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Single-particle energies and wave functions for the Woods—Saxon potential are given for deformed nucleiin the range
150 < A < 190. The energies and wave functions for the nonrotational states of odd nuclei are calculated taking ac-
count of the quasiparticle—phonon interaction. The effect of AN =2 mixing is taken into account. A study is made
of how the difference between the equilibrium nuclear deformation in the excited state and that in the ground state
affects the state energy and structure. A good description is found for the energiesof the low-lying nonrotational states
in this mass range. The calculated single-particle energies and wave functions for the Woods—Saxon potential can be

used to calculate various characteristics of nuclei in this range.

INTRODUCTION

A semimicroscopic approach is widely used in nuclear
theory to describe low-lying excited states. This ap-
proach involves choosing an effective nuclear interaction;
the interaction between nucleons is divided into two parts:
the mean nuclear field and the residual interactions. The
mean field is the nuclear potential produced by all the
nucleons of the nucleus. The large store of experimen-
tal information which has been acquired in studies of «,
8, and y spectra and nuclear reactions is used to deter-
mine the parameters of this mean-field potential. The
residual interactions refer to those forces involved which
are not incorporated in the mean field. The residual in-
teractions are extremely important in a nucleus; they
change monotonically and slowly from nucleus to nucleus;
they are not small, so they cannot be taken into account
by means of perturbation theory. The mean field thus de-
termines the specific properties of each nucleus and is
responsible for the properties which distinguish some nu-
clei from others.

In this version of the semimicroscopic description,
the nuclear Hamiltonian is written asi

H = Huu + Hpair + HQ + Hr,

where Hpair represents the interactions leading to pair-
ing correlations of the superconducting type, HQ rep-
resents the multipole —multipole interactions, H' rep-
resents other types of residual interactions [e.g., (spin
multipole) — (spin multipole) and Gamov—Teller inter-
actionsl], and Huy represents the mean field of the neu-
tron and proton systems. The Nilsson?? and Woods—
Saxon?’S potentials are used to describe the average field
of deformed nuclei.

The potentials used for these calculations give a bet-
ter description of the mean field of deformed nuclei than
that of spherical nuclei. In deformed nuclei the param-
eters of the average-field potential are chosen such that
the nuclear potential contains the corresponding part of
the interaction among all nucleons in the nucleus, so the
addition of each pair of nucleons is effectively already
taken into account. It can be asserted that the mean field
is self-consistent for the ground state of each deformed
nucleus in the zone of g stability. This circumstance ex-
plains the success of Nilsson and Woods—Saxon potentials
in describing the low-lying levels of odd deformed nuclei.

(1.1)

The Hamiltonian used to study pairing correlations
of the superconducting type is
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H, =Han+Hpalr =Ha(n) —|—H@(p),

where for the neutron system we have

(1.2)

Hy(n)= 2 {E (5) —An} alotss— Gy E @54 Qim By — O 4o (1.3)
0 5, 8"

Here E(s) are the single-particle energies, agg is the
nucleon-annihilation operator, Gy is the pairing-interac-
tion constant, and A, is the chemical potential of the neu-
tron system. Inthe proton system the pairing-interaction
constant and the chemical potential are Gz and Ap. We
denote by (sc) the set of quantum numbers describing a
single-particle state of the neutron system, and we de-
note by (qo) the set describing such a state of the neutron
and proton systems; here ¢ = 1.

We introduce the canonical Bogolyubov transforma-
tion

(1.4)

Qg = Uy g + OULOS gy
where aggy is the quasiparticle-absorption operator and

uf 4+ vk = 1. 1.5)
The ground-state wave function of the system is found from
the condition

tse¥o = 0. (1.6)

Finding the expectation value of Hy(n) in the state ¥, and
using a variational principle, we find! the following sys-
tem of equations for the correlation funection Cy, and chemi-
cal potential A p:

1

G
i=2N — . ¥,
2 2 VO E @ — A {L:7)

(1.8)

N=%J1— E () —hn ;
% { V CET(E (5)—An)?
where N is the number of neutrons.

The ground-state energy and wave function of the
system are

; c?
o= 2B (s)vh— g (1.9)

¥y = H (us +vsai, a;s_) Wy,

]

(1.10)

where
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a5 ¥00=0; &(s)=V Cht(E(s) —n)%

E(s5)—M\ .
=7 {1+t s(s)n j M=

(1.11)

T 12l )

In the model of independent quasiparticles the ex-
cited states of even—even nuclei are two-quasiparticle
states. At higher excitation energies there are four-
quasiparticle states, etc. The ground and low-lying states
of odd nuclei are single-quasiparticle states, As the ex-
citation energy increases, these states are supplemented
by three-quasiparticle states, etc.

The part of Hamiltonian (1.1) corresponding to the
multipole =multipole interaction is

HQ=— 2

A 120

xn

QiuQaus (1.13)

where Q)p is the operator corresponding to the multiple
moment A u (ref.1). Todescribe the vibrational states we

()= 2 {Wid (g, ¢)—oiid* (g, ¢)}  (1.14)

and the operators
Bz, ¢q Z abotgs (o Z 00— oflg'a); (1.15)
440, 0) =5 B oowote-s (or 7 3 ontes) - (116)

We can write the corresponding part of Hamiltonian
(1.1) as

Hy=Ye@B@d—g 3 *® N T ¢) M@ %)

q Ay 120 aq’ qeqy i
X“’qq‘”uzqa (W38 -+ @i) (W + @) OF () Qi (Aw)

PYiea) 2

—2 =
e aq’ 9,93 :

X {(QF (M) + Q5 (M) B (g2, @) + B (g2, @) (QF (M) 4 Qs ()}
(1.17)
Here f M (q, g') is the matrix element of the operator cor-
responding to multipole moment A, and we set ugqt =
ugvq? + tgvq and vqq! = Uglg' —Vgvg's
The ground-state wave function for an even—even nu-
cleus is defined as a phononless function:

f’“"' (@ 9') (22 @) Uqq'Payy;
B 120

Q; (Ap) ¥ =0. (1.18)

The excited states are treated as single-phonon states
and are described by the wave functions

Q7 () ¥.

The energies w?“ and the wave functions of the single-
phonon states are found by a variational principle.! For
all the single-phonon states (except the O* states) the
secular equation is

(1.19)

(M (q. Y g2
') ' G'!J
s Z e (@)t (g)

e (g)+e(g)
— (k)2

(1.20)
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Using the normalization condition for wave functions (1.19)
we easily find

A r
1 (a0 ug,

A . ; (1.21)

Vag Var;(wy e +e(g)—olt

; 1 M (g q) g
wj — ; w _. (1.217)

Y T o e (g +oh*

(™ (g,97) ugp)? 0l (e (9) -2 (¢))
L(An) = 99 i

Yi=2 @+ & (@) — @PRR (1.22)

2 q

In this manner we find a quite good description of the
single-phonon quadrupole and octupole states in even—
even deformed nuclei.!678

The single-particle energies and wave functions of
the Nilsson potential were used in calculations for the low-
lying states of deformed nuclei until 1967 (and, in cer-
tain papers, even later).28 To find the correct order of
single-particle levels for equilibrium deformations, it is
necessary to assume the parameters of the Nilsson poten-
tial to differ for different shells, and in certain cases it
was also necessary to shift certain subshells. This pro-
cedure was successful in obtaining the correct order for
the single-particle levels, In the calculations of ref. 9,
which took into account pairing correlations of the super-
conducting type and quasiparticle —phonon interactions, a
quite good description was found for the low-lying non-
rotational states of several odd deformed nuclei in the
rare-earth region.

However, the Nilsson potential has certain serious
shortcomings. I has an infinite depth, so its eigenfunc-
tions do not behave correctly at the nuclear boundary or
outside the nucleus; the spin—orbit term does not depend
on the radius or deformation parameters, etc.

A more realistic potential is required for a good de-
scription of the average field. In recent years a finite
potential with a diffusing edge — the Woods —Saxon poten-
tial — has been used widely. Nemirovskii and Chepurnov?
reported the first solution for single-particle states for
the deformed Woods —Saxon potential. They numerically
integrated the system of differential equations, obtaining
single-particle energies and wave functions for the neu-
tron and proton systems of rare earth nuclei. However,
these calculations are complicated, and practical use of
the results is complicated by the fact that the eigenfunc-
tions are given in huge tables. Other methods for solving
the Schrédinger equation with the Woods —Saxon potential
were proposed later.!

An approximate method was worked out®1! for solving
the Schrédinger equation with the Woods —Saxon potential
for spherical and deformed nuclei. This method yields
analytic expressions for the wave functions of spherical
nuclei. The accuracy of this approximate method for the
case of deformed nuclei was evaluated by comparing the
results calculated by the method of ref. 11 with those
found in ref. 4. It was foundi? that the energies and wave
functions calculated by these two methods for single-par-
ticle states near the Fermi surface are essentially equal.

The single=-particle spectra and wave functions of
highly deformed nuclei have been calculated by this ap-
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proximate method.?$"# A single-particle basis was given!
for calculations on the basis of the superfluid model for
the ranges 150 = A = 190 and 234 = A = 254.

Use of the single-particle energies and wave func-
tions of the Woods —Saxon potential leads to a better de-
scription of the intensity of transitions (EA and MA fran-
sitions and 8 decay) between single-quasiparticle states
in odd nuclei in the range 150 = A = 190 than that found
from calculations based on the Nilsson potential.l

The single-particle energies and wave functions found
for the Woods —Saxon potentiall led to a better description
of those nuclear properties which had previously been de-
scribed on the basis of the Nilsson potential, and they al-
lowed analysis of experimental results which could not
previously be explained, e.g., N—forbidden g decay, for
which log ft values in satisfactory agreement with ex-
periment were obtained in ref. 16.

The approximate method proposed in refs.5and 11 for
the Schrédinger equation with an anisotropic Woods—Saxon
potential yields results having the same practical ad-
vantages as those found from the Nilsson scheme (the
asymptotic quantum numbers NnzA for the single-particle
states and representation of the wave functions of de-
formed nuclei as expansions in bases of analytic functions).
In the case in which the projection of the angular momen-
tum on the symmetry axis of the nucleus, K, is a good
quantum number, the wave function of the deformed nu-
cleus is

PE
1672

+(— ) Dk (8e) Wi (— KT,

Yhr= {D}x (0.) ¥s (K™

(1.23)

where @g are the Euler angles. Here we will be con-
cerned with the wave functions ¥;(K"), which can be used
to calculate transition probabilities and properties of nu-
clei taking rotational motion into account. The functions
¥i(K™) serve as a basis for calculating the effects asso-
ciated with the Coriolis interaction.

Below we describe a method for solving the Schré-
dinger equation with an axially symmetric Woods —Saxon
potential. We give the energies and wave functions for the
single-particle states for the Woods —Saxon potential near
A =155, 165, 173, and 181. An analytic procedure is of-
fered for describing the energies and wave functions of the
nonrotational states of odd deformed nuclei taking the
quasiparticle —phonon interaction into account. The role of
hexadecapole deformation and the effect of the particle—
phonon interaction on AN = +2 mixing are analyzed. The
sensitivity of the energy and structure of the nonrotational
states to the difference between the equilibrium deforma-
tions of the excited and ground states is taken into ac-
count. The energies and structures of the low-lying states
of many odd nuclei in the range 150 = A = 190 are given,
and a comparison is made with experiment.

2. METHOD FOR SOLVING THE SCHRODINGER
EQUATION WITH AN ANISOTROPIC
WOODS—SAXON POTENTIAL

We assume the nuclear shape is described by

(0, p)=HR, (1 +Bo -+ E }: BonYwu (6, ‘9)),

v B

(2.1)
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where R, is the radius of the spherical nucleus of equal
size, §) is a constant introduced to satisfy conservation
of volume, and 3, ,, are the deformation parameters. The
experimental results available show that for nuclei in the
ranges 150 < A < 190 and 226 < A < 256 we havel? g, >0,
B # 0, and g ~ 0. Calculations®® predict vanishing val-
ues for equilibrium deformations of the g, and 84, types
for nuclei in these ranges. We thus assume that v takes
on only even values and we assume p = 0.

The nuclear potential, which consists of two parts, is

Vnucl (l‘) =V (l') 4+ Vs.o (l‘); (2.2)
Vie)=—Vo{d +explr—R(6, 9)) al};  (2.3)
Vs.o = —u [pal grad V (r), (2.4)

where « is the spin—orbit coupling constant, & are the
Pauli matrices, and p is the nucleon momentum.

For the proton system we must add the Coulomb in-
teraction:
Ve (r)= 3(Z—1)e? 5 n (¢) dr’

4nR} |r—r' |’ 2.5)

' where n(z') = {1 + expl(r' — R(6", ¢")) al}~1is the den-

sity of the charge distribution in the nucleus.

Denoting by U(x) the sum of the nuclear and Coulomb
potentials, we write the Schridinger equation as

[(—#*/2M) A+ U (r)— El @ (1) =0. 2.6)

In Eq. (2.6) we use an identity transformation to single
out the spherically symmetric part of the potential, finding

(—AY2M) A+ U (r)+ T (r) — E1 @ (r) =0, 2.7

where

U(r)=U(r)—=U (r). (2.8)

To solve the problem we expand Ur) in a series in spheri-
cal harmonics Yj g (9), finding the following expression for
V@ =v) - Vi)

V()= 48 (Bro, 1) Y30 (0): (2.9)

The functions A} are found numerically.

For the spin—orbit interaction we can write
Vool =Vi o) =V o () =W+ Wy+W,,  (2.10)
where
av 1
Wy= — 3G (Po0y — 5 Poch)
% oV

Wa= — o500 Poor

Wy=2%. 2 pa,, (2.11)

Gy, 0p,0pare the Pauli matrices in the spherical co-
ordinate system; p g, Py, and py are the corresponding
momentum operators. The contributions of these three
terms are different. The operators Wj, W,, W3 are non-
Hermitian, while Vg o is Hermitian. Accordingly, dis-
carding one term or another may cause the wave functions
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to turn out nonorthogonal; this danger is particularly acute
for close-lying levels with AN = +2.

We turn now to conservation of nuclear volume; for a
homogeneous distribution of nuclear matter with a sharp
boundary, we have

Po = 3/(4n ),

r<R(0, 9)
p(r)= { 0,

r>R(6, ¢) (2.12)
and with the normalization conditionj p(r)dr=1, the con~
dition for volume conservation becomes

R(8)
j& |

0

r2dr =4nR3/3, (2.13)

Substituting in expression (2.1) for R(#, ¢) with p =0
[then we have R(@, ¢) = R(6)], we find

Bot B3+ B = — 2 [ 3 1Bvo (1 +Bo/3)

1 BV 1) (V1) Y Vo men o
+5 ) B¥oBvoBumo {(V—;‘{}\-,%“L ’(v‘v 00 |v 0)“_]-(2.14)

vy

Retaining terms of up to order g%, inclusively, we find

1

Bo= _—Z—+ V/%_%Ziﬁvnlz' (2'15)

If > [By|* <=, Eq. (2.15) reduces to the familiar equation

Bo=——= > IBul?, (2.16)

where

p=tt £ (& BBl £ (£ bt 4.

and p — 1as Y|P, [t — 0.
v

In the case of a Woods—Saxon distribution of nuclear
matter, condition (2,13) transforms in the following man-
ner:

SdQ S n(r)ridr=4n S n(r)ridr, 2.17)

where n(r) is of the same form as in (2.5).
We rewrite Eq. (2.17) as

5 5 [r(r)—n(r)]dQr*dr= 555(1') dQr?dr,

where n{r) = n(® —n(r). Expanding flr) in a series in
spherical harmonics Yj ((8), we can reduce volume-con-
servation condition (2.17) to the simple relation

[waemar—{ae [ Scr (. b, 3 bw) Yao (@) rrar
A v

=V 5 Ca (. Boy ) o) 1 dr=0. (2.18)

v

Equation (2,18) is solved by the method of successive
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approximations; the zeroth approximation has the form
(2.16) with p = 1. For the equilibrium values of the de-
formation parameters, g g = 89y, the value of ), always
negative, is on the order of a few thousandths. The result
is an effective decrease in R(#), so all the levels of the
single-particle spectrum are raised approximately equal-
ly. With 84> BJ, it becomes extremely important to in-
troduce g, since the shifts of the various levels are dif-
ferent, and the spectrum of single-particle levels changes
significantly. This change cannot be offset by small
changes in the potential parameter ry (this measure was
successful for the equilibrium values).

We seek a solution of Eq. (2.6) as the superposition

= 2[' Pzt (2.19)
nlj

The functions q;lﬁj are the eigenfunctions of the Schrodin-

ger equation with a spherically symmetric potential,

[(—R¥2MY A4V (1) —eny;] 92, =0, (2.20)

nli —
where ¢f;=Rn;(r) Y, Y§ is the spherical spinor, and
the radial part of the wave function is approximated high-
ly accurately by the equation!!

Rupj=(1/r)Nn (A/CY Hy [S (r)] exp [— 8% (r)/2] . (2.21)

Here Np is a normalization constant, Hy(x) is the Hermite
polynomial, A and C are parameters characterizing the
wave function of the given state,!! and S(r) is a correction
function, which satisfies the condition

T

f(Egﬂme=jp@ma
)

E Le |

(2.22)

where p(¢) is the semiclassical momentum, and r, is the
turning point. Function S(r) is chosen!! in such a manner
that (E —0?)1/2 vanishes simultaneously with p(¢). Sub-
stituting Eq. (2.19) into (2.6), multiplying by (¢S, )*,
and integrating, we find B3
(en-rrjr— E) a0 +’§; af; (‘pﬁft‘j‘ |[7| Pn3) =0. (2.23)
Since potential Uis axially symmetric, Eq. (2.19) con-
tains terms whose I values have the same parity. Solving
system (2.23), we find the single-particle energies E and
the wave functions [the coefficient zﬁj in expansion (2.19)].

3. SINGLE-PARTICLE LEVEL SCHEMES

In the Nilsson scheme, the relative arrangement of
levels is unaffected by changes in A for fixed values of the
deformation parameters; the only change is in the energy
reference scale, hwy ~ A™Y3, I the case of the Woods —
Saxon potential the relative arrangement of subshells is
a function of mass number A, since the energies of states
having different n, 7, j (with gy = 0) depend differently on
the nuclear radius. Strictly speaking therefore, we must
calculate the single-particle states of the Woods —Saxon
potential for each value of A; however, the single-particle
energies and wave functions vary slowly and monotonical-
ly with increasing A. We can therefore divide the range
150 = A = 190 into four subranges, with A = 155, 165, 173,
and 181.
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The single-particle states are calculated by the meth-
od described in Sec. 2, where we retain in the sum

¥ B.oY .0 () thequadrupole (v =4)and hexadecapole (v =2)
v
deformations, and where R(8) has the form

R (8) = Ro {1 + Bo+ B20Y20 (8) + PaoY a0 (8)}- 3.1)

The calculated results are shown for the equilibrium val-
ues of B, which are!? 0.06, 0.02, —0.02, and —0.03 for A
near 155, 164, 173, and 181, respectively. Figures 1-8
show parts of the schemes of neutron and proton levels
with A = 155, 165, 173, and 181 for approximately equi-
librium g4 values. The parameters of the Woods— Saxon
potential are shown in Table 3.1. We see from this table
that the potential parameters change slightly from sub-
range to subrange., The parameters in Table 3.1 are ap-
proximately the same as those for the Woods —Saxon po-
tential for nuclei in the 234 = A = 260 range.!

Tables of the single-particle energies and wave func-
tions are given in the Appendix. To save space, we show
only the states in the energy range between —12 and 0
MeV for these nuclear subranges. The single-particle
energies and coefficients of the wave functions are given
for the equilibrium values of deformation parameters g,
and g,,. We see from these tables that the coefficients
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Fig. 1. Scheme of single-particle neutron states for A = 155.
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Fig. 2. Scheme of single-particle proton states for A = 155.

for the mixing of the basis wave functions vary slowly
from subrange to subrange, while the single-particle en-
ergies depend strongly on A. Table 3.2 shows the coeffi-

cients afflj of the 1/2+[411] state for A = 173 and A = 181;

we see that the coefficients aglj

To evaluate the various characteristics of deformed
nuclei we must know the correlation functions Cp, Cp and
the chemical potentials Ay, Ap for the neutron and proton
systems,

depend weakly on A.

Table 3.3 shows the correlation functions for the
ground states of the even—even and odd nuclei. The cor-
relation functions and chemical potentials were calculated
from the single-particle schemes in Figs, 1-8 for approxi-
mately equilibrium g,y and 3,, values.

4. QUASIPARTICLE —PHONON INTERACTIONS
IN ODD DEFORMED NUCLEI

The energies and wave functions of the nonrotational
states of odd deformed nuclei are most sensitive to pair-
ing correlations of the superconducting type, quasipar-
ticle —phonon interactions, and the Coriolis interaction.

In this section we consider the effect of the quasi-
particle—phonon interaction on the spectra of nonrota-
tional states of deformed nuclei having odd numbers of
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Fig. 3. Scheme of single-particle neutron states for A = 165.

neutrons and protons. The Coriolis interaction plays a
minor role for most of the rotational bands. According
to, e.g., ref. 20, however, the Coriolis interaction may be
important for levels deriving from large-j spherical sub-
shells, and it is particularly important for high-spin ro-
tational states. In the mass range of interest here the
Coriolis interaction may be most influential on the states
of the i3/, subshells (in odd N nuclei) and the hy;,, sub-
shells (in odd Z nuclei). I is not difficult to take the
Coriolis interaction into account on the basis of the super-
fluid model, as in ref. 20.

An odd nucleus contains a single quasiparticle in ad-
dition to the phonons and quasiparticles of the even—even
nucleus with A — 1. This additional quasiparticle causes
some change in the phonons, but this change is usually
neglected. In studying the quasiparticle —phonon interac-
tion it is assumed that the phononoperators are completely
determined, so the constants of the multipole —multipole
interaction are fixed.

The quasiparticle —phonon interaction was first taken
in the superfluid model in ref. 21; here Hamiltonian (1.1)
was used with H' = 0, and the secular equation was found
by a variational principle. The roots of the secular equa-
tion are the energies of the ground and excited states of
the odd deformed nuclei. The mathematical apparatus
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Fig. 4. Scheme of single-particle proton states for A = 165.

for this analysis was given in ref. 1. The structures of
many nuclei were analyzed in refs. 9, 22, and 23, taking
the quasiparticle —phonon interaction into account; it was
shown that only the lowest-lying and a few of the higher-
lying excited states are approximately single-quasipar-
ticle states. Some of the states are purely collective,
i.e., their wave functions are dominated by a single quasi-
particle component and a phonon. Most of the states,
however, have a complicated structure; their wave func-
tions show contributions from several quasiparticle com-
ponents and a phonon.

We will now write the basic equations of the theory,
taking into account the quasiparticle —phonon interaction
in odd deformed nuclei. Using the secular equation (1.20)
to determine the phonon energies w XM, we can write
Hamiltonian (1.17) as ]

1 1
Hopg= E e(9) B{g, 9) —5 Z ¥y ()
§ hui

> (M (g) @) gy )? (& () +& (2)
(2 (g)+e (g2 — (2

@7 (M) Qs (M)

o a
1 1 r
—r A 2 Vw2 7)

= VYo £ .

X B (g, 4') (@7 (M) + Q5 (M) + (@F () + Q5 () B gy ¢')}.(441)
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Fig. 5. Scheme of single-particle neutron states for A = 173.

The wave function for an odd nucleus describing a
state with a specified K¥ is

¥, (K%)= N (P: .-

<) 2 {2 Cpna'ﬂnﬂ
+Z Z,Dlvgu(l?l

aioq

pu) o (M) } Wo.  (4.2)

Here the coefficients [Nj(oy, ..., pn)Ci")n]2 and [Nj(pg, ...r0p)*

Daé_zij (p4s ++.s P)]* show the contribution to this state of

the single-quasiparticle component py, and the component
of the quasiparticle in the state qo plus a phonon Apj.
The summation over pp means that we are taking account
of the several states p4, ..., pp having the same KT which
occur in the Woods —Saxon single-particle scheme. In a
study of the low-lying excited states, however, it is not
necessary to take into account all the states having the
same KT, since they are generally far apart; it is usually
sufficient to take into account two states having the same
KT and approximately equal quasiparticle energies. In
this case we write the wave function as

YLK 00 0= Ne(ou, 0 775 3, {Chb
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+ Chitbiot+ D) Dhofa0} (1)} ¥

Maiq

(4.3)

with the normalization condition
Nt(ou o) {(Co*+ (€ +5 z, (Do} =1, (@)

Finding the average value of Hyq in state (4.3) and
using a variational principle, we find the secular equation
which gives the energies 7 ;:

Vi (P, p2)

Vi (1, 1) — (& (ps) — ) \
Vi(pss po)— (e {p2) —Mi)

P =‘ Vi(ps, pa)

where

1M (pg) 1 (pg)
& (g)+ o —n;

Upqlp a.

1 4.
Vit V=7 X viom 4.8
hniq

and Yj(Ap) is given by Eq. (1.22). The quantities C},, and
C}, , are

i
m=i_

Vi (p1, pa) (4.7)

Vi(py, p2) P
Vilps, py—{e(p)—mi) ' }
Vilps p2)—(e (p2)—ma)

C},2=’1-—
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TABLE 3.1. Parameters of the W oods—Saxon Potential

Neutron system

Proton system

A Va, o, ®, a, Vo, o, %, &,
MeV F F F! | Mev F F F-!
155 47.2 1.26 0.40 1.67 59.2 1.24 | 0,360 | 1.63
165 44.8 1.26 0.43 1.67 59.2 1.25 | 0.355 | 1.63
173 44.8 1.26 0.42 1.67 59.2 1.25 | 0.320 | 1.59
181 43.4 1.26 0.40 1.67 59.8 1.24 | 0.330 | 1.67

TABLE 3.2. Coefficients affl- of the Expansion for the 411 Proton States for
Bgg= 0,24 and By =—0.03 for A =173 and A = 181

4 173 181 ] A 173 181
. —6.811 —7.544 || —6.811 —7.544
nli i| nlj

hy5/0 —0.009 —0.009 | 2dg,, 0.727 0.736
1hey7/0 —0.009 —0.009 | 2dy 0.442 0.428
29 0.074 0.075 | 1gq,, —0.367 —0.359
3d5/2 0.000 —0,003 1gw2 —0.163 —0.160
iy g —0.108 —0.113 28y )9 0.021 0.023
20,9 0.068 0.067 | 1d,,q 0.000 —0.005
Liggs —0.079 —0.090 | 1dy,, 0.023 0.022
3549 —0.292 —0.209 | 15,y 0.006 0.007
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TABLE 3.3. Correlation Functions and Chemical Potentials for the Ground States of Neutron (N) and Proton (Z) Systems

Neutron system Proton system Equilibrium-deforma-
A even N 41 odd N evenZ +1 odd Z tion parameters
range | N Cnr p Cpr P z Cpr Ap: Cp: Ap; 8o Blo
MeV MeV | MeV MeV MeV MeV MeV | MeV
89 1.13 —7.80 0.96 —7,97 | 59 1.15 —17.85 0.79 —8,04
91 1.08 —T7.41 0.87 —17.59 | 61 1.19 —7.16 0.72 —17.61
155 | 93 1.03 | —7.00 | 0.81 —7.32 | 63 1.23 | —6,54 | 0.85 —6.82 | 0.29 0.06
95 0.96 -—6.57 0.72 —6.81 65 1.26 —5.90 0.87 —6.18
97 0.90 —6.05 0.50 —6.22 | 67 1.34 —5.27 0.90 —5.56
93 1.07 —6.50 0,89 —6.68 | 63 1.12 —8.0
95 1.01 —6.11 0.83 —6.31 65 1.11 —17.36 0.68 —17.86
165 97 0.95 —5.67 0.74 —5.83 | 67 1,12 —6.70 0.67 —7.45 0.28 0.02
9 0.91 —5.21 0.67 —5.53 | 69 1.20 —6.05 0.74 —6.53
101 0.87 —4.75 0.63 —4.97 | T 1,30 —5.50 0.93 —5.99
99 0.89 | —6.39 | 0.71 —6.67 | 67 1.07 | —6.95 [ 0,72 | —7.26
173 101 0.84 —6.00 0.65 —6.16 | 69 1.06 —6.28 0.57 —6.55
103 0,77 | —5.58 | 0.54 | —5.78 | 71 1.15 | —5.65 [ 0.72 [ —6.11 [ 0.26 [ —0.02
105 0.70 —5.14 0.51 —5.48 [ 73 1.25 —5.09 0.84 —5,32
105 0.84 | —5.02 | 0,66 —5.21 | T 0.96 | —6.74 | 0.64 | —7.08
107 0.72 —4.46 0,26 —4.68 [ 73 0.91 —6,07 0.47 —6.27
181 | 109 0.77 —3.92 0.32 —4.31 5 1.02 —5.37 0.25 —5.74 0.24 —0.03
111 0.79 —3.51 0.56 —3.1
113 0.73 —3.11 0.55 —3.34

Then we have

Difitiig = ChuDbtgs + CinDii (4.8)
When only one single-particle state p with a given K7

is taken into account in wave function (4.2), the secular

equation reduces to the vanishing diagonal term in (4.5).

In each nucleus the smallest of the 7(K") values is
the ground-state energy, and the energies of the excited
states are found from the differences

i (K™) —my (KD)-

The summation over Auj in Eq. (4.5) usually takes
into account phonons having j =1, 23 A =2, u=0.2, and
A =3, p =0, 1,and 2. This restriction to the first two
groups of Eq. (1.20) and to phonons with A < 4 is com-
pletely proper, since this procedure takes into account
all the ground collective vibrational states of the de-
formed nuclei. The states which are approximately two-
quasiparticle states play a minor role: The associated
values of Yj(Ap) are extremely large, so the contribution
of the corresponding terms to the secular equation is
very small.

The blocking effect is taken into account to improve
the accuracy of the calculations. For this purpose the
elp) values are calculated with the C(p) and A(p) values
for the odd system. Where the interaction of quasipar-
ticles with a phonon A =2, u-= 0 is predominant, a more
complicated secular equation, including terms used in the
absence of a virtual state,! must be solved.

(4.9)

The energy and structure of a nonrotational state
lying adjacent to a single-quasiparticle state may be quite
sensitive to the difference between the equilibrium de-
formations in the excited and ground states.

It has been pointed out?* that the equilibrium deforma-
tions g§, of excited single-quasiparticle states, whose
single-particle energies vary strongly with increasing de-
formation parameters, may differ from the equilibrium
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deformation 89 in the ground state. Calculations'®'? have
confirmed the possible existence of excited states having

e 0
B * By

Equilibrium deformations of the excited states were
calculated for this nuclear range in ref. 25. For the states
having g%, # 3%, the energies and structures were cal-
culated by the method outlined above. The equilibrium
deformations of the ground and excited states of odd nu-
clei were calculated by means of the Strutinskii shell cor-
rection.?®

It was shown that there is an appreciable difference
AByo = B5o — BPo between the equilibrium deformations
of the excited and ground states for the single-particle
states n5054%, p5414, p404¢, and several others. Table
4.1 shows the changes in the quadrupole parameters Agy
and the hexadecapole parameters A g4 for the deforma-
tions of these states in certain nuclei.

Table 4.1 shows that in certain nuclei the Ag,) value
will reach 0.04, while the A 3, value can reach 0.032.
Where A gy and Ag,, exceed 0.01, the effect of this cir-
cumstance 8§y = g, should be taken into account in cal-
culating the energies and wave functions of the excited
states.

The energies and wave functions of the states n505¢,
p5414, p4044, and p4024 were calculated with the matrix
elements and phonons used in refs. 22 and 23, but the
single-particle energies of the Woods—Saxon potential
for these states were taken for equilibrium deformations
By The energies and wave functions of the single-phonon
states were calculated for equilibrium deformations 8%,.

As an example, Table 4.2 shows the results calculated
for a state approximating the 11/27[505] state. This table
also gives the state energies calculated in ref. 23 for
BEy =BY. The experimental data are taken from the re-
view by Bunker and Reich.?” Table 4.2 shows that in all
cases taking account that g5,= g% leads to a better agree-
ment between the experimental and calculated energies.
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TABLE 4.1. Differences between the Equilibrium Deformations AByy and ABy,

of Excited States and Ground States

n 506 ¢
eus
Nuclew ABzo ABao

1538 m 0.027 —0.008
1555 m 0.019 —0.007
155Gd 0.033 0,002
157Gd 0.017 —0.011
188Gd 0.008 —0.017
181GGd 0.008 —0,016
157Dy 0.035 0

1Dy 0.017 —0.012
161Dy 0.012 —0,015
163Dy 0.009 —0.017
165Dy 0.013 —0.003
1slEy 0.017 —0.018
183Ey 0.016 —0.012
165Er 0.007 —0.017
167Er 0.008 —0.014
169Er 0.007 —0.013

P54l

159 o0 0.028 0.016
1s1Ho 0.024 0,016
163Ho 0.023 0.015
185Ho 0.024 0.013
165Tm 0.024 0,015
167Tm 0.023 0.015
169Tm 0.024 0,016

POkl

Nucleus
ABao ABao

171Tm 0.026 0.017
160Ly 0.027 0.003
17Ty 0,030 0.003
1BLy 0.034 0.004
1%Ly 0.035 0.005
177Lu 0.033 0.005
173Ty 0.011 0.001
175Tq 0,019 0.004
177Ta 0.026 0.007
179Ty 0.040 0,010
181Ta 0.040 0.010
181Re 0,040 0.010
183Re 0,030 0.010

pAL04}
161Ho —0,010 0.016
163Ho —0.009 0.015
163Tm —0.007 0.01
165T'm —0.006 0.013
167Tm —0.008 0.032
169Tm —0.008 0.014
171Tm —0.009 0.014
181Re 0.020 0
183Re 0.020 0
185Re 0,020 0

TABLE 4.2, Influence of the Conditions ABy) # 0 and ABy, # 0 on the Energies

of the n505¢ States

Energy, keV
theory
Kﬂ
Npclsas experiment| . _ .n APgg # 0 Structure
Bug = Byy AByg + 0

1535m 11/2- 94 470 100 505 1 97%
1558 1172~ — 800 480 505 1 98%
167Gd 11/2- 426 830 490 505 1 98%
169Gd 11/2- 681 1100 820 505 199%
181Gd 11/2- — 1490 1140 505 ¢ 99%
158Dy 11/2- 352 820 470 505 ¢ 99%
161Dy 11/2- 486 1100 760 505 t 99%

Comparison of the state structure in Table 4.2 with that
given in ref. 23 shows that the fact that g§,= Y does not
have any important influence on the state structure. The
occurrence of 32, = BJ causes only a slight increase in
the magnitudes of the single-quasiparticle components.

These results were obtained for well-deformed nu-
clei, which have high deformation energies and are rigid
with respect to g and v vibrations. In these nuclei in-
clusion of the effect 3Gy = gJ, significantly influences the
excitation energies of several states near the single-
quasiparticle states and improves the agreement with the
corresponding experimental results. The effect 87 = g,
should have a greater influence on the energy and struc-
ture of states in transition nuclei.

5. AN = =2 MIXING IN ODD DEFORMED
NUCLEI

Let us use the results of Sec. 4 to discuss the mixing
of two states having identical K™ values in odd deformed
nuclei. There is experimental evidence®:? that several
odd nuclei in the rare-earth region have states whose
wave functions contain a significant mixture of components
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with N =4 and 6. A pronounced mixing of components
having AN = +2 should be observed in those odd nuclei
for which the pseudocrossing of levels of AN = +2 occurs
at equilibrium deformations near the energy of the Fermi
surfaces.

When the Nilsson potential is used to describe the
mean field, the matrix elements with AN = +2 are usually
neglected, since their magnitudes (on the order of a few
keV) are much smaller than the energy spacing between
the shells with AN = +2, As a result of this approximation,
levels having the same K7 but deriving from different N
shells cross in the Nilsson scheme,

Use of the Woods —Saxon potential as the mean field
leads to a better description of AN = +2 mixing, because
the Woods—Saxon potential has a radial dependence more
realistic than the Nilsson potential. There are small ad-
mixtures of components with AN = +2 in all the eigenfunc-
tions of the Woods —Saxon potential; they have been used,
e.g., to explain!® N-forbidden g transitions.

The first analysis!*5 of AN = +2 mixing was based on
the wave functions of the Woods —Saxon potential. It was
shown in ref. 30 that introduction of hexadecapole deforma-
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tion g, is important for AN = +2 mixing. A study was
made®™3 of the influence of AN = +2 mixing on the spec-
troscopic factors in (d, p) and (d, t) interactions.

It has been shown®! that the quasiparticle —phonon in-
teraction strongly influences AN = +2 mixing in odd de-
formed nuclei.

Following ref. 35, we will discuss AN = £2 mixing in
certain deformed nuclei having an odd number of neutrons
for two pairs of states: 400¢, 660+ and 4024, 651t. We
will study the dependence of the mixing of the N =4 and 6
components on the deformation parameters g and 84
and on the quasiparticle—phonon interaction.

Let us consider the behavior of the single-particle
energies and wave functions of the Woods —Saxon poten-
tial near a pseudocrossing of the states 4004, 660+ and
4024, 6514 . When AN = +2 coupling is taken into ac-
count, it is known that the single-particle levels having
identical K7 values do not cross. The region in which two
such levels come closest together has been called a pseu-
docrossing.

In calculations for a neutron system with A = 155 we
use the following parameters of the Woods —Saxon poten-
tial: 1y =1.24 F, Vy =48.2 MeV, % =0.,39 F?, and a =
1.8 F~1, These parameters are better than those given in
Table 3.1 because AN = +2 mixing is very sensitive to the
choice of the mean-field parameters. The accuracy of the
calculation is also improved (the rank of the diagonaliza-
tion matrix is increased). This refinement of parameters
in the ground state affects the behavior of pseudocrossing
levels. The energies and structures of the ground and ex-
cited states of odd deformed nuclei change slightly. We
write the eigenfunction (2.19) of the Schrédinger equation
with the Woods —Saxon potential for positive-parity states
as

@q (r) = afp1, (N=0) PRorse T+ :?T: afy; (N =2) ¢3,;

R (V=0 el,+ S e, (V=6)g3,;+... . (5.1)

The normalization condition is

5 @} () g () dr = 1 =ag,, , (V =0)12+ 3} [af; (N =2)°
nlj
+ 3 lag, (N=4)1P+ S lay; (N=6)12+...
alj nlj
=dy () +d3 (@ +di(@+d @+ - (5.2)

i.e., the wave functions contain components with N =0, 2,
4, 6, .usy although one of the components dfq(q) usually pre-
dominates. For negative-parity states expansion (5.2)
contains components with N =1, 3, 5, ... -

We consider a mixture of components with N =4 and
6 for two pairs of states, 4004, 660+ and 4024, 651¢,
near their pseudocrossings. The behavior of the 402} and
651t levels as functions of g, with g4 =0 and g, = 0.04
is shown at the bottom of Fig. 9. Near a pseudocrossing
the levels cannot be assigned quantum numbers NnzA,
The wave function has the same structure before and after
a pseudocrossing as it would have if a crossing occurred.
Accordingly, the upper curves for 3, = 0.30 are assigned
quanfum numbers 651+, and those for g, =0.33 are as-
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Fig. 9. Dependence of components d} and d2 for the 402} state on By
(top); position of the single-particle levels 402¢ and 6514 near the pseudo-
crossing with B = 0 (dashed curves) and B4y = 0.04 (solid curves) (bottom).

signed quantum numbers 4024 . The top of the figure
shows the d} and df values for the state 402} with g, =0
and 84, = 0.04. We see that with g8, =0 these components
are mixed over an extremely narrow range Agy), while
with 84y = 0.04 the range is broader.

TABLE 5.1, Mixing of Components with N = 4 and N = 6 near a Pseudo-
crossing of the 660+ and 4004 States in the Neutron System with A = 155

" E

B2 i{ {""f; o | o | B | @e | Zw | T8

e MeV MeV

Bio=0.04

0.300 | —8.524 | 0.098 0.856 —8.772 | 0.937 0.052 0.248
0.305 | —8.552 | 0.190 | 0.766 | —8.695 | 0.844 | 0.138 | 0.143
0.310 | —8.549 | 0.628 | 0.345 | —8.649 | 0.409 | 0.558 | 0.100
0.312 | —8.528 | 0.796 0.184 | —8.649 [ 0.240 0,718 0.121
0.315 | —8.485 0.903 0,080 —8.661 0.132 0.822 0.176
0.320 | —8.403 0.950 0.035 —B8.691 0,086 0.866 0.288
0.325 | —8.317 0.961 0.024 —8.725 0,074 0.876 0.408
0.330 | —8.226 0.965 0,020 —8.751 0.071 0.878 0.525

Bao—=0

0.300 | —8.228 | 0.058 | 0.902 | —8.549 | 0.954 | 0.027 | 0,321
0.305 | —8.266 | 0.078 | 0.880 | —8.465 | 0.93% | 0.048 | 0.199
0.310 | —8.295 0.220 0.743 —8.389 0.795 0.184 0.094
0.312 | —8.295 0,454 0.516 —8.370 0,560 0.412 0.075
0.315 | —8.267 0.810 0.172 —8.369 0.206 0.754 0,102
0.320 | —8.188 | 0.927 0.057 | —8.399 | 0.086 0.868 0.211
0.325 | —8.103 | 0.944 0.039 —8.434 0,070 0.885 0.331
0.330 | —8.012 | 0,949 | 0.034 | —8.468 | 0.065 | 0,888 | 0.456
Gareev et al. 158



Table 5.1 shows, for a different pair of states 400+
and 660 t, the single-particle energies E(g) and E(q"), their
differences, and the components d,"; and dg as functions of
B g With 849 =0 and 84 =0.04, From Table 5.1 we see
that there is a pronounced mixing of the components with

N =4 and 6 in a range AB,) ~ 0.01 nearthe pseudocrossing..

The mixing range Ag,, increases slightly with increasing
B 10°

Studies of the solution of the Schrddinger equation
for the Woods —Saxon potential have shown that the pseudo-
crossings of levels having identical KT values and the ex-
tent of the mixing of the components with AN = +2 depend
strongly on the shape of the potential, the parameters of
the potential, and the accuracy of the solution. Study of
pseudocrossings thus allows us to refine the shape and pa-
rameters of the mean-field potential.

We now turn to the sensitivity of AN = =2 mixing to
the quasiparticle —phonon interaction in odd deformed nu-
clei. When two single-particle states p, and p, with iden-
tical KT are described simultaneously, wave function (4.2)
is written as

1 i e i
Wi (Kﬂ; P1> P2} = Ni (p1, Pz)_.l/§ 2 {Cmapm'i'cpza;su
[+

+ 3 3 Dtiiotio03 () } .

amioq

(5.3)

Since asymptotic quantum numbers Nn,A cannot be
assigned to the single-particle states near a pseudo-
crossing, we denote the quantum numbers of the wave
function of the upper level by p, and those of the lower
level by py . We therefore rewrite wave function (5.3) as

7 1 i § o
Wi (K™ pu pa) = N1 (o1 02) 75 3 { Chabuo+ Ch e
o

+ 3 3 DbtihoctioQ () } .

Api g

(5.4)

The normalization condition is

Nt (ps, p2) {Ch*+ Ch)*+ 3 3 3, (Db} =1 (5.5)

i go

The secular equation giving the energies 7 of the
ground and excited states of an odd nucleus has the form
of Eq. (4.5).

The contribution to the normalization condition (5.5)
of the single-quasiparticle components p, and py, is

Z3 = (Vi (p1, pa) Cha) } (5.6)

L3 = (Vi (py, p2) Cy)*.

According to (5.1) the wave function of the single-particle
state consists of a sum of terms having different N values.
We will take this circumstance into account in determining
the contributions of terms having different N to normaliza-
tion condition (5.5). From (5.2) and (5.6) we find that the
contributions of the terms with N =4 and N = 6 to the nor-
malization of wave function (5.3) are

Pai (py, po) = ZLiid} (pa) + L8] (s); } 6.7
Pgi (py, po) = Lid; (pa) + L3id; (po)- )

Since the quasiparticle —phonon interaction mixes
single-particle states, this interaction cannot be respon-
sible for a pronounced change in the distribution of the
components with N and N + 2 in odd nuclei in comparison
with the single-particle model.

The quasiparticle —phonon interaction is taken into
account in calculation of the energies and wave functions
of the first and second nonrotational states in several de-
formed nuclei having an odd number of neutrons. The
calculations are carried out for the A = 155 scheme for
B4p =0.04 and 3, in the range from 0.29 to 0.34. The
calculated results are shown in Tables 5.2 and 5.3; these

TABLE 5.2. Mixing of the Components with N = 4 and N = 6 near a Pseudocrossing of the States 4004 and 6004 with

By = 0,04
B20==0,30 PBeg = 0.31 P20 = 0,32 P20 = 0,33
Nucleus ! “if',:;,) Pajo | Pype "i(_l'l:lﬂ Pygr | Py “i{_l'T,} Pagr | Pegs nig":ﬂ Pyge | Poy
: % % A % % x % % 2 % %
kev keV keV keV

1538 { 1 54 9 | 67 58 38 | 35 45 10 | 61 98 7 | 62
2 736 73 6 325 42 34 338 T4 6 432 81 3
1868 { 1 401 8 | 68 447 4 | 35 454 15 | 6t 496 5 | 51
2 783 72 4 654 41 36 622 70 10 567 62 20
1854 { 1 120 8 | 64 114 37 | 34 132 10 | 60 163 7| 62
2 342 67 4 259 41 33 280 73 G 257 80 3
167G { 1 480 8 65 498 40 33 436 29 44 437 75 4
2 634 66 4 586 37 34 493 50 23 619 8 G4
159Gd { 1 713 7| 62 737 | 40 | 30 715 4 | 28 670 68 4
2 894 63 4 866 33 34 796 32 36 806 8 60
101G { 1 812 5 | 38 817 32 | 18 125 56 4 690 60 2
2 1052 54 3 922 23 28 878 6 37 844 4 42
157Dy { 1 201 15 | 62 131 3 | 82 123 9 | 56 185 7| 56
2 254 61 13 243 40 32 245 71 5 251 7 3
150Dy { 1 469 7 65 448 38 30 495 45 25 490 1 2
2 516 59 5 520 33 32 540 28 39 530 ] 61
101Dy { 1 624 45 23 539 37 26 453 63 2 365 66 1
2 780 27 36 736 28 31 753 5 51 781 4 49
163Dy { 1 83 5 | 33 | 588 29 | 24 | 450 1| 43 | 37 10| 4
2 1024 54 | 3 833 30 27 672 50 8 586 47 12
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TABLE 5.3, Mixing of the Components with N = 4 and N = 6 near a Psendocrossing of the States 4024 and 651t with

By = 0.04
Bao — 0.30 Bao—0.31 flao = 0.32 Bao— 0.33
3 T (3 /a+ L(Bfg ¥
Nucleus i "iij‘::. Py Pg}i, "t_‘s";;) Pg}. Pg,i, “;Lf:;l P‘;f, P“,,/:. “t(_":F}‘ P#. P'g:,
keV ° © | kev ° ’ keV keV
i { 1 46 6 | 64 6 | 2 | 62 10 | 35 | 48 4 | 15 | 65
2 543 | 84 4 264 66 20 245 58 32 215 79 12
1658m { 1 227 7 77 21 23 60 213 40 44 260 39 45
2 618 79 4 541 66 20 476 51 36 376 b4 34
. { 1 3 8 | 0 | 2 | 60 0 | 35 | 47 8 | 16 | 64
2 225 75 5 220 64 21 212 a6 32 157 79 12
—_— { 1 265 9 [ 75 | 205 | 26 |53 | 212 | 43 | 38 | 244 | 60 | 23
2 527 72 6 480 58 25 436 45 40 447 29 53
189G { 1 471 7 67 415 24 50 M7 41 33 468 58 28
2 878 71 5 739 56 23 671 41 40 640 25 52
— { 1 772 8 |66 | 638 | 27 | 4 | 520 | 47 | 15 | 438 | 66 | 7
2 981 67 6 934 50 27 900 29 50 747 11 62
o { 1 98 | 11 | 78 5| 29 | 53 51 | 40 | 40 85 | 23 | 54
¥ 2 165 T4 8 188 57 27 183 50 37 198 70 19
169Dy 1 235 9 65 240 28 46 240 42 33 243 G4 17
¥ { 2 441 69 8 420 52 27 397 40 40 390 23 56
Wiy { 1 55 | 27 [ 5t | 400 | 42 | 33 | 422 | s6 | 18 | 343 | 74 | 3
* 2 657 51 28 648 43 37 628 24 95 627 14 70
1631y { 1 753 10 85 543 22 43 322 3 34 232 24 40
2 976 64 8 845 50 22 680 40 29 431 47 21

tables show the first two roots (i = 1, 2) of the excitation
energy and the contributions of single-quasiparticle com-
ponents Py; and Pgi.

To see how the quasiparticle —phonon interaction in-
fluences the mixing of the components with N =4 and 6,
we compare the results in Table 5.1 for g,y = 0.04 with
those in Table 5.2, supplementing these results with data
for gy =0.29 and 0.34. For a deformation parameter
B o =0.29, the AN = +2 mixing is slight both in the single-
particle model and in the model taking account of the
quasiparticle —phonon interaction. An exceptional case is
that of ¥!Dy, for which with 3,, = 0.29, we have 7 4(1/2H)—
N F =754 keV, Py =0.19, and Pgy = 0.41; 9 ,(1/2H) —nf =
852 keV, Py, =0.45,and P, = 0.15. For a deformation pa-
rameter g4, = 0.30, the AN = +2 mixing is slight in the
single-particle model, slightly larger inthe nuclei studied
and large only for 16ipy,

With g4 = 0.31, the AN = +2 mixing is pronounced in
the single-particle model and in all the nuclei considered.
With g, =0.32, the AN = +2 mixing in the single-particle
model and in several of the nuclei is slight, although it is
pronounced in ¥'Gd, 1¥Gd, and 1®Dy, With 8, = 0.33 this
mixing is slight in the single-particle model and in most
of the nuclei, but in, e.g., ¥¥Dy it remains large.

In those nuclei in which a pseudocrossing occurs near
the Fermi surface we find the following features: For the
first root with g, = 0.30 the component Py predominates;
with g,y = 0.31 the values of Py, and P,; become approxi-
mately equal; with 8, = 0.32 the value of Py, is larger
than P,; with g4 = 0.33 component Py predominates; and
with 845 = 0.34 component P,; predominates. In other
words, as 8, increases there is a mixing of the com-
ponents with N =4 and 6; this mixing eventually starts to
fall off, and only then is there an exchange of large com-~
ponents betweenthe two quasiintersecting levels. This be-
havior is due to the change in the position of the chemi-
cal potential with increasing 8,,, This change occurs in
1%8:1853m, 155Gd, and "Dy, With g, = 0.34, e.g., in 19Gd,
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we have 14(3/2%) —nF =105 keV, Py = 0.62, Py = 0.27;
N,(3/2Y) =1 F = 158 keV, Py, = 0.34, Py, = 0.52. In 557Dy,
we have 1 4(3/2%) —=n f = 95 keV, Py =0.91, Py, = 0.03;
N, /2% =0 =208 keV, Py, = 0.06, Py, = 0.74.

With the deformation parameter g,y = 0,34 the single-
particle model predicts no strong AN = +2 mixing, but
this mixing is appreciable in some of the nuclei calcu-
lated. In 3Dy, e.g., we have 1 4(3/2%) =1 = 191 keV,
Pyy = 0.87, Pgy =0.04, 1,(3/2%) = =420 keV, Py, =
0.08, Pgy = 0.59.

The quasiparticle —phonon interaction thus expands
the range of 38, in which AN = +2 mixing occurs. Where
the small component exceeds 1/10 the large component, the
mixing range in the single-particle model is Ag,, = 0.01.
When the quasiparticle —phonon interaction is taken into
account, this range is Ag, = 0.03, and even broader for
some of the nuclei. If the range A 8,, were extremely nar-
row, as in calculations based on the Nilsson potential
neglecting quasiparticle—phonon interactions, the prob-
ability for experimentally observing AN = + 2 mixing
would be very low, since it is unlikely that the equilibrium
nuclear deformation would fall in this narrow range.

The quasiparticle —phonon interaction complicates the
state structure as the excitation energy is increased, re-
ducing the net contribution of the two single-quasiparticle
components. At an excitation energy of about 1 MeV, the
AN = +2 mixing is still appreciable. The calculated rel-
ative values of the components with N = 4 and 6 agree sat-
isfactorily with the experimental values for the following
deformation parameters: For the KT = 1/2%and 3/2+
states in 1%¥sm, with g, = 0.310; for these states in 199G,
with 8, = 0.305; for the KT = 1/2+ states in 1¥Gd, with
B = 0.305; for these states in ¥1Dy, with g,y = 0.305;
for these states in ***Dy, with g, = 0.300; for the KT =
3/2% states in 197Dy with 8,, = 0.315; for these states in
1®py, with 34 = 0.320; for the states in 1Dy, with B =
0.315; and for these states in 63Dy, with g, = 0.335. We
thus find a correct description of the relative values of
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the components Py and Py as deformation parameters

B 5 slightly larger than the equilibrium parameters for

the neighboring even—even nuclei. With 8,y = 0.30 for the
= 3/2% states in 1®716lpy, the calculated Py, and Py,

values for the lower state give a good description of the

observed components of the upper state, and vice versa.

The calculated energies of the first and second states
KT = 1/2% and 3/2% are slightly lower than the experi-
mental values. In some nuclei the difference is slight,
while in others, e.g., ¥¥'Gd and ®py, it is appreciable.
The calculated energy differences between the first and
second K™ = 3/2% or 1/2+ describe quite well (within 10~
40 keV) the corresponding experimental data. An ex-

ceptional case is found with the splitting energies in 193sm.,

From this discussion we can draw the following con-
clusions regarding the mixing of 400+, 6604 , and 4024,
651+ states in samarium, gadolinium, and dysprosium
isotopes having ah odd number of neutrons:

a) The N =4 and 6 components of the wave functions
of the Woods—Saxon potential are strongly mixed in a
range Agy = 0.01 near a level pseudocrossing; this range
is much broader than the range in which the Nilsson wave
functions are mixed.

b) The mixing range AB,, increases slightly with in-
creasing 4.

TABLE 6.1, ¥85m

¢) By analyzing the behavior of the single-particle
levels near their pseudocrossing we can refine the shape
and parameters of the mean-field potential,

d) The quasiparticle —phonon interaction broadens the
range of AN = +2 mixing to Ag, = 0.03. This circum-
stance makes it possible to observe experimentally AN =
+2 mixing.

e) The quasiparticle —phonon interaction results in
values for the N = 4 and 6 components different from those
of the single-particle model; in several nuclei the differ-
ence is large.

6. NONROTATIONAL STATES OF ODD-A
DEFORMED NUCLEI

The behavior of the approximately single-quasipar-
ticle nonrotational states of odd deformed nuclei is a
direct reflection of the behavior of the energies of the
single-particle states. We cannot directly compare the
single-particle energies with experimental values, since
the energies of the low-lying states are strongly influenced
by pairing correlations of the superconducting type and
by the quasiparticle —phonon interaction. This latter in-
teraction causes a fragmentation of the single-particle
states over many nuclear levels. The fragmentation be-
comes more pronounced with increasing excitation energy.
The ground states are approximately single-quasiparticle

Energy, keV
& expt..|theor Structure
32+ 0 0 551162% 402 4 22%; 860 140 (22) 2%
3/2-| 35.8 57|5214 ,{,

521 4 404 (22) 5“/2 633 1-+0Q4(32) 3%

12+ — 60| 660 + 40%; 400 + 40%; 550 +-}-Q4 (30) 2
3/2+ 320 260 | 402§ 66% 651 + 20%; 400 1-}-01 (22) 10%. 404 }+Q41(22) 3%

5/2+| 195 290 | 642 ¢

92%;
1/2+ 412 | 330 400¢4~ o3 660 + 34%; 402++Qn (22) 209 1402 404 (22) 3%

11/2- 94 100 | 505 + 97%;

3/2-1 127 | 540 5321,80,0,5211 3%; 530 140y (22) 7%; 660 1--01(32) 2%
1/2-| — | 560| 5304 72%; 521, 3%:; 532.L+01(22) 10%; 660 +-LQ4 (30) 5%

5/2-| 322 570 523 4 899 ‘H

1/2-| 698 780 524 § 52(0, 530 + 4% m.

7/2+ — | 1040| 633 1 61%

5/2%| — | 1250| 402 ¢ 31%

i/2¢ — | 1280

3/2- — | 1300

5/2-| — | 1350 512 t 54%;

7/2+) — | 1390 404} 18%;
11/2+] — | 1440 615+ 2%;

7/2-| — | 1540 503 + 4%;

1/2-| — | 1560

H_ (22) 6%; 642 +--0,(30) 3%
3i (22) 25%; 523 w337
4 Q4 (22) 18%; 521 1-1-Q; (32) 18%

660 t @4 (20) 100%

521 +4-Q; (20) 99%

642 1 4- Q4 (30) 21%; 523 4 +Qy (20) 10%
402} +o; (22) 78% 651 4404 (22) 3%
505 + Q¢ (30) 97

505 t4-0 (22) 94%

660 t Q4 (30) 95%

TABLE 6.2, ¥¥sm

Structure

521 4 4-04(22) 2%
523101 (30) 1%

5234 90%; 512 ¢ 2%; 521 4 -+Q4(22) 3%; 642 +-+04(30) 2%
600 1 68%: 400 1 8% Bt 110, (22 4% 550 1404 (30) 2%
%; 400 1+ Q4 (22) 13%; 404 1 +Q4 (22) 3%
400 ¢t 72"» 660 1 4 %; 402 1 4-Qy (22) 19%; 402 10, (22) 4%

szueﬁﬂﬁ 5304 5%; 521 10y (22) 15%:; 523 4 1-Qy (22) 106

521?+01(32) 12%; 651 $+4+Q4 (22) 2%
532} 75%: 651 + 1@y (30) 13%; 530 +--Q; (22) 4%
530 + 65%j; 521 4 5.5%; ssou«oi(sn; 1191533 1.0, (22) 5%
512 + 45%; 523} 5%; 242¢+01 (30) 42% 510 t4+Q4(22) 2%

Energy, keV
K-'t
exptl, theor,
32 0 0| 521 493%;
52+ 25 | 90642+ 940
324 = | 230|651 + 779, 402, 70 860 1 10 (22) 29
5/2-| 338 | 310
12+ — | 400
3/2¢| — | 620|402 79%: 651 +
12+ — | 780
12-| — | 460|505 4 980
1/2-| 824 | 810
72+ — | 980|633} 810
3ol — | 990
172 — | 1000
ual 2 |1
/2 — 3]
t1/3¢| — | 1560|615+ 2% T8

505 -+ Q4 (30) 93%

161 Sov, J. Particles Nucl,, Vol. 4, No, 2, Oct.-Dec. 1973

Gareev et al.

161



TABLE 6.3, ¥%gq

Energy, keV
T

5 exptL|theor, STETR
32| o 0521 189%; 521 4 +Q1(22) 6%; 633 +4-Q1(32) 2%
3/2+| 105 | 30651 179%;402 4 8%; 660 +4+-04(22) 2%
11/2-| 121 | 40| 505 198%
1/2+ 120 660 4 64%; 400 1 8%; 651 1 Q4 (22) 6%; 550 ++ Q4 (30) 5%
372+ 269 | 225|402} 75%; 651 1 5%; 4001 + Q4 (22) 10%; 404 4 + 0 (22) 3%
5/2+| 85| 250|642 194%:; 523 4+Q4 (30) 1%
1/2+| 368 | 342|400 1 67%; 660 + 4%; 402y Qg (22) 15%; 402 4404 (22) 4%
5/27| 321 | 450|523} 89%; 5214 4-04(22) 7%
1/2-| 560 | 620|521 } 52%: 524 + Q4 (22) 31%; 523 § -+ Q4 (22) 14%
3/2- 640 532 | 849 530 401 (22) 10%
1/2-| 423 | 730|530+ 76% 532 | +Q(22) 15%;660+4-Q4(30) 3%
712+ 1000 | 633 1 50%; 651 4+ Q4 (22) 38%; 521 +4-Qy (32) 10%
5/2+ 1050 | 402 1 29%; 400 t+ Q4 (22) 66%; 660 +--Q4 (22) 2%
1/2+ 1130 660 t-- Q4 (20) 100%;
3/2- 1170 921 t+ Q4 (20) 100%
7/2+| 1297 | 1180 | 404 § 18% 402} 404 (22) 79%
372+ 1280 402 § Q4 (20) 100%
5/2- 1300 | 512 1 47%; 523 | Q4 (20) 33%; 842 t-++Qy (30) 9%
5/2+ 1310 642 4 -1- Q4 (20) 100%;
1/2+ 1320 651 + -+ Q4 (22) 100 %
7/2- 13255041 4% 505 t-+Qy (22) 94%
7/2+ 1490 | 633 1 24% 5114404 (22) 61%; 521 t4-Q4(32) 13%
1/2- 1500 530 14- Q1 (20) 100%
TABLE 6.4, ¥G4

Energy, keV
KT exptl. theor. Structure
32-[ o 0521 1929 521 { +0Q1(22) 4%
5/2+ 64 | 140| 642495%
32+ — | 270| 651 175%; 402} 9Y%;660++Q,(22) 4%
5/2-| 435 270|523, 88%;512+1.6%;521 4 +Q4 (22) 6%
3/2+| 475 | 5304024 72%; 651 + 6%;400 40y (22) 10%; 4044104 (22) 4%
1/2+| 684 | 630|400 466%;660 + 4%;402 | +0Qy(22) 20%;4024--0,(22) 6%
1724 — 480 660 1 68%; 400 + 8%; 651 +--Q; (22) 9%;550 -0y (30) 1%
1/27] 704 | 570|521 60%; 530 +2.3%; 521 ++ Q4 (22) 21%;523 |-1-Q (22)14%
1727 — | 720|530 4+ 63%; 521 § 2.4%; 532 | + Q4 (22) 13%;651 +--Q; (31) 6%
11/2-| 426 | 490|505 1 98%
3/2-| 700 | 1020|532 4 81%; 530 4404 (22)  9%;651 404 (30) 6%
7/2+ — | 1030|633 t 79%; 521 4+ 4-Q (32) 10%;651 4--04(22) 6%
5/27| — | 4250 (512 4 65%; 523§ 1.7%; 523 } 4~ Q4 (20) 13%; 642 1--Qy (30) 7%
3/2-| — | 1450 521 Q4 (20) 100%
52+ — | 1500402 4 28%; 400 +4-Q4(22) 56%;521 4404 (31) 10%
7/2=| — | 1520|523+ 2%; 521 t+4-Q4(22) 97%
9/2¥| — | 1550|624t 9%: 642 + Q4 (22) 90%
7/2+| 1825 | 1590 | 404 4 14%; 402§+ Q4 (22) 52%;651 10, (22) 32%
7/2+ — | 1660|4044 5%; 651 110y (22) 68%;402 Q) (22) 26%

states; fragmentation begins to appear at an excitation
energy of 0.5 MeV. At higher energies the fragmentation
of the individual single-particle states is important. To
assess the validity of these schemes of single-particle
levels, the energies and structures calculated for the non-
rotational states taking account of the quasiparticle —pho-
non interaction must be compared with the corresponding
experimental data. We turn now to this comparison.

The calculated results and the corresponding experi-
mental data, taken from reviews?'*3 and original papers,®
are shown in Tables 6.1-6.57. The first column of a table
shows the K7 value; this is followed by the experimental
and calculated energies of the ground rotational bands;
the last column shows the state structure calculated from
the wave function normalization condition. In Table 6.2,
e.g., we see the nonrotational states of %Sm. The ground
state has KT = 3/2” and aa structure consisting ofa single-
quasiparticle component 521t (93%) and a quasiparticle
component 521+ plus the first root of the y-vibrational
phonon Q4(22) (2%); none of the other components contributes
more than 1%. We denote the phonons by Qj(a i), where j
indicates the root of Eq. (1.20), Two single-quasipaxticle
components contribute to some of the states; where the
magnitude of the smallest component is greater than 19,
it is shown in the table. In Table 8.2, e.g., the K™ = 5/27
state with an energy of 338 keV is calculated to have an
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energy of 310 keV and a structure consisting of a single-
quasiparticle component 5234 (90%), a single-quasipar-
ticle component 512+ (2%), 2 component 521+ + Q,(22) (3%,
and a component 6424 + Q(30) (2%). The tables show all
the single-quasiparticle components greater than 1%, as
well as all the nonrotational states up to an excitation en-
ergy of 1.3-1.5 MeV and several of the higher-lying states.
Some of the tables show the three-quasiparticle states

with large KT. The three-quasiparticle states in odd de-
formed nuclei were analyzed previously.s®

As was mentioned above, we have classified the nuclei
in the range 150 < A < 190 into four subranges, carrying
out caleulations within each subrange for fixed values of
By and By. Exceptional cases are those states for which
we have g% = B and g§ = g these inequalities are
taken into account for the states n5054, n503+, p541+,
p4044 , and p402+4.

The nuclei are classified into subranges in the follow-
ing manner:

1) The subrange A = 155, with g}, = 0.29, g}, = 0.06,
including samarium, gadolinium, europium, and terbium
isotopes as well as 1Dy, 61Dy, 199yg, and 161,

2) The subrange A = 165, with gJ, =0.28, g4, = 0.02,
consisting of the other dysprosium and holmium isotopes,
the thallium isotopes and ' Er, 1 Er, ¥7Er, ¥ Ep and 17yb,
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TABLE 6.5, ¥Gd

Energy, keV

TT
K exptL |theor.

Structure

2- o 0521 193%;
52+ 68 | —70|642 195%

521 4 -+Qy(22) 3,0
660 +4+0Q4(22) 1%

5/2-| 146 401523 § 92 6 512 + 1. % 521440, (22) 4%

32~ — | 470|651 167%: 402 4
1/2+ 780 | 710|660 4 62%: 400 1
1/2-] 506 | 490 (521 74%:

372+ 743 | 870|402 71%;651 ¢
1/2+( 973 | 890|400 1 63%: 660 1

/2t — 740 [ 633 + 92%;
5/2=| 875 920 512173% 523&2410.642 1+01(30)
11/2-| 681 | 820|505 1999
1/2-| — 1150 | 530 4+ 58%;
3/2-| 1109 | 1200 532}60%;
5/2% — 1330

9/2+ — 1340 624t 9%;
1/27] — 14101510 + 2%;
772 — 1420

32- — 1430

1/27] — | 1440(510¢+ 7%;
9/2-| — 1470

7/2+ — | 15704044 1%;
1/2-] 1602 | 1640 [ 510 t 35%;
11/2+ — 1820615+ 2%;
772+ — | 184014044 2%:;

7/2+) 1960 | 1850 | 404 } 15%;

%; 660 +-+-01 (22) 6%;521 10, (20) 3%
61651 ++0, (22) 120; 642 104 (22) 6%
"523 4+ Q1 (22) 14%; 521 t--Qy (22) 1090

0; 400 -0y (22) 21%: 4044
4?5 402418{ (22)’ 22/3 4021485(22) 5%

(32)
0G0 Shistori0ie2) 6%

660 1--Q, (30) 12%;532 440, (22) 10%
651 + - (30) 27% 0.530 1201 (22) 6%
5234 4@y (30) 98%

642 1 - Qy (22) 89%

521 +4 ,(22) 75%; 5234 -+01(22) 10%
521 t-4-Q4 (22 004

521 440 ( 20) 5%

923 1 Q4 (22) 61 %; 921 t4-Q1(22) 15%
523 4 Q4 (22) 100%’

523, 4-Qq(31) 979

5121+01(22) 34%-523¢+@1(22) 10%
505 ¢ Q4 (30) 16

651 + -0 (22) 91%; 4021--04(22) 6%
402 | --Q; (22) T4%: 651 +--0; (22) 9%

TABLE 6.6. ¥gd

Energy, keV

T

K exptL (theor, SIEuCLute
5/2- 0 0 023394% 512 +1.4%; 521{+Ql(22 3%
5/2+| — 90 [ 642 ¢ 95 60 +-0Q4(22) 3%
1/2-| 356 | 290 521;89 5234.+Ql(22} 8%
3/2-| 313 | 300|521 1‘96%
72t — 4201633 +98%
32+ — 770 [ 651 1 66%; 402 4 8%; 660 +-+Q4(22) 12%
5/2-| 800 | 610|512 484%; 5234 2.5%; 510 04 (22) 8%; 52140y (22) 2%
1/2+ — 810 660 + 38%; 400 + 5%; 5421+o,(22; 29837 651 -0 (22) 12%
3/2t| — | 980402 B7%;6511 6%;400 t+Qy(22) 25%; 404 4+-Q; (22) 3%
1/2+| — | 1050|400+ 54%: 660 + 3%; 402 4 +Qy (22) 33%; 402 1+-Q, (22) 5%
1/2-| — | 1060|5104 7%: 523 | -0, (22) 85% 512404 (22) 7%
9/2-| — | 1070 523, -+ Q4 (22) 10

9/2+ — 1090 [ 624 + 6%; 642 + 4 Qy (22) 93“’

1/2-| 1309 | 1220 | 510 + 27%; 51914_01(22) 38,.,.521 $-1Q1(22)16%
72| — | 1240 521 +--04 (22) 100

3/27| — | 1450|512} 3%; 521} +Qq(22) 52 ,u.521 +-+Q4(20)44%
1172-| — | 1140505 + 99%
11/2+ — | 1530|615+ 1%; 633 4--0, (22) 99%

3) The subrange A =173 with g% = 0.26, g}, =—0.02,
consisting of 18yb, 17y, 1Byh, 1"51’b Byf, 1Hf, 1y,
My, 81y, and '”Ta.

4) The subrange A = 181 with g9, = 0.26, g}y =—0.03,

consisting of 17yh, 1'"Hf 18yf, 1M ,u, 1PTa, and ¥lTa; with

the parameter values g% = 0.24, g, =—0.03, s, I7"W

By, 183W and ®¥1Re; and with the parameter values g} =

0,21, .340 ==0,03, IBEW 18308 18503’ IBERB and IﬂsRe

For thenuclei at boundaries of two subranges, e.g.,
61y, 1Ko, and 16914, calculations were carried out on
the basis of two level schemes. Comparison of the re-
sults showed some differences in the energies and struc-
tures of the nonrotational states. Additional subranges
should be introduced for a more accurate calculation of
the nuclear levels. The results shown in the tables for
these nuclei were obtained by the schemes used to cal-
culate most of the isotopes.

The energies and structures of the 4004, 600+ and
65114, 402} states were calculated taking account of the
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influence of AN = +2 mixing for the nuclei of subrange

A =155 with ,820 = 0.29-0.30 and 1340 =0.04-0.06. We see
from Table 5.4 that there is a pronounced mixing of these
states in most of the nuclei at slightly larger values of Bage

As was mentioned in Sec, 4, we neglected the Corio-
lis interaction in these calculations, since it generally
has only a slight effect on the energies and structures of
the lower parts of the rotational bands. Using the wave
functions found, we can take the Coriolis interaction into
account; this influence is greatest in states deriving from
the i35/ neutron subshell and the hyy/, proton subshell.

In several cases it is desirable to improve the de-
scription for the energies of nonrotational states. How-
ever, slight changes in the parameters of the Woods —
Saxon potential do not result in this improvement. For
this reason modifications of the mean-field potential are
of interest.

Several excited states have an important admixture
of a quasiparticle component plus a y-vibrational phonon.
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TABLE 6.7. 18%py

Energy, keV

i

K lexptl. rheor. Structure

32-| 0 0521 £91%; 521 4 +Qy (22) 5%

5/2+| 178 197 | 642 4 97% _

3/2+| 549 | 240|651 165%;6601-+-Q,(22) 7%

5/2-| 310 | 2005234 91%;52L 4@, (22) 7% a

32+ 418 | 440402} 69%; 400 14 Q4(22) 20%; 404 4 Q4 (22) 1%; 651 18%
1/2+| 560 520 400 + 59%; 402 | — Q4 (22) 99“6 402 1404 (22) b;u.ﬁﬁ()f&%
1/2+] — 500 | 660 t 65%; 651 +4- Q4 (22) 1(1%.400*4-01("0) 1%; 400 t 7%
1/2-| 534 | 530|521 55%; 521 t--Qy (22) 27%; 523 | Q4 (22)17%
11/2-| 352 470|505 + 99%

7/2+| — | 1000|633 t 64%; 521 +4-Q, (32) 91°n.s.zn L0, (22)13%

3/2-| 627 | 1040|532 4 80%; 530 4@ (22) 13%; 660 +1-Q,(32) 3%

1/2-| — | 1100|530 1 66%; 532 4 - @ (22) 20%; 651 ++Q, (32) 4%

572 — | 1200|512 164%; 523 4 -+Qy (20) 22%;510 +-+Q) (22) 7%

7/2-| — | 1270|523 ¢+ 2%; 521 +-++ Q4 (22) 97%

12-| — | 1315 521 t4- Qg (22) 100%

9/2+ — | 1320|624+ 5%; 642140, (22) 94% \

572+ — | 1340|402 £ 26%; gzl)iﬂﬁégi((%g}igg ; 660 t 404 (22) 4%

3/2-| — | 1350 t+ Q1

772+ — | 1360404} 7%; 651 1-+0Q, (22) 63%; 402 § Q1 (22) 29%

1/2-| — | 1500|510+ 3%; 523++Ql(22) 93%: 512 t+Qy (22) 2%

9/2-| — | 1520 523 | 4+ Q4 (22) 99%

TABLE 6.8. ¥lpy

Energy, keV

T
E exptLtheors

Structure

o/2+ 0 0642 + 96%,
3271 75 20521 194%
S/27| 27 281523 | 93¢

660 1+Qy (22) 2%
2GRy o

+Q1(22) 5%

521
32+ 679 | 560|651 151%, 402#27%,6601701(22)100’

1/2-| 370 | 400|521} 66%,

760|633 191%,
11/27) 486 | 760505 199%,

9/2+| — | 1120|6241 5%,
12-| — 1130|530 + 4%,
12~ — 1180

1/2-| — | 1214|5104+ 3%,
9/2-| — [ 1230

3/2-| — | 1300|5324 75%,
52+ — | 1450|402 ¢ 7%,
1/2-| — | 1460|510+ 5%,
3/2-| — | 1470|512 0.4%,
72+ — | 1480

7/2+| 1416

3/2-) — 1500

3/2-| 1977

523 1 -+ Q4 (22) 18%,
172+ 608 | 780|660+ 36%, 400 + 27%, 651 +-- 0y (22) 209,

551 | 660|402 4 51%, 651 +28%, 400 t-- 0 (22)
1/2+ 774 | 620|400 1 45%, 660f23m.402¢+01 (22) 3g:,§

950 | 512 1 80%, 5234 2%, 510 + 4 Q4 (22)

521 1--0,(22)14%
» 642 4104 (22)14%
14%, 404 4+-Q1(22) 3%
» 4024404 (22) 2%

9%, 521 4--Q1 (22) 3%

642 t 401 (22) 94%

521 440 (22) 92%

521 40 (22) 99%

523401 (22) 93%, 512 1+Q1(22) 2%
523 | 4+ Q4 (22) 100%

5301+01 (22) 14% 642 10y (31) 3%
521 410y (31) 79% 400 +-1-0 (22)12%
642 t 4 Q4 (32) 86“6 512 14-Q; (22) 6%
5211+01 (20) 99%

521 ¢ 0y (32) 10

521 -+ (32)

/o
1490 | 404 | 2.4%, 651 1--Qy (22) 82%, 523 4 + Q4 (31) 8%
642 10y (31) 100%
1840|5124 4%, 521 1 +Q; (22) 93%

These states are characterized by large values of the
reduced probabilities for E2 transitions. The B(E2) val-
ues were calculated in refs. 22 and 23 from the equation
derived in ref. 1, with an effective charge of eqgr = 0.2.
There is relatively little experimental information avail-
able on the B(E2) values in odd nuclei. In certain cases
in which experimental values of B(E2) are available, we
find quite good agreement with the calculated values. In
187Re, e.g., the experimental value of B(E2)g,p.u for the
9/2% state with an energy of 840 keV is 2.5, that for the
1/2% state at 511 keV is 3,8,that in 15Re for the 9/2+ at
966 keV is 2.6, and that for the 1/2% state in this nucleus,
at 645 keV, is 3.6. In all four cases theory yields B(E2)
values approximately equal to the experimental values.

In conclusion we will summarize the agreement be-
tween the calculated and experimental data on the low-
lying nonrotational states of odd deformed nuclei. The
calculated energies agree quite well with the experimental
energies, although in some cases there are differences of
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300 keV or more. The theory is thus not completely sat-
isfactory for predicting the positions of excited states.

Taking into account the complexity of solving the nu-
clear many-body problem through the use of a small num-
ber of parameters determined from the large store of ex-
perimental information available, we can conclude that im-
portant progress has been made in describing the struc-
tures of the low-lying states.

It should be noted that in each particular nucleus we
can obtain more accurate predictions regarding the be-
havior of the low-lying states by refining the parameters
of the Woods —Saxon potential, the parameters @A), etc.
However, these results will not be of such fundamental
nature.

In conclusion the authors thank A. A. Korneichuk,
L. A. Malov, U, M. Fainer, and N. U, Shirikova for as-
sistance in writing the programs and for useful dis-
cussions.
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TABLE 6.9, ¥y

Energy, keV
14

K exptl. theor, Structure
11/2-| 495 | 910|505 ¢ 989
3/2*) 850 | 980402} 64%, 651 + 8%, 400 1+ Q; (22) 20%
9/2- 990 23 4 Q4 (22) 100%
1/2+ 1020 | 400 1 54%, 660 1 3%, 402 } + Q4 (22) 309%
1/2- 1020|5104 3% 523 | +Q4(22) 89%,512 ++40Q,(22) 7%
1/2- 1140|530 1 15%, 521 -0 (22) 51%, 6424 40, (32) 28%
oo | 1200 e2a+ 26% 2231 T ot ) "o

" i 42%,) 642 22) 26%
11/2+ 1220 | 615 + 2%, 6331+8;§22; 989 e
5/2= 1240 523 } 4- Q4 (20) 100%
7/2| 1448 | 1270|514 } 78%, 633 10y (30) 11%, 512140, (22) 8%
3/2- 1275532 4 589, 521 1404 (20) 139, 530 1+ Q4 (22) 119
9/2-] 1280 642t 4- 0y (32) 1009
3/2-| 1795 | 1300 512} 1694, 521 4 +01(22) 67%, 514140, (22) 79
3/2- 1400 521 -+ 0y (20) 8795, 521 ;4 @, (22) 109
5/2- 1410 521 4 404 (22) 500, 642 t-- @y (30) 49%
7/2+ 1420 521 t-1Qy (32) 1009,
1/24 1420 521 4404 (32) 10005

TABLE 6,10, ¥py

Energy, keV
¢l

K exptL |theor. Structure
7/2+ 80 0| 633 t 969
5/2-| 1 849, 510 9
1{12_ 1oé 138 gﬁlsm’ t+Q1(22) 8%, 624 +4-0Q,(32) 4%
5/2-| 534 | doo|oaa ) opae oo TT B 7%
1/2-| 570 | 520 51013853. 512 +4-04 (22) 54%, 51244 Q) (22) 5%
1/2+ 600 660 1 49%, 642 t4-Qy (22) 33%, 651 +4-Q, (22) 149;
3/27 574 | 6301521 1820, 521 | 4-Q(22) 8%, 63310y (32) 4%
3/2+ 670|631 1 66%, 633 t-4-0, (22) 169, 660 +--Q, (22) 139
9/2+ 710|624 + 73%, 512ty (32) 219, 642 110, (22) 3%
11/2+ 970|645 + 2%, 633 +4- Q4 (22) 9897
3/2-1 1258 | 1000|562 4 199, 521§+ Q) (22) 6205, 5144+, (22) 109
7/2 1010 | 514 § 879, 512 | -+ @, (22) 109
1/2- 1050 523 | 40y (22) 1009
972 1050 523 4 1+ Q4 (22) 1009}
A

1 0
1/2+ 1120 | 400 1469, 402 | +Q, (22) 299, 642 -0y (22) 99%
3/2+ 1150 402 | 649, 400 +--Qy (22) 280, 404 | -0y (22) 49
3/2- 1170] 512 | 12%, 633 1+ Q,(32) 469, 521 4@, (22) 27%
9/2+ 1180 642 +4-0 (22) 979%
11/2- 1200 633 1-- Q4 (32) 1007
1/2 1240 530 1 14%, 642 +-+Q, (32) 809, 532 | --Q, (22) 2%
5/2+ 1290 521 | 4 Q4 (32) 1008}
9/2- 1350 642 t4-Q4 (32) 509%, 512 1-4-Qy (22) 489
7/2 1390 521 10y (22) 1009
1/2- 1390 521 +--Q (22) 100%
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TABLE 6.11, ¥gr

Energy, keV

KT
exptl [theor.

Structure

5i2-| 0 0/ 5234 939
52+ 69 | —30| 642 1948
3/2-| 104 | 20] 521 1929,

3/2+ 130 | 651 187%,
172+ 260 | 660 + 783,
1/2-| 346 | 400) 521 4 68%,
7/2+ 430| 6331920,

5/2-| 609 | 480 512 1 7994,
3/2+| 464 | 490| 402§ 709,
172+ 541 | 500 400 t 619,
11/2-| 444 | 900] 505 1 998

1/2- 950 | 530 1 60%,
3/2- 960 | 532 4 739,
9/2+ 970 | 624 4 30%,
1/2-| 1074 | 1090 | 510 + 229,
1/2-] 1140 | 5414 29,
1/2+ 1150
7/2- 1170
1/2- 1175
/2 1180
9/2- 1185
7/2+ 1300
5/2+ 1330
3/2- 1340 5124 19,
5/2- 1380 5121 19,
9/2+ 1390 | 642 t 349,
~7/27] 1510 514 } 229,

5211 4-Q4(22) 3%,
660 t--Q,(22) 79,
651 t--Qy (22) 1295, 642 4+ Qy (22) 4%

510 + 295, 523; --01(22) n:asﬂ L5210 40y (22) 109

21 +-- Q) (32)
510 t--0Q(22) 7"0, 624 t4-Q, (32) 6%
400 1 -0y (22) 259, 404 | + Q) (22) 45
4024 4+ Qy (22) 31%1 402 +4-Q4 (22) 6%

532 } 4-Q; (22) 13%, 642 t1-Q4(32)10%
530 + +Q, (22) 11%, 660 +4-Q, (32) 5%
642 1-- 0 (22) 61%, 512 + 40y (32) 69

5214 1«0.52“*01(22) 469, 512 ¢ - Q,(22) 230,

521 -0y (22) 70‘1m523l——|—01(22}23%
64"1+01(°2) 1000,

521 +4 Q4 (22) 1009,

521 ¢ 4-Q4 (22) 100%

921 +-+Qy (22) 100%

523 | Q1 (22) 100%

651 -0y (22) 100%

521 +4-Qy (31) 1% 400 1+ Q1(22)34%
521 +4-Q, (20) 98

523 § + Q4 (20) an'

642 t-- @y (22) 3705 5234 4+ Q,(22)169
642 +4-Qy (31) 3%

TABLE 6.12. 3¢

Energy, keV

511
K7 exprL |theor.

Structure

52- 0 05234 95%
52+ 47| 10642 1929,
7/2+| 117 | 190633 1 989
5/2-| 477 | 210|512 1849,

1/2-| 297 | 270|521 | 869, 510 + 19

3/2- 243 | 280521 +959%
3/2+ 350 [ 651 182,;,,

1/2+ 507 360 | 660 1+ 6005, 400 + 19,

3/2+ 534 | 670402} fJBU’

660 +-Q;(22) 5%
510 ++0Q4(22) 9%, 624 +4Q, (32) 4%

1523 |40, (22) 109

660 -0y (22) 149
642 11+ 04 (22) 1995, 651 1--0y (22) 160
"400 1 -0y (232) 279%. 404 | 1-Oy (22) 40

1/2+| 746 | 680 (400 158“’ 660 t 195, 402 | Q4 (22) 340 402 +4-Qy (22) 5%

1/2-| 920 [ 760 51(]#'35“

9/2+ 850 | 624 + 419,
9/2- 980

1/2- 1000 | 5

1/2- 1140 530 + 83,
7/2- 4150

9/2+ 1170 | 624 1 369,
14/2+ 1200|615+ 29,
32+ 1230

1172-| 591 | 1360|505 1 9994
32~ 1270 | 512 1 1990,
7/2-| 1177 | 1290 | 514 | 8495,
3/2- 1300 | 532 | 619,
5/2- 1360

772+ 1370

3/2-| 1474 | 1500 512 | 2205,

10+ 295, 530 t 3%

521 § 3%, 512 -0y (22) 47"6.523¢+0|(22) 8%

842 t4- Q) (22) 500 , 512140, (32) 7%
523 | -0y (22) 1(

,523 4L Qy (22) 900 1512 440y (22) 3%
521 4-4- Q4 (22) 840’ 642 + Q) (32) 5%
521 ¢+ Q) (22) 1002,

642 4-1-Qy (22) 5{1%, 512 404 (32) 7%
633 +4-Q, (22) 9

633 + Q) (22) moo

by 921 | -0y (22) 56%, 514 1 --Q(22) 9%

512 4 -0y (22) 109,633 +4-04 (30) 3%
521 | L@, (22) 149, 530 +--Q, (22) 139
523 | +Qy (20) ﬁnﬂu, 521§+ Q4 (22) 39%
633 +4-Q (20)1

5214 4@ (22) 300.,, 521 t-|- Q4 (20) 20%
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TABLE 6.13. 7

Energy, keV

exptl, (theor.

Structure

725 0 0]|633+979%
1/2-| 208 | 120 [521 979
5/2-| 347 | 150 | 512 1 6695,
5/2¢| 812 | 330 | 642 9005,
5/2-| 668 | 340 |523} 7205,
1/2-| 763 | 550 510133%,
1/2+ 590 | 660 + 509,
3r2+| 532 | 650 | 651 1 6805,
3/2-| 753 | 660 |521 + 850,

9/2+ 800 | 624 1 829,
11/2% 970 (615 ¢ 19,
7/2°| 1049 | 990|514 | 869,
3/2+ 1000

3/2= 1040 (512 § 169,
1/2- 1050

9/2- 1050

3/2+ 1055 | 654 ¢ 119,
5/27 1070

3/27 1070

1/2+ 1135 | 1150 | 400 1 28%,
3/2+ 1086 | 1170|402 4 662,

23 245, 510 1gue 1%
1(22) 7%
512f22,,..e42f+01(30) 19
512 t-+Q, (22) 54%, 512 +4-Q (22) 5%
642 t- Q4 (22) 33%, 651 4 Q4 (22) 149
633 -0, (22) 19, 660140,(22) 121
551)2”4-0’((32) n% 6424+ 0
t+ Q4 ’ t+Q1(22) 5%
63314 Qs (22) 98 i
5124401 (33) 90%
?3?118’55%193% 5144 +0, (2 8
5 )
5234 10y (22) 100 R R
534 1 O\ (39) 10048
033101 (22) 84, 600101 (22) 4%
521¢+gi(22) 00%
gié#io (33)1058% 402 1@, (22) 18
|
4004103 (29) 290, 404} 1+ O, (39) 44

1/2+ 1180 | 400 ¢ 27%, 642 110, (22) 50%. 402 4 4-Qy (22) 18%
9/2+ 1185 | 624 + 3%, 642 ¢ 10y (22)
3/2-| 1384 | 1220 | 512 § 32%, 521¢+gi (22; 29%, 514 4 4+Qy (22) 25%
9/2- 1370 512 + 4 Q (22) 10
1/2-] 1380 524 - 8, 22) 100%
7/2- 1400 521 +4- Q4 (22) 100%
TABLE 6.14, ¥y
Energy, keV
KT exptL theor, Structure
1/2-| 0 0521 } 909, 5234 +0Qy(22) 4%, 521 +4-Q, (22) 49

5/2-| 92.2| 220|512 1869,
7/2+| 243.7| 250 833194%
1/2- 565 | 610|510 ¢ 43%

52+ — | 690|642 1730,
5/2-| 850 | 710|523 540%.
3/2-| 4.5\ 730|521t 39%.

3+ — | 780|651 t44%,
9/2+ — 830 | 624 1 94%,
1/2+# — | 960!660 15505,

5101-,- 1(22) m% 624 t 40, (32) 2
651 t+ Q4 (22) /o
,521 4 1%, 512#@, (22) 43%, 512440, (22) 79
H-Q1 (20) 17%, 660 t+01(22) 4%
+Q1(22) 45

5124 2%, 521 &—I—Q, (22) 51%

633 +--04 (22) 399, 651 1 -0 (20) 109
5121+01(32) 4%, 633, -0, (22) 19
404 (22) 189, 660 11O, (20) u%

3/2-[1082 | 1030 512;21% V521 429, 521++01 (22) 49%, 514 4+ Q, (22) 109

7/2-| 823 | 1040
11/2+) — | 1080
11/2-11394 | 1100 [ 505 + 729,

3/2+ 860 | 1110(4024 29,

17211644 | 1340|400 t 54%,

124 104 (22) 13%, 514 | 4 Qy (20) 3%
633 4@ (22) mo%
505 4~ Q4 (20) 239%
633 140, (22) 979
402440y (32) 27%,4021+01(22) 495

3/2+|1526 | 1400|402 | 629;. 400 1--0, (22) 2
TABLE 6.15. 1Ty

Eneigy, keV
K® Structure

exptl.|theor

5/27 0 0}512 191%,
1/2-| 194 2801521 4 89%
7/2-| 531 3905144 93%,

49%,
3/2-| 906 860 512#45,us

5/t — 920 | 642 4 85
32 — 980 5211.55%
32+ — 1000 | 651 1 539%,
5/2-| — | 1050|523 40%.
172+ — | 1120|660 1 609,
9/2-| — | 1330

11/2%] — | 1420|6151 4%,
12+ — | 1460 400 + 119,
7/2= — | 1470|503 ¢ 35%,

510 1--Qy (22) 4.79%, 624 +-+-0y (32)1.7%

124404 (22) 5%
521 4-+Qj (32) 3% 651 -0y (22) 3%
512 Q4 (32) 4
2 +-10y (22) 40%,512¢ Q1(22) 8%
524 11,7%, 514; 1(22) 34%,510 +--04 (22)12%
0 t-1-Q4 (22) 804, 521 | - 01(33)150
512;22%.521 4,-4-01 (22) 50%,633 ++-0,(32) 5%
3 -0y (22) 33,.,,6601-+()l(22) 7%
521 40y (22) 55%,512 -0, (20) 2%
642 1--0y (22) 21% 651 1--Qy (22) 1205
512 4104 (22) 100
eashg 1(22) 95%
512 4104 (32) 819
514 1 +Q4 (20) 540 , 501 t+-Qq (22) 4%
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TABLE 6.16. ¥%yb

Energy, keV

P Structure
exptly theor

5/2- 0 0523 } 989

5/2+| 30 40642 +97%

7/2+| 67 | 170|633 198%

3/2-| 188 290|521 +97%

1/2-] 212 3005214 97%

3/2+| — | 470)|651194%, 660 t-4Q4(22) 2%

5/2-| 401 | 480|512191%, 624 +4-Q4(32) 4%, 510t Q4 (22) 2%
12+ — 680 | 660 + 87%, 651 +-+Qy(22) 4%, 642 10y (22) 4%
9/2+| — | 1100|624 +81%, 512 +--Qy (32) 13%, 523 4 + Q4 (32) 3%
3/2+| — | 1260402} 86%, 400 +4-0Q; (22) 10%

3/2-| — | 1340|531 ¢ 932 524 4@y (20) 89%

1/2-| — | 1400530t 40%, 642 ++Qy (32) 51%, 651 ++Q; (32) 3%
172+ | — | 1440|400 1 73%, 402 4+ Q) (22) 16%, 523 4 401 (32) 7%
7/2-| — | 1460|514} 83%, 633 t+ Q4 (30) 12%, 51214 Q4 (22) 2%
1/2-| — | 1500)510 ¢ 12%, 521 ¢+ Q) (20) 75%, 512 t+Qy (22) 6%

TABLE 6.17. ¥®Yb

Energy, keV

i
K exptl.|theor,

Structure

7/2+| 0 0633 198%
1/2-| 24 103 | 521 | 98%
5/2-1 191 160 | 512 + 75%, 523 4 15%, 510 1+ 4- Q4 (22)

5/2+ 591 | 370|642 1 93%, 660 t--Q (22)
5/2-| 570 | 400 523;35% 512113%

3/2-| 660 | 720|521 t 928, 521 4 +Qy (22)
372+ 720 800|651 177%, 633 + - Q, (22)
1/2+ 820 | 660 + 559, 842410y (22) 3
1/2-| 813 | 840|510 1 37%, 512 -+ Qy (22)

6%

4%

4%
11 %, 660 t 4y (22) 10 %

1% 651 4 :(22-)42%
518, 521 {0y (20) 50

972+ 890 | 624 + 89%, 51210, (32) 7%, 642 10y (22) 2%
7/2-| 960 | 1080|514 ; 91%, 5124+ (22) 6

11/2+ 1150 633 t -+ Q4 (22) 100%

32+ 1160 633 ¢ -0y (22) 100%

3/2- 1220|512} 6%, 521 § -+ 1{22) m%,mu-l—@: (22) 2%
1/2-] 1230 523 } 4-Q, (22) 10

9/2- 1230 523 | -- Q4 (22) mo%

3/2- 1240 521 4 --Qy (22) 100%

5/2- 1250 521 4 Q] (22) 100%

9/2+ 1350 | 6241 2%, 642 1--Qy (22) 97%

3/2+ 1400 | 402 4 729, 400 + -0y (22) 23%,40444-01(22) 3%
1/2- 1410 521 4 -+ 0, (20) 1009;

172+ 1440 | 400 4 599, 4021-10,(22) 329, 402 1--0y(22) 4%
3/2- 1500 | 512 § 439, 514§+ Q4 (22) 30%, 510 + 4 Q4 (22) 12%;
1/2+ 1510 | 660 * 12%, 642 + - Q4 (22) 63%, 651 1 +- 1(22)24,;.

TABLE 6.18. ¥vb

Energy, keV
K™ laxptl, |theor; Structure
1/2-| 0 0| 521 4 95%

5/2-| 122 10| 512 + 919, 5104 -Qy(22) 5%
7/2+| 95 | 110 633 + 970
9/2+| 935 | 650| 624 +95%

1/2-| 945 | 880| 510 +479%, 512 -+ Q4 (22) 43%, 512§ -0Qy (22) 59
5/2- 690 | 5231 85%, 521 -0y (22) 10%, 642 +--Q; (30) 39

5/2+ 730 | 642 1899, 660 +--Qy (22) 4%, 523§+ Oy (30)

o
Py
&2

7/2-| 835 | 750| 544} 899, 5124 +Qy(22) 69, 633+ Q4 (30) 39
3/2- | 902 | 870 52116285, 521 {+01(22) 30q. 651?+Q:(30; 39’2

3/2+ 940 ﬁsnﬁo%. 633 +-1-0y (22) 2705, 660 +--0Q4 (22) 5%
1/2+ 1050 | 660 + 6205, 642 110y (22) 2007, 651 1+ O (22) 9%
3/2- 1120 5124 519, 514 9,
i 1o +51% it-_t 1{(22)23/6 510 t4-Q4 (22) 129
1172+ 1320| 6154 29;, 533¢+o (22) 9804
3/2: 1330 521 44 01 (22) 1009
Tl | ] s e, S 1EG 2 100%

t ’ 1 30) 239%, 514 2
i £ G310 206, 144+ 08
1/2 1500 512 4@, (22) 100%
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TABLE 6.19. ®yb

TABLE 6.22, Puf

Energy, kev Energy, kev
cl3
K% bxptl. fheor. Structure K7 | expti|theor, Structure
5/2- 0| 512 1 96% 12| o 0| 5214 979%, 521 1404 (22) 1%
7/2¢ | 3501 300| 633 t969% 5/2-| 107 | —70| 512 1 94%, 510 t--Qy (22) 20¢
9/2+ 310 | 624 1 96% 712+ 197 30| 633 + 989
172- | 399 | 320| 5214979 92+ — | 480 6241040, 512440, (32) 4%
72- | 837 | 400| 514 989 72 490| 514 976, 512440, (22) 2%
5/2+ 900 | 642 193%, 5214+0Qy(32) 2% 52+ — | 510| 642 +95%, 660 1+Qy (22) 29%
372~ | 1224 | 1200 | 521 1 569, 633 Q4 (32) 35%, 642 14-Qy (31) 3% 3/2¢| — | B10| 651 +88%, 660 1+ Q; (22) 4%, 633 140 (22) 4%
5/2- 1250 | 5234 605, 512 +-1-Qj (20) 930 o2 — | 900 523 80%, 52t 4401 (22 s w5t 22 00
32+ 1260 | 651 4 7995, 512 +-Qy (31) (%, 52L4+0:(32) 5% 1/2¢| — | 910| 660 482, 642 ++Q; (22) 2@ t+01(22) 6%
1/2-| 1031 | 1250 | 510 + 4105, 521 4+ 0 (20) 5285, 512 +-1-Qy (22) 3% 32- — | 970| 521 175%, 5214+ Qs (22) 13%. 633 101 (32) 50
5/2- 1370 | 5234 780, 633 t--Qy (31) 70, 512 $4+ Q4 (20) 7% 1/2-| — | 1000| 510 1 539. 5121+01(22) 350, 512140, (22)6%
1/2- 1380 | 510 + 4295, 521 140, (20) 47%, 512 +4-Q; (22) 6% 324 — | 1370 4401 (31) 1008
172+ 1400 | 660 + 57, 521 -0, (31) 309 9/2-| — | 1380 53314-0 (31) 18&4, ;
372+ 1420 | 8511 304, 512 10y (31) 930 1/2- — | 13% , 401 (20) 9%, 521440, (20) 6%
3/2+ 1490 521 1 40y (31) 100% 3/2-| — | 1400| 512 } 569, 514&+O (22) 249, 510 +4-Qy (22) 7%
1/2+ 1490 521¢+01(31) 700' 512 1+ Q4 (32) 249 11/2+| — | 1540| 615+ 304, 6331+ Q1(22) 969
7/2- 1520| 503+ 4%, 514H— 1(20) 9 3/2-| — | 1580 521§ +-Q4 (22) 100%
9/2- 1530 633 14-Q4 (31) 100% 7/2-| — | 1700 642 1404 (31) 100%
3/2- 1550 521 } 1Oy (22) 1000 /27| — | 1800 633 t+¢1(32) 98%
3/2~| 1340 | 1600 | 512} 50%, 633 t+Q; (32) 37%, 51441Qy(22) 6%
TABLE 6.23, "™Hf
TABLE 8.20. ™vb Energy, keV
Energy, keV KT exptl. heor Structure
B exptl, Ltheor Structure :
« LLae
s-| 0| o) si2rory, gétiniozg%; 1:2
1/2-| 125 | 280| 5214 979%, t
72 0| 5141 98% 7/2-| 348 | 310 514 980, 512140, (22) 10
i) gen| 50| faaraie or2+| "— | 330| 624 198, 51214-01(32) 10
5/27 6391 250| 512 ¢ 98% 7/2+| 207 | 350| 633 4979, 524 +4+0y(32) 19
1/2-| 920| 600| 521, 95%, 521 +-Qy(22) 2% S| 22| G20 642 1 ose 860103 (22) 20,
T/2*|= 995 T00) 633 + 98% . . s/2-| — | 1000|5234 194, 512 +-+@; (20) 988
172-|  515( 800 510 1 859%, 51244 Q4 (22) 8%, 512 +4-Q(22) 794 1/2-| — | 1090 5mf25%,521;3% 521 § Q4 (20) 63%, 512 14-Q, (22) 4%
32-| 811 990| 512 710¢, 51440y (22) 18%, 510 140y (22) 105 72-| = | 1260| 3034 300 544§ 100, 544 ) 0. (20} 9
5/2+ 1340 | 642 + 919, 624 +-4-Q4(22) 4% 32-| — | 1280 521 45604, 512 4 1%, 633 1 -0, (32) 19%, 521 § 4 Q4 (22) 9%
Hin 1200 | 984470 214-1outed) 81?,‘3 az+| — | 1300 651 1 8105, 633 ++ 0, (22) B0, 033 t-- 0 (22) 4%
12+ 1380 14 ¢ 104 (32) 100% 52-| — | 1360 523 740, 521 § L0y (22) 16%. 521 4+ +Q, (22) 7%
3/2+ 1390 5144—!—01 (32) 100% 3/2-| — | 1400| 5124 6705, 5144+ 0Qy(22) 129, 514 4-+Q5(22)11%
5/2- 1400 624 t4- Q4 (32) 100% 320 — | 1440 512 t -0 (31) 100%
5/2- 1405 | 5234 59, 512 ++Q1(20) 93% | = | i 313 +.L.9' (31) 10060
e 1410 1240, (349) 100% 92-| — | 1460 512 -+ 0y (22) 1009
1124 1410 ., 012 1-Q1(32) 100% 1/2+| — | 1470| 6604 7294, 521 0, (31) 11%, 521 |+ Q, (31) 4%
11/ 1650| 615+ 984 ) o 3| — | 1550 521 4 -+ (22) 100
7/2 1560 | 503 4 65%, 514 | 4-Qy (20) 189, 514 4 -0y (20) 129% o2-| — | 1556 633 ++0y(31) 100%
8/2+ 1600 | 654 + 72%, 633 + 0 (22) 23% o+ | — | 1660| 624 1 1.49, 512 4 -0y (32) 980
3/2-| 1616 | 1640 | 521 1 469, 5214 +Qy (22) 519 Pa-| = | el 3t bt Lo o
TABLE 6.21. ™yb TABLE 6.24. Ys
Energy, keV Energy, keV
K% | exptl.|theor, Struchure. KT sl ebsin, Structure
g2t 0| 0 624199% 7 0 0| 514 + 989
/27| 104 | 480| 5144 99% 9/2¢ 321 | 110 szugsgg
{r| | o) 1ol g 1
5/2- ' 1 7/2¢| 746 | 437 633197%, G511--Qy (22) 19, 521 32) 195
32-| 709 | 930| 5124 870, 510 +4-04(22) 9%, 5144+ Qy (22) 3% o e 52119452: 52“_1_8:((22} 18 523118:((22])”
7/2+ 1110 633 + 979, 651 ¢ -0y (22) 29 ; 1/2-| 590 | 673| 5101820, 5121404 (22) 9%, 512 1 +Qy (22) 89
/2- 1200| 5214 94%, 521 t+Qy(22) 3%, 5234+ Qu(22) 2%, 372-| 804 | OBG| 51247506, 5141 +0; (22 ta8 510140 (22) 995
5/2 300 512+ 1%, 6241+ Bong T oA 5/2+ 1000 | 842 4 9304, 660 * - 0y (22) 4 ’
B ' 1 2 +| 04
1172+ 1380 | B15 1 950, 50810482 i, S144-+01 32 2% | P B ééi‘ia%‘%q*‘s‘é?ﬂé?? 20) 199, 000 1-+ 01 22) 3%
1772+ 1400 624 4 pbi § pd0 + 12| 1068 | 1242 ) 5031204, S14 4 -1 (20)88
5/2+ 1410 642 1 4%, 624f+01 (22) 96% 9/3+ 1200 | 514 4 -0, (31) 10055
13/2+ 1420 | 624 -0y (22 5/2+ 12001 514 | 40y (31) 100%
3/2% 1470 | 5144 4-Qy (32) 100% 25/2- 1300 | 624 4 p404 | p514 + 1009
11/2+ 1480 | 615 +1%, 514 -+ Q (32) 98% 5/2- 1313 | 512 14 0, (30) 10095
7/2-| 1226 | 1540 | 503 473%, 514;+Q,(20) 19%, 501 -+ Q4 (22) 4% 72+ 1344 | 542 +4- @y (31) 1009
iz et b e 32+ 1345 | 851 119, 512 +-+Qy (31) 99%
3/ 1570 | 512 § 294, 514:+Q, (22) 969, 510 +4-04 (22) 1% R 1980 | 6351200, o141 1 9 0 oaee
e 1600 Gckepdtl L pmlay 32+ 1356 | 651 115, 514 {01 (32) 98%
7/2- 1630 | 503 1 189, 514¢+Q,(20)81%. 501 +-+Qy (22) 1% S e 62,” 1 0 oosy
1/2+ 1630 | 400 4 19, 512 10 (32) 99% 1175 1300| 62641 10" (1) 1005,
9/2% 1660 | 512 -0 (32) 99% 21/2+ 1400 | 512 ¢ p404| p514+100%
Va 20| disr-fl a0k 12+ 1408 | 660 4 230, 512 10y (32) 720, 642 1 10y (22) 2%
L 1720, 824448, Sls1-101 (32 1/2+ 1437 | 660 1 G0y, 312 101 (32) 280 B42 1+ Q1 (22) 4%
5/2- 1770 | 5234 104, 512 4 - Q, (20) 999; 1172 1446 | 514 {0y (22) 1009
5/2¢ 17801 642 £89%, B60 £ Q4 (22) 4%, 624104 (22) 4% 3/2-| 1502 | 1453 | 521 1 235;, 51“;()1 (22) 769%
5/2- 1471 | 624 1 + 0y (32) 100
169 So;'. J. Particles Nucl., Vol. 4, No. 2, Oct.-Dec. 1973 Gareev et al. 169



TABLE 6.28, 8w

Energy, keV
T tructure
K exptl, |theor, S
9/2+] 0 0| 624 1 9809,
1/2-| 458 250 | 510 + 83%, 512 § + Q4 (22) 169
7/2-| 662 | 380503 + 580, 514 § 2494, 501 +-+-Q, (22) 10{“,51“4}@l (20) 59
7/27| 400 | 480|514 7407, 503 + 2005, 501 + -+ Q) (22)
3/2-| 726 | 530|512 4 799, 510 ¢ 4-Q (22) 16,0.5144 -+Q11(22) 3%
5/2-| 366 | 650|512t 9405, 624 +-1-0,(32) 3%
1/2-| 385 | 8305214 889;, 531 14-Q4 (23) 5%, 523 4 0y (22) 39
7/2+| 954 | 850|633 193%, 651 t+Qy (22) 4%, 521 +-+Q (39)1%
9/2+ 900 624 1+ Q4 (20) 1009%
11/2+ 1010 | 615 1 939, 503 + -+ Qy (32) 490,024¢+01(22}1%
5/2+ 1100 | 642 1 139, 624 t-+0Q4 (22) 8
13/2+ 1150 624 t -+ Q4 (22) 100
5/2- 1170|512 + 30, 624 t+0, (32) 976
7/2- 1210|503 + 29, 514110, (20) 98%
3/2+ 1300 | 651 ¢ 10, 514} 1+ Qy (32) 989
11/2- 1290 514 | + @y (22) 100%
11/2+ 1300 514 | -0y (32) 100%
372~ 1310|5124 1%, 514+ 05 (22) 96%
5/2- 13805234 295, 512 140y (20) 97%, 521 4 -0y (22) 1%
3/2+ 1380 65“44% 633 4 -0y (22) 469, 660 +--0Qy (22) 7%
5/2+ 1390 | 642 + 740, 624 4404 (22) 15,n.650f+<?1(22)9%
14/2- 1420 624 t-1 0y (31) 100
7/2- 1420 €24 + 40y (31) moo,o
9/2- 1490 512 t4- Q1 (22) 1009
23/2- 1500 6241p514tp4021100% )
3/2- 1570 | 501 + 309, 503 -+ Qy (22) 329,512 + Q4(20)31%
TABLE 6.30. &y
Energy, keV
TABLE 6,29, 18%
K7 Structure
Energy, keV 'exptL [theor,
KI'I:
2 J Structure
exptlaitheor 32-| 0 0| 512 999
1/2-| 24 20| 510 4 999
7/2-| 244 | 110 503 1 994
1/2- 0 0 510 4 95%, 5124 +@, (22) 4% 11/2+| 198 130 | 615 t 999
3/2-| 209 | 190| 512 929, souozg;.. 5101+(?1(22) 79 9/2+| 716 | 720 624f98%. S1214-Q1(32) 1%
11/2+] 310 | 500| 615+ 98%, 503 44-Q4 (32) 19 9/2-| 789 730 | 505 4 10094
7/2-| 453 | 580| 5034 95%, 5011+o,(22) 39 1/2- 1010| 5214 395, 510 +4-Q4 (20) 979%
9/2+| 623 | 600 6241‘98%, 51244+0:(32) 19 5/2- 1030 510 +-Q4 (22) 100%
7/2-| 1072 | 1110 514 | 999 3/2- 1030 510 4@y (22) 1009%
5/2-| 905 | 1160 | 512 1 67%, 624 1+ 0y (32) 19% 510 t 4 Q, (22) 1295 3/27 10401 501 1 69, 512 }--0Q; (20) 92%, 503 +4Q; (22) 19%
1/2- 1390 | 5214 29, 510 +--Q; (20) 97% 7/2- 1080 | 5144 1%, 512--Qq(22) 99%
5/2¢ 1420 | 642 ¢ 204, 6241—{-01 (22) 989, 1/2-] 1080 512 | 1@y (22) 1009
13/2+ 1430 24 11 Q4 (22) 10005 7/2- 1180 | 5144 9%, 503 -0, (20) 919
5/2- 1450 | 512+ 2%, 510f+01(22) 80%, 624 10, (32) 18% 3/2- 1190 | 5014 195, 5031+0;(22) 98% 5124 +0Q4 (20) 1%
9/2- 1490 | 505 | 9895, 503 4 4 Q; ( 204 7/2+ 1190 615 +-- Q4 (22) 1009
3/2- 1490 512§ 49, 510f+01(22} 930 5/2+ 1300 510 44 Q4 (32) 10095,
3/2+ 1500 510 +4-Q4 (32) 1009% 3/2+ 1310 510 +- Q1 (32) 1009
5/2+ 1500 510 +- Q) (32) 1009 7/2-| 1058 | 1330 | 514 § 909, 5031+o, (20) 99
15/2+ 1500 [ n540 t p514 + p402 + 1009 1/2+ 1360 512 | - 03 (32) 10064
3/2- 1520 | 501 + 109, 512+ Q, (20) 80,0. 503 +4-Q4(22) 8% 7/2+ 1370 512 | - Q4 (32) 1009
712+ 1530 | 633 1 97%, 651 t- Q) (22) 29 5/2-| 888 | 1490 | 5124 75%, 624 -0y (32) 230
5/2- 1580 | 512 + 289, 624 1+ Q4 (32) 63,.,, 510 ++Q; (22) 89 17/2+ 1500 (n542 § p514 1 p402 + 1009
1/2- 1670 | 521 § 909, 510 4-}-Q; (20) 305. 521 ++Q, (22) 20 15/2+ 1500 | 510 + p514 1 p402 1 1002
1/2- 1700 | 540 + 49, 512 L Q; (22)96 1/2- 1510 5214 19, ~ 510 t+ Q) (20) 99%
17/2+ 1700 | n512 4 p514 1 p402 1 1009 7/2+ 1580 | 633 + 990
3/2- 1760 | 501 +199%, 503 44 Q4 (22) 62%, 512 4+ Q4 (20) 18% 25/2- 1600 n615fp514fp4021100%
1/2~ 1740 5214 93%, 510 +4-0Q; (20) 3%, 5414 -1Q (20) 29
TABLE 6.31, 805
Energy, keV
£11
% exptlL [theor. StrucHg
92+ 0 0| 624 1989
1/2-| 171 | 140 510 1 85%, 512} 10, (22) 15%
AN et R
= 1899, 501 + 32) 803, 615+ 32) 205
1 i 5“#99,62 +Q1(22) 8% +Q4(32) 29
7/2+ 580 633 195%, 651 110y (22) 4Y%
1/2-] 590 ( 521} 909, 521 +--Q, (22) 4%, 523 -0, (22) 3%
5/2- 630 512 1950, 521 4 1+ 0, (22) 2%. 624 + Q4 (32) 19
11/2+ 740 | 615 £979, 503 1--Qy (32) 1%, 824 1--01(22) 194
5/2+ 890 642 t 5005, 624 ++Q, (22) 44%, 660 t4-Q; (22) 5%
13/2+ 990 624 110y (22) 1009%
/2" 1000 514 | Q4 (20) 100%
3/2+ 1020 | 651 +60%, 633 -0, (22) 299, 660 +4-Qy (22) 109
5/2+ 1100 | 642 13805, 624 1--Q) (22) 56,a, 660 ++-Q (22) 5%
3/2- 1160 50! 128%, 503 ++-Q (22) 41%. 512§ Q4 (20) 259
AR S D
1719, 642 +-LQ (22 130 651 22) 10
15/2- 1600 |n624 1 p402 + p541}10010( ) Q10N
170
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TABLE 6.25. '™Hf

Energy, keV|
¢L]
i exptl, [theor, Structure
924 0 0| 624+ 999
1/2-| 375 | 405| 510+ 90%, 512 4 +Q; (22) 109
35| 530 | 67| Biat Bkbe 50 e 0 (b2 100, 5
-l 720 2 880, 104 (22) 109, 514 i - Qy (22) 29
5/2-| 518 | 700 | 512 1 989, 624 11Oy (32) 19 Caesa
Us-| ot | 008 5ot ) osne) ot s 10 AR saaii0
- % 1 % +Qy (22) 2 181
712~ 870 | 933| 503 1 9115, 5144 0,30 5001 101 @2yt TABLE §-28. *7HE
11/2+ 1055 | 615 + 9804, 503 1+ Q4 (32) 1% Energy, keV
“orael 110 | 1352 | 645 § fang. a v 0. 138y 8 et
/, 4 1189, 624 Q4 (22) 819 KT
13/2+ 1292 | 624 1+ Q) (22) 100%01( exptlqtheor Sieistnte
11/2-] 1392 | 624 t 4 Q, (31) 100%
7/2- 1392'| 624 ¢+ Q4 (31) 100% B
5/2- 1403 | 512 4 0,6%, 624 -+ Q4 (32) 1009 1/2 0 0] 510 495%, 5124 +Q(22) 5%
5/2+ 1452 | 642 1 249, 514 1 4 Q, (31) 689, 624 1+ Q4 (22) 6% 3/2-| 255 | 248 5124 95%, 510 10y (22) 49
3/2- 1453 | 512} 19%, 514 | 40y (22) 98% 1172+ 953 | 615 + 999
9/2+ 1455 | 514 | +Q, (31) 1009 7/2- 670 | 577 503 + 950, 501 4--0Q, (22) 39
11/2- 1439 | 514 | 4 @4 (22) 100% 9/2+ 600 | 624 t 999;
5/2+ 1460 | 642 15204, 51411 Q4(31) 32%, 624 +--Q4(22) 12% 7/2 1110 | 514 , 999;
9/2+ 1540 | 544 L +Q, (31) 1009 17/?*‘ 1200 | n510 ¢ p404 § p514 t 1000
5/2+ 1540 | 514 | 4 Q, (31) 1009 5/2 1202/ 512 1 6895, 510 +4 Q4 (22) 209, 624 ++Q, (32) 19
23/2+ 1600 | 5144 p404 L p514 + 1009 5/24 1389 642 ¢ 295, 624 t--Q;(22) 980 '
14/2- 1391 | 624 t4-Q4 (31) 1009
wz+ 1391 | 624 +-+Q; (31) 1009;
19/z+ 1400 | n512 } p404 4 p514 t 1009
élz+ 12001 510 +-+Q, (31) 1009
SO e g
3/2-| 1508 | 1461 501?27%1, 512 4 194, 503 140, (22) 569
512 | -L Q) (20) 139
5/2- 1462 [ 512 4 289, 510 4+ Q, (22) 19
3/2- 1464 5124 49, 510 +4Qy (22) 9695
912 1479 [ 505 4 9895, 503} -0 (22) 29
w2+ 1530 | 633 1 979, 651 + Q) (22) 205
é"§+ 1588 512 | 4@, (31) 100%
27/ * 1588 512 y - (31) 1009%
12 1600 | n615 t p404 § p514 + 1009
TABLE 6.27. 17%w
Energy, keV
HT exptl. theor,| Rerucre
72-| 0 0 514 § 9895, 512§ 22)19;
I -
/2~ 0| 512 1 989,
7/2¢+| 477 | 290 833 4 964, 521 4404 (32) 2%, 651 1--0Qy (22) 2%
1/2-| 222 | 310| 521 4 9193, 521 +--Q; (22) 4%, 523 |+ Q, (22) 3%
1727 627 | 500 510 + 8495, 512 {1 Qy (22) 109, 512 140, (22) 5%
5/2* 770 [ 642 1939, 660 140y (22) 40
3/2 810 ( 512§ 809, 510 t-1-Qy (22) 109%, 514 4@y (22) 8%
3/2+ 980 | 651 t 75%, 514 |+ Q4(32) 8%, 633 140y (22) 8%
14/2+ 1030 615+ 19, 514 40, (32) 98%;
8/2+ 1030 | 651 1 795, 514 } 4 @y (32) 929
72 1040 [ 503 t 219, 514 § 4 Q4 (20) 77%, 501 ¢--Qy (22) 1%
1/2+ 1100 ( 660 t 119, 512 4+ Q, (32) 87Y%
3/2 1110| 521 1 13%, 633 +4-Q (32) 839, 521 4+ Q, (22) 4%
9/2+ 1110 512 t+Q, (32) 100%
5/2- 1120 624 ¢+ 0 (32) 999
5/2 1150 | 523 ¢ 295, 512 4 L0, (20) 979,
1/2+ 1450 | 660 ¢ T4%, 512 41-Q, (32) 1385, 642 +4-0Q, (22) 7%
11/2- 1190 633 +--0, (32) 100%
/2 1190 | 503 1 68%, 514 |-+ Q, (20) 239, 501 + +-Q, (22) 59
11/2+ 1230 | 615 1899%, 503 10, (32) 605, 633 1 +Q, (22) 20;
5/2+ 1330 | 642 4 105, 521 | - Q, (32) 9995
3/2+ 1330| 651 + 19, 521 4--Q (32) 989,
7/2*( 1680 | 4500 514 § p514 + p402 4 1000}
23/2- 1600 | 624 4 p514 + p402 1 1009
19/2+ 1700 | 512 1 p514 4 p402 + 10005
1711 Sov. J. Particles Nucl., Vol. 4, No, 2, Oct.=Dec, 1973 Gardeev et al,

171



TABLE 6.32. 1%50s

Energy, keV

K" | oxptl.|theor. Structure

1/2-| 0 0| 510 4929, 5124 4+0Q,(22) 7%

ap-| 128 | 130| 5124879, 5101+Q[(22) 120,

712 210| 503 + 939, 501 +4-Q; (22) 5%

9/2+ 390 | 624 199Y%
11/2+ 420| 615 ¢999%

3/2- 870 501 + 2794, 512 4 1%. 503 t4- Q4 (22) 64%, 512 § + @y (20) 5%
9/2- 960 | 5054 97%, 503 § Q1 (22) 3%

7/2-] 970 | 514 4 999%, 5121 4-Q4(22) 1%

9/2 1060 | 512 4 4805, 510 +4 Q4 (22) 50%

5/2+ 1100 | 6421 69, 624 +-+0Q4(22) 949%

7/2+ 1110 | 633 1969, 651 + Q4 (22) 4»{,
13/2+ 1130 624 +4Q, (22) 100%

1/2- 1160 | 521 § 859, 510 $4-Q4(20) 8%, 521 +4-Qy (22) 3%
3/2- 1220 | 512} 6%, 510 t+Qq (22) 88%, 503 +-+Q; (22) za{,

TABLE 6.33. ¥y

Energy, keV
K™ expfcl.!theor Structure
'I

52+ 0 04134 969%, 411 4 +Q(22) 2%
3/2+| 103 | —20| 444 1899, 411 4 4 Q4 (22) 5%.52314-@1(39) 39,
5/2-| 97 20| 532 t 949, 420 1 Q4 (32)
7721 — | 550|523 186%, 411 +-+ Q4 (32) wo
1/2+] — | 670|411 +48%, 411 14 Q4 (22) 2.6,..,&131.-{—01 (22) 239
32| — | 820|541 135,,,,550 +4Q4(22) 5% 420 1--Q) (31) 2%
5/2-| — | 860 2 1+ Q4 (20) 100
5/2+ — | 900 413 104 (20) 10{1%
1/2+| — | 920|420 475%,5324+0Q4(32) 89,550 t-+Q {30% fi .

1
1/2-| — | 1000|550 + 4205, 532 + + Q1 (22) 39%, 541 ++-Qy (22) 8,

01+C’1 (30) 6%
327 — | 1150 411 1404 (20) 100%
9/2-| — | 1230|514t 3%,532 14 Q4(22) 979
9/2+| — | 1300 413 | - Qj (22) 1009
172+ — | 1380 413 } -0y (22) 67%, 411 1+ (22) 319
1/2-1 — | 1400|550 4 199, 532 + -+ Q4 (22) 599%, 541 +-+ Q4 (22) 119%,
420 +4-Q4(30) 9%
32-| — | 1400 411 +4-Q4(30) 100%
3/2- 1510 | 422 § 50%, 420 + 4 Q4 (22} 26%, 541 ++ Q4 (30) 16%,
532 4+ 0y (31) 5%

7/2+| — | 1520 411 1+ Q4 (22) 94%, 932 t+Q4(31) 5%

TABLE 6.34. ¥®Eu

Energy, keV
K™ | exprl|theor Seructe
5/2+ 0 0 41349705, 411 1 Q1 (22) 2%
3/2+| 246 | 34| 41119205, 411 1-04(22) 3%
5/2-| 104 | 36| 532 4969, 420 Q4 (32) 1%
7/2-| 614 | 610| 523 +90%, 411 t++04(32) 7%
3/2-| 1095 | 880 541 1 88%;, 550 +--Qy(22) 3%
1/2+| 765 | 890| 411580, 411 ++0Q4(22) 22%, 4134 +Q((22)17%
1/2+ 990 | 420 17994, 550 +4-Qy (30) 6%, 532 4104 (32) 5%
5/2+ 1030 | 4024 29, 5321+0:(30)
5/2- 1070 13 | 4- Q4 (30) 10 /
1/2- 1160 | 550 ¢ 5694, 532 t+01(22) 18% 420+ Q4 (30) 15
5/2- 1230 32 1 -0y (20) 100
572+ 1270 413 ++Q1 (20 100 %
3/2- 1330 443 3 Q4 (31) 100%
3/2- 1340 411 +-4+Q4 (30) 100%
3/2+ 1520 411 t+4-Q4 (20) 100%
1/2- 1530 532 +--01(22) 98%
9/2- 1540 | 5141 4%, 532 Q5 (22) 95%
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TABLE 6.35. ¥®Th

Energy, keV
= exptl.|theor. Structure
3/2+ 0 0] 411 +929, 411 1 4+04(22) 4%
7/2-| 545 | 341| 5234940, 411 +-HQ, (32) 20
S/2t1 271 | 300 413 96%, 411 44-0y(22) 29
5/2=( 227 | 530| 532 +939%, 550 t+Qy(22) 2% .
12+ — 610 4114 60%, 411 ++Q; (22) 20%, 413 4 +Q; (22) 89
3/2+| — {1000 411 1404 (20) 1009
52+ — | 1100 413 1 +4-Q4 (20) 100%
T2+ — | 1280| 4131 19, 411 +4Q, (22) 980
17271 — | 1300) 550 4 189, 532 t+Qy (22) 76%, 541 t+Q; (22) 39
12+ — | 1310 420 ¢. 69, 411 +--Q, (22) 809
172+ — | 1330 413 440, (22) 100%
92+ — | 1330 413 § 404 (22) 100%
| T | ) ST N e
2+ — | 1420/ 402 + 739, 523 ¢ X N 3
b aidiich i 532 101 (30) 5%
9/2- — | 1460 514+ 79, 532 +4-04(22) 929
3/2=| — | 1650) 541+ 69, 523 +--Qy (22) 569, 411 +-01 (30) 34%
/2| — | 1880 | 404 68%, 523 1@, (30) 28%, 651 4+0Q,(22) 3%
TABLE 6.37, %9Tb
TABLE 6.36. ¥71p — —
nergy,
Ener: ¥ kev
x s KT lexptl ]them. Structure
K7 | exptl,| theor Structure [
32+ 0 0 411 4939, 411440, (22) 49
32+ 0 0| 4111930, 41010, (22) 49 B2 Bl it e
7/2-| 572 360 | 523 + 9504, 411 t++04(32) 29 752~ 380 523 | 9604, 411 +04(32) 29
D/2v| 328 | 380) 413 96%, 41144-0,(22) 2% 5/2-| 364 | 570| 5324930, 413410y (30) 295, 550 -0y (22) 294
5/27| 836 | 530 532 4 040, 550ty (22) 20 o 1/2+] 581 | 650 411} B4%, 41140y (22) 2795, 4134 L0y (22) 79;
1/2+| 508 | 6401 4114 64%, 411 +4Qy(22) 26%, 4134 +Qy(22) 7% 3/2- 1170 | 541 4 179%, 411 t4 Q4 (30) 809
3/2+| 993 | 1300 411 104 (20) 100% 1/2+ 1350| 420 1120, 4134404 (22) 63%, 411 +-+0Q, (22) 199
8/2- 1370 | 541 ¢ 489, 411 +1-Q, (30) 399 o 5/2+ 1360 | 402 1299, 532 14-Q; (30) G4%, 660 +--Qy (22) 294
5/2+ 1390| 402 £499%, 4131 -+Q, (20) 3203, 523 + 4@y (31) 10% 1/2- 1390 | 550 1 26%, 532 t-+ Q4 (22) 650, 541 1-+-Q (22) 49
72+ 1400 411 t--0,(22) 979 7/2+ 1420 411 +-104(22) 979
1/2- 14101 550 + 219, 532 t-+Q, (22) 720f, 541 +4-Q, (22) 30 o/a+ 1470 4131 01 (22) 1006
1/2+ 1425 420 ¢ 14%, 41144-0,(22) 720, 532 +-L-Q,(32) 29 3/2+ 1480 411 +4- 04 (20) 1000
5/2+ 1450 402 + 219, 4134 -0, (20) 689, 523 +--Q, (31) 5% 3/2- 1580 | 541 1 35%, 413 340y (31) 449, 411 +-+Q, (30) 129
9/2+ 1460 4134401 (22) 100% 1/2+ 1650 411 { 309, 411 +--0y (22) 5295, 413 410y (22) 14%
15/2+ 1860 | p523 t n521 + nB42 +
TABLE 6,38, 18Th
Energy, kev
T Structure
K7 lexptl, theor.
32+ o 0| 411 4939, 411440, (22) 5%
5/2+ 315 | 360 4133979, 411, +0Q,(22) 29
7/27| 417 | 390| 5231979, 411 40, (32) 19
172+ — 990 | 411 54%, 411 +-+Qy (22) 359, 413} +Q, (22) 109
5/27| 480 | 600| 532+ 9695, 550 4+ Qy (22) 20;
7/2¢] — | 1180 411-1-04(22) 9997
124 — | 1220 4134 4-Qy(22) 580, 411 14-Q (22) 429
972+ — | 1230 4131 +04 (22) 1009
i/2-| — | 1250 550 t 129, 532 ++Qy(22) 850, 541 1-1Qy (22) 2%
9/2-[ — | 1370| 5141+ 4%, 532+4-Q, (22) 960
3/27 — | 1420 541 4 16%, 411 +1-Q, (30) 780, 523 + Q4 (22) 49
8/2+ — [ 1530| 402 1 65%, 413 4+ Q) (20) 129, 532 + L, (30) 1124
3/2+ — | 1550 411 +-- Q4 (20) 1009
52+ — | 1560 413 | -0, (20) 1009;
15/2-] — | 1680 P412 | n642 t 523 § 1009
17/2+| — | 1730 P523 1 nB42 § n523 | 1009
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TABLE 6.39, ¥%Ho

Energy, keVv

K™ exptl.|theor, Structure

2- o 0| 5231979

3¢ — | 250( 411 +94%

1/2¢( 206 | 380| 4114 88%, 411440122 9%

5.2+ — 700 | 402 1 569%, 413 § 28%, 660 -+ Q4 (22) 8,.,.41114-@(22)3%
572+ 650 | 730| 4134 699, 400723».,,5321-4—01(30)

5/2-| 624 | 900 532 +90%, 550 t 4 Q1 (22) 3% 413 1+ Q4 (30) 3%
724l — | 700| 404 4979, 651 40 (22) 2%

712+ 1050 | 413t 2%, 41 4404 (22) 97%

3/2-| — | 1100 541t 5%, 523 t 404 (22) 93%
11/2-| — | 1130 523 + 404 (22) 1009}

12+ — | 1140 420 + 1%, 411 4+0y(22) 91%

0/2-| — | 1145| 514 4929, 40244Q4(32) 4%

372+ — | 1190 411 404 (20)100%

1/2-| — | 980| 5414 96%, 41144+0,(30) 20

972+ — | 1390 4134404 (22) 10004

3/2-| — | 1420| 541+ 8%, 411 1+ Qy (30) 870;

1/2-| — .| 1470 550 ¢ 149, 532 t-+Q4(22) 81%, 541 +-1-Q4(22) 2%

TABLE 6.40, ¥Ho

Energy, keV
K exptl.|theor Strncture
72- o 0| 523 1979%
32+ 209 | 260 411 + 94%, 41114-0Q1(22) 3%
1/2+ 211 | 380| 411 | 83, 411140 (22) 9%
5/2¢ — 700 | 402 + 7995, 413} 20, 660 ++Q4(22) 8%
5/2+ 760 | 740| 4134 969, 402 129
5/2-| 827 | 950 532 1899, 411404 (31) 5% 550 + + Q1 (22) 3%
7/2+ 253 | 800 404 | 98%, 651 1+ 0y (22)
1/2-| 424 | 1000 | 541§ 90%, 411 +4-Qy (32) sw
7/2+ — | 1070] 4131 29, 411 10y (22) 98%
9/2-| — | 1110 514 1 899, 4021404 (32) 7%
3/2-| — | 1140| 541 ¢ 3%, 523 +4-Q4 (22) 96%
124 — | 1150| 420¢ 2%, 41114—01(22) 98%
11/2-] — | 1160 523 t+-Q4(22) 100%
1/2+| — | 1400| 660 t 32%, 402 ++ Q1 (22) 58%,65114 01(22) 5%,
9/2+| — | 1415 4134+Q:(22) 0
32+ — | 1420| 4024 3%, 523 Q4 (32 /o
1/2-| — |1460| 550+ 29, 411 1+Qt(32} 32% 532 t+Q1(22)10%
3/2+| — | 1465 411 +-+ Q4 (20) 100%
TABLE 6.41. ¥*Ho TABLE 6.42. %50
Energy, keV Energy, keV
KT T - Structure o exptl.]theo:.
7M2-| 0 0| 523 ¢ 98% ;%; . 38 Zﬁ"gi% 4114 +01(22)
3 2+ 360 | 2 1940, 4114+
32t — | 240 411195%, 411440, (21 2% 12+ 429 | 570 | 411 885, 414 110 (22) 10%
172+ 298 300 | 411 1 919, 411 404 (22) 8% 7724 715 | 890| 404 97%, 523+4-Q
5/2-| — | 950 5321 01%, 550 +4-Q1(22) 3% 3/2- 900 | 541t 4%, 523 104 (22) 95%
5/2¢| — | 1000 413 97% 5/2-| 1056 [ 910 532 +90%, 550 +-+Q (22) 3% 420 14+-01(32) 3%
72+ — 1010 | 413+ 1905, 41114+ Q4 (22) Qg% 11/2-| 689 920 523 +-1- Q4 (22) 100
a/2-| — | 1015] 541 + 4%, 523 +4Q;(22) 95% 1/2+ 940 411 +4-04(22) 10[)%
/27 — | 1040 523 140y (22) 1009 5/2+ 995 | 1000| 413 4 969, 582 ++ Q; (30)
1/a+ — | 120| 411} 8%, 4111404(22) 92% 1/2+ (1037) | 1010 411 § 100, 411 140 (22) 90%
9/2-| — | 1180 514195%, 4021401 (32) 2% 9/2- 1130| 514 1 93%, 402 140, (32)
7/2+| 440 | 900 | 404 4 97%, 523 +-4 Q4 (30) 200 arm+ 1140 523 -0y (32) 1009
Iy e ok 2 |HE) g, 0, TS
-l — by 1 b 1/2- 1280 | 550 4 16%, 532+ 105 (22) 6%, 411 t--Qy(32) 3%
1/2-| — | 1400| 550 4 16%, 532 t-+Qy (22) 75%, 411 +--Q4 (32) 4% + 500 4 2700 411 6707 51 o
siar| | 1415| 402 1 349, 41410 (22) 58%, 5234101 (31) 29% e {101 4021218, 411 1 (20 Oy 110105 4%
17/2+ — | 1570 p523 t nb42 1 n523 ) 100% 3/2- 1450 | 541 4279, 411+ Q4 (30) 66%, 523 1104 (22) 3%
3/2-| — | 1410 541 ¢ 7%.41n+01(30) 9095 5/2+ 1520 | 402 4 499, 411 0y (22) 343, 514 + -0y (32) 109
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TABLE 6.43. ¥5Tm

Structure

Energy, keV
T
x exptl, |theor,
1/2¥] 0 0
7/27| 149 300
9/2-| — | 550
7/2+ 69 450
8/2+] — 660
5/2+ — 990
3/2-) — | 1010
11/2-] — | 1060
3/2%) — | 1100
5/2+# — | 1100
724 — | 1250
124 — | 1320
1/2- — | 980
5/2-| — | 1400
3/2% — | 1470
17/2+( — | 1960

4114 9895
523 + 9407,
514 1 949,
404 } 980;
411 1 8495,
402 1 4203,

5411 305,

414 49,
402 t 44%,

4131+ 1%,
541 § 9694,

532 1 759,
651 + 110,

411 +4+0Q4(32) 3%
402 t4-Q4 (32) 3%

923 t+Qy(32) 7%, 411 {4-Qy (22) 6¢
4134 29, 411 440, (22) 49% 514 101 (32) 39
523 t-+-Q4(22) 9
523 +4-Q4 (22) 100%
4114404 (22) 949%
434 39, i1 ;i 1 522) 46%. 514 4+-Q1 (32) 3%
1
11 110! (53) 1000
4114 +Qy (30) 2%
41 404 (31) 14% 411 §-1-Q (32) 3%
404 4 4- Q4 (22) 86%, 523 1'+01 (32) 2%
p523 + nb42 + r523 | 100

4
%
o

TABLE 6.44, ¥'rm

Energy, keV

&l
K% | exprl|theor.,

Structure

1/2+ 0 0
/27| 293 | 360
9/2- — 560

5/2% — 820
3/27 — 900
127 — 940
3/24 — 990
5/2¥| — | 1000
7/2% — | 1140
12+ — | 1200

411 4 97%
523 1 969, 41114-Q,(32) 29
514 ¢ 9605, 402 404 (32) 2%
404 | 979, 651 4041 (22) 2%
411 +829%, 11 | + 1(22) 11% 523 104 (32) 4%
402 1129, 413} 3%, 411 V04 (22) 84%
541 ¢+ 3%, 523 +4-Q4 (22) 979
523 4 Q) (22) 10005
411 1109, 411 440 (22) 899
402 1 749, 411 4 4 Q4 (22) 13%,6601+Ol (22) 49
413+ 1%, M1 44-04(22) 98%
411 4404 (22) mocn,u
541 4 969, 41 440y (30) 39
532 1 819, 514 -0, (22) 6,.).4iu+0:(32)5%
413§ 949, M1,4-04(22) 3%

p523 t nd23 | n633 T 10094

TABLE 6.45. ¥Tm

Energy, keV

Xt exptl theor.,

Structure

7/27| 379 360
/2% 316 370

9/2~ 530
3/2+ 571 630
5/2% 810
1/2- 900
372 950
5/2+ 1000
11/27 1020
3/2+ 1080
7/2+ 1190
1/2+ 1280
3/2+ 1350
1/2+ 1400
5/2- 1470

411 4 969
523 4 95,.,,
404 | 989%
o5l4 ¢ 95,‘,,
411 1 849,

411 t+01(32) 2%

402 1-10Qy (32) 89
411§+ Q4 (22) 89 523 1404 (32) 49

402 T51% 1413} 2%, 2‘11 L Q1 (22) 300, 660 +-1-0y (22) 49

541 § 900;,
541+ 5o,

+01( ) 50
+Q1(22) 949

402T33,.,,413¢4%,41H+01(22) 56%, 660 1--Q1(22) 2%

411+ 7%,
431 2%,

651 1 149,
660 + 19%,
532 + 850,

23 1404 (22) 1009
41H+01 (22) 92“/6
411 404 (22) 979%
411 ++ Q4 (22) 100%
404 | 4 Q5 (22) 83’
414404 (20) 42“6 402 +--Q (22) 33%
550 1+ Q1(22) 5%, 41340, (30) 4%
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TABLE 6.46. TTm

Energy, kev
K Structure
exptl.theor,

12+ 0 0 4114979

/27| 425 360 523 1979%

972-| — 550 514 1979

7/2%] 635 430| 404 | 98%, 651 1401 (22) 1%
3/2+ 676 | 680 411 1 88%, 414101 (22) 19
5/2+| 913 930 402 1 70%, 411 |+ Q4 (22) 18“ 660 +-+ Q4 (22) 4%
3/2-| — | 1015]| 541t 4%, 523 44-Qy (22) 9

1/2+| — | 1040 411 H—(h (20) 10[]%
Hpe-| — | 1070 523 + L Q4 (22) 100%;
5/2+ — | 1090 402 1 16%, 413 } 6%, 411 ¢+Qi (22) 759
32+ — | 1100 114+ 0y (22) 93%
724 — 1250 413t 2%, 411 t+ Q4 (22) 989
1/9-| — | 940| 541 948, 41401 (30) 4%
172-| — | 1460 411 104 (31) 100%
9/2+| — | 1440 523 +4-Qy (31) 100%
5/2¢ — | 1445 523 $ - Qy (31) 1008,
5/2-| — | 1500| 532 4849, 414404 (31) 8%, 550 ¢+ 0y (22) 4%
5/2+| — | 1530| 413 26%, 4140, (22) T

5/2+| — | 1640 413 4 6393, 411 Q3 (22) 290'

TABLE 6.47. ¥Lu

Structure

Energy, keV
oL

X exptl |theor,
724 0 0
9727 — 60
112+ — 220
52+ — 540
32t — 730
7/2-| 493 | 740
1/2-| 30 700
5f2% — 1000
32+ — | 1050
1172+ — | 1130
1/2+] — 1270
5/2-| — | 1300
712+ — | 1305
13/2-| — | 1310
3727 — | 1340
9/2-| — | 1430
11/2-| — | 1450
172+ — | 1510
32 — 1530
1/2-| — 1550
19/2-| — | 1720

404} 97%,
514 1968,
411 + 90/0!
402 1 87%,
411 1 399,
523 1939%,
541} 979,
4131 6%,
402§ 10%,

5321 29,

541 129,

660 + 3094,
532 4 599,
5301 79%,

402 40 (22) 2%

402 1+Q,(32) 19

H14+0,(22) 6%

514 + Q4 (32) "o,ﬁbﬂ’r+01( 2)4%
411 4+ Q4 (22) 56%

411 t4-Q4 (32) 364

53214-Q4(22) 2%

411 4--Q4 (22) 93%

404 | - Qq (22) 899

404 § Q4 (22) 100%

411 § +Qy (20) 100%

514 1-1-Qy (22) 979

404 } <~ Qy (20) 100%

514 1 Q4 (22) 100%

523 14 Q4 (22) 85%

514 +4-Q4(20) 100%

523 - Q4 (22) 1009

402 44-0Q4 (22) 63%, 402 | 1-Q,(22) 20
411 4404 (31) 22%, 5414404 (22)9%
411 4+ Q4 (30) 85%, 411 Q4 (31) 7%
p404 | n523 § n633 + 100%

TABLE 6.48. Ly

Energy, keV
Structure
" exptl, |theor. ue
72t 0 0] 4044 97%
9/2-| 469 55 [ 514 195%. 402 tQ1(32) 3%

1/2+| 208 230
5/2+| 296 470
2= 71 700

7/2-| 662 760
3/2+ 770
3/2+ 1150
5/2+ 1160
1/2+ 1210
3/2+ 1280
3/2+ 1370
172+ 1440
o5/2- 1470
3/2- 1480
1/2~ 1490

411§ 919,
402 1 839
541} 980
523 1 9095,
411 4 480,
402 § 139%,
413} 8%,

532 + 10%,
541 t 149,

[\F4
M14101(22) 50
. 5141401 (32) 108, 400 1+0.(22) 4%

411 +4-Q4(32) 8%

iéiiigx E:ég 41‘!.,, 523 ++0Q4(32) 9%
1

411 -+ 04 (22) 910’

411 4+ Q4 (20) 100-v

411 L+ Q4 (22) 100'56

404 } Q1 (22) 100%

411 3 404 (20) 1009

514 t4- Q4 (22) esw 411§ + Q4 (32) 269

523 +4-Q4 (22) 44"{” 4111404 (32) 39%

411 L @4 (30) 100%
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. TABLE 6.49, 1By

Energy, keV
n
K exptL|theor. Structure
7/2+ 0 0| 404 4 99%
Vel | g i e
5/2+| 357 600| 402 1 8400, 514 +-04(32) 149
2| — 720 523193,0. 411 44-04 (32) 69
Rl D Hixe s
- 1
3/t — | 1080 411 1 679%, 523 14 Q4(32) 27,0, 4113404 (22) 29
1/2-| — | 1160| 530+ 19, 411 4 +Q;(31) 989%
3/2-| — | 1170| 5324 295, 411440y (31} 9805
72+ — | 1180 404 § + Q4 (20) 100%
3/2-| — | 1270 411} Q4 (32) 1009,
5/2-| — | 1280| 532t 39, 4114+ Q;(32) 92%. 404 } - Qy (31) 49
5/2-| — | 1290 404 | Q4 (31) 950' 4111404 (32) 4%
5/2+ — | 1330 642+ 2%, 411 44-Q;(22) 9
32| — | 1330 41144 Q4 (22) 100%
724 — | 1390 514 140y (31) 100%
3/2-| — | 1395| 5324 59, 404440y (32) 95%
11/2-] — | 1400 404 | 1+ Q4 (32) 100%
3/2¢| — | 1450 404 | - Qj (22) 10004
12+ — | 1460 404 | 4- Q. (22) 1009,
9/2+ — | 1500| 404 t 19, 523 10y (31) 999
1/2-] — | 1620 401 { - @4 (30) 1009

TABLE 6.50, ®Ly

Energy, keV

KT
exptlL |theor,

Structure

TABLE 6.52. 1712

Structure

Energy, keV
KJ'I:

exptl Itheor,
/2t 0 0
9/2-| 74 <4 —60
52+ T1 180
1/2-| 247 300
1/24 — 610
3/2- — 1020
32+ — | 1130
1172 — | 1200
327 — 1200
712+ — | 1210
52+ — 1220
13/24] — | 1220
1724 — | 1230
3/2+ — | 1250
9/2-| — | 1260
/27| — | 1270
527 — 1300
1/2-| — 1390
23/2+ — | 1460
21/2= — 1470
1724 — | 1490
2127 — 1510

404 | 999
514 1 999
402 1959
541 999, 532440, (22) 19
411 929, 411 44-0Q4 (22) 69
532 4 0104, 541 4 - Q, (22) auu, 530 t -+ Q, (22) 3%
402+15,u. 404#-‘-01 (22) &
404 | -+ 04 (32) 100
404 | - 0y (32) 1009
404 | 40y (20) 100%
514 4 -+ 04 (32) 100%
514 410 (32) 1009
660 1 36%, 402 +--Q; (22) 58%
4111430, 41140 (22) 560
514 4-- Q4 (20) 1009%
523 1 989,
532+ 105, 514 +-1-Q, (22) 999
530 190%, 53240, (22) 79
P514 + n512 ¢ n624 41009
P14 1 2512 1 n514 | 1009
400 1 379%, 402¢+0 (22) 58%, 402++01 (22) 2%
pi04 | n512 + n624 1 100%

» 402§ 4-Q1(22) 3%

TABLE 6.53. ™Ta

Energy, keV

exptL|theor,

Structure

72 0 0
9/2-| 396 | 100
172+ — 310
5/2+ 343 | 700
2 — 850
1/2-] 358 | 640
32+ — | 1180
3/2-| — | 1280
5/2-| — | 1280
19/2+| 1401 | 1300
1/24 — 1340
21/2-1 — | 1360
724 — | 1380
11/2-) — 1390
3r2- — | 1400
9/27] — 1470
5/2+ — | 1490
13/24 — | 1490
1/2-] — | 1520
3/2-| — | 1600
3/2=| — | 1680

404 4 999%

514 1 999

411§ 979,
402 1969,

, 660+ +-Q4(22) 2%

523 1 990

541 4 980,

4114699, 411} 0Qy(22) 299
411§ -y (32) 10005
411 | - Q4 (32) 1009
pal4 | nb12 t n514 )
411 4 -+ @y (20) 100%
po14 + nd12 t n314 }
404 4 -+ (20) 100%
404 | -+~ Q (32) 100%
404 | -+ Q4 (32) 10095
514 ¢ 4- Q4 (20) 1009
514 1 -0y (32) 100%
514 +4-Qy (32) 100%
411 | - Q4 (30) 1009

5324 995, 411444 (31) 909%

5324 8205, 411 4 Q4 (31) 109

TABLE 6.51. Ty

Energy, keV

KT
exptl |theor.

Structure

9/2-| 150 | 20
1/2¢| 570 | 150
1/2-| — | 480
5/2+ 458 | 670

32+ — 900
7/2+} 1148 | 1100
1724 — | 1300
1280

"
@
[
T
| 81
(=]

1370

1380
1380
1400

1400
1410
1490

3/2-| — | 1500
11/2+} 1230 | 1510

7/2+| 1240 | 1510
25/2t —
15/2+| 1357
13/2+) 1503

11/2+ 1307

w

=

3

+
|1

o
N
11

404 4 9704, 404 } Q4 (20) 2,59

514 1 9805

411 4 9605, 411 + 404 (22) 29

541 4 869, 541 | Q¢ (20) 10%

402 1 8700 514 ++Q4 (32) 5%, 402 +-- Q4 (20) 3%
523 49305, 411 +4-0Qy(32) 4%, 523 +--Q4(20) 1%
411 ¢ 69%, 411 § -0y (22) 2205, 523 +-1-Q (32) 6%
404 1 +Q, (20) 100%

411 | -0y (20) 100%

4134 79, 411 )+ Q4 (22) 909

1350 (p404 | n514 | n624 1 100%

4024 69, 404L—L-Ql (22) 849
404 | 4-Q4(22) 100

411 4 1685, 411;4-9,(22)77
4114+ 0, (31) 100

411 § Q4 (31) 100

» 523 14-Q1(32) 5%

514 +0,0%, 014 1‘+Qt (20} 30/0. 402 t+Q4(32)19%

523 | 0,40, 411§ -0y (32
411§+, (32) 100%
514 ++ 0y (31) 1009

514 40y (31) 100%

1510 |p514 + n514 } r624 +100%
2000 (p404 } n514 | n310 t 1009
2000 [p404 § n514 | n510 ¢ 100%

1717 Sov. J. Particles Nucl., Vol. 4, No. 2, Oct.-Dec, 1973

0

20
530
740
750
1110
1120
1120

404 | 100%

514 41009

402 1 96%, 660 10y (22) 2%, 514 140 (32) 1%

4114 969, 411 +-LQy (22) 39

541§ 9805, 532 4~ 22) 19

631 ¢ 105, 404 | --Qy(22) 99%
404 | 4 Q) (22) 1008
514 40, (22) 899
514 £ 04 (22) 1000
514 40y (31) 10095
404 4 -0 (31) 10 0"

532 § 8805, 404 | Q¢ (32) 900, 541§+ Q4 (22) 20
404 | -0y (20) 1000
514 + -0y (31) 1000,
514f+()1 (20)100%
404 } -0, (32) 1000

5324 895, 404} -Qy (32) 910,

4024 105, 514 410y (32) 990,
514 Q) (32) 1009,

ph04 | n514 § nb24 + 1009

pol4 1 ndl4 | nb24 + 1009,

411 4169%, 41130, (22) 849;

4134 19, 411} 1-0; (22) 99;
411 H—(h (31) 1009,
411§ 0, (31) 1000

p404 | n312 + n624 + 1009

TABLE 6.54. 18T,

Energy, keV

7T
K exptl |theor,

Structure

5/2%| 482 560

172~ 750
172+ 615 | 810
3/2+ 1120

11/2+ 1130
7/2+ 1130
5/2 1130
9/2- 1130
5/2- 1140

13/2- 1140
3/2- 1200

17/32- 1300

19/2+ 1300
7/2+ 1400

404 | 1009
514 + 1009
402 19805, 600 +4+0Q4(22) 1%
541} 999, 5324 +Q(22) 19
4111 979%, 411140y (22) ‘”’6
404 4 - Q4 (22) 1009
404 | 4-0Qy (22) ‘1000’
514 1+ 10 (31) 100W
404 § €y (31) {OO%
404 4 4-Q (31) 100%
514 1 Q4 (22) 100%
ol4 + -+ Q1 (22) 100%
532 | 989, .)411 40y (22} 19
p404 | rzﬁ£41 n510 t 1009
p3l4 t r624 4 0510 + 1[)0"’
404 4+ 0y (20) 100%

9/2~ 1400 514 140, (20) 1000

3/2+ 1520 411 + 1295, 411 *01 22) 889,

5/2+ 1580 | 413 | 185, 411 - Q4(22) 999,

1/2- 1580 411§ - Qg (31) 1009

3/2- 1580 AL+ 0,(31) 1005,
1972~ 1600 (p404 | nG24 4 n312 | 1009

7/2- 1690 | 523 + 989, 411 + -0, 32) 10,

1/2- 1740 5301‘9h° by D321 -0y (22) 29

Gareev et al. 177



TABLE 6.55. 18ge

Energy, keV

il tructure

K exptl [theor, A

524 0 0| 402 +979%, 400 +-+0y (22) 1,6%

1/2-| 432 150 541492% 541 1 404 (20) 6,7%

9/2-| 262 | 360 514199

7/2+| 820| 630 404;95,0. 404 4 4-Q4 (20) 4%

172+ 932 | 930( 400 1 389, 02?+01<22)58%. 402 4 4@, (22) 39
9/2+ 1020 | 4041 295, 402 1 1-Q, (22) 9805

1/2¢| 826 | 930| 4114 95%. 411 +1-0y (22) 20, 530 t4- Q4 (20) 5%
1/2-| 1108 | 1040 | 5304 73%, 402 t+ Q4 (32) 17%
13- — | 1130 5051 9%, 505 t-- 04 (20) 39{,

3/2+| 1060 | 1140 402 4 57%, 400 t-+ Q4 (22) 399, 402 | - Q, (20) 305
502+ — | 1170 642 0,295, 514 1+ Q) (32) 999,
13/2+] — | 1180 514 +--Qy (32) 1009

9/2-| — | 1190 402 t4-Qy (32) 1009

1/2-| — | 1210] 530 1 159, 402 ++ @, (32) 829}
l:ﬁg: 867 ﬁgg ggztfgo,(saz;-{—ot(zo) 69, 541 4+ 0y (22) 459
L i 1

3/2- 1340 5324 3%, 404 } 4 Q4 (32) 939
3/2+| 1060 | 1360| 651+ 794, 54u+01 (32) 9204

5/2+ 1390 | 541 4 4+ Q4 (32) 100

1/2+ — | 1420 660 + 8095, 6601—1—()1(20)110'

3/2-| — | 1490 402 t4-Q, (31) 100%
21/2-| — | 1490 |p402 t n624 + n514 § 100%

7727 — | 1500 402 Q4 (31) 100%
25/2+| — | 1800 |p514 1 n624 + n514 | 100%
25/2+] — | 2700 [p402 1 n624 1 n615 4 1000

TABLE 6.56. ¥Re

Energy, keV

cid

K e.xpti. s Structure

5/2+ 0 01 402 198%, 400 14 22) 29

9/2-| 496 | 430 514 + 996, TR 206

1/2-| 702 | 600 .m;ss,.,, 541 4401 (20) 99

7/2+| 851 | 900| 4044 939, 404 | 4-Q, (20) u%

1/2+) 1102 | 970 411 4 9305, 411 4-1-Q) (22) 4%
11/2-| 1301 | 1000 | 505 ¢ 929, 505 +4-Q, (20) W

172+ 889 | 1060 4uousnf 40u+(91 (32) xuw

9/2+ 1310 | 404 40,7%, 402 140y (22 990;,

1/2- 1370 530fu4,.,.40_»1-1 Oy (39; 990,

9/2- 1370 | 402 +++ @y (32) 1009,

5/2- 1390 | 532+ 1,39, 014?+01( 2) 089
13/2- 1400 514f4-01 (22) 1009

5/2+ 1430 | 4134 0,20, 514 - 01(32) 9905

3/2%| 1035 | 1500 | 402 } 19, 40% § +Q (22) 159, 400 1@, (22) 10%
3@1- 1354 :230 géuzgu , 4110 (22) 680

312~ 0| 5324 699, 5414 (22 mn' 5324 - Q) (20) 5%
21/2- 2000 pin’TuhZ%lndMTIoDlUD ! R
25/2+ 1907 | 2200 (p402 1 n624 + nthf’!O{]W
25/2+ 2300 | p514 t n624 + n514 + 1009,

TABLE 6.57. 1¥Re

Energy, keV
L
K exptL |theor, Structure
5/2+ 0 0 402t96%, 400 t+Q1(22) 3%
9/2-| 387 | 460|514
1/2-| 1045 | €20 541;38%, 541 1 10y (20)9,6%
12+ 645 | GGO|[ 400 4189, 402 + Q4 (22) 80,,,, 402} +Q(22) 29
9/2+| 966 [ 860 4041070 » 402 1+ Q¢ (22) 999
T2+ — 930 404%9&,;., 404 | +-Qy (20)6,7%
5/2-| — | 940 532t 10, 514 +-4+-Q, (22) 999
1/2+| 879 [ 950 41ns9nf 402 1-1-Qy (22) 5,8%, 411 14-0;(22) 4%
13/2-| — 960 5141+Q (22) 10095 ’
11/2-| 1303 | 1030 505191%. 505?-1—01 (20) 89
32+ 931 | 1210 402§ 15%, 404 4 Q4 (22) 78%, 400 +-+4Qy(22) 3%
3721 — | 1210 411 +16%, 411 | 1- Q4 (22) 84%
11/2+| — | 1260 404§ +Q (22) 1009,
52+ — | 1340| 4131 39, 4114 4-04(22) 97%
9/2-| — | 1410 402 +LQ, (32) 1009;
572t — | 1410 402 0,19}, 402 +--Qy (20) 99%
1/2-| — | 14101 402 ++Q, (32) 1009,
3/2-| — | 1440| 532} 249, 541 1 4-Qy (22) 68%
3/2+| — | 1480 402 4 6105, 404 | Q4 (22) 19«, 400 +--Qy (22) 199
5/2-| — | 1540 5234 304, 541 ,--0Q;(22) 97%
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TABLE Ad. A=155,Z = 0,RO = 1.24, VO = 48.2, y = 0.39, o = 1.80.

Basis Wave Functions

+E N4 1 L J A Bi c B Nn
+-11.55 1 8 8.5 | 6.1804 | 5.0937 | 5.1989 | 4.0103 | 0.5747
+4.05 1 6 5.5 | 5.3582 | 4.1796 | 4.3492 | 3.8315 | 0.5764
-+0.86 2 4 4.5 | 5.3106 | 3.1596 | 3.8230 | 3.5535 | 0.3530
—5.19 1 6 6.5 | 5.7956 | 4.3681 | 4.6728 | 4.6309 | 0.5925
—12.48 2 2 1.5 | 4.3760 | 2.3197 | 2.9751 | 3.7338 | 0.3713
—12.53 | 3 0 0.5 | 3.5732 | 1.3184 | 2.1781 | 3.2696 | 0.1750
—14.92 | 2 2 2.5 | 4.5283 | 2,3138 | 2.9008 | 3.9003 | 0.3655
—15.72 | 1 4 3.5 | 4.9039 | 3.4602 | 3.7502 | 4.2957 | 0.5787
—20.36 | 1 4 4.5 | 5.3110 | 3.5065 | 3.8922 | 4.6417 | 0.5643
—30.47| 2 0 0.5 | 3.3555 | 1.1949 | 1.8353 | 3.3090 | 0.3433
—31.94 1 2 1.5 | 4.4181 | 2.4844 | 2.8457 | 4.0036 | 0.5205
—33.47 | 1 2 2.5 | 4.6238 | 2.4841 | 2.8776 | 4.2370 | 0.5046
—43.80 1 0 0.5 | 3.2328 | 1.0729 | 1.4226 | 3.0329 | 0.3934

TABLE A.2. A=155,Z=0,RO=1.24, VO = 48.2, =

Basis Wave Functions

0.39, o = 1.80.

+E |N+41]| L J A4 B c B Nn
+14.81 1 7 6.5 | 5.5491 4.4437 | 4.4830 | 3.1266 | 0.5295
+-3.02 1 i 7.5 5.9960 | 4.7491 4,9679 | 4.4424 | 0.5923
-3.06 3 1 0.5 | 4.,1368 | 1.8546 | 2,7161 | 3.1158 | 0.1683
—-3.21 2 3 2.5 | 4.7419 | 2.75T1 3.3915 | 3.5304 | 0.3652
—4.36 3 1 1.5 | 4.1966 1.8517 2.7226 | 3.2637 | 0.1699
—6.20 1 5 4,5 | 5.1692 | 3.8459 | 4.0981 | 4.1765 | 0.5875
—6.93 2 3 3.5 | 4.9383 | 2.7603 | 3.4445 | 3.8837 | 0.3671
—13.01 1 5 5.5 | 5.5702 3.9564 | 4.3055 | 4.6891 | 0.5822
—21.59 2 1 0.5 | 3.9405 1.8157 2.4676 | 3.64062 | 0.3024
—22.83 2 1 1.5 | 4.0334 1.8099 | 2.4729 | 3.7197 | 0.3569
—24.34 1 3 2.5 | 4.7237 | 2.9954 | 3.3425 | 4.2657 | 0.5553
—27.21 1 3 3.5 | 5.0062 | 3.0260 | 3.4184 | 4.4994 | 0.5389
—38.43 1 1 0.5 | 3.9807 1.8641 2.2293 | 3.7328 | 0.4696
—39.04 1 1 1.5 | 4.1032 | 1.8627 | 2.2390 | 3.8042 | 0.4586
TABLE As3. A= 158N
Bzo .280 .280 .280 .280 .280 .280
Bao .080 .060 .060 .060 .060 .060
Q =12 Q =32 a =5/2
Energy —9.205 | —8.476 —8.859 —7.899 | —11.527| —0.796
NngA 400 660 | 402 651 402 642
a .190 6.5214 0 0 0 0
181772 —.023 214 .018 .209 001 199
161172 —.053 —.019 —.065 —.041 .048) —.075
24 92 —.U85 405 .072 .386 .081 .339
16132 —.091 846 .076 .866 .o02 902
22 32 .528 .036 .930 —.086 0 0
30 1/2 .770 .097 0 0 0 0
22 52 —.243 | —.143 219 -.113 948 —.056
14 7,2 —.187 —.006 —.236 036 .254 026
14 92 .078 —.206 —.077 —.185 —.138| —.151
20 172 071 010 0 0 0 0
12 32 046 .004 092 —.010 0 0
12 572 - 041 —.009 041 —. 008 096 —.004
10 1,2 016 002 0 0 0 0
Q=172 0 =9/2 Q=11/2 Q =13/2
Energy |—11.611 | —5.287| —3.611 | —1.957 | —.420
AY/TRN 404 633 624 615 606
18 17/2 001 .178 145 102 .Ub5
161172 .098 —.096 —.100 —.080 0
24 92 —.030 .252 144 0 n
106 1372 .005 .940 972 .992 . 998
14 72 .985 027 0 0 0
14 9/2 436 | —.102 —.035 0 0
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TABLEAA. A= 155N

Bao .280 .280 .280 .280 .280 .280
Bao .060 .060 .060 .060 060 .060
Q =1/2 Q =32
Energy —10.820 —9.074 | —5.230 | —2.446 | —8.830 | —6.837
NnA 541 530 521 510 532 521
a | 1.307 —.178 272 | —.315 0 0
191972 017 —.021 016 .010 016 [ —.019
17 1372 119 .136 A04 [ --.078 152 A5
17 15/2 .076 —.086 .060 .034 068 [ —.077
314 172 .309 —.091 —.548 .081 0 0
23 52 .499 .223 —.370 .521 447 .007
31 3/2 —.381 - 4T3 213 668 | —.199 .337
15 972 .533 .568 430 | —.298 T34 .480
23 72 —.260 .509 —.526 | —.407 | —.309 749
151172 292 —.302 .189 .088 278 | —.268
21 172 — 116 .008 060 | —.027 0 0
21 32 108 —.090 —.005 048 049 | —.041
13 5.2 —.164 — 104 —.030 030 | —.133 | —.050
13 7/2 021 —.012 —.027 | —.045 .023 .02t
11 172 —.013 .001 014 | —.009 0 0
11 372 016 —.016 —.000 .01t 009 | —.010
Q =32 o 52 | 0 -=7/2
Energy | —2.000 — 476 ..ﬁ.m' —4.539| —3.860 [ —2.639
NrsA | 512 501 503 512 [ 514 500
1919/2 —.0G9 .00l 012 —.012 007 | —.004
17 132 — 066 —.062 149 093 18 077
17 15/2 —.030 002 051 | —.047 029 | —.014
23 572 LG04 651 290 | —.053 0 0
31 32 —.006 L6914 0 0 0 ]
15 9/2 —.290 —.252 .835 .429 .85 L484
23 72 417 —.123 —.258 875 | — 471 .§62
15 11/2 —.107 008 249 —. 479 .202 --. 063
21 372 —.0350 099 ] ( 0 (
13 52 .041 .052 —.070 | --.027 0 0
13 72 .053 —.020 012 069 [ —.022 13
11 32 —.004 .024 0 0 0 C
Q- 92 Q 1172
Energy | —10.695 —.859 -9.008
NuzA 514 505 503
191972 .018 001 .009
17 13/2 ~.057 .089 —.040
17 15/2 A7 .006 .068
15 92 —.105 .990 0
151172 .986 410 997
TABLE A.5. A =155, Z = 63, RO = 1.24, VO = 59.2, » = 0.36, o = 1.63.
Basis Wave Functions
<-E N1 L J A 1 C I Nn
~-18.5 1 8 8.5 N o
177 1 6 | 5.5 | 5. 4. k
=850 2 4 | 4.5 | 5.2821 # L4
168 | 1 6 | 6.5 | 5.7487 4.0 W
—4.63| 3 0 | 0.5 | 36026 2 17063
—4.69 2 2 1.5 | 4.3864 #$. LA7h
—-7.33| 2 2 | 2.5 | 454820 3,046/ i
—-8.22 1 4 | 3.5 | 4.9442 3. 546,
—13.44 | 1 4 | 4.5 | 5,283 3. Rir(ik
—-22 .66 2 0 0.5 3.4244 1. 3.30960 (), 3440
2450 1 2 1.5 | 4.4369 20981 | 4.1636 | 0,5316
-26.32 | 1 2 | 2.5 | 4.6505 T8 1 4.3249 | 0.5194
—36.06 | 1 0 1 0.5 | 3.5079 1.5800 | 3.3209 | 0,3968
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TABLE A.6. A =155,Z = 63, RO = 124, VO = 59.2, » = 0.26, o = 1,63,
Basis Wave Functions

+E N+1 L J A nt (i n Nn
+22.70 | 1 7 | 6.5 | 5.5230 | 4.4144 | 4.4070 0.5385
49.92 | 1 7T | 7.5 | 5.9456 | 4.7559 | 4.9484 0. 6014
+5.18| 3 1 | 0.5 | 4.1363 | 1.8685 | 2.7435 0.1717
+4.69 [ 2 3 | 2.5 | 4.7327 | 2.7889 | 3.42% 0. 3729
+3.68| 3 1 | 1.5 | 4.2036 | 1.8650 | 2.7573 0.1729
1.38 | 1 5 | 4.5 | 5.1436 | 3.8722 | 4.0896 05046
Lo 2 3 | 3.5 | 4.9317 | 2.8029 | 3.4918 0.3742
Sea2| 1 5 | 5.5 | 5.5303 | 40177 | 4.3339 0.59:
-13.79 | 2 1 | 0.5 3.972 | 1.8374 | 2.5007 (
—15.42 | 2 1 | 1.5 | 4.0702 | 1.8378 | 2.5276 h
—-16.89 | 1 3 | 2.5 [.4.7161 | 30663 | 3.3805 {
—20.21 | 1 3 | 3.5 | 4.9084 | 3.1230 | 3.5054 {
—30.80 | 1 1 | 0.5 | 4.0023 | 1.9575 | 2.3516 0,815
—31.66 | 1 1 | 1.5 | 4.2000 | 1.9751 | 2.388% 04731
TABLEA.T. A = 155P
B0 .280 .280 280 .281) 980 [ 980
Bao .060 060 060 060 60 [ 00
Q =12 | Q =32
Energy |—11.420| —8.799 | —4.642 | —2.065 | —1.049 | —0.464
Nn,A 431 420 411 400 660 422
a —2.688| 1.627 —.519 6.518 265 0
110 24/2 .002| —.o03 .002 .058 .007 002
1 8172 011 —.014 -008 “246 -031 .011
1 614/2 65| 099 —.09 | —.003| —.060 170
2 4 92| —013| 102 1109 392 | —.002| —.03t
1 613/ 049 —.063 .025 834 103 .049
30 42| —.199| 434 —.371 | —.068 .780 0
2 2 32 488 —l103 681 | —.104 -510 306
2 2 52| —.156] .689 458 | —.404 | —.271| —l199
1 4 779 68| 408 —.363 044 | — 173 871
1 4 92 214 —365 — 178 | —l243 029 258
2 0 172 057 —.o83 2009 | —.o07 1082 0
12 32| —189| —.018 021 | —.008 050 | —.089
1 2 52 027 022 043 001 | —.048 028
1.0 1/2 010 —ot4 003 | —.002 022 0
0 =32 Q —5/2
Energy | —6.275] —1.453 —.755 | —6.835 | —3.661 —.92
NnaA 411 402 651 413 402 642
110 24/2 | —.00t] 055 —.011 .001 .001 .051
1 817/2 | —.003| 238 —.045 .005 -004 .229
1 61172 .080| —.056 —.058 151 050 | —.o72
2 4 92 34| .37 —.023 | —.04 .08 .38
1 6132 | —.017| .845 — 157 .026 .014 1893
2 2 32| —.153] 165 918 0 0 0
22 52 877| —l088 244 | —.215 046 | —.076
1 4 72 -323| —.031 —.232 937 -245 .0%5
1 4 92| —.2717| —.224 —.023 224 | —.143 —170
1 2 32| —.013] lote 01 0 0 0
1 2 52 040|004 .046 .06 .108 —.006
Q=12 0 =92
Energy —11.931| —3.768 —10.233
Nn A 413 404 404
110 2172 .003[  .o000 .001
1 8172 020 oot -009
1 614/2 | —.084| 107 —.045
2 4 92| —.052| —.033 —.113
1 61372 420 004 074
14 72| —.133] 984 0
1 4 92 979 139 .990
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TABLE A.8. A = 155pP

Bun .280 280 .280 .280 .280 .280
fan | -0G0 | .06V .060 .060 .060 060
Q -:1/2 R =32
Energy | —11.098| —9.393 —3.568 | —1.751 | —8.644 | —1.508

Nu.A 301 550 541 530 541 532

a G35 —5.4062 I 1.552 l —.401 ] 0

[ Ut 046 .020 —.026 045 .01y

17132 — .08 —.07 A4 43| — 045 67

17152 .00 213 081 —. 102 214 076

31 1.2 — .6 —.032 205 —.098 1] 0

23 52 o2 —.038 496 A99 | —.058 441

A1 w2 ~. 052 .139 — 363 477 075 | —.189

ta o2 — .03l —.042 .553 548 | —.101 743

28I L0532 417 —.259 .5327 368 | —.297

a2 - UL .830 267 —.298 .869 . 264

112 849 024 —.128 013 0 0

21 12 4 —.121 120 —.108 | —.061 .054

L a2 —. 2865 .025 —.185 —.112 041 | —.150

1 7 — 098 —.224 .023 —.014 | —.187 .025

111 063 L000 —.015 .002 0 0

113 048 —.008 .018 —.021 [ —.005 011

Q 52 Q =72 Q --9/2 Q =11/2

Energy | —7.244 | —5.507 —3.619 —1.737

Nn.A A 523 514 505

19192 wil .02 021 .010

17 1372 — .63 —.068 —.061 —.044

17152 208 A5 A3 076

2% 52 —.042 0 0 0

15 072 - 134 - .87 —.106 0

272 278 163 0 0

15 112 916 .950 .084 .996

13 572 030 0 0 0

13 72 —.128 —.067 0 0
TABLE A.9. A=165,Z=0,RO = 1,26, VO = 44.8, x = 0.43, o = 1.67.
Basis Wave Functions

+E N1 L J A 131 C I Nn
+10.69 | 1 8 | 8.5 | 6.4238 | 5.0276 | 5.1469 | 4.0257 | 0.5496
43.99| 1 |.6 | 5.5 | 5.5633 | 4.1374 | 4.3081 | 3.8102 | 0.5505
+0.67 [ 2 4 | 4.5 [ 5.5190 | 3.1474 | 3.8151 | 3.5741 | 0.3399
—4.75| 1 6 6.5 | 6.0123 | 4.3356 | 4.6330 | 4.6230 | 0.5676
—11.53 | 2 2 1.5 | 4.5375 | 2.3098 | 2.9694 | 3.7228 | 0.3571
—11.64 | 3 0 | 0.5 | 3.7063 | 1.3084 | 2.1766 | 3.2596 | 0.1683
—13.83 2 2 2.5 | 4:6955 | 2.3072 | 2.9890 | 3.8896 | 0.3519
—14.35 [ 1 4 3.5 | 5.1385 | 3.4279 | 3.7205 | 4.2689 | 0.5547
—18.80 | 1 4 | 4.5 | 5.5020 | 3.4891 | 3.8637 | 4.6235 | 0.5416
—28.20| 2 0 | 0.5 | 3.4675 | 1.1886 | 1.8340 | 3.2825 | 0.3311
—-29.50 | 1 2 1.5 | 4.5604 | 2.4676 | 2.8302 | 4.0542 | 0.5009
—-30.97 | 1 2 2.5 | 4.7767 | 2.4740 | 2.8602 | 4.1995 | 0.4854
—40.63 | 1 0 0.5 | 3.3216 | 1.0705 | 1.4212 | 2.9797 | 0.3809

Sov. J. Particles Nucl., Vol. 4, No. 2, Oct.-Dec. 1973 Gareev et al.

182



TABLE A.10. A =185,Z=0,RO = 1.26, VO = 44.8, = 0,43, o= 1.67.
Basis Wave Functions

+E N1 L J A Bi ¢ n Nn
+13.91 1 7 6.5 | 5.7730 | 4.3772 | 4.4250 | 3.0999 | 0.5029
+2.82 1 7 7.5 | 6.2262 | 4.7162 | 4.9314 | 4.4419 [ 0.5675
-2.01 3 1 0.5 | 4.2959 | 1.8436 | 2.7151 | 3.1218 | 0.1622
—2.98| 2 3 2.5 | 4.9225 | 2.7437 | 3.3799 | 3.5258 | 0.3508
—~4.13 3 1 1.5 | 4.3081 | 1.8425 | 2.7233 | 3.2684 | 0.1656
—5.51 1 5 4.5 | 5.3577 | 3.8166 | 4.0597 | 4.1546 | 0.5624
—6.47 | 2 3 3.5 | 5.4259 | 2.7465 | 3.4306 | 3.8801 | 0.3526
-11.98 1 5 5.5 | 5.7753 | 3.9312 | 4.2833 | 4.6742 | 0.5588
—19.95 2 1 0.5 | 4.0785 | 1.8063 | 2.4623 | 3.0253 | (.3488
—21.13 2 1 1.5 | 4.1776 | 1.8026 | 2.4690 | 3.7018 | 0.3436
—22.39 1 3 2.5 | 4.8819 | 2.9863 | 3.3237 | 4.2313 | 0.5342
—25.15 1 3 3.5 | 5.1782 | 3.0107 | 3.3999 | 4.40688 | 0.5180
—35.57 1 1 0.5 | 4.0999 | 1.8550 | 2.2182 | 3.6859 | 0.4529
~36.17 1 1 1.5 | 4.2320 | 1.8554 | 2.2333 | 3.7611 | 0.4424

TABLE A.11. A = 165N

[ .280 .280 .280 .280 .280 .280
Bao .020 .020 .020 .020 .020 .020
Energy —11.776| --8.384 [ —7.575 —8.041 =7.170 —10.549
N\ 411 400 660 402 651 402
u —.942 160 6.628 0 0 0
L 8172 —.005 1] 201 .002 199 —.005
1 612 —.104] —.077 | —.015 —.088 —.039 067
2 4 972 076 —.069 417 .066 395 093
1 6 13/2 —.044 009 .860 .002 874 —.042
2 2 32 .673 .519 .007 .921 —.034 -.0
3 —0 172 —.365 .766 .020 0 0 0
2 2 52 L4700 —.280 [ —.059 -240 —.U48 .939
1 4 72 —.377( —.194 |  .001 —.252 017 .260
1 4 9/2 - 475 .078 [ —.206 —.082 —.190 —.150
2 -0 1/2 01| —.u76 .001 0 0 ]
1 2 32 014 047 .001 096 —.004 0
1 2 52 035| —.047 .005 045 005 12
1 -0 12 003 o017 | —.000 0 0 u
=5/2 n =72 Q= 9/2 Q=112
Energy —0.381 [~10.403 | —5.250 [ —3.825 —2.100
Nrg\ 642 404 633 624 615
1 8172 .193 L0U3 .183 164 135
1 61172 --. 068 420 —.089 =100 — .80
2 4 9/2 351 .03 277 178 (
1 61372 .899 .026 .930 .961 087
2 2 52 —.020 0 0 1] 0
1 4 72 013 981 014 0 U
1 4 9/2) —.164 A50 | —.127 | . —.083 0
1 2 502 .005 0 0 0 v
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TABLE A.12, A = 165N

Bao 280 280 280 280 | 280 | 280
Bao .020 020 .020 020 Loz | 020
o =172 Q=32
Energy | —9.634 | —8.405 | —5.193 | —2.634 | —8.158 | —6.698
NnyA 541 530 521 510 532 521
a 518 549 369 | —.218 0 0
191972 o2 —.o13 018 08| .o13] —.o16
1713/ 095 197 108 | —.096| .132| 128
17 15/2 ~083 [085 087 (087 | .082| —.095
31 173 2310 030 | —l582 -068 0 0
23 572 467 306 | —341 531 462|069
31 32 | .51 434 1220 43| —.249| 346
15 952 469 1610 434 | —3t4| leso| 50
23 72 | —.339 479 | —la99 | et | —l3m| 70
15112 203 [ —l258 180 003 | .276| —.243
21 12 | —.005| —.004 078 | —.034 0 0
21 372 119 —.087 —.006 .041 .058| —.054
13 572 — . 144 —.124 —.034 .029 —.137| —.069
13 772 02| —013 | —loz2 | —los2| .oz .o0i5
11 172 | —loo9 ~001 o017 | —lotl 0 0
11 32 018 | —.016 2000 009 |  .0i0| —.013
Q =32 Q =52 Q =172
Energy | —2.213| —.398 | —6.218 | —4.616 | —11.855] —3.687
NnzA 512 501 523 512 523|514
191972 | —.o19 015 o012 | —.o015 o8| 010
17132 | —.086| —.080 143 A2 | —loss| 132
171572 | —.092 066 0786 | —.089 68| 066
23 52 1653 586 325 | —.042 0 0
31 32 | —517 732 0 0 0 0
15 9/ | —.37| —.236 802 472 | 136|868
23 7/ 09| —les | —l39s 847 | 193] — 426
1512 | —111 017 269 | —180 | 951 207
21 372 —.017 109 0 0 0 0
13 52 042 046 | —.085 | —.0% 0 0
13 72 048 | —.020 014 062 | —.083| —.014
11 3/2 —.000 026 0 0 0 4]
Q =72 a =92 =itm
Energy | —2.207| —10.214 | —.356 | -8.0%
Nr A 503 514 505 505
19192 | —.010 015 005 009
17132 091 | —lo63 2| —050
17 15/2 —.061 . 146 .035 .105
15 9/2 43| -7 1986 0
23 772 877 0 0 0
15112 | —.087 980 120 993
13 72 121 0 0 0

TABLE AJd3. A =165, Z =67, RO = 1.25, VO = 59.2, % = 0.355, o = 1,63.
Basis Wave Functions

+E (N+1| L J A By c R Nn
+30.94| 1 8 7.5 | 5.8358 | 4.6489 | 4.6100 | 3.4589 | 0.5347
+16.65 | 1 8 8.5 | 6.2531 | 5.1019 | 5.2461 | 4.4739 | 0.5928
1225 | 2 4 3.5 | 5.1611 | 3.1768 [ 3.7779 | 3.1606 | 0.3430
+9.54 ( 1 6 5.5 | 5.4592 | 4.2177 | 4.3997 | 4.1850 | 0.58T1
7212 4 4,5 | 5.3818 | 3.2115 | 3.8909 | 3.9110 | 0.3662
4032 1 6 6.5 | 5.8778 | 4.4106 | 4.7047 [ 4.8457 | 0.5956
—5.59 | 3 0 0.5 | 3.6883 | 1.3174 | 2.2085 | 3.4124 | 0.1739
—5.80| 2 2 1.5 | 4.4959 | 2.3490 | 3.0310 | 3.9104 | 0.3716
—-8.221 2 2 2.5 | 4.6500 | 2.3497 [ 3.0566 | 4.0650 | 0.3659
—9.50 | 1 4 3.5 [ 5.0785 | 3.5100 | 3.8192 | 4.4664 | 0.5784
—14.23 | 1 4 4.5 | 5.4140 | 3.5985 | 3.9718 | 4.7963 | 0.5675
—22.99| 2 0 0.5 | 3.5282 | 1.1999 | 1.8870 | 3.4496 | 0.3363
—25.90 | 1 2 1.5 | 4.5758 | 2.5679 | 2.9543 | 4.2481 | 0.5208
—26,55 1 2 2.5 [ 4.7862 | 2.6069 | 3.0205 | 4.4042 | 0.5099
35.73 1 0 0.5 3.6592 1.1603 1.6157 3.3996 | 0.3862
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TABLE A.14. A =165, Z = 67, RO = 1.25, VO = 59.2, % = 0.355, o = 1.63.
Basis Wave Functions

+E N--1 L J A B C B Nn
+20.09 | 1 7 | 6.5 | 5.6387 | 4.4901 | 4.5810 | 3.6006 | 0.5567
14,66 [ 2 5 | 5.5 | 5.7176 | 3.5782 | 4.2113 | 3.2978 | 0.3379
+8.29 | 1 7 | 7.5 | 6.0738 | 4.7770 | 5.0032 | 4.7323 | 0.5995
1-4.09| 3 1 0.5 | 4.2188 | 1.8650 | 2.7537 | 3.3629 | 0.1724
3.3 2 3 | 2.5 | 4.8373 | 2,7917 | 3.4496 | 3.8033 | 0.3726
- 2.65| 3 1 1.5 | 4.2864 | 1.8619 | 2.7626 | 3.4817 | 0.1726
—0.37] 1 5 | 4.5 | 5.2767 | 3.8938 | 4.1510 | 4.4031 | 0.5902
—0.49| 2 3 | 3.5 | 5.0372 | 2.8020 | 3.5069 | 4.0945 | 0.3712
—7.20| 1 5 | 5.5 | 5.6605 | 4.0193 | 4.3671 | 4.8624 | 0.5851
—14.55 | 2 1 0.5 | 4.0824 | 1.8351 | 2.5198 | 3.7910 | 0,3589
—15.76 | 2 1 1.5 | 4.1780 | 1.8355 | 2.5355 | 3.8648 | 0.3542
—17.72 | 1 3 | 2.5 | 4.8530 | 3.0729 | 3.4247 | 4.4154 | 0.5554
—20.71 | 1 3 | 3.5 | 5.1304 | 3.1361 | 3.5327 | 4.6499 | 0.5436
—n.92 | 1 1 | 0.5 | 4,2039 | 1.9652 | 2.3764 | 3.9341 | 0.4705
—31.61 | 1 1 1.5 | 4.3401 | 1.9856 | 2.4128 | 4.0280 | 0.4629
TABLE A.15, A = 165p
Bao .280 .280 .280 .280 .280 .280
Ban .020 .020 .020 .020 020 .020
a =1/2 Q =3y
Energy | —9.919 —6.223 | —2.933 | —2.029 |-11.077 | —7.654
Nn,A | 420 411 400 660 422 411
a 1.827 —.735 6.649 .391 | 0 0
1 10 2172 —.001 .00t .035 .003 .001 | —.001
1 81572 011 —.015 —.011 | —.o1 .020 .013
1 8172 —.012 .008 .228 017 007 | —.oi1
2 4 72 —.003 .084 —.013 104 082 | —.049
1 611/2 .089 —.113 —.018 | —.067 .184 .092
2 4 92 .085 .088 401 | —.072 | —.023 A21
1 61372 —.091 —.055 .852 .073 060 | —.082
3 0 12 .483 —.303 .023 .795 0 0
2 2 32 —.148 .695 —.017 448 .338 | —.192
2 2 52 701 .460 —.039 [ —.295 | —.173 .864
1 4 712 .333 —.389 015 | —.184 .858 .322
1 4 92 —.332 —. A% —.240 .075 .248 | —.281
2 0 172 —.082 .016 —.004 .086 0 0
1 2 372 —.005 014 —.002 050 [ —.410 | —.010
1 2 52 —.034 .035 011 | —.056 .030 .027
1 0 12| —.02 .005 —..002 .025 0 0
0 =372 Q =5/2 =(}?!2;;
Energy —2.5%6 —1.916 | —8.524 | —4.504 | —1.705 | —5.220
Nn,A 402 651 413 402 642 404
110 2172 .035 —.002 .001 | —.001 .033 000
1 81572 —.032 —.011 .018 009 | —.049 012
1 8172 .2%6 .01 006 | —.008 .222 .004
2 4 72 —.024 .123 —.003 | —.076 | —.031 [ —.101
1 6 11/2 —.061 —.080 172 061 | —.092 .129
2 4 92 ,381 .059 —.037 125 .339 | —.031
1 61372 .864 —.050 052 | —.055 .886 .031
22 32 .018 .901 0 0 0 0
2 2 52 —.036 274 —.182 .938 | —.029 0
1 4 72 014 —.255 .939 .218 .021 974
1 4 972 —.223 —.075 227 | —175 | —.191 .148
1 2 372 .002 .106 0 0 0 0
1 2 572 .009 .054 .023 15 .005 0
Q =172 Q =972
Energy —.470 | —10.914
Nn,A 633 404
1 10 21/2 .030 .001
1 8152 | —,062 —.008
1 81772 .213 .010
2 4 72 —.024 0
1 611/2 — A4 —.058
2 4 92 .273 —.123
1 613/2 916 416
1 4 72 .015 0
1 4 92| —.151 .984
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TABLE A.16. A = 165P

Beo .280 .280 .280 .280 .280 .280
Bao .020 .020 .020 .020 .020 .020
o =1/2 Q =32
Energy |—10.273 | —4.463 —3.111 —9.677 —3.144 —1.168
Nn A a50 941 230 541 532 521
a —D5.547 2.452 | —1.259 0 0 0
19 19/2 031 010 | —.017 030 011 —.016
17 13/2 —0.14 147 120 —.039 171 A15
25 11/2 A37T | —.017 062 15 —.022 .099
17 15/2 .218 064 | —.105 217 .070 —.102
31 1/2 —.022 .252 | —.123 0 0 0
23 52 —.023 .503 .138 —. 045 442 —.032
31 32 105 | —.304 .519 058 —.170 .370
15 972 —.034 642 JAT2 —.088 773 407
23 172 426 | —.224 555 . 386 —.243 .750
15 11/2 .826 .209 | —.328 .857 .229 —.303
21 172 029 | —.095 031 0 0 0
21 372 -, 052 A04 | —.137 —.017 .052 —.077
13 52 012 | —.196 —.088 028 —.167 —.046
13 772 —.227 024 .025 —.198 027 .008
11 172 L0031 —.009 006 0 0 0
11 312 002 018 [ —.028 004 009 —.021
Q =52 Q-7 Q =92 a =112
Energy | —8.004 | —t.402 | —7.138 | —5.48 | —2.770
Nn A 532 523 523 514 505
19 19/2 027 011 .023 017 010
17 13/2 —. 060 A76 | —.070 —.069 —.054
25 1172 073 —.030 .M5 —.049 —. 111
17 15/2 210 .069 .193 .163 A5
23 5/2 —.035 .301 0 0 0
15 972 —.128 862 | —.143 —.123 0
23 72 307 .259 .198 0 0
151172 .90t .226 942 975 .986
13 572 019 | —.102 0 0 0
13 72 —.152 .023 | —.088 0 0
TABLEAA7. A=173,Z = 0, RO = 1,26, VO = 44.8, % = 042, o = 1.67.
Basis Wave Functions
+E N4+t1| L J A Bl c B Nn
-9.60 1 8 8.5 | 6.4913 | 5.0465 | 5.1848 | 4.1798 | 0.5535
--2.59 1 6 5.5 | 5.6344 | 4.1557 | 4.3458 | 3.9529 | 0.5532
—0.12 2 4 4.5 | 5.5662 | 3.1452 | 3.8219 | 3.6942 | 0.3420
—5.62 1 6 6.5 | 6.0810 | 4.3377 | 4.6510 | 4.6957 | 0.5650
—12.38 2 2 1.5 | 4.5954 | 2.3058 | 2.9723 | 3.7811 0.3548
—12.39 3 0 0.5 | 3.7483 1.3058 | 2.1794 3.3005 | 0.1675
—14.55 2 2 2.5 | 4.7513 | 2.3043 | 2.9908 | 3.9388 | 0.3494
—15.30 1 4 3.5 | 5.2146 | 3.4353 | 3.7480 | 4.3376 | 0.5508
—19.43 1 4 4.5 | 5.5693 | 3.4872 3.8668 | 4.6717 0.5368
—28.66 2 0 0.5 ; 3.5161 1.1845 1.8353 3.3047 | 0.3274
—29.99 1 2 1.5 | 4.6311 2.4664 | 2.8310 | 4.0934 | 0.4945
—31.35 1 2 2.5 | 4.8417 | 2.4740 | 2.8675 | 4.2325 | 0.4805
—40.77 1 0 0.5 | 3.379% 1.0656 | 1.4191 2.9979 | 0.3744
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TABLE A.18. A =173,Z=0,RO = 1,26, VO = 44,8, » = 0,42, o = 1.67.
Basis Wave Functions

+E N+ L J A Bl C B Nn
-i-12.,33 1 7 6.5 | 5.8370 4.4096 4.48806 3.1600 0.5052
+1.84 1 7 7.5 | 6.2936 | 4.7064 | 4.9484 | 4.5355 | 0.5660
—3.67 3 1 0.5 | 4.3353 | 1.8427 | 2.,7178 | 3.2126 | 0.1630
—3.93 2 3 2.5 | 4.9769 | 2.7426 | 3.3909 | 3.6257 | 0,3515
—4.87 3 1 1.5 | 4.3969 | 1.8402 | 2.7235 | 3.3419 | 0.1639
—6.69 1 5 4.5 | 5.4329 | 3.8244 | 4.0830 | 4.2448 | 0.3602
—T7.25 2 3 3.9 | 5.1784 | 2.7449 | 3.4358 | 3.9470 | 0.3516
—12.73 1 5 5.5 | 5.8425 | 3.9264 | 4.2851 | 4.7337 | 0.5544
—20.63 2 1 0.5 | 4.1350 | 1.8046 | 2.4630 | 3.6642 | 0.3454
—21.73 2 1 1.5 | 4.2298 | 1.8003 | 2.4705 | 8.7354 | 0.3405
—23.09 1 3 2.5 | 4.9576 | 2.9801 | 3.3290 | 4.2854 | 0.5281
—25.65 1 3 3.5 | 5.2450 | 3.0105 | 3.4035 | 4.5109 | 0.5130
—35.88 1 1 0.5 | 4,168¢ 1.8518 | 2.2210 | 3.7160 | 0.4404
—36.43 1 1 1.5 | 4.2948 | 1.8554 | 2.2351 | 3.7869 | 0.4369

TABLE A.19. A = 173N

5 260 | .20 260 [ 200 | a0 | 260
Bso —.020 |—.020 _.020[ —.020| —.o00| —.02
Q12 Q--3/2
Energy | —9.208 | —7.899 | —.338 | —9.058 | —7.680 | —0.062
NugA 400 660 651 402 651 642
a .259 6.659 | 5.329 0 0 0
1 8172 o011 A6 | —.185 | —.010| 477 | —.150
1 6112 | —.001 | —.010| —.016| —.104| —.037| —.025
2 4 92| —lo66 404 | oses| oso| 385 1908
1 6132 .073 877 | —.374| —.06t| 887 | —.358
2 2 32 502 | —.010| 002 | lot4| lota| —.039
3 0 1/2 767 | —.o9|  L050 0 0 0
2 2 52| 297 011 | —450 .25 008 | —.139
1 4 72| —190 003 | .00 | —.255 | —.003 018
1 4 93 083 | —.187| 019 | —.083 | —.180 .026
2 0 12 0% | —lo0s| 010 0 0 0
1 2 33 045 | —.001 -001 09| .003| —.008
1 2 52| —.049 016 | —.030 | 046 | 014 | —.027
1 0 12 M7 | —.002| .002 0 0 0
Q -=5/2 Q=17/2 5 Q=112
=5/2 =1/2 .y =
Energy | —11.409 | —7.213 |-11.583 | —6.441 | —5.253 | —3.483
Nm A 402 642 404 633 624 615
1 8172 | —.009 A79 | .005| 79| 475 161
161172 076 | —-.059| 34| —.083| —.098| —.005
2 4 92 104 347 | —.033| 288 | .198 0
1 6132 | —.081 003 | .o46| .927| 954 .982
2 2 52 937 012 0 0 0 0
1 & s Tl 002 | .e77| —.000 0 0
1 4 92| —mw | —68| 158 | —.144 | —.106 0
1 2 52 1100 J012 0 0 0 0
Q —=13/2
Energy —.865
Nn,A 606
1 8172 A25
1 6132 1992
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TABLE A.20. A =173N

Bxo .260 .260 | .260 .260 | .260 .260
Bao —.020 —.020 | —.020| —.020] —.020| —.020
Q =1/2 Q =32
Energy —9.934 —9.240 | —6.397 | —3.872 | —.390 | —9.122
Nn A 541 530 521 510 501 532
a 557 614 552 | —.239 625 0
191972 —.006 —.007 | —.012 .019 .052 .007
17 13/2 —.088 22| —.102 | —.102 078 122
17 15/2 —.078 —.084 097 149 234 079
31 12 —.2M —.026 .609 025 722 0
23 572 —.445 .306 . 480 .546 1 —.484 462
31 3/2 45T 7 434 | —.229 .631 .340 -—. 244
15 972 —.303 618 | —.409 | —.304 167 703
23 72 .399 489 456 | —.414 | —.151 -. 367
15 11/2 —.242 —.227 | —.163 .102 .002 231
21 172 067 L0041 | —.095 | —.033 095 0
214 3/2 —.110 —.093 .01 .030 .054 .058
13 52 .131 —. 117 021 022 | —.043 —.139
13 72 —.030 020 .15 | —.039 | —.025 026
11 172 .005 003 | —.021 | —.0ul .021 0
11 32 —.018 —.017 .001 .007 .013 009
0 =32 Q —=5/2 Q ==T/2
Energy —7.933 —3.518 | —1.162 | —7.649 | —5.922 | —5.266
NnzA 521 512 501 523 512 514
19 19,2 —.01 —.019 -030 008 | —.U15 .010
17 —.102 | —.087 142 .108 148
17 —. 121 1417 082 | —.124 .081
23 .718 .505 o33 | —.073 1
21 —.423 775 0 0 0
15 —.346 | —.198 .830 423 .920
23 .380 | —.241 | —.339 -862 —. 296
15 —. 12 025 220 | —.203 192
21 —.001 Al 0 0 0
13 .037 040 | —.008 | —.030 1]
13 041 [ —.036 021 .049 006
11 003 027 0 0 0
Q —92 | a =112
Energy 3.1 —11.445 | —1.783 | —8.867
NnzA 514 505 505
19192 N 010 009 009
17 LB —.065 128 —.057
17 165 063 138
15 —.125 .982 0
23 0 0 0
15 976 124 .989
13 0 0 4

TABLE A.21. A =173, Z=T1,RO = 1.25, VO = 59.2, % = 0.32, o = 1.59.
Basis Wave Functions

+E N+1 l L | J. | A | Bl c B Nn
+29.15 1 8 7.5 | 5.9392 | 4.6606 | 4.6455 | 3.3820 | 0.5231
+16.74 1 8 8.5 | 6.3181 5.0518 | 5.2043 | 4.4832 | 0.5835
+11.57 2 4 3.5 | 5.2368 | 3.1794 | 3.7913 | 3.3911 0.3495
—+9.70 3 2 2.5 | 4.8620 | 2.3152 | 3.2195 | 3.0383 | 0.1566
-+8.56 1 6 5.5 | 5.5577 | 4.2267 | 4.4195 | 4.2783 | 0,5823
-+7.19 2 4 4.5 | 5.4384 | 3.2056 | 3.8867 | 3.9608 | 0.3639
+0.58 1 6 6.5 | 5.9334 | 4.3962 | 4.6816 | 4.8518 | 0.5884
—5.60 3 0 0.5 | 3.7406 1.3140 | 2.2126 | 3.4399 | 0.1722
—6.00 2 2 1,5 | 4.5682 | 2.3460 | 3.0328 | 3.9532 | 0.3673
—8.09 2 2 2.5 | 4.7060 | 2.3510 | 3.0619 | 4.0869 | 0.3626
—9.74 1 4 3.5 | 5.1674 | 3.5181 3.8295 | 4.5118 | 0.5711
—13.84 1 4 4.5 5.4674 3.5958 3.9654 4.8003 0.5616
—22,57 2 0 0.5 | 3.5820 | 1.1977 1.8934 | 3.4642 | 0.3323
—24.50 1 2 1.5 | 4.6524 2.5792 2.9648 | 4.2714 | 0.5144
—25.99 1 2 2.5 | 4.8411 2.6039 | 3.0191 4.4105 | 0.5041
—34.97 1 0 0.5 | 3.7247 1.1672 | 1.6287 | 3.4161 0.3818
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TABLE A.22. A =173,Z = T,RO = 1.25, VO = 59.2, = 0.32, o = 1.59.
Basis Wave Functions

+E N+1 L J A n c n Nn
+18.70 | 1 | 7 | 6.5 | 5.7413 | 4.4802 | 4.5967 | 3.8083 | 0.5587
Tia55| 2 | 5 | 5.5 | 57717 | 3.5721 | 4.2052 | 3.3339 | 0.3361
848 | 1 | 7 | 75| 6.4320 | 4.7353 | 4.9660 | 4.7381 | 0 5908
+3.79 3 1 0.5 4.27065 1.8627 2.7549 3.4245 0.1715
Zowa| 3 | 3 | 25 | 4.9134 | 207883 | 3452z | 38752 | 0.3096
Toss| 3 | 1 | 105 | 4.3389 | 18603 | 207064 | 3.5268 | 01716
Toa7| 2 | 3 | 3.5 | 5.0087 | 2.8009 | 315058 | 4.1251 | 0.3680
o006 1 | 5 | 45 | 5.3702 | 308021 | 4.1582 | 4.4645 | 015829
e8| 4 | 5 |55 | 5.7 | 40127 | 4.3676 | 4.8692 | 0.5783
w2 2 | 1 | 05 | 41467 | 1.8348 | 2.5280 | 3.8163 | 0.3347
TisaB | 2 | 4 | 4.5 | 4.2328 | 1.8351 | 2.5397 | 3.8813 | 0.3304
Ti7iea | 1| 3 | 205 | 4.9351 | 3.0772 | 304346 | 4.4469 | 0.5482
20024 4 | 3 | 35| 5.1841 | 301338 | 315264 | 4.6549 | 0.5375
Z30036| 4 | 1 |05 | 42700 | 1.9693 | 2.3845 | 3.9523 | 0.4640
T30006 | 4 | 4 | 15 | 4.4006 | 1.9865 | 2.4180 | 4.0384 | 0.4574
TABLE A.23. A = 173P
B0 .260 .260 .260 .260 .260 .260
Bio —0.20 —.020 | —.020] —.020] —.020| —.020
a =12 a =32
Energy | -—9.995 | —6.761 | —2.333 | —2.110 | —11.420| —8.006
NnzA 420 i 411 l 400 660 422 i
a 2.017 I 175 ‘ 1.828 | 5.236 | 0 0
110 2472 004 000 004 .008| —.00 .001
18152 005 | —.01 | —.0t4| —002| o008 ~009
1 s172| —.008 | —.ot| .098| .465| 004 | —.012
3 4 12| —.006 076 |  .094| —.056| om5| —.044
3 2 52 057 oot | loe2 ! 080 | —.004 018
1 61172 060 | —120| —.os2| 20| 173 1094
3 4 9/ L0732 072|008 | 44| —.0i2 1106
1 G432 | —.107 | —.091| 451|730 | loso | —.21
300 12 37 | —219 | on | —367 0 0
22 32| —.91 75| lser| —.tss| .ss0| —.220
2 2 52 710 450 —.283 143 —.153 .861
142 253 | —.377| —.ac2| 08t | 809 1302
1 4 92| —.304 75| —012 | —.240 | 206| —.285
30 12| —.09 021 | 078 | —.04l 0 i
12 32 008 003 | sk | —.o21| —.a22| —.005
1 2 52| —043 025 | —.044 | 041 | 020 012
1 0 12| —.023 006 | 022 | —.013 0 0
Q =31 Q =52 Q=72
Energy | —2.399 | —1.904 | —9.201 | —4.607 1 —1.408 | —5.750
N 402 651 413 | 402 | (542 404
110212 | —.002 010 | —.000 | —.000| o012 000
{ 8152 | —.008 | —.026| 011|011 | —.040 011
{8472 | —.040 gz | lo06 | —.019 | o200 007
2 4 2 135 000 | 007 | —.077 | —020 | —l101
3 2 5/2 —.023 076 L0115 —.044 042 0
1 612 | —o09 | —oe7| 76| 075 | —.082 o
2 4 92 017 400 | —026| 22| 355 | —.0%0
1 6132 | —.192 47| L0701 | —.120| 883 055
2 2 32 878 138 0 0 0 0
3 2 52 "284 051 | —.a66| .93t | .03 0
1 4 72| —.258 | —.032| .940| .206| .01 969
{ 4 92| —lo57 | _.22| 225 | —.185| —la02 160
1 2 352 102 017 0 0 0 0
1 2 52 051 04| .o2r| a3l o7 0
a -2 a o
Energy —.569 —10.594
NuA 633 404
110 212 014 — 000
1 8152 | -—.05 008
1 8172 205 it
2 4 12| —.018 0
1 61412 | —.10 —.065
2 4 0 1287 T
1 6132 911 147
1 4 72| —o0n 0
14 92| —u72 980
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TABLE A.24. A=173P

Bao .260 260 | . 260 .260 .260 .260
Bio —.026 | —.020| —.020 —.020 —.020 —.020
Q =172 Q =32
Energy | —9.262 | —4.157 | —3.078 —9.011 —3.501 |—1.645
Nn A 550 541 530 541 532 521
a —5.631 | 3.708 | —2.404 0 0 G
1 91972 005 [ —.003| —.011 .006 006 | —.014
1 713/2 | —.010 | —.155 077 —.029 164 .098
2 51172 A7 .007 050 .102 —.010 .078
1 7 15/2 187 | —.038 [ —.120 .189 .061 —.130
3 1 1/2| —.011| —.18 | —.158 0 0 0
2 3 52| —.007 | —.501 .036 —.029 44t —.072
3 1 32 063 .189 .581 .038 —.142 407
2 3 1772 407 144 619 . 380 —.193 .760
1 5 92| —.025| —.759 8 —.070 .810 344
1 51172 861 | —.100 | —.314 .875 A70 —.299
21 12 .019 .054 042 0 0 0
2 1 312 .015 | --.059 157 022 042 | —.099
1 3 52| —.002 A93 | —.045 041 —.A7 —.033
1 3 7/2| —.19 | —.047 .036 —.188 .025 .007
11 4/2 .004 .001 007 0 0 0
1.1 372 01| —.010 .033 it .006 | --.026
Q =52 Q —=17/2 Q =972 q =112
Energy | —8.428 | —2.013 | —7.335 —5.483 —2.511
NnA 532 523 523 514 503
1 91972 .008 .008 011 0.13 012
1 7132 | —.050 A5 | —.006 —.073 —.061
2 5 11/2 073 | —.0M6 .029 —.033 — 106
1 71572 194 .075 .195 .187 A5
2 3 52| —.02 .309 0 0 0
2 3 772 318 | —.206 222 0 0
1 5 92| —.118 818 | —.145 —.137 0
1 511/2 .901 .198 .933 .969 .981
1 3 572 .006 | —.119 0 0 0
13 72| —.164 026 | —.123 0 0

TABLE A.25. A=181,Z = 0, RO = 1.26, VO = 43.4, » = 0.40, o = 1.67,
Basis Wave Functions

+E N1 L J A B1 c B Nn
4-9.77 1 8| 8.5 6.5570 | 5.0263 | 5.4719 | 4.1390 | 0.5434
--2.18 1 6] 5.5 5.7372 | 4.1666 | 4.3651 | 4.0035 | 0.5471
-+0.08 2 4| 4.5 5.6424 | 3.4445 | 3,8212 | 3.6800 | 0.3368
—5.18 1 6| 6.5 6.1609 | 4.3211 | 4.,6391 | 4.6918 | 0.5564
—11.98 3 0105 3,8074 | 1.3015 | 2.1800 | 3.3059 | 0.1650
—12.07 2 2 (1.5 4.6736 | 2.3031 | 2.9750 | 3.7963 | 0.3495
—14.02 2 2| 2.5 4.8195 | 2.3018 | 2.9927 | 3.9401 | 0.3446
—15.04 1 4| 3.5 5.3100 | 3.4355 | 3,7590 | 4.3614 | 0.5425
—18.71 1 4| 4.5 5.6469 | 3.4872 | 3.87456 | 4.6745 | 0.5300
—27.79 2 0|0.5| 3.5767 | 1.1823 | 1.8373 | 3.3102 | 0.3222
—29.15 1 211.5| 4.7180 2.4692 2.8386 4.1089 0.4867
—30.37 1 22,5 4.9194 | 2.4684 | 2.8660 | 4.2423 | 0.4728
—39.52 1 0]0.5 3.4411 1.0660 | 1.4212 | 2.9992 | 0.3680

TABLE A.26. A=181,Z =0,R0O = 1,26, VO = 434, » = 040, o = 1.67.

Basis Wave Functions

+E N+ | L J A Bi c B Nn
+11.57 1 71 6.5 5.9402 | 4.4319 | 4.5233 | 3.2068 | 0.5017
+-2.14 1 T17.5| 6.3765 4.6918 4.9385 4.5224 0,5572
—3.55 3 1 0.5 4.4029 | 1.8400 | 2.7183 | 3.2219 | 0.1607
—3.90 2 3| 2.5 5.0613 | 2.7404 | 3.3933 | 3.6495 | 0.3468
—4 .64 3 1] 1.5 4.4623 | 1.8376 | 2.7250 | 3.3432 | 0.1615
—6.73 1 5|4.5| 5.5327 | 3.8186 | 4.0982 | 4.2784 | 0.5523
—6.89 2 31 3.5 5.2510 | 2.7427 | 3.4388 | 3.9472 | 0.3468
—12.15 1 515.5 5.9208 | 3.9193 | 4.2836 | 4.7339 | 0.5468
—20.06 2 1105 4.2081 | 1.8005 | 2.4673 | 3.6765 | 0.3401
—21.03 2 1 (1.5 4.2965 | 1.7964 | 2.4718 | 3.7401 | 0.3354
—22.52 1 312.5] 5.0492 | 2.9806 | 3.3381 | 4.3053 | 0.5200
—24.81 1 3 (3.5 5,230 | 2,0079 | 3.4028 | 4.5185 | 0.5096
—34.83 1 110.5] 4.2497 | 1.8521 | 2.2245 | 3.7284 | 0.4387
—35.32 1 111.5( 4.3698 | 1.8509 | 2.2331 | 3.7939 | 0.4292
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TABLE A.27. A=181IN

Bzo .240 .240 .240 .240 .240 .240
Bao —.030)] —.030 | —.030| —.030 —.030 —.030
Q —=1/2 Q =372 a =52
Energy  [—9.231| —7.138 | —.203| —9.108 —6.989 —11.192
Nn,A 400 660 651 402 651 402
a 323 6.689 5.297 0 0 0
1 8172 | .009 Avt | —.156] —.008 164 —.008
1 6112 | —.08| —.000 |—.020| —. 100 —.035 .071
2 4 972 | —.067 .387 .907 .059 .370 .101
1 6132 | .069 891 | —.358| —.059 .898 —.082
3 0 12| .15 —lot5 .051 0 0 0
2 2 32| .49 —.007 .001 915 .009 0
2 2 52 |—.305 023 | —141 .257 .018 .942
1 4 7/2 | —.182 001 004 —.250 —.004 .223
1 4 92 .087| —.169 014  —.085 —.166 —.180
20 12| .069| —.004 .010 0 0 0
1 2 32| .042| —.o0t .001 .087 .002 0
1 2 52| —.047 016 | —.028 .043 014 .093
1t 0 12| .ot6] —.o0t .002 0 0 0
Q =512 Q =72 Q=92 a =112 gq =132
Energy  |—6.646| —11.712 |—6.025| —4.989 —3.345 —.813
NnA 642 404 633 624 615 606
1 81472 | .67 .004 .169 .168 .158 25
1 614/2 | —.056 430 | —.080| —.097 —.096 0
2 4 92| .3371| —.08t .281 197 0 0
1 6132 | .91l .045 .931 .955 .983 .992
2 2 52| .07 0 0 0 0 0
1 4 7/2 | —.000 977 | —.001 0 0 0
1 4 9/2 | —.159 A5 | —.140| —.105 0 0
1 2 52| .02 0 0 0 0 0
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TABLE A.28. A = 18IN

Ban L 240 .240 .240 .240 . 240 .240
Bao —.030 —.030| —.030] —.030]| —.030] —.030
a=1/2 | a=3/2
Energy | —9.368 | —8.856 | —6.255 | —3.924 | —.562 | —8.857
NnA | 541 | 530 521 510 501 532
a | 2.020 —.761 .659 | —.287 .828 0
19 19/2 —.003 —.005 1 —.008 014 029 .004
17 13/2 —.104 094 | —.093 [ —.096 076 123
17152 —.058 —.090 | —.087 .109 .153 064
31 172 —.233 —.082 618 [ —.002 .736 0
23 52 —.475 .201 L4322 550 | —.479 454
31 32 .357 513 | —.230 .635 361 —.206
15 9/2 —.642 514 | —.385 | —.289 161 .760
23 72 327 571 435 | —.418 | —.170 [ —.310
15 11/2 —.175 —.248 | —.154 .108 025 .191
21 12 .051 015 | —.096 [ —.030 .090 0
21 32 —.081 —.109 .012 024 .54 048
13 52 .139 —.082 011 017 | —.041 | —.137
13 17/2 —.025 —.027 012 [ —.036 | —.028 .025
11 1/2 .003 005 | —.021 | —.010 .020 0
11 32 —.013 —.020 .00l .006 013 .007
Q =32 | Q=5/2
Energy | —7.720 | —3.653 | —1.285 | —7.461 | —5.855 | —.227
NnA | 521 | 512 501 523 512 503
19 19/2 —.008 —.014 021 006 | —.012 | —.028
17 13/2 .098 —.100 [ —.080 .139 094 | —.084
17 15/2 —.109 —.106 124 071 220 151
23 572 .008 L T4b A 323 | —.099 .929
31 32 .392 —.390 797 0 0 0
15 92 454 —.342 | — .81 .859 375 | —.240
23 172 .740 371 —.260 | —.200 .882 L1868
15 11/2 .251 —. 114 039 A99 | —.215 | —.038
21 372 —.075 .003 106 0 0 4]
13 572 —.047 L0531 036 | —.097 [ —.022 .108
13 772 —.005 036 | —.037 .023 .041 .039
11 32 —.018 004 L026 0 0 0
Q="1/2 = 9/2 Q=11/2
Energy | —5.545 | —8.202 |—11.078 | —2.345 | —8.614
Nr A | 514 503 | 514 505 505
19 19/2 .007 —.015 .007 .007 .008
17 13/2 145 075 [ —.062 25 | —.054
171572 .073 —.119 .160 .058 .136
15 9/2 .037 270 | —.126 .982 0
23 772 —-.248 .936 0 0 0
15 11/2 .183 —.135 .977 126 .989
13 7/2 012 A16 0 0 0

TABLE A.29. A =181, Z = 73,RO = 1.24, VO = 59.8, % = 0,33, o = 1.87.
Basis Wave Functions

+E |N+.! | L | J ! A | B1 | C | B ‘ Nn
1 8 7.5 | 5.9136 | 4.7723 | 4.7994 | 3.4372 | 0.5393
1 8 8.5 | 6.3411 | 5.1282 | 5.3220 | 4.6709 | 0.5978
2 4 3.5 | 5.2348 | 3.1932 | 3.8284 | 3.5410 | 0.3582
3 2 2.5 | 4.8602 | 2.3169 | 3.2303 | 3.1949 | 0.1609
1 6 5.5 | 5.5726 | 4.27T15 | 4.4907 | 4.4029 | 0.5920
2 4 4.5 | 5.4545 | 3.21471 | 3.9221 | 4.0708 | 0.3685
1 6 6.5 | 5.9737 | 4.4436 | 4.7621 | 4.9762 | 0.5952
3 0 0.5 | 3.7625 | 1.3128 | 2.2153 | 3.4902 | 0.1724
2 2 1.5 | 4,5951 | 2.3499 | 3.0486 | 4.0211 | 0.3684
2 2 2.5 | 4.7420 | 2.3533 | 3.0759 | 4.1596 | 0.3630
1 4 3.5 | 5.2064 | 3.5505 | 3.8812 | 4.6062 | 0.5751
1 4 405 | 5.5222 | 3.6181 | 4.0136 | 4.9044 | 0.5635
2 0 0.5 | 3.6300 | 1.1972 | 1.8988 | 3.5193 | 0.3302
i 2 1.5 | 4.7148 | 2.5914 | 2.9971 | 4.3600 | 0.5136
1 2 2.5 | 4.9123 | 2.6285 | 3.0608 | 4.5045 | 0.5039
1 0 0.5 | 3.8340 | 1.1818 | 1.6638 | 3.5222 | 0.3784
Gareev et al.
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TABLE A.30. A =181,Z = 73,R0O = 1,24, VO = 59.8, » = 0.33, o = 1.67.

Basis Wave Function

+E N4t L J A Bl c B Nn
+17.83 | 4 | 7 | 6.5 | 5.7396 | 4.5633 | 4,6982 | 4.0062
46| 2 | 5 | 5.5 | 5.7721 | 3.589% | 4.2520 | 3.4779

+7.32| 1 |"7 | 7.5 | 6.1649 | 4.8061 | 5.0628 | 4.8849

—3.41 3 1 0.5 4.2863 1.8629 2.7631 3.4945

+2.27| 2 | 3 | 2.5 | 4.9281 | 2.7971 | 3.4747 | 3.9579

-+2.08| 3 | 1 | 1.5 | 4.3529 | 1.8611 | 2,7719 | 3.5961

—1.43| 2 | 3 | 3.5 | 51204 | 2.8070 | 3.5278 | 4.2103

—1.80 | 1 5 | 4.5 | 5.3974 | 3.9303 | 4.2195 | 4.5676

—7.87| 1 | 5 | 5.5 | 5.7611 | 4.0433 | 4.4152 | 4.9770
—15.06 | 2 | 4 | 0.5 | 4.1841 | 1,8363 | 2.5382 | 3,8709
—16.43 | 2 | 1 | 1.5 | 4.2754 | 1.8361 | 2.5473 | 3.9444
—18.43 | 1 | 3 | 2.5 | 4.9845 | 3.1059 | 3.4773 | 4.5349
—2.03| 1 | 3 | 3.5 | 5.2453 | 3.4581 | 3.5713 | 4.7514
—30.89 | 1 1 | 0.5 | 4.3520 | 1.9840 | 2.4154 | 4.0407
—31.49 1 1 1| 1.5 | 4.4814 | 2.0026 | 2.4517 | 4.1202
TABLE A.31. A = 181P
Bzo [ 290 240|240 -240) 240 .240
Bao | —.030 [ —.030] —.080] —.080] —.030| —.030

Q =172 Q =32

Energy | —10.563 | —7.544| —3.169 [ —2.754] —8.851 | —3.285
NnyA 420 41 400 660 411 402
a 2.199 —.851 | 1.158 | 5.969 i} 0
110 214/2 002 001 | —.001 | —.001 .002 0
1 8152 .003 —.009 | —.012 | —.003 007 | —.008
1 817/2 —.008 .009 .065 63 [ —.011 [ —.036
2 4 72 —.009 .075 02 | —.039 | —.042 .136
3 2 52 061 .003 057 061 018 | —.03
1 61172 .053 13| —.081 .010 (087 | —.090
2 4 92 071 067 .030 .399 .102 .023
1 613/2 —.109 090 .341 B12 | —.126 | —.189
3.0 1/2 .507 —.299 751 | —.256 0 0
2 2 32 —.201 .736 412 | —.126 | —.222 .882
2 2 52 741 428 | —.201 .21 871 277
1 4 7/2 .87 —.359 | —.1T1 .052 287 | —.255
1 4 972 —.273 —.160 027 | —.219 | —.271 | —.057
20 1/2 —.001 023 073 | —.029 0 0
12 32 .015 —.005 044 | —.014 | —.000 .096
12 572 —.046 022 | —.047 .035 .005 .049
1.0 12 —.023 .007 023 | —.010 0 0

Q =32 | Q =5/2 Q =172

Energy [ —2.641  |—10.221 | —5.555 | —2.315 | —6.954 | —1.671
NnyA 1 651 | 413 | 402 642 404 633
110 21/2 .001 —.001 .001 .003 .000 .007
1 815/2 —.022 .007 010 | —.035 009 [ —.050
1 817/2 AT6 .005 [ —.018 186 .006 .195
2 4 72 .007 008 | —.076 | —.023 | —.103 | —.013
3 2 3572 057 013 [ —.059 .031 0 0
1 6 11/2 —.058 169 072 | —.072 A39 | — 101
2 4 9/ .378 —.026 17 .339 | —.030 .277
1 613/2 .867 .069 | —.128 .896 .055 .919
22 32 31 0 0 0 0 0
2 2 52 067 —.168 .933 .049 0 0
1 4 7/2 —.035 .945 .204 .007 7L —.004
1 4 92 —.207 21| —.180 | —.193 453 | —.168
12 32 .017 0 0 0 0
1 2 52 .025 .028 106 .018 0 0

A =92

Energy —11,750 —.496
Nn A 404 624
110 21/2 —.001 .010
1 8152 —.007 —.061
1 8172 .009 .199
1 614/2 —.063 —.445
2 4 932 —.116 .198
1 613/2 147 .942
1 4 9/2 .980 —.127
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TABLE A.32. A =181P

. L 240 240 | 240 ] 240 .240 | . 240
Bao —.030 —.030 | —.030| —.030] —.030] —.030
Q —1,2 Q-3
Energy | —9.822 | —4.644 | —3.565 | —.546 | —9.703 | —4.225
Nn,A 550 541 530 521 | 541 532
a —5.701 4.279 | —3.006 .969 0 0
1 9192 —.006 001 | —.000 | —.010 | —.004 .004
1 7132 —.008 158 049 | —.108 | —.024 159
2051172 106 —.004 .053 L051 09 | —.009
1 7152 170 22| —.122| —.088 174 052
31 1.2 — . 004 A27 —.151 607 0 0
2 3 52 —.000 468 | —.020 512 —.017 421
301 82 .033 —.104 579 | —.224 02| —.120
2 3 72 374 — 089 (684 .378 3H6 | —.178
1 5 9/2 —.019 .820 .199 (344 | —.058 .837
1 5112 887 058 291 | —.143 .893 436
21 12 012 —.029 038 | —.121 0 0
2 1 372 039 020 | —.155 .021 .023 .035
1 3 52 —.006 82| —.019 | —.005 004 0 —.164
1 3 72 —.173 012 043 012 | —.173 026
11 12 .003 001 006 | —.030 0 0
11 32 013 005 | —.034 .003 012 .003
Q -3 Q 52 | Q =72
Energy | —2.419 | —9.318 | —2.983| —.181 | —8.417| —.539
NigA | 521 532 528 512 523 514
1 91972 —.012 — .00 006 —.017 005 010
1 7132 086 —.043 .169 095 | —.060 AT4
2 05 11,2 076 070 | —.016 105 029 | —.024
1 7152 —.132 181 070 | —.141 .188 079
23 52 —. 085 —.019 L300 | —.135 0 0
3 1 32 404 0 0 0 0 0
2 3 72 .793 306 | —.201 .895 29 | —.185
15 92 .206 —.106 .889 V28T | —.137 (947
1 5112 —.283 .91 478 | —.228 938 .180
2 1 372 —.100 0 0 0 0 0
1 3 52 —.022 002 | —.115 | —.014 0 0
1 3 7/2 —-.016 —.158 028 040 -.122 020
1 1 32 —.027 0 ] 0 0 0
Q .g9n Q 112
Energy —6.098 —3.809
N A 514 505
19192 009 .01
171372 —.069 —.059
2 51172 — .03t —.110
1 7152 185 153
1 5 92 —.132 0
1 5 11/2 971 .980
APPENDIX is given approximately by

We begin with the tables of the basis neutron wave
functions ¢ ]?lj satisfying Eq. (2.20). The expression for

qulj includes the spherical spinor

Y= D (/20— | i) Yio_ iy on. (A.1)
[

In Eq. (A.1) we have used the definition of the Clebsch—

Gordan coefficients given in ref. 39. The radial part of

q]glj is approximated highly accurately by

(A.2)

where n gives the number of nodes of Ryyj(r). For ex-
ample, we have n = 0 for the 1s, 1p, 1d, 15, 1g, ... states.

Rnps (N =(Np/r) (AICY2 H, (S ()] exp[— 82 (1)/2],

Quantum number [ is the eigenvalue of the angular-
momentum operator; we have j = [ + 1/2, and Npnis a
normalization constant. The phase of Rnlj(r) is chosen so
that we have Ryjj(r) — (—1)"rl as r —0. The r depen-
dence of the correction function S(r) which satisfies the
equation
E—ot'ao= p @ .

1

(A.3)

-ty

‘E

194 Sov. J. Particles Nucl,, Vol, 4, No. 2, Oct.-Dec, 1973

Bln (r/A),
Biln (r/A)1

r> 4
r< A

(= (A.4)

The parameters B, Bl, and A are calculated by requiring
that the exact and approximate functions S(r), given by
Egs. (A.3) and (A.4), respectively, be equal.

The parameters B, Bl, C, A (in fermis) and the nor-
malization constant Ny are given in Tables A.1, A.2, A.9,
A.10, A.17, A.18, A.25, and A.26 (neutron scheme), and
A.5, A.6, A.13, A.14, A.22, A.29, and A.30 (proton scheme).
Where necessary, numerical solutions of the Schrddinger
equation with the spherical Woods —Saxon potential can be

used as the radial part of wave function ‘Pxﬁj' In this case
Q

the mixing coefficients anz]. are essentially unaffected, so
use can still be made of the aﬁlj values given inTables A.3,

A4, AT, A.8, A.11, A.12, A.15, A.16, A.19, A.20, A.24,
A.28, A.31, and A.32. In most problems, however, the
necessary accuracy can be achieved with our functions.

Each of Tables A.3, A.4, A.T, A.l11, A.12, A.15, A.16,
A.19, A.20, A.23, A.24, A.27, A.28, A.31, and A32 is
headed by the mass number A defining the subrange and
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a "P" or "N" to show whether the proton or neutron
scheme is shown. Next come the Bags Bygs and Q values;
the Q values are followed by the energies E (in MeV).
Tables of the mixing coefficients for states of identical
parity are arranged in order of increasing projection of
Q and energy. For each state we show the set of mixing
coefficients corresponding to the basis functions shown
in the first three columns of the table. For example, the
symbols "1 8 17/2" in Table A.3 show that (n + 1) is 1, {
is 8, and j is 17/2, i.e., this is the 1K;;/, basis state.
Furthermore, each state is characterized by asymptotic
quantum numbers NnzyA. Where a level pseudocrossing
ocecurs, it is taken into account in the identification of
states. For the states with @ = 1/2 we show the single-
particle values of the decoupling parameter « .
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