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Energy Separation of the Doublet of Intrinsic States at the Ground State of 229Th 
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It has been known for some time that the intrinsic state labeled by the asymptotic quantum numbers 
j + [631] lies quite close ( < 0.1 keV) to the f+ [633] ground state of 229Th. Using the energies of select­
ed y rays emitted following the a decay of 233U, we have obtained a value of 1 ± 4 eV for the energy sep­
aration of these two intrinsic states. 

PACS numbers: 23.20.Lv, 27.90.+b 

In a study1 of the rotational-band structure of 229Th, 
populated in the a decay of 233U, states interpreted as 
the spin y through y- members of a y+[631] band were 
reported. The bandhead (/*— y + ) of this band, howev­
er, was not directly observed. From indirect, but con­
vincing, evidence it was concluded1 that this j + state 
must be quite close to (within 0.1 keV of) the 229Th 
ground state (y + [633] ) and that the reason for its 
nonobservation was that the energy separation of these 
two states was too small to be determined from the exist­
ing data. This inference was supported, essentially con­
currently, by data from a study2 of the 2 3 0ThG/,/) reac­
tion, in which various members of the y+[631] band, 
and, in particular, the bandhead itself, were observably 
populated. Although the ground state was not observed 
in this reaction, the location of the peak assigned as y , 
y [631] relative to the other band members indicated 
that it should lie close to the ground state. 

In a subsequent study3 of the 233U decay for the pur­

pose of obtaining accurate values of the emission proba­
bilities of a number of the more intense y rays, the ener­
gies of many of the y rays were determined with pre­
cisions of a few eV. This has made it possible, in turn, to 
obtain a more precise estimate of the energy separation 
of these two states. In this paper, we present the results 
of our redetermination of this energy separation. 

The portion of the low-energy level scheme of 229Th 
which is pertinent to the present discussion is shown in 
Fig. 1. From this scheme the following three energy 
combinations can be used to determine the energy A of 
the y + bandhead: 

A, = £ ( 9 7 ) - £ ( 7 1 ) - £ ( 2 5 ) , 

A 2 = £ ( 9 7 ) - £ ( 6 7 ) - £ ( 2 9 ) , 

A3 = [ £ ( 1 4 8 ) - £ ( 1 1 8 ) ] - [ £ ( 1 4 6 ) - £ ( 1 1 7 ) ] 

= [£ (148) -£ (146) ] - [£ (118) -£ (117) ] . 

217.1 

148.1 
146.3 

125.4 

97.1 

71.8 

42.4 

29.1 

A 
0.0 

E (level) 
keV 

18" 

11 

25.3 

* 

71 

\ 

• 9 
.8 

f 

\ 

67 

7.1 

i 

.9 

r i 

7.1 

14 

r 
i 

29.1 

t i 

11 

6.3 

1 

B.9 

14 

f 

f 
f i 

3.1 

i 

7.9 

21 

r 

i 

7.1 

f 
1 

5/2" 

7/2" 
5/2" 

9/2 + 

7/2" 

5/2" 

2 2 9Th 

9/2 + 

7/2 + 

5/2-

3/2-

5/2+ [633] 3/2+ [631] 

FIG. 1. Partial level scheme of 229Th, showing those y-ray transitions whose energy values were used in determining the energy 
separation A of the f+[633] and j+[631] bandheads. 
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In addition, the following energy combination should be 
identically zero, and thereby provides a check on the 
quality of the energy values: 

0 . 0 - £ ( 2 1 7 ) - £ ( 1 8 7 ) - £ ( 2 9 ) . (1) 

The validity of the determination of the energy 
difference A depends on the assumption that the observed 
y-ray peaks are not multiplets and that these peaks actu­
ally correspond to the transitions shown in Fig. 1. In 
particular, it is important that the levels considered do 
not depopulate to both the y+[633] and y [631] band-
heads. From spin-parity considerations alone, it is clear 
that the 97- and 148-keV levels do not populate the y 
level, since those transitions would be M3 and Ml, re­
spectively, and hence should be very weak compared to 
the El and E\ transitions from these levels to the y 
bandhead. The 29- and 71-keV y rays are M\ +E2 and 
E2 transitions within the y+[631] band. It is observed1 

that, higher up in the y + band, the within-band transi­
tions are considerably more intense than the possible in-
terband transitions (to y [633]). It is assumed that this 
behavior applies also to the y and y members of the 
band and, thus, that the contribution to the 29- and 71-
keV peaks from possible y-ray transitions to the y , 
y + [633] state is negligible. On the basis of spin-parity 
considerations alone, the y rays from the two y~ levels 
could go to both the y and y bandheads. However, 
as pointed out in Ref. 1, the E 1 decay pf the observed 
negative-parity states below 0.24 MeV in 229Th takes 
place entirely to members of the y + band, with no 

detectable feeding of the y + band. (This phenomenon is 
directly observed only for the excited states of these 
bands, and it is assumed to be true for the bandheads as 
well. A theoretical basis for this observation has been 
proposed,4 and an empirical justification for terminating 
these E l's on the y + bandhead is noted below.) 

The y-ray energies of interest here were measured 
with an intrinsic Ge detector system having resolutions 
(FWHM) of 0.45 and 0.61 keV at 29 and 146 keV, re­
spectively. Portions of a typical y-ray spectrum of the 
233U sample are shown in Fig. 2. Details of these mea­
surements have been presented elsewhere3 and are thus 
only briefly indicated here. From the measured y-ray 
spectra, the difference in energy between closely spaced 
lines, both within the 233U spectrum itself or from a cali­
bration source and the 233U, was determined. Anywhere 
from three to seven separate spectra were used to deter­
mine a particular energy difference. 

The measured energy differences, together with the 
derived energies for the relevant 233U-decay y rays, are 
given in Table I. The sum in Eq. (1), which should be 
zero, is found to have the value —0.002 ± 0 . 0 0 3 keV; 
and the following values are obtained for the energy A of 
the y + bandhead: 

A, = - 0 . 0 0 3 ±0 .005 keV, 

A 2 = - 0 . 0 0 1 ± 0.006 keV, 

A3 = + 0 . 0 0 2 ± 0 . 0 0 8 keV. 

A weighted average of these three A; values gives the fol­
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FIG. 2. Portions of y-ray spectrum of 233U. Peak energies are labeled in keV and the 2 4 ,Am peak is identified. 
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TABLE I. Measured y-ray energy differences and deduced 
y-ray energies. The y rays are from the 233U decay unless oth­
erwise noted. The data are from Ref. 3. 

Transitions 
Energy 

difference (keV) 
y-ray 

energy (keV) 

25-26(2 4 ,Am) 
29-26(2 4 ,Am) 

67-66 
66-70 
70-71 

71-69( , 5 3Gd) 
71-67( , 8 2Ta) 
71-84( , 8 2Ta) 

97-100( , 8 2Ta) 
117-118 
146-148 

187-179( , 8 2Ta) 
187-198( l 82Ta) 

217-222( , 8 2Ta) 

1.027 ± 0 . 0 0 4 
2.847 ± 0 . 0 0 1 

1.821 ± 0 . 0 0 4 ] 
4.158 ± 0 . 0 0 3 
1.539 ± 0 . 0 0 3 J 

2.141 ± 0 . 0 0 3 
4.072 ± 0 . 0 0 3 

12.859 ± 0 . 0 0 3 

2.973 ±0 .001 
1.809 ±0 .001 
1.811 ± 0 . 0 0 8 

8.576 ± 0 . 0 0 2 
10.385 ± 0 . 0 0 3 

4.951 ± 0 . 0 0 2 

25.318 ± 0 . 0 0 4 
29.192 ± 0 . 0 0 1 

67.943 ± 0 . 0 0 6 

71 .819±0 .002 

97.134 ±0 .001 

| 187.969 ± 0 . 0 0 2 

217.159 ± 0 . 0 0 2 

lowing estimate for the energy of the f+ bandhead: 

A = - 0 . 0 0 1 ± 0.004 keV. 

Although the A, are correlated through the use of a com­
mon set of energy standards, and Ai and A2 are correlat­
ed through their common use of is (97), the uncertainties 
in the individual A, are dominated by the contributions 
from the other y-ray peaks. Thus, the simple average 
shown here should be valid. 

As noted above, the validity of this result depends on 
the fact that all the y-ray peaks represent single y rays 
with the assigned placements. (For this reason, we have 
not used any combinations involving the 42-keV y ray, 
since it may be a doublet. l) From the nuclear-structure 
considerations presented above, we believe that these 
peaks are in fact singlets. One empirical argument can 
be added. We believe that it is extremely unlikely that, 
within each of the three A/ sums, there would be one or 
more doublet peaks whose deduced energy value would 
be shifted by amounts that would in all cases "acciden­
tally" produce a sum near zero. 

We conclude that the energy separation of these two 
intrinsic states is smaller than the precision of our mea­
surements and in any event is almost certainly less than 
10 eV. This represents the closest approach to complete 
degeneracy thus far known for a pair of states where one 
is the ground state. 

It has been tacitly assumed here, and elsewhere in the 
literature, that the 229Th ground state is f + [633] . A lit­
tle reflection, however, reveals that all that the previously 
available data5'6 really establish in this regard is that the 
y+[633] state is the 7340-yr activity in 229Th. (This is 
also true for the results of a recently published7 

Coulomb-excitation study of 229Th, in which the 

y [633] band was strongly excited, but no evidence was 
found for population of the y + [631] band.) If the half-
life of a y transition connecting these two bandheads is 
significantly shorter than this 7340-yr half-life, the 
f [631] bandhead would be definitely established as be­
ing an excited state in 229Th. The Moszkowski estimate8 

of the transition rate of a putative 1-eV Ml transition 
connecting these two states gives a value (neglecting pos­
sible effects from the influence of atomic electrons) of 
— 7 h for the level half-life. No evidence for a half-life 
of this order of magnitude in 229Th presently exists, but, 
to the best of our knowledge, no careful search for such 
an isomeric state has been carried out. Certainly, its ex­
perimental observation would be difficult. However, 
should it turn out for some reason that the half-life of a 
y transition between these two 229Th states is sig­
nificantly greater than 7340 yr, then the possibility that 
y [631] is the ground state of 229Th cannot be definitely 
excluded. 
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