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Adopted Levels, Gammas

History
Type Author Citation Literature Cutoff Date

Full Evaluation E. Browne, J. K. Tuli  NDS 109,2657 (2008) 1-Jun-2008

Q(B7)=-312 4; S(n)=5257 3; S(p)=6599 3; Q(a)=5167.6 11  2012Wa38
Note: Current evaluation has used the following Q record —311 3 5257.0 27 6598.4 28 5167.6 10 2003Au03.
Additional information 1.

229Th Levels

Cross Reference (XREF) Flags

A 28U a decay D 20Tn(d,p
229Ac B~ decay E Coulomb excitation
C 229pa ¢ decay

o]

E(level) hial Tij XREF Comments
0.0* 52+ 7880 y 120 ABCDE  %a=100
u=+0.46 4
Q=+439

Ty/2: From 1989Go19. Measured specific activity with mass

spectrometry. This value is about 7% larger than 7340 y /60 reported
in 1950Ha52. This latter value is relative to T1(>*3U)=1.62x10 y,

which is about 2% larger than the current accepted value of

T1/2(233U):1.592><105 y (2005Si15). The remaining discrepancy of
about 5% may be due to an underestimation of the effect of impurities,

such as 228Th.

J™: Measured spin (1964Eg01). Orbital assignment is from measured u

value. See 1972EI21 and 1976Ga35 for calculations.

Optical spectroscopy (1974Ge06,1989Ra17,2005S5t24). See also 1964Eg01

and 1964To02.

Optical spectroscopy (1974Ge06,1989Ra17,2005S5t24). See also 1964Eg01.
0.00769 5 (3/2%) ABCD E(level): From precise energy measurement of low-energy y rays from
23U a decay (2007Bel6). Other value: 0.0035 keV 10 (1994He08).
J7: 71.812y from (7/2%) state is E2. (d,t) data suggest the possible
existence of a very low-energy state practically degenerate with the

ground state (2008Bul4).
29.19279@ 5 (5/2%) ABCDE  J™: 29.1851y to (3/2%) is M1[+E2].

42.4349% 2 7/2% 0.172 ns 6 ABCDE  Tjyj: from 1970Tol2 (by (a)(ce)(t)). Other value: <1.9 ns (1967Tr07).
J7: 42.4349y MI+E2 to 5/2% g.s.; Low alpha hindrance factor from

23U @ decay suggest same 5/2[633] configuration.

71.82609 5 (712) ABCDE  J™: 42.6y (M1) to (5/2%), 71.8y E2 to (3/2%).
97.13595% 24 9p2+ 0.147 ns 12 AB DE  J7: 54.7y M1+E2 to 7/2*, 97.1y E2 to 5/2*.
125.4385@ 10 (92)* AB D  83.0y MI+E2 to 7/2%, 125.4y E2 to 5/2*.
146.3569% 14 (5/27) ABC J7: 146.3y El to (3/2*), 117.1y El to (5/2*).
148.1730% 22 (7/27) ABC
163.2542% 7 11/2* AB DE J7: 66.1y (M1+E2) to 9/2%, 120.8y E2 to 7/2*.
164.5317% 4 (320 AB D
173.4837% 22 (9/27) A
189.997 3 A
195.7194€ 16 (11/2%) A
202.4% 2 11/2- D  J% L=5in 20Th(d,t).
212.382 20 (5/2%) A

Continued on next page (footnotes at end of table)
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Adopted Levels, Gammas (continued)

229Th Levels (continued)

E(level) et Ti»  XREF Comments
217.1597% 3 (5/27) AB
235.1266 11 (5/27,7/27) AB
237.366% 5 (7/27) AB
241.546% 19 1372+ A E
255.957 15 (3/2%,5/2%,7/2%) A
261.964€ 4 (1/2%) AB D
2728479 3 (1312%) A
2754 | (15/27) D
287.895 4 (727) A
288.491€ 14 (3/2%) AB DE
302.989 4 (72%) AB
317.1731€ 7 (52)* AB DE J™: 317y MI1+E2 to 5/2%, 274y M1+E2 to 7/2*.
320.5483Y 7 (5/2)* AB J7: 278y M1+E2 to 7/2%, 320y M1+E2 to 5/2*.
327.8% 3 (15/2%) A
347.800 20 (5/2%) A
359.6044€ 20 (7/2%) A D
365.81367 15 7/2% AB J7: MI1+E2 y rays to 5/2%, 7/2*, and 9/27 states.
374.815 4 (7/2%) A
382.547 5 (7/27,9/2,11/2%) A D
425.877° 10 (9/2%) A See also 424.01 (T1/,=190 ps 8) and 425.33 (T/2=290 ps 48) populated
in 229 Ac B~ decay, but de-excited by different y rays. A 424.1-keV
level (L=1) is populated in 23Th(d.t).
428.04 8 (5/2%) A
436.951 15 (727) A
449.38 3 5/2%,7/2* B J7: 406.4y M1+E2 to 7/2*, 449.4y M1+E2 to 5/2*.
4496/ 5 1/2* D J%: L=0in 23°Th(d,t).
465.426 9 (5/27,7/2,9/2%) A
478.64 2 5/2-,7/2" B J7: 436y El to 7/2%, 478y E1 to 5/2*.
478.649 8 (7/2%,9/2%) <16 ps AB Ty/2: From 2006Ru07.
A 479.1-keV (L=2) level is populated in 2°Th(d,t). Possible 3/2* or 5/2*
member of a K™=1/2" band, and a 480 keV 5 level in Coulomb
Excitation.
513.479 10 (5/2%.,7/2,9/2%) A A 512 keV 5 (5/27) level is populated in Coulomb Excitation.
526.516 9 (5/2,7/2) AB J7: 526y El to 5/2*, y rays to J=7/2 states.
536.08¢ 8 (1/27) AB D
569.2721¢ 12 3/2%5/2F AB J7: 569y M1+E2 to 5/2*.
A 562 keV 5 (7/27) level is populated in Coulomb Excitation.
571.24 6 (3/27) AB D  J%: L=1in P9Th(d,1).
576.39% 6 B
585.2377 10 (5/2%,7/2,9/2%) A A 586.3—keV doublet (L=1(+3)) level is populated in 23°Th(d,t).
605.165€ 10 5/2*,7/2* AB J7: 562y M1+E2 to 7/2*, 605y M1+E2 to 5/2*.
A 611 keV 5 (9/27) level is populated in Coulomb Excitation.
620.837 16 (5/2%,7/2) A
637.384 18 (5/2+,7/2,9/2%) A See 638.48-keV level populated in 22?Ac 8~ decay, but de-excited by
different y rays. Also 638.3-keV level populated with L=1 in Z9Th(d,t).
653.79% 4 B D
656.89 4 (5/2%,7/2,9/2) A
661.780F 24 BD
664.98? 7 (1/2,3/2)~ A D J%: L=1in 230Th(d,0).
689.01 5 B D

Continued on next page (footnotes at end of table)

2

229
90 Thl39-2


https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/beta_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/beta_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/beta_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/coulex.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/beta_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/230th_d_t.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/230th_d_t.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/beta_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/230th_d_t.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/coulex.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/beta_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/beta_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/230th_d_t.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/coulex.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/beta_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/230th_d_t.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/beta_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/230th_d_t.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/beta_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/230th_d_t.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/beta_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/beta_decay.pdf
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ru07,B
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/beta_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/beta_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/230th_d_t.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/beta_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/beta_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/230th_d_t.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/beta_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/beta_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/beta_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/230th_d_t.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/beta_decay.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/230th_d_t.pdf
https://www.nndc.bnl.gov/ensnds/229/Th/a_decay.pdf
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Adopted Levels, Gammas (continued)

229Th Levels (continued)

E(level) bl XREF Comments

714.5 10 D
743.4 12 D
749.849 20 (5/2*,7/2.9/2%) A
779.29% 7 B
815188  (3/2°)

825.1 10

84348 13 (5/27)

895.2 9

929.1 10

972.6 12

982.6 11

1019.0 11

1051.7 13

1061.8 13

1093.8 711

1104.1 11

11213 11

1135.5 13

11926 15

1207.3 13

1241.6 13

1266.4 14

1302.5 14

1336.0 14

1382.8 15

1406.9 15

1463.8 15

1500.9 15

1513.0 15

1538.5 16

1575.8 17

1628.3 16

J7: L=1 in 29Th(d,1).

J7 L=3 in 29Th(d,1).

"Avivivilvivlvlelvlvlvielvivivivlvlelelelelelvivivielleleile)

T Spin and parity assignments are based on rotational structure, y-ray multipolarities, alpha-decay hindrance factors, measured
angular momentum transferred (L) in 220Th(d,t), and on the systematic energies of single-particle Nilsson orbitals in this mass
region. Specific arguments are given for individual levels de-excited by y rays with experimentally determined multipolarities.
The single-particle Nilsson orbital assignments shown in this evaluation represent the dominant configuration for each rotational
band.

 Observed only in 22?Ac B~ decay (2002Gul5,2006Ru07).

# Band(A): 5/2[633].

@ Band(B): 3/2[631].

& Band(C): 3/2[761].

¢ Band(D): 5/2[752].

b Band(E): 5/2[622].

¢ Band(F): 1/2[631].

4 Band(G): 1/2[501].

¢ Band(H): 3/2[642]?

f Band(I): K™=1/2%.

& Band(J): 3/2[501].
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Adopted Levels, Gammas (continued)

7(229Th)
Ei(level) 7 E, Lt E; i Mult. ¥ 5f a? Comments
0.0076 (3/2%) (0.0076 5) 0.0 52+
29.1927 (5/2%) 29.18519 4 0.0076 (3/27) MI[+E2] 0.145% 225
(29.19) 0.0 5/2* [M1+E2]
42.4349 7/2* 42.43499@ 2 0.0 5/2F MI1+E2 0.40% 10 130 40 B(M1)(W.u.)=0.011 4; B(E2)(W.u.)=3.0x10% 16
71.8260 7/2%) 29.39119 4 6.111 42.4349 7/2*
42.63339@ 2 100 5 29.1927 (5/2%) (M) 45.8
71.8120 8 13.7 11 0.0076  (3/2") E2 53.9
71.8159 20 886 0.0 52+
97.13595  9/2* 25.3106¢@ 8 10.4€ 6 71.8260 (7/2%) [MI] 213 BM1)(W.u.)=0.0117 14
54.70399 11 83 4 42.4349 7/2* MI1+E2 0.46" 3 534 B(M1)(W.u.)=0.0076 12; B(E2)(W.u.)=1.7x10% 3
Mult.,é: From conversion electron data in
1959Tr31.
67.94609 5 1.6 1 29.1927 (5/2%) E2 70.2 B(E2)(W.u.)=6.2 8
97.1346 3 100 1 0.0 52+ E2 12.91 B(E2)(W.u.)=65 7
125.4385 9/2)t  (28.288) 1.0 3 97.13595 9/2* [M1] 153.4
53.61069 17 100 5 71.8260 (7/2%) (M) # 23.3
83.0125 20 576 42.4349 7/2* MI1+E2 0.62% 12 1
96.22 3 49 3 29.1927 (5/2%) E2 13.49
12543 4 153 0.0 5/2* E2 4.22
146.3569 (5/27) 74.542@ 5 23 1 71.8260 (7/2%) [El] 0.255
117.1629 2 44 2 29.1927 (52*) El 0.336
146.34629 6 100 5 0.0076  (3/2*) El 0.198
148.1730 (7/27) 76.350¢ 4 8.3¢ 8 71.8260 (7/2%) [El] 0.240
118.9689 5 100 5 29.1927 (5/2%) EIl 0.325
148.20 2 116 0.0 5/2* [E1] 0.193
163.2542 11/2* 37.80 3 9.02 125.4385 (9/2)t [M1] 65.2
66.11839 6 38 2 97.13595 9/2* (MI1+E2) 0.56" 20 29 9
(91.433) 153 71.8260 (7/2%) [E2] 17.14
120.8199 2 100 5 42.4349 7/2* E2 4.95
164.5317 3/27) 13533909 5 332 29.1927 (5/2*) El 0.239
164.52409 5 100 5 0.0076 (3/2*) EI 0.1500
173.4837 9/27) 25.3106¢@ 8 <5.8¢ 148.1730 (7/27) [Ml1] 213
(27.119) <2.9 146.3569 (5/27) [E2] 6.13x10°
76.350¢ 4 <29¢ 97.13595 9,2 [E1] 0.240
101.70 5 100 22 71.8260 (7/2%) [El] 0.1123
131.22 8 253 42.4349 7)2% [E1] 0.257
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Adopted Levels, Gammas (continued)

7(229Th) (continued)

E;(level) 7 E, T I, E; i Mult. ¥ 5 ot Tysce)
189.99 928543 100 97.13595 9/2*
195.7194  (11/2%) (32.453) 224 163.2542 112 [M1] 102.3
70281313 806 1254385 (9/2*  [MI+E2] 0.157% 3 11.74
(98.565) 14 2 97.13595 92+ [MI+E2] 027* 450
123.886@ 7 100 7 718260 (727)  [E2] 445
153.170 4 514 424349 72°  [E2] 1.84
212382 (5/2%) 87.25 4 68 17 1254385 (9%  [E2] 214
212.36 3 100 5 00 52 [MI] 2.20
2171597 (5/27) 52.60 3 0103 1645317 (327)  [MI] 24.7
68.81 3 0.100 23 148.1730 (7/27)  [Ml] 11.23
145.35 2 532 718260 (72*)  [El] 0.202
187.96709 3 573 29.1927 (52)  [El] 0.1093
217.1519 4 100 5 0.0076 (3/2%)  [El] 0.0778
2351266 (5/27,7/27) 86304 3 148.1730  (7/27)  [MI] # 5.81 10
88.7 2 100 146.3569 (527)  [Ml] 5.40
237366 (7/27) 25.024 5 4417 212382 (52°)  [El] 457
63.79 6 135 173.4837 (9/27)  [MI] 14.02
(72.825) <13 164.5317 (327)  [E2] 50.4
89.39 7 12715 148.1730 (727)  [MI] 5.4
90.99 1 13517 1463569 (527)  [MI] 4.98
111.93 1 17513 1254385 (92"  [El] 0.372
165.61 3 17810 718260 (72%)  [El] 0.1476
208.1799 7 100 5 29.1927 (52)  [El] 0.0859
241546 132* (45.855) 305 1957194 (11/2%)  [MI] 36.9
78215 14723 1632542 112*  [MI+E2] 0.56% 14.45
116.3 2 163 1254385 (92  [E2] 5.84 10
144.42 2 100 10 97.13595 92*  [E2] 234
255957  (3/2.51277/2%)  43.69 3 60 20 212382 (52%)  [MI] 426
22622 100 33 29.1927 (5/2%)  [MI] 1.84
255.91 2 56 4 0.0  52° Ml 1307
261.964  (1/2%) 97.37 4 100 30 1645317 (3/27)  [El] 0.1259
2619579 4 147 0.0076 (3/2*) MI+E2 0937 0.78 4
272847 (13/2%) 77.12 3 1957194 (11/2%) [MI+E2] 23 16
146.9¢ 5 100 9 1254385 (9/2)* 0.00035
287.895  (7/27) 51.0 3 4816 237366 (727)  [MI+E2] 1.5x10% 13
1142 2 30 4 173.4837 (9/27)  [MI] 12.68
130.722@ 3 153 148.1730  (7/27)  [MI] 7.17
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Adopted Levels, Gammas (continued)

7(229Th) (continued)

Ei(level)  J7 E,f L7 E; i Mult. ¥ ot o4 Comments
287.895  (727) 162450 4 879 1254385 (9/2)* [E1] 0.1546
216.07 1 100 5 71.8260 (7/2) [E1] 0.0787
288491  (3/2%) 32.52 2 12 4 255957 (3/2%.5/27,7/27) [MI] 101.7 a(N)=4.94 7; «(0)=1.171 17; a(P)=0.227 4;
@(Q)=0.0217 3
141.95 10 5810 1463569 (5/27) [E1] 0.213
259.31 2 100 5 29.1927  (5/2%) M1] 1.260
288.50 3 759 0.0076  (3/2%) M1] 0.938
302989  (7/2%) 65.62 5 375 237366 (7/2°) [E1] 0.358
(129.514) ~42 173.4837  (9/27) [E1] 0.266
154.90 3 100 6 148.1730  (7/2°) [E1] 0.1732
177.910 16 469 1254385 (92)* M1] 3.62
205.75P 6 16 2 97.13595 92+ M1] 2.40
260.53 2 71 4 424349 72+ M1] 1.244
273.74 5 11 29.1927  (5/2%) M1] 1.085
302.989P@& 4 543 0.0 572+ [MI] 0.820
3171731 (5/2)* 99.95 15 0278 217.1597 (5/2°) [E1] 0.1176
152.62 10 0.154 164.5317 (3/2°) [E1] 0.179
169.002@ 5 0.58 8 148.1730 (7/2°) [E1] 0.1407
170.809@ 24 1418 1463569 (5/2°) [E1] 0.1372
2453509 | 50 3 71.8260  (7/2*) MI+E2 076 5 1.05 4
274.735@ | 593 424349 7t MI+E2 10710 0625
288.0290°@ 9 1287 29.1927 (52%) [MI1+E2] 0.6 4
317.169@& 2 100¢ 6 0.0 52+ MI+E2 1.4 9 0.371 22
320.5483  (5/2)* 32735 213 287.895  (7/2°) [E1] 2.26
85.4221 9 269 2351266 (5/2°,7/27) [E1] 0.1779
103.73 10 144 2171597 (5/2°) [E1] 0.1066
156.19 5 0786 164.5317 (3/2°) [E1] 0.1698
172.39 10 0495 1481730 (7/2°) [E1] 0.1342
174.192@ 2 372 1463569 (5/27) [E1] 0.1309
22337 3 0526  97.13595 9/2* [E2] 0.443
248.724¢@ | 30€ 2 71.8260  (7/2*) M1] 1.415
278.1089 2 24 1 424349 72+ MI+E2 11410 0574
291.355€@ 9 100¢ 5 29.1927  (5/2%) MI+E2  0.806 0.63 3
320.547@& | 60 3 0.0 52+ MI+E2 13712 033425
327.8 (152%)  86.3€ 3 151 241546  13)2% [MI+E2]  0.44% 8.52 17
(132.1) 133 1957194 (11/2%) [E2] 3.39
(164.5) 100 2 163.2542  11/2* [E2] 1.385
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Adopted Levels, Gammas (continued)

7(229Th) (continued)

E;(level) 7 E,f I E; i Mult. ¥ ot o4 Comments
347.800  (5/2%) 44.80 2 8527 302980  (7/2%) [MI] 39.5
92.23 12 10036 255957  (3/2%.52+,72%) [MI] 4.79
359.6044  (7/2%) 142.69 1 13 2 217.1597  (5/2°) [E1] 0211
185.764 9 298  173.4837 (9/2°) [E1] 0.1124
317.169Q 2 100€ 40 42.4349 72+ [MI1] 0.723
359.38% 4 186 0.0 572+ [MI] 0.513
365.8136  7/2* 153.1704 4 212382 (5/2%)
192.26 4 475  173.4837 (9/2°) [E1] 0.1036
217.84 2 <0.4 148.1730  (7/27) [E1] 0.0773
219.43 2 1538 1463569 (5/27) [E1] 0.0759
2403739 3 54 3 125.4385  (9/2)* MI+E2 0797 1096
268.6759 2 322 97.13595 9/2* MI+E2 0757 0825
293.9969 9 16 1 71.8260  (7/2%) Ml 0.890
3233819 14 1005 424349 72+ MI+E2 16712 0280 17
336.63 1 75 4 29.1927  (5/2%) MI+E2 15924 0.6 4
365.8209% 3 100 5 0.0 572+ [MI1] 0.489
374.815  (7)2%) 71.81204 g 302.989  (7/2%)
86.3¢ 3 100€ 23 288.491  (3/2%) [E2] 255
139.30 3 235.1266  (5/2,7/27) [E1] 0.223
302.9890@ 4 71.8260  (7/2%) [M1] 0.820
374.71% 20 42 0.0 50+ [MI] 0.458
382,547  (7/27,9/2,11/2%)  209.08 8 50 8 173.4837  (9/27)
310.71 5 100 8 71.8260  (7/2*)
45877 (92%) 184.1 3 235 241546  13)2* [E2] 0.897
188.65 6 26 4 237.366  (7/27) [E1] 0.1083
230.17 2 745 1957194 (11/2*) [MI1+E2] 117
328.758 19 83 4 97.13595 9/2* [MI1+E2] 0.4 3
354.04 2 63 4 71.8260  (7/2%) [M1+E2] 0.32 22
383.43 3 100 5 42.4349 72+ [MI1+E2] 0.26 18
396.62 3 4510 291927 (5/2%) [E2] 0.0762
42804  (512%) 125.04 23 4915 302989  (7/2) [MI1] 9.83
139.30 3 100 17 288491  (3/2%) [MI1] 7.4
210.90 8 6712 217.1597 (527) [E1] 0.0833
436951  (7/27) 7712 3 100 9 359.6044  (7/2%) [E1] 0.233 E,: 77.142 and 77.198 form a doublet
structure.
116.3€ 2 283 3205483 (52 [E1] 0.342
22433 19 0309 212382  (5/2%) [E1] 0.0721
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Adopted Levels, Gammas (continued)

7(229Th) (continued)

E:(level) " E,f 1t E/ i Mult. ¥ oF a?
436951  (7/27) 272.39 2 1659  164.5317 (3/27) [E2] 0.228

311.76 3 1479 1254385 (92)* [E1] 0.0341

340.19 8 064  97.13595 9/2* [E1] 0.0282
44938 52+7/2F 161.46% § 13 3 288.491  (3/2%)

406.45% 4 100 3 424349 72+ MI+E2  1.04 14 0213 22

420.70% 5 603  29.1927 (52%)

449.4% 2 ~350 0.0 572+ MI+E2 130176 0.139 I5
465426 (5/27,7/2,92%) 162.45P 4 302,989 (7/2%)

291.93 4 100 15 173.4837 (9/27)

393.60 131 71.8260  (7/2%)

423.09¢ 14 0.5 1 424349 7/2*

436.23€ 2 34€ 1 29.1927  (5/2%)

465.37% 12 0.52 0.0 52+
478.64  5127,7/2" 436.20 4 321 42.4349 72+ El 0.0166

478.64 4 100 3 0.0 52+ El 0.0138
478.649  (7/2*.9/2) 157.98% 11 51 320.5483  (5/2)*

189.60% 4 0.50 6 288.491  (3/2%)

241.18% 9 315 237366 (7/27)

261.80% 9 335 217.1597 (527)

315.39 13 456 1632542 11/2* MI1] 0.734

330.51% 4 281 1481730 (7/27)

332.52& 4 0516 146.3569 (5/27)

381.354 § 97.13595 9/2*

406.58 5 20 3 71.8260  (7/2%) [M1] 0.367

436.23¢& 2 32€ | 424349 72+ MI1] 0.303

449.52 2 213 29.1927  (5/2%) MI1] 0.280

478.64 1 100 3 0.0 s+ M1] 0.236
513.479  (5/2%,7/2.9/27) 387.86 12 6.516 125.4385 (9/2)*

41631 3 655  97.13595 9/2*

441.53 17 3912 71.8260 (7/2%)

471.06 1 100 10 42.4349 72+

513.200% 5 89 11 0.0 52+
526.516  (5/2,7/2)" 167.10 7 273 359.6044  (7/2%)

205.75 6 320.5483  (5/2)*

223.85% 4 302.989  (7/2%)

291.355¢@ 9 100€ 40  235.1266  (5/27,7/27)
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Adopted Levels, Gammas (continued)

7(229Th) (continued)

E;(level) 7 E,f I, E; i Mult. ¥ 5% of Comments
526.516  (5/2,7/2) 309.49 3 138 217.1597 (5/27)
455.48 25 0193  71.8260 (7/2%)
484.34 3 042 42.4349 72+
526.89% 7 00  5°2F El 0.0114
536.08  (1/27) 371.34 9 100 50 164.5317 (3/27) M1] 0.469
536.44 12 33 16 0.0076 (3/2%) [E1] 0.01098
569.2721  3/2%5/2* 203.47% 6 111 3658136 7/2*
248.724¢@ | 1€ 1 320.5483 (5/2)* MI+E2 0877 0945
252.07% 4 34 11 317.1731 (5/2)* MI+E2 0846 0924
280.72%& 4 1103 288491 (3/2)
307.45 19 261 261964 (1)2%) [M1,E2] 0.5 4
313.459 18 255.957  (3/2*,5/2%.7/2)
352.07% 4 211 217.1597 (5127)
404.39 5 902  164.5317 (3127) (E1] 0.0195
423.09¢ 14 70€2  146.3569 (5/2°) [E1] 0.01774
526.4% 4 249 42.4349 72+
540.08% 7 3410  29.1927 (512%)
569.19% 2 100 2 00 52t MI+E2  1.66 12 0.063 4
571.2 (3/27) 307.45 19 261.964  (1/2%)
576.39 127.02% 5 100 4 44938  5/2+7/2% [D,E2] I,: For 127.02+127.6.
576.2% 3 ~614 00  5p2* E,: Ey for doublet=576.08 7.
585.2377  (5/2+,7/2,9/2%) 459.81 I 100 15 125.4385 (9/2)*
513.200 5 71.8260 (7/2%)
542.41 13 63 42.4349 72+
584.94b& 16 ~3 00  5°2F
605.165  5/2%,7/2+ 127.6% 1 2408 47864 5272
156.3% 1 6725 44938  52+7)2*
239.41% 4 37 1 365.8136 7/2* MI+E2 0826 1085
284.67% 4 21 320.5483 (5/2)* MI+E2  1.008  0.59 4
288.0290¢@4 ¢ 7.1€ 12 317.1731 (5/2)*
343.3% | 07517 261.964 (12%)
364.019 12 241.546 132+
367.83% 4 381 237366 (720)
388.05% 4 552 217.1597 (5/27)
440.71% 4 632 1645317 (3/27)
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Adopted Levels, Gammas (continued)

7(229Th) (continued)

Mult.fF

5%

E:(level) " I E; i @
605.165  5/2+,7/2* 456.87 16 1204 148.1730 (7/2°)
458.87% 5 0.674 1463569 (5/27)
533.53 5 1704 71.8260 (7/2%) MI+E2  1.1320  0.098 14
562.61 6 0208 424349 7t MI+E2 136 16 0.075 8
576.00 7 ~11 29.1927  (5/2%) MI+E2  1.5522  0.064 8
605.16% 1 100 3 0.0 52+ MI+E2  1.10 13 00727
620.837  (5/2*.7/2) 474.41 8 233 1463569 (5/2°)
523.68 6 287 97.13595 92+
578.42 2 100 32 424349 72+
591.64 7 217 29.1927  (5/2%)
620.81% 3 4418 0.0 52+
637.384  (5/27,7/2,92%)  402.22 2 100 19 235.1266  (5/2-,7/2°)
425.46 10 112 212382 (5/2)
540.52 6 233 97.13595 92+
608.15 5 6.530  29.1927 (5/2%)
637.25% 10 ~3 0.0 5/2*
653.79 84.8% | 569.2721  3/2+,5/2*
48921% 4 100 6 164.5317  (3/27) [D,E2]
653.86% 10 116 0.0 52+ [D,E2]
656.89  (5/2*,7/2,92%) 177910 16 478.649  (7/2+,9/2%)
531.54 8 17560 1254385 (9/2)*
559.87 18 ~ 97.13595 92+
584.940 16 71.8260  (7/2*)
614.45 7 17560 424349 72+
627.70 8 126 29.1927  (5/2%)
656.89% 5 100 25 0.0 572+
661.780 444.40% 4 84 3 217.1597  (5/2°) [D,E2]
49735& 4 582 1645317  (3/27) [D,E2]
51525% 7 100 3 1463569  (5/2°) [D,E2]
661.59% 7 30 1 0.0 572+ [D,E2]
664.987  (1/2,3/2)" 500.40 9 10032 164.5317  (3/2°)
665.03% 10 ~33 0.0 52+
689.01 83.9% 2 605.165  5/2*,7/2*
540.9% 2 100 9 148.1730  (7/27) [D,E2]
s4268% 7 772 146.3569  (5/27) [D,E2]
688.96% 8 29 2 0.0 572+ [D,E2]
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Adopted Levels, Gammas (continued)

7(229Th) (continued)

E:(level) " E,f 1t E/ i Mult. ¥
749.849  (5/2%,7/2,9/27) 51481 11 100 16 235.1266 (5/2,7/27)
652.79 19 ~2 97.13595 9/2*
707.41 2 188 424349 7/2°
720.62 11 42 291927 (524
749.8% 9 42 0.0 5/2*
779.29 614.82% 7 1006 1645317 (3/2°) [D,E2]
779.00% 15 316 0.0076  (3/2%) [D,E2]

T From 233U « decay or 22°Ac B~ decay, unless otherwise specified.
¥ From 22 Ac 8~ decay (2002Gul5), unless otherwise specified.
# Calculated from strong coupling rotational model (2003Ba78).
@ High-precision measurement using a micro-calorimeter (2007Bel6).
& From 2% Ac 8~ decay (2002Gul5,2006Ru07).

¢ 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.

b Multiply placed.

¢ Multiply placed with intensity suitably divided.
4 Placement of transition in the level scheme is uncertain.
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Adopted Levels, Gammas

Level Scheme

Intensities: Relative photon branching from each level
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Adopted Levels, Gammas

Legend
Level Scheme (continued)

Intensities: Relative photon branching from each level
@ Multiply placed: intensity suitably divided
,,,,,, » ¥ Decay (Uncertain)
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From ENSDF
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o-14

Adopted Levels, Gammas

Level Scheme (continued)

Intensities: Relative photon branching from each level
@ Multiply placed: intensity suitably divided

Legend

» Y Decay (Uncertain)
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(52~ ,712,9/2%) ! FEAIVY oo SEOSIT ESY L e 465.426
NS I $\‘°"§’i¢\“i‘”‘!n’7
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|
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|
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|
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|
(312%) | 288.491

|

|

|

|

|
1312+ | 241.546
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(5127) [ 217.1597
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|
(11/2%) | 195.7194

|

|
(9/27) | 173.4837
G2 ! 164.5317
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(127) : 148.1730
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|

|

|
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Legend
- - —-———» 7YDecay (Uncertain)

From ENSDF

Adopted Levels, Gammas

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

Intensities: Relative photon branching from each level

90 Thy39
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Legend
- - —-———» 7YDecay (Uncertain)

From ENSDF

16

90 Th139

229

Adopted Levels, Gammas

Level Scheme (continued)

@ Multiply placed: intensity suitably divided

Intensities: Relative photon branching from each level

(7/21)
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Adopted Levels, Gammas

Band(A): 5/2[633]

Band(C): 3/2[761]

2) 237.366
(512) 217.1597
73
53
G2) y 164.5317

(15/2%) 327.8
o Band(B): 3/2[631]
a2y 27284
1
|
|
|
|
13/2+ 164 241,546 \
|
7
|
|
|
|
|
78 |
11/2%) 147 195.7194
|
|
|
|
144
112+ 163.2542 }
™
|
|
|
|
124 ‘
66 9/2)* 125.4385
9/2+ 297 13595 4
(7124 " 71.8260
55
97 43
712+ 42.4349
72
(5/2%) 29.1927
42
29
5/2+ 0.0 (32%) 0.0076
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229
From ENSDF 90 Th139-19

Adopted Levels, Gammas (continued)

Band(E): 5/2[622]

92%) 425.877
72+ 365.8136
a2T 3658136
(5/2)* 320.5483
OI2)7 3205483
Band(D): 5/2[752]
(15/27) 275
1172~ 202.4
927) 173.4837
25
27
(727) 148.1730
(5/27) /146.3569
229
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29Th 1,20 From ENSDF 50 Thy39-20

Adopted Levels, Gammas (continued)

Band(J): 3/2[501]

(5127) 843.4

(327) 815.1

Band(H): 3/2[642]?

512,712 605.165

Band(G): 1/2[501]

(3/27) 571.2 3/2+’5/2+ 569.2721

1/27)
Band(I): K"=1/2"

1/2* 449.6

Band(F): 1/2[631]

(712%) 359.6044

(5/2)* 317.1731

(32%) 288.491

12"
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90 Th139

20



	229 90Th139 
	Adopted Levels, Gammas


