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The effect of the interaction of quasiparticles with phonons on 

the structure of the states in odd-A deformed nuclei was considered 

in rer./1./, In refs./2- 6 / the energies of the excited states of odd-A 

deformed nuclei are cal cula ted and their structure is studied, In 

ref./7 / the interaction of quasiparticles with gamma -vibrational pho -

nons is considered, in those cases where these interactions are 

predominant, the results are close to those in ref /2/, 

The calculations in refs, /1.-7 / a re carried out with the sche-

mes of the levels a nd the wave functi ons of the Nilsson potential, 

In r efs. /8, 9/ the characteris tics of the o ne-phonon states of even-

even deformed n u clei in the region 1.50 < A < 1.88 are calculated 

with the use of the one-particle energies a nd the wave functions 

of the Woods-Saxon p o tentia l calcula ted in /1.0,1.1./, 

In the present paper w e g ive the energies and the structure 

o f the g round and excited states of odd-Z nuclei in the region 

1. 77 :S A < 1.87 calculated with one-particle energies and the wave 

functions o f the Woods-Saxon potentia l for A= 1.81 (obtained in ref.'1 1.f), 

In the calcula ti o ns the quadrupole and o ctupo le phonons given in / 9 / 

a re used, The calculations a re perfo rmed for f3 deformation equal 

t o 0,20, 0,23 and 0,26, For each nucleus we g ive the characte-

ristics of all the calculated states with an energy up to 1 MeV of the 

most states with energy up to 1.,5 MeV, 



As is know, in the scheme of the average field levels there 

are some states with given K 17 's, In/ 1/ a general case is consi-

dered w here several states P 1 • P2, • • • P n with a g iven K" are 

taken into a ccount. In c a lculating the excited state ehergies up to 

1,5 MeV it is possible to restrict oneself to the case when tw o sta

tes P 1 and 1 p ~ a r e taken into account, The wave function is 

written in the. form 

) 
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here Q 1 ( A p. ) in the phon on operator of multipolarity ( A p. ) · a va is the 

quasi-particle absorption operator, 'I' is the wave runction or me 

ground state of an even-even nucleus. 

Using the variational principle w e get the following secular 

eqLation 

_where 

v (p ,p )-(dp )-.,) 
I I I j 

V.(p l,p2) 
J 

V j (pI 'p 2) VJ(p 2, p2) -(f(p 2)-Tfl) 

V j ( Pq , p n ) = 1/ 4 ~ 
Ap.lv 

v v ( A/1 ( A/1 -~P..,.Y p Q 1/ ) ( ( p 1/ ) 

I ----- n y (Ap.) dv)+wA_p. ____ _ 
I - Tf l 

= 0 1 

(2) 

(3) 

~ · -z 

where f ( 11 ) are the quasi-particle energies . /'ll ( p 11 

rix element o f multi pole op erator with momentum A /l 

ning notations see ref./ 2/. In (2) there are only p ol es o f t 

The roots (2) 11 i are the energies of the states 

K" i n this case j = I ,2 ,3 >. •. • F o r the ground state 
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nucleus 11 1 ( K F) assumes the smallest value, The E 
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In considering some low-lying states we can restrict ourselves 

to the account of only one one-particle level p with given K" v • 

This corresponds to the equation to zero of each diagonal ele-nent 

of (2). The contribution of the one-quasi-particle component p is 

j 2 
defined by ( C p l and the contribution of the state quasiparticle 

in 
j 2 i\llli 2 

v -state plus phonon i\.11 i is defined by ( C p l ( D p v l • 

So:ne excited states have a noticeable admixture: quasiparticle 

plus g amma-vibrational phonon, Such states are characterized by an 

increase of the reduced probabilities B(E2) of electric E2-transitions. 

A part of them .is given in Table :1. It is seen from the Table that 

there is a sufficiently good agreement between the experimental and 

calculated B(E2)/B(S2)s.p. in 18 7 R e and 185 Re • It should be 

noted that the use of the wave functions and the one-particle energi

es of tne Woods-Saxon potential has lead to an essential improvement 

of the description of states with a large admixture cf gamma-vibratio

nal phonons as compared to ref./ 2/, 

The results of calcula tions of the ene r g ies and the w ave functi

ons for some odd-A nuclei are g iven in Tables 2-7. In the fourth 

column of the T a bles the contribution (in percent) of two-three largest 

components obtained from the normalization conditions of the wave 

function i s given, For example, to the ground state of 187 Re with 

1T 
K = 5 I 2 + the contibution is given by the 97o/o one-quasiparticle 

state 402 t and the . 2. 4o/o component: quasiparticle in the 400 t state 

plus phonon Q 1 ( 2 2 l • 

Now we pass to a brief discuss ion of the results of Tables 2-7. 

Re isotopes (Tables 2-5). In all the Re isotopes the ground 

state is the 402 t state. According to the calculations the contribu

tions of the one-particle component 402 t tothe ground state of the 

isotopes I87Re ! 85 R e , 183 Re , 18 1 R e and 
179

R e is 96-980/o. The spectrum of 

these nuclei studied in/1 2• 13/ and in other works i s verv inte resting_, 

In the interaction of quas iparticles w ith phonons the main role is 

played by gamma-vibrational and octupole Q 
1 

( 32) phonons. The role 

oftheQ (22)phonon essentially inc reases in heavy isotopes of 187 
R e and 

) 
18 5 

R e as compared to the light ones, This is rJue to the exoerimenta lly 

6 

observed ·d e crease of the energ ies of g a mma - v i b rationa l 

W i sotopes, The calculations of g amma-vibrati o nal phor 

- even nuclei performed i n / 9 / w ith one-particle e nergies 

functions of the Woods-Saxon potentia l explain w ell thi"' 
18 7 

Re and 
185 1T + 

Re the low-lying K = 1/ 2 and 9/2 + sta 

the large contributions of a gamma- vibrational phonon an 

rimentally. The calculated energies and the reduc ed B(E2 

are i n good agreement w ith experi mental data. I t i s inten 

tha t both theory and experiment point out that in each ol 

the re must exist t wo close K17 = I /2+s tates with strongly diff 

ties . The . low est of them for 

quas iparticle in the 402 ~ 

185 
Re and 

18 7 
R e contains t 

state plus phonon Q 1 ( 2 2 l , 

cond one is the qusi-parti c le 411 • state w ith small admb 

r e nt states quasiparticle plus phonon. F or 18 1 
R e and 183 R 

TT I + 187 of the K = 1 2 states a re much higher than in 

and the o rder is o pposite (the c ollective s tate lies by 

hi~her than the one-quasiparticle one). The excitatio1 

K 
17 

= I /2 + s tates differ noticaeble, this is seen from 

It should be n.1ted tha t in 
185 

R e and 187
R e the re mu"' 

low-lying collective vibrati onal states. E ach state is me 

- v ibrational pho~on construc ted on OC~e of the lowest one-

514, 541 or 404 levels. It is very interesting to discover 

ly these states. 

In 
183

Re the three-quasiparticle K" = 25/2+ state is ob~ 

The c ulcula tions show tha t there can exis t t wo three-c 

K 
17 

= 25/2 + states in which the energy for the multiplet 

somewhat hig her tha n the experimental one. The state ( 

n 5 14 •) w ith K "=25/2 + is the l owest in the multiplet whil• 

state (p402 t n 624 t n 6 15t) with K17 =25/2+ has an energy whi 

v1.rhat higher tha n tha t in the multiplet c entr e . In 
111 3 

Re , a 

the independent quasipa rticle mod el, the re must be a n othe 

siparticle s ta te w ith K" = 21/ 2- ( p402 t n 624 t n514+) 

inte r esting t o find three-quasiparticle state s in 
1 8 1 

Re tht 

which i s expected to be somewhat l o -ver than in 18 3 
He , ] 

7 
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.culations the contribu

he ground state of the 

-980/o. The spectrum of 

·ks is verv interesting_, 

1ons the main role is 

( 32) phonons, The role 

isotopes of 187 
He and 

~e t o the exoerimenta lly 

observed · ·decrease of the energ ies of gamma- vtbrational i n even-even 

W is o t o p es, The calcul a tions of gamma-vibrational phonons in e v en-

-even nuclei performed in/9/ w ith one-particle ener g ies and the wave 

functions of the Woods-Saxon potential expla in well this tendency, In 
187 185 Tl + 

Re and Re the low-lying K = 1/2 and 9/2 + states containi ng 

the large contributions of a gamma -vibratio nal phonon are found expe

rimentally. The calculatec energies and the reduced B(E2) pro ba bilitie s 

are in good agreement w ith experi mental data . It i s inte res ting to note 

tha t both theory and experiment point out tha t in each of these nucl e i 

there must exist t wo close Krr = l /2+states with strongly different proper

ties, The · lowest of them for 
18 5 

Re and 
18 7 

RP contains the component 

quasipa rticle in the 40 2 t state plus pho non Q 
1 

( 2 2), w hile the se

cond one i s the qusi-pa rticle 411 • state w ith small a dmixture o f diffe-

rent states quasipa rticle plus phonon. For 18 1 Re and 18 3 Re the ener g ies 

of the K rr ~ 1/2 + states are much higher tha n in 
18 7 

He and 185 Re 

and the order i s o pposite (the collective state lies by 100-200 K eV 

higher than the one-quasiparticle one). 'I'he excitations for thes e 

K 
71 

= l / 2 + states differ noticaeble, this is seen from Tabl e 1. • 

It should be rnted tha t in 
185 

Re a nd 
187

Re the re must exi s t other 

low -lying collective vibrational states, Each stat e is mainly gamma

- v ibrational pho!'1on constructed on o :'le of the l owest one-quas ipa rti c l e 

514, 541 or 404 l evels, It is very interes ting to discover experimenta l

ly tnese states. 

In 
18 3 

Re the three-quasiparticle K77 = 25/2+ state is observed in/14~ 
The culculations show that there can exis t two three-quasipa rti c le 

K 
71 

= 25/2 + states in which the energy for the multiplet centres is 

somew hat hig her than the experimental one, The state ( p 5 1 4 t n 624 t 

n 5 14 •) w ith K rr =25/ 2+ is the lowest in the multiplet while the second 

state (p402 t n624 t n615t) with K
77

=25/2+ has an energy which is some

what hig h er than tha t in the multiple t centre , In 18 3 
Re , a c c ording t o 

the independent quasiparticle model, there mus t be another three-qua

siparticle state w ith Krr = 2! / 2- ( p 402 t n 624 t n514• ), It would be 

interesting to find three-quasiparticle states in 1 8 1 
He the energy of 

which is expected to be somew hat l o · ver than i n 183 
B e • I n 1 ~ 5 R e a nd 

7 



187 
Re the energies of the three-quasiparticle states with K "=25/2+ 

and 21/2- are higher than in 181 
Re a n d 

18 3 
Re . 

It is seen from Tables 2-5 that in all the isotopes of Re rather 

low are the energies of the states the structure of which i s the fol

l o w ing : qusiparticle plus octupole phonon 0 1 (32) . H owever it should 

be taken into consideration that the main contribution to the phonon 

Q 
1 

( 32 l of the corresp~mding even- even W nuclei is g~ven by the 

two-quas ipar ticle (p 40 2 t p 5 14t) state, Therefore for the odd Re 

isotopes the low-lying states such as quasiparticle plus octupole 

phonon· Q1(32 l are c l ose to the three-quasiparticle ones, The same 

• 18 I ti may be s a td about the Re states: quasi par cle plus octupole pho-

non Q 
1
(31 l , 

I8l'f a ('l'able 6). A ccording to the Woods-Saxon scheme, deformation 

f3 = 0 ,26 the one- particle 404 + and 5 14 t l evels inte rsect with each 

other. Therefore the calculations g ive approximately the same energies 

for the states. It follows from the experimental data that the 5 14 t l evel 

lies by 6 K eV higher than .the ground 4 04 + sta t e , The accuracy o f 

our calcula tion is restricted so that it i~ impossible to explain such 

a diffe rence in the energi e s of these states, The calculations predict 

some l ow-lying vibrational states constructed on the basis of the 

one-particle 404 + , 5 14 t and 54 1 + states, Especially low are the 

states w ith a large a dmi x ture of gamma - a nd beta..,-vibrational phonons. 

These states have not been yet f ound experimentally. Some states 

are of complex structure, e,g , the 3/2 + state with a n energy 1210 K eV, 

The l / 2- -state of energy 170 KeV is mainly o ne-qua siparticle 54 1 + 
183 

state. It has been discovered e x perimentally i.n Re the deformation 

of which is close to the d eformation of 

of Re this level lies possibility hig her. 

18 1 T a , In heavier isotopes 

We have restricted to giving the table only for t8t Ta' the 

calculated excited states of 
17 9 

Ta and 
177 

Ta differ insignificantly from 
18 I 177 189 

Ta • The strong est differences are the following: in Ta and Ta 

the role of .~amma-vibrational phonons decreases as compared to 

181 t . . 1 d . t f Ta and the energies of the states con atntng a arge a m1x ure o 

gamma-vibrational phonons increse noticeably, The octupole K" = 3/2 -

8 

and 11 / 2- -states lying in 18 1 
Ta at a height of about 

18 I 
low ered up t o 1,3-1, 4 MeV in light i sotope s of Ta 

17 7 

Lu (Table 7) , This nucleus is experimentally s tudied 

and in other p a pers , But vibrational stat es have not be~ 
177 

vered, The c a lculations show tha t in Lu the collectiv 

nal states have a n e nergy hig her tha n 1. 3 MeV, 
177 TT 

In Lu five three-quasi particle states with K =23/2 

7/2 + 15/2 + and 13/2+ are e xperimentally observe d , 

tions g ive somewhat ov erestimated energies for the mul ti 

It should be n o ted that the 514t + O 1 ( 31 l state is essentia l 

s iparticle state with configuration (p5 14 t n514 + n624t), · 
179 175 

I n Lu a nd Lu the energ ies of the three-quasipar 

17 7 
and 23/2 - -states lie by 5 00- 700 KeV higher than in L 

+ Q< ( 31 l sta te in 
17 5 

Lu h ave three- quasiparticle structure 

179 about 2 M eV, The rol e o f the quadrupol e p honons i n Lu 

remains pra c tica lly the same, 

The performed calculations h a ve shown t hat the 

oY'!e-particle energi es and the wave functions of the w. 
potential l e a ds to a noticeabl e i mprovement i n · the desc r 

odd isotopes of Re , Ta and heavy Lu i sotopes · as c omJ: 

calcula ti o ns based on the Nilsson potentia l, The Coriolis f 

are in some c ases important have not been taken into accc 

cribing a sta te vvhic h i s cbse to a qua sipotentia l state it 

ly necessa ry t o ta k e into a c c ount the c hang e of its equilibr 

tion as c o mpar e d to the d e fo rma ti o n of nucl ei in the g r< 

In conclus i o n w e e x press our g ratitute to A.A. !-< 

S .I. F e dotov a nd H.Schulz for their help a nd discuss 
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xon scheme, deformati on 
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The calculations p redict 

ted on the basis of the 

, Esp ecially l ow are the 

beta-.,.vibrational p honons, 

erimentally . Some stat es 

with an energy 1210K eV. 

y- one-quasipa rticl e 541 + 

183 R f t• y- in e the d e orma t o n 

Ta • I n heavier is o t o p es 

18 1 
Ta , the ole o nly f o r 

iiffer insignifica ntly from 
177 189 

Hawing : in Ta a nd Ta 

r eases a s c ompared to 

.ining a l a r g e a dmixture of 

l y . The octu p o l e K
17 

= 3/ 2-

and 11/2- -states lying in 
181 

Ta at a height of about 1 , 8MeV are 
181 

lowered up to 1,3-1. 4 MeV in light isotopes of Ta 

17 7 
Lu (Table 7) , This nucleus is experimentally studied in r ef./15- 1 8 / 

a nd in other p apers , But vibrat i onal states have not been yet disco-
177 

vered, The calculations show that in Lu the collective nonrotatio-

nal states have an energy higher than 1. 3 MeV, 
177 11 

In Lu five three-quasiparticle states with K =23/2 ·- 11 /2 + 

15/ 2+ a nd 13/2+ are experimentally observed, The calcula-

tions give somewhat overestimated energies for the multiplet centres, 

It should be noi:ed that the 5 14t + Q 1 ( 31 ) state is essentially three- qua

s i particle state with config uration (p5 14 t n 514 • n624t), · 
179 115 11 I + 

In Lu and L u the energies of the three-quasipa rticle K =II 2 

177 
and 23/2- -states lie by 500- 700 KeV higher than in Lu, The 41JH 

+ 0< ( 31) sta te in 
17 5 

Lu have three- quasiparticle structure and lies a t 

17 9 177 175 
about 2 MeV, The role of the quadrupole phonons in Lu, , Lu, Lu 

remains practically the same, 

The performed calculations have shown that the use of the 

o:-1e-partic le energies and the wave functions of the Woods-Saxon 

potential lea ds to a noticeabl e improvemen t in · the description o f the 

odd isotopes of Re, Ta and heavy Lu isotopes as compa red t o the 

calculations based on the Nilsson potentia l . The Coriolis forces w hich 

are in some c ases important have not been taken into account. In des

c ribing a state vvhi c h i s cbse to a quas ipotentia.l state it i s a ppare nt

ly necessary t o take into account the c hange of its equilibrium clefonna

tion as compared to the deformation of nuclei in the g round st:ut cs, 

In conclusion we express our gratitute t o A.A. Korneichuk, 

S . I,Fedotov a nd H , Schulz for the ir help and discuss ions. 
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Table J 

I f) 

_____________ /? e __j_f:_o . .2 o) --------
fJ 1T Energy, Ke V 
ll Exp o Ca1cu1 o 

5/2+ 0 

9/2-

1/2-

1/2+ 645 

9/2+ 966 

7/2+ 

5/ 2-

1/2+ 879 
lJ/2-

11/2-

J/2+ (-840) 

J/2+ 

11/2+ 

5/2+ 

9/2-

5/2+ 

1/2-

J/2-

J/2+ 

5/2-

0 

460 

620 

660 

860 

9)0 

940 

950 
960 

1030 

1210 

1210 

12.60 

1340 

1410 

~410 

1410 

1440 

1480 

1540 

Struc t ure 

402 t 96~; 4001+0,(22) J~ 
514 t 99~; 

541~ 88~ / . 541~+0~20) 9,6~ 

400f 18~ i 402f+Q,(22) 8~; 402 i -+ 

404t 0,7~ ; 4021+0,(22) 99~ 

4044 9 2~; 404~+0~20) 6,7~ 

5J2 t ~~ 1 514f+0,(22) 99~ 
411~ 89~i 402f+0~22) 5 1 8~;41lf+C 
514t+0,(22) -100~ 

505f 91~ , 505f+0,(20) 8~ 

402~ 15~ ; 404~+0~22) 78~; 400f+C 

411 f 16~ i 411i+0,(22) 84~ 
404!+0,( 22) ·- 10~ 
41). J~ ·, 41140,( 22) 9 7~ 

402 t+O,(J2) ~ 10~ 

402t 0,1~ I 402f+0,(20) 99~ 

402t+O,(J2)"' 10~ 

5J2~ 25~ ; 541! +0,(22) 68~ 

402~ 61~ i 404~+0~22) 19~; 4001+0~ 
52J ~ J~ ; 54H+0,(22) 97~ 

1.3 
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C\J 
'-"-
0 
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'<!" 

,-.. ,-.. ""' 1""\ ,-.. " 
C\J C\J C\J C\J C\J C\J 
C\J ""' C\J C\J C\J C\J 
'-<. ........ _ ""!. "-'- """' ~ 
Cl Cl Cl Cl Cl Cl 
+ + + + + + 

} ~ '<!" ~ -~~~ ~ 
> r-4 rl rl '<!" 0 '<!" rl 
~ '<!" "' '<!" "' rl "' '<!" 
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I 0 0 0 
'<!" C\J '<!" 
C\J r'"\ r'"\ 
rl rl rl 

Table 3 

I S) 

____________ /? e __jj:.:._o. 2 o) -------------

I
f) 1T Energy, KeV 
l Exp. Ca1cul. 

5/2+ 0 0 

9/2- 460 

1/2- 620 

1/2+ 645 660 
9/2+ 966 860 

7/2+ 930 

5/2- 940 

1/2+ 879 950 
lJ/2- 960 

11/2- 1030 

3/2+ (-840) 1210 

3/2+ 1210 

11/2+ 12.60 

5/2+ 1340 

9/2- 1410 

5/2+ ~410 

1/2- 1410 

3/2- 1440 

3/2+ 1480 

5/2- 1540 

Struct ure 

402 t 96~; 4001+0,(22) 3~ 
514t 99~; 

541~ 88~ /. 54lh0~20) 9,6~ 

400t 18~ i 4021+0,(22) 8~; 402 l+Oj(22) 2~ 
404 t o, 7~ i 402f+O,( 22) 99~ 

404t 92~ ; 404~+0~20) 6,7~ 

532 t ~~ 1 514f+0,(22) 99~ 
411~ 89%j 402f+0,(22) 5,8~;4111+0,( 22) 4~ 
514t+0,(22) -100~ 

5051 91~ ; 505f+0,(20) 8~ 

402~ 15~ ; 404~+0~22) 78~; 400f+~(22) 3~ 

411 t 16~ i 4lli+0,(22) 84~ 
404,+0,( 22) .~ 10~ 

413. 3~. ·, 41140,(22) 97~ 

402 f+0,(32) ~ 10~ 

402t 0,1~, 4021+0~20) 99~ 

402t+0,(32) ·"' 10~ 
532~ 25~ ; 541! +0,(22) 68~ 

402~ 61~ j 404~+0~22) 19~; 4001+0~22) 19~ 
523 L J~ 54H+0,(22) 97~ 

13 



Ta6mrua 'f 

/'I J 

----- /{e. ( o == (J J. v) -------
_______________ __:! _ _:_ __________ _ 

f(' 

5/2+ 

9/2-

1/2-

7/ 2+ 

1/2+ 

11/2-

1/2+ 

9/2+ 

l/2-

9/2-

5/2-

lJ/2-

5/2+ 
J/2+ 

J/2+ 

J/2-

21/2-

25/2+ 

Energy , KeV 

Exp. Ca1cul. 

0 0 

496 4)0 

600 

851 900 

1102 970 

1000 

1060 

lJ10 

1J70 

lJ70 

1J90 

1400 

14)0 

(10J5) 1500 

1590 
1670 

2000 

> 2200 

25/2+ 1907,5 , 2)00 

St ructure 

402 f 98% i 400 t +0,( 22) ~ 

514 f 99% 

541~ 89% i 541.+0,( 20) 9% 
4 041- 9J% i 4041-+0,(20) 6% 

41H 9J% ; 4llt+0,( 22 ) 4% 

505 t 92% ) 5051+0~ 20) 7% 
400t 28% ; 4021+0,(2 2) 70'/J 
404 t o, 7% I 402f +0,(2 2) 99% 

5JOt 0,4%; 4021+0~J 2 ) 99% 
402f+O,( J2) -10~ 

5J2f 1,J%i 514f+0,(22) 98% 

514f+0,(22) -100% 

41J~ 0,2%; 514 t +01(J2) 99~ 

402~ 71% ; 404,+0,(~2) 15%; 400f +01(22) 1o~ 

4llf 29% j 41H+0,(22) 68% 
5)2 f 69'16 ; 541~+0~22) 19%; 5J24+Q~20) 5% 

p402 t n6241 n514f -100% 

p402 t n6241 n615t-lOO% 

p514f n6241 n514~-100% 

1 '1 

'!'able 5 

II/ 

_________ .Ji!_.J.t ~(/.~3) ---------

I{'; Energy,KeV 
Structure 

Exp. Calcul. -----------------------------
5/2+ 0 0 402 t 91% j 400f+0~22) 1, 6/. 
1/2- 150 541.£- 9~; 541~+01( 20) 6,7% 
9/2- )56 J60 514, 99% 

7/2+ 6)0 404 ~ 95% j 404~0,(20) 4% 

1/2+ 10)0 411~95 % j 411f+0,(22) J% 

1/2- 1040 5JOf 7J% i 402f+Q~J2) 17%; 5JO 

11/2- 11)0 505 t 91%; 505f+Q,(20) 8% 

5/2+ 1170 642t 0,2%; 514f +0,(J2) 99% 

1J/2+ 1180 514f+O,(J2) -100% 

9/2- 1190 402t+Q(J2) -100% 

1/2- 1210 5JOt 15% j 402f+Q(J2) 82% 
I 

J/2- 1240 5)2' 80%; 5J2~+Q,(20) 6%; 404~ . 

1/2+ 1260 400t JS% j 402f+Q(22) 58%; 402~· 
I 

11/2- lJJO 404~+Q,(J2) -100% 

J/2- 1)40 5J2 ~ J% j 404~+01(32) 9J% 

J/2+ 1J60 651f 7% I 541! +O,(J2) 92% 

5/2+ lJ90 541~ +~P2) -100% 

1/2+ 1420 660 f 80%; 660f+0,(20) 11% 

J/2- 1490 402t+Q(J1) -100% 
I 

21/2- 1490 p402 t n624 1 n514+ - 100% 

7/2- 1500 402f +Op1) -100% 

9/2- 1510 514 t o,8%; 514f+Q~20) 99% 
5/2+ 15JO 402t 0,5'ibi 402f+0~20) 99% 

25/2+ 1800 p514 t n624 t n514~ -100% 
25/2+ > 2700 p402 t n624 t n615t -100'P 

15 



---------------
ure 

----------------
+0,(22) 2CJ, 

'J,(20) 9% 
'J,(20) 6% 

J,(22 ) 4% 

~~20) 7% 
~.(22) 70% 
~ .( 22) 99% 
~.(J2 ) 99% 
b 

+0,(22) 98% 
b 

+0,(J2) 99~ 

t,C.~2) 15%; 4oot +0,(22) lo" 
1,(22) 68% 

·P2) 19%; 5J24+Q~20) 5'11 
·100% 

·100% 
·1o0% 

'!'able 5 

II/ R ,_ u~ ~Q,~J) --------------------------------

5/2+ 

1/2-

9/2-

7/2+ 

1/2+ 
1/2-

11/2-
5/2+ 

lJ/2+ 
9/2-
1/2-

J/2-

1/2+ 
11/2-

J/2-

J/2+ 

5/2+ 

1/2+ 
J/2-

21/2-

7/2-

9/2-
5/2+ 

25/2+ 

25/2+ 

Energy,KeV 
Exp. Calcul. 

0 0 

150 
J56 J60 

6JO 

lOJO 

1040 
llJO 

1170 
1180 

1190 
1210 

1240 

1260 

lJJO 

1340 

1360 

1390 

1420 

1490 

1490 

1500 

1510 

15JO 

1800 
>2700 

Structure 

402 t 91'11 i 400f+Q~22) 1, 6 7. 
541+ 92f, j 54H+Q,(20) 6, 7% 
514, 99~ 

404 ~ 95'11 j 40440,(20) 4~ 
411~95 , j 4llf+Q,(22) J~ 

5JOt 7J~ i 462t+oP2) 17%; 5J01+Q(20) 5'11 
' 505 t 91~; 505f+Q,(20) 8$ 

642t 0,2%; 514f +0,(J2) 99% 
514f+Q,(J2) ~10~ 

402t+Q(J2) -100~ 

5JO+ 15~ j 402t+O(J2) 82% 
' 5J2~ 801>; 5J2~+Q,( 20) 6$; 404 ~ +0,(J2) 6'11 

400t J8$; 402f+0(2 2) 58$; 4024+0,(22) J~ 
' 404~+Q,(J2) -100% 

5J2 ~ J% j 404~+0,(32) 9J~ 

651f 7'11 j 5414 +O,(J2) 92% 
541~ +op2) -100'11 

660f 8~; 660f+0,(20) 11% 
402f+O(J1) -100~ 

' p402 t n624 f n514~ - 10~ 

402t +Op1) -10~ 
514 t o,a% ; 514f+Q~20) 99% 
402t 0,5%; 402f+0~20) 99% 

p514 t n624 t n514~ -100'11 
p402 t n624 t n615t -100% 

1 5 



l(rr 

7/2+ 
9/2-
J./2-

5/2+ 

1/2+ 

3/2+ 

5/2-

11/2+ 
lJ/2-

3/2+ 

3/2-

9/2-

7/2+ 

7/2-

J./2+ 

7/2+ 
5/2-

J./2+ 

Energy , KeV 

Exp . Ca1cu1. 

0 40~ 
6 0 

170 

482 330 

612 530 

1140 

1190 

1200 

1200 

1210 

1220 

1270 

1270 

1330 
D80 

1420 

1420 

1490 

Ta bl e 6 

,, 
T a.. ( ;~ o. .16) 

404~ 99~ 
5141 99~ 

Structure 

541~ 91~; 541 j. +0,(20) 7' 2!/J 
402t 93~ ; 402t+0,(20) J~; 400f+0,(22) J~ 
411. 9~ j -4-H+ 9~ 4llf+0,(22) J~ 
402. 4~ i 404+ +0.(22) 9~ 

5J2 t 0,9~; 514t+0,(22 ) 9~ 

404+ +0~22) -100~ 

514t +0.(22) -100~ 

411t 4~; 411~+0~22) . 54~; 404~ +0~22) ~ 
5J2t 68~ ' 541,+0,(22) 19%; 5J2 ~ +0,(20) 5~ 
514f +0,(20) -lOaf 

404l +0,(20) -10~ 

52Jt 94~j 52Jf+Ok20) J%; 41lf+~(J2) J~ 

400 t 19~ ; 402f+0,(22) 761/J; 402~+0,(22) ~ 

404~ +Opl) 80%; 402t+O.(J2) 2~ 
404~+0,(J1)- 10~ 

66ot 7&11 i 660 f+QPO) lo~; 6511 +0,(22) J% 

16 

Table 7 

ilf L u (p = V) 6) 
---------------------------
K1i Energy, KeV Structure 

Exp. Calcul. 

-------------------------
7/2+ 0 0 404} 97'1t ' 404J·+Of20) 2,5'1t 

9/2- 150 20 514{ 98'1t 

1/2+ 570 150 411~ 96'1t 411t +Q((22) ~ 

1/2+ 480 54H 86~ · ., 541~ +0~20) 1~ 

5/3+ 458 670 402f 87~ : 514-'t +OJ32) 5%; 4 

7/2- 870 52Jt 93'*' : 41lt +O,(J2) 4~; 5 
J/2+ 890 411f 69~ : 41lt +0,(22) 2~; 5 

1/2+ lJOO 411~ +01(20) N 10~ 
5/2+ 1280 41J·~ 7~ : 4llf +Qi(22) 9~ 

23/2- 970 1J50 p404t n514 / n 6241 

J/2+ 1J40 402J 6% :, 40# +0~22) 84~ 

11/2+ 1)60 404{ +0(22) ..v10~ 

J/2+ 1J60 411+16~ ; 4111 +~(22) 7~;5231 

1/2- 1400 411HO(Jl) "'10~ 

3/2- 1400 4lll +0(J1) "'10~ 

9/2- 1410 5141 o, 5'.i; 514~ +0£·20) 80; 402 

5/2- 1490 52) -1' 0,4~; 4ll·~+Q~J2) 99~ 

3/2- 1500 41H+O(J2) "'10~ 

11/2+ 12JO 1510 514HQ:Ol.) ""10~ 
7/2+ 1240 1510 514t +O(Jl) "' 10~ 

L 

25/2+ 1510 p51M n514 ~, n6241' 

15/2+ 1)57 2000 p 404 ~ n514l n510t 

lJ/2+ 150J 2000 p404~ n514~· n5101" 

17 



. re 

0,(20) 7' 2$ 
(20) J%; 400f+0~22) J% 

~ 4111 +0,(22) J% 
0,(22) 9~ 

(22 ) 99% 

2) . 54%; 404~ +0~22) 2% 
2) 19%; 532 ~ +0,(20) 5% 

)) J%; 411f+~(J2) J% 

2) 76~; 402~+0,(22) ~ 

~o2t+op2) 2~ 

)) 1o%; 6511+0,(22) J56 

Table 7 

HrLu (p =o)6) 
-~------------------------------

7/2+ 

9/2-

l/2+ 

l/2+ 

5/3+ 
7/2-
J/2+ 
l/2+ 

5/2+ 
23/2-
3/2+ 

11/2+ 
J/2+ 

l/2-
J/2-

9/2-

5/2-

3/2-
11/2+ 

7/2+ 
25/2+ 

15/2+ 

lJ/2+ 

Energy, KeV 

Exp. Ca1cul • 

0 

150 

0 

20 

570 150 
480 

458 670 

870 
890 

lJOO 
1280 

970 1)50 

1)40 

1360 
1)60 
1400 

1400 

1410 

1490 

1500 
1230 1510 
1240 1510 

1510 

1357 2000 

1503 2000 

404} 97% 

514{ 98% 

Structure 

411~ 96% 4llt +0,(22) 2% 
541} 86% ; 541t+0~20) l~ 

402f 87~ : 51M+O,p2) 5%; 402~+01(20) J% 

52Jt 93~ : 4llt +0~32) 4%; 52Jt +0~20) 1~ 
411t 69% : 411t +o{c22) 22%; 5231 +op2) 6~ 

411f +0l.(20) "'10~ 
41J·f 7S : 411~ +0.(22) 9~ 

p404t n514¥ n6241 

402J 6$ :. 404f +0(.22) 84$ 

404l +0(22) ""100S 

411+16~ ; 411f+~(22) 77*;52Jt+op2) 5S 
411HQ(J1) "'100$ 

411l+O(J1) ~100$ 

5141 o, 5~; 514~ +0£·20) 80;402 t+O.t(J2) 19$ 
52) ~ 0,4$; 411·~ +0~32) 99$ 

41H+Q(J2) "'100$ 

514HQ:(J1) "'100$ 

514t +0(31) "' 100$ 
L 

p514~ n514~· n6241' 

p 404 ~ n514i n510t 

p404~ n514~· n5101 

17 


