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nSITOB H.M •• ConosbeB B.r. E-1621' 
3HeprHH B036yJKLieHHblX COCTOSIHH8 HeKOTOpblX 'l~THblX ce:nbHO 

L10q>OpMHpOBaHHblX HL10P B o6nacTH 164 ~ A < 190. 

Ha OCHOBe csepxTeKy'le8 MOLI0nH SILipa paCC'lHTaHbl LlBYXKBaaH

qacTH'lHble aoa6ymLI0HHbl0 COCTOSIHHSI LinH .necpopMHpoaaHHblX SIL10P 

Dy 16
' , 'Er"' , Yb 168 

, Yb 174
, Yb 176

, H.1 176
, w1

" , 0 1
" 

npHB0L10Hbl 9H0pl'HH KBaLipynonbHblX H OKTynonbHl;>lX KOnneKTHBHblX coc 

TOSIHH8 • .llaHbl 8BanH3 PHLIB CX0M 6eTa-pacnaL1a H Oll0HKa 9HeprH8 pac.,. 

menneHHSI pg.z:ia LlBYXKBll3H'l8CTH'lHblX COCTOSIHH8. 

Pa6oTa H3LiaeTC51 TOllhKO sa asrne:8CK0M Sl3blK8. 

, npenpHHT 06'be.llHHeHitoro HHCTHTyTa Sl.llepHblX Hccne.noaaHHA. 
Jly6aa. 1964. 

Pyatov N.I., Soloviev V.G. E-1621 

Energies of the cExcited States of Some Even 
Strongly Deformed Nuclei in the Range 164 .<, A , .< 190. 

' -
The two- quasi- particle excitations for the deformed nuc

lei 'Dy 1"' , Er1 "' , Yb 168 ,, Ybl'/4 , Yb 116 , H/ 116 , ,W 18:', , Os 116 

have, been calculated using the nuclear superfluid model. The 
energies of the quadrupole and octupole collective states are 
given. Several beta , decay schemes are analysed. , The split
ting energies of some two- quasi-- particle states are · estimated. 

I < • < 

Preprint. Joint Institute , for N.tclear Research. 
Dubna. 19 64. 



I 
I 

N,I, Pyatov, V,G, .Solovk!V' 

E - 1621 

( 

ENERGIES OF THE EXCITED STATES 
SOME EVEN. STRONGLY DEFORMED NUCLEI 

IN THE RANGE 164 ~,.A <. 190 . , 

I 
I 

· Submitted to " Izv, Akad. Nauk SSS R " 

r' 

J].y6ua 1964 



' . \ 

• I 

I' 

'The · nuclear 'superfluid model has been c.;nsiderab:e. success · 1n recent 

· , ye~rs in _ _;tccou'nting for the energies of . th·e,: non- ro~tional excited states of 

-,e~n 'nucl~?i.~nd various regula~itie.;; in n~clear properties. 

t \ ., '''The' basic assumptions of th~ supe:fluid nuclear m~ciel 'and the methods 

for c~l~ulatfon of th~ characte~i~tic~ of strongi; deformed riud~i ar~ pr~sented 

;.,_ rec/~/'. ·Th~ _energies qf u;e two-quasi-•p~rtl~le excited state~ of. sti-o~gly ~e--, 

... ' I · formed even nuclei· were fi~s~ -calculated 'in ref.( 2/ •. A detailed. investigaticin ()f ; . 

the ~xcited states 9f eve~ nuclei in· .the 
I 
range 15_0 < A: < 188 is giveil in ret3/, 

In th~t paper the experimental data .are. analysed,, the: energies· ,bf the tw_O-: qua~i-'. , 

particle states_ of most nuclei in the',range 160 $. .A i-182 .and the relative pro-· . . 
, babiliti~;,; of the corresponding beta transitions 'are calculated. 'The experimental: . 

·- . . ' ' ' ' ., : - ... , ,, . .. ' / < 
_data bn the excited states of odd-A nuclei appe_ared · after publication of pa~. ·; , 

pej 3 / all~wed-one to ,find the poi;;;ition of the average field levels
1
• f~r nu~ie-i . . . 

'.with _A .< 160. Then it_ became possible 'to cc1lculate the energies. of- the two-, 

, ' quasi- particle, excite~ states a~d the r~la~ve; p~obablliUes of' beta transiiiomifor. 

some isotopes oism,c'Gd, Di 4f_ 'Ihe ~rlergies of the beta an'ci ''gamma vibratio-' 
"'·. - , '',,;( . . ·, ' 1 ' ' ' ' 

nal and the octupole states· of strongly deformed _even- nuclei have recently been 

. ~culated and a !Tlicroscopic : sir'.ucture 
1
of ~ese· states . has been. cle~red llp/ ~, •.. 

• • : - ' ,- .' ' ; > • : • ' ' ! • t ,. • • , • -.. • '. \ • , ~ 
. , Usmg the later results and thf , cale;ulations , of, Wf°: quas.1,- par:ticlr states · we can 

.. ,: analyse all non-' rotational levels of even· deformed ; nuclei, After publication of 

'papej 3 / there. ha~ ~ppeared new experimental •data· on the.levels of•even nuc-: 

lei for- ·whi~ ther~ .are no the~;;tlcal · calculations 'id 3 , 4/, Thus, ,now it is 
~ ~ ,, I' '·• ,.!:, /. 1 ✓ •• ·, • • - ',·" _J ,.,, 1.1 
sary, to calculate the energies . of the exerted states for some nuclei in the ran·-

; g~ 15'4 < A < 190, investig.,;:te the, structure•':of these. ;,tates·. and compare the 

/ . ;:;;;ults' . de cal~uiaHon.~ ~ith the cor~esponding ' experirne'ntal. d':1ta· 'This is_ just 

the subject· of the .pres~nt paper. 

1. Single-Particle' Levelk of the Average Field 

and .Pairing. Energie_s 

. \ /• -. ·: ; ' 

. Inr calculations. we use the wave. functions and the single-- particl~ le~l; of 

· the ~il~;,~~, sch~~j 8/ ; 'Som.~ mod~iootfuns .have b~en made 1ri the position_ of _, 

3 
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' the average field 'levels according:to the e;xperimental data on thie single-particle 
• I \ ' , , '. , ,'-' ~ i , ' j • 

1 • levels of odd-~ nuclei, Therefore our 'scheme of the• average field single- partic-. 

·. le lev;ls .·is 's~mewhat dlffe.rent f;om that ~iven-in ref/ s/, but it \s ra~e~'clo~e' 

-'~o th~ scher:ie· with pa~~eters. gi\re~ in ref.1 9/,. ~~- energies of the 'aver~ge. ~· 
1• ' .' ' . " \ ·• . : ..: • \ "' ' ' ~., . -:_, ' ': . ' . ; - -I ;, , .• ' '·\" 

· .field single-particle levels·· 'E(s): , H;e correlation.functions· ·c, and the .chemical 

systems with even and . ocid rnlinb~r, of 
' ', . -. I ' ' ' •, ; '/ ~ 

2, "The quantum numbers describing. the 

sirig~~ 'Pa,rticle l<~~is are denoted 'by ~~ ~~~,. I provided !{·c"· A +· ½ • and 
• ,, ' • ' ' ' : : • ,, ' , < • .,I ' • - ' 

;,r· :_ :· ' ,;· ' ' . '\ 
. 'potentials' A ·.1 for,, the. ground:·states of. 

\, ' ' . ·., ' '. 
-nucleons are written in' 'Tables '1• _;nd 

' N n. ,\ • · . , pr~vided ·K, =.A-½ ,' where N . represents the total ry~mber. ot 
.. 'oscillator -~~mta/ •n'• is th~ numb'er of os~illator quanta•-atong the sym~etry ,a;xis, • 

> • ; \ ", J I , f 

'A ' is the component of the orbital.angular momentum along this ·=is, :!: ½ is 

!- ' ,· the.· projection of,' th~ rlucl~o;. s~in •. All q~ntiti~s in Tuble 1 and 2 . ar~; • gi~n ~ in ' 

\,. units hw 0 :.,41 ),hM~v; 1i i~ ~e~ ;nto accotlnt in. r~ff 4 / ~t there are, so~e 'in-
,. J .• • _ 0; .. ,\. ,' . :_ I '• , ·, .'. • ' ,, ·•, ,,. ,• 

, '· tsrsections of single- particle · levels · in neutron system· . at 'N <96, · , . _The energies 

ot'these l~vel~ given. in 'Table 1 dJf~r the~efo:e from' th6se in rer.f 4/: -~ th~ 
' ,. . -

pr~ton single,. particle levels scheme' the state. 40.4} '; . is. the. ground 'stat~ I for. the 
', .\ ( • •·' l /. ' : . •. \ ~' ', .' i' ~ :.I ,. \ .· ·' . ',• 

isotopes;:of L~ and Ta , the ·1e~ls 404! , :and,514t, inters~ct.\ The'_ s_equence· 

· · '.,o~.th~,.levels 40_4t a_nd 5141;,changes th;re!or~, _the vali:.ies of E(s/b~~g ~naf-

fected, '. . , · 1. ·• 

.The paJ~ing -'energies are given .a,;, , 
' ' . - , \. "; 

-/,,; ( J/4) l~li, (Z,N-1) +''Ii, (Z, N; ;)-.:I~(-Z,'.N/- &( z, 11-2) I' (·1) 
.. N :~.,,,.'~-' ,~, ,;, '/'\'·':a.·:,,·~' 

' 1'. . ',1 ' , ,( .: : ~' .(, 
is the _energy .of the ground state ,of a-;nucleus consisting of Z ~~er~ &(Z, NJ 

' protons_ anci'. N , neutrons,· ~·- rest.tlts :of calcu,tio~s are 'given in Figs; '1 ar:d 

~- The open' c~cles de~ot~. the p~iring. e~ergies. determined thr~~~h mas~ dif(e

;~~~es given id 1·01: '.The p~iring 'e~e~gie~· 'denoted -by,the da~k. circles· of.the 
\, .) • ' . ' , ' . . ( - .1 ) . \ '! ,: 1' 

,' • I straight lines are calc~ated for, the. foU~wing 'values: of the 'pairing . ~ntemcti_on i 

I .. 

constants' 

.· './ . 
' .G 

N 
26 MeV 

--::i-· 
. .. • I : ( 2)' 

~. \ 

/. 

: G =- ~'!teV . 1 • • 
, , - . , z. .. --A , . ,,, . • , !', ,: ··~ .,., -' .. :.. i. . , 

•which, as i~- ser~ frorr_i' 
1
/, ar'e· the,· same/as,' thos~ ;u~e~. e~rlier. :i~.i b~th' r'egi~~~. 

of strongly deformed ·nuclei, Froi:n Figs. 1 ando2 it· is seen that the calculated, 
\ - \ ... , , ., : I , . , . 

, :pairing energies with '.constants'. ( 2) are 'in good agreement. with the correspond- -
. , . . ' .. - . ; ' ' . , . . . , . , . . I .. 

'Ing exper,irriental data, _Notice that the: pairing energies of ah' nuclei are calculat-. ·1 

• -• • . • • • ' I . ' • ' . ] ' ' ' ' '• \ - : • . ':-, ' . ', ': • : , '~ •~ • 

' ed. for the I same' deformation with the single-. particle level schemes, presented I in ! -- " ' ' , ' " ' 

· Tables 1 and'.2,_ · .'.I, j 

,, .. ,. ,..._ 

,4 J' ~-
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·J, 
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:, 
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/ 
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\ , 
2· .. ExCit~a States of Even- Eve~, Nuclei -

·' 
The energies I ~f two-' q~.;,.si- particle excited states are calculat~d on the ,: 

, basis of.·the nucle~. ~uperfluid, model, ~king: into accour:t the blo'cking 'et~ect.; The 

energies · of collective qU:ad~pole · and octupole states . as well; as the. structur~ of , . . . . ·. . . , I 5- 7/ . . , 
these states· ·are taken froin · ·: · Th'e en~rgies of the_ non-rotationat ~xcited ·'' 

·states for· ei.ll nuclei; are calculated fo~ the. same· system 'of the averag~_ field le- .. 

vels,\i.e. for the ~anie deformati~n: ·· 
' ; ,,' ' ' 

; · The . results 

\ · ·. lective· states . are 

, of . ctilculati~ns of the . energies of' twp-, quasi- particle _and '. col- l. 

tabulat~d ( 'labl~ 3-10). ,The t.;,_~les differ fro~ one anothe'r in.\ 

-~~ forrri 'tfecause some .of them· contain an a~alysis of beta. transitions to the-

levels ~f the considered nU:cl~us: At the top of th~se tabl;s cir~ given the: en~r-
'· , ' ' , • r , ,, . ' ' . \ I - • , ·• • -: l 1 ~ ,, ~,'-

gies of neutro;... and proton' two-'quasi-particle states .and below ·ar~ presented 

the' eri_ergies' of a 'number·' of collective 'states. The first i:;~lumn o{ 'la~les',:3-10 . 

coi-itains the configurations of two- quasi- particle states, , K .. denotes the last fil-'.' 
. \ ' ~ ' . . . ' 

led ·orbita1.·of'the·average field-in the independent-partide mo1e1,.,R·H: ·is the 
f • 1 \. ', L: . I ' -~ ' . • • \, • > ' 1: . '_,, ' . ' , •· ' 
. first unfilled level· and so on.· The quantum charactei:istics · of the· states K ', l( + 1 .'•' 

, ~{ + 2 an~ other a~e written at· the. fo~i' of the ~oi:-re~ponc:Ung part of the. table. 

1 In•the seco,n~ column· one gives the',to~langular1 'momentum l?rojectlon,~n-the'; 

nuclear sym~etry axis,.K. and'the'parity ,,,_.·,.first, fo1;·the states~ith I= 0 

which, according· to the Gallagher'.s fulE;, :have lower. energy, and below for the 

s6tes with .. I • 1. We note tha:t ·whene-vef'. for ,·o~e 'of the ,states of. the doi:.ibletz' 

K" . • 0 :- as is , shown 1d 11/, . the . Gallagh~r'. s 'rule may be viola:ted ~nd 

\. 

. the
0 

~tate with. K lo has' always lo~er e,.;e~g~. Further w'e pr~sent the "eri':'rgies 

. o( ~~ ~0-: ~~i.:.particle · states ~as high as 2 :.. 2:5 M~V. , .. ,,,,, ; ; ' ', 

.. According to the supert1uid ,.;ucl~r model the , collective nori-; rotatlonal . 

states, a~e, superpo~itions. of two..: quasi- particle. states- of ~rious ·k~d. A state is 
,· ' ' ',, , ' ' ',,, , . . ' ·- ' . 

·considered,a~· .. tw~quasi-particle:_one if.'admixtures of,.other states do not exceed 

. ,59{,. States' ~~ich' are riot· displayed as: tw~qu~s~p~rticle o~es but take part in 
. f , ' • ·' • .• • 

'.the. formation of. the correspo;.;ding .collecti~ states are marked in the tablei ~ .. 
. '~n_ coll". 

In the . lower pei.rts qf Tables 3-10 are. presented the calculated and expe- ·. 
: ' • ',I_, 

rimenta.J. energies of collective . states and for. gamm~. vibrational and . octupofo sta--

. tes. ~re .'giver'i" th•r~e two-- quas..: parti~le state~' which 'y-ield the . largest c~ntribuu'on 
\ ' ' . ' ~ • ! . • ' ' I • ,- '. I "' ' 

to the. given; collective state, This contribution is determined. from the 'nomaliza-· 
. j/ 

,tion condition of the _wave ·function of each co_llective ~tate. We denote by, rm 
the neutron and·, pp the proton two- quas~ particle states. 

5 
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The. particularities of- some ~uclei will 

coni;idered as addition~ -t~/ ?f. . , 
be discussed fu;th~r 'and' may: be 

. \ '"•' .:, 

A _ .. 164. 

- - - - - - - - 164 -_ 164' 
The-energies of the·non--rotational excited states-of Dy and-,Er · :are;gi-: :.: 

ven in 'I'ables 3 and: 4. ,The en~rgies of gamma_ vibrational stat~s are I found ;:1 l~/ _ ~ 
I - ---• • •• < • , •' • : ; <•, , /f3/ ._-

a number of levels 1s observed 1n the reactions ( d , p ) and ( p , p -) _. 

The : le~ls -of i,/ 64 -froili beta_ decay have been i~v~stigate~· in/ 14/ - The; ~tate ': 
- - - - - - - - - _. 1 - - - - - -

,with K1r " 6- in D/
6i ,; by" analogy:with _Er•~ may have· the c_onfigu'.a!iC?n 

·nn - 523 ~ · + 633 t 'but - its -~terpretation -as pp 413 ~ + 5231' cannot 
' j • • ",, ' / ,: ,, J 6 4 16 4 ·~ , , - . - . · - ·~ :_ . 

"ded_now. ·Note ,that-in-·· Dy and Er the state with K1r'=2+ and the- configu.:. 
. . ;· • ., , . .· ' .. I·,. ' ' .· " -· , .. , ' 

ration pp 404 t - 411 t --i:3 tw,o- q'-'.las,i- particle one, it -does · not take· part- in -~e 

formation ;;-f a coll~cti~ : state; The value· of foil ft_ for the decay of Tm J61 to --
• !. 164 .. -. -. , .· · \ , ' - - .. , 

the beta vil:)rational state of _Er --~ must be_ somewhat 'larger than that of: log ft 

cor~~sp~nding to , the decay to the gr01:.ind :state. - ' 
"""-.' 

A ,. -168. 
.- ,168 

-.As to 1Er - we _note the_:following~ -rJ 3/ it is a:~stirn~d thci:t in 'Ei-
168 

- ther'e 
,- , 

tvvo levels with -K 11 · •; 3-: a neutron level. nn 633t:"- 521 r at- 1,095 :MeV and 

411J -- at '1,543 MeV, This interpretation contains the,_: 

following disagre_ement with ~xperiment: the c~lculated value log ft .. 6,2- ~- -~e-> 
- ' ,, z'68 ~ . - ' ,·,. , -··..__. . " ~ - ; , . -.... . ;, · . . 

a_ pr_-oton level_ pp 5231 

decay of _ Tm _ to the 1,095 MeV level strongly differs. from the measured one'. 

logii - 7.7. Furthei,-two levels with'l{11" .. -_4_-_ of the two doub;ets m~y ~ie lower in 
· -~ ": ~: - . ' ,., .,., - ·,• . . ._ '168 • · '. ·' . : -., , 

energy than the 3 - - s_tates; the_ beta de~y of :rm , to these levels being _ f. .-:- for, 

\ - ' bidden. Yet there -is - rio: -- rigorous -exp~rkental eviden".;e for exi~te~~e of - such -

state~. At- last, ~ b~th states- ~itli l{,i =· 3- contain rio' admiktur~s to two- quas_i-
. ' . ' ·' ~ - . ' 

,, 

_- particle -states~ then_ the -gamma : tra~ition. b~~e~n _them is theoretid.;..uy forbidden; -

wi1ile ;the' 'fnt~nsive 448 Kev( Ml)- tran~ition is - obs~rvecf e~p~rirrientally. These", 

. ;dlsagr~e~e~ts' are 
1
elimin"a'.ted, if b~sing on ref/ i 5 / ;-where' the 1,095 M~; l~vei i~ 

,- - - , , ' - - I - --- , - ,-

believed to· .have. spin 2;3 or .4 and. pn I'okro~sky's data ·we asstm1e that .this '1e--_ 

~l has [(11 .;.·~. Then one can. ~o~side~ -the 1.095 MeV, and 1,543 ~ev·. s~te~ a~ • , 
• . , " .,_ , , ~ . , , , , -,- ' ,: : • . I - , . . ~ • , ' ~ ." , ' 

the proton. doublet pp 52qJt ;t411 t with K11 equal to,4- and 3- respectively;Hence the 
. ..~-.... · .i.6s··-. • .. · . .- · · .. :·.--" •.'.'" · ·'- · ·· . 

beta decay from_ Tm - to the 4-; state : 1s A __ forbidden, · the value of Jog It , m - · 

- ,creases i 1;5 'wtiat is quite reaso~abl:.·The neufron ;, stat~ nn 52i\ - 633 f · 
may' lie ~ ~igher in ene~gy than 1.5~3 ·ivre'v.; It , is known, that - 'th~ half-,_ 

- - - ' ·__ - I - __ _- _, '.--10 - I - ,., - - ' 

life _ of,_ the_ , 1.~_43 ,M -:v4- ,level; r,½ ~- ,a_.rn __ ' sec:, we . ~btainc' theref_or? ,'.the • 

hindrance factor ' 'F < 10 in- the Nilsson model. for the _ value g : = Z/-A • _This -is ,-
~ - ' __ : . lV: - '; , /·, · -.. : . "", . -~ . .. · :' R . · , . , .', 

a rather large hindrance for single- particle MI transition; However, -by. small deo-

. rea:se of the valu~; of ihe' gyro~agnetic ratio ' ~ ~ -_ this disag~eement ~~ be eH-

,·> 
\ ~ : 

,,., ,•:; ' " • l 
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'minated.- 'N~t~' th~t 

PP 523f':.'.' 41:t.J 

I 

according td 7/- ad~~~re~ to' the'.~. sktte of the configuration 

do ':t'?t exceed o,.s% because 
,, ... ,' ' ' 

of \the. '?ctupole- octupole i\'1terac-, 

.tions: 

/The energies of the level;3 of Yb 
168

' ~re li~ted ,in Table 5, th~ flassifi~ation pf' , 

beta transitio~s from Lu 168 with , Krr ;. 1 + · · is presented there, 'I'he energy of , 

·: g~a vib\.ational, state is found id lJ/. No~e that the calculations made' in'/ 5/ give so-: •I' • . ' ,, ' i ' • ' . - • 

·,:·~ ~e higher erargy for beta and,garrupa vibrational states than that'~bserved, however,, 
' ' ' 

they describe rather well the position of these levers: 
:· , , 'I ; \ - , . . ,, : , . ~ •• . , \ 

A= 17.4 . . · , · , , 
'. '; ' ' ' ', ' '\: , 1 ·' ' 

i: The energies '>f the levels of, ·Yb 174 are given in Table 6, In contrast to/ 3/ th~ ' 
,' :•, ,, ' ' • , < J.. ' 

:· state •with, Krr • 2-' is considered. as· collective, although the contribution of the.•. 

' ,Ii,•'' ' ~earesit, tw~ ~si.. particle state' ,J 624t .~'512 t ii;; 91"/o. The energy of 'the 2.:: state' 

' decreas~s ~ 0.3, MeV due t~ the' octupole- octup'ole 'interaction 'a'nct 'the cetlculat- • 
' •' • • • • • ' I • ~ • ·--: •' ' ,' • ' • \ : •• ' I 

, · ed. value, 1,4 MeV well agrees with ,the observed energy' of 1,321, MeV,. Notic~ 
I • • • • ' "\ f •• 

that'tt1e.states with' Krr• 2,t and,configurations, :iin 512f -521i, 1 pp;402f...-; 

411J and. pp 404 J - 411 t can be obse~d 'experimentally-as hvo-quasi-'par-, 

tic!~, they do not take part- in the f~rmat~on ;; a collecti~ 'state., ,' 
1 

,· • • 

, A=· 176, , 

A·gamma vibrational' 2 + ie~i/.12/ and an isomeric ,stat~/;16/., ~i Yb 116
, · 

liave recently b~en established~ The i~e>me;id / ~tate 'mb.y be assig~ed as I the s:. 
neutron configuration I M 514 r ~. 624 t ' just' a~' iry HI':' and w m ,; Fro~ 

·~w.e/ 7 i~, is .seen that the available experim~ntal' data on Yb
116 

· agree \with 

the presen~ed palcuiatlons. 
'' . 

,"\,-, ., .. 

. ~e ene~ies of the ,excited , non- rotational states -of , Hl
116 

' ajd, a class .. : 
. ·· 1-1 -· • ~. ,··: .: , '-._·z,1 · '. ·•. 

fication:of bet.a transitions.from.1-404J /-512 t. 'Ta to .the .two-quasi-particle''. 
. . • -· .. • ! . - . : ·, •. ,· • .~ i , ' - \ . ' . . -

-~;levels 'of HI"' 1are ·given in ''l'a.ble. a The assignement for ,·Ta"'. -'is support--

:ed by the resuits obtained in/ ; 7/. Note that the' cha~~ ~f the calcuiat~d neutron, 

'. two,:. q~~~ ~rticle energi~~ ( i;, _ co~pa;ing with/ 3/) is_, con~ected With the change 

of the · po~itio~ of some , slngle-, ~rticle 'ie~is. ' ·,. ' .. · · 

A = 1&4 

The energies , of the twO:. q'uasi- particle stales of ' ·w l 84 and the analysis_ 'of' 

beta ti'-ansitlon~ to these states train. ~~m ~~d ,• Re~H. are given in ,Tabi~ ,9'; _;; 
• ' whi~h is construct~cti~ the ;same fo;m' as id 3/ The decay' s~heme of Ta 184 

, r • • • • ~- , • ' ' - ' 

.. : with l{,r;,,. ,3- ··and a possible configu~ation 404, -s1ofhas ~ecently been stu- , 

·,' di~d/ lS/, ,' A number of· papers/ l9- 21/ is devoted. to the establishment of the de:_ , 
' -~ ·, l / 

1 
' , \ • ', t.: 

·,cay, scheme ~f Re 1·
14 with K rr • . ~ and• a possible co~figuration 402 t + 510t · 

• I ". ' '• ' 

\ 

7 



,f ;: ' 

. . . .·· . A = .1s6 _ ! . · --· • . . . , . 

. As · is . known, .in the , region of· osmium i isotopes a successive transition 

takes ,~l~ce from, :trongly d~for~ed '.~u~lei to spherical. 'The ,nuclei 

- 0~
188 and.others•,have ,a:~ ess~~tially smailer equilibrium'deformation;than nuc-' 

lei {vith •A'~ 180. ~e ~calcu~ations :of th~ 'energie~· of tw~ quasi-partic~e sta;es , 
. ' ,.,• . • ' • ' - ~ ' ' . 1 • ' • I •• • • .- • • '-,- • • 

•are performed ,for the. same, _system of_ the average, held }evels, 1.ei,' for_tJ::ie same,. 

equilibrium defor_ma~ion 'for all, nuclei. Therefore,,' the,' accur;;._cy ,of' these ,c:;'i3.Icu-:'' 
, - ~.,. . . , , , _, ~ .. - .... , ,, . : . - , ,·, ·-~ l , ... -- ,·. , ' . .,:' 

Iations· for- nuclei ,with' A ~· 186 is '.considerable worse than for other nuclei,-. 

The ·energies of the-tw~quasi-particle states in ,.0s186 ·are Iisted:in' Table_':.,· 
- ,· ~ ' ' ' y ·, • "" •• , - • ' I' • 

10. These calculations should be considered as~ tentative·. 

' . . . . . . ,,'. . " .. ,'- ..... ,/ 

-. , . _ Some :interes!mg exp.erimental .data are available coi:ice~n,mg the levels oL 

oi/86 
, , 0s 18

~ and 
1
0s

190 
, So,. there are two levels with K" ;: • . 2 + · and two 

'
1

-... - , j~ J 188 -.· .. ·, __ -.· ' .,, -~-,.; 't9G. 
-levels with , K" _ a ; 0 + in Os _ . , an isomeric state with··, K " • 10-' in Os - ; 

a~d _oth~rs(
22

•23/ . ,H~w:'{er, the/ 6al~ulatic;n' ~f the energies of: ~e non" ro~tiO:: ''. 

nal .;,xcited states of ,these nuclei; a';,:;d the: 'probabilities -~f ,the corresponding-
- , ,. . - '· . ,'<. - -- ,. ,. ' ,- ':.: . ,·. ,.'• \ ' - ·., ' . .. . \. - ' ' . / 

· beta transitions should be tested separately taking into account. the specific fea:.:·, 
,' - \ ' . / ' - . ~. . - ' ' . / . ' ' 

tures of th.;,se ~ucl~i. 

.\ - ..,.,.,, 

'I 3. · ·R·e in.a r. k -'s 

·:-As is knm~ri, the energies ·of the two-:·qims~ particl'e_ states• 'calcul;t~d, on 
- ,_ . ·_ .- . "' - ,,- - ,• .·~ ' ' 

the' basis of the superfluid _ nuclear model are , identical , for· all' nuclei· with 'defi- ' 

•nite N or de~inite. Z • -D~ta. pre~ente~- in Tables ~10 and in. paper5' 3 •4( 

allow -~De to'' find_ the. eneirgies of. the ~O:qu~si:.:.particl~· states·'for all'.even-.even ·· 
• s ,., • • / • • - ' • \ , • • -. ' • ' ' ~ ·- •• '. • '' • ' • •, , 

,-nuclei,irt.the region'90 <.N <110 and 62 < z .. <·~_76, So, the energies of ·the 

, twO::qua.si-~~rtide:l~~els- of ;i- 166 are give~ in -iabie III s/3/ a~d 'the,,re~alcu

·iaied energies are .given: ,~eutron '-i~ Table .5 and proton in _Table 4 of the pre-
• / . •, .. , _. • , ; . ! ., I , < ' 

,' 

'sent paper. - ' 

· I 4/ -- , -· / 1/ · · 
\In . :a m9r,e, accurate· method, as compared ·with , is suggested 'to cal~,; 

, 'c~Iate the einer'gie~- andproperti:s, 9f 'the ~6,,; quasi- ~article states.• Ir/'5 / 1.Asir:.i,i 
\ • •\. ••~,a • ,-

• this, method one h:l.s calculated the energi.;,s of '.the two-quasi-particle states 
' - . ' . ', ·,' , . . ' , . .. . • ~ . . . ·, ·, ~ .. ·. -:-. { . ! : - '" : - . ,\, ; .. ' ' ' . 

for;some nuclei-in the ... region 150 < A < · 190 .. , In these calculations use ,has',,· 

been-,made of the average field ie~l 's~h~~es given-in ~bles ~and ,r:~nd 

. p~iring en,ergies close. to ~e va1.'.xes -~hewn -in. Figs: 1 an~ 2, Fr;m, a comp'ari

s~o~ of' thei two- qu.;,_~i- p'a~ude: s~t~ e~e~gies ~-a:i~u1ateii ir/ 5{ ;!th d~ta pr:se~t

' ;d in Tables ~ 10 . it.follows that th~ a'cclir.;;:cy· of o~; ::~culations is go~d , 
J ' ' ~ . ' . • ' • ' • • ' ',', . ; • ' 

./, ~> 
8 

< 



f ' 

enough. Note that the correlation functions ~f some two- quasi- particle states 

found id 5 / strongly differ from those obtained ij3 /. Yet in the meth;d/ 
24

/ the• .. ' ,· ' '" . '·' ,, 

' · correlatic.>n functions of the excited states have a somewhat different sense as ·. 

compared to · the method presented• ij l/ . 

As is known, the two- quasi- particle states are twice generated with 

. ·[( = K + K 
l 2 · 

and . ' • The interaction between 'quasi-' particles . 

eliminates this degeneration . and the spacing of the two- quasi- particle states 'is 
1 ' . · / 1/ . . 

. , therefore observed experimentally.· In ~ . the spin. splltting energies' have been 

calculated in the first · order of perturbati~n theory. The calculated energies are 
: ' I / ,, ', 

given in Table 11, . Necessary parameters are found from the spin splitting 'of 
' ' ' 156 • 

pp 413' ,!' 411 f in 'Gd · , .In Table II are given the configurations of 

two- quasi- particle l:>tates, the values of l( 11 
\ 

the energies of these states 

measured experimentally and their difference as well as· a theor:atlcal estimate of 

the spin ~plitting energy, Ch~nges in the· energi~s due to quadrupole- quadrupole · 
I ~ ' l . • , ., 

· and· octupoie- octupole interactio~ are ~ot taken into account since for states gi-

ven. in Table I~ these changes · are small enough, It should be .noted that the the~ 

retical estimates of the spin splitting . energies a:re rough· ~nd may serve only as 

't';"ntative ones, 
/ 
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, ·'· ·· ·. · i'able ·1\ 
~ . 

· Sing~e-:-particle' energy.<ievels an( the ··g~ouna:' state 

par~meters fo; .neut~ori system ---,--1---------~-~ ~-~.-:.:..~ . · .. -----~-·-----
tJ ,\ :· • i_:· (~)/t,,6. N~1i'E. . ¢/ti,jo i.\ . A/.ii~ 
---·"-~-·---~~------- --------+--·-----+---~'-~"--. .( ..:.__ .·· 85 
'. 86 

87 
, · ,as 

, .89· 
• I .. 90 

,\.! 
', 91 
, 92• C \ 

, 93 
1 

::' ~,:94_~· 
~ \ • •' I 

. -~ 

95: · 
.96 :· 

97 
9,8 · .·· 

99 
,, 100 · ::.: 

·101' 
. 1102 

0,91 
. _\ ·, .. -;.-

l 

,0,95 .. 

1-,00 

,., ; 

.1,04 , 

.•~,.08 

' 
1,11 

.. 2;26 

.. 
.,,1,30 

505.f' 

4021 

660t 

65lt-
' .I 

52lt, 

, 
642+ 

,523t 

· 633t 

·5211 ,, 
/ 

o~:116•·· 

0,148 
0,123 . 
0,152, 

/ 
·0,125 
0,152 

·0,122 
0,14-7: _. 

.0.111 
o,137 · 

'0,085' . 
0;1~4 

-0,073· 
0,1-2_3 

0,082 
. _o.,12g 

. o,891 .· 

.0,917 · . 

0;943_ 
0,968 

0,991-

,, 

, 1,018· ~ ,· 

,1,044 · 
1,070 . 

'1,098. 
1,127 

·1,220 
'. 1;272 >, 

1• 

/ I 

'' 6,050 
10,110 

. 1~389 
-'\\, 

,,, 
' 

' 103 
:104 I', 

I 

\io5 .\ 
106 

., 107 •·',,, 
., /108· 

. i', 109 
110. 

,:.:11i 
'112 

113 
., 114 

•.115 
. 116 

117 · · ns · 
119, 

:1·,35 

1,48 >'t• 

',.> \ 

1,~~ 

': i',62 

1,66 .. 

' 1;11, 
I . 

.. 

.l,74 I 

. ' ,, 

1,75 
,· lj78 .. 

512f. 

.. \ 514½ 

/ 

6241' .· · 

- · · 510f-

512'r 
(' 
I 

503t 

"' 
'505( 

., 

i 
50lt 
65H 

0,037 
0,111' 

: . ·\:'. 

o,01~ 
0,124 

.0,099 
o,D5. 

·0,113 ·· 
•0,1~2 

" 0,122 
0,146 · 

0,125 
0,145 

I ·-. 

1,418 , . 
,. 1,452. _ 

,1,497 '. 

1,530 
1,559 

i,585 
1,613 

,· 
1,720 
1,743 

,,, -'· 



::- ;,-·; 

J 

-\ ' , 

_I -

\ / 

, Single-particle, energy levels 
- ' ' - ( ,' 

and:the;ground-state . ' 

f 
~ ', J: ,,}',.--:: 

-----
"- Z', 

-

59 
'60 

, , / 61 
"/• '62 

6J 
64 
55' 

I 

-66 

67 
.'- 68, 

69 
·70 

71 
72 

7J 
: 74 

.-,., •._ 

• 75 
76 

77, -'· 
7s, 

_/ 

79 
,so 

'81 
82: 

parameters for proton system 
( 

, E ( s)/1i-w0 

~ 

/ 

],20 -

-~·1,J1 
' " 

1,J6 

·-.i,42,• 
- ., . 

·1,~8 · 

. 1,'55 

I 
\· 

1,66 

. 1,69 -~ 

).,76 

· 1,s& 

1,90', I 

-1,97. 

·-:.' 

\· 

rJn.
2

ti.r__ ' , ,- [.' · · c/t.~o' _ - I -. ,-,:i.-~ ~--:, :-- ' 
-- , .. --- ,, . " ,">w_ •. ---

_..... \-

' 422+, I o,'015 , 1,2rn 
' I 0,124, •1,252 • 

' 5J2t / 0,079 1,280 . ' 
· 0,127. 1,J25 -

< •-' 
51Jl 1 - 0,090 / i,J55t 

0,129; , 1,J91 

4llt ,,' I 0,089' .• · 1,424 
0,127 , ; ~,458 

52Jt I o,0~1- 1,495 
. o,12J , , 1,52s ,_ 

\ ' . ' 

411+ I 0,011, "1,566 
• 0~121 ~,601 

404_~ I. o,os1 , ,i,627 _ _ r 
o,12J 1,671- , , / 

✓ 

514t · 1 0,085. 1,709 _; ;: 
1
· 

-o,12r 1,737 

462t I, o,01J · 1,116 
· _o,11s 1,sos 

402 + I 0,075 1_ ,BJ4, 
0,118 1,877-

:_400·~ ,. 
,_ ,. ' 

505t \ -~~~-_Li -, ____ , 
,J 

f.s'. -~·,· : 

< 
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98'. - ",,_ 

0· 
' -~:_.:.='----- -----,.----·-----------:' 

,Neutron· two-quasi particle Proton two-quasi-particle\ 
· states , states · 

Configu
ration 

-------- -----.... 
Energ,y (MeV) Configu

ration 
Energy (,MeV) -. 

Calo.E:x;perim. Calo. Experiment. '/ . ------1----·----------+-------f--~-------
K,K~l 

K,K+2 

K~l,K+l 1 

.K-:-2,K+l 

K,K+J _ 

K-1,K 

K+~,K+J· 

1 K~2,K 

6_. 
1- 1,7 
2+ 0011. l 9 , 
J+• . ...!. 
l+ 

'6+ 
J-·· 
2-

1,9 

2,2 

2- ooll. 2 2 5.:.. ..!. 
5+ 2,4 
O+ ooll. 
4-
J-
5-
o...: 
1-
6-
4+ 

l+ 

. 2,4 

2,6 

2,8 

2,9 
-:" 

(1,680) 

(1,987) 

' K,K+l 

K-1,K+l 

K,K+2 

K-1,K 

K-2,K+l 

K+l,K+2 

K..:.l,K+2 

K-2,K 

K,K+J 

K-2,K-l 

2-eoll1 4 5- .!.. ' ~= l.!..8 (1,680) -

i!eoftl,9 (1,987). 

4+ 
. l+ 

1+ 
'6+. 
4-

, J-
2+eoll 2,2 
J+ 
1- 2,4 
4-
5+ 2;6 
2+ 
5- 2,8 
0-------------- ---------------, -K-2=52lt;K-1=642f; K=52Jt; 

- ' /,, 
K-2=5J2 t ;K-1=41Jt ;K=4ll 1; 
K+1=52)t ;K+2=411 +; K+J ~464 t.; K+l=6JJt ;K+2=52H;K+J=51~t. 

---------- ---------------------------Collective states 
/ 

' - Structure of states ' Energy (MeV), ~ - · , . 
Calo. Experim. ------------------- . ----------------------------------

·2+ ,' 0, 8 _ 0,770 pp411t+41ltJ6%;pp41J,-411\19%;nn52J,-
-521 \ 16% 

nn642,-52JJ 29%;nn642i-51~ tl5%,nn660~- . 
-770t 14% 

- pp4llt-52Jt_75%;nn6JJt~52lt20%inn642t-. 
· ·. . . . -:-52H0,6%,. 

15 



, .. ., , Table 4 

.'18 U,'t 
uEr ·. 

Cont1,rJ'1<1t ~::w[ ~ ~-aeea; ,Jr.:." ~•~rr K1t Configu- .· 

ration --rat~ . · . . \ H· S23t- s.2.H . MeV , ----· Neutron two-quas1..:particle Proton two~quasi-particle t. 
, states states 

., -- - - - ---
K,K+l 5- .· 1,6 - l,J 4-

0-ool - ;!:h 1-lfh J- \. K,K+l -
K-1,K+l 1- 1,9 lF aF 1,7 2+ooll K-1,K+l_ 

4- - - a..F - l+ 

' K.:..2,K+l I l+ 2,1 lF - . 2,0 7-, K,K+2 
4+ - - lh - 0-ool 

, 

K-1,K I 4+ 2,1 - lh 2,2 2- I K-1,K 
J.+, - a(2) - - 5..: 

K,K+2 I 
6-: 2,J - aF 2,2 2+colll K-2,K+l 
1-;,-, .- lu - - J+ 

K+l,K+2 I 1+' 2,J aF a(2) 2,2 l+ I K,K+J 'I 
6+ - -- - - 8+ 

-• K-2,K I 4- 2,J, - 2,J J+ 

II 
K+l,K+2 1- -· f*h. - 4+ -

2- .· 2,4 -IF - 2,J 5+ K-1,K+2 
K-l,K+2 I 2+ f 

5- .,· .- - ~t= -
2,6 a.(3) . 2,5 5-' I K+l,K+J· K,K+J 4-,J+ - - - -

1~--
I 2+ool'.l 

• I 

K.:.2=65lt ;K-1 ,;-521't; K=52J\_ 
K+l'=, 6421'; K+2 =6JJt;K+::l =521L 

K-2=41J\ ;' K-1 =41H; K=52Jf; 
K+l=411~; K+2 =404♦; K~J = 5~. 

Collective states ·-------------,-----------------------------------K,,... I Energy (MeV) 
:JL Calo. Experim._ I , , Structure of ·stat~s 

2+_ 0,9 
O+ .1,5 
0- l,J 

o,an jpp41lt+41H 48%;pp41Jl-411t 16Sb,~n52M+52H 12%. 

~642t-52J¼4~%;nn65lt-5211'14%nn660,'.""770t. 9% 

-- -----------
\ I ,, ,/ 

16, 



. Table 5 
, , 

'Configu-, -
ration K'R · 

· . Neutron' two""'.quasi-partiol~ · --- ·,·.. ·' 
Proton two-quasi-particle -

, ,:K~K+l,. 

,,K,K+2' 
-. ' 

· K-1,K+l. 

le \K-l,K+2. 

:; K-2,K+l 
. ) :·. ' \ 

, '.KiK+J -~ 

'\K+l~K+2 

states · 
' -------

6- 1,7 
1- .lF 
,2+0011. , l~~ ,, aF' 
J+ ....... _ ~ 

l+ 1,9, . l¥1 
6+ ,-
J- 2,2 

·1(J) ,_2~ - ' 

,2...; · 2,2 lF 
-5---

5+ 2;4, ---
O+ooll~ aF 

4-. 2,4 - , ) 

J- ,' , l*F,. 

5- 2,6 -
. 0-0011. ··1h-

1- 2,8 ·1F 
6- \ 

'states 

a(2} T,4 J+ I K,K+l' 
' 4+ 
1,6 5- > 

4-··. . K;K+2 

1·9 7- , K-1,K+L . ' o-C:OCl . ' . . . 
2,1: 8- K+l~K+2 · 1-

' 2_,1 J+ 
a_j: . - 2+_ K,K+J 

--. 2,1. l+ 
.. -. ' ' 'o._F K.:..l,Kt2 - 8+ 

·2,2 4...;· 
K""'.l,K 

1*F J-

a.h. 
,_2,J 5+ K:-2,K+L 2+ 
2,6 6+" K+l,K+J 

~h; l+, : ---: 

·-•----·---·----- ----, i{:...;2~52H ;K-1='642.t ;K=52Jt; - .K-2= 4lli; K-1 ':'52Jt; K=41H . _ 

. /K;i. ,;5JJit;K+2 -=~2u;,K+J =5121 .• K+i,:=404-t.r·K~2 =5-~•it; K+j=4d2t --------------~-----------~- ,,,, '· ' -· ' / '': 
Collective ·states 

...... • • • < \ • 

Energ:y (MeV) · ,,__ 
· · · ·, S_truoture of states 
'Calo.E:iperim. ·,, · --------·-----------------------------1,~ ,-o,944 nn52J¼-52HJ9%;rin52lf+52lt 2J%;pp41M +411¼ 12%, 2+. 

</'.o_+. 1;5 1,191 
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. Table1 6 
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C-o~-;_-g~-- [I&. 1-·- .. · En.erl,.r ,--1 · .. _conf. igu--: :·1 11 • . , _Ener_~. 
ration •-· • . ~- · · ·. (MeVJ · ... · · ration . ·"TL (MeVJ 
./ •. ~'- ..:,_~ ' L --- \• .I • < ' " ./ ' 

Ne~tron· two-quasi-pa~tioie Proton'.two.:.quasi-partiole 
· .. ··,.:_:~tattes . ·· , i:._tah~s 

, K,K+l 

\ 

'; K-1,K-t=l 

K,K+2 
/, 

K-2,K+l 

·K-1,K+2> 

K,K+J 
\ \ ' 

, K-1,K_ c ,' 

K+l,K+2 
)', , 

K~2,K_ ,, 

: K+i;K+J ,, 

. 6+ -. - •·· .. - 1_ .. ,'2, ·: · - , · , _ . J+ ; . _· .. ·_··. _,_. 1, 4 . l+ .. , , -:-·, . K,K+l <' ,: 4+ , . . ,, . _ 

J+ . 1· 6. • K,K+2-. ,5- . '. ,1,6 
4+ ,,··,,, ' 4-

·. 2.;.ooll. 1:7 . 'K l K l 
I 

i 7_,· · 1,9 
'7 ,, - ' + ' ' 

- , I - · I - , , 0-ooll. :.... .. 
7:.. 1,9 , . . . ~ · 2 1 
0-ooll. ....: , . ~ Ktl ,K+2 >1- . ', 

5- _, 1: 
4-; 

2,1 
,_ 

:2+ooll. 2,2 
J+·:· I _, 

, J.j. 
2.+, 
8-. 
1-

1-. 
6-

2 JI ' " - I 

2,J 

:2,5, 

2,a 

' ·K,K+J, 

K-i;K+2. 

k-1,K, 
' ' 

K-2,K+l 

• 1 "K+l ,K+J 
I 

J+ 
2+ 

·, 1+ 
I 8+'.', 
,4-
J-, I 

·5+ ' 
2+ ',, 

' ( 

6+, 
l+ 
_2+0011. 

2,1 
-, 
2,1 : 

2,2 

2;J 

2;6· 

2,6 

J '' 

-✓ 

I' ·{, 

• '/'' 

4+ 
J+ ,'K-2,K 

1· 1+.,- l ~,. 
', ~;-2=6JJt ;K-1=521♦ ; K:a:5l2t; K-2 =4iU; -K-1 =52Jt,; K=4lif ; 

· · I I ' : , · , -. ' 

'K+l =514{,; K+2 =6241 ;' K+J =510t. \ ,, ' ' ' ' ' , 

K+l :::404+; -K+2 =514,t; K+J, =402-t ·• 

,, 

/\\'A 

2+ 

O+ 
,✓ 2~ .l 
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Colleotive:states 
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' ' ' · Structure of states · 
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Proton two.;.;quasi-partiole,. · ...... Neutron· ·two-:quasi particle 

;-/' ·, '. :states : .·. 
------~.---------------'. ,Configu~ 

· states.· - · · 
, -+·--:----:-----------,---~;.;.-;.:._..;.._ ,. 

1 rat1on· • EnereY' 
(MeV) _ / 

Energy. r:. 
(MeV) ------~----- -i---------+--:-~~------

K,K+l 

.. _K;;.2,K+l 

K+l,l{+J 

B-
l-

4+ 
.J+ 

2.'..'0011 •. 
7-

' 2+ooll~ 
5+ ' 

4-
5-

' 6+ 
l+ 

. 2+ coll. 
.J+ 

5-
4.;. 
6-

. .J
·J+ 

:4+ 

1,1 

2,0 

\ .; 

·2,4 

_______ ..._ __________ _ 

I 

K,:_2= 521,l,; K-1 :512t ;·'.K= 51H; 

', K+l· =· 624{,; K+2 = ,;lO;·;'K+.J ··-..512~. 
' . . 

·-------

K,K+l 

K,~+2· 

'• 

K+l,K+2_ .· 

I 

K,K+.J 

-K-l,K+2 
' . . 

K-2,K+l 

\ 

K+l,K+.'.3 

K-2,K 

I 7~. 
0- 0011.; 
8- '/ 

-1..;. ·, 

• J+· 
'2+ 

l+ 
B+ 

-~i 
' J-

5+-

2:t: 
6+ 
l+: 

I •• 
2+ coll. 

, l+ .. 
; 

' , -

2,1 

¥'..;.2~ 4111'~ K-1. =5aJ-t; K=,4:U{; '· 

'K~l = 404~'f K+2 :, 5141;·i(~.3 = 402,f. ,· 
, ' ' ' , -~ ' ; ,, ----------------· Collective states. '· 

'' '-·--------·--·-··-----·-



\ 

',\/ 
.·J 

.'-.' - ' I 

,, / -:-,.... ' 
iTable 8~ 

i'...:. ,. '! ' ., 10',- ' ;7i, '', 
72. Hf,, ·' . . . · 1 . . . . "' . . • . • . 

_ Corifig~ia..:·i~ IJ~-- En::-r1.-.'-.
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. Neutron two-quasi particle 
_____ ' states ·· ' • 

K,K+l 

K-1,K+l_' 

: K,K+2 

. K-2,K+l, 
·.\ 

·K-1,K+2 
\ 

K,K+J 

K-1,K 

K+l,K+2 

. K-2,K 

K+l,K+J 

'\ 

'· 

6+ 
l+ 

1~2. -
J+ · · I l 6 
' . - '· ', ' . 4+.' 

7-. ~ . - ' 
. 2:.. .. I 1,7 

· 7-,· ,' , 1,9· 
. 0~ coll.·;....· · 

5-{': 1-•2,1. 4- .. 
. C ) , l 

.\2+ 0011.2,2 'J+ . _, 

J+· '. ·2 ,3 
2+ ' :-

8- '. 2,J 
1- •:- L 

1-
6-, .. 

.4+ 
J+ 

J' 

·2,5 

2·8 
., ' 

_,___, __________ _ 

·-
-f ~ 
i*F ,, 

ik 

-
a.F .. 

. 1 (3) 
i*" l3) 
-1*/\ (3) 

•. ,'-I (3) 

a. F . 
I i 

a.h-

,f.,.F 

.k. 
•1•~ I • -

Proton two-quasi-particle•, .,, . 

,a.(2) 

-,1 

,(Le • 

aF• -. 
' 1J1-u: 

· 1F·:·1 
I 

-tu,. 

-fF. 

.-

:.. states· · 

1,2 

.1,7 

1,8 

,1;8• I 

.--1~ 

1,9 

2,1 

·2,4 
·-

:,2,4 

2,~ 

·8~ 
'1- K,K+l 

6+·,'. 'I K,K+2 ·' · --1+ . 

5-
,4.;. ".K-1,K+l 

2..; 
'.1,:..: 

.·J+ 
,4+ 

J+·, 
2+-

.X+l,K+2. 

K-1,K 

K-l,K+2 
- , ., ' ✓ 

2+ col!'.;K+J •. 
.. 5+' I .. 

. l+ ,;· 
8+ : 
6-
J' · 

; K-2,K+l .· 
I 

.•' 

K+l,K+~, 

. . 2,~ 1-' I K-2;K:· 
a.h · .- , 0-coll. , , .. 

------I---"----'----''-----;+-...;..._.;. _ _._.. __ _.;.....__ . .1 __________ . I ,>' ~ 

. ' 

· K~2=6JJ-t ;K-1 =5211,,; I{"'.· 512+ . . K-2 =52Jt; K-1 =41H; K=404t; 
' ~ } ' : ' ' -· ' \ . 

K+l: =5141,; K+2 =624.t; K+J =510t. . · . K+l ·. =514t; K+2. =40~ K+J=4:02t ; 
,. ·. I.~ ' . I, ' . \ •; \ ' \ / I 
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Table' 9 

, Neutron two~quasi.:..particle states 

-'-"'."--~--------~-,----------,-------~---'--,----------· \ 
11\ \ i*h,) 

1*h. . 
\' it.h. .· 

;K~l,K 
i ' 

' J. \, ~ .• '. 

· _' , >,iK,K+2 

; <-K,K+J ·, 
'1. •· 

'. i ' K+_ l ,K+2 ·· 
I. 

" t 

K.:i,K+2 

'i-2,K , 

'K+l,K+J 
;1 

. I 

2+ coll. 
l+ 
.4-
5-:-,_ 
6-, 
. J-,; 

J+. 
4+ 

5+ > . ;.\ 
4+ 

'·5+ 
,2+ 
1-

,8-
'4+ 

.J+ 
J+. 
6+ 

,l,9 

-,?',~ ,. 

.2,0 

a.f_• 
. ., u. . 

;11\. t-fu.J 
~ I\ 't-f ll)i 
·-~IA:· 

-IF< 

1 /\ l-4 ~) · 
_;·-t LL. 

1 i=' ... 

• ' I 

,,_ Cl ti) , 
'I 

.·._.,·,, 

~F . 

1/\l-~"-) 
1~ 

1"h.., 

, .. 

i /\'t -f~ h.), . 

,1 F 

I ' 

1k . ·,· .' 
i /\ t :i'h.) 

1F C 

~ · K-2=514 •,. 'K-1 = . ,; ;, .,,...,:_!__ 624 t ·K~ 51()-t; !. -K+l · =512 f ; ·.': Kf2 '=50Jt ;K+J;,,505{ • . 

Proton two~quasi...:particle. states . .i 
. ', ' . . ' ' ' ... •-------------...... •._: __ ,_._.___ •--- __ ..,. _________ ,c•, 

K;K+b 
I,,·.-.,,:., , ',\ - ' 

.. K7l•,K;t-l 

- ·K,K+2 

K.;..l,K+2 · 
) ' 

. ' 

1 • K+l,K+2 . , 
·1 '.. . . 

., K..:.2,K+l 

. . ~,K+J 
" I , 

2-
/ ·, 

7.;.._ I• 

6+ 
.-1+ 
8-
1-

_6.;.. 
J-. 
2-t ' 

.5+ 
4+ 
l+ 
J+; 
2+ coll,/ 
4-
5- I' 

, -1 ·3- '(1,15 
\ 

. ' . 

~,5. 

•, 1,9 

i,'9 

2,0 

. 2,1 

i,2· 
'·· 

.I,. 1, -
_'2,2 
,1"-

. a.F-' 

-
-t* u.. 

L 

,_ 
:~ cxF· 

h. ..... 
-1 J\ li h.) · . I , . 

1F .. 
--: / 

1F 
1 F . 
tiF 

r-

; ci.(4) I 

:.1 

. ·. ()l. F . /: 
i F 

1*1= •J 

., h. .' 
·, -t/\t-i h) · 

·' 1.1 IA •, -· 

i /\ l i U:.J 
ctF 

K= 514+; K+l = 4021'; K+2 = 402f; K+J = 400t •. 

21. 



,·.I 

HO- .· · . t8b . 
,i, Os·_ : , 

~~le_ 10·-· 

------------------------ --------------------- I~ 

____ _;~ 

neutron two-qua'si-pa.rticle 'I Proton,two.:.quasi;..particl 
states J. / . states ' f' 

' . . . ----------.---------- -------------
.:_ __ \.. __ 

Configu-: 
.rati'on 

K,K+l .
1 

•• 

K-1 K - . 
' . ' \ ,· , . 

· .. K-1,K+l 
t' 

\K',K+2· 

K~KtJ 

Ener~ , •: : tConfigu-
-~'ii __ (M:Y~ _ , _ r~~i6:~~ 

2+ 0011.· ·r,6 ·... . , ·' K K+l .. ,~ , , 
1+, - ' . ' 

4- · 1,8 , , K·,K+2 · 
5- -
,6- 1,8 K-1,K+i' 
J.:... ' . - ~ 

J+ 1 1,9 . K-2,K+l 
4+ . - ·• -
5+ . 2,01 . ,, 

'4+· , - K-1,K:t-2, 

i<i 
<', I ~~4; __ _ 
l+ . ' 

2+coll. 
'J+ . 

I 

'6;_ r 

J- • ' 
2+.qoll. 
5+' 

4-
5-

1;J 

1;6_ 
~ , \ 

· 1,s · 

2 o·' · 
'. '. 

\.,, ' 

2,0:., 

'!. 

' ~ ~ 
v' K+l,K+2 5+- 2 ~ I 

.2+ '· - - K+l,K+2 2,+ coll.' 
1+ 

.2,0, . 
1.. 2,0 
8- -, , K,K+J 
4+' ·•:2,2_ , 

J-
8-

2,1 
-·' 

K~~,K+2 . 

·K~2,K,· ,. J I 
+ · -. K-1,K '. 2:- ,2,1 

r 

K-2,K+l 

K+l,K+J 

· K+l K+4 
I •y·" '• 

2+ coll. 2,2., / 
5+, -· K.:..2,K 

J+ 2,2 · 
6+. I\ - K+l,K+J 
' '• 2 J ,, 
~! coll. '- •· · IK-2,K-l 

1, 

K-2 =514~; K-1 =624t; K=510t; K+l=512+ 
. ' \_ • , , •.•. ·.1 

-K+2=50Jt; K+J =505.;K+4=501+~ 

K;,_2=404+; 

K+l=402+; 
' ' 

" 
' . '•' 

I • 

/ 

. \ 

( 

' I 

., ..... , 

22 

,,. 
/ ! . 

·-

7- \ 
6+ 
l+ .. 

7-
4~ 
8-
1:.. 

f , 

•. 

2,'J 
-:r 
2,5 
~-, 

'f,7 

K.:1=514t ;K=402-t'; , .. 
1 

K+2=:400t;K+J=505i .• 
,Y 

}., 

• I 

I 

·/ 

j• 

·-,.: 
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I I Splitting energy of1two-quasi-partiole states 
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-----------· --- -----
C onffguration 

---·-

Dl:t 4llt 

nn5 

----------

,' Dyl58 nn5 

; 

nn5 
·'-------+--

\ 

.Erl66 

. Erl68 

-nn6 

pp5 

21h 52J\ 
,. 

-- --
-

21½:t 52J~ 

---
21t:t 52J, 

JJ-t':t 52J ♦ 

2Jt:t 411, 
---

/ 

12+:t 52! t 
----------

nn 5141+ 52H 

., 

pp5 

nn6 

Hf1.00· pp5 

PP 
\'!182 . 

.nn 

------------. . -14,± 404+ 

24\:!: 514\ 

14t+ 404\ - _.:_ 

514t+ 402t 

624t+ 510t 

-------------

l<':n Ener~ (MeV. 
---------- -

4+ 1,511 
l+ 2,026 
4+ --
l+ 1,966 

I i 

,4+ 1~672 
l+ - -
4+ 1,694 
l+ -
6- 1,785 
1-. 1,826 · 

4- (1,095) 
, 

J- 1,54J -- --
J+ 1,174 
2+ 1,468 .. 

' 
J+ 1,702 
4+ 2,075 

-
8- -1,148 
1- -
8- 1,480 
1- -

-------
8- 1,142· , 
1- -----z=-- -:T,2"9"0-
7- 1,961 
4- 1,554 
5- -· 

------ ----

------
A E exp. A E-tlteor. 
(Me VJ- (MeV) 

~--- - I 

'0,515 ,. _o,~1 

- o,4 
------- -

I 
I 

- I• 

01,4 -
- 0,4 -· 

0,041 o', 6\ 
.. -

(0,448) 0,4 

0,,294 o,4 

---
, 

o,J7J 0,2 
-

- 1,1 
; 

- 0,0 
-

- 1.1 _ _.;.__ -
0,671 0,7 

\ - o,r 
------
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