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Ha ocHoBe cmepxTekxyueft Monenn snpa pacc‘m'raﬂbx OBYXKBasA—
gacTHuHbIE BO36y>X[OEHHLe COCTOSHHS ansa necdopMAPOBAHHEIX aOep
‘Dyldl , Ec16¢ thu , ybi7T4 , yb176 , HFire , Wi, ouc .
l'IpnBenebe aueprnu xaanpyno:ibubxx H OKTYIOJBLHLIX KOJIEKTHBHBLIX cocy
Toauuk, Jauwm ananes panoa cxem 6e'ra-pacnana H oOneHKa 3Heprmg#i pac-
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TlpenpuaT Oshenune}moro HHCTHTYTa SIOEPHBIX HCCledoBAaHHA,
' 11y6Ha 1864.
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Energles of the cExc1ted States of Some Even
Strongly Deformed Nuclei in the Range 164 < A < 190.

’I‘he two- quasl— partlcle excxtatxons for the deformed nuc-'
lei Dy'$4 ., Er16¢ | yp 168  ypi7¢  ypl?6  pgf176 184’  g186
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-
txng energles of some two- quasi- parhcle states are estimated,
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L The nuclear superfluld model has been conslderable success ‘in. recent

: years 1n accountmg t‘or the energles of t.he non— rotatlonal exclted states of ; .

/ ; B R

”I‘he basxc assumptlons of the superﬂuld nuclear model and the methods

'for calculatlon ‘of t.he characterlstlcs of- strongly deformed nuclel are presented .

/1/"’ '

mb ref The energles of the two— quasx—partlcle exclted states of strongly de—x‘v’

formed even nuclel were flrst calculated 1n ref’ 2 A detalled mvestlgatlon of
t.he exc1ted states of even nuclel m t.he range 150 < A < 188 1s gtven in re .
In t.hat paper the expeerental data are analysed”the energles ,of the two— quasl— 3
M partlcle states of most’ nuclel in the .range . 160 < A < 182 and the relatlve pro—
babllltles of the correspondlng beta transmons are calculated ’I‘he experl.mental{‘ g
data on the exclted states of odd—A nuclei ‘ appeared after publicatlon of pa—
) pexj 3/ allowed one to fmd the posltlon of the average fleld levels for nuclel

: ’thh A <160. ’I‘hen 1t became posslble to calcu.late the energles o£ t.he two-

"m quasx- partlcle exclted states and - the relatlve probabllltles of beta transnlons for

K some 1sotopes of Sm, Gd, Dyj4/ . ’I‘he energles of t.he beta and gamma v1bratlo-

nal and the" octupole states of strongly deformed -even. nucle1 have recently been 2

; calculated and.a m1croscop1c structure of these states has been cleared up/ 5] ' ‘{‘\"-»:i

: Uslng the later results and the calculatlons of two-quasx—partlcle states we can :

N analyse all non—rotatlonal levels oi even deformed nuclex. After publlcation of :
papexj there have appeared new experxmental data on the levels of ~even nuc-=
lel for wh;ch there are no theoretlcal calculatlons 1n/ 3 1]1/ . ’I‘hus now ‘it is neces—i
sarytto calculate the energles of . the exclted states for some nuclel in the ran—:};

?ge 164 < A 190, mvestlgate the structure of these states and compare the

,results of calculatxons w1t.h the correspondmg experl.mental data Thls 1s Just
the subject of the present paper. . ‘ o “ ";‘4 S TR

I ~ N 3 ' cas S K < e

1. Slngle-Partlcle Levels of the Average erld s ey

N 7 and. Palrlng Energles v R ‘\_ - el
g . R T DI A -

. N N [

’ Inr calculatlons we use the wave functlons and t.he smgle—partlcle levels o£ o

*the Nusson scheme/ 8{ Some modmcatlons have been made in the pos;hon of




S the average ileld levels accordmg to the exper:.mental data on the smgle—partlcle’

g levels of odd—A nuclel., Therefore our scheme of . the" average fxeld smgle- parhc-
Tle levels 1s somewhat dlfferent from that glven in ref./ 8! “but’ it 1s rather clos
to the scheme w1th parameters glven m rei. 9 The energles of the average \
': fleld smgle—parucle levels E( s) ,‘the correlatlon functlons C1 and the chemlcal

‘potentlals A A for the ground states ot‘ systems w1th even and odd number ot‘ ‘

!
nucleons are wrltten m Tables 1 and 2, ’l‘he quantum numbers descrlblng the

N smgle partlcle levels are denoted by Nn ._Af Ty prowded K/= A + ’;& - 'and

2y prov1ded K A 1/; ,,where N represents the total number oi

osclllator quanta ls the number oi osclllator quama‘ along the symmetry axls,

W '

‘A ls the component o[ the orbltal angular momentum along thls a.xls, . 1/

1 the prolection of . the rlucleon spm. Al quantltles in- ’I‘able 1 and 2 are gtven 1n
} unlts hm =.41 A"’S MeV lt 1s taken 1nto acco':tnt in. ret‘/ /

tersectlons oi slngle- particle levels ln neutron system at N<96’ The energles

that there are some ln—

- oi these levels ngen in’ ’I‘able 1 dxfter therefore from thOSe in ref./ / ln the o

proton smgle— partxcle levels scheme the state 404} is the ground' state ior the

L 1sotopes of Lu and Ia . the levels 404; and 5141' lntersect.1The sequence

og the levels 4044 - and 5141‘ . changes there[ore, the values oi E(s) belng unaf- '

fected. B g

The palrmg energles are glven ‘de
A - "; 8 %’ ‘\’ -

) iv;her\e ‘"5( Z ‘N) v 1s the energy of the ground state of a- nucleus conslstmg "of ! Z

protons and h’ Aneutrons. ’I‘he results oi calculatlons are ngen 1n Flgs. 1 and :

2 The open cxrcles denote the palrmg energ:es determmed through mass dlffe-

‘rences ngen m/ 10/ The 'palrmg energles denoted by;the darkf c1rcles or the

stralght lmes are calculated t'or the followmg values ot‘ the pau'mg 1nteract10n }

Ta

, constants TR SR A S

S

"/i/, ‘

~wh1ch as is seen from are the same/as‘those sed earher m both regxons

ot‘ strongly deiormed nuclel. E‘rom Fxgs. 1 and 2 1t is seen that the calcu.lated




2 Exclted States of Even- Even Nuclel

N

\ ’I‘he energies of two- quasl—partxcle exclted states are calculated on the W

4basxs of the nuclear superfluld model takmg mto account the blockmg efiect The

. energles of collectlve quadrupole and octupole states as well as: the' structure of

NEe

ithese states ‘are taken from ’I‘he energles of the non—rotatxonal exclted

. states for; all nu;:leu are” calculated for the same system of the average fleld le—

/

vels,\x.e. for the same deformatlon.\ E e o

V5 ; E . . IR

B ’I‘he results of calculatlons of the energles of two- quasn—partlcle and col..

"lectlve states are tabulated (’I‘able 3—10) ’I‘he tables du’fer from one another 1n

- i
the form lJecause some : of them contam an: analys1s of beta transltlons to the'

'7 contams the conflguratxons of two-quasn—partlcle states,\ K denotes the last fll ;

led orblta.l of the - average f1eldr m the mdependent—parhcle model K+1 ‘is the

IS

’~1n'the second column one gwes the total angular\ momentum pro_;ectlon on the i

nuclear symmetry ax1s K and’ the parlty mty flrst, for the states w1th 2 =:0 -

Wthh, accordmg to the Gallagher s rule, ‘have lower energy, and below for the

states w1th 2 - 1. We note that whenever for one of the states of t.he double
11/ :

Krr "- O - as is, shown in

) the Gallagher s rule may be v1olated and

the state w1th K 4 0 has always lower energy. F\;rther we present the energxes

of all two-quasl—-partlcle states -as hlgh ‘as 2 < .5 MeV . ‘;‘ ST e e
ACcordmg to the superﬂuld nuclear model the collectlve non— rotatlonal

. states are superposltlons ‘of two- quasn—partlcle states of varlous kmd A state ls l

‘consxdered as two- quasx-partlcle one u’ admxxtures of other states do not exceed ‘-

',5%. States whlch are not dlsplayed as. two- quasn—partlcle ones but take part m

,the formatlon of the correspondmg collect.lve states are marked m the tables by

_“'ooll" e e ‘; : RS

- In the lower parts of ’I‘ables 3—10 are presented[the calculated and expe—
: rlmental energles of collectxve states and for/ gamma v1bratlonal and : octupole sta—
7 tes are glven tha:'ee “two quasl- partlcle states whlch yxeld the largest contrlbutlon :

‘ to the gwen collectxve state. ’I‘hls contrlbuhon is determmed from the normallza- _V

the neutron and pp the proton two- quasl-partlcle states

RN




’I‘he energxes of the non— rotattonal exc:ted states, of : Dy and Ez' are gl—

ven in ’Iables 3 and 4 ’I‘he energles of gamma v1bratlonal states are found 1r[

)/ 13/

a number of levels 1s observed i the reactlons ( d VP ) and ( !

: ’I‘he levels “of . Er, from beta decay have been mveshgated m/ 14{ g ’I‘he state

f'k Kn = 6— in Dy / by analogy w1th Er 6 may have the conﬁguratlon‘ ;
“nn 523& + 633f but 1ts Lnterpretanon as ;PP 413l + 523’[‘ cannot be exclu-’

p ded now. Note ‘that 1n Dy and Er the state w1th Kn —2"’ E and the conhgu—
ratlon_ pp 404‘ - 4111

_s two— quasx— partlcle one, 1t does not take part in the

: ;)f formatlon of a. collectxve state. The value of .. Iog ft for the decay of Tn”" to

the beta v1bratlonal state of Er - must be somewhat larper than that of Iog ft

e

; correspondmg to’ the decay to the ground state.

168

A
In/ /‘

'Kn - 3—: a neutron level nn 633f -

xt xs assumed that in’, Er there ,\

- 168, :
As to fEr o we note the followmg. >
' 521; at 1 095 MeV and

two levels w1th

l» a’ proton level pp 5234 411} Y at 1,543 MeV ’I‘hls mterpretatlon contams the\

followxng dxsagreement w1th experlment"vthe, calculated value log 7t '=, 6, 2’ 1n the
decay of Tm . to the 1. 095 MeV level strongly d1£fers from the measure\d one
Iog It = 7 7 Further, two levels w1th Kﬂ =; 4-" of the two doublets may he lower in

‘ energy than the 3= states,,the beta decay of Tm to these levels bemg A"'

B ‘bldden. Yet there 1s no rlgorous experunental evtdence for ex1stence ot such
»‘,t' states. At last1 l.f both states w1th Kﬂ = 3- contam no admthures to two- quasx—

partlcle states, then the gamma transmon between them 1s theoretlcally forbldden,

whj.le the mtenslve 448 KeV( Ml) transltlon s observed : experxmenta.lly.’I‘hese

i dlsagreements are elumnated 1[ basmg on ref 5/ 'where the 1,095 MeV level 1s

"kbelleved to have spm 2 3 or a4 and on Pokrovslcy’s data we assume that thxs l&

.vel has Kn =4— ’I‘hen one ‘can' con51der the 1. 095 Mev and 1.543 MeV" states as

: the proton doublet pp 523? +411{ w1th Kz equal to 4—{ and 3- respectxvely.Hence th‘
lof ft

k beta decay from Tm f to" the 4 state IS A —forbldden, the Value of

creases by 1 5 what is- qulte reasonable, ’I‘he neutron 3- state -nn. 521{ .
“a ,.i known that th‘eﬂ;. bau;

o may lle hxgher Uinf energy than 1 543 Mev
543 MeV level :

A

- life /of\‘”the\v IS

B "sec.’, S we.

’/

""a rather large hmdrance for smgle— partlcle Ml transxtlon. However, by small dec-

L A-»rease of the Value of the gyromagnet.lc ratlo gR ’k thlS ’dlsagreement may be elx—




mmated Note that accordmg to/ 7/ . admlxtures to the 3— state of the conﬂguration /

PVP' 5231 - 411‘ do not exceed 0,5% because of the octupole— octupole 1nterac—-» U

T L\ e

- L ~A~;"'r‘.1’*'

: hons.

The energxes of the levels of ”Yb are llsted in ’Iable 5, the classmcatxon of
168 .

beta transmons from Lu thh Ko f = 1+ s presented there. The energy of

gamma v1bratlonal state is found ml ) / Note that the calculatxons made in ! 5/ nge soJ 8

me hlgher erergy for beta and gamma vxbratlonal states than that observed however,

they descrlbe rather well the posmon of these levels. , '\ A g ST E
,, . 5 : ,{ ) L o L\‘: j A'= 174 “t‘l‘;""’ \ L . L A
i The energles of the levels of Yb : are ngen m ’Iable 6., ln contrast to/ / the :

;:state wtth R.C2 - 2- 15 consxdered as’ collectwe, although the contnbutxon of the -

[

nearest two-quasl-partxcle state m\r 624‘} 512‘|L is. 91%. ’I‘he energy of the2- state i
decreases by 03 MeV due - to the octupole— Octupole mteractlon 'and the calculat— S
ed. value 1, 4 MeV well agrees w1th the observed energy of 1, 321 MeV Nohce A_';j‘

: that the states thh U Kew 2+ and conﬁguratlons nn 5121 —521{,‘pp /402f ~—T"

411{ and PP’ 404{ 411f can be observed experxmentally as, two- quasx-par— Tt

tlcle, they do not take part in. the: formatlon of a collectxve state. j’ : SR
R A =‘176'.‘ I AT s
A gamma wbratxonal 2 + level

; nd an isomerlc state/ 16/ Yb R
;have recently beeri’ establlshed 'I‘he lsomerlc, state may be assxgned as- the 8-v o

178 -
O and 180

‘I‘able 3 1s seen that the avauable exper:.mental data on E Yb'-’f-—:

\l;
i :

s

neutron conﬁgurahon nn 514; + 624} - Just as m Hf . From/‘ff

L A\
X agree iwith

the presented calculatlons. : _ : :’\': S ey
Ll NS SN e

'I‘he energxes of the excxted non— rotatxonal states of lif"‘»,‘ and a classn—
: ﬁcatxon of beta translhons from 1- 404} / 512 $- Ta otoy the two- quasl— parhcle v
levels of H{ rare glven in ’Iable a: ’I‘he .ass lgnement t‘or fTa"‘ N ’
ed by the results obtamed ml 17, . Note that the change of the calculated neutron

! two- quas»-parhcle energles (m comparmg thh ) xs connected thh the change

1s support-—

of vthe posltlon of some smgl&partlcle levels. ‘

e 1 P

A=184

"I‘he energles ot t.he two- quask-partxcle states ot‘ and the analysxs of

beta transntlons ‘to these states from Ta and < Re:'v‘ are . ngen in. ’I‘able 9

!

B which ls constzucted m t.he same form as m

3/ ’I‘he decay scheme ot‘ Ta }
" 1th Krrnﬂ— and a posslble confxguratlon 404{ 510f has recently been stu—- - N
died / 18/" A number of papers/ 19—21/ -is devoted to the estabhshment of the- de-

.1 ,L:‘\

. w1th Ky - 3— and a possxble cormguratlon 402f -+ 510* ;_x“

RETATEE "



le1 w1th "A <; 180 ’I‘he calculatxons of the energles of two— quasl—partlcle states
Lare performed for the same system of the average neld levels, . .e. for the same ;

equlllbrlum deformatxon for all nuclel. Therefore, the accuracy of these )calcu—

latlons for nucle1 w1th A ‘> 186 IS conslderable worse than for other nucle1
us i

’I‘he energles of the two— quas:-partlcle states inc Os are llsted 1n ’I‘able

10 These ca.lcu.latlons should be con51dered as_ tentat1v

[

SRR B

Some mterestlng exp.erxmental data are avallable concermng the‘level
7', Os ”f a d Os 190 '. So, there are two levels w1th S Kn - 2 +
s LIRSt T V- ’

o + 1n Os‘

levels w1th Kn. ,“k‘an 1somer1c state w1th Kﬂ - 10- 1n os”-‘f Eo

/22 23/

and others However : the}- calcu.latlon of the energles of the non—-rotatlo-

nal excxted states of these nucle1 and the probablhtles of the correspondlng

beta transmons should be tested separately taklng mto account the specmc fe

tures of these nuclel. SR

As is known, the energxesk of the two— quast—partlcle states ca.lculated on

‘the basls of the superfluld nuclear model are 1dent1ca.l for al_l nucle1 w1th den—

3l

allow one to fmd the energles of the two— quasr particle states for all even—even .

mte _"f. or. dennlte z Data presented in ’I‘ables 3—10 and in! papers

’

',’\, : [ xu . “' 2 w \",( . /1/

ln/ / a more accurate method as. compared thh

1s suggested to caJ,-

5/

culate the energles and pr0pert1es of the two— quas:—partlcle states ln/ . usmg; :

thls method one has calculated the energxes of the two— quast—partlcle state ¢




/f enough. ‘Note that the correlatxon functxons of some two- quasx—partxcle states

j found m/ / stronoly dlffer from those obtaxned 1n/ 3/ Yet in the method/ 24/ the:

correlatlon functlons of the excited states have a somewhat dxfferent sense as *
compared to” the method presented m/ 1'/.;«' o s ' .

As 1s known1 the two- quas:—partxcle states are “twice generated wlth

K= K, + K f and K= lK =K. | . ’I‘he mteractxon between quasl—- partlcles

\ ellmmates thxs degeneratxon and the spacmg of the two- quasl—partlcle states 1s S
xtherefore ‘observed experlmentally.;ln, 11/ the spln sphttmg energles have been ;

e ca.lcu.lated in the first order of perturbatlon theory. The calculated energles are*
: gwen in ’Iable 11.,Necessary parameters are féund’ from the spm spllttmg of
state o 413& +\ 4111 in Gd”‘ s In Table 1 are gwen the conﬁguratxons of
two- quaSI—parucle states, " the va.lues of - Ko~ a the energxes of these states

measured experu'nentally and their dxfference as weu as’ a theoretica.l esumate of

the spln sphttmg energy.k‘Changes in the energles due to quadrupole— quadmpole
2 and octupol& octupole interactlons are not taken J.nto account s1nce for states gi—
~ven:in ’I‘able l.l these changes are small enough lt should ' be noted that the theo—

g retlcal estu'nates of the spln sphttmg energles are rough and ‘may serve only as

S tentatlve ones.. .
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parameters for neutron system '

Single—particle energy levels and the(ground state
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Table J 2

Single—pa.rtic.l.e energy levels and the ground state :
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