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Soloviev V,G., ,Fedotov s.r. E4-6055 

Non-Rotational States of Odd-Z Deformed Nuclei in the 
Region i53:S A:S 177 

The energy and structure ·of the_ non-rotational excited states 
for a •1umber of odd-N' deformed nuclei in _the region 153:S.A:S. 177 

· ·.vere calculated in the frameworl< of the superfluid nuclear model, _ 
The calculations were performed with the Saxon..;.Woods single
particle energies and · wave functions, A· satisfactory agree merit' of 
the experimental and theoretical data was obtained, The position 
_ and the structure of a large number of new ·levels in the nuclei 
in question ls predicted. 
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The excited non-rotational states of odd-Z nuclei 

are not pure quasiparticle states, they contain admixtures 

of many-quasiparticle components. Thus, in studying their 

structure it is necessary to take int~·account the connec

tion between the quasiparticle and collective states and, 

first of all the interaction of quasiparticles with vibra
tional phonons. 

The mathematical formalism for description of the 

interaction of quasiparticles with phonons in the frame

work of the superfluid nuclear model is presented in thB 
monograph /l/_ In refs. 12 - 81 this formalism was used to 

calculate the non-rotational states of a large number of 

odd-A deformed nuclei. It was shown that the excited 

states of odd-A nuclei have a complex structure and only 

the lowest and a small number of higher excited states 

were found to be close to the one-quasiparticle states. 
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The present work is devoted to the study of the 

structure of nuclei with an odd number of protons in the 

r e g i o n 153 ,s_ A ~ , 77 . T h e m a i n a t t e n t i o n w a s p a i d t o t h e 

nuclei the spectra of which were not calculated earlier. 

In the ~resent calculations the Saxon-Woods single

particle energies and wave functions calculated by the 

method suggested in ref. 191 were used. In the expansion 

of the nuclear radius in the multipoles the quadrupole 

and hexadecapole deformations have been taken into 

account. Taking into consideration the'fact that the 

energy and wave functions of the Saxon-Woods potential 

are A-dependent the deformed nucklei of the region 

150 < A < 190 were di vi de d i n to four zones . T t:i e nu cl e i of - - .. ,, 

this region are computed w~th their parameter~ which 

slightly alter in the transition from zone to zone. 

Table l gives the Saxon-Woods parameters for the four 

zones. In the present paper the nuclei of three zones 

with A=155 , 165 and 173 were studied. The calculations 

of the non-rotational states of odd-~ nuclei in zone 

A=1B1 were carried out in r·ef/ 7 • lOI. 
. . 153 

The atomic nuclei of zone A=l~( Eu 
759

-
16 Ho)·were studies with the quadrupole 

155-161 Tb 

deformation 

/320=11.28 and hexadecapole deformation/3 40=11.06 , the nuclei of 
163 165,167,171 • 0 /3 0 02 zone A=165 ( Ho , Tm hn th /3 20 = .28 and 40 == • ; 

• . 169 17i 17S 177 0 27 the nuclei of zone A= 173( · · Lu, Ta )with /3 20 = • 

and /3 =-0.02 
40 

The wave function for an odd-Z nuclei is written in 

the form: 

4 

TT ] i + i\.µ/j . + + 
'I' (K )=-N. (p 1 ••• p")I I Cp aP.. a+ I Dva (p1 ••• p )a Q 1 (i\.µ)l'l' 0 (1) 

v2 , Pna " " i\.µ;va " va 

Here 0; (i\.µ) is the phonon operator of multipolarity 

(i\.µ) , a:a is the quasi-particle production operator, 

a =±1 , '1' 0 is the wave function of the ground state of 
2 . 2 

a n e v e n - ~ v e n n u c l e u s . T h e q u a n t i t y N ; ( p 1 • • • p " ) ( C~" ) 

characterizes the contribution to the state with a given 

K" of the one-quasiparticle component Pn , the quantity 

2
1 N. 2 

( p • • • p J I of td; J 
2 i s t h e c o n t r i b u t i o n o f t h e c om p o n e n t 

I 1 n a · 
quasiparticle in the v - state and the phonon i\.µi • The 

summation overp" means that in the Saxon-Woods single

particle scheme one takes into account simultaneously 

several states with identical K". Using the variational 

principl~. e.g. ref. 111 , one ob;ains a secular equation 

the roots of which define the energy of the ground (K;J 
and excited states of an odd-Z nucleus. A number of 

excited states has a considerable admixture of the com

ponent quasiparticle plus y -vibrational phonon. Such 

states are characterized by large E2 transition probabili· 

ties. A part of them in given in ·Tab)e 2. All the reduced 

B(E2) probabilities (in single-particle units 
4/ 3 2 -53 4 . 

B (E2)=3A e 10 cm are calculated with the s.p. 

effective charge e,,
11

_ = 0.2. The experimental values of the 

reduced transition probabilities for even-even nuclei 
/11 I ' were taken from ref. . 

The experimental data on B(E2) values in the odd-Z 

nuclei question are very poor. The experimental value 
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B ( E 2 J s . p . u • = 1.5 for the excited 1/2+ state of energy 

531 keV 

value. 

if the 

is true. 

in 159 Tb essentially differs from the calculated 

However, the va 1 ue B(E2) s.p.u. =1.5 is surprising 

experimental value B(E2J s.p.u. =2.7 in 15a Gd 

The Coriolis forces have been neglected. According 

to ref. 1121 and other papers these forces are important • 
for l eve l s fr om spheric a 1 subs he 11 s w i th 1 a r g e ;' and 

especially for rotational states with large spins. In the 

region under consideration the Coriolis forces may most 

strongly affect the.h 1112 subshel 1 states. Therefore the 
energies of states 550· , 541· , 532 t, 523t, 574tand - 505t 

may little change due to Coriolis interaction.The latter 

effect can be estimated for the simple case of mixing of 

two bands using the matrix elements of the operator i+ 

given in the review /13/ 

We should bear in mind that the Coriolis forces 

little affect the energy and the structure of the ground 

state rotational bands. In the framework of the super

fluid nuclear model the Coriolis f Jrces can easily be 

taken into account in just the same way as it has been 

done in refs. 1141 . 
The energy and structure of a state.close to the 

one-quasiparticle state can essentially be affected by 

the deflection of the equilibrium deformation of a 

nucleus in the excited state from that for the nucleus 

in the ground state. A preliminary analysis shown that 

this effect is es~ecially important for the behaviour of 

6 

t he 1 eve 1 s 404 • , 541 " a n d 402 t • F o r exam p 1 e , the i n v es -

tigations 1151 showed that for the 5411 state this deflec-

tion ti.{3 can reach 0.04. For such a change of the quadru 

pole deformation the single-particle 541. state energy 

decreases by 0.5 MeV. Thus, the qualitative analysis of 

this effect makes it possible to improve the description 

of t h e en e r g i e s of s ta t es 404 • , 54 h _ a n d 402 t 

The results of calculations of the ~nergies and wave 

functions for a number of nuclei with an odd number of 

protons are given in Tables 3-17. The energies and the 

structure of the ground and excited non-rotational states 

of nuclei up to 1 .5 MeV and some states higher than 

1 .5 MeV are given there. The forth column of the tables 

gives the contribution (in percents) of a few largest 

components obtained from the wave function normalization 

condition to the state in questibn. The second sin~le

particle state with the same K" as that under investiga

tion was included in the table in the case when the. 

value of this component exceeded 1%. For example, iri
59

Ho 

the contribution to the K" = 5/2+ state comes from: one-

quasiparticle 413~ state 

state - 23% and component 

QI (30) - 5%. 

69%, one-quasiparticle 402t 

qua s i pa r t i c 1 e 532 ~ p 1 u s · p ho non 

The experimental data are taken from two reviewf 13 • 1.
1 

They include the data published in literature before 

May 1, 1970. The eiperimental data obtained after this 
/17-25/ . data are taken from refs. .Some tables give the ene1 

gies of three-quasiparticle states of the type (p,2n) with 
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t h e l e v e l s 404 • , 541 • a n d 402 t • For exam p l e , the i n v e s -

tigations 1151 showed that for the 541, state this deflec-

tion 11{3 can reach 0.04. For such a change of the quadru-

pole deformation the single-particle 541. state energy 

decreases by 0.5 MeV. Thus, the qualitative analysis of 

this effect makes it possible to improve the description 

of the en erg i es of states 404 • , 541. and 402 t 

The results of calculations of the ~nergies and wave 

functions for a number of nuclei with an odd number of 

protons are given in Tables 3-17. The energies and the 

structure of the ground and excited non-rotational states 

of nuclei up to l .5 MeV and some states higher than 

l .5 MeV are given there. The forth column of the tables 

gives the contribution (in percents) of a few largest 

components obtained from the wave function normalization 

condition to the state in question. The second sin~le

particle state with the same K" as that under investiga

tion was included in the table in the case when the . 
• 159 

value of this component exceeded 1%. For example, 1n Ho 
" + the contribution to the K = 5/2 state comes from: one-

quasiparticle 413~ state - 69%, one-quasiparticle 402t 

s ta t e - 2 3 % a n d comp on e n t q u a s i pa rt i c l e 532 t p l u s p ho n on 

QI (30) - 5%. 

The experimental data are taken from two revtew, 13 •16 1. 
They include the data published in literature before 

May 1, 1970. The eiperimental data obtained after this 

data are taken from refs. 117 - 251 .some tables give the ener

gies of three-quasi particle states of the type (p,2n) with· 
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large spins. The analysis of three-quasiparticle states 

in odd-A deformed nuclei is performed in ref. 1261 . 
The ~alculations of the non-rotational states in 

ISSEu 165 169 171 . 
Ho , Tm and Lu w1 th the Saxon-Woods wave 

functions and single-particle energies showed that the 

improvement of the description of these states is insigni

ficant compared to the description based on the Nilsson 

potential in ref. 161 . Therefore the present work does 

not contain the results of calculation for these nuclei. 

The nuclei at the boundary of the two zones, like 161
Ho, 

169 171 • 
Lu, Tm were calculated with the schemes of both 

zones. The comparison of the results showed that there are 

some insignificant differences in the energy and structure 

of the states under investigation. The present paper gives 

the iesults for these nuclei obtained with the schemes 

which were used for the calculation of the majority of 

isotopes. 

It should be noted that the Saxon-Woods potential 

calculations are essentially more unambiguous as compared 

with the Nilsson potential calculations. The Saxon-Woods 

single-particle energies and wave functions are calculated 

with the same parameters for all the subshell without 

additional shifts of some levels and subshells. The calcu

lations given showed that the Saxon-Woods single-particle 

_energies and wave functions makes it possible to describe 

8 
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satisfactorily a large amount of experimental data on 

the levels of nuclei with an odd number of protons in 

the range 153_.;.A.$-177·. Besides, the position of a large 

number of levels in the nucl~i in question is predicted. 

In conclusion we express our gratitude to L.A. Molov, 
U. Fainer and H. Strusny for fruifful discussions. 
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A 

155 

I65 

173 

I8li 

T a b l e 1 

Saxon-Woods Potentlal Parameters 

-

Neutron System Proton System 

v,; Yo ~ J. v.; r. ~ . J_ 

f.;; -i 1;;,. f~J. Mev :fm tl'YI Mev fm· 

47.2 I.26 0.40 I.67 · 59.2 I.24 0.36 I.63 

44.8 I.26 0.43 I.67 59.2 I.25 0.355 I.63 

--
44.8 I.26 0.42 I.67 59.2 I.25 0.32 I.59 

43.4 I.26 0.40 I.67 59.8 I.24 0.33 I.67 

ll 



Table 2 

Reduced B(E2,Ko--Ko ! 2) Transition Probabilities 

.. 

j1N 

Energy (keV) B(E2)s.P.11 
ucleus K'Jr" Experi• 

Structure, % 
Theory Theory . ~ent 

15~Eu. I/2: - 670 0.4 413t +Q1(22) - 23; 4II♦ -ll8 

9/2: - !300 I.7 4I3hQ1(22) - 100 

I/2: - !380 I.I 413H-Q1{22) - 67 

Table 2 (continuation) 

155Tb I/2: - 610 0.5 4II4 +Q1(22) - 20, 4-!I♦ -60 

7/2: - !280 2.1 4II+ +Q1{22) - 98 

I/2't - 1310 -I.8 4IIH-Q1{22) - 80; 420♦- 6 
N I " Ener~, keV B(E2)s.P.u. 

ucleus· K Expe- Btructure, % 
rimenti Theory Theory I 

~57T.b I/2': 598 640- 0.6 4114 +Q1(22) - 26; 4IIt-64 

7/2+ - 1400 I.8 4IH+Q1(22) - 97 

I/2: - 1425 I.3 4Ilf +Q1(22) - 72; 4204-14 

I67Tttt 3/2+ 471 670 0.3 4II♦ +Q1 (22) - II; 4II♦- 82 
5/2+ - 820 2.4 4II♦ +Q1 (22) - 84; 402#- I2 
3/2+ - 990 2.5 4IIf=tQ1 {22) - 89; 4Ilf ~ IO 

159n, I/2+ 581 650 0.4 4IIf +Q1(22) - 27; 4II♦ -64 

.7/2: 
·• !420 I.2 4Ilf +Q1{22) - 97; 4I3f- 2 -

I/2+ - 1650 0.7 4II4 + Q1{22) - 52; 4IIf-30 

I7IT111 5/2+ 913 930 0.3 4IH +Q1(22) - IS; 4024- 70 
5/2+ - I090 I.5 4II♦ +Q1 (22) - 75; 402♦- 16 
3/2+ - IJ.00 I.8 4II♦ +Q~(22) - 93 

~61T.b I/2: - 590 0.5 4II• +Q1(22) - 35; 4IIf-54 

7/2+ - !IBO I.3 4II4 +Q1(22) - 99; 

I/2: - 1220 0.6 · 4II♦ +Q1(22) - 4I 
, 

!5980 3/2- - IIOO 2.8 523. + Q1(22) - 93; 54!4- 5 

II/2- - II30 3.I 523♦ +Q1(22) -100 

16~Ho 3/2- - 1140 2.7 52~ +Q1(22) - 96; 5414- 3 

Il/2- - II60 2.8 5234 + Q1{22) -100 

I69Lu 3/2+ - 1050 2.0 404♦ tQ1(22) - 89; 402t ... IO 
II/2: - . II30 2.2 4041¼1{22) -100 

I73Lu 3/2: - 1450 0,6 404t+Q1(22) -roo 
II/2: - 1460 0.6 404i+Q1{22) -IOO 

I77Ta 3/2: -. II30 I.O 404f+Q1(22) - 83; 402t-.I5 

16~Ho 3/2- - 1015 2~2 523&+Q1(22) - 95; 541♦- 4 
II/2- - 1040 2.4 523f +Q1{22) -100 

.. 

~65Trn 5/?: - 990 I.7 4II♦ +Q--i(22) - 49; 402♦ -42 

3/2: - IIOO 3.2 4IIf +Qi22) - 94; 4In-·4 

5/2: - lIIO I.6 41I♦ +'2-t{22) - 46; 402t-44 

13 
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T ab l e 3 T ab l e 4 

153Eu 155Tb 

! KJT' Energy, keV :rr · Energy, keV 
fo t r u c t u r e % K Structure % 

Expe- Theo- Expe- Theo-
rlment ry I riment ry 

I 
5/2+ 411J+Q1 (22) 2% 3/2+ 0 411♦ 92%, 411f+Q1 (22) 4% 0 0 413t96%, 

{ 
0 

3/2: 103 -20 411 ♦ 89%, 411J+Q1(22) 5%, 523t+Q1(32) 3% 7/2- 545 341 523♦ 94%, 411 ♦ +Q1(32) 2% 
'· 

5/2+ 271 390 413f96%, 411J+Q1 (22) 2% 5/2- 97·· 20 532 ♦ 94%, 42o++Q1 (32) 1% 

.7/2- 550 523 ♦ 86%, 411♦+Q1(32) 10% 5/2- 227 530 532 ♦ 93%, 55ohQ1 (22) 2% 

1/2+ 670 411'48%, 411♦+Q1(22)26%, 413J+Q1 (22)23% 1/2+ 610 411J60%, 411++Q1(22) 20%, 413J+Q1(22) 8% 

3/2- 820 541 ♦ 86% 55o ♦+Q1 (22) 5%, 420 ♦+21(31) 2% . 3/2+ 1000 411++Q1(20)100% 

5/2- 860 _ 532 ♦+Q1(20)100% 5/2+ 1100 413!+Q1(20)100% 

5/2+ 900 413t+Q1(20)100% I 7/2+ 1280 413t1%, 411 ♦ +Q1(22) 98% ~· 
1/2+ 920 420 ♦ 75%, 532 ♦+Q1(32) 8%, 550♦+Q1 (30) 5%, 422f+Q1 (22 )4% · I 1/2- 1300 550♦ 18%, 532++Q1(22) 76%, 541f+Q1(22) 3% I 

,I 

1/2- 1000 550 ♦ 42%, 532 ♦+Q1(22) 39%, 541 ♦+Q1 (22) 8%, 42ot+21 (30)6% 
!/ 

1/2+ 1310 42ot 6% 411++Q1(22) 80% 

3/2+ 1150 411 ♦+Q1(20)100% 1/2+ 1330 413t+Q1(22)100% 

9/2- 1230 514t 3%, 532 ♦+Q1(22) 97% 9/2+ 1330 413f+Q1(22)100% 

9/2+ 1300 413t+Q1(22)100% 3/2- 1350 541fs2%, 411.+Q1(30) 35%, 55o♦+Q1 (22) 3% 

1/2+ 1380 413t+Q1(22) 67%, 1.11 ♦+Q1(22) 31% 5/2+ 1420 402 ♦73%, 523 ♦+Q1(31) 9%, 66o~+Q1 (22) 6%, 532 ♦ +21(30) ~% 

1/2- 1400 55oh9%, . 5324+Q1 (22) 59%, 541 ♦+Q1 (22)11%, 42o♦ +Q1 (30)9% ·, 9/2- 1460 514 ♦ 7%, 532 ♦+Q1(22) 92% 

3/2- 1400 411f+Q1(30)100% 

~ 
3/2- 1650 541 ♦ 6%, 523.+Q1 (22) 56%, 411f+Q1 (30)34% · 

3/2+ 1510 4·22,so%, . 42o ♦+Q1 (22) 26%, 541 ♦+Q1(30)16%, 532 ♦ +21(31)5% 7/2+ 1680 404 ♦ 68%, 523 ♦+Q1(30) 28%, 651♦ +Q1(22) 3% 

7/2+ 1520 411♦+Q1(22) 94%, 532 ♦+Q1(31) 5% 

f 
I 
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T a b 1 e 5 I T a b 1 e 6 

157Tb 
1.59Tb 

I 
Kf( Energy,keV 

S t r u c t u r e C' 

3xpe- Theo-
1> 

I K tr Energy, keV 
riment ry S t r u c t u r e % 

Experi- Theo-
ment ry 

3/2+ 0 0 · 41H93%, 41IJ+Q1(22) 4% 
7/2- 572 360 523f95%, 41H+Q1(32) 2% 3/2+ a 0 41U93%, 4IIrtQ1(22) 4% 

5/2+ 328 380 413 ♦ 96%, 4IIt+Ql(22) 2% 5;2+ 348 370 413 ♦ 96%, 

5/2- 326. 530 532t94%, 550f+Q1(22) 2% 7/2- 380 523t96%, 4II♦+Q1 (32) 2% 
, 

1;2+ 598 640 4IIt64%, 4llt+Q1(22) 26%, 5/2- 364 570 532 ♦93%, 4l3t+Q1 (30) 2%, 550 ++ 21(22) 2% 
413 f+Q (22)7% 

3/2+ 993 
1. I/2+ 4IIt64%, 4II ♦ +Q1 (22)27%, 4I3 rt 21(22) '7% 1300 41H+Ql(20)IOO% 581 650 

I, , 

11 3/2- 1370 541~48%, 41H+Q1(30) 39% 3/2- II70 541417%, 4II ♦+Q1 (30)80% 
,I 

5/2+ 1390 402 ♦49%, 4l3t+Q1(20) 32%, 523f+Q1 (3l)IO%, 660 ♦+ 21(22)4% I/2+ 1350 420H2%, 413 ♦ +21(22)63%, 4II ♦+ 21(22)19% 

7/2+ 1400 411 ♦ + Q1(22) 97% 5/2+ 1360 402 ♦29%, 532 ♦ +Q1(30)~4%, 660 ♦+ 21,(22) 2% 

1;2- 1410 55DJ2I%, 5324+Q1(22) 72%, 54H+Q1(22) 3% l/2- 1390 550 ♦26%, 532♦+21(22)65%, 541 ♦+ 21(22) 4% 

1;2+ 1425 420h4%, 4lH+Q1(22) 72~G, 532 ♦ +21(32) 2% 7/2+ 1420 4II♦ +Q1 (22)97% 
5/2+ 1450 402 ♦21%, 413r+Q1(20) 68% 1 523 ♦ +21 (31) 5% 9/2+ 1470 413t+Q1(22)100% 

9/2+ 'I460 413 t+ 21(22)100% 3/2+ I480 4II ♦ +21 (20)IOO% 
3/2-· 1580 541 ♦ 35%, 4I3r+21(31)44%, 4II t+ 21(30)I2% 

I/2+ 1650 411♦30%, 4II ♦ +Q1 (22)52%, 413'+ 21(22)14% 

I5/2+ 1860 p523 t 0 52Itn642t 

,,·. 

! ' 

16 17 



T a b l e 7 I '~uble 8 

161Tb 159Ho 

:Jr Energy, keV Energy,kev 
K ... ,-

Expel:,'i- Theo- S t r u c t u r e % K 
S t r u c t u r e ,_. 

'.~neri- Theo-
ment ry ment ry. 

3/2+ 0 0 411493%, 411t+Q1 (22) 5% 7/2- 0 0 523497% 

5/2+ 315 360 413 ♦97%, 411t+Q1(22) 2% 3/2+ 250 411 ♦ 94% 

7/2- 417 390 523497%, 411 ♦ +Q1(32) 1% 1/2+ 206 380 411188%, 411 ♦ +Q1 (22) 9% 

1/2+ 590 411 t54%, 411 ♦ +Q1 (22) 35%, 413f+Q1(22)10% 5/2+ 700 402 ♦ 56%, 413t28%, 66o ♦ +Q 1 (22) 8%, 411 ♦ +Q1(22)3% 

5/2- 480 600 532 ♦ 96%, 55o♦ +Q1 (22) 2% 5/2+ 650 730 413f69%, 402 ♦ 23%, 532 ♦ +Q1 (30) 5% 
I 

7/2+ 1180 411 ♦ +Q1 (22) 99% 5/2- 624 900 532 ♦ 90%, 55ot+Q1(22) 3%, 413t+Q1 (30)3% 

1/2+ 1220 413 ♦ +Q1(22) 58%, 411♦ +Q1(22)41% 7/2+ 1000 404t90%, 651 ♦ +Q1(22) 5%, 523 ♦+Q1 (30) 3% 

9/2+ 1230 413hQ1 (22)100% 7/2+ 1050 413 ♦ 2%, 411 ♦ +Q1(22)Q7% 

1/2- 1250 550412%, 532.+Q1(22) 85%, 541 ♦+Q1 (22) 2% 3/2- 1100 541 ♦ 5%, 523 ♦+Q1(22)93% 

9/2- 1370 51H 4%, 532f +Q1 (22) 96% 11/2- 1130 523 ♦+Q1(22)100% 

3/2- 1420 541 l16%, 411 ♦+Q1(30) 78%, 523 ♦+Q1(22) 4% i;2+ 1140 42oh%, 411 ♦ +Q1(22)91% 

5/2+ 1530 402 ♦65%, 413t+Q1(20) 12%, 532 ♦+Q1(30)11% 9/2- 1145 514 ♦ 92%, 4024+Q1(32) 4% 

3/2+. 155 0 411 ♦ +Q1(20) 100% . 3/2+ 1190 41l.+Q1(20)100% 

5/2+ 1560 413t+Q1(20) 100% 1/2- 1330 54rt86%, 411 t+Q1 ( 30) 10% 

15/2- 1680 p412tn642 ♦ n523f 9/2+ 1390 413t+Q1(22)100% 

17/2+ 1730 p5234n642tn523f 3/2- 1420 541 ♦ 8%, 411 ♦ +Q1 (30) 87% 

1/2- 1470 550 ♦ 14%, 532t+Q1(22) 81%, 541 ♦ +Q1(22)2% 

18 
19 



T a b l e 9 I T'a bl e 10 

161Ho I 163rro 

J( Snergy, keV 

I 
Energy, keV ,,, 

K S t r u c t u r e C' K1T S t r U C t U r 8 ,o 
3:xperi- Theo- '" .r.Jtper.i- i'heo-
;nent ry :rrent ry 

7/2- 0 0 523♦ 98% 

7/2- 0 0 523 ♦ 97% 3/2+ 240 41H 955{,, 41H+Q1 (22) 2% 

3/2+ 299 260 411.94%, 411 f+Q1 (22) 3% I/2+ 298 390 4IH 9IJb, 41H+Q1 (22) 8% 

1/2+ 211 380 411 ♦ 88%, 411 ♦ +Q1 (22) 9% 5/2- 950 532• 911h, 550f.+Q1(22) 3% 

5/2+ 700 402#79%, 413+2%, 66ohQ1 (22) 8% . 5/2+ 1000 413, 97;; 

5/2+ 760 740 413t96%, 402h% 7/2+ IOIO 413♦ 1%, 41l++Q/22) 99% 

5/2- 827 950 532f89%, 411f+Q1 (31) 5%, 550 ♦ +Q1 (22)3% 3/2- 1015 54H 4%, 523J+Q1(22) 95% 

7/2+ 253 1040 404 ♦ 93%, 65d+Q1 (22) 6% II/2- 1040 5234+Q1 (22 )IOO/o 

7/2+ 1070 413 ♦ 2%, 411 ♦+Q1(22) 98% I/2+ II20 4IIt8%, 411 f +Q1 (22) 92% 

9/2- 514"+ 89%, 402.+Q1(32) 7% 9/2- 1180 514 ♦ 95%, 4024+Q1(32) 2% 
1110 

7/2+ 440 1200 404t91%, . 523 ♦ +Q1 (30) 6% 
3/2- 1140 541 ♦ 3%, 523f+Q1(22) 96% 

4II ♦ +Q
1 

(20 )IOU% 3/2+ 1300 
1/2+ 1150 420 ♦ 2%, 411f+Q1(~2) 98% 

1320 550 U%, 4II4+Q
1
(32) 95% I/2-

11;2- 1160 523hQ1 (22)100% 
1;2- 1400 550 •r6%, 532hQ1(22) 75%,- 4IIt +Q1(32) 4% 

1;2- 424 1370 541'72%, 411J+Q1(32) 20%, 411 ♦ +Q1(31)5% 
3/2- 1410 541 47%, 41H+Q (30) 90% 

l 
1/2+ 1400 660432%, 402f+Q1(22) 58%, 651 ♦:+21(22)5% 5/2+ 1415 402 ♦34%, 41Ij+Q

1
(22) 58%, 523t +Q1(3I). 2% 

9/2+ 1415 .413t+Q1(22)100% I?/2+ 1570 p523+n 642♦n 523, 
I 

3/2+ 1420 402 ♦ 3% 523♦ +21(32) 96% 

1;2- 1460 550 ♦ 2%, 411~+Q1(32) 82%, 532♦ +21(22)10% 

3/2+ 1465 411 ♦ +21(20)100% 

20 
21 



i 
' I 

1f Energy, keV 
K 

Experi-Theo-
ment ry 

1/2+ 0 0 411♦ 96% 

7/2- 149 300 523♦ 94%, 

9/2- 550 514♦ 94%, 

7/2+ .- 69 630 404t96% 

3/2+ 660 411f84%, 

5/2+ 990 402 ♦ 42%, 413.2%, 

3/2- 1010 541+3%, 

11/2- 1060 

3/2+ 1100 41H4%, 

5/2+ 1100 402+ 44%, 41'3t 3%, 

7/2+ _ 1250 413f 1%, 

1/2+ 1320 

1/2- 1340 541t89%, 

5/2- 1400 532n5%, 

3/2+ 1470 651♦ 11%, 

17/2+ 1960 

T a b 1 e 11 'I 

165Tm 

S t r u c t u r e % 

I 

411 ♦+Q1 ( 32) 3% 

402HQ1 (32) 3% 

523++Q1(32) 7%, 411t+Q1 (22)6% 

411 t+Q1 (22 )49%, 514 ♦+21(32)3%, 

523HQ1 (22)96% 

5234+Q1(22)100% 

411 J+21 (22) 94% 

411t+21(22) 46%, 514 ♦+21(32)3% 

411f+Q1(22) 98% 

411 ♦+21(22)100% 

411f+Q1(30) 8% I 

411 ♦+Q1(31) 14%, 411t+Q1(32) 3% 

404t+21(22) 86%, 523 ♦+Q1(32) 2% 

p523 ♦n642i n523 t 

22 

1 ab 1 e 12 

167'1:m 

'1f Energy, keV 
K S t r u c t u r e .~ 

/J 

:,:Xneri- Theo-
ment ry 

1/2+ 0 0 411 t97% 

7/2- 293 360 523 ♦ 96%, 411++Q1(32) 2% 

9/2- 560 514 +96% 402 ♦ +Q1(32) 2% 

7/2+ 179 600 404 t97% 651 ♦ +Q1 (22) 2% 

3/2+ 471 670 411482% 411t+Q1(22) 11%, 523 ♦ +Q1(32)4% 

5/2+ 820 402H2%, 413l3%, 4llf+Q1(22) 84% 

3/2- 900 541 ♦ 3%, 523 ♦ +Q1(22) 97% 

11/2-, 940 523.+Q1J22)100% 

3/2+ 990 411110% 411t+Q1 (22) 89% 

5/2+' 1000 402 ♦74% 411,+Q1(22) 13%, 660♦+21(22)4% 

7/2+ 1140 41311%, 41lf+Q1(22) 98% 

1/2+ 1200 4u ♦ +21 (22 )100% 

1/2- 172 1290 541,90%, 411 t+Q1 00) 8% 

5/2-1527 1510 532~81%, 514 ♦ +Q1(22) 6%, 411♦ +21 (32) 5% 

5/2+ 1581 1620 413t94% 41H+Q1 (22) 3% 

19/2+ 2110 p523tn523tn633 ♦ 

23 



I, 

!" 

J( 
K 

r;2+ 

7/2-

9/2-

7/2+ 

3/2+ 

5/2+ 

3/2-

r;2+ 

rr;2-
5;2+ 

3/2+ 

7/2+ 

r;2-

r;2-

9/2+ 

5/2+ 

5/2-

5/2+ 

5/2+ 

:stiergy, keV 

Experi- Theo-
:nent ry 

0 0 4IH9'7% 

425 360 523f97% 

550 5I4f 97% 

635 560 404+96%, 

676 680 4IIf88%, 

9I3 930 402f70%, 

IOI5 54If 4%, 

I040 

IO?O 

I090 402H6%, 

II00 

I250 4I3 ♦ 2% 

I260 541 f86%, 

1460 

I440 

I445 

I500 .532f84%, 

I530 4I3 r26% 

I640 4I3t63% 

T a b 1 e 13 

171Tm 

S t r u c t u r e (' 
,o 

413, 6%, 

24 

65H+Q1(22) 3% 

4IH+Q1(22) 7% 

4IIt+Q1(22) IS%, 660t+Q1(22)4% 

5231+Q
1

(22) 95% 

4IIl+Q1(20)IO0% 

523++Q1(22)IO0% 

4IH+Q1(22) 75% 

4IIt+Q1(22) 937~ 

LfIIf+Q1(22). 98% 

4IH+Q1(30) II% 

4IIt+Q1(3I)IO0% 

5231+Q1( 3I )100% 

523 f +Q1( 3I) IOO'fo 

4IH+Q1(3I) B%, 55ot:Q1~22)4% 

4IH+Q2(22) 70% 

4IIt+Q
2
(22) 29%. 

.,. 
K 

3nergy, keV 

&peri- ·.J!heo
:nent 

7/2+ 0 0 

9/2- 60 

r;2+ 220 

5/2+ 540 

3/2+ 730 

7/2- 493 740 

I/2- 30 980 

5/2+ rooo 

3/2+ 1050 

rr;2+ 1130 

r;2+ 12?0 

5/2- 1300 

7/2+ 1305 

13/2- 1310 

3/2- 1340 

9/2- 1430 

11/2- 1450 

1/2+ 1510 

3/2- 1530 

1;2- 1550 

19/2- 1720 

T a b l e 14 

169Lu 

404197%, 

5I4t96~, 

4IIl90%, 

402 ts?%, 

4IIt39%, 

523 ~93%, I 

54It94%, 

413t 6%, 

402-110%, 

532t 2%, 

54Itl2%, 

660t30%, 

532159%, 

530t 7%, 

S t r u c t u r e 

402-l+Q (22) 2% 
l 

4021+Q1(32) I% 

4IIJ+Q1(22) 6% 

5I4l+Q1(32) 4;~, 

4II 1 +Q1 (22) 56% 

4IH+Q1(32).3% 

532j+Q1(22) 2% 

4IH+Q1 (22) 93% 

404t+Q1(22)- 89% 

404!+Q1(22)I00% 

4IH+Q1(20)IO0% 

5I4~+Q1(22) 97% 

404t+Q1(20)IO0% 

514\+Q1(22)IO0% 

523t+Q1(22) 85% 

5I4 l+Q1(20)IOD% 

5231+Q1(22)IOO% 

402t+Q1(22) 63%, 

41H+Q1(31) 22%, 

41It+Q1(30) 85%, 

p404in 523m 633 ♦ 

25 

% 

660t+Q1(22) 4% 

402hQ1(22) 2% 

54H+Q1(22) 9% 

41H+Q1(31) 7% 



T a b 1 e 15 

'I T ab 1 e 16 

173Lu 
175L~ 

I !1f" Energy,keV 
I{ S t r u c t u r e 

. 
']( Energy, keV 

Experi-Theo- % 
ment ry 

K . . . S t r u c. t u r ·e % 
Experi- Theo-

7/2+ 0 0 404,99% 
ment ry 

9/2- 40 5I4f97%, 4□2♦ +Q1(32) 2% 
7/2+ 0 0 404199% 

r;2+ 425 3IO 4IIf 98% 9/2- 396 IOO 5I4t99% 

5/2+ 357 60□ 402J84%, 5Iltf+Q1(32) I4% I r;2+ 3IO 4IH9'i% 

7/2- 720 523 ♦ 93%, 4II ♦ +Q1(32) 6% 
5/2+ 343 700 . 402 f 96%, 660J-tQ1 (22)_ 2% 

I/2- I28 I030 54It97%, • 4II.+Q1(3I) I% 
7/2- 850 523.t99% 

r;2+ I070 4IIt+Q1 (20)IOO% 
I/2- 358 IOOO 54lt97% 

3/2+ I080 4IH67%, 523f+Q1(32) 27%, 4II t+Q1 (22) 2% 3/2+ II80 4II ~9%, 4IIJiQ1(22) 29% 

I/2- II60 530♦ 1%, 4IIt+Q1(3I) 98% 3/2- 1280 4IIv+Q1(32)IOO% 

3/2- II70 532 ♦2%, 4IIhQ1(3I) 98% 5/2- I280 4IIt+Q (32)IOO% 
l 

. 7/2+ II80 404w+Q1(20)IOO% I 
I9/2+ I40l I300 p404t n5l24n5l41 

3/2- I270 4IIv+Q1(32)IOO% I I/2+ I340 4IIf+Q1(20)IOO% 

5/2- 1280 53243%, 4IIt+Q1 (32) 92%, 404t+Q1(3I) 4% I 21;2- I360 p5l4l ll5I2 +n5I4t 

5/2- I290 404v+Q1(3l) 95%, 4II t+Q1 (32) 4% 7/2+ I380 404,+Q1(20)IOO% 

s;2+ I330 642J2%, 4IIt+Q1(22) 9"7% II/2- I390 . 404w+Q1 (32)IOO% 

3/2i· I330 4IIhQl (22)IOO% I 3/2- I400 404t+Q (32)IOO% 
1 

7/2+ I390 514f+Q
1

(3l)IOO% 9/2- I47Q 5l4f tQl (20 )IOo;; 

3/2- 1395 532t5% 404 t+Q ( 32) 95% 5/2+ I490 5l4f+Q1(32)IOO% 
1 

II/2- 1400 404v+Q1(32)IOO% I3/2+ I490 5l4t+Q1(32)IOO% 

3/2+ I450 
' l/2- 1520 4II. +Q1 (30)IOO% 

404t+Q
1 
(22 )IOO% 

II/2+ 1460 404,v+Q
1 

(22)IOO% 3/2- 1600 532 ♦ 9% 4IIy+Q1(3l) 90% 
I 

9/2+ 1500 404 ♦ 1% 523f+Q
1
(3I) 99% 3/2- 1680. 532,82% 4IIt+Q1(3I) IO% 

1;2- 1620 4IIi+Q (30)IOO% 
l 

26 !I 27 



T a b l e 17 

177Ta 

K!lt' Energy,keV 
S t r u c t u r e % ~~~i- T)J.Elo-

7/2+ 0 0 404♦ 99% 

l 9/2- 74 -60 5I4+ 99% 
s;2+ 7I IBO 402 ♦ 9~b l I/2- 2I7 480 54H 98% 532 + Qi22) I% j 

} I/2+ 6IO 4IIt 92% 4II + Q}22) 6% 
l 3/2- I020 532, 9I% 54I + Q1'22) 6%. 530 + Q1(22) 3% 

I 3/2+ IBO 402+ IS% 404 f ;Q1 (22) 83% 
II/2- ·1200 404,-tQ1(32)IOO% 

l-3/2- I200 404f-tQi(32)IOO% ; 
' 7/2+ I2IO 404+-tQ1(20)IOO% 

s;2+ 1220 5I4t-tQ1 (32)IOD% l 
I I3/2+ 1220 5I4t-tQ1 (32)IOO% 

r;2+ 1230 660+ 36% 402t-tQ1(22) 58%, 402¼-tQ1(22) 3% 
3/2+ I250 4IIt 43% 4IIi-tQ1(22) 56% . 
9/2- 1260 5I4t-tQ1(20)IOD% 
7/Z- 1270 523+ 98% 
s;2-. I300 532. I%, . 5I4f;-Q,1(22) 99% 

·I/2- I390 530t 90%, 532#-tQ1(22) 7% 

l 23/2+ 1460 p514t n5I2 4n624♦ 
2112- 1470 p514f n5I2fn5I4♦ l 

1 112+ 1490 400t 37%, 402f;-Q,1(22) 58%, 4021-¼Q (22) 2% I l j 2112- ISIO p404fn5I2fn624♦ I 
! 

I 
f 
! 

' j 
28 I _..__ 




