)=100.

" Ty(1060.1y+1060.6y)=45.

“ Multiply placed with undivided intensity.

v Placement of transition in the level scheme is uncertain.
* v ray not placed in level scheme.



https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970HeZX,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969KaZP,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Tr07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Tr07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1985Ba57,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970HeZX,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969KaZP,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969KaZP,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970HeZX,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970HeZX,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Tr07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Tr07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Tr07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Tr07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970HeZX,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970HeZX,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Tr07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Tr07,B
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238pa B~ decay
Decay Scheme
Intensities: Type not specified
& Multiply placed: undivided intensity given Legend
L < 2%xI™
B — Iy, < 10% x>
(37) X ; Y Y
00, 2.28min 10 —— L, > 10%xI)*
Qp-=358516 %B~=100
238
91 P47
N 9
a2
S & o
@) L Bxope 2063.9
ARG .
oo ~
@) FELE Sn e DTS 1992.1
) FETFLESELE S 1934.2
<
o
%
- /;o RS
SHIF LS
R R -
o0 oo
S
3 YIS TS 1675.5
1645.1
1617.2
1561.4
- 1168.9
27 1128.2
(3% 1059.5
2 949.9
) 930.5
P 732.0
- 680.0
4+ 148.6
o+ 45.0
o+ 0.0 4.468x10° y 6
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238pa B~ decay

Decay Scheme (continued)
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238 238
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238pa B~ decay
Decay Scheme (continued)
Intensities: Type not specified
& Multiply placed: undivided intensity given Legend
L < 2%y
I, < 10% < I/
3" . v 4
E) 0.0, 2.28 min 10 Iy > 10%x I
Qp-=3585 16 %B-=100
238
91 Pajy;
(e}
X
s Q
G
ERC IS
S o v
6GH Y I S 11057
" SIS S\Yq\g—@f 1060.0
37 o N
3N $$—- 1059.5
21 A 1037
4 FE oo 997.6
NI AR
FOL vy o
2- TV LS 949.9
&) R 930.5
“~
2
>0
o O
5 S & 826.6
BN
&
.- CF Lo 732.0
28
N
- e 680.0
=
<
6+ < 307.3
&
s
4t S 148.6
\\‘:\/
S
2t A 45.0
ot 0.0 4.468x10° y 6
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From ENSDF
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Band(A): K*=0"
ground-state band

6" 307.3
159
4+ ! 148.6

Band(B): K"=0—
octupole-vibrational
band

238pa B~ decay

Band(E): K*=3 v
1/2(631)+v 5/2(622)

(31) 1059.5

Band(F): K*=2*
y-vibrational band

2+ 1060.0

Band(C): K™=1"

3 997.6

Band(D): K™=1"

2” 949.9

a-) 930.5

238
92Ul46
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238pa B~ decay (continued)

Band(H): K™=2—

@) 1243.1

3~ 1168.9

27) v 1128.2
Band(G): K*=2"
y-vibrational band

3% 1105.7

238
92 U146
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