189 ? Tl 5o-1 From ENSDF - Evaluated October 2020 189 10 Tl go-1

Adopted Levels, Gammas
History
Type Author Citation Literature Cutoff Date
Full Evaluation ~ Balraj Singh, ! and Jun Chen?>  NDS 169, 1 (2020) 15-Oct-2020

Q(B7)=—-3955 15; S(n)=7827 12; S(p)=2030 30; Q(@)=4918 22 2017Wal0

S(2n)=18180 30, S(2n)=6579 8 (2017WalO0).

Hyperfine structure and isotope-shift measurements using laser spectroscopy for g.s. and isomer: 2013Ba41 (in-source laser
spectroscopy at the Investigation of Radioactive Isotopes on Synchrocyclotron facility of Petersburg Nuclear Physics Institute);
1990Di09; and 1987Bo44 (also 1987Bi08,1986B0oZY).

Mass measurements: 2014B026 and 2013St25 (using Penning-trap ISOLTRAP a ISOLDE/CERN), 2000Ra23, 1999Sc46.

Theory references: consult the NSR database (www.nndc.bnl.gov/nst/) for about 25 primary references dealing with nuclear

structure and other calculations.
Additional information 1.

19071 Levels

Cross Reference (XREF) Flags

A 'Pbgdecay (71s) D  199Gd(3Cl,5ny)
194Bi @ decay (95s) E  '98Er(*’Al5ny)
C  '9Bia decay (115 s)

[ov)

E(level)T T T XREF Comments

0.0 2= 26min3 AB Yoe+%BT=100

#=+0.253 2 (1992Me07,2019StZV)

Q=-0.329 9 (1992Me07,2016St14)

J™: spin from laser spectroscopy (1992Me07), parity from E1 y from 1*. Possible
configuration=mxs1,®vp3/2.

#,Q: Collinear fast-beam laser spectroscopy (1992Me07).

Ty/2: from 1976Bi09 (also 1974Hal0). Other: 2.9 min 2 (1970Va27).

%e~60, %B*~40 (from decay scheme).

Evaluated rms charge radius=5.4121 fm 56 (2013An02).

Evaluated §<r*>(%TL9T1)=-0.6693 fm? 3 (2013An02).

5<12>(OTI-190T)=-0.7063 fm? 4 490(syst) (2013Ba41); first uncertainty is from isotope
shift, the second uncertainty is systematic from the scaling uncertainty of the specific mass
shift.

§<r?>(OTI-199T)=-0.68 fm> § (1990Di09).

Isotope shift: Av(20>TI-"90T1)=-7040 MHz 240 (2013Ba41).

83 10 7t 3.6 min 3 CE %et+%B=100

1=+0.493 4 (1992Me07,2019StZV)

Q=+0.285 14 (1992Me07,2016St14)

Additional information 2.

E(level): from measured mass excess=—24289.3 64 for the 7+ isomer (2013St25,2014B026)
and mass excess=—24372 § for the g.s. (2017Wal0), as also given in 2017Au03. Others: 89
12 (2013St25), 63 10 (2019Gh11, deduced from known a-decay energies from previous
work in 1991Va04).

J7: spin from laser spectroscopy (1992Me07), parity from agreement of measured magnetic
moment with semiempirical estimated value of 0.471 (1992Me07) for ns1/,®vii3/2
configuration. Also systematic occurrence of the 7% isomer in odd-odd thallium isotopes.

Ty/2: weighted average of 3.6 min 3 (2013St25); 3.7 min 3 (1976Bi09, also 1974Hal0); 3.4
min 2 (1975Va20, 3.9 min 3 in 1970Va27, also 1970FeZY). In the averaging procedure,
uncertainty increased to 0.3 min in 1975Va20.

14,Q: Collinear fast-beam laser spectroscopy (CFBLS) (1992Me07). Other: u=+0.495 4
(1987Bo44, CFBLS method).

%e~65, %BT~35 (from decay scheme).

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Ba41,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Di09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Bo44,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Bi08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986BoZY,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Bo26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013St25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2000Ra23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999Sc46,B
https://www.nndc.bnl.gov/ensnds/190/Tl/190tl_adopted_documents.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/ec_decay_71_s.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/160gd_35cl_5ng.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/a_decay_95_s.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/168er_27al_5ng.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/a_decay_115_s.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/ec_decay_71_s.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/a_decay_95_s.pdf
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Me07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019StZV,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Me07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016St14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Me07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Me07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Bi09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ha10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Va27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013An02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013An02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Ba41,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Di09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Ba41,B
https://www.nndc.bnl.gov/ensnds/190/Tl/a_decay_115_s.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/168er_27al_5ng.pdf
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Me07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019StZV,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Me07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016St14,B
https://www.nndc.bnl.gov/ensnds/190/Tl/190tl_adopted_documents.pdf
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013St25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Bo26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Au03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013St25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019Gh11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Va04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Me07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Me07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013St25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Bi09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ha10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Va20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Va27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970FeZY,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Va20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Me07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1987Bo44,B

190 190
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Adopted Levels, Gammas (continued)

19071 Levels (continued)

E(level)t b Tij XREF Comments

A<r?>(P05T-190MT)=_0.7223 fm? 5 510(syst) (2013Ba41); first
uncertainty is from isotope shift, the second uncertainty is systematic from
the scaling uncertainty of the specific mass shift.

A<r?>(25TI-10T1)=-0.69 fm? 8 (1990Di09).

Isotope shift: Av(203TI-199mT])=—7380 MHz 180 (2013Ba41).

151.3 3 1+2% 3% >34 ns B Ty /20 from ay(t) (1991Va04).

J*: El y to 27.

E(level): this level may be the same as 151.31 populated in '“°Pb & decay,
but opposite parities are suggested from the mult(151.3y)=E1 in '**Bi «
decay (1991Va04) and mult(151.19y)=(M1,E2) in 'OPb & decay

(1981EI103).
151.31 8 (1) A J7: (M1,E2) v to 27; (El) y from 1*.
158.1515 (0 to 3)) A J%: (M1,E2) y to 27; y from (0,1).

195 10 (6*,7%) <0.25 ns C J%: (M1) y to 7%); no transition from (97).

2105513 (17,27,37) A 7 (MI) y to 27,

2457 10 (87) E J": possible (E1+M2) y to 7).
245+x? 0.75 ms 4 E  Ty: from y(t) (1981Kr20).

E(level): proposed by the evaluators, where x is likely to be low energy.

1991Va04 (from study of '**Bi a decay) suggest that the placement of
161.9y from this isomer is incorrect for the following reasons: no (107) to
(87) «a transition observed, no coincidences observed between 5598« and
5660a with a possible (97) to (87) M1 y transition, and E1 hindrance
factor of 161.9y is high by three to four orders of magnitude, as compared
to those for neighboring Tl nuclides.

274.17 8 (17,27,30) A J': (M1) y to 27.
32525 97) >1 us D %IT=100

Additional information 3.

Ty/2: estimated by 1991Va04 in 194Bi o decay from lack of ery-coin, and
non-observation of gamma de-excitation from this level to lower levels,
although a gamma ray with <10 keV cannot be excluded.

37275724 (0 to 4 T (M1) y to (17,27,37).

376.26 8 (1=,27) J*: (M1) y to 27; y from 1%,

380.0" 5 (100)f <0.25 ns D Ty ay(t) (1991Va04).

416.68 22 0,1,27) J7: vy to (17); weak g feeding (log ft=6.7) from 0*.
495.07 21 07,17,27) J7: (M1,E2) y to (17,27); possible 8 +¢ feeding from 0%.
539.8121  (0,1,27) J™: possible B*+¢ feeding from 0*.

5983317  (17,27,37) J': (M1) y to 27.

661.3% 5 (117)F CDE

= =

== e e

73899 16 (0~ to 47) A Iy to (17,27).
890.72 17 (1%) A J™: probable log ft~5.7 from 0*.
941.8% 5 (120)f DE
94221 9 1* A J™: log ft~4.7 from 0%, strong (~44%) B*+¢ feeding suggests allowed
transition.
123550 15 (1%) A J™: probable log ft=5.2 2 from 0*.
124369 5 D
13242% 5 (13)F DE
149459 7 (12 D
1651.3% 5 147% D
182409 8 (13) D
1854.5 3 (1) A J™: probable log ft=5.2 I from 0*.
2081.7% 5 157F D B(MI)/B(E2)=1.5 6 (2005Xi06).
2153598 (14 D

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Ba41,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Di09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Ba41,B
https://www.nndc.bnl.gov/ensnds/190/Tl/a_decay_95_s.pdf
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Va04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Va04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981El03,B
https://www.nndc.bnl.gov/ensnds/190/Tl/ec_decay_71_s.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/ec_decay_71_s.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/a_decay_115_s.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/ec_decay_71_s.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/168er_27al_5ng.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/168er_27al_5ng.pdf
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Kr20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Va04,B
https://www.nndc.bnl.gov/ensnds/190/Tl/ec_decay_71_s.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/a_decay_115_s.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/160gd_35cl_5ng.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/190tl_adopted_documents.pdf
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Va04,B
https://www.nndc.bnl.gov/ensnds/190/Tl/ec_decay_71_s.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/ec_decay_71_s.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/a_decay_115_s.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/160gd_35cl_5ng.pdf
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Va04,B
https://www.nndc.bnl.gov/ensnds/190/Tl/ec_decay_71_s.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/ec_decay_71_s.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/ec_decay_71_s.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/ec_decay_71_s.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/a_decay_115_s.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/160gd_35cl_5ng.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/168er_27al_5ng.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/ec_decay_71_s.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/ec_decay_71_s.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/160gd_35cl_5ng.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/168er_27al_5ng.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/ec_decay_71_s.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/ec_decay_71_s.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/160gd_35cl_5ng.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/160gd_35cl_5ng.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/168er_27al_5ng.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/160gd_35cl_5ng.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/160gd_35cl_5ng.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/160gd_35cl_5ng.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/ec_decay_71_s.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/160gd_35cl_5ng.pdf
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Xi06,B
https://www.nndc.bnl.gov/ensnds/190/Tl/160gd_35cl_5ng.pdf
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Adopted Levels, Gammas (continued)

190T] Levels (continued)

E(level)t b XREF
2412.6" 5 167 % D
2508.69 10 (15) D
2752.5% 6 17-% D
2990.87% 8§ (187)F D

 From least-squares fit to y-ray energies, assuming 0.5 keV uncertain for energy, when not stated.
¥ Probable member of band based on 8-, configuration=rhg/, ®vij3/;.

# Band(A): mhg/,®vij3/ band.

@ Band(B): Band based on (11).



https://www.nndc.bnl.gov/ensnds/190/Tl/160gd_35cl_5ng.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/160gd_35cl_5ng.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/160gd_35cl_5ng.pdf
https://www.nndc.bnl.gov/ensnds/190/Tl/160gd_35cl_5ng.pdf

Adopted Levels, Gammas (continued)

y("*TD
E;(level) 7 E,f Lt E; " Mult. B ot Comments
151.3 1t,2+,3* 151.3 3 100 0.0 27 El 0.1523 23
151.31 17) 151.19 10 100 0.0 27 (M1+E2) 1.88 76
158.15 (0 to 3) 158.15 15 100 00 2° (M1,E2) 1.64 69
195 (67,71 112.2 100 83 7t (M1) 6.18
210.55 17,27,37) 59.4@ 151.31 (17)
210.55 13 100 25 0.0 27 (M1) 1.042
2457 8) 161.99 2 100 83 7t (E1+M2) 0505 264 1991Va04 suggest that the placement of 161.9y from
a 0.75 ms isomer proposed by 1981Kr20 is
incorrect. See comment for 245+x level.
Mult.,o: from a(K)exp determined from K x ray
(1981Kr20), considered as uncertain by evaluators.
If 245 level is an isomer of 0.75 ms half-life as
suggested in 1981Kr20, B(E1)(W.u.)=1.43x107!!
19, BOIM2)(W.u.)=6.3x10"% 13, giving unrealistically
low B(E1)(W.u.) value by two orders of magnitude.
245+x? x@ 2457 87) Possibly highly converted transition.
274.17 (17,27,37) 122.25 20 22 3 151.31 (17) (M1+E2) 3712
274.21 10 100 18 0.0 27 (M1) 0.502
372.757 (0 to 4 162.2 2 100 21055 (17,27,37)  (MI(+E2)) 2.17 a: for MI1.
376.26 1-,27) 101.8 2 9.2 13 274.17 (17,27,37) [MI1,E2] 6.8 14
376.35 10 100 13 0.0 27 M1) 0.212
389.0 (107) 63.9 100 3252 (97) M1) 5.81 y from '%*Bi « decay.
416.68 (0,1,27) 142.2 3 ~100 274.17 (17,27,37)
265793 a2 151.31 (17)
495.07 07,17,27) 78.6@ 416.68 (0,1,27)
118.8 2 100 24 376.26 (17,27) (M1+E2) 4.1 12
539.81 0,1,27) 381.66 15 100 158.15 (0 to 3)©
598.33 17,27,37) 598.3 2 100 0.0 27 (MI1(+E2)) 0.0621 a: for M1.
661.3 (117) 272.3 1 100 5 389.0 (107) D
336195 <50 3252 (9)
738.99 (0~ to47) 140.6 3 ~220 598.33 (17,27,37)
362.74 15 100 14 376.26 (17,27)
890.72 (1) 739.41 15 100 151.31 (17)
941.8 (127) 280.5 1 100 5 661.3 (117) D
552.8 1 48.7 24 389.0 (107) Q
942.21 1* 566.0 2 13.6 7 376.26 (17,27) (ED) 0.00714
790.90 20 878 151.31 (17) (E1) 0.00370
942.20 10 100 8 0.0 27 (E1) 0.00268
1235.50 (1) 1235.50 15 100 0.0 27
1243.6 (11) 582.3 3 100 15 661.3 (117) D
854.5 3 98 15 389.0 (107) D Mult.: AJ=0, dipole.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Va04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Kr20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Kr20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Kr20,B

Adopted Levels, Gammas (continued)

y("%OT1) (continued)

Ei(level)  J7 E, Lt Ef T Mult.” | Ej(level)  J7 B, Lt Ef T Mult. t
13242 (137) 38241 1005 9418 (12°) D 20817 15~ 75753 10015 13242 (137) Q
662.83 487 6613 (117) Q 21535  (14)  329.5% 3 100" 18240 (13) (D)
14945  (12) 25095 100 12436 (11) D 24126 16 33095 3972 20817 15 D
16513 14~ 32713 8613 13242 (137) D 76133 10015 16513 14~ Q
70957 1005  941.8 (12°) Q 2508.6 (15 35515 100 21535 (14) (D)
1824.0  (13)  3205% 3 100" 14945 (12) (D) 27525 17 33995 10030 24126 16 D
18545  (1") 185453 100 0.0 2- 670.8 5 7523 20817 15~ Q
20817 15° 43055 7924 16513 14~ D 2990.87  (187) 238395 100 27525 17- D

T From '%OPb & decay for 7y rays from low-spin (J<6) levels, and from '°Gd(**Cl,5ny) for y rays from high-spin levels.

¥ 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 with undivided intensity.
@ Placement of transition in the level scheme is uncertain.

18
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ki07,B
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From ENSDF

190
81 T1109_6

Adopted Levels, Gammas

Level Scheme

Intensities: Relative photon branching from each level
& Multiply placed: undivided intensity given

Legend

» Y Decay (Uncertain)
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2.6 min 3
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From ENSDF

190
81 T1109_7

Intensities: Relative photon branching from each level
& Multiply placed: undivided intensity given

Adopted Levels, Gammas

Level Scheme (continued)

Legend

» Y Decay (Uncertain)
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From ENSDF

190
81 T1109_8

Adopted Levels, Gammas

Band(A): mthy,;®Vij3/; band

asy ____ _29%8
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