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1. Introduction

The structure of the ground and excited states of odd-mass deformed nuclei
is very simple in the independent quaéL particle rmdeI/ 1 . The ground state and »
some excited statés_have a single- quasi-particle structure, Further three-quasi-
particle states of the two types follow: 1. ( 2a,p ), (2p,n) when there are two
neutron quasi-particles and one proton quasi-particle or there are two proton
quasi-particles and one neutron particle. 2, (3p ), (31 ) when the three quasi-par
ticles are proton or neutron ones, ’I‘Y}en. there must be five- quasi—particle' states

and so.on,

As is known, the interactions of quasi-particles in the nucleus play an
important role. In even nuclei the interactions between quasi-particles cause for-
mation of collective non-rotational states which are described as oné?-phonoh
excitations; In the odd-mass nucleus there is one quasi-partlcle in addition-to
phornons and to quasi-particles:of the even nucleus. The interaction of quasi-par-

ticles with the even nucleus phdnons In odd-A nuclei was considered in refs;/ 2 .

Secular equations were obtained the roots of which are the energies of the -
ground and excited states of odd-mass _hudeL The wave functions were found
and it was‘ shown that the interaction between quasi-particles and phonons leads
to the af;pearance of édrﬁixtures to the one-quasi-particle states as well as to the
formation of collective non-rotational states and complex structure states, A
éecmar equation was studled and some general conclusions about the peculiarities

of the collective non-rotational states in odd-mass deformed nuclei were drawn.

In the present papér a further investigation of the secular equétions is per-
formed. The energies of the non-rotational kstates of odd-mass deformed nuclei in
the range 153 <A <186 are calculated, The structure of these states 'is studied,
The reduced electromagnetic transition probabi.lities' B(EX) , the decoupling para~

meters and the spectroscopic factors in direct nuclear reactions are calculated,

2, Secular Equation Investigation

The structure of the collective nbn— fotationa.l states of even deformed

[ 49/

nuclei is rather well investigated . As js known, the wave function of the



.c;ol.leétive states is a superposition of the wave functions of two-quasi particle and
two-~ quasi- hole states, In this case, the more strongly is collectivized the state,
tﬁe larger is>the number of two- quasi-particle states which gives a noticeable
contribution to the wave function of this state, and the more strongly is lowered
the energy of this state with respect to the first pole corresponding to the energy

" of the two-quasi-particle states, In the ranges 150 <A <190 and 226 SA < 256 the
ﬁx:st Krm O+, 2+, O~ states of deformed nuclei are collective in the overwhelming
majority of cases, The first Kr=1~, 2— states are weakly collectivized since the
admixture of othér states to the two- quasi-particle one corresponding to the first
pole is about (2—20) percent, The enei-gy and the structure of Kz = O+, 2+, 0O~, 1~
and 2- states for the first and second roots of the secular equation are given in

reg! 9/,

In the odd-mass deformed nucleus there is one quasi-particle in addition to
the quasi-particles and the phonons of the even nucleus, Let us take into account
the interaction between quasi-particles and phonons describing the even-nucleus
‘collective states Without going beyond the framework of the method of approximate
second quantizationg

The Hamillonian of the system is written in the form:

H=3e(s)B(ss)+2e@)Bom) -3’ fI\#Q ().\u)+Q Op)-
L] v )4“ 1 i i

-y 1 = (fl\"tss’) B(ss‘)+?#(ss') B (ss)IV #
Ml VYi(Ap) s’ *

™ ) B+ PR B VL 1, 80 e, ) + k.

(1)

" where QI (Ap)is the phonon operator of multipolarity A with the projection g , P.):#
is the part of the multipole-multipole interaction taken into account in the method

" of approximate second quantization in the investigation of the collective states of
even nuclei, an explicit form of 9.[ is given in ref./ of . The quantity f'\l# contains
the {M(ss‘),? sshmatrix elements of the multipole momentum operator (Ap) . w'\I# is the
energy of the collective non-rotational state of the even nucleus with A-1 nucleons.
Here the sum is taken over the one-particle levels of the average field of the

=/C 2

neutron (proton ) system, e(s) 2+{E(s)-)\’l l)C is the correlation function, A."'Ls the,
n n

chemical potential in the neutron system:

U =uv,+u v , V =uu_,—-v v,
s s s s s s s 8 s s
. E(s)-A 2
u2=%(1- © n), vi=1l-u?
s ((s) [ ] [ ]
B($')=2 at a , E(ss‘)=2 aa+ a ,
o 0 T o b
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o=+1, a is the quasi-particle operator,
- 0

Yiow =3 ()t PHes1 Vol (oke(s))
2 (el +e(s)) = (0™)?)?
(137 Y0017 U, @M 0)+ )
w? () +e(x)) (M )?)? 2)
The quantity Y'(\y) is comparatively small for the collective states and Y!(Apow
when :Jl\l" ) +dv?) Le, it is very large for states close to the two- quasi-particle

ones,

It should be noted that writting the Hamiltonian (1) we have ‘used the

secular equations det'erml.ning wi‘*‘ -the energies of collective state in exen nucle- \

us, .
For xt:x’:sx:\P:E x('\) this equation is of the form
1 =2:<(/\){ s ({\“(SS')2+f-'\“(ss’).2) U;; +
el re(s) —o o)t
. e ’
(M ooz Mgt T 1)
vV
e ey - 1) 7 (3)
. @) + vy |
The summation in eq, (1) over i’ Is the summation over the roots of (3).

Owing to (3) the last terms of eq)1) do not contain the multipole-multipole

interaction constant «

To take into account the interaction of quasi-particles with phonons A=2,
#=0 it is necessary, in addition, to exclude the spurious siate, For this, use is
made of the two terms of the total hamiltordan Hlu)and H%p) , where

¢
H() = _N = (u®~v2)u,v, Si(y' Q|(20)++
v2 e » L] s L i s

+ 6 QM) B(s%)+B(s% (v 0, @+ ¢' g, 0"},
. o ()

/ 8a9/ ).

(for the nofations see refs,

Let us take into account the interaction of quasi-particles with phonons
having different values of Api , The wave function for, e.g,, an odd-proton ﬁucleu's
which describes the states with the projection of the momentum on the nuclear
symmetry axis K " and the parity = , is written in the form

¥ (Kn) =0 (Ka) ¥, (5)



where
Q,()¥,=0
(6)

+ + + + .
B(Km)= Sp{Za +3 = DM o2 0 O |}, ) (7)
vz @ Nive pw T

where p (or p ) denotes the average field level with a given value ofKr , The
L

normalization ‘condition (5) Is_written as follows:

2 :
1oy 32 (0™ )7y a1 (8)
P et v pvo
Let us find thé mean value of H in the state ¥(Kn) and determine CP and D'\"i
using the wvariational prlnciples in the form pre
a{<n(x1r)Hn(Kn)>—r,[c (1+% = 3 O™ Yy -11-0 (9)
At vo pvo

where nl is the Lagrangian multiplier, After some calculations we get the follow-
ing secular equation/ 2 .
v e Py

P(p)=Y% '3 pv _— —~(elp)-n.)=0 (10)

Amiov YiQp) ((v)+m'~1 —qi !

The poles in (10) correspond to the sum of the quasi-particle energy «v) and
the phonon one @, the roots of eq. (10) 7, determine the energies of the
nor- rotational states in odd-mass nuclei, i.e. if (9) is taken Into account then
<Q(Kn) HQ(K:T)+>=1]' . The multiplier Vpi points out that the particle-particle and
hole-hole- interactions are preferred to the particle-hole ones, It should be noted
that the terms in (10) with A>3 and i>2 give a very small contribution since
the quantity Yl(z\p)'l tends to zero when the corresponding even nucleus state
approaches the two- quasi-particle one.

171Yb is given in Fig, 1, where

The behaviour of P(3) for Kr=3/2-states in
the dot-and-dash line denotes P() for p=521}, €(5214)=0,317:8* *) the dashed
line is P@) for p=512},65124) =0,405:8 The first pole corresponds to «( 521#)+m22 =
=0.34h cﬁo , the second one to ¢(521 )+w =0.40h 5 From Fig. 1 it.is seen that
P@) has up to the first pole, one root, between the first and the second poles

the second root and so on,

Using the normalization condition (8) the functions C p and pMi can be
Vo
written in the form A A g
2 f 2+ f F(pv)z
C =1+%3 = Vo ’

A YY) (<(V)+tu)q‘ - ,q, ) 2 (11)

x)By Nn At we denote the K=A+X state of the Nilsson potentla.l, by’ Nn A} the
K=A-3 one,

6

D}‘ul =% Vov fM(‘”)-U;)‘# @ . T )
e TR0 T @ed¥ oy (12)
The quantity C _determines the contrl.butlon of the one-~ quasi—pa.rtlcle state
with a given p to the state under considera.tion. If C =1 then the state is a
one-quasi-partlcle state, if c? p is somewhat smaller. than unity then the state

possesses a complcated structure and if CP<<1 then, as a rule the state is a
collective one, The quantity C ([)'\'uI )2 determines the contribution of the com- |
ponent with a quasl—partlcle i.n the v -state plus phonon Axi  to the wave
function Y(Kn) ., Here

(oM y2 oy X (D )Ty Vo o)+ ()2

pv pvo YiQp) (((y).._ay}’.l -7, )2 (12)

"It should be noted that the secular equation .|.S derived under the assump-
tion that [‘lw. Qi()t#)_]= Le. It is believed that the phonon is a boson and the
fact that Qi()y.) is & superposition of the operators LI at ot is neglecte

vo o’

The phonon-phonon scattering and the Coriolis. forces which are of importance

in some cases are neglected, as well,

The secular equation (10) can be, in some respects, improved. So, the
values of ¢(p) should be calculated usmg the values of the correlation tunction
Clp) and of the chemical potential A(p) for a given p  state of the system
consisting of an odd number of particles, or replacing in eq.(10). «¢(p) by
&P)-g, Le, the difference of the energies ( reckons. from the corresponding
A, Mp)) of the system consisting of N+1 particles with a quasi-particle in the

P state and of the ground state of the N particle system, Further we can take into

account the influence of the blocking effect on the phonons ie. calculate the
quarntities miM and Y i, (An) starting from the fact, that the wave function of the
ground state is a"' o %o and of the excited one is Q, (A,;)*a"' ¥ +.Due to the
Pauli principle the phonon operator Q (/\y) contams in' thfs case, no compo-
and the quantities m"# and Y () weakly c/ie—
1€

pend on Ve Corrections ok such a type are taken i.nto consideration in ref,

. nent with a quasi-particle ot

Let us use eq, (4) and exciude the spurious state, then the secular equatic

reads 2 -
-1 -%x = _w o) P () ?
oA vdp YO - ((u)+ax7t}4—1]'
:

%z _1 1 —L { %) (E@ -2) =
1oyi(20) e(p)mf" -7 ep)? :
i
_4acy o) EM-EC) 2,

now c(v)(4z(v)-(m=|° 2) ) (4 Mo ) (13)



all the notations are taken from ref./ 8,9/ « However, if the contributic;n in (13) of
the terms with A=2 , .0 is small, then eq., (10) can be usedq, )

. We make a further improvement of the secular equation (10). We bear in
mind, that there are several one-particle states with a given Kr and take the

wave function ¥(X7) in the form

‘I’(Kﬂ)=0(l{ﬂ,¢>l ...p")+ ¥, (14)'
where
a2 (x ) = LNGup)T(c o ¢ o
TP wp ) =L N(p..p B S a +
1 n ~\/2 1 LI Pl pla p" P, (14')
+X DM p Vet Q Gu)

: v vg il
This general case is consigelz"ed in ref, + In the present paper we study a

particular case of two- one-particle states P, and p with @ given Kr , The
2

wave function is writtenAin the form:

P (Kr)=Q(Kmpp )W, ~ (15)
12
where Q(Kmp p )+=_1_N (e p)2ic’a +c” ot &
12 V2 120 P po p PO
T 2 2 . '
+3 o"#'@p)uq,p\u)l .o (18')
Nav vo 1'2 o
Using the variational principle we obtain a secular equation in the form:
v, (p‘Pl)—(f(P‘)—nr) v (Pl p,)
Pln)= =0
vV (e p) V (e, p)~(ep)mn ) (16)
A p (Prp)(elp)=n
where )
~ N - o
Vi o )= 3 YorVe s f 6w fA“(an)*rf'\“(pqv)i o v) (17)
b My Yi(y) 6(V)+m'~‘ - :
Note that in eq, (16) there are poles of the first order only, €’ and C’° are
I P
taken in a symmetric form: ! 2
-1 vV (e r,)
e -t | (16)
i (P‘ PI)- t(pi)—ql)
€’ =1 Vilee,) (18)
p -
2 Vr(”z"z) (f(pz)-nl)
Ay
then for p (p p) we have
ve 12
A i .
DM (o py o g p™ +c’ p (20)
vo 12

Pl p,va P pzw



2 |
N(Plpz) =CP' (1+ — l_L_l(pP) +CP‘.'(1 +, _a‘;(P,PV)) ;

1 2
I
+2¢” ¢ 9V pyp)) , .
Py Py 611“ (20)
The contribution of the one-particle state p tc'> the wave function (15) is .
N(plp2 y? C;z. .

Let us investigate the peculiarities of eq. (16) and compare them with the
secular equation ( 10) Consider the function V (p P ) for the values of 7
which are notlceably smaller than the first pole ln eq. (16). The functionV(p ,p )
is'a sum of a large number of terms taken over Mi and v, hqwever,i tl?ne'f
main contribution is given by terms the poles of which are not‘ so far removed,
the matrix elements of which «:are large, VPV =1 and Y' () are small, The
diagonal - functions V. (p . P ) are the sum of only positive terms, The. non-
diagonal functions v (p °, ) are far smaller than the diagonal ones because,
ﬁ.rstly vI (p ,p ) is a sum changing the sign, secondly; conditions under which
the term m v‘ (Plpz) is large is not simultaneously fulfilled for Py and Py«
Therefore the determinant (16) turns actually into the product of diagonal terms
only and we are led to the product of egs. (10), one for Py and the other for .
pz . I the value of 7 is rather close to that of the first‘pole then in the .sum
V(pq. p") the ‘predominant role. is played by the pole term, In this case the poles
of the second order in eq, (16) are cancelled and the function - P(n) has, at
the point ‘(V)”DIM a pole .of the first order, Then we are led again to an
equation of the type (10). But eq. (16) does not turn into the product of egs.(10),
for large 7 ., Besidés, it is necessary to analyse the solutions of egs. (16) in
order to exclude false solutions, which appear in solving eqgs. ( 10) for p and

pi . Fig. 1 gives the function P('q) for pl +p2 521% + 512% . F‘rom Fig, 1
it is seen that, in spite of the fact that the behaviour of the function P(n) for
512¢ + 5214 essentially differs from both curves P @) for 5214 and Py for

5124 the roots of eq. (16) actually coincide with those of the (10). However,
there are two false solutions for. 512¢ when the values of 7 are close to those
of the first and second poles, In the considered case E( 521:&) is smaller than
the first pole, and ‘¢(512¢ ) is larger than the second pole, We find the structure
’ot the flrst three states; 7]1 = 0,275 h%o , the wave function contains 70 percent
of the one-quasiparticle 5214 state 25 percent of the 521} + e, (22) state, 2 per
cent of the 6514 + Q, (30) state and so on, n, = 0.334 hé, and the wave
function contains 67 percent of the 512+%. state 20 percent of the 5;4& + QI(22)
state, 5 percent of the 5104 + 01(22> state and so on, 5,=0.33818, and



1

the wave functxon contains 11. percent of the 5214 state, 6 percent of: the 512+

state, “49 percent of the 521% +Q (22) state, 30 percent of the 5214 +0Q (22)
‘state, 2 percent of the 5143} + 01(22) state and so on. From here it is seen
" that both one-quasi-particle states P, “and e, contribute to the wave function

corresponding to the third roots, The solutions of the equations such-as (16)

) Wij:h the 'detervminant of hlghér order have & similar structure,

’I‘he sma].lest roots. of eqs. (10), and ( 16) as a rule, coincide, Some rules
_can be. fonm.uated for excluding false solutions of ( 10) ‘not solving éq. (16). So,
the solution of eq, (10) for p, ls false if the root is very close to the pole '
c(v)+m|~“ . and the matru;# element f (p]ﬂ is small and at the same time there .,
is a large matrix element ' (,) which connects the given pole with another

one-particle state 4 having the same Kz as P; . It should be noted that

_solutions of eqgs. (10)2somewhat removed from the poles are not usua.lly false,

" Thus, the main role of eq, (16) is the excluslon of false solutions of (10)
and the determinat.lon of the structure of hxgher states with a given K=# « The
‘study of eq. (1_6) has led to the improvement of the conclusions about the ;;osl-
tion of the collective non-rotational states which were formulated in ref./ 2/ basing
on the analysis of eq. (10). :

\

The secular equations (10) and (16) have not a single free parameter and
‘the arbitrariness consists -only jn that how many values of A and roots i
should be taken into account. We obtained the lowest roots ( as a rule, the
_first two or three roots) of eq. (10) and (16) for nuclei in the range 153<A187.
As the quantity ¢(p) we take the difference of the enef-gies of an odd-mass .
nucleus in the p - state (calcuated taking into account the blocking effect) -and
of an even nucleus. The first and second roots (i=1,2 ) of the quadrupole
K7 O+ and 2+ and of the octupole K» = 0-, 1- and 2~ states, were tAken into
account in the calculations, The investigations showed that the lowerlﬁg of the
energies with respect to the one-quasi-particle values of p) as well as with
respect to the first poles (o, is mainly due to thé'terms of (10) and (16) -
with A=2, p=2, i=1 and A=3,p=0, i=1 . The terms with A=2,p=2, =1 are of impor-
tance almost in all the nuclei, the terms A3, x=0, i=1 play an essentialv role
in the beginning of the region of deformation and in the region of the isotopes of
Yb-Hf,In some cases, e.g.,,for %+, p =m6604% states, 3/2+ , p =651+ state and
5/2- , p =512'% state in 161Dy and in other ones the terms with M3, k=0, i=1
play a predominant role. In some other cases the terms in eqs. (10) and (_16)
with  A=2, p=2, i=2 and with A=2, p=0, i=1 ) and others are important, So, .
the terms with A=2, p=2, i=2 are of importance for the first Kr=5/2- -and

10



%~ states in 175Hf‘and the terms with A=2,p=0, i=1 in’ Kr = %t ‘states
61Dy and 155Sm and so on, .

The positive parity states in 157’I‘b and 159’I‘b up to 1.6 MeV are shown in

Table 1, The energies, the structure and the lowering of the energies of these
states with respect to the one-quasi-particle values €¢(p) as well as with respect
to the first poles c(v)+w;\” (if their energies are not higher than «p) or

) + ) are given, The experimental values of the energies are taken from
refs.lll’ 12, 13/. From this table it is seen that for a number of states the terms »

with A=Z, u=0, i=1 are very important,

It should be noted that for odd proton nuclei the states with positive parity
are usually more strongly collectivized than those with negative parity, For odd
neutron- nuclei, on the contrary, the states with negative parity are more strongly ’

collectivized, on the average, than those with positive parity,

Thus, basing on the investigations performed we may prove the conclusion »
drawn earlier in ref./ 3 that those approximations which {ake into account ( al--
though more accuratelyj 10 , that in our case) only phonons with =2, p=2, i=1
and neglect the remaining (first of all with A=3, =0, i=1 ) are rather rough
for most nuclei in the range 153<—A 187, Nevertheless, even in the cases when
the terms with A=2, p= 2,. i=‘1 play a main role, the account of the terms with other
Aui is necessary since in some cases the lowest pole‘cbri'e’sponding to. a pho-
non Mi which differ from A=2, p=2, =1 can noticeably change the energy of
the calculated state, There is no necessity to take into account in eqs. (10) and
(16) terms with A>3 and i>2 - since the total contribution of such terms is :

very small,

3. Odd-Mass Nucleus States Close to the
One~ Quasi~ Particle Ones

The analysis of the secular equations (10) and (16') shows that if n,
is very close to dp) then the state will be actually of the one-quasi-particle
type. If 7 noticeably differs from e(p) and from the first pole c(v)q-m)"‘ the
structure of such a state is very complicated since the contribution to the wave
function is glven not only by the one-quasi-particle states but also by many
states with different quasi-particles and phonons, I 1, is close to the first pole
of the secular equation then the state is co]lechve. So, if (A approaches the

pole, ie.

W(Kn) | -3 _L a; Q!()\y)+‘l»'° , ( 21)

e(v)+w:‘#-—ql >0 o V2
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“then this state may be called a gamma-vibrational one, if A =2, z=2 or an
octupole one, if A=3, p=0 and so on,

Let us consider the states in odd deformed nuclei which are close in their
structure to the one- quasipélrtlcle states, The contribution of the » state to the
w'aveb functions is predominant and the quantity sz is somewhat smaller than
unity, The state possesses a structure simijlar to the one- quasi-particle one, if

the following condition is fulfilled

p) << min{((v)+wi"u} , (22)

“le, when the quasi-particle energy is much lower than the value of the secular
eq@atloh first pole, In some cases there are comparatively high-lying states close

~to the one- guasi-'partldé ones when 3. Is close to p) and the condition ( 22)
is not fulfilled, In the case (22) K=11/2, 92 states and partially 7/2 states are si-
milar to the one-quasi-particle ones. and the contribution of the p . state to
their wave function is, as a rule, ( 95-99) percent/ 3 . For example, the contri-

bution of 5234 one quasi-particle states to Kr=7/2- state is 99 percent in 161’I‘b,

159, and in 1571b and 97 percent in 1551w, K-1/2, ¥2,5/2
states are rather close to the one-quasi-particle states and the contribution of p

state 'is (97-99) percent, The admixtures of the states quasi-particle plus phonon

98 percent in

are more important and their energies are more strongly lowered with respect to
f(P) than for K=1V/2, /2 - siates, For example, as is seen from Table 1 the
coniribution to the ground Kn=3/2+ state of the one-quasiparticle 4114 state in
‘1571 1s 90 percent and @ ~n = 200 keV,

. ‘The calculatipns of the levels of odd-mass deformed nuclel in the range .
153 £ A <187 showed that the interactions of quasi- particles with phonons lead
to a different decrease with respect to dp) of the energles of the states close
to the one-quasi-particle states, Therefore in a number of nuclei the calculated

succession of the excited states differs t‘i‘orﬁ the succession of the Nilsson

scheme levels,

So, in the Lu and Ta isotopes the Kr=9/2- -state is very close to the
one-particle 5144 state (the contribution of the P state is larger than 99
percent) and the lowering ¢ (5144 )~ 5=(10 -20) keV. At the same time in
these nuclei the admixtures in Kr=7/2+ state close to 404} one are somewhat
more lmportant; since the contribution of p is of the order of 97 percent and
the lowering is € (4043:) -1, =~ 50 -100 keV, Therefore in all the Lu iso-
topes and in the Ta isotopes with A = 177, 179 and 181, 7/ 2+ 404} state is a

ground one and 9/2 - 514%:is an excited one,

12



Another example: In nuclei with N=91, according to the Nilsson scheme 11/ 2~
-505¢ state should be ground one, while according to our calculation, m’153sm
3/2 + 6511 state is the ground one and in 195Gd the 3/2 - 5214 state, what
agrees with experiment. Thus, the 11/2 -' 505¢ state Vis not a ground ’state in
nuclei with N =« 91 - 93, although e (5054 ) =7, = 100 keV.

Thus, the Interaction of Jquési—-particle's with phonons weakly affects K = 11/ 2,
9/ 2 states close to the one-quasi-particle ones and more strongly affects ihe
states with smaller K, As a result K =11/2, 9/2 states are not ground in odd-
mass deformed nuclei If in the average field level scheme there are levels with

smaller K , near these states,

" We have calculated the energies of the levels close to the one-quasi-partic-
le ones and their structure for a large number of odd-mass nuclei in the range )
151 S A< 187, The average field level scheme for 8 = 0.3, was used/ of in which
the following changes are introduced: in the neutron system 5054 state is raised
by 0.15k8_ , 651+ state is lowered by 0,05 h o, and 660 ¢ state by
0,10 h &D y In thé proton system 404%, 422+ states and 404+ , 514 A states
interchanged their places and 541} state is lowered by 0.13h 8_ . The values
of wi)‘“ and Yi () are recalculated according to the modified . "scheme, but in

/o/

most cases they are close to those in ref, . The Re isotopes are calculated

for the deformation &=0.2 according to the scheme and the values of

m':”'" Yi() obtained in ref./ 14/ .

Some results of calculations are given in Table 2, namely the experimental
and calculated values of the energies, ((p)—(\Ko) ( «(K,)is related to the ground
state) excitation energies in the independent quasi-particle model (taking into ac-
count the blocking effect) and the structure of these states. The experimental data

are taken from refs./ 13, 15-22]

. From the table it is seen that in some cases,
even in comparatively strongly excited states the admixtures are not so important;
1811 the contribution of 411¥state

e, in the Kr w1/2+ with energy 612 keV in
- »
175Yb the contribution of 633 4 state

is 95 percent, In K =7/ 2 + state with energy 995 in

is 98 percent and so on, .

The calculated energies of the levels close to the one-quasi-particle ones
somewhat better agree (especially high excited ones) with experimental data
than those calculated according to the independent quasiparticle model taking
into account the blocking effect/ 23,24/ . However, this agreement is not sufficiently
good since it depends on the position of the average field levels, In a number of

cases the Coriolis interaction which is neglected by us could be very important.

13



.’I‘he change In the energies of excited non-rotational states In odd neutron
nuclel in the transition from one nucleus with a given N to another (or in different
isotopes In odd proton nuclei) is due to many causes: change in the average fleld
levels, change In the equilibrium deformation, interaction of quasi-particles with
phonons ( due to the change In the values of . w?‘“ , Yi0¢) and others, In some
cases the change of the energy in differer:lt lsotlopes or isobars may be due to the
cha.nge‘ of the equilibrium deformation of the nuc.{eus In the excited state as com-
pared to the ground one. So, the calculations made in ref./ 25/ , showed that such
a situation takes place for some states in a number of odd-odd nuclel in the Eans—
uranium region, Since the interaction of quasi-particles is one of many causes then
using it one does not succeed in explaining the change of the -energies of the le-
vels for different lsotopes and isobars, e.g. the behaviour of the states close to

5414 in the Lu isotopes,

The fact that the states in odd-mass nuclei are not purely quasi-particle ones
is displayed in the beta decay probabilities ,in the magnitudes of the spectroscopia
factors in direct nuclear reactions, in the values of the decaupling parameters a
for K= 1/2 states and so on, Let us consider, as an example, the beta decay
from 3/2 ~411 state in 1G:I"I‘b to 1/2 -521 state in 161Dy for which

log ft = 8,2 /26/+ e correction due to pairing correlations  Ra= 0,06 24/ |
( This transition is strictly forbidden in the independent particle model), The
values of sz are equal to 0,93 for 4114 state and to 0.53 for 521y state, there-

fore RC’ .c? «0,03, thus this transition is hindered about 30 times,
p=s114  P=52L%

Our investigations show that when a given average fleld level p s near
the Fermi surface then the admixtures in a state close to that one- quasi-particle
state are, as a rule, the smallest ones and C; is close to unity, As the level

[ moves away from the Fermi surface, l.e. as the excitation energy increases,
the role of the admixtures in the state with a corresponding Kr  becomes greater
and the quantity C; decreases, This pecullarity can be seen from the change of

tﬁe decoupling parameter and spectroscopic factors,

We investigate the influence of the interaction of 'quasi-parﬁc.les with
phonons on the decoupling parameter a for K= 1/ 2 state. Using the wave func-
tion of the state in the form (5) we get for the decoupling parameter the following

expression:
a=C2faN +3 a2 p2! DZOI'
PP 4w oY pv
N300 ag
-2 a D D> ¥, (23)

’
w4y W pv
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where aN aN ,are the decoupling parameters calculated with the Nilsson wave

functlon.s/ 15/ For the states (21 ,) close to the pole with k¥ 0 the quantity a
is equal to zero. The role of the second and the third term (23) is, in most .

cases, small,

It should be noted that if in the commutator [Q, ), a 1 we take into ac-
count that the phonon operator is a superposition of t.he quasi—parhcle operators,
then in the expression for a there appear terms linear in the adx;zixhjre, which
will lead to an a.dditiohal change of a ,

Let us consider the changes of a for Kr = 1/ 2~ state close to the one-
quasi-particle state 521§ in the transition from nuclei, where this state is a par-
ticle one, to nuclei, where it is ground and further hole excited one, Table 3 )
gives the experimental and calculated values of the energies of these states, the
experimental 27/ and calculated values of a as well as the quantity C; des-
cribing . the contribution of the one-quasi-particle state, The table ghves also the
difference of the energies e(p)-dK ) calculated in the Independent quasi-particle
model, taking into account the blocking effect (c(Ko) is the value for the ground
state), If the considered state is believed to be a pure one—~ quasi-particle 521§
state, the values of a calculated with the Nilsson wave functions for 6=0, 3
are a" =0,89, From the table it is seen that when 521} state lies on the Ferml
surface then the admixture are small CP = 0,96 ~ 0.99 and a are close to »
a" . In the cases, when 521} state is a particle excited one the admixture to

it of states of the quasi~particle plus phonon type is large and a is far smaller thanaN,
From Table 3 it is seen that the account of the interaction of quasi-particles with
phonons allowed to explain changes in the behaviour of a for states close to
521} ones in different nuclel, ’

However, in some cases the account of the Interactions of quasi-particles
with phonons does not lead to the elimination of discrepancies between the calcu-
lated and experimental values of the decoupling parameters a . For instance,
for 5104 state at- 0.2 while in 183W, a =0,19 and the account of the interac-
tions of quaéi—particles with phonons does not eliminate this disagreement, As is

shown in ref, 28/

only a noticeable change of the Nilsson potential parameters
leads to the elimination of this disagreement, In some other cases,.e.g.,for 411V
state in odd proton nuclei the experimentally determined values of a little differ
from a" and the interaction of quasi-particle with phonons is not displayed so

effectively as, e.g.,for states close to 521{ ones.

We consider the effect of the admixtures on the spectroscopic factors in

direct nuclear reactions, So, when the one-quasi-particle state p is excited in
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the (dp ) reaction on an even A target the spectroscopic factor is u? . If we
fake into account the admixtures, ie, the wave function is assumed to have the
form of eq. (5), then the spectroscopic factor is C; u; . Table 4 gives the cal-
culated values of the speciroscopic factors for excited K7 = 1/2- states close
to 510% ones in the ¥b and Hf isotopes, the values of C: as well as the ener-
gies of these states, The calculated values of the spectroscopic factor C2 u2
correctly reproduce the behaviour of the cross sections for the ( d,p ) reacuoné of

2
the decrease of Cp up in the light Yb isotopes being due to the decrease of C
p

Thus, the interaction of . quasn—partxc.les with’ phonons in some cases essen-
tially affects states close to the one- quasi- particle ones in odd deformed nuclei

and it should be taken into account in investigating excited states,

4, Collective Non-Rotational States

Let us consider another limiting case, when the energy corresponding

to the first pole’ (10) or (16) is much lower than the one-quasi-particle one, Le.

. M ‘
m1n{(c(v)+mI ]((E(P) . . (24)

In this case the term (10), (16) corresponding to the first pole plays a predo-
minant role in K= 11/2, 9/2 states, the latter have a. structure: quasi-particle
plus phonon, It is only in this case that we may use the words gammaevibrational,
octupole- and so on states in odd deformed nuclei, The contribution of p to these
states is C7 = 0.001 - 0.050, So, K = 11/2-state in 5°Ho with an energy

687 keV is gamma-vibrational one, The calculated energy is 850 keV, the lower-
ing with respect to e (5234 ) + wl“ = 1700 keV is 3 keV, ¢ ( p =505%) =

=4500 keV, cp2 =0,001.

In the case (24) K= 1/2, 3/2 states have a somewhat more complicated
nature, since in eq, (10) (16) several terms with different’ A - and g " play
ozften an important role, The contribution of the one- qi)asi—particle state p is
C, = 0.01 - 0.10 . K = 5/2, 7/2 states occupy an intermediate position, The
state is collective if its energy is very close to the pole, for high states this can
occwr when eq. (24) is not fulfilled, ’

The most frequent is the intermediate case

‘(P)—(O.S—Z.O)mm{z(v)+~l'l (25)

Here the interaction between quasi-particles and- phonons is most effective, it

causes the strongest lowering of the roots of egs, (10), (16) both with respect
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fo e(p) and to the first pole of the secular equation, The contribution of the
one- quasiparticle state is C: = 0.3 ~ 0.8, The secular equation contains mary ’
terms with different Api and v which are important, The energies of K= 1f 2,
3/2 states are lowered with respect to €p) ‘and to the first pole more strongly
than the = K = 9/2, 11/2 state emergies. Thus, in the case (25) the interaction
of quéé,i—particles with phonons leads to the formation in odd deformed nuclei of. -

collective non-rotational states having a complex structure,-

The important quantity which characterizes the structure of an excited state
is the reduced pmbabﬂ@ty of the electromagnetic transition, So, the increase of the
reduced probability B(E2) for the electric E2 transition as compared to the one-
particle value points out that the wave function of K=Kgs2 or K=Kgx2 state
( X, is related to the ground nucleus state) has an appreciable admixture of the
component quasi-particle plus phonon A=2 , p=2 , An increase of B( E3) as ‘
compared to the one-particle value points to a noticeable admixture of the compo-
nent quask particle plus octipole phonon and so on,

For the reduced probabiiity of the electrical E2 transition between the two
states (7) we get:
B(EZ2 IK-1K")=[(12KK’-K| I’K’) <K’| (2, K-K) K> + .
V * . (26)
HIZK = K~K |- K%-D <K’ R |q@ -K-K)[K>|’
where < K'|J]'( ) |K> is the matrix element of the v component of E2-transi-
tioh operator, R; is the operator of rotation at 180° around the axis 2, Though
actually eq. (26) contains two terms, in all the cases we are interested in, only
one of them operates and the other either is exactly zero or negligibly small, In
Tables 5-8 one gives the values calculated with the Clebsh- Gordon coefficients
equal to unity, Such values are usua.lly obtained by experunenters In _Coulomb
excitation experiments (see, e.g./ ). For the transition from K to K+2 this
' corresponds to the usual B(E2) one, for the transition from K to K-2 this cor--

responds to the B(E2), one ie, to the total probability of excitation of the whole
rotational band,

The matrix element - <K’|J]‘((za)|x> consists of four parts

<K’M(>)|K>=C c, AT D M@dee  £2206p)V .4
P 1opPt off

ve T 3 ¥ oM g NV, + 0™ ma@) (27)
Ai vy’ PVH Pt vV %
Here M(2i) is the matrix element of the collective E2 transition in even nucleus
between the ground state ¥, and the phonon state q, (22)+‘Il° . All the terms in
eq. (27) have a direct physical meaning, The first one corresponds to” absér‘ptlon:
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of the phonon in the ¥(K%} ~ state, the second one to the one-particle transition
between quasi-particles in both states, the third term to the one-particle transition
accompanied by absorption and creation of a phonon and the fourth one is con-

nected with the phonon admixture in the ¥(Km) state. In purely one-quasi-particle
siates only the second term will operate, in the tra:léition from a purely collective

to purely one-quasi-particle state only the first will operate (and we get B( E2) odit

- 1/2 B(E2) ne

For many solutions the confribution is given by all the terms in eq.(27), &
7 is lower than the first pole then the first, second and fourth terms are summed
up coherently, In this case enhanced E2 transitions can occlir,'a.li.hough the pho-
non admixture is comparatively small, This takes place e.g, for the first Ka=%4+
states in the Tb lsotopes. ¥ 7 is highez“ than the first pole different teims in
eq. (27) have different signs and an additional enhancement does not take place,

The quantities M(%) in eq. (27) are taken from earlier calculated B(E2)/ 29/
for E2 t{ransitions between the ground and gamma~wvibrational states of even
nuclei, The values of the, effective charge are taken from the same paper. In cal-
culating on the electronic computer an error was made f29/ which did not af-
fect the values of B(E2) but led to a wrong determination of e |
off ™ 1,2 e for ;7rzo;c/>ns and e off 2
were used, It should be also noted that in ref, B(E2) for ¥o1?% s rather
small and therefore in 173Iu and 173Yb underestimated values for B(E2) were
obtained, while for E2 transition for the even Gd and Dy lsotopes in reflzg/
values were slightly overestimated, what should affect the values of »B( E2) in

the corresponding odd nuclei.

off In the pre-

sent paper corrected values e = 0,2¢ for neutrons

A part of the results which are concerned th.h the states of the Complex
and collective structure is given in Tables 5-9, Tables 5 and 6 on odd-proton
nuclei and Tables 7 and 8 on odd-neutron nuclei give the results for K-K -2
arnd K-K +2 states where Ko is related to the ground states of odd-mass
nuclej , The experimental and calculated values of the energies, of the decoupling
parameters a and of the reduced probabilities B(E2) as well as the contribution
221 )2 of the term in

egs, (10) or (16) corresponding to the first pole with A= 2 , p=2 are given,

of the one- quasi-particle state C P and the contribution c ([)

In some cases there are several states with given Kr  having different structure
therefore ‘Tables 5-8 give not only the first but sometimes the second and the
third states with those Kr , Some complex structure states which are most
interesting are given in Table 9. The experimental data are taken from the re-
[-13,20/ [ 15-22, 26-37/. It should be noted that the con-

views’ and also from refs,
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tribution of the states corresponding to the nearest poles of the secu!a':_~ equations

" given in Tables 5-9 is’ obtained from the normalization condition of the wave func-

tion, The role of the terms corresponding to the nearest poles is conslderably in-

creased as compared to the role of thesé terms in eqs. (10) and (16).
Let us consider the pecu.llax'xtles of some nuclei having an odd number “of

protons, In 133Ey, 135Ey the admixture of the 4134 +a ,(22) state to the first

K = 1/2 + states xs 11 and 10 percent, and to the second. ones 80 percent, The
calculated values of the decoupling parameter a. disagree with the experimental
values which are larger than a' =-0,79 for 5=0.3 and 8= - 0,89 for 5 =0.2,
The contribution of the gamma-vibrational state to the first K= - 9/ 2 + states is
negligibly small while the second Kr = 9/ 2+ states are pure gamma- vibrational
ones, In 1%%Eu kr =3/ 2~ stale of energy 1095 keV is interesting, its structure is

given in Table 9,

)

In the Tb isotopes the first Kr =1/2+ states contain 60-65 percent of the
one-quasi-particle 411} state and, in spite of this, B(E2) is large and équa,ls
1.6~ 2,8, Due to the large contrlbutlon of 411} state the disagreement with expen—
ment In the value of a is- large . 159’1‘b the calculated decoupling parameter
for the first Kr = 1/ 2+ state is closer to the experimental one for the second
Kr  =1/2+ state and on the other hand the calculated 4 for the second state
is closer to the experimental a for the first one, As to K7 =7/2+ states the
first ones have a complex structure, the third states are, to a large extent,octupole

ones,

As is _seen from Table 1, comparatively high-lying Kr =3/2+, 5/2+ states
in 159Tb strongly differ from those in 157Tb. According to the ca.lcula'ﬂsons; in
1557Tb the first exclted Kz =3]/2+ state with an energy 1050 keV is beta ‘vibrat
ional one and the second state with an energy 1600 keV is close to 4224 one,
in 1591y, the first Kn =3/ 2+ state with an energy 1600 keV fs close to 422V state

and the second one Is a beta-vibrational state, The second excited Kr = 5[ 2+
157 . 159

-state in Tb with an energy 1100 keV is a beta~vibrational one and in Tb

with an energy 1250 keV octupole one, This is due to the increase of ©® in

1
Gd?®8 as compared to Gat®®,

In the Ho isotopes the calculated energy of K7 =3/2- state is much higher
than the experimental one., The solutions of (16) with p‘-54; f p,=532¢ do
not improve the situation, K»r =11/2- states are gamma-vibrational ones, Kr.=5/ 2+
states in 1v65Ho with an energy 995 keV for which logft = =5,7 in the beta decay -

165Dyl 32/ is possibly a three-quasi-particle state with the configuration

n 633%F + n 523} -~ p 523% .
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In the Tm isotopes the first K= =3/ 2+ states contain a large coﬁtribut.ion
of the one-quasi-particle 4114 states and the second ones are mainly gamma-
vibrational states. In the region 0.8 - 1.4 MeV there are three Kr =5[2+ states,
two of which contain a large contributlon of 4114 + 0"(22) and 4134 states and
the third one is close to 4024 state,

In the Lu isotopes the first K» w=3/2+ states contain a large contribution of
one-quasi-particle 4114 state, and the second ones are mainly gamma-vibrational
states, Kz »11/2+ states are gamma-vibrational as well, the condition (24) being
well fulfilled, In the 173Lu there is a Kr =3/2- state with energy 888keV, Accord-
ing to our calculations K7 =3[ 2~ state has an energy 1.3 MeV and it is rather
close to 532+ state, since C =0,9, This is due to the fact that in our level sche-
me ¢ (5411 ) = 1,6 MeV and Y' (22)m7, 10° because the first kK» = 2+ state in

172Yb is close to the two- quasiparticle one, according to reflg/

The calculations of the Re isotopes have a tentative character because of
some defects of the average fieid level scheme, So, ¢ (4004)=0,21083_ is very
smali, this leads to underestimated values of the energlés _of the first K= -1/2+
states and to underestimated values of B(E2) due to a large contribution of 4004
state. Kr =9/ 2+ states of the Re isotopes are mainly gumma—wbratxonal states what

" well agrees with exPerlment/ 33 34/

1535m and

Let us consider the peculiarities of some odd neutron nuclei In

155Gq there is a Kr =1/2+ state which is rather close to 400} state since
Ci) = 0.65 ~ 0.69 this state is lowered with respect to dp) by 600 keV and with

respect to the first pole by 400 keV, and Kr = 1/2~ state with an energy 600keV
has a complex structure, In the nuclei with Na93 Kr=l/2-, 7/ 2~ states haveacomplex
structure and it would be interésting to measure for them the quantities B(E2),

In the nuclei with N=95 the first K7 = 9/2- state is gamma-vibrational one,
In 161Dy- Kr = 1/ 2~ state with an energy 365 keV has a complex structure ac-
cording to our calculations, the contribution of 521 ¢ state is 53 percent. In 163Dy
Kz =3/2+ state with a calculated energy 370 keV should have a complex struc-

ture, In the first Kr w1/2 state of 163Dy the calculations give an overestimated
contribution of 5214 state,

167Er are

65Dy and

gamma~ vxbrat.lonal ones, as is seen from Table 7, the calculated energxes and

Yb,ao-

cording to the calculations, the gamma-~vibrational state energy increases by

600 keV as compared to 165Dy and‘167Er, which is due to the increase of »??
1

. 168
in . Yb as compared to 164:Dy a d166Er. Table 9 gives a complicated

structure of Kr = 3/2~ and 1/ 2~ states in?%°Dy and 1%7Er,

In the nuclei ‘with N =99 the fu'st K7 =3/ 2 + states in

B( E2) are in a rather good agreement with experiment, however, in

20

a4

’

171 173

In Y¥b and Yb the calculations give overestimated energies of K -2

and K _+2 states due 'to the increase of the values of wi’ and YT1(22) Ln
1704y, and especially in 172¥b as compared to 1°8¥b and 1“S¥b., K «3/2-
173 : 173

and 1/ 2~ states in Yb there are two com-

paratively hlgh-lymg
and is close to 5124
possible solutions, one with a complex structure and the second close to 5214
state, In 27°YDb the first K7 = 3/2- state with an energy 809 keV is relatively

2
close to 512 4{ state, CP = 0,77 the secondK7 = 3/2— state with an energy 16186

Yb have a complex structure, In
K7 =3/2- states, one of them has an energy 1340 keV
state, for the other with an energy 1224 keV we get two

1616 keV is mainly gamma-vibrational one and the confribution of 5214 state is
18 percent, The first Kr =3/.2~ state in 177
to 5124 one, C? = 0.77, and the second Kr =3/2~ state with an energy 1365keV

Yb with an energy 709 keV is close

P
has the contribution of one-quasi-particle 5014 state of the order 67 percent.

" It should be noted that in calculating the levels of 175y and 17?¥b and of
the Hf and W isotopes we should take into account the decrease of the equilibri-

um deformation as compared to & = 0,3 what was not done,

In refs./ 2,3/ it was noted that the energies of the states close to K= Ko-2

gamma-vibrational ones are lower than those for KeK +2 states:
g(Ko—Z) <€ (K°+2) (28)

The fulfillment of this relation is caused by the two following facts: first, for small
K in eqs, (10) and (16) there are more terms in summing up over v than for
larger K, Second, in the scheme’ of the average field levels there are less
K=11/2, 9/2 states as compared to K=1/2, 3/2 states and therefore for large K |
there are rarely cases when ¢p) is only soméwhat higher than the energy 6{ the
first pole and when the first non-rotational state energy is lowered very sfrongly,
Eq. (28) must be fulfilled for states for which the energy of the first gamma~
vibrational pole is lower than dp) . Otherwise, these relations haveva complex
structure and eq. (28) may not be fulfilled, The calculations prove the validity
of eq. (28) in the cases when both states are close to the gamma-vibrational
ones, what is seen from Tables 5-8, It is difficult to compare the results of cal-
culations with the experimental data on'&(K #2.6(K_ ~2) since there are at present
not many experimental data on the splitting energies where both states are close

to the gamma-vibrational ones,

The comparison of the results of calculations of the characteristics of the

collective states and the complex structure states with the corresponding experimen-
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't—aijdata,a.ﬂows us to conclude that the interaction of quasi-particles with phonons
g,xves a raﬂqg} good rdescrlption of the energies of these states and of the quanti-
tles. such as B(E2) thévdecoupllng' parameter a and others, It is necessary to
sh'eés that in many éases states which were earlier interpreted e.g. in
réfs./ 13, 30, 37/ as gamma vibrational ones, aécording to our calculation have a

complex structure.

Conclusijons

We have made calculations of the pmperﬂe$ of the ground and exclted sta-
tes for 62 nuclei In the region 151> A> 187. 20-30 siates were calculated for
each nucleus, Thus, the obtained material is sufficiently large, Tables 1-9 give
only a amall part of the results concerning the most interesting cases and the
cases for which there are experimental data, The remaining material- can be used
when additional experimental data will be available, '

The a.lm of the present paper is to give a general picture of the éxclted
states for many odd-mass nuclei Therefore we do not analyse here each nucleus
taken separately. In developing further this topic a detalled and careful calcula~
tions of the properties of the most interesting nuclei with "an improvement of the
Nilsson potential parameters, taking into account the Coriolis interaction and so on
is needed, Using such an approach better agreement between the resulls of cal-
culations and experiment can be obtained and the predictions for the considered
states can be improved, So, e.g, a small displacement of the average field one-
particle levels 411} and 4114 can noticeably improve the description of a mm-‘
ber of states of odd-proton nuclei,

It should be noted that in investigating the interaction of quasi-particles with
phonons there is not a single free parameter, The quantities J‘i‘ and Yi Qu) are
obtained in calculating the collective states.of even nuclel Thelrefore in the cases
when the agreement between theory and experiment was not sufficiently good in
‘erven nucleij, this discrepancy should take place also in odd-mass nuclel, A ge-
neral picture.of the excited states of odd-mass nucleli is more complicated, and
the descriptions are somewhat more rough as compared with even nuclei. By the

way,in the present paper we do not consider pure three-quasi-particle states.,

The investigation perfbrmed showed that the structure of the excited non-
rotational states of deformed odd-mass nuclei is very different, Most low-lying
states are one-quasi-particles one, but when the energy increases the number

of stafes close to the collective ones and to the states with a complex structure

22

increases, The account of the interaction of quasi-particles with phonons has led
to the Improyement of the description of the states close to the one-quasi-particle
ones as compared to the i}ldependent quask particle model and to a rather correct
description of the collective states and the complex siructure states. For a further
investigation of the struchiwre of the states of odd-mass deformed nuclei it is ne-
cessary to increase the amount of the experimental data on the state energies, on
the beta and gamma transition probabilities, on the spectroscopic factors in direct

nuclear reactions and so on,

The position of the levels of deformed odd-mass nuclei is to a large extent
determined by the behaviour of the average field one-particle levels. Therefore
the accuracy of calculation of different characteristics o.f odd-mass nuclei is es~
sentialty restricted by a rough . description of the energies a:r;d the wave functions
with the Nilsson potential.

In conclusion we express our deep gratitude to Profs. N.N,Bogolubov, A,Bohr,
M,Bunker, D,Bes, D,Burke, B,Elbek, L.A,Malov, B,Mottelson and C,W,Reich for
interesting discussions and to AA.Korneichuk, M,K,Zheleznova and G.Jungklaus-

'sen for assistence in constructing the programm and in calculation on the machine.
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Fig. 1. The behayiour of P() ( In units &, ) in the left-hand side of eq. (10)

for p =521% the dashed and dotted line, p =512% is the dashed line and
the behaviour of P@)) (in units (hrffo)2 s the scale is increased ten times for
clarity ) In the left-hand side of eq. (16) for p +p, = 521% + 5124 is
the continuous curve, The first pole corresponds 1o (5214 ) + @fz-
=0324h8, the second one to  ¢(521% ) + ©3’= 0340 28 _ .
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Table 1

Positive parity states in 157’1.‘b and 159Tb

: Energy(keV) [Lowering(xeV)

Nuclei K

respect to the Structure
1. pole
exp. Cacl. €13y
127 32+ 0 0 200 1100 411490%;411++Q,(22)6%
5/2+ 300 80 770 4134 96%
1/2+ 597 530 440 770 4114 65%; 4114+ Q,(22) 25%
3/2+ 990 1050 420 - 4114+, (20) 100%
772+ 1100 420 260 - 4044 81%; 4o4é+ 0,(20) 10%
5/2+ -1100 0 - 413+ 0,(20) 100%
9/2+ 1100 270 200 404t 70%, 4oat+ Q,(20) 25%
1/2+ 1300 g%%&+ Q,(22) 75%, 411t+q,(22)
9/2+ 1300 4134+ Q(22) 95, 404t 1,4%
1/2+ 1400 411%+ Q22) 100%
1/2+ 1550 520 420470%, 422¢+40,(22) 15%
7/2+ 1550 5234+Q,(30) 90%, 404t 3%
3/2+ 1660 400 422475% _ : :
179 32+ . 0 0 260 - 1600 - 411190%, 41144q(22) 8%

’ 5/2+° 348 330 120 900 4134+ 94%, 4114+0(22) 4%
1/2+ 580 430 570 700 4114 60%, 411%+Q,(22) 30%
7/2+ 1100 420 60 404t 66%, 5231+Q,(30) 30%
9/2+ 1100 290 10 413440 ,(22) 95%; 40444%
5/2+ 1250 0 5324+Q,(30) 100%
‘1/2+ 0 971 1150 ] 4134+Q, (22) '80%;411+ +Q(22)15%
7/2+ 1270 1150 0 4112+Q,(22) 100%
7/2+ 1350 5234+Q(30) 70%, 404425%
9/2+ 1400 404490%, 4044+Q(20) 4%
1/2+ 1500 650 4204065%, 4224+Q,(22) 20%
3/2+ 1600 450 4224 69%
3/2+ 1650 o 411t+0,(20) 100%
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Table 2+

States close to the ome-quasi-particle omes, in odd mass nuclei

Nucleus K« oy E::§:T(kev) P Structure
Pgu  3/2+ 103 loo 180 411+ 94% .
30lmy 5724 316 280 200 4134 96%; 41144Q(22) 2%
16lpy  5/2- 482 580 450 5324 96%
161y, 3724 211 220 240 4114 96%.
161,  5/2- 826 900 920 5324 91,3%
16500 - q72¢ 715 650 850 4044 93%B; 40204+0;(22) 5%
19t /2. 319 " 350 330 5234 99%
1Dy 3/2- e8s 1300 1500 5224 92%
18lp,  3/2¢ 612 540 600 411495%, 41114Q,(22) 3%;
: 4134+ 0,(22) 2%
‘18lpe 372+ 851 550 440 404} B%
161Dy 3/2- 75 ‘ 60 110 521495%; 651t +Q,(30) 2%; 52L¢+
+ Q. (22) 2% : ’
163py 372 251 280 400 521t 91%
169py  5/2- 535 530 560 5234 94%
165py  5/2- 184 240 410 5124 89%
1678,  5/2- 348 200 410 5124 91%
169y, 572~ 191 400 470 5124 95%
169¢,  5/2. 570 540 560 5234 97% .
169y,  s5/2+ 584 600 740 6424 89%; 523++0,(30) 4%;
- ) 6424+ Q,(20) 4%
169y,  3/2- 657 820 1000 5214 94%; 651140, (30) 4%
1Tlyy  q/2- 835 1200 1300 5144+ 88%
M 2. 95 160 120 633 99%
1Dyy 372~ - 1340 1560 1600 5124 90%
1yy  q/2- 636 450 430 514+ 99% /
1yy g2+ 351 530 520  633498% '
13y, 3/2-  (1224) 1900 2000 521+ 80%
1yy 772+ 995 1140 1100 633t 98%
1778¢  9/2+¢ 321 400 350 624+ 100%
175e  7/2- - 1060 1200 1400 503t 89%
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Table 3 : , ' Table 4
Energy, decoupling parameter and C; quantity for a state close 1/2- 5214

N Spectroéoopical factor and the one-particle amplitude
state ( Cdoulation for %= 0.3, whers fer Ci=1, o = 0.89)

for states close to 1/2 - 510%

‘ 2
Energy(keV) Deooupling parameter o : Cq
Hucleus top - Nucles Energy (keV) 2 Spectroecopic
exp. calc. €(g)-£(K) | exp. calc, : * G factor
: exp. calc. €(g)- ECX,) - Qg’- ul
153smg, 698 900 - 1500 0.33 + 0.36 0.50 56
Yo5my, B4 950 1350 0.3210.28 0.58 66 ] 1694 805 1300 2300 0.39 0.38
pyys 365 450 920 TN 0.47 23 ye, 2 950 1200 1800 a.51 0.49
163 ) . 480 20 ' 0.47 0.49 .55 :
163E1'95 6 - 48 9 : . 65 1%, s loéo 1160 1340 0.65 0.63
- - 0.60 . X
) Dy97 300 . 53e 7 ) ] e o :
, . 1
16%Erg, 297 340 530 0.56  0u65 73 ] Yo, s 500 660 8oo 0.90 0.85
165 ’ .58 0.86 97 o
Dy99 lo8 130 180 7 [ 177
. . . . Ib1°7 320 lo3 3o0 - 0.89 0.77
1675 o 208 - 150 180 0.71 0.87 98 _
9 ‘ : 1753f103 1070 1340 0.75 0.73
169!1)99 24 150 180 _6.79 0.87 - 98 . . 1' ’ -
) ‘ . : - AT7.
169131,101 o 0 ° 10.83 0.85 96 . Hf1°5 680 800 0.90 0.85
171 .85 ' 0.86 98 .
Ty 51 ° 0 ° 0.8 oge: 178 110 300 0.90 0.79
173 : .82 0.87 98
101 ° ° ° ° : 161
173“5_ , 400 280 290 “oi7a 0.88 99 Bfy o9 0 0 0 0.96 " 0.70
[+ N
Mae 5 126 280 290 0.7 . 0.85 97
175_y1,105 913 800 850 0.71 0.84 95
177 - 0.84 95
HE, o 800 850 X 3
177 2 - 0.81 91
Iblo7 looo 1230 '
179 - 0.82 92
Hilo? - lo50 1230
18 .59 0.85 81
1w1°7 ‘ 746 looo 1230 o
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. ) Ay
K=K°-2 states in odd proton nmolei ( Ko_is.rslatedto the ground state)

Table 5

. . ] 2 a 111.)1
Y for Energy(keV) Decoupling parame~ < G o, )
Nuoleus K Q v Lor B(E2 )/3(32)8.9. con B
atate exp. , oalo. exp. oalo. eXp. calo. 100 oo
53y 172+ 411+ 4134 635 650 - 0.5 -0.95 -0.61 72 1
63 - 1800 - 1.1 -0.10 10 80
gy a2+ a1 434 765 650 - 0.6 -l.o -0.63 74 10
69 1800 - 1.2 -0.10 1o 80
L5 172+ 4114 4114 761 500 - 2,2 0.1 -0.50 64 28
65 1200 - 0.2 - c 0.3 1o
Ll 172+ a1 411t 597 530 - 2.1 0. 04 ~0.50 65 25
65 1300 - 0.5 - o 0.2 20
o 1m 172+ 4114 4114 580 430 1.5 . 2.8 0.05 -0.47 60 30
° 65 971 1150 0.3 —0.81 o 0.4 15
. 1600 38 40
61
165% 1/2+ 4114 4110 550 .6 - ~0.50 64 25
12e0 0.2 ) 0.5 15
12,1130 3/2- 541t 523% . 593 loso 1.9 12 65
1% 3/2-  sar 5234 940 2.4 - - 9 78
Y980 3/2-  s41r 5234 515 820 1.9 2.8 - - 4 90
167 )
o  3/2+ 411+ 4114 - 570 - 0.7 81 16
1050 - 2.3 - - 15 80 .
‘12ng 3/2 + 411Y 4114 570 620 1.5 0.3 91. 6
900 1200 0.3 2.0. ] 90
L
_ ) _ —
m 3/2+ 411t 4114 675 650 - 0.1 95 2
o 1350 1.6 3 90
3
1;11,u 3/2+ 4114 404 4 lo50 .96 1
1400 | 1 9e
1751y 3/2+ 4114 Aokt 1000 0.2 82 16
ol '
1775y 3/2+ 411 404} 900 0.5 61 36
7
1794 3/2+ 4114 4o4d 1000 53 2
73 4024 1200 1.1 5 90
181y, 3/2+ 4114 Aody 1200 62
73
2 l,e,;Re 1/2+ 400t 4024 460 0.5 0.34 87 >
4114 1103 900 94 °
4001t 1400 2.5 [} 2 95 .
185p, 1/2+ 400+ 402t 647 400 3.6 0.5 0.38 0.2 79 7
75 4114 872 850 92 0
4oot 1100 1.8 4 90
187p, 1/2+ 400+ 024 511 400 3.1 0.6 0.38 0.31 78 9
» 4114 618 850 -1.1 90 0
4004t 1150 2.4 [ 3 90



Table 6

K=K°+2 states im odd-proton nmuslei ( Ko corresponds to the ground state}

Y for Energy (keV) B(saﬁ(zz)s,p. c? ¢,y
ground $
Nuoler v s state -lexp. calc. exp. - calec. loo loo
13z, gr2s 4044 413} - oo - - 84 °

63 1800 1.5 0 oo
1555, 9/2+ 404t 413 750 86 0

63 1800 1.6 [ loo
155qy, 7/2+ 404t 4114 lo6o 77 0

65 1300 2.7 [} loo
127% 7/2+ 4oL 411t 1lo0 81 0

5
159
65 7/2+ - 404t 411} 1270  1loo 66 o
1150 2.0 3.0 0.5 99
Uly 772+ 4084 411 1leo _ 81 100

65 1200 2.5 ° loo
161g, ‘

67 © 1172~ 5054 5234 1050 2.8 0.1 99
1:'3;50 11/2- 5054 5234 10004 2.1 0.1 99
1654, :

67 11/2- 5054 5234 687 850 1.7 3.2 0.1 99
1670 5724 4134 4114 820 2.1 30 70

69 4024, 900 77 o

4134 1300 0.7 66 3o
1697y 572+ 4024 4114 900 a2 o
69 4134 1170 950 1.5 1.2 56 40
4134 1350 1.2 42 57
1oy 5724 402¢ 4114 950 95 0
69 4134 912 1050 0.6 80 20
4134 lo4o 1.3 18 80 -

32

175
71

177,
71

181Ta
73

183
73

185g,
73

187q,
73

11724

11/2+

11/2+

9/2+

9/2+

9/2+

404 %

404 %

404 ¢

404 4

404 %

4044

40214

402 ¢

402t

966

840

33

1600

1300

l4o0

1350

lo20

lo8o

2,6

1.3

2,5

loo

loe

95

95

95
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‘Taple 9. Complex struoture states

Ener, keV

Huolgus ke exp. oalculation Struoture

155gy 3/2- 1095 1o6o 5414 70%; 5414+Q,(20) 19%; 411t+Q, (30) 5,5%

15544 172+ 850 4004 69%

15964 32+ 340 6514 77%;5324+0,(30) 6%; 52144Q,(30) 6%
161 py 1/2- 365 450 521453%; 5234+0,(22) 28%; 521t+ 0(22) 18%
1635, 32+ 370 6514 71%; 521140,(30) 14%; 5324+, (30) 6%
165py 32— 574 800 5214 68%; 5214 +Q,(22) 25%; 6514+ Q,(30) 4%
165p, 1/2- 570 640 510t 32%; 5124+Q,(22) 63%; 5124+:0(22) 4%
165g, 1/2+ 508 630 660042%; 64244Q,(22) 43%; 6514+Q,(22) 7%
1675, 3/2- 545 750 5210 79%; 5214+0Q,(22) 15%; 6514+Q,(30) 4%
187g, 1/2- 800 510432%; 5124+0,(22) 65%; 512+Q,(22) 3%
169g,. . 5/2- 915 850 523446%; 5214+Q (22) 47 %; 642¢+Q,(30) 2%
169yy, 1/2- 805 1300 51lo4 39%; 512¢+0,(22) 56%; 5124+q( 22) 3%
Tlp, 1/2- 945 1208 510451%; 5124+Q,(22) 41%; 52144Q,(20) 3.5%
173qy, 32 1224 1350 5214 7%; 521440, (22) 90%

1%y 3/2- 1616 1700 5214 18%; 521+0Q,(22) 80%
1774y - 1365 900 501t 67%; 5034+ Q(22) 26%





