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. 
The interaction of quasiparticles with phonons noticeabiy 

affects the energies . and . wave functions of the non-rotational states 

of odd-N deformed nuclei. This effect is taken into account in the 

calcUlations which are performed in the framework of the super­

'fluid nuC::lear model with both ir~teractions leading to ~uperconduci­
ing pairing correlations and multipole-multipole interactions. The 

mathematical formalism for calculating the energies and wave func:­

tions of the non-rotational states of odd-N deformed nuclei taking 

into account the interaction of quasiparticles with phonons is . 

. presented i~ detai{ ~n r~f. /l/. . · . 

Firstly the calculation of th~ . non-rotational states WaS per­

. formed on the basis of the Nilsson single-particle energies and 

. waye. functions,· ref. /
2

/. FUrther in order to· imp,.o~ .. the accuracy 
- I , • - • 

and· reliability·· of calculations one used as the average fleld the 

. anisotropic potential. In . ref. /3 / an approximate method of solving · 

the. Schroedinger equations with the. Saxon-Woods potential. for 

deformed nuclei was developed, T~"lis method was found to be . 

efficient· and in .ref. /
4

/ was used. to 'calculate the single particle 

energies and wave functions for nuclei in the region 150< A 190. 

3 



The recalculation of the spectra of 'deformed nuclei on the 

new basis with the single-particle energies a~d ~ve functions 

of the anisotropic Saxon-Woods potential takes some year~ •. In 

ref. /5/ the. energies and wave functions of the one:...phonon states . . 

of even-even nuclei in the region 150< A< 190 are calculated. They 

are used in calculating the non..:.rotational states of even· nuclei; In 

ref. /6/ the energies ·and wave functions of the non-t·otational states 

of a number of deformed nuclei with an odd number of protons are 

calculated. In ref. /7 / some data for nuclei with an odd number· of 

neutrinos are given. The energies and wave function3 of the non­

rotational states of nuclei with an odd· number of protons in the 

region 153 ~A < 17 5 are calculated in ref. faf_ •. At pr~sent ·there 
. . -

are calculations. for the low-lying non-rotational states of almost 

all odd-A deformed nuclei in the region 150<A<190 •. 

The present p=-tper gives the results of calculations of .the 

non-rotational states of odd-A deformed .nuclei in. the region 

179$A.0,85. 
As is.· known, the behavim-l:r of the Saxon-Woods single­

particle energies and wave . functions depends o!1 the mass n•..tm -

ber A. Therefore the region of nuclei With 150<A.<190 is divided 

into four zones: A = .155, 165, 173 and 181. In calculations one, 

thus, takes the single-particle ·energies and wave functions for the 

appropriate zone. Here we employ the Saxon-Woods energies and 

·w~ve functions for zone A = 181, calculated in ref. /
9

/. There. the 

term ·with hexadecapole deformation in the formula for the cxpc-:tnsion. 

of the nuclear shape over multipoles is taken into account. In our 

paper we have .nade some imp!'ovement of the Saxon-Woods -para­

meters. The values of these parameters are ~?,iven in ref. /A/. 
The present calculations are performed with the same 3Cheme 

as the calculations published in refs. /
6

•
7

/. For each nucleus .vve 
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t d. . ref / 9/ There the 
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' . formula for the c:xpc-':tnsion .• 

:l.k~n into account. In. our 

>f the Saxon-Woods para-
. . . . . /B/ ~ 

:tre' q,iven· in ref, · ·• 

med with the s~rne 3Cherne 

!/. For each nucleus 'Ne 

1 

1 

1' 

I 

·\ .. 

have calculated the non-rotational states up to an . energy ·of (2
7

3) 

MeV. The calc.ulations are performed for the values of the equilib.:. 

rium quadrupole {3 20 and hexadecapole f3
40 

deformation pararrie- . 

ters which are close to the measured and calculated ·values for 

the corresponding even-even nuclei, 

The calculated energy and the structure of some states close 

to the one-<Juasiparticle states can be affected noticeably·. by the 

deflectinn of their equilibrium deformations from the equilibrium 

deformations of nuclei in the ground states:· According to ref, / 10/, · 

such a deflection may occur for the single-particle states the 

energies of which strongly change with i':creasing deformation 

·parameter f3 20 , In the region of nuclei under consideration the 

change of {3 ~0 in the excited states compared to the ground states' 

may be essential for the following states close to' the . one:..quasiparticle -

states: in the proton system -541 , 532 , 404; 402, , 505 .. ; in 

the neutron system -503 , 505 • The account of this effect will be· 

made later on, 

In these calculations the Coriolis forces have not been taken 

into account, since as a rt:Ue they change a. little the energy and . 

structure of non-rotational states. It is not difficult to calculate 

. approximately the Coriolis interaction effeCt if use is made of the . · 

matrix el ?ments given in . ref, /
11

/. For each nucleus it is possible 

to calculate the· Coriolis forces in our scheme as it was done, e.g. 

in ref. / 12/. 

The results of calculations of the energies and wave functions 

for a number of odd-A nuclei are given in Tables 1-8. There we 

give nuclei, for the exception of 181 T a the spectra of which were 
.. '·' t·-·- . '· . ' 

not calculated earlier •. The fourth C()lumn of these tables contains 

the. contribution. (in pa~cent). of a few largest components; These 

values are obtained from the normalization condition of the wave 
• !" ~ • : .-::• 
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function. For example, . by 514 + 98% we denote the .. contribution of 

the;··.o~e-quasiparlicle 514 + component and by S12·+. + Q (22) :ioh the . • . 1 - » 

<?ontribution of the component quasiparticle 512 .j. plus th~ first root 

( i = 1) of the phonon with A = 2, Jl = 2, i.e. the -phono_n is 

written in. the form Q
1 

(AJL) • ThE; tables give all the non-rotational 

le~ls up tb an energy of 1.1 MeV in 1 i3o's. , 185 0s ·:-up to 

1.3 MeV in 119 W , 185 W and to 1.5 MeV in. t&l W 183 w 
119 181 .: . . Ta , · Ta and a number of higher ·levels. A number of 

three-quasiparticle states with large spin is also given. The expe­

/ rimental cta'ta are taken f~om ref. /11
/ and refs. /

13
/. ,The s~stem~-

tic~. of 'these ex~erimentai. data is also giv~n in ref •. /14~ . 

A number of remarks is made concerning the results given 

in Tables 1-8. The position of the neutron 52h state in the 

· single.:.particle scheme is s~ch that it allows to des~ribe the 

behaviour. of states close to the one-quasiparticle 521J. one in 

zones A = 155 and 165, however._ in zone A= ·181 one has. not. 

succeeded in explaining the struct.ure, of 1/2- states with an enr>rr),y 

of 936 keV in 183 W ·and 1013 keV in 
185 

W ·• It is irnpossiblP .to, 

understand· the very low location of the 5/2- state with energy 

· 888 keV · in 1 1 5W by itself and compared to. the location of 
18 3 

W 

There are some other cases whenthe calculated relativ~ position of_ 
.., ,l., 

two levels considerably differs from the experimental one. These 

discrepancies cannot be removed by a small change of the Saxon­

Woods. parameters for zone A = 181. 
. . .· 1 81 

The non-rotational states of Ta are given for the second 

time. From comparison of table. 3 with table 6 in ref. /
6

/ it is seen 

. that a slight change .of the Saxon-Woods ~ramet~~~ and the . ' - . 

equilibrium deformations {3 
0 

and f3. ieads to a noticeable 
. . . ' . 2 ·. · ...... 4,0 ' 

displacement of the energies of a number of states. 
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It shoUld be noted that a. certain disagreement between the' 

results of calculations . a!'l~ .. the experimental data · inay be d~e to 

. ~ ' 

the f~ct that the equilibrium deformation of the 'nucleus dif(ers from .' . · 
. . . . I . , . . . , . •. ·, . ~ . ~ . 

that for. which the calculation .has been .carried. out. 

A number of low-lying states c~ntairis a large :qdmixtur~.}>f 
. gamma.::vi~rational ,phonons which. leads to, ari. increase. of . · 'E2 tran­

sition probabilities. Table 9 gives the reduced B(E,2) .··probabilities ; 

(in s!ngle-pa_rtidle lf!'lits) calcul~ted with .,effEK:tive . ~~a1 rge ~.it.,~ · 0.2.: 

The energy and structure of the states in· -'. Y~ , 1 ~ 1.Hf , 
r'19 · z 11 . · 

· · Hf and Hf.. calculated by us differ riot strongly from_ ~h6se 
' ·• . -.... - .. 

calculated with the Nil~son single-particle energies and. wave 
_; ;· \ 

.functions .and given. in ref. /
2

/. Therefore .Y'le 'do n?t ip'c~~de these 

-:tables and r~strict ourselves 'to introducting in table ~0 the. . . ~ 

energies . of a se.ries of. three-quasiparticl~ . states .. vvi.~h largE7 spins •.. 

;he eff~~t or' spin ~plitting "of fourplets which can sig~ifi.~aptly 
. . . -·. . 

change . the level energy is not . tak~n into account. It should be 

'noted th~t, · acc~~ding to ref. /~5/ the energy ~f. th~. state with 

.largest spin must remain unaffected. 

The calcUlation performed helve· shown that the _cal ~o~~· 
of the non-rotational states of. odd-N deformed nuclei on the basis 

of- the superflt.lid nu~lea~. model with ~iring and. muiu~C?leF~ultlp:9ie 
force~ using the Saxon-~oods single-particle energies and ~k 
functions are. i~ satisfactory ag~eement with the corresponding 

experimental data. :Besides, the obtained wav~ fur:ctions or rio~~ 
rotational s~tes ·.can be. used for calculating -v'a-rious chara~teris:-. 

; ,-· 

tics of deformed .nuclei. 

We take tf'1e opportunity to thank L.A. Malov, S.I. Fedotoy and, .. 
' .. ./ ::· . ~ . . " .. 

H. Strusny for their . help and discussionS. · 
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Table 1 

Nucleus 1S"' vr ( 

Nucleu.'l I?9 W ~. J~o = 0,24, J = - 0,03) ... o. 

i\gr · EncrC.V,KeV 

K'Jf : Enerr,y,KeV_ 
Exp. Theory 

Structure 
I~xp. Theory 

9/2+ - 624198% 0 0 

7/2":" 0 0 514 ~ 98% . 512 t +Ql (22) 1% 
,A, •"' ' ,:~ > • ·1/2- 458 250 510t83%' 

9/2+ · .. 309 50 624' 99% 

~ 
?/2- 662· 380 503t58%~ 

5/2~ 430 150 512 ~ 98% 7/2-. 1!09. 480 514#?4% 
7/2+; ···!+7? 290 633! 96% 521 t +Q1 C?2) 2% 651 # +Q1 (22) 2% 3/2- ?26 530 512t?9%. 

.. 

1/2- 222 310 521 i 91% 521 t +Ql (22) ·4% 523 t +Ql (22) }% .-- _: 'i 5/2- ,366. ;650 512t94% . 
. ·1;2- 62? 500 510 ~ 81~~~ 512 t +Ql (22)1~ 512. +Ql (22) . 5~~ 1)2- .385 8.30 521f88% 
. ~ 5/2+ 770 642. 93% 660 ~ +Ql (22) 4% 7/2+ 954 850 633t94%. 

. . ' . 
81o ·.· 512 ~. eo;~ 514 • +Qi (22) 8% '9/2+ ,3/2-. 510 '+Ql (22)1crfo . 900;. 

3/2+ 980 651 to 75% 5H r +Q1 (32) 8% 633 • ,+Ql (22) 8% 11/2+ 1010 . 61549'!% 

11/2+ 1030 615 ~ . 1~~ 51'~ j• +Q]. (,32)98% . 5/2+ 1100 642,1.?%; 

3/2+ 10,30 651 ~ n!""' 5'11!· ~ +Ql (:?2)92% 13/2+' 1150 I,,, 

7/2- 1011-() 503 ~ 21~~ 511~ v +Ql (20 )77%. 501 + +Ql (22) 1~~ 5/2- 11?0 5124 3% 

1/2+ 1100 660"' 11~~ 512 ~ +Ql (32)8?% 7/2- 1210 50.3~ 2% 
. 3/2-· 1110 521 (· 135~ 633 ;~ +Ql (32)83% .· 521 t +Ql (22) IJ% 11/2- 1290 

:i 
,! '. 

9/2+ 1110 512 ~· +Ql (32)100% 3/2+ 1300 651~ 1% 
,)· 

I . 5/2- 1120 6~1~ ~ +Q, (32)99/~ 11/2+ . 1300 
I 

512 ·~ +Q: (20)97t'~ 'I 

5/2- 1150 523 t ""' 3/2- 1310 512t 1% 

I 
c.,J .... 

K 
.. 1/2+; 66011 ?11<:'> 512 ~ +Qi (,32)1.3% ' 642 ·~(22) 7% 5/2- 1380 

.. 
52.3t ·27o .. ·· 1150 

11/2- 1190 6331.· +Ql (?2)100% ' . 3/2+ 1380 651t4l~% 
'I 7/2-. 1190 503 ~ 62~ 51'H +Q1 (20) 23% · 501 + +Q1(22) 5% 5/2+ 1390 61~2J?I~% . .:. 
II 

It 
11/2+ 1230 615 + 8<)j; 503 t. +0..1 (32) 6i~ 633 t +Ql (22) 2% 11/2- 1lJ·20 

5/2+ 1330 61~2 ~ ..,~· 521 ~ +Q, (32) 99/~ 7/2- 1lf.20 II .,J 
jl ,3/2+ 1330 . 6511 1''' 52~~ +Q~(32) 98% 9/2- 1490 

\1 
,, 

7/2+ 1680 1500 npp 51'~ t 5"1/.:. ~ 1!-02 t 23/2- • 1500 npp 624l5" 

:I 
2';/2-. 1600 n:p;:> 621:. ~ 51'!-~ 1~02 ~ 3/2- ', 15?0 501f.30% 

·19/2+ 1700 n:p:g 5121. 51'~·~ t:.o2-l 
-· .. ··-· ·~ ;:-:-:-:-:=~--= 

il 
ill 
; 
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Table 1· Table 2 

Nucleus 1S"' vr ( .ft!.o = 0,24, J~o = - 0,0~) 

= - 0,03) .. 
1{91 · Encre.v,KeV Structure 

Exp• Theory 

9/2+ 0 0 624f98% 
~2) 1% 1/2- 458 250 510+83% 512t-t41 (22) 16% 

~ 
?/2- 662 380 503t58% 51'~t24% 501 ~+Ql (22>,, 1~ _514~+Ql (20) 5% 

?/2-. IJ-09 480 514f74% 503~20% 5014+Ql (221"'' 5% 

~2) 2% . 651 f +Ql (22) ~ 3/2- ?26 530 512 t79% . 510,+Ql(22) 16% 514t+Ql(22) 7."' .. 
:;;,~ 

:!2) ·lJ% . 523 t +Ql (22) 3% J. 5/2- 366 650 512494% 62l} J+Ql (32) 3% 

:!2)1015 512 • +Ql (22) 50' 1/2- 5211)+Ql(22) 5% 523t+Ql(23) ~~ '" 385 830 521t88% 
22) 4% 7/2+ 954 850 633+94%. 6514+Ql(22) 4% 5214+Ql(32) 1% 

22)10% 514 • +Qi (22) 8% 9/2+ 900 62'H+Q1 (20)100% 

32) 8% 633 • ,+Ql (22) 8% 11/2+ 1010 615f9~% ·503•l+Ql (32) 4% 624t+Ql(22) 1% 
; 

32)98% . 5/2+ 1100 642t13% 62'H+Q1 (22) 85% 

32)92% 13/2+ 1150 62l~·+Ql (22)100%. 

20)77%. 501 + +Ql (22) 1$~ 5/2- 11?0 5124 3% 621.1-f+Ql (32) 97% 

32)87% 7/2- 1210 503t 2% 51'H+Q1 (20) 98)~ 

32)83% 521 t +Ql (22) . It% 11/2- 1290 5~':-t+Ql (22)100% 

32)100% 3/2+ 1300 651~ 1% 5'1 1~~+Ql (32) 98% 

32)99/~ 11/2+ . 1300 !]'ll~\'+Ql (32)100% 

:20)97t'5 3/2- 1310 512+ 1% 51'}'t+Qi (22) 96% 

:32)13%:. 642 ·~{22) 7% I{ 5/2- 1380 
'· 523t. 2% 512~+Ql{20) 97% 521 t+Ql (22) ·. 1% 

:32)100}5 3/2+ 1380 651441~% 6331+Ql(22) 46% 660t+Ql{22)· rr,.. 
501 . + +Q, (22) 1. 

.• 

:20) 23% 5% 5/2+. 1390 61~2t'7'}% G~Y:-~+Ql (22) 15% 660t+Ql (22) CY'' 
~~~· 

::32) 6"' 633 t +Q~(22) 2% ...., 
11/2- 1'~·20 62'l·~+Ql (31 )100% . ,. 

:32) 99'i~ ?/2- 1420 62'!· L:-Q l ( 31)1 O(Yt~ 

:32) 98% 9/2- 1490 5'12~+Ql (22)100% 
.. 23/2- • 1500 npp 62,4t 51_4, 402+ 

3/2- ... 1570 501,30% 503t+Ql(22) 32% 512t+Ql (20) 31% 
.. · .. ·," 

11 



... 

~ . ~ . .' Table J 

,· ' ,. ' l8J . . '_: ,,;, .··. :· ' . ' ' . 
·!!':l?~~-us 1'1·( · A .. ~ o.~-~4!·:. j!v_o,,.-:: 7o._oJ)" . ...• ···•·. _,.,. -., ''" . . . . .... - "" '- ~-. . :" .. 

------,.--~------- ---------. 
Energy, KeV " . '. 

··-· K .... ·---- .... ~ •• ;< .................... ~. Structu:r:~ . . . _ 
Exp. Theory 

<.' 

1/2- 0 0 .510 t9.5% ... , . 
·312:.. ·· 2o9·· .. 19o· .512~2%- · ·, .501• 6.2% 

512t:f91 (22) -~~-: 
.5,1~·~1 (22) .. · 7%.· 

' .. ·:.• :·:.. ;~ 

I: ... .. 

w,·_.---

1112+ 310 . .500 61.5 +9s% ··' · 
7/2->4.53 .58c>: .503#95% ·' . 

. 9/2+ . 623 600 624.98%: 
7i2-1072 ''1110 .514t99% . 
5/2-· .90.5.1160 .,512.67% 

1/2- 1390 .521f 2% 
.5/2+ 1420 642f 2% 

. 13/2+ 1430 
.5/2- 14,50 .512f 2% 
.9/2- 1490 .50.5 .f98% 
3/2- 1490 .512 t 4% 
3/2+ .· 1,500 
.5/2+ . 1,500 

15/2+ 1500 npp 510•51L~+402·~ 
. 3/2- 1520 501 riO% 

7/2+. 1530 . 633 ~97% 
512- . 1580 . 512128% 
1;2-. ·• 1670' 521 ~90% 
1/2-

_17/2+ 
' 3/2-

1700 510. 4% 
1700 npp 512v514f402f 
1760 501 t19% 

12 

. 503 f+Ql (32)_ 1% ..•. 
501 4+Q (22)' . 3% : . 1 ..•...• ;, . 
51~·+Q1 (32)_..}% . 

624~+Q1(32) 19% 
510 ~+Q1 (20) 9?% 
624f+Q1(22).98% 
621~ f+Ql (22)100% 
510'+Q1 (22) B?'fu 
503f+Ql(22) 2%' 
510f+Q1(22) 93% 
510.+Ql(32)100% 
510~+~1(32)100% 

51~t+Ql(20) 80%, .. 
651 f+Ql (22) ... 2% 
624 t+Q1 (32) 63% .. 

. 510 t+Ql (20) 3% . 

512t+Ql(22) 96% 

$'"' ~ 

5,~0 f+4~(22) -~ 12% 

624t+Q~ (32) _18% 

.503J+Q1(22) '8% 

.510f+Ql(22) !3% 
~?1J+Ql(22). 2% 

5q3t+Q1 (?2~. 6,2% ,· .51?-t+Q1 (20) '18% 
. .. ..... ' "''-.··. .., 

. . 

.. 
ji 

J 
•; 

I 
·: 

l . ' ' 

·. 

Nucleus 18.5 
---------------­' 

·Energy; KeV 

K 
~x~. The'o:ry 

3/2-. 0 0 512 

1/2- '24 20 . . 510 

7/2- 244 110 503 
11/2+' ,198 130 .615 

9/2+ 716 720 . 6211 

,9/2- 789 ·730 50; 

1/2- ... 1010 521 

5/2- 1030 

3/2- . ,1030 
3/2- 10'~0 ' '50' 
7/2- 1080' ·. .51l 

1/2- 1080 

7/2-' 1180 511 

3/2-·· ·1190 '50' 

7/2+ 1190· 
5/2+ 1300 

•.";'./':)+ 1310 : 

7/2~' 1058 1330 51· 
·i/.-;...,.1.. ·•. .1360 
7i2+ 1370 
';/2- 888 1L~90 51 

'17/2+ 1500 nJ.J 

15/2+ 1500 P,J.J 

1/2- 1510. 52 

7/2+ 1580 6:1 ,. 
25/2- 1600 nr 
1/2- . 1?l~O ,5:: 



'. 

--~----· 
i / > ~ ' - >, 

1(~2) 19% ';?10f+4~(22)' 12% ' 

1 (20)9'7% 

1 (22) . 9B% . . 
1(~2)10~' 
1 (22) _8~ '' 62l!J+Q~ (~2).18% 
L (22) 2%' 
L(22) 9~% 
L(~2)10~ 
L (32)10~ 

L(20) 8~.; :: .?O~~+Ql (22) ' 8% 

1(22~ .2% · 
L (~2) 6~%. . .?10f+Q1 (2.2) '!3% 
L (20) . ~% .5?1 f+Q1 (22) .. 2% 
L(22) 96% .. · · · · 

. ' 

'. t. . 
:} 

.. ',. . . 

. ; .. 

~'able 4 

185 Nuoleun W ( A -~ 0 ?2 · A - o OJ) · --. ----~~.;__..:.._ ______ ._~!...:_. ~---' :..:: • 
Energy, KeV · . ----

K s t-r u o t u r e 
~XJ'• Theory 

3/2- 0 0 ,512 t 99i~ 

1/2- 24 20 510~ 99% 

7/2- 244 110 50~~ 99~ 

11/2+ _198 130 615J 99~; 

9/2+ 716 720 62'~~ 98%' 512~+Ql{~2? 1% 

-9/2- 789 730 505 ~100':~ 

1/2- 1010 521 t· 3"' 510 .+Ql (20). 9'7% '" 
5/2- 1030 510 ~+Ql{22)100% 

. 3/2- 1030 510 ~+Ql (22)100% 

·3/2- 10'~0 501' 6% 512 t+0.l (20) 92% .503' +qf22) 1% 

7/2- 1080 514~ 1''' 512hQ1(22) 99% 
'" 

1/2- 1080 512t+Ql(22)100% 

7/2-. 1180 514t 9% 50;:i~+Ql(20,) 91% 

3/2-· ' 1190 501f 1% !)O;:i ~··IQl (2~) 98~~ .512.+Ql(20) 1% 

7/2+ 1190 615 :)+Ql (22)100% 

5/2+ 1300 5104+Ql(32)100% 

•7'./':>+ 1310 . 510~+Ql (32)100% 

7/2-. 1058 1~30 51LH 90% 503 !+Ql (20) o/}~ 

.;/:-."'" ·. .1360 . 51~:H<11 (32)100% 

'7i2+ 1370 512\·~Ql (32)100/j 
~; . 

5/2- 888 1L}90 512 ~ 75?~ ' 62'1· ~-:-Ql (32) 23% 

'17/2+ 1500 npp 512l514·~'102 ~ 

15/2+ 1500 ~PP 510~ 51'H '~02 ~ 

1/2- 1510 521 + 1"' 510 ~+Q,(20) 99l~ ,, 
t;;. 

7/2+ 1580 633~ 9o/;~ 

25/2- 1600 npp 6.15! 514~ '~02 ~ 

1/2- 171~0 521t 93% 510hQ1(20) 3% 541. +Q(20) 2;5 . 

13 



.. "' . ' ~ 

·./ 

Table 5 

Huoi~ua "18?oa ( - j .. -= 0.21,. ·jJ•o= -O.oJf 

--------------------- ---
En~rgy, KeV 

K · --·EX7l; Theory 
Structure 

~" •. 

9/2+ 0 
1/2- ·.· 171 

3/2-
712-
7/2-. 
7/2+ 
1/2-

. 5/2-

0 624~ 98% 
. 140 510. 85% 512t+Ql (22) . ·15% ··-

380 512 t82% . 5104+Ql(22) 15% " .. 
410 503_+ 89% . _ 501 ++Q1 (22) _• 8% 615f+QJ:C32~ 2% 
'470 514 t 99% . (,1 r 

580 63?. 94% 651.+Ql(22) ·. 4% ~ :. . . . 
590. ' 521 _190% 521 ++Ql (22) . 4% . .523 t+Ql (22) 3% 
630 512. 95~~ . . 521 t+Ql (22) 2% .. : 624f+Ql (32) 

- 740 615 J 97% " . 503 ~+Ql (32) 1% 6244+Ql (22) 

1% 
1% 

-· ... _.;, 

11/2+. 
5/2+ 
13/2+ 
?;2-

890 642 + 50% 62'~hQl (22) 41~% . 660f+Ql (22) 5% ' 

." 312+" ·'> 

" 5i2+ 
3/2-:". 

.5/2~ 

1/2+ 
15/2-

990 ·. 624hQl (22) 100% ' 

1000. . 51'H+Ql (20) 100% 
1020 .· 651 + 60% 633H-Q1~22) _· 29% .. · 660f+Q1 (22).10% 

. 1_100 ... 6'~:n .:>s% 62'~hQ1C22) · 56%. · 66o4+Q1 c22) · 6% ·· 

1160 501!2C~~ .503~+Q1(22) 41% 512t~1(20)._25% 
1170 523 t . 2% 512hQl (20) 97%. ". . 
1170 66o l 71% . 6'~2hQ1 (22? 18% - .. G51t+~1 (22~ 10?( 
1600 npp 62'H· 402~ 5'~1 t ·- · · · 

14 

. ::' 

Nuoleus· 1E 
., ---------.. Energy, KeV 

K 
.. 

EXJl• "Tlieory 
-~I 
~ : 

1/2-. 0 0 _. 510t92% 

3/2- 128 130 512187% 
I. '7/2- 210 503!93% 

.· 9/2+ 390 624.99% 

11/2+ 420 615f99% 
3/2- 870 501 f27r. 
9/2- .: 960 " 505i97ti 

7/2- 970 514t997< 
5/2- 1060 512448~ 

5/2+ '1100 642+ 6'}. 

7/2+ 1110 6334967 
13/2+ 1130 
1/2- 1160 521185~ 

.3/2- 1229 512t 65 

;;· 

( 

l' 

. I 

! 

'I 
I 



·~ .., ·~ . } •• ,., .c 

,. . r 
.. ; ,. 

:' 

,. ·, 

~ ... ~ -0 •. 0.:3)'; _____ ...;...;.. __ _ 
. . . . 

~) 15% -
~) 15% 
~r~· 8% _·. 615 f+QJ:C32~ 2% 

(..,J 

~r 4% - ~ 

~). '4% ' ''523 t+Ql (22) 3% 
2) 2% ' ' :624 f+Ql (32) -1% 

2) ' 1% 6_244+Ql (22) 1% 

2) 41~% 
; .. '6604+Ql(~2) 5% 

2) 10o% 
0) 100% ' ,•.' 
2) ' _29% . •; 660f+Ql(22).10% 
2)' 56% ' . 660 4+Ql (22) . 6% . 

2) 41% ' 512t~l(20).~5% 
0)> 97% ' 
2), is%.· ·.: 651 ++~1 (22) 1o;( 

~- . 

J. ~ • 

i 

·I 
I 
I 

. '. . ~ . . ', 

Table 6 

Nuoleu~ 185os ( fl .. ""' 0.21, 

., . 

. ' 

-------------------------
Energy, ICeV 

K EX!J• Theory 
structure 

1/2- 0 0 . 510f92% 512hQl(22) ?% 

3/2- 128 130 512l8?% -510~+Ql (22) 12% . 

?/2- 210 503!93% 501++Ql(22) 5% 

. 9/2+ 390 624i99% 

11/2+ 420 615499% 

3/2- 8?0 501f2?% 512~ 1% 5031+Ql(22) 64% . 512i +Q(20) 5% 

9/2- . 960 5.05.97% 503~+Ql(22) 3% 

7/2- 970 514t99% 512++Ql(22) 1% 

5/2- 1060 512J48% 510f+Ql(22) 507o 

5/2+ '1100 642. 6% 624~+.Ql(22) 94% 

?/2+ 1110 633496% 651~+Ql(22) 4% 

13/2+ 1130 621!-.·IQl (22)100% 

1/2- 1160 521185% 510t+Ql (20) 8% 521~+Ql (22) 3% 

.3/2- 1229 512t 6% 510~+Ql(22) 88% 503f +Ql (22). 2% 

15 



'11n.'ble 7 

Nucleus 179Tn ( /3. .,;. 0.27 v .... Jl .. , " -O.OJ) 

------------------- -----
Encrey, KcV 

Stntoturc K E-..!:p. Theory 

7/2+ 0 0 404.; 100% 
9/2- 31 20 .514-1 10~~ 
5;2+ 238 .530 11{)2 A 955~ 660f+Ql(22) 2% 

. 1/2+. .520 ?11-0 4-11 v 96~'5 411 I+Q1 (22) 3% 
.. 1/2- ?.50 ?.50 .541 t 98% .532v+Q1 C22) 1% 

3/2+ 1110 6.51 4 1% 404t+Ql(22) 99% 
11/2+ 1120 1}04 t+Ql (22)100% 
.5/2-:' 1120 .511~ I+Ql (22) 99% 
13/2- 1130 .5H~+Q1(22)100% 7/2+ 1130 511!· hQl (31 )100% 
5/2-. 1130 l!O'l· f+Q1 (31 )100% 
3/2- 1180 .5327 8B;. 'IO''r+Q1 (32) ~~ 
7/2+ 1180 1!01~·~-~Ql (20)100% 
?i2+ 1220 511H+Q2 (31 )100% 
9/2- 1220 5'11H+Q1 (20)100% 
11/2- 1230 '!O'~r~Q1 (32)100% 

. 3/2- 1230 532+ 8% l!·0'!-t+Q(32) 91~~ 
5/2+ 1230 tW2~ Af'/ 

5'1 1~.:.~-Ql (32). 99% .,.J 
13/2+ 12110 51'H+Qi (32)100% 
23/2- 1300 pn.'l I.J.QI:. t 51':.·~ G21:-~ 

.514-f+Ql (32) 1% 

.54-1f+Ql(22) 2% 

2;.:/2+ 1300 prm 51L:- ·i !)1'~ ~ G2h~ 
3/2 1

' 1li'/0 '~11 ~ 16/~ '111 ~-~-Ql (22) 84-% 
5/2+ 1550 413t 1"' IJ.11 V·I·Ql (22) 99% ,., 
1/2- 1590 1~11 hQl (31 )100% 
3/2- 1590 :!-11\•+Ql (31 )100% 
21/2- 1600 pnn '-~0':- t .512 ~ G2':~ 

---

)tj 

r 
f 

'\ 
l 
I· 

~--
1· 

t· 
r 

! 

l 
L 

·. 

181 
Nucleus Ta ~ }:::o 

·Kr. 
Energy, KeV. 

Exp. 

7/2+ 0 
9/2- 6 

5/2+ lJ.82 
1/2-

1/?+ 61.5 
3/2+ 
11/2+ 

7/2+ 

5/2-

.9/2-

5/2-
13/2-
3/2- . 

17/2-

19/2+ 

7/2 .... 

9/2-
3/2+;-

')/2+ 
1/2-

3/2-
19/2-
7/2-
'1/2-

,., . 
Theorz 

0 
. 10 
. ,560' 

. ?50 

810. 

1120 

1130 

11?0 

1130 

1130 
11'-1-0 
11'!-0. 

1200 

1300 

1300 

1'~00 

1400 

1.520 

1580 
1,530 

1580 
1600 
1690 
171}0 



I 
Table 0 

.\ 

! 
_/•".,. -O.OJ) .I 

l ----~----. 

.-

·Kr, 
Energy, KeV titructure 

Exp. Theorz 

7/2+ 0 0 l~Ol;·~ 10Ci~ 

) 2% 514f+Ql(32) 1% 
) .3% 
) "1% 

) 99% 
)100%. 

)99% 
)100% 
)100% 
)100% 
) ~~ 541t+Ql(22) 2% 
)100% 
)100%' 
)100% I 

)100% I 
' 91;~ I 

~ 99% 

[ ~100% 

-
I 84% 
I 99% 

9/2- 6 10 51 1;~ 100% 

5/2+ 482 .560 l!-')2~ 985'6 660++ Ql(22) 1% 
.... 

'~ ~. 

1/2- 750 5l~1~' 99;-~ 532+.+ Ql(22). 1~~ 

1/2+ .615 810 l_!-11~ 
o,....:rf 411• + Ql (22) "2% 
"' (It) 

3/2+ 1120 . .t~Ot~t + Ql(22) 100';~ 

11/2+ 1130 4QL~t + Ql (22) 100/~ 

7/2+ 11?0 !W~' + Q1 C?1) 100% 

5/2- 1130 IWlH + Ql (:?1) ~<?O% 

9/2- 1130 404t + Ql(31) 100% 

5/2- 111~0 514~ "+ Ql(22) 100% 

13/2- 111!-0 51 1~+ + Ql(22) 100% 

3/2- 1200 .532t 98% 541t + Ql (22) 1% 

'17/2- 1300 pr_YJ. '·!·0'!-~ 621~ 510~ 

19/2+ 1300 J!~'"'l. 51 1.:.-~ 521:4 510~ 

7/2+ 11~00 
. LJ.OIH + Ql (20) 100% 

9/2- 1400 514+ + Ql(20) 1007~ 

?:12+. 1520 l!-11~ 12% W11 ~ + Ql (22) 80% 

')/2+ 1580 L~13~ 1% 1-!-11 ~ + Ql (22) .99% 

1/2- 1530 1~11 + + Ql (31) 10CYi.) 

3/2- 1580 l!-11 ~ + Ql (31) 100;~ 

'19/2- 1600 p:rm '~-0'~··1 621!-~ 512~ 

7/2- 1690 523' <)3% 1~11 ~ + Ql(32) 1% 

1/2- 171}0 530' ~6/~ 532~ + Ql(22) Q~ 

... ~ 
100% ··-":"~--··-~ 

100% 

! 

17 



Tn: 

Energies of three-q 
1'n.hlc 9 . nooount of spin·spl 

Reduced probabili l;ier. for t:z tro.nnitionG from r;ro11nrl 
r;tatcs 

\ ~ ~ --~-_:..-----~-
Nucleus K struct ------------------ -Huolcua K E(Kev)E(ICcV) IJ(g2) Concribution Componcnt3 ------~-

EJ=P• ~'he or, them·, ::;:Lnglc-qu.."l.si- qnuaipn.rt~+ 11honcn I 
1?7Yb 17/2+ n 62L!.}: part. 

~ - - ·-- --- -- . 
"19/2- n 62l~ :•: ·1?9w 'j/2- WlO 0. 'I !)12 t BOA 511H + QJ. (2~) -.-··· . 

15/2- n 511l- t · v., .. 
'j/2- 1'1-20 0 r• 512 ~' 6/~ 511<- t .·1- Ql (22) '-~'· .. .u ;J ·~-,1 

11/2- l 
25/2- n G?L:-~ 13'/0 0.9 51'1-} + C~, (22) 100;.'. 

.1. 

1o1w 5/2+' 1100 O.f.l G11-2 '? 13i~ .. 62tH + Ql (22) G~~ 

n !W:-1 
5/2+ 13')0 0.1 G11-2t 747~ 624t + Ql(22)' 15~·,;. 177Hf 2";/2+ 

13/2+ 11,50 0.9 624 t + Ql (22) -.oo;; 
25/2- n 62L~f;. 

) .. 
21/2+ 

10~/ 3/2- 209 .. 190 0.1 512" 92;5 510+ +Ql(22) ., .. n 512~. 
'" 3/2- 111-90 O.G 512 ~ h7~ 510 f + '~l (22) 9.:X..; 

5/2- 905 1160 o.--; ·. 5'i2 + 67'}5 510+ + Ql(22) 12;.; 
1?9H:r 25/2- n 62Ll-~ 5/2- "Jll-50 0.'/ 512 f 2:~ 510f + Ql(22) 8~ 

5/2- 1580 0.1 5"l2 ~ 28,~ 510+ + Ql(22) 6% 2'!;/2+ n 514¥ 

17/2+ n 5"l0~· 18!\v 7/2- 1080 1.3 ~~~~ l.r 1% 512t + Ql(22) 99'~:; 

[ 
1/2-. 1000 1,_3 512. + Ql (22) 1~ 

181H:r 17/2+ n 510~ 18300 5/2+ 8')0 O,lj. G11-2 I 50"~ 624 .• "+ Ql (22) 411% 
19/2+ n 512~ 5/2+ 1'100 0.6 6l;.2! .38% 62Lt • + Ql (22) 56~ I: . 

1.3/2+ . 990 1.3 624t + Ql(22) 100~ 27/2- n 615 f 

25/2- . n 624(• 18500 5/2- 1060 0,6 5':2 + ll-8% 510 t + Ql (22) 50;~ 
"j/2- 128 1,30 0~1 512 ~ 871~ .510 ~ + Ql (22) 1~ 
,3/2- 1229 1.2 512.; 6"' 510. + Ql (22) ~ '/0. 

1?9~a ?;/2+ 1110 0.9 651 + '1% Lt04 t + Ql (22) 99% 
11/2+ 1120 0.9 LtOLt ~ + Q1 (22) _!()Oj.; 

18 Ta. . ,3/2+ 1120 0.') Lt04 t + Ql (:!~) 100/~ 
11/2+ 11,30 0.9 LtOLt v + Ql (22) 100;; 

18 
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;ro.ni;i tionr.; -r1·or;1 ;;rolln£! 

--------------·------------Lbution · 

~-tqu..-.si- . quuail•~.rt.+ l1honcn 
tr • - - · 

t BO'A 
~' 6/; 

~ 1;ij5 

~ 741~ 

, ~l·7~ 

~ .,67/5 
·.· 2';~ .. 

·28?~ 

1% 

lJ-8% 

'87;~ 

6/G. 

!)11H + 0. (""">' . ''J. "''·) 
;;r· .... ,. ' " (2r • 

I ~1 .+ ''l .!_J 

51'~} + c~1 (22) 

._ ....... 
U,t•' 

9~:,~ 

_ 621H ·1- Ql (22) &,5"/; 

624 + + Ql (22)' 15~·; . 
624 t + Ql (22) 1Q0;'~ 

510 I + Q1 (22) 7;:. ._ 
510' + ql (22) 9,:X::. 
510+ + Ql(22) '12% 
510f + Q1 (22) aop 
510+ + Ql(22) a% 

512 t .... Ql (22) 99'/~ 

5121 + Ql(22) 1~ 

624't-:r Ql (22) 411% 

6244 + Ql(22) ,56~ 
621J. f + Ql (22) 1~ 

- 510 t + Ql (22) 50/;; 
. 510~ + Ql(22) 1~ 
510 f + Ql (22) ~; 

' 1% . 404 t + Ql (22) 99% 
. 404 t + Ql (22) ,:'100% 

404 t + Ql (2~) 1QO;~ 

404 y + Ql (22) 100;.; 

I 
I 
I 
I 

I 
. !--
! 
1 
i ; 
' 

l 
I 

t 
L 

I 

To.ble 10 

Energies of three-quo.sipo.rticle states without the 
account of spin splittinr, of multi:plets 

----------------:-""Ene'rgy, ReV___._ .. 
Nucleus K Structure ~xp. Theory 

--=-=-=-=:!=-=--=-==...,.--------==s~:-:--:--·----
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