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The 1nteractlon of quas1part:cles vmth phonons notlceably _
v‘affec'rs the - energies and- ‘wave functions of the non-rotational states
of odd-N deformed nuclel. ’I‘hzs effect is taken into account m the
”;calculatlons W‘thh are performed in the framework of the super—
f'ﬂuld nuclear ‘model with ‘both mteractlons leading “to superconduct—
:fmg palrmg correlatlons and multlpole—multlpole mteractnons The .
'mathematncal formahsm for calculatmg the energles and wave func- B
'7 tlons of the non—rotatlonal states of odd—N deformed nuclel takmg
~into account the mteractnon of quasnpartlcles w1th phonons is -
presented in detail in ref / 1/ ; ‘ )
F‘lrstly the calculation 'of the non-rotatxonal states was per— ,
‘,formed on the basns of the Nllsson s1n01e—part1c1e energles and ‘
Wclve functlons ‘ref, . 2 . E‘urther m “order to 1mprove the accuracy
j"and rehablhty of calculatlons one used as the average field the |

13/

‘kthe Schroedmger equations with the Saxon-Woods potentlal for

j amsotropxc potential, In ref an approxnmate method of solv1ng
'deformed nucle1 was developed ’I"us method ‘was found to be
7effic1ent and in ref. 4/ was- used to ‘calculate the - smgle pdrhcle

‘fenergles and wave functlons for nuclei’ in: the regxon 150< A 190 ]



. The recalculatlon of the spectra of ’ deformed nuclex on the

. new basis vtrith the slnole-partlcle energles and wave functxons ’
» of the anisotropic Saxon—Woods potential takes some ' years. in

ref, 5 the energles and wave functions of the 'o.ne‘-phonon states

of even-even nuc1e1 in. the region 150<A< 190 are calculated ’I‘heyi

are used in calculatlng the non-rotat10na1 states of even nucle1. In
ref, / / the energles ‘and wave functions of the non—rotat1onal states_
of a number of deformed nuclei with an odd number of protons are o
calculated. In ref, /7/ some data for nuclei with an odd number of ’

_-neutrinos are given. The energies and wave functlone of the non—'

- rotatlonal states of nucle1 with an odd- number of protons 1n the
reglon ~153. SA <175 are calculated in ref, {IB/. At present there
are calculatlons for the low-lylnd non—rotahonal states  of almost

kall odd-A defor»ned ‘nuclei in the region 150 <A <190.

‘ “The present.paper gives the results of calculatlons of‘th'e
non-rotational states of odd-A deformed . nuclei in the reglon

- 1795A K185,

“As is.known, the behaviour of the Saxon-Woods single-

. particle energies and wave functions depends- on the mass num -
ber 'A. Therefore the region of nuclei with 150<A <190 is divided .
1nto four zones: A = 155, 165 173 and 181, 'In calculatlons one, ]
thus, - takes the single-~particle ‘energies and wave - functions for the
approprlate zone, Here we employ the Saxon—Woods energies and
wave functions for zone A = 181 .calculated in ref, /o / There the
term -with hexadecapole deformation in the formula for the cxpansion -
of the nuclear shape over multipoles  is- taken into account. In‘our

' paper we ‘have made some: 1mp"ovement of the Saxon—-Woods ‘para-
meters. The values. of these parameters are given' in ref, /8/ - ;

The present calculations are performed with  the same schnme

as the 'calculations published in refs. 2 / For each nucleus we



’ have calculated the non—rotatxonal states up to an energy of (2-3)
MeV The calculations are performed for the values of the equxhb—-

rium quadrupole /320' and hexadecapole Bao deformatxon parame-y

ters wh1ch are close - to the measured and calculated values for

the correspondxng even-even nuclei, , ‘
The calculated energy and the structure of some states close
to the one—quasxpartxcle states can be affected noticeably " by. the ‘
‘deflectmn of thelr equilibrium deformatlons from the equilibrium
“_deformatlons of nuclei in the ground states. Accordtng to: ref /10/
such a deflection may occur for the slngle-partlcle states the
enerdles of wh1ch strongly change with 1ncreas1ng deformatzon
‘parameter ‘ /3 20 + In the reglon of nuclei under consxderatlon the
v change of /3,0 in the excited states compared to the ground states’
may be essentlal for the following states close to the . -one-quasiparticle ~
states: in the proton systemv-54—1 » 532, 404, 402, , 505 F in
the neutron system -503 , 505 , The account of this effect w111 be’
made later on. ' .
-+ In these calculatlons the Cortohs forces have not been taken -
tmto account since as a rule they change a little the energy and
structure of non—rotattonal states, I is not dlfflcult to calculate
.approxlmately the COY’lOllS 1nteractlon effect if use is made of the .
matrix elements given in ref i 1/. For each nucleus it is possible
to calculate the Cornohs forces in our scheme as it‘was' done, e.g,

/12/

The results of caIculatlons of the energles and wave functxons

in ref

for a number of odd-A nuc1e1 are given in Tables 1-8, There we
give nuclel, for the exceptlon of 1%, the spectra of which were
not calculated earher. The fourth column of these tables contains .
the contrlbutlon (m parcent) of a few largest components. .These

values are obta:ned from the normahzatton condxtlon of the wave



,,,,,

the one-qua51part1cle ‘5144 component and by 512 # + Q (22) 1% the
contrlbutlon of the component quas;partlcle 512 + plus the ﬁrst root
(l = 1) of the- phonon with A = 2, B o= -\2, f.e.. the phonon is
wrltten 1n the form o, (A,; ) . The tables glve all the non—rotatlonal

levels up to an energy of 1.1 MeV in ”’Osb v "’Os ) up to
L 13 MeVin Pw 1y and to 1.5 Mev in . “‘W mw

179 .
Ta , '* Ta and a number of hlgher levels. A number of

three-quaslpartlcle states with large spin is also glven. The expe—

[11] /13/

" rimental data are taken from ref and refs . The systema—

/14[

A number of remarks is made concernmg the results glven B

thS of these expenmental data is also glven in ref.

in Tables 1-8, The posxtlon of the neutron 521& state in the
smgle-partlcle scheme is such that it allows to descrlbe the _
behavxour of states close to the one-quasxpartlcle 521; one m
zones 4 = 155 and 165, however, in zone 4= 181 one has not
succeeded in explammg the structure of 1/2 states w1th an enorsy
of 936 keV in tey ~and 1013 ke\/ 1n resy It lS 1mpossxblo 1o,
‘understand the very low location of the 5/2 state w1th energ,y ‘
‘888 kev in '*%W by itself and compared to. the locatlon of 183 W
‘There -are some other cases when the calculated relatlve posxtmn of
two levels consxderably dlffers from the experlmental one, Thesec
dlscrepanc1es cannot be removed by a small changeof the Saxon-‘
Woods parameters for zone 4 = 181. B o ‘

18t
Ta are glven for the second

/6]

. that a shght change of the Saxon—Woods parameters and the

The non-rotatlonal states of

tlme. F‘rom comparlson of table 3 w1th table 6 in ref

equmbrlum deformat;ons Bzo and /3 leads to - a notnceablo

dxsplacement of the energles of a number of states.

it is. seen



It should be noted that a- certaln d1sagreement between the ,

' 3 results of calculatlons and the experxmental data - may be due to

the fact that the . equxhbrlum deformatxon of the nucleus d1ffers from

v‘that for wh1ch the ' calculation has been carr1ed out

A number of. low-ly1ng states contalns a large admlxture of

"gamma—wbratlonal phonons which leads ‘to.an. increase. of:. - 'E2. tran--’j

sition probabxlltles. Table 9 gives the reduced B( E2) probab111t1es |

\(m slngle-parhcle unlts) calculated with effectlve charge 1 20, 2 -
" The energy and structure of the states in- ”’Yb 'y ’"Hf

Hf and Hf calculated by us d1ffer ‘not. strongly from those
» ‘calculated with the lesson single—particle energles and wave

4funct10ns and g1ven in ref 2_. Therefore we do not 1nclude these L

' “'i'.'tables and restr1ct ourselves to mtroductmg m table 10 the S

i energles of a serles of - three—quasnparhcle states thh large splns."_."“
The effect of sp1n Spllttlng ‘of fourplets. wh1ch can s1gn1f1cantly
'rchange the level energy is. not .taken into account It should be -
' ?noted that accordmg to ref, [15/ the energy of the state wzth
_1argest sp1n must remain unaffected. .

The calculatlon performed have shown that the cal culdlons
- ; of the non—rotatlonal states of odd—N deformed nuc1e1 on the basls
5 , of the superﬂuld nuclear model wzth palrlng and multlpole—multxpole
forces uslng the Saxon—Woods sxng,le—partlcle energles and wave :
functlons are- ‘in satlsfactory agreement mth the correspondmg
experlmental data Be51des, the obtained wave funct1ons of. non-.' ’
'rotatlonal states ‘can be used for calculatmg \rarlous characterxs- U

2 t1cs of deformed _nuclei,

We take the opportumty to thank L.A.Malov, S.I F‘edotov and

H Strusny for thelr help and dxscussmns.
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572" 1550 4134 A% #1140, (22) 99%
172 1590 11144Q, (31)100%
3/2 - 1590 21140, (31)100%
21/2" 1600 ' pnn 4044 5122 Gunk




Nuoleus

a8,
"5 ( poo®

Q,27, f’/ro -_-. - 0',935

Table 8

——

1740

o Energy, KeV
'(7\; i <6> o 10t 1007
;/2+ ra _10 5444 100%
7y 2;8 . m02t OEp . 660h + Q(22) B
e 15 st 5’»'4?' 9%% . 532t + Q (22) %
gt 110 w STR B+ Q, (22) 2%
11/2 o .ohonh +Q (22) 100
iy e 4oy + Q (22) 1007
570" 44;8 5144 + Q1(5'l) 100%
o 1120 Loaont + Qq(31) 100%
5/2" 1140 | houk Q) (31 100%
132" 10 5141+ Q, (22) 10055
570" 1250 n 5144+ Q, (22) 1005
7072 = 532t 98% sut + Q,(22) 1%
AR %00 pnn 4O 6244 5104 :
775" 1300 pon 5"-' . Gauh 510}
1400 ' "

oo Jps 40y + Qq(20) 100%
/2 2520 » 5144 + Q(20) 100%
oot ot AN A2 4114 + Qq(22) 88k
o 1;30 813y A% 211y + Q,(22) . 9%
o frosg © 4y + Q(31) 1008
Yoy >0 4410 + Q,(31) 1005
e 1600 prn 4044 G203 512¢ :
. 1690 523t 007 Bt 4 Q(32) %

530t SE% 5324 + @y (22) %




Table 9

Reduoed probwb;lilio" for #2 transitions fron around

statoes
Huoleus K “ ’ E(Ke?)E(Kcv)_ n(mz)_ Contribution COm“OnOnto
ExXp. Theor. theor, single~guasi= qu47ipﬂrt.+ phoncn
: . part. .
A% e 810 0.7 5124 €UH  Gang + Q22 i
’ 3/2" 1420 0.6 Dh2v 8% Hahy iy Ql(ag) S
/e - 130 0.9 51+ Q. (22) 1005
Wy w2 106 o8 G2 p 1% 6244 + Q (22) o5
r - 5/2% 1290 0.4 Gh2t 4% 624+ + Q) (22) 155 -
/28 1150 0.9 S 6244 + Q,(22) 4005
B 327 209 490 0.1 5120925 . 5101 +Q (22) 75
; e . 1
3/2 STa90 0.6 512y 4% 5104 + Q,(22) 933
5/27 . . 905 11607 0.4 - 5923 695 5104 + Q,(22) 423
/2~ 50 0.7 512} 25 . 5104 +~Ql(22) 807
5/2° 1580 0.1 5924 28% 5104 + Q,(22) &3
8y gy 1080 L3 sy 4g o 5124 4 Q, (22) 997
} /2= 1080 1.3 ‘ ‘ 5124 + Q; (22) 1003
205 s/2* . 890 0w cuaison eont Q;(22) 44z
- s/2¥ 4500 0.6 8424 38% 6244 + Q;(22) 563
13/2% - 990 1.3 - 6241 + Q(22) 1005 -
55 “5/27 - 1060 0.6 5i2148% 5100+ Q;(22) 505
3/2° 128 130 . 0.1 512 87% 5104 + Q,(22) 123
3/2" 229 . 1.2 5%2v 6 5104 + Q,(22) 883
794 . 3/2* TAMO 0.9 6510 1% 4Ok ¢+ Qu(22) 90z
: : . 1
- '1'1/.2+ ‘ 1120 0.9 404 ¥ + Q(22) 1005
oo 32" 120 o9 4O+ Q(22) 1053
m/et 1130 0.9 404v + Q) (22) 1007



7 Table 10 _ _
Energles of threegquasipartiole states without the
’ _aocoount of spin-splitting of multiplets

TACTEY) Xev

Nuoleus K structure ; ‘
. : ixps  Theory
77q  ap/2*  n 62uip 411Y D 4OHY 1400
49/ neanip My p 514 .. 1800
a5/2~  n5ipMipAOEE | 1800-
25/2=  n G2nh D EOhyD 514N ' 2100

177me  23/2*  n SMmipaonip 5Swh 435, 1200
25/2~ n 62uh p HO%Y D 5148 ' 1300
S 21/2% n 5124 D s0ni p 5L 1400
179  25/2=  nG2sdp uokip 5Md T 1106 1200
o a3set nosasypaonbp 51y - 1600
ap/2*  n 5404 p 204Y P 5UA _ 1700

®lge  ap/2* . n 5104 p 20t p Siah . 1200
. 492t ns2ypeomyposws o 0
27/2"° . n 6154 p 40Ly p DAY ’ 1600

25/2™ - n 62nh p-LORY D S 1800

e —— ————————— T S
e e ST el STt

19



