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209Tl- Comments on Evaluation of Decay Data  

By F.G. Kondev 

 
 
This evaluation was completed in May 2011, with a literature cut off by the same date, as a part 

of ANL commitment to the IAEA-CRP on “Updated Decay Data Library for Actinides”.  
 
1. Decay Scheme 

The nuclide 209Tl (J=1/2+) disintegrates 100 % by emissions. The strongest -decay branch of 
97.70 (15) % populates the J=1/2- excited state at 2149.29 keV of the daughter nuclide 209Pb. The decay 
scheme of 209Tl was constructed by the evaluator, based on the work of Gromov (2000Gr35) and 
Ardisson (1998Ar03). The ENSDF evaluation of Martin (1991Ma16) was consulted for J and 
mutipolarity assignments to levels in 209Pb.   
 
2. Nuclear Data 

Adopted Q() value of 3976 (8) keV is taken from the evaluation of Audi et al. (2003Au03).  
The experimental data for the half-life of the 209Tl ground state are very scarce. The value of 

2.161 (7) min (1998Ar03) is adopted in the present evaluation. It is in agreement with the other known, 
but less precise, value of 2.20 (17) min (1950Ha64).  

 
2.1.  Transitions 

The values for the maximum --decay energies, E-,max, presented in Table 1, were deduced from 
Q() = 3976 (8) keV (2003Au03) and the level energies deduced in the present evaluation, as detailed in 
section 2.2. The --decay transition probabilities, P, were deduced from the decay scheme and the 
corresponding absolute ray transition probabilities. The sum of the - intensities to levels above 
2149 keV is 2.30 (15) %.  Then the - feeding to the 2149-keV level is (100 - 2.30 (15)) % = 
97.70 (15) %.The log ft values were calculated using the LOGFT program from the ENSDF evaluation 
package. The log f values are based on the work of Gove and Martin (1971Go40). 

 
2.2. Gamma Transitions and Electron Internal Conversion Coefficients 

The ray transition energy data are presented in Table 2. Statistical analysis using the 
LWEIGHT program has been performed and the corresponding gamma-ray energies were deduced (the 
last column of Table 2). With those energies, the level scheme was fitted using the gtol program from the 
ENSDF analysis package and new level energies (shown in Table 1) were obtained.  

The ray transition multipolarities were taken from the ENSDF evaluation of Martin 
(1991Ma16) and the recent work of Gromov (2000Gr35) and Ardisson (1998Ar03). The electron 
conversion coefficients were calculated using the BrIcc code (2008Ki07).  

 
Table 1. Level energies, quantum numbers, Emax, P and log ft values in decay of 209Tl (J=1/2+) 
 

Level energy 
(keV) 

J E-max 
 (keV) 

P 
(%) 

Nature log ft 

3388.96 (13) (1/2,3/2) 587 (8) 0.420 (22)    
3361.36 (17) (1/2,3/2) 615 (8) 0.10 (3)    

3069.72 (13) 3/2- 906 (8) 0.645 (16) 
first 

forbidden 
6.3 

2905.14 (25) 3/2- 1071 (8) 0.70 (9) 
first 

forbidden 
6.5 

2524.14 (25) (1/2,3/2)+ 1451 (8) 0.070 (15) allowed 8.0 

2460.8 (3) (5/2)- 1515 (8) 0.031 (16) 
first 

forbidden 
unique 

9.2 
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2315.68 (13) (3/2)- 1660 (8) 0.32 (11) 
first 

forbidden 
7.5 

2149.29 (6) 1/2- 1827 (8) 97.70 (15) 
first 

forbidden 
5.2 

2032.07 (6) 1/2+ 1944 (8) <0.1 allowed > 8.3 
1566.94 (5) 5/2+         

0.0 9/2+         
 

 

The gamma-ray emission probability data are presented in Table 3. The unplaced gamma rays 
and their emission probabilities are presented in Table 4. Future work is merited to obtain a more 
complete decay scheme of 209Tl.  
 

3. Atomic Data 

The Atomic data (Fluorescence yields, X-Ray energies and Relative probabilities, and Auger electrons 
energies and Relative probabilities) were provided by the Saisinuc software (2008DuZX). Details 
regarding the origin of these data can be found in 1996Sc06, 1998ScZM, 1999ScZX, 2000Sc47 and 
2003De44.  
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Table 2. Measured, deduced and adopted gamma-ray energies in decay of 209Tl 
 

2003ChZV 2000Gr35 1999GrZT 1998Ar03 1993El08 1989Ko26 1986He06 1981Di14 1977Vy02 adopted 
  117.18 (10) 117.1 (3) 117.24 (5) 117.24 (1) 117.21 (1)   117.25 (5) 117.211 (21) 117.224 (7) 
    284.04 (23) 284.04 (25)     284.04 (23) 
    311.5 (3) 311.5 (3)     311.5 (3) 
    375.5 (2) 375.5 (2)     375.5 (2) 

465.2 465.21 (4) 465.0 (4) 465.10 (5) 465.10 (1) 465.14 (1) 465.4 (1) 465.1 (2) 465.065 (25) 465.128 (24) 
582.4 582.4 (2)        582.4 (2) 

  748.5 (3)  748.0 (3) 748.0 (3)     748.3 (2) 
  755.6 (3)        755.6(3) 
  873.5 (4)        873.5 (4) 

920.2 920.8 (1) 919.9 (3) 920.34 (9) 920.34 (7) 920.2 (3)    920.43 (11) 
1239.8 1239.7 (2) 1239.2 (3) 1239.76 (15) 1239.76 (15)     1239.66 (11) 
1329.2 1329.3 (3) 1329.6 (3) 1329.3 (3) 1329.3 (3) 1239.5 (5)    1329.29 (16) 
1566.9 1566.9 (3) 1566.7 (3) 1566.96 (5) 1566.96 (1) 1567.11 (2)  1566.9 (2) 1566.95 (6) 1566.93 (5) 

  2149.0 (10)        2149.0 (10) 
2315.9 2315.9 (3) 2315.7 (3)             2315.80 (21) 
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Table 3. Measured, deduced and adopted ray emission probabilities for ray transitions in decay of 209Tl 
 

Eg, keV 2003ChZV 2000Gr35 1999GrZT 1998Ar03 1993El08 1989Ko26 1981Di14 1977Vy02 adopted 
117.24 (1)  78 (4) 74 (2) 73 (4) 73 (1) 85 (4) * 85.6 (59) * 84 (2) * 77.22 (27) a) 

284.04 (25)    0.14 (7) 0.14 (7)    0.14 (7) 
311.5 (3)    0.028 (14) 0.028 (14)    0.028 (14) 
375.5 (2)    0.070 (15) 0.070 (15)    0.070 (15) 

465.10 (1) 80.4 (21) * 97 (5) 93.2 (16) * 95 (5) 95 (5) 96 (4) 99.1 (64) 100 (3) * 96.62 (5) a) 
582.4 0.33 (3) 0.28 (4)       0.312 (24) 

748.5 (3)  0.07 (3)  0.09 (3) 0.086 (30)    0.080 (21) 
755.6(3)  0.11 (2)       0.11 (2) 
873.5 (4)  0.59 (8)       0.59 (8) 
920.8 (1) 0.62 (3) 0.63 (5) 0.63 (2) 0.70 (7) 0.70 (7) 0.63 (6)   0.631 (15) 
1239.8 0.45 (4) 0.42 (7) 0.41 (3) 0.31 (12) 0.31 (12)    0.420 (22) 
1329.2 0.14 0.10 (3) 0.21 (3) 0.026 (5) 0.026 (5) 0.42 (4)   0.10 (3) 
1566.9 100 (1) 100 (5) 100.0 (8) 100 (5) 100 (5) 100 (4) 100.6 (64) 93 (3) * 99.707 (5) a) 

2149.0 (10) <0.0006 0.015 (5)       0.015 (5) 
2315.9 (3) 0.0284 (24) 0.03 (1) 0.030 (5)           0.0288 (21) 

* not included in the statistical analysis 
a) deduced from 100/(1+T) due to cascading. 
 
 
Table 4. Gamma-ray energies and emission probabilities for transitions in decay of 209Tl, which were not placed in the decay scheme 
 

2003ChZV 2000Gr35 1999GrZT 1998Ar03 

   469.9 0.12 (3)   469.7 (3) 0.03 (2) 
   860.5 (3) 0.26 (4)      
   890.0 (4) 0.12 (3)      
   902.8 (4) 0.10 (2)      

970.3 0.054 (15)        
   1661.1 (5) 0.10 (2)      
   1673.2 (4) 0.48 (4)      
   1781.7 (5) 0.04 (2)      
     2005.3 (2) 0.020 (5)    

2032.1 <0.019 2032.1 (5) 0.001      
2548.2 0.015 (6)             
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