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Adopted Levels, Gammas
History
Type Author Citation Literature Cutoff Date
Full Evaluation  B. Singh, J. K. Tuli, E. Browne  NDS 170, 499 (2020) 8-0ct-2020

Q(B7)=570.3 20; S(n)=6528 8; S(p)=5246.3 11; Q(@)=4375 12  2017WalO
S(2n)=12077.6 17, S(2p)=12851 13 (2017WalO0).
See 232Pa(n,y),(n,n):resonances dataset for 28 neutron resonances in the energy range of 0.33 eV to 20.63 eV.

Other reaction:
1998Er01, 1995Er02, 1993Er01: 232Th(d,nF),E=7.5-15.6 MeV; measured fission fragment o-(6) using single-crystal targets, and

blocking technique. Deduced deduced mean fission lifetimes vs excitation energy, and level densities in second potential well.
Theoretical studies: consult the NSR database at www.nndc.bnl.gov for 16 references dealing with theoretical structure calculations,
and seven related to decay modes and half-lives.

233pa Levels

Uncertain levels at 219 and 283 keV deduced from questionable « transitions are not included here.
Level energies for various configurations were calculated by 1974Mo18 and 1975Iv06.

Cross Reference (XREF) Flags

A 233Th B~ decay (21.83 min) D 232Pa(n,y),(n,n):resonances
ZINp a decay (2.144x10°y) E  Z*U(ta),(pol t.a)
C  22ThCHe,d),(a.b) F 22Th(*%Bi,208pby)

o8]

E(level)t ek Tij XREF Comments

0.0@ 3/2= 26975d13 ABC EF %S =100

p=4.0 7 (1989Ral7,2019StZV)

Q=-3.0 4 (1961Ma42,2016St14)

1,Q: from low-temperature nuclear orientation (quoted in 1989Ral7 compilation
from Annual report of the Institute Srahlen und Kernphysik, Universitat Bonn,
p152, 1983-84); also adopted in 2019StZV evaluation. Other: +3.4 8
(1961Ma42, atomic beam).

J™: spin measured by atomic beam (1961Ma42). Spin and parity from analyzing
power Ay(6) in (pol t,a@).

Ty/2: from 2000UsO1 evaluation. Measured values: 27.02 d 3 (2000Us01, from
y-decay curves for eight y rays, followed for five half-lives); 26.9 d 1
(1999P033, y-decay curve), 26.967 d 2 (1986J008, ionization chamber), 26.95 d
6 (1957Wr37, ionization chamber and proportional counter), 27.0 d /
(1956Mc60, ionization chamber and proportional counter). Others: 27.46 d 18
(2002Ab03, y-decay curve), 27 d (1947Le01), 27.4 d 4 (1941Gr03), 25 d
(1941Se09), 27 d (E. Haggstrom: Phys. Rev. 59, 322 (1941), from conversion
lines), =25 d (1938Me04).

6.677# 12 12~ AB F J™: 1949, El y from 3/27; fit to a band.

57.1119 10 72~ ABC EF  J*: 57.1, E2 v to 3/27; v from 5/2*; analyzing power Ay(6) in (pol t,a).

70.546% 19 5/2~ AB F J™ 131.1, El y from 3/2%; y from 7/2* and to 1/2".

86.481% 8 5/2%  36.5ns 4 AB J7: 86.48, E1 y to 3/27; 29.37, E1 y to 7/2™.

Ty/2: from ay(0) in @ decay. Weighted average of 35.7 ns 4 (1972Mc12), 36.4 ns

5 (1972Mc29), 35.7 ns 5 (1972Will), 35.4 ns 8 (a(29.6y)(1),1972Will), 37.4
ns 4 (a(65-105 a)(t),1971Gal6), 36.8 ns 16 (a(70-90 y)(t),19680b02), 36.9 ns
5 (1961Mal0), 36.9 ns 4 (a(ce, <100 keV)(t),1954En11).

94.660% 11 3/2* AB J7: 94.68, E1 y to 3/27; 143.2, M1+E2 y from 5/2%; y to 1/2".

103.656% 18 7/2* ABc e XREF: ¢(107).
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Adopted Levels, Gammas (continued)

233py Levels (continued)

E(level)t yrk XREF Comments

J%: L+1/2 from analyzing power Ay(6) in (pol t,a) for 107 2 doublet gives 7/2* for one
and 9/2" for the other; 108.7y, M1+E2 from 5/2%; y to 7/27; y branching from 9/2%,
band assignment.
109.05% 3 op+ Bc e  XREF: e(107).
J™: analyzing power and cross section in (pol t,@) for 107 2 doublet gives 7/2* for one
and 9/2" for the other; band assignment.

133.2& 2 (11/2%) B J7: v to 9/27 member of the band; energy fit to band.
163.26@ 5 (11/27) B F J" yto7/27;y from 9/2%; energy fit to band.
169.169¢ 9 1/2* AB e XREF: e(171).

J*: gammas to 1/27, 3/27, and 3/2*; analyzing power Ay(6) in (pol t,e) for 171 doublet
giving 1/2* for one and 13/2* for the other.
173% 1 13/2* Ce XREF: e(171).
J*: analyzing power Ay(6) in (pol t,@) for 171 doublet giving 1/2* for one level and
13/2* for the other.

179.1% 4 9/27) B F J™: energy fit to band; « hindrance factor; probable y to the 5/2~ member of the band.
201.6459 16 3/2% AB E XREF: E(205).

J7: 201.62y, El to 3/27; y to 5/2*; L-1/2 from analyzing power Ay(6) in (pol t,@).
212.3484 13 52 AB J7: 155.24y, El to 7/27; 212.29y, E1 to 3/2".
237.904b 11 512* AB J™: favored a decay (HF=2.86) from 5/2* g.s. decay of 2'Np; 151.4y, MI+E2 to 5/2*;

143.2y, M1+E2 to 3/2*; y rays to 7/2% and 7/2".

257.173¢ 14 5/2° AB J7: 257.37y, M1+E2 to 3/27; 186.8y, M1+E2 to 5/27; vy to 7/2*.
279.727¢4 21 (7)2%) B J7. gammas to 5/2%, 5/27 and 9/2%; pattern of y decays to 1/2[501] and 3/2[651] bands.
296 (5/27,11/27) E E(level): 298 3 in (PHe,d),(a.t) agrees in energy with that from (pol t,@), but a doublet

with L=(4+3) and 7/2* and 7/2~ is proposed in (PHe,d),(a,\).
J7: analyzing power Ay(6) in (pol t,a@).
300.489% 25 7/2* Bc XREF: ¢(298).
E(level): 298 3 in (PHe,d),(a,t) with L-(4+3) and 7/2* and 7/2" is proposed.
J*: 62.6y to 5/27 member of the band; pattern of y transitions to 3/2[651] band,;
(He,d),(a,t) data.

303.624 6 9/2%) B J*: y to 7/2%,3/2[651] state; band assignment. Unfavored a decay (HF=127) from 5/2*
ground state of 23’Np supports the assignment.
306.04€ 10 (7/27) Bc XREF: ¢(298).

E(level): 298 3 in (°He,d),(a,t) with L=(4+3) and 7/2* and 7/2" is proposed.
J™: y to 5/2~ member of the band, gammas to 5/2% and 7/2~ levels; (3He,d) and (a.t)
data; energy fit to band.

323693 (1527) F
330.9% 5 (13/27) F
355 32t E E(level): the levels in (pol t,@) and (*He,d),(a,t) are at the same energy, but different J*
values are proposed.
J7: analyzing power Ay(6) in (pol t,a@).
355¢ 2 9/27) C E(level): see comment for 355, 3/2% level.
J7: L=(5) from o(PHe,d))/o(a,t); band assignment.
365.940 7 9/2* B J™: y branchings to 5/2%, 9/2% and (11/27) levels; band assignment. Unfavored a decay
(HF=59) from 5/2* ground state of 23’ Np supports the assignment.
4217€ 4 11/27) CE XREF: E(411).
77 L=(5) from o-(*He,d))/o(a,t); band assignment.
447.731 14 3/2” Ac J7: 190.55y, M1+E2 to 5/27; 440.9y, M1(+E2) to 1/27. Configuration=r3/2[532]
suggested by 1970Se06.
454.42¢ 4 3/2* AcE J*: 359.7y, MI(+E2) to 3/2%; 285.5y, MI(+E2) to 1/2%; y rays to 5/2% and 5/27;
analyzing power Ay(f) in (pol t,@).
488¢ (5/2%) E J*: from cross section data and band assignment in (t,@).
517.7% 6 (17/27) F
528895 (1927) F
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Adopted Levels, Gammas (continued)
233py Levels (continued)
E(level)t yrk XREF Comments
529 2 (13/2%) CE XREF: E(523).
J7: L=(6) in (°He,d),(e,t) and proposed 13/2* member of configuration=r71/2[660].
553.883 13 1/2%,3/2* A J7: 459.2, M1(+E2) y to 3/2*; B feeding from 1/2* parent, log f1=6.8.
555 112 E J7: analyzing power Ay(6) in (pol t,a).
585.48 3 3/2F A J7:499.0, M1(+E2) y to 5/2*; 490.8, M1 vy to 3/2*; B feeding from 1/2* parent,
log ft=7.6.
586 7/2* E E(level): 586 in (t,@) and 589 4 in (*He,d),(a,t) agree in energy, but different J” values are
proposed.
J: analyzing power Ay(6) in (pol t,a).
589 4 (13/2%) C E(level): see comment for 586 level.
J7: L=(6) in (He,d),(a,t), and proposed 13/2* member of 5/2[642].
669.88¢ 3 3/2° AC J*: 4125, MI+E2 y to 5/27; L=(1) in (®He,d),(a.t) and proposed bandhead of 3/2[521]
configuration.
703 (3/27) E E(level): 703 in (t,a) and 704 3 in (3He,d),(a',t) agree in energy, but different J” values are
proposed.
J*: analyzing power Ay in (pol t,@).
7044 3 (5/27) C J7: L=(3) in (He,d),(a,t), and proposed 5/27 member of 3/2[521] configuration.
7393% 7 (2127) F
7494 1 7/27) CE  XREF: E(742).
J*: analyzing power Ay(6) in (pol t,@); also L=(3) in (*He,d), (a,t) and proposed 7/2~
member of 3/2[521] configuration.
764.54 3 1/2%.,32* A J*: 595.2y, MI(+E2) y to 1/2%.
77679 6 (23/2) F
8039 4 9/27) CE XREF: C(?7)E(800).
J7: L=(5) in (He,d),(e,t) and proposed 9/2~ member of 3/2[521] configuration.
811.61 6 3/2* A J7: 226.3, MI1+E2 y to 3/2%; 725.0y, M1(+E2) to 5/2*; 8 feeding from 1/2* parent,
log ft=06.6.
852 4 CE XREF: E(833).
8714 2 (11/27) C E(level): 871 2 in (He,d),(a,t) and 872 in (pol t,@) agree in energy, but different J* values
are proposed in the two studies.
J7: L=(5) in CHe,d),(,t) and proposed 11/2~ member of 3/2[521] configuration.
872 (3/27) E E(level): see comment for 871 level.
J7: analyzing power Ay(6) in (pol t,a).
941.97 22 (3/2) A E XREF: E(942).
J7: B feeding from 1/2* parent with log fr=6.95; y rays to 5/2~ and 5/27.
968.6 3 (1/2,3/2) A J*: B feeding from 1/2* parent with log f=7.2.
984.78 11 3/2)* A c J7: 431.4, M1(+E2) y to 1/2*,3/2"; gammas to 1/27 and 7/2*.
992.9% 7 (25/27) F
998 9/2) c E J7: analyzing power Ay(6) in (pol t,a); 9/2%, 1/2[660] configuration proposed by
1979F102; but 1977Th04 also proposed tentative 11/27, 9/2[514], both in (t,@).
1018.63 19 (3/2) A J®: y rays to 5/2%,5/27, 1/2* and 1/2~ levels; log ft=6.6 from 1/2* parent.
1044 12 E
106299 6 (27/27) F
1064.5 6 (3/2) A J*. B feeding from 1/2% parent, log f=7.2. J7=3/2* from 960.8y to 7/2*, but 3/2~ from
1007y to 7/27, suggesting that one of these placements is questionable. The weak 994.3y
to 5/27 is consistent with both the assignments.
1073 5/2* E J7: analyzing power Ay(6) in (pol t,a).
1138.94 22 (1/2,3/2) A J*: B feeding from 1/2% parent with log f=7.3.
1143 3 C
1179 3 12* CE XREF: E(1176).
J7: analyzing power Ay(6) in (pol t,a).
1240 3 (1/2%.,3/27) CE XREF: E(1233).

J7: analyzing power Ay(6) in (pol t,a).
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https://www.nndc.bnl.gov/ensnds/233/Pa/232th_209bi_208pbg.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_3he_d_a_t.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/234u_t_a_pol_t_a.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/beta_decay_21.83_m.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_209bi_208pbg.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_3he_d_a_t.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/234u_t_a_pol_t_a.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/beta_decay_21.83_m.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_3he_d_a_t.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/234u_t_a_pol_t_a.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_3he_d_a_t.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/234u_t_a_pol_t_a.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/beta_decay_21.83_m.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/234u_t_a_pol_t_a.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/beta_decay_21.83_m.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/beta_decay_21.83_m.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_3he_d_a_t.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_209bi_208pbg.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_3he_d_a_t.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/234u_t_a_pol_t_a.pdf
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Fl02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Th04,B
https://www.nndc.bnl.gov/ensnds/233/Pa/beta_decay_21.83_m.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/234u_t_a_pol_t_a.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_209bi_208pbg.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/beta_decay_21.83_m.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/234u_t_a_pol_t_a.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/beta_decay_21.83_m.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_3he_d_a_t.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_3he_d_a_t.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/234u_t_a_pol_t_a.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_3he_d_a_t.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/234u_t_a_pol_t_a.pdf
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Adopted Levels, Gammas (continued)

233py Levels (continued)

E(level)t yri XREF Comments

1274 5 1/2* CE XREF: E(1267).

J7: analyzing power Ay(6) in (pol t,a).
1276.5% 8 (29/27) F
1318 4 1/2* CE XREF: E(1308).

J: analyzing power Ay(6) in (pol t,a@).
1358 4 C
1384.7% 7 (312) F
1386 5/2* E J*: analyzing power Ay(6) in (pol t,a@).
1403 3 5/2* CE XREF: E(1417).

J: analyzing power Ay(6) in (pol t,a@).
1486 (5/2%,11/27) E J7: analyzing power Ay(6) in (pol t,a).
1557 E
1588.6% 9 (33/27) F
1625 E
1680 E

173849 8 (35/27)
19288% 9 (37127)
212159 8 (3912)
2297.4% 10 (4172)
2533.09 10 (@3/2)
2692.7% 10 (45/27)
2973.0€9 10 (4727)
3115.3% 11 (4972)
3569.6" 11 (53/27)
4050.9% 11 (57/2)

oo o oY o) oM | o

T From least-squares fit to Ey values, assuming 0.3 keV uncertainty for Ey when not stated. For levels populated only in the
particle-transfer reactions, averages were taken of available data.

* For low-spin states, see 232Th(3He,d),(a.t) and 234U(t,a),(pol t,@) datasets for methods of determining J” and Nilsson
assignments based on vector analyzing power measurements in (pol t,a), and comparison of experimental and theoretical cross
sections for Nilsson orbital assignments. Assignments for high-spin (J>11/2) states are based on probable rotational bands and
yrast population pattern in heavy-ion reactions. Additional J* arguments are given for individual levels.

# Band(A): 71/2[530],a=+1/2.

@ Band(a): 71/2[530],a=—1/2.

& Band(B): 73/2[651]. Perturbed by strong Coriolis interaction with 75/2[642] and 71/2[660] bands. See 1969BrZV, 1969H004,
1975E103 for discussions.

4 Band(C): K™=1/2". Possibly mixed 71/2[400] + 71/2[660] Strongly Coriolis coupled with 73/2[651] and 75/2[642] bands.

b Band(D): n5/2[642]. Strongly Coriolis coupled with 73/2[651] band.

¢ Band(E): 75/2[523]. A=6.0.

4 Band(F): 73/2[521]. A=6.4 4.

¢ Band(G): 73/2[402].



https://www.nndc.bnl.gov/ensnds/233/Pa/232th_3he_d_a_t.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/234u_t_a_pol_t_a.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_209bi_208pbg.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_3he_d_a_t.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/234u_t_a_pol_t_a.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_3he_d_a_t.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_209bi_208pbg.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/234u_t_a_pol_t_a.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_3he_d_a_t.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/234u_t_a_pol_t_a.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/234u_t_a_pol_t_a.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/234u_t_a_pol_t_a.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_209bi_208pbg.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/234u_t_a_pol_t_a.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/234u_t_a_pol_t_a.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_209bi_208pbg.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_209bi_208pbg.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_209bi_208pbg.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_209bi_208pbg.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_209bi_208pbg.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_209bi_208pbg.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_209bi_208pbg.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_209bi_208pbg.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_209bi_208pbg.pdf
https://www.nndc.bnl.gov/ensnds/233/Pa/232th_209bi_208pbg.pdf
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969BrZV,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ho04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975El03,B

Ei(level) ~ J7 B, Lt E;
6.677 1/2” 6.68 5 100 0.0
ST 7)2° 57.116 20 100 0.0
70.546  5/2" 63.94 6 100 4 6.677
7049 10 100 4 0.0
86.481  5/2* 29373 10 100 3 57.111
86.485 10  84.89 0.0
94.660  3/2* 8225 ~1.0 86.481
87.99 3 22,04 6.677
94.67 5 100.0 10 0.0
103.656  7/2* (9.0) 94.660
17.40 5 86.481
46.53 4 57.111
109.05 92+ (5.18) 103.656
22.6 86.481
133.2 a1ty 24.14% 10 109.05
16326 (1127)  54.40 10 109.05
106.12 5 57.111
169.169  1/2* 74.57 10 16.1 7 94.660
162,505 12 49.9 26 6.677
169.161 10 100.0 10 0.0
179.1 ©27)  109.10% 10 70.546
201.645  3/2* (32.46) 169.169
115.44 20 115 86.481
131.09320 4729 70.546
194.95 2 100.0 13 6.677
201.67325 2135 0.0
212.348 52+ 108.7 41818  103.656
11770320 100.0 24  94.660
141.74% 10 70.546
15524220 52211  57.111
212.32 2 89.4 18 0.0
237.904 52+ 36.24 10 12024  201.645

J7r

3/2-
3/2-
1/2-
3/2-
72"
3/2-

52+
1/2-
32"
3/2*
52+
72"
72*
52+
92+
92+
72"
3/2%
1/2-
32"
52-
1/2*
52+
5/2-
1/2-
3/2-
72+
32+
52~
72"
3/2-

3/2*

Adopted Levels, Gammas (continued)

y(*’Pa)
Mult. T st ot Comments

(M1) 3.04x103 8

E2 175.5 25

(E2) 102.0

[MI+E2] 38 27

El 307 BED(W.)=3.15x1075 14

El 1438 B(ED(W.u)=1.05x107° 6

a: experimental conversion coefficient measured by
1972SeZI. Transition is anomalous, the total
conversion coeflicient is much enhanced as
compared to the theoretical value of 0.177.

(M1) 1.64x10° 4

[E1] 0.1694

El 0.1398

[E2] 4.2x10°

[M1+E2] 8.0x103 78 E,: poor fit, level-energy difference=17.18 2.

[E1] 0.91

[E2] 9.3

[MI+E2] 29 20

(ED) 0.1574  I,: unweighted average from S~ and « decays.

[E1] 0.1431

[MI+E2] 10.0 35

El 0.262

El 0.1024

El 0.0946

MI1(+E2) <0.9 4412 1,: from « decay, y not observed in 5~ decay.

MI1+E2 0.46 +22-13 11.5 10

El 0.1755  I,: from « decay. Other: 79 10 from 5~ decay.

El 0.0839  I,: from « decay. Other: 224 21 from 8~ decay is in
severe disagreement. The intensities of the 117.7
and 212.3 y rays given in 2008De31 measurement
seem problematic. Evaluators recommend
y-branching ratios for the 212-keV level from a
decay, as the level is more strongly populated in
this decay as compared to that in 8~ decay.

M1+E2 0.31 9 2.1x10% 8 E,.Iy: from @ decay. Transition not observed in

decay.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972SeZI,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008De31,B

Adopted Levels, Gammas (continued)

7(233Pa) (continued)

Ei(level) 7 B, Lt E; i Mult. ¥ st of Comments
237.904  5/2% 134.276 20 17.37 103.656 7/2% [MI+E2] =04 ~8.0
143.248 10 100.0 26 94.660 3/2% MI1+E2 0.69 19 586
151.408 15 5877 86.481 5/2* MI+E2 0.28 12 593
180.79 5 3.75 24 57.111 7/27 [E1] 0.1223  E,.I,: from a decay. Other: 9.7 26 in 8~ decay.
237.884 24 13.76 22 0.0 3727 [E1] 0.0645
257.173  5/27 15351 77.7 12 103.656 7/2* [E1] 0.180 All y data from 257 level are from 8~ decay. This level
may be weakly populated in @ decay.
162.504 12 70 10 94.660 3/2% [E1] 0.1574
170.9 3 96.8 12 86.481 5/2* [E1] 0.1397
186.8 1 39.9 14 70.546 5/2~ MI1+E2 0.8 3 255
250.5 3 9.0 6 6.677 1/2~ [E2] 0.317
257.37 15 100.0 21 0.0  3/27 MI1+E2 1.12 0.80 12
279.727  (7/2%) 170.62 5 46 9 109.05 9/2% [MI+E2] =04 ~4.0
176.09 5 379 103.656 7/2% [M1+E2] =~04 ~3.67
193.24 3 100 4 86.481 5/2* [MI+E2] =04 ~2.8
209.20 3 32521 70.546 5/2~ [E1] 0.087
222.6 2 4.6 23 57.111 7/2~ [E1] 0.075
300.489  7/2* 62.59 10 17 6 237.904 5/2% [M1+E2] 65 49
191.43 3 52 4 109.05 9/2% [M1+E2] 2.012
196.85 5 59 3 103.656 7/2% [M1+E2] =~04 ~2.67
214.01 4 100 3 86.481 5/2* [MI+E2] =04 ~2.1
229.94 5 318 70.546 5/2~ [E1] 0.0697
303.62 9/2%) 139.9% 1 139 12 163.26 (11/27) [E1] 0.225
194.67 20 100 24 109.05 9/2% [M1+E2] 1.9 12
199.95 6 16.1 24 103.656 7/2% [M1+E2] 1.8 11
306.04 7/127) 48.96% 10 257.173 5/2° [M1+E2] 2.0x102 17
219.8% 86.481 5/2* [E1] 0.0774
248.93 10 57.111 7/27 [M1+E2] 0.9 6
323.6 (15/27) 160.3 163.26  (11/27)
330.9 (13/27) 1518 179.1 9/27)
365.94 92+ 153.37 10 56 10 212.348 5/2% [E2] 1.96
186.86 35 28 28 179.1 (9/27) [E1] 0.113
202.9 2 44 18 163.26 (11/27) [E1] 0.093
257.09% 20 59 13 109.05 9/2% [M1+E2] 096
262.44 15 43.1 18 103.656 7/2% [M1+E2] 0.8 6
279.65 20 100 4 86.481 5/2* [E2] 0.222
447.731  3/2° 190.552 14 4507 257.173 5/2~ MI1(+E2) <0.5 285
210.6 2 936 237.904 5/2% [E1] 0.0855
246.0 3 2.13 201.645 3/2% [E1] 0.0597
278.7 4 253 169.169 1/2% [E1] 0.045
361.4 2 1143 86.481 5/2* [E1] 0.0255
377.2 2 1445 70.546 5/2~ [M1+E2] 0.29 20
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Adopted Levels, Gammas (continued)

7(233Pa) (continued)

Ei(level) 7 B, Lt E; i Mult. T st oF Comments

447731 3)2° 440.94 4 100.0 12 6.677 1/2- MI(+E2) <07 0285
447.762 20 54.6 8 00 3/2° MI(+E2) <0.6 0284

45442 3¢ 216.7 2 15.0 8 237.904 5/2* [M1+E2] 149
242.3 337 212.348 5/2* [M1+E2] 1.0 7
2529 3 7.6 4 201.645 3/2* [M1+E2] 096
285.5 3 17.7 10 169.169 1/2* MI(+E2) <07 092 14
359.74 4 100.0 13 94.660 3/2+ MI(+E2) <023  0.543
368.0 3 4.3 88 86.481 5.2+ [M1+E2] 0.31 22
383.5 227 70.546 52" [E1] 0.0225

517.7 (17/27) 186.8 3309 (13/27)

528.8 (1927) 2052 3236 (1527)

553.883  1/2+,3/2* 316.1 0374  237.904 5/2* [M1,E2] 0.47 33
459.222 7 100.0 10 94.660 3/2+ MI(+E2) <0.6 0264
467.6 3 1.46 4 86.481 5.2+ [M1,E2] 0.16 11
497.1% 4 1.29 4 57.111 7/2~ Placement considered uncertain as it involves transition

from 1/2%,3/2% level to 7/27, 57 level.

553.7 0.30 3 0.0 3/2°

585.48 3% 347.4 3 925 237.904 5/2* [M1+E2] 0.37 25
490.80 6 68.4 10 94.660 3/2+ MI(+E2) <0.6 0213
499.02 4 100.0 71 86.481 5.2+ MI(+E2) <0.8  0.194
578.7 1.08 32 6.677 12~

669.88  3/2° 41255 100 9 257.173 5/2- MI1+E2 103 0236
583.2 196 86.481 5.2+
6633 5 456 6.677 1/2- [M1+E2] 0.07 4
669.885@ 28 ~17@ 0.0 3/2° [M1+E2] 0.06 4

739.3 2127y 2216 517.7  (17/20)

764.54 12+ 3/2%  179.1 1 55310 58548 3)2* MI(+E2) <07 345
21132 40218  553.883 1/2+3/2* MI+E2 103 154
309.9 0646 45442 3)2* [M1+E2] 0.50 34
526.5 2 92220  237.904 5/2* [M1,E2] 0.12 8
5522 2 328 10 212348 5/2° [M1,E2] 0.11 7
562.6 2 10.8522  201.645 3/2* [M1+E2] 0.10 7
595.2 2 234528  169.169 1/2* MI(+E2) <09  0.123
669.8859 28 100.09 10  94.660 3/2* MI(+E2) <05  0.097 9
678.04 10 1288 18  86.481 5/2* [M1,E2] 0.06 4
757.6 2 6.45 14 6.677 12~
764.3 2 17.73 22 00 3/2°

776.7 (2327) 2479 5288 (19/27)

811.61  3/2* 2263 1 27.0 11 585.48 3/2* MI1+E2 073 153
257.30% 15 553.883 1/2*,3/2* [MI+E2] 086
573.6 3 52514  237.904 5/2% [M1+E2] 0.10 6
599.3 2 465 8 212.348 5/2* [M1+E2] 0.09 6
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Adopted Levels, Gammas (continued)

7(233Pa) (continued)

Ei(level) 7 E, Lt E; i Mult. t
811.61  3/2* 61003  89.6 18  201.645 3/2* [M1+E2]
64252 3198 169.169 1/2+ [M1+E2]
70795 1448 103.656 7/2+ (E2]
71694  66.5 13 94.660 3/2* [MI1+E2]
72504 100.0 14 86.481 5/2* MI(+E2)
74092 3738 70.546 5/2~
80522 33810 6.677 12~
811.4 7 953 00 3/2°
941.97  (3/2) 703.65 24714 237.904 5/2*
870.7 7 8.4 6 70.546 5/2~
93553  100.0 19 6.677 12~
94225 1308 00 3/2°
968.6  (1/23/2) 873.93  100.0 25 94.660 3/2*
962.89  12.517 6.677 1/2-
968.6 10 69.2 25 00 3/2°
984.78  (3/2)* 39882 1067 585.48 32+ [MI1+E2]
43145 1694 553.883 1/2*3/2* MI(+E2)
727.8 27619  257.173 5/2°
783.3 4 533 201.645 3/2* [M1+E2]
816.12 1856 169.169 1/2+ [M1+E2]
880.7 3 924 103.656 7/2+ (E2]
890.03  100.0 I3 94.660 3/2* [M1+E2]
898.4 8 214 86.481 5/2* [M1+E2]
978.6 8 553 6.677 1/2-
985.0 8 973 0.0 3/2°
9929  (25/27)  253.6 7393 (2127)
1018.63  (3/2) 43324 953 585.48 3/2*
464.8 21125  553.883 1/2+.3/2*
80645 1004 212.348 5/2*
81706 774 201.645 3/2*
84937 31725  169.169 172+
94808  48.8 25 70.546 5/2"
1011 1 15.5 16 6.677 1/2-
1062.9  (2727) 2862 7767 (23/27)
10645  (3/2) 960.8 8 100 5 103.656 7/2*
994.3 10 14.6 25 70.546 5/2"
1007 1 345 57111 7/2-
1138.94  (1/2,32) 11321 100 33 6.677 12~
1139.1 67 17 00 3/2°
12765  (2927)  283.6 992.9  (25/27)
13847  (3127)  321.8 10629  (27/27)
1588.6  (3327) 3121 12765 (29/27)
17384 (3527) 3537 13847 (31/27)

5T

<0.5

<0.5

o

0.08 5
0.07 5
0.0209
0.054 34
0.078 7

0.25 18
0313

0.043 26
0.039 24
0.01345
0.031 718
0.030 /8
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Adopted Levels, Gammas (continued)

7(233 Pa) (continued)

Ei(level) 7 E, E; i E;(level) i E, E; i E;(level) 7 E, E; i

1928.8 (37/27) 340.2 1588.6 (33/27) | 2533.0 (43/27) 4115 21215 (39/27) | 3115.3 (49/27) 4226 2692.7 (45/27)
2121.5 (39/27) 383.1 1738.4 (35/27) | 2692.7 (45/27) 3953 22974 (41/27) | 3569.6 (53/27) 4543 3115.3 (49/27)

2297.4 (41/27) 368.6 1928.8 (37/27) | 2973.0 (47/27) 440.0 2533.0 (43/27) | 4050.9 (57/2) 481.3%  3569.6 (53/27)

¥ From 23'Np @ decay and 233Th 8~ decay. Recommended values represent weighted averages of Ey and Iy when y-ray data for a level are available from both
the studies. Exceptions are noted. The gamma-ray data from levels of high spins (J>11/2) are available only from (2°*Bi,298Pby).

¥ Total theoretical internal conversion coefficients, calculated using the Brlcc code (2008Ki07) with Frozen orbital approximation based on y-ray energies,
assigned multipolarities, and mixing ratios, unless otherwise specified.

# Multiply placed.

@ Multiply placed with intensity suitably divided.

& Placement of transition in the level scheme is uncertain.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ki07,B

233
91

. 233
Pd142' 10 From ENSDF 91

Pa,,,-10

Adopted Levels, Gammas Legend

Level Scheme

Intensities: Relative photon branching from each level
,,,,,, » Y Decay (Uncertain)

N
(57/2) ; 4050.9
|
|
|
|
|
|
I b?f?
(53127) y ¥ 3569.6
©
_ &
49/27) @ 3115.3
S
“772°) ¥ 2973.0
45/27) S 2692.7
\“_}
(43/27) ¥ 2533.0
K
“1/27) 5 2297.4
Y
(39722°) 7 2121.5
o
(3712) i 1928.8
o
(35/27) & 1738.4
&
(3312°) > 1588.6
N
(3127) > © RS 1384.7
el © N
9727) AN 1276.5
> Q ) “
(1/2,3/2) N S o 1138.94
8/72/)2 : & 1064.5
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2527) 992.9
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233
o1 Pajy,

26.975d 13

10



1T

wl 16
Bd¢er

X= NN SORZ LR 2 R IS SIS > 228
1| RIS S I R IO A S LE [ S5 IS |t RSN
I | | NN
~ N ~ ~ %) ~
I\i ~
‘0,
94&0/55
& R4
(;{q\? )).@
/20‘7(7
5, >
w? 7
:\7“9 2 g
355%0
253 s
9‘?%‘
97,9627
89&4@5
8900‘//17/»(
‘980 7[47/*6\2/ 2,
815 (&> 6\9/
VAN (77}
%, (g, %2 o
22,7 (7,52,
i %, 3
G, 22 6\9/\5\5
RESSCEREN
39& o /’7/()%\j
y,,‘%\ (”7/* 2
9 9 89/ -9
52395
9 7
022 1,
5’5 Vo
&> Ig,
05 %,
70;‘ “’»1
57 |
8, 2,
7,
LR
22 33
;0.9 ?76’
Uit
<J, 3
-0
2,
2/6'97/(*5
%g Af/%:)/go
6@5/@3//\/66 20
- .5
6/0.0//]7& j i
59% 2y, Xé:’/ 374
573-6 /”’I/)%;/ggg
255, Wy " g
"3, %, ()
25 0 &, O
\263 4 /‘/5,‘
2 ’ 7 ) =
29 x@)g/
S
— — NSRS RN\ o] wn —_—
1 [0 [\O |O© (=)} O [= (W | wn wn o0 Nel O <
o PR|EE S =R GBI S £ o2l lz
=S A > REIEIL o (8 |& SR N N o [R5 |5
[=JEN] = | [ O W [0 & W oo | [oe] {98 ~ — ~ A\ |o0 |\O |2
[ )
S )
S w
@ 2
o EN
o
oy

[oA9] yora woly Suryouelq uojoyd 9ANR[Y :SenNISuU]

(panuUNuo9) AWAYIS [QA]

sewrures) ‘spAd paydopy

11-led

AdSNH wolf

11-led



4!

394

Tipgl6

W= [ | | [ [ W | | [ = ) === w0 w S |
[SISRANSE A N SNSRI | > S QeSS S EB
IR o e e e SIS T SISLE [+ | SLF
1N | 0w ||
- AN - IS
3 1
7%
2 z
657’6622?
2, s
(}q -~
669"9&\5{47/6\9
I 2
95 4747/&’ g,
I¢
26 I(ﬂé\’é\@/
5:5:) //‘7/*6:)2‘]1 0o
2 2, s
536.5 //17/)6* //0,9)-
\?@9 /117/'6;/‘;_2&«
“1g “a, x@j 92
/79147/*@\/0«6}
2 /17/ 2y
6 %, )’02
%ag 735
06 N
35 Uy
-3
S5 4
&3\) Aﬁ"‘@g@?/\\\.‘/
‘7/2. 79 ‘/‘75 7@
5 8
2% 5 i ‘
#99,,05 ‘0p
2
9, 4z,
0, 7,
8y U,
S5 2 4y, 782
COBCING,
CIONG
553. /A{/ \%\6‘\‘3} (23 o
- == - == F-11-rq----- q-—=—=—==-=--1r---- 77A497‘/0.30 9, %
<l§7(\7(39
455%39/’/]74@,/
302 )%
5 ’ //41/&;46
\0\573 A7/ ~) 7
2 &5, 1,
/s </ 00
6.8 3>
I3
\35&0/@,/3)
?5‘9 /,17/ 2
o0 % ) T8
<85 Yy e
207 4, (8]
%20 16D 1, |
b) 182 o
< /'7/ \)/ |
2 e |
\/6_7 A’l/’%\\/zg |
052 |
13,333
Q’// |
Jo v
<
v}
&
W ([0 |\© ; 8 E B [Cn) P & A =N - g
o QS8 |E C = QR ey O v |G S N 9 [ <
ooy =l |e |2 = [ |w [o|= M b SR oo [ © 2 = o
S =R | o [RIE[|IS|Q @ |C ~ A (o I % O lin c
SIS =Y S C || K& o [o ) Qoo & |3 3 IS =
g
=
ey & E
) n =
S 2
o EN
_
<

pap1atp A[qeyns Ayrsuajur :paderd A[dnmpy @
[9A9] yoea woij Suryouerq uojoyd aANR[SY :SINISUU]

(panunuoo) dWAYOS [9AT

puaSe

sewrures) ‘spAd paydopy

t1-ledd;

AdSNH wolf

t1-ledd;



TS
4L
(,2/6)
(—2/L)
(_z/sn)
(_zgn
/6
g

(42/L)
I, 16
e1-ed

(3%4

TWipg 16

el

@ = = d N (O = |3 w | oy

RIS ~ =~ SISISNIS —I~ | NENY N

I3 1) o S8 09 (B9 {19 (B9 LN SV [ V) )

1 | | A+ SN + 1+ +

| ~
N
P S R N
e

— —_ SR [35]

wn ~ 0 (O |O (= — | S (= =4

o N DB DI |5 =N >

ol e (VO F N - N N 2= 13 = ) )

219 - |2 [B2@= i o BB =]

(=10 — (=)} — O[O [0 N[O |— (oo -
[ ©)
N N
S W
9 2
= EN

~
“w

AdSNH wolf

sewrwien) ‘sppAd | pajdopy

(ponunuod) awayos [9A]

papIaIp A[qeams Ausuayur :pase(d A[dnmpy @
[9A9] yors woxy Furyoueiq uojoyd SATIR[IY :SenISUIUL

puaSe

(ureyiooun)) AeooqA <------

€LI'LST
LTL'6LT
687°00€
70'90¢
16°69¢
€L’ LY

e1-ledgd;



233
o1 Pajp-14

212.348

Legend
- ———-——» 7YDecay (Uncertain)

From ENSDF

Adopted Levels, Gammas

Level Scheme (continued)
@ Multiply placed: intensity suitably divided

Intensities: Relative photon branching from each level

52+
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From ENSDF

233
91

Pa,,,-15

Adopted Levels, Gammas

Band(A): 71/2[530],
o=+1/2

(57/2) 4050.9
_—

B
_— 5 ——
=

(53/27) 3569.6

{

454

(49/27) 3115.3

%

423

45/27) 2692.7

%

395

41/27) 22974

%

L

369

(37127) 1928.8

%

340

(33/27) 1588.6

%

312

(29/27) 1276.5

%

284
(2527) 992.9

%

254
21727) 739.3

%

Band(a): 71/2[530],
a=-1/2

47127) 2973.0

440

4327) 2533.0

412

(3927) 2121.5

383

(3527) o 1738.4

354

(31/27) 1384.7
322

(27/27) + 1062.9
286

(23/27) 776.7
248

19/27) 528.8
205

15727) 323.6

160
a12-) * 163.26

72~ 106 57.111
32" 57 0.0
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Adopted Levels, Gammas (continued)

Band(F): 73/2[521]

(11727) 871
9727) 803
(7127) 749
(5127) 704
32~ 669.88

Band(D): 75/2[642]

13/2%) 589
Band(G): 73/2[402]
(5/2%) 488
2+ 454.42
Band(E): 75/2[523] ELA R
wme7s 4
9/2+ 365.94

9r27) 355

Band(C): K™=1/2"

2t) 303.62 2t 300.489 (7127) 306.04

(712%) 279.727

237.904

Band(B): 73/2[651]

13/2* 173

2
y  169.169

a1/2*)
9/2+
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