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1. — Introduction.

One of the most attractive features of the spherical shell model is its rela-
tive simplicity for calculations in a strongly restricted configuration space.
If the space is sufficiently truncated, one can perform exact shell model calcu-
lations which make the comparison with experiments more transparent and
hence more attractive also for experimentalists. However, with any reasonable
model space truncation one is always left with the problem of determining
an effective residual interaction for the nucleons in the considered orbits,
usually assumed to be a two-body force. Clearly, the smaller the number of
orbits considered the smaller the number of two-body matrix elements one
has to deal with. Since it is a nontrivial problem to establish the two-body
matrix elements for a shell model calculation, the uncertainties might increase
with a larger shell model space, although in principle one should get better
agreement with experiment.

The simplest nuclei in terms of the shell model are those which can be
described by a closed inert core and some active neutrons and protons distrib-
uted in a single j-orbit. The residual interaction of these particles leads to
a splitting of the otherwise degenerate energies which is reflected in the energy
levels of the considered nuclei. If the residual interaction is fepresented by
2 two-body force, it follows from a general theorem of jj-coupling [1] that
the matrix elements of such an interaction in the (j)* configuration can be
expressed as a linear combination of the matrix elements of the same inter-
action in the (j)* configuration, {j*[V,dj*),.,, ;- Thus, the problem of de-
seribing the (2j 4 1) nuclei of the (j)» configuration is reduced to the deter-
mination of the 2j 4 1 two-body interaction matrix elements of the ()2 con-
figuration. These latter matrix elements can be obtained in various ways
(both empirical and theoretical) and will be discussed in sect. 2.

Whether the described simplification has any relation to real nuclei depends
primarily on the separation of the single j-orbit from the neighbouring ones.
There is actually only one nuclear region where a single j-orbit for both pro-
tons and neutrons is relatively well separated from the others, namely the 1f,
orbit. Thus, nuclei in this region, which span from “Ca to *Ca to ¢Ni, are
expected to become closest to the idealistic picture described above. Still it
i3 not expected that such a model can account for all the observed levels.
It rather picks out a certain class of levels which belong to ‘this presumable
simple configuration. Strictly speaking, one cannot even draw conelusions
about the configurational purity of the observed levels in comparison with
the calculated ones, unless one is sure to have used pure (j)* matrix elements
to construct the n-particle system. ' '

For the region considered here it is still an open question as to what extent
one knows the two-body matrix elements of the « pure » (1f,,)? configuration [2].
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After the pioneering shell model calculations on 1f,, nuclei by LEVINSON
and FoRD [3], LawsoN and URETSKY [4] and TALMI [5], the first rather com-
plete (1f,:)* calculations were performed by McCULLEN, BAYMAN and ZAMICK
(MBZ) [6] and GINoccHIO and FRENCH [7] using two-body matrix elements
from experiment. Later, a number of (1f,,)* calculations were performed by
using new information about the (1f,,)* matrix elements (see table I and
ref. [8]).

MBZ used the experimental level scheme of ¢*Sc which was not well known
in 1964. In spite of this, they found a remarkably good agreement with many
experimental levels which is in part due to the fact that their interaction was
sufficiently similar to the ones which have subsequently been obtained from
more complete 2S¢ experiments. Since MBZ in 1964 the experimental informa-
tion on 1fy, nuclei has been increased tremendously (see, for example, ref. [9]).
In particular, there are the following three points which seemed to us to war-
rant a new MBZ-type calculation:

i) Now there are experimental data on three different two-body systems
in 1f,, nuclei available: ¢S¢, *Sc¢ and *‘Co. In addition to these nuclei which
deliver information on both the 7 = 0 and 7 = 1 matrix elements there are
five nuclei which can be used for an experimental 7 = 1 two-body interac-
tion: 4Ti, 42Ca, 4Ca, *Ti and *‘Fe.

ii) Recently, high-spin states in many 1f,, nuclei with presjumable simple
shell model configurations have been found [10-14]. The increase of this infor-
mation has been largely due to the advent of heavy-ion beams in connection
with in-beam y-ray spectroscopy. Especially the versatility of heavy-ion beams
available at tandem laboratories has strongly influenced this field (see, for
example, ref. [15]).

iii) Now a large amount of experimental data on electromagnetic matrix
elements is available (e.g. about 100 B(E2) values connecting states of pre-
sumable (1f,,)" configuration).

In the present paper, the following quantities are calculated for all experi-
wentally known nuclei of the 1f;,-shell:
1) with 5 different empirical two-body interactions:
all energy levels,
ground-state interaction energy relative to “Ca,

wave functions of the first and second excited state of each spin;

2) with the %28¢ interaction:

E2 and M1 matrix elements for the first and second excited state
of each spin. '



4 W. KUTSCHERA, B. A. BROWN and K. 0GAWA

In addition, the formulae needed to calculate the B-decay matrix elements
and spectroscopic factors (one- and two-nucleon transfer) from our 1f,; wave
functions are given.

In sect, 2 the choice of the two-body matrix elements and the level schemes
of the corresponding nuclei are discussed. In sect. 3 the concept of the cal-
culation is outlined and in sect. 4 the tables of the above-mentioned quantities
are presented. The aim of the present paper is to give rather complete infor-
mation on calculable properties of 1f;,, nuclei within the frame of the empir-
ieal (1f;.)* model.

We finally note that the (1f,,)" calculation is the only reasonable one which
can be carried out exactly for all nuclei A = 42 to 56 with the present-day
shell model technology. The next orbitals involved in the same major shell
are the 2pys, 1fse and 2p,,, none of which can be separated from the others
as well as the 1f,, orbital is separated from them. (fp)* calculations have
been carried out exactly for A = 4244 [18], for which the dimensions in-
volved in the JT formalism are at most 337 [29]. The maximum dimensions
for A = 45, 48 and 56 are about 1.8-10%, 1.1-10° and 4.0-107% respectively.
Thus any calculation for nuclei near A = 56 which includes all of the fp
orbitals must involve either shell model calculations with a limited number
of excitations out of the 1f,, orbital or self-consistent calculations for the
ground-state deformation from which rotational bands can be projected. The
(Af7)” calcu]atlon can provide a touchstone for these more involved approxi-
mations.

— The two-body interaction matrix elements.

2'1. Choice of the matriz elements. — In order to calculate the matrix ele-
ments of the (1f,.)" configuration, we need the eight matrix elements of the
(1fz2)* configuration with J™(T) = 0%(1), 1%(0), 2%(1), 3%(0), 47(1), 5*(0), 6*(1),
7(0). _These matrix elements have been obtained in the past by four different
methods: i) from the (1f,,)® levels of the two-body nuclei (e.g. +*Sc [6, 16]);
ii) from a simultaneous fit of the eight matrix elements to many levels in 1f,,
nuclei with presumable (1f;.)* configuration [17, 18]; iii) from a phenomeno-
logical potential (e.g. delta, quadrupole, finite-range central, tensor, LS force),
where some strength parameters are fitted to experimental levels [2, 19, 20];
iv) from a realistic interaction based on the free nucleon-nucleon potential [21]
through the reaction matrix approach [22]. Some of these matrix elements
[18,19, 22] were chosen for (fp)* model space calculations, whereas others
[6, 16, 17] are more appropriate for the (1f;:)* model space calculations. Only
the last approach iv) might be called a purely theoretical one, whereas the
others are more or less empirical. A collection of matrix elements for all
four methods taken from the above-quoted references is given in table I.



TABLE I. — Various sets of (1fy,)? matriz elements used in the literature (in units of MeV).

Method i) empirical (%) ii) empirical fit’ iii) model parameter fit iv) reaction matrix
reference MBZ %) SBCS (°) DB (%) MG (°) GBW () MJBA(*) ST(®) KB (G) KB (G+Gy,43) (%)
model space (far) (1fape) (Lfape) (fp) (fp) * * (fp+1g412) '
J'(T)

o+ (1) —3.174 —3.174 —3.09 —2.22 — 2,400 —2.799 —1.83 —0.869 — 1.807

1t (0) —2.139 —2.563 —2.40 —1.45 —1.338 —2.170 -—1.51 —0.230 —0.525

2+ (1) —1.665 — 1.587 —1.58 —1.15 —0.371 —0.891 —0.48 —0.864 —0.785

3* (0) —0.926 —1.683 —1.11 —1.07 —0.895 — 1.065 —1.03 —0.211 —0.208

4t (1) —0.178 —0.362 —0.33 —0.36 - —0.081 +0.033 +0.02 —0.297 —0.087

5* (0) —1.218 —1.663 —0.77 —1.10 —0.876 —0.954 —1.17 —0.604 —0.502

6* (1) 4 0.23 +0.063 +0.44 + 0.29 + 0.060 +0.178 +0.24 —0.120 +0.226

7* (0) — 2.5657 —2.556 —2.54 —2.42 © —1.162 —2.152 —2.75 —2.185 —2.199

(¢) These matrix elements are calculated from the respective excitation energies in ‘*Sc by the procedure described in the appendix.

(b) See ref. [6].
(¢) See ref. [16].

(@) See ref. [17). Fit of the eight (1/y,)* matrix elements to 34 energy levels with presumable (1/7,)" configuration in the 40 <.4 <48 region.
(¢) See ref. [18]. Fitted (177/,)! matrix eloments to obtain optimum agreement with 29 excitation energies and 7 ground-state binding energies of all nuclel

with 42 € 4 <44 in-a full 7-p shell calculation. All other matrix elements were taken from Kuo and Brown [22].

(/) See ref. [19]. Matrix elements of a modified surface delta-interaction with 4,= 0.4, By= —0.5, 4, =0.6 and B, = 0.2 MeV.
(@) See ref. (20). Matrix elements of a delta plus quadrupole force fitted to the experimental spectra of *Cl, “Sc, **Nb and *°Pb (4 parameters).

(h) See ref. {2]. Matrix elements from a 12-parameter fit of a detailed (central plus noncentral) two-body force to over 100 experimental two-body matrix
elements throughout the nuclear chart (6 <.4 <210).
(7} See ref. {22). These matrix elements are obtained from the free nucleon-nucleon interaction of HaMaDA and JomNsTON (21). The first column gives
the bare reaction matrix elements (@) and the second the sum of the bare and the 3p-14 matrix elements (G;5,») Which take care for the renormalization due
to the polarization of the ¢°Ca core.
() Best fit for many nuclel throughout the nuclear chart including ¢Sc within & 1/;;3 model space.

TEAOR (1) TvOIdIaRa THL
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In the present paper we have devoted ourselves to the method i), which is
essentially the Talmi approach. It is assumed that a subset of the energy
levels for the region ‘Ca to ‘Ca to %Ni can be described by (fp)" wave funec-
tions which have dominant components of (1f,s;)". The truncation, exact —
—>(fp)* — (1f7y5)", for these wave functions is made by introducing an empir-
ical effective two-body interaction based on the two-particle nuclei. In addi-
tion to the predominantly (1f,.)" states, there always occur starting at about
2 MeV in excitation core excited states with predominant configurations of
the type (sd)~(1fya)"*® and (1fys)"™(2pss)™, Where m = 1 and 2, which will
be treated as intruder states. The primary consideration for the two-particle
nuclei is in distinguishing between the (1f,.)? states and the intruder states.
Reaction data are very useful in this respect, especially the information from
the one-nucleon transfer reaction [2]. Unfortunately, none of the two-particle
nuclei in the 1f;,-shell can be reached by such a reaction on stable targets.
For this reason, we use several empirical interactions based simply on the low-
est observed state of each spin. This approach would be of fundamental interest
if somehow the mixing with intruder states were simulated by an effective
two-body interaction in the many-particle nuclei. Recently, however, by the
use of a 410a target (T, = 8-10%y) the reactions 4Ca(*He, d)**Sc [24] and
4Ca(d, p)*?Ca [25] have been studied. A considerable fragmentation of the

= 3 strength into several states of the respective spins (J<5) has been
observed, which leads to an effective (1f,,)? interaction which is less dependent
on the (sd)~2(1f,)¢ intruder states.

The experimental status of 1f,, nuclei offers ten different sets of 7' = 1,
J = even, and four different sets of 7 = 0, J = odd (1f72)® matrix elements
deducible from the energy levels of the nuclei 4Ti, 2S¢, ¢2Ca, %S¢, *Ti, 5Fe
and %Co (see fig. 1 and also the appendix). In addition, we have the results of
the above-mentioned one-nucleon transfer reactions. The experimental data
for these nuclei are discussed in detail in subsect. 2°2.

The interaction energies in fig. 1 clearly show a charge dependence of the
effective interaction. Some of this charge dependence comes from the Coulomb
interaction of the two protons and, to the extent that this Coulomb interac-
tion is a state-independent constant, it is only relevant for the calculation of
binding energies. After the subtraction of a constant from the two-proton
interactions, to align the 6* states (see fig. 1), the energy differences of the
T =1 multiplets in the mass-42 nuclei are relatively small. For this case
it is adequate to use a charge-independent interaction in the shell model
calculation based on the proton-neutron interaction energies of 42Se. This situa-
tion is similar for the mass-54 multiplet. However, the interaction energies
of ®Ti, (¢¢3¢c), and “*Ca compared in this way differ significantly. This effect
arises more from configuration mixing than from Coulomb interaction. In
this case, it is interesting to make a calculation in which the proton-neutron
interaction is different from the proton-proton and neutron-neutron interac-
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Fig. 1. - Two-body interaction energies calculated from the experimental energy levels
of the corresponding nuclei by the procedure described in the appendix. Even-spin

states have isospin T=1 and odd-spin states have I'=0.

The two-proton spectra

have been arbitrary normalized to the 6* levels of the proton-neutron spectra to correct
for the two-body Coulomb shift.
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tions. (The interaction energies of “¢Ca are similar to the interaction energies
of ®Ti—0.314 MeV.)

In the present paper we have chosen the following five sets of two-body .
matrix elements which we think are the most relevant for an empirical (1fzpe)”
model:

1) the particle-particle interaction extracted from the lowest level of
each spin in 4Se,

2) the hole-hole interaction extracted from single levels (not necessarily
the lowest of each spin) in #Co,

3) the Pandya transformed [23] particle-hole interaction from the lowest
level of each spin in ¢Se,

4) the particle-particle interaction from the centroids of levels in #:Se
weighted with the spectroscopic factors from. the ¢'Ca(He, d)*:Sc reaction [24],

5) the proton-neutron interaction from single levels of Sc (the same
as in 3)) and the proton-proton and neutron-neutron interactions from single
levels in 4¢Ca.

For all of these sets the (1f,;)" energy levels of crosg-conjugate pairs of -
nuclei (see fig. 2) are identical. The eigenstates of the (1f,s)* configuration
have good isospin for the interaction sets from 1) to 4), but not for set 5). -

8 15N | 5N [ i
7 %3co | %%co || %co
i d
W2 %, ‘52 53 ||s¢
6 A LN Fe Fe || ""Fe
e
Y
I 5 N *Mn | *Mn | %Mn || ®mn
ny, h =
4 )’°C(' “Scr 5(’Cr Sler 52Ct‘
\
Y
3 lon &7v I.SV\ lo!v 50v 51v
g \ -
2 1970 | Cri [ “1i | i | i | 9y “Ti\ 577 || %
N
N
1| “'sclf “sc | “se | “sc | “®sc | “$se | “sc “se || “*sc
N
0 || “call “ca| “cal| “ta “Co._ “ca| “ca "1Ca.” z‘cﬂ'

0 1 2 3 4 5 6 7 8
hn —
Fig. 2. - 1f,, shell nuclei. The cross-conjugate nuclei are the mirror pairs of nuclei,
lying on either side of the line 7, + n, =8 and the self-cross-conjugate nuclei lie on
the line n,+ n, = 8.
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2°'2. Energy levels of the (1f,)2 muliiplet. — In this subsection we present the
relevant level spectra of those nuclei which were used to determine the (1f;.)®
matrix elements shown in fig. 1. The adopted (1f,.)? levels are derived on the
basis of the level spectra shown in fig. 3 to 6.

The quality of the experimental information varies for the different nuclei.
For example, 2S¢ is very well investigated, whereas less significant informa-
tion for *Co is known. The information on the two-proton and two-neutron
nuclei is rather complete with the exception of 5¢Ni.

2Tj, 42Ca, 4Ca, °Ti and %‘Fe.

Energy levels up to an excitation energy of 4 MeV are shown in fig. 3.
The spectra have been taken from ref. [30,31] for ¢*Ti, ref. [30] for 4*Ca,
ref. [31-33] for *¢Ca, ref. [31, 34, 35] for 5Ti, ref. [36, 37] for **Fe and ref. [25]
for the “1Ca(d, p)**Ca reaction. The T =1, J” = 0%, 2%, 4*, 6% states of the
(1f+12)? multiplet are usually assigned to the lowest excitation energies of the
respective spins. However, the I, values shown in the level spectrum from the
aCa(d, p)*2Ca reaction [25] indicate a splitting of the I =3 strength into
three 0%, four 2%, two 4* and one 6% state. The energy centroids E(J) of
the (1f;s)® states shown in the last spectrum have been calculated with the
relation [25]

BJ) =3 84J)-BAI)[Z 84T)

where the excitation energy E.(J) of the i-th component of spin J is weighted
by its spectroscopic factor.

425¢,

Figure 4 shows the relevant level schemes of ¢*Sc. Similar to 4*Ca a frag-
mentation of the I = 3 strength has been observed in the one-nucleon transfer
reaction on “Ca [24]. The energy centroids weighted with the spectroscopic
factors as deseribed for ¢2Ca above are given in the spectrum labelled as 4:Sc*.
A strong upward shift is observed for the T = 0, J* = 1%, 3, b* states as
compared to the adopted (1f,.)* single-level multiplet. It is interesting that
fortuitously these states are closer to the MBZ spectrum [6] than the lowest
states of each spin in 4%8e.

53¢,

Energy levels of “Sc obtained from various experiments are shown in
fig. 5. In order to get the particle-particle interaction energies, the particle-
hole spectrum of ¢¢Sc has to be transformed by the Pandya relation [23] (see
the appendix). In the transformed spectrum shown in fig. 5 the energy of
the 7* state has been arbitrarily set to zero.
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Fig. 3. — Energy levels of nuclei with two identical particles or holes in the 1f,, shell.
See subsect. 2°2 for the experimental references. The states adopted for the (1f,)?
configuration are connected with dashed lines. The spectrum labelled with 42Ca*
represents energy centroids of levels populated by I =3 transfer in the 41Ca(d, p)*2Ca
reaction [25] weighted with the respective spectroscopic factors.
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84Co.

Energy levels of 5¢Co observed in various experiments are shown in fig. 6.
From older measurements a)-f) it is difficult to make a definite assignment
for all states of the (1f;.)~® multiplet. The assignment of the lowest two
T = 0 states, 7" and 1%, and the assignment of the lowest three 7' = 1 states,

A
B 340
320
3450 (4)
( ann o A 3085 6*
mew = - =meee- =_
3l 3.085 () . :
2900(4) 288 6% 290 290 (6%) 290
7839 (%)
2645(4) 262 (39 263 & 263 4 . 263 &
2205 (&) 230 3% 22783 (<4) 226 2.28 2278 3*
220 (4 = - -
2456(38)  2.149 (4) 24512 5t09) 215 2151 5
206938) 2086(s) 200(0% 210 (89 jgi0ms) [ Tor 21080
2+
886 (4 1.889 (5t09) 189
- 1.832(33) 1886 (&) 185 (7+2) 162 (3*) 1622% 188 eeee-
> —_— + K ‘ m_(L) - - -
2 B (B 175 (&%) "—ﬁk—on,z,;.z.)
o | 18032 16143 1,2)
L + . + 1446 2*
1439(27)  1646(4) 44 () k& 2 14465 : (L2 wes 28 L 14646 27
i
i
]
]
1
1
VF 0937(24) <0940(4) ggp(rzt 094 TH 09372 (L,2) 094 1t 094 0937 1+
0_2%; 0.198(4) 48 (74 049 7+  0199() (>3) oa9 7t 020 0189 7+
ob 00 o oo*'oo"oL o o o_____ o o
SiFe(p,n)  S‘Fe(’He,t) SFe*He,t) **Fe(’He,t)  *“Fe(p,ny) S“Fe*He,t) *“Fe(’Li,’He) SiCo,,
E=13Mev £, =26 £, =302 £, =315 £ =7+16 E, =24  E, =40  adopted
P He he e P He L
1967% 1968° 1969”7 1969 1971 19737 19757 (nry) vy
7 2

Fig. 6. — Energy levels of %Co from various experiments. a) ref. [43]), b) ref. [44],
¢) ref. [45], d) ref.[46], e) ref. [47], f) ref. [48], g) ref. [49]; the dashed lines mean
that these levels are not observed or only weakly populated. The numbers in paren-
thesis beside the energy values in the first two spectra are the experimental errors.
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o+, 2* and 4%, may be done uniquely. In the latter case, the comparison of
the excitation energies of the 0%, 2* and 4* states in *Fe and *Co gives further
support to these assignments. The assignments of the 3%, 5% and 6* members
of the (1f,.)~*configuration are on the contrary not at all unique in those older
measurements. MCGRATH ¢t al. [49], however, measured the 5/Fe(°Li, *He)*Co
reaction and found a strong selectivity (isospin dependence) of this reaction,
namely the 0%, 2* and 4* states are very weakly populated, but the 1* and 7+
very strongly. They argue that the states at 2.156 and 2.28 MeV -should be
assigned to the 5% and 3* (7 = 0) members, since they were strongly popu-
lated in this reaction. The 5* and 3* are associated with the 2.15 and 2.28 MeV
states, respectively, on the basis of the spin limitations obtained in ref. [47].
On the other hand, the older assignments of J* = 6" to the 2.9 MeV state
are put into question because this state is also strongly excited in this reaction.
They suggest the 3.085 MeV state as the candidate to the 6% member of the
(1f42)~% multiplet. The unpublished DWBA analysis of the (*He, t) data of
Schwartz et al. [49] also supports this assignment. With this assignment the
E,.— E,. energy difference is 0.440 MeV (calculated from the 3.085 and
2.645 MeV levels of ref. [44]), which compares more favourably with the cor-
responding energy difference in %Fe (0.409 MeV) as compared to a value of
0.255 MeV by assuming the 2.900 MeV state to be the 6*. Therefore, we
assigned the (1f,,)~* multiplet as shown in-the last spectrum of fig. 6. .

3. — Shell model calculation.

‘3'1. Comments on different shell model methods. — Basically, there exist two
different methods of the jj-coupling shell model for the calculation of the
states in the j» configuration of both protons and neutrons. One i) uses the
isospin formalism and the other one ii) the neutron-proton representation.

i) With the isospin formalism the states of the j configuration, where »
is the number of particles (both protons and neutrons) in the j-shell, are clas-
sified by the total spin J and the isospin 7. An additional quantum number «,
which usually includes the seniority, a reduced isospin quantum number and
8o on should be introduced for a complete specification of the states. Basis
wave functions are represented as |jraTJ). The number of different a's cor-
responds to the dimension of the Hamiltonian matrix of the given T and J.
In the (7/2)® configuration, for example, the dimension of the Hamiltonian
of the T=1/2 and J = 7(2 is three and that of the 7= 3/2 and J =T7/2
is one [50]. The maximum dimension is 23 for the (7/2)® T'=1, J = b states.
The calculation of the matrix elements of the Hamiltonian

(1a) H=H, 43y,

1<s
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where H, is a single-particle Hamiltonian and V,, are two-body interactions,
is carried out by the use of standard techniques which are explained, for
example, in ref. [1]. In this procedure we need the » ->n—2 c.f.p. (the coef-
ficients of fractional parentage), [j**(oty T3J,)j2(J’) TJ |} j~aTJ], which can be
obtained from the n—->n—1 c.fp., [j* Yoy T:J,)jTJ |} j"aTJ]. The procedure
of calculating these n -n—1 ec. f.p. which include the isospin factor explicitly
(the c. f. p. with isospin) is generally shown in ref. [51]. Tables of the n ->n—1
c.f.p. with isospin are available for j = 3/2 and 5/2 [52]. For j = 7/2, the
n—+n—1 c.f.p. with isospin are tabulated only up to » =5 [63].

Recently an alternative method of the isospin scheme based on a quasi-
particle formalism has been developed [54]. In this method one can avoid
the use of the large number of » -z —1 c.f.p. with isospin.

ii) In the proton-neutron representation, the jj-coupling technique is
applied for the configuration of protons and neutrons which occupy different
orbits, i.c. the j>-j» configurations. The wave functions of the j" configura-
tion are described by a coupling of the proton states j™ and the neutron
gtates j™, where n = np-- nn and np and na are the number of protons and
neutrons in the j-orbit.

Since the numbers of the states of the identical particles in the single
j-shell are very limited, one can easily classify these states. In the case of the
j = 7/2 shell, the states of the protons or neutrons are completely classified
by the use of the total spin J and a seniority ». In the appendix we show the
table of states of the identical particles in the j = 7/2 shell. From the table
we notice that the introduction of the seniority is necessary for the classifica-
tion of the states in the (7/2)¢ configuration of the identical particles. The
four-proton or four-neutron configuration of the j = 7/2 shell has two J =2
states and two J = 4 states. By using the seniority number we can discrim-
inate the states with same spin in the j = 7/2 shell; however, in the case
of a j>9/2 shell additional quantum numbers should be introduced to specify
the states of the identical-particle configuration.

Thus the basis wave functions of the state with total spin J in the ny-proton
and ng-neutron configuration are represented as |j™(v,J)):j"(v,J,)J) for the
j<7/2 shell, where v, and v, are the seniorities and J and J_ are the spins
of the proton and of the neutron states, respectively. All states which satisfy
the relation J, + J, =J are considered as basis wave functions of the spin-J
state. For example, in the *Sc nucleus the dimension of the Hamiltonian
for the J = 7/2” state is 4. The maximum dimension is 49 for the (7/2)®
J = 4 states. Though in this method each basis wave function is not an
eigenstate of the isospin operator T, each eigenstate of the isospin-independent
Hamiltonian has its definite isospin. For example, among the four eigenstates
of the J = 7/2 states of **Sc, three of them are the isospin 7 = 1/2 states
and the other one is the T = 3/2 state which is the isobaric analogous state
of the J = 7/2” state in the ¢*Ca nucleus.



16 W. KUTSCHERA, B. A. BROWN and K. 0GAWA

In this method we need the # —>n—1 c.f.p. and the n—>n—2 c.f.p. of
the identical-particle states. But the numbers of these c.f.p. are very much
smaller than those of the »—>n—1 and the n—>n—2 c.f.p. with isospin.
Because of this condition the proton-neutron representation is more practical
than the isospin representation for the j-configuration problem.

In the present article we use the proton-neutron representation for the
caleulation in the 1f,,-shell. A description of the calculation procedures is given
in the following subsections.

3°2. Calculation of the Hamiltonian matriz. — In order to get the energies
and wave functions of the levels in the (n , ) nucleus, where n, and n_,_ are
the numbers of protons and neutrons in the 1f,ss orbit, all the matrix elements

of the Hamiltonian H are calculated. Since the two-body interaction SV
I<#
in eq. (1a) can be decomposed into three parts, the proton-proton (V,,), the

neutron-neutron (V) and the proton-neutron (V,,) interaction,” the Hamil-
tonian for the configuration of both protons and neutrons is written as

(1) H=H,+ Voot Vi + 7, -
A matrix element of the Hamiltonian H can be described as follows:

2)  <G™(,J,) i, )T |H|j™(v,J.) j"(0.J)Ty =
=(n,e,+n,¢) dvdJ

o, 1) 8(0, T, 0.d) +

n n?

+ (0,0 V,hli 0,5 809, 9,) 800, 9.)) +

n-n?

+ 0T V00,5 87, T1) 800, 9, T}) +

» »p?

+ G0, 7) 5 0, L), (0, 0,) 2 (0,0,) T

where J is the spin of the total system. Equation (2) is valid for any single-j
configuration, if vp and v, include all quantum numbers necessary for a complete
specification of the states of the identical particles.

The first terms of eq. (2) are the single-particle energies which appear only
in the diagonal elements of the matrix. The second and third terms are the
matrix elements of the interactions of identical nucleons, protons or neutrons,
and can be expanded. in a linear combination of the two-body matrix elements
by the use of the n—>n—2 c.fp.:

- o ny(n, — 1) . . -
B APRTVali™0ld,) = === 3 3 i i o0da) 400,

*[i-200d o) T, 700, ]  VinlioT)
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where

V”(ng') = <jz|Vn,j2>(a',r'=1) ] J = 07 2’ ey 2j'— 1 ’

is a two-body matrix element of the proton interaction. The n —n— 2 c.f.p.
can be expressed in terms of products of one-body c.f.p. (the n >n—1 c.f.p.)
as follows:

@) [r0udo) )] = 3 [P (ed) idal it o]

0y

[0 d) T} eI 1V (2T, + 1)(2d" + 1) W(JoJf3d:07) -

The n—>n—1 c.f.p. which are used in the present calculations are tabu-
lated in the appendix.

It is well known that the matrix of ¥ or V, in a single-j configuration
is diagonal for j<7/2. Since we are considering the (1f,.)" configuration, we
can rewrite eq. (3) in & much simpler way:

(5) ' G I,V ™o, d > = 6('0”'0;)% Cwwd ¥ (j2J')  for j<T[2,
where

0w = PO S [ston )T 0

The values of the coefficients C**” of the j = 7/2 shell are given in the
appendix. Of course, we can calculate the third term in eq. (2) in exactly the
same way as the second term, and we obtain

(6) (oo, J |V im0l d,> = 8(v,0)) 3 O ¥ (j2J7) for j<7/2,
<

where

Vn(j 2 I) = <.7 glV“]j 2)(.1',1"-1) .

The fourth term of eq. (2) is the matrix element of the proton-neutron inter-
action V. This element can be represented as a linear combination of the
two-body matrix elements of the proton-neutron interactions

Vpn(szl) = <j2|Vprj3>(J',T') 1 J, = 0’ 1’ b ] 2j’

and 7'=0 if J'=o0dd and T'=1 if J' = even.
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We obtain the following equation by the use of the 9-j coefficients:

(1) <G(vd,) fro(vad o) | Vialf (0, ) j2(0d 1) Ty =
= nDnn Z 2 [j”pvPJD{Ij”D_l(vam) jJD] [j"n'oan{lj"n—l (vD:Jnx) jJn] )

(1770505, i s} "0 0p 5 ][ (00,0, Tl 00 ] -
V(2J,+ 1)(2d.+ 1)(2d; + 1)(2J; + 1) JZ (2d"+ 1) Vu(j2J")-

oo § S| [T §

eI +1)3de 0 Japedids G d
Z
J JJ JJJ

This element contributes to both diagonal and nondiagonal elements of the
Hamiltonian matrix.

Using eqs. (6)-(7) with the n—>n—1 c.f.p. and the C* coefficients of
the appendix, we can calculate the matrix elements of the Hamiltonian (2).

Energy and wave function. The diagonalization of this matrix gives us all
energies and wave functions of the spin-J states in the (n , n,) nucleus. The
predicted excitation energies calculated with five different empirical interac-
tions are given in table VI of sect. 4.

The ¢-th state of a spin J is described as follows:

(8) W= 3% 55 mli®®,Jd,)i"™0, 1)),
- (opdp,9ndn)

where /70 . are the amplitudes, which are directly obtained from the
i-th eigenvector. The amplitudes of the first and second lowest states of each
spin are given in table IX of sect. 4.

Isospin. If we use the charge-independent interactions for ¥, , V,, and Vpa,
the isospin operator T? commutes with the Hamiltonian H, i.e. [H, T?] = 0.
Thus the eigenstates of H are also eigenstates of T. We can define the isospin
T of a state |J,) by the following equation:

©) TT+N)=WITWd= 3 A5 .0 2 Lo’

2pJps¥ndn Opdpe¥ndn

-(§72(0,7,)§7(0,7 )T | TIj(0) ) (0L T )T

Since the T operator is a linear combination of the one-body operators t,

T=§ti+nznt£7

im1 =1
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/

the T* operator is decomposed into three parts, the proton, the neutron and

the proton-neutron part:

(10) T:— (z’ LS t) = (2’ t)’ +(z )+ S So@-t) .

{=1 =1 =1 jm1 fml jem1

Using this equation, we can write the matrix elements of the T operator as
1) Gm(v,d,) (v )| Te|j (0, d;) ja(v,d ) J ) =
_{ ( +1)-|— ( +1)} (0,d,,05d ) (v d, v2d1) +

+ G(0,d,) (0T T | 3 3 28 )]0 ) (v T )T .

=l jeml

In order to calculate the last term of the equation above, we can use eq. (7).
The only difference is that, instead of the two-body interaction matrix ele-
ments, we should insert the value of

<2128 )%y 1y

into
an( j2J) .

In other words, since

<j2|2(t1'ta)}ja>u',f‘) =T'T'4+1)—-3/2,

one can calculate the last term of eq. (11) by the use of eq. (7) with the value

of V. (j2J') = 1/2 for J'=even and — 3/2 for J'= odd.
' The isospins calculated in this way are given for each state in table VI.
In the case of the 5th interaction in table VI in which V=7V _ are dif-
ferent from V , the effective two-body interactions are not charge inde-
pendent and, as a consequence of this, the Hamiltonian H and T® do not
commute. The eigenstates of the Hamiltonian H are no longer eigenstates
of Tt Thus the resultant wave functions generally contain several different
isospin states. However, since the amount of admixture of different isospin
is usually not large, it is still meaningful to show the main component of the
isospin. The isospin values shown for the 5th case in table VI are the main
components.

Two-body interaction energy. The eigenvalue of the predicted ground state
provides information on the binding energy relative to 4Ca. Since we are
mainly interested in the property of the two-body nuclear interactions, con-
tributions of the single-particle energies and of the Coulomb forces ¥V, are not
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considered in the present calculations. In other words, ¢, and ¢, of eq. (2) are
set to zero and no Coulomb correction is considered to the proton-proton
interaction V. Thus the eigenvalues of the ground states in the present
calculation can be called the two-body interaction energy. These energies
are given in Table V. A relation between the interaction energy of the (» , n )
nucleus, I[n,n], and that of the cross-conjugate nucleus, I[(2j+ 1) — =,
(2§ 4+ 1) —m], is given by the following equation:

(12) I0(2 + 1)}—1ng, (2] + 1) —n,] =

= Iin,, n) + LIS R e (2 4 1), (21 4+ 1),

I[(2§ + 1), (2§ + 1)) is the interaction energy of the doubly closed nucleus,
%Ni in our case, and is obtained generally by the equation

13)  I2j+1), @+ = 3 (@J'+ 1V, G) + 7,620+
J'm0,8,...,24—1
+ z (2J, + 1) “7p|\(j2 J') A

J'=,1....,25

If one assumes 2 constant value for the Coulomb matrix GAV,liD, = C,
J'=0,2,...,2j— 1, the total binding energy of the (n,, #,) nucleus, BE[n_, n ],
can be obtained as

_ nn(np - 1)

5 ¢

(14) BE [n,, n,] = — I[n,, n,] —ny,e,— 05,
and compared with the experimental values.

3'3. Electromagnetic moments and transitions. — Reduced matrix elements
of the one-body operator #® with rank k are calculated in the following
way. The operator #® ig decomposed into the proton and neutron parts:

(15) FO=3 fu6) 13 F00),

where n, and n_  are the numbers of protons and neutrons.

The reduced matrix element between the I-th state of the spin J and the
m-th state of the spin J', (J.|F®|J,), is written as a sum of the reduced
matrix elements of the proton and neutron system

(16)  (ILIFUNID>= T AT T A

(0¥ ) {op/p,0090)

{J(0,d,) i (0,) I | F 2 j(0,d,)j™(0,,) T
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where

A7) m(gdg) i) | F P j7e(0,d,) jra(v.d ) ) = V(2J +1)(2d7 +1)-

AW IHT 5 T TG0y i 3 265700, 6(0.T 5 0T D) +
=l
+ WL T ' Tok; TN CGrvida]) S f26) %005 (0,05 v )}
=)
The reduced matrix elements of the proton state

GO S FR) e, 7,

{m]

are calculated by the use of the n >n—1 ef.p.:

(18) = (e ‘:Z:f‘p"’(i)lli””%efo =mn,V(2J, + 1)(2J; + 1)

{3 W0y 30 {1 00750 i)
' [ @) 3, B0, N1}

where (j|f*|j) is the single-particle reduced matrix element. For the reduced
matrix elements of the neutron state

AP AT

{=1

the same equation is used by changing the suffix p to n.
If the operator F® ig a transition operator, one can obtain the reduced
transition probability between two states with the relation

(19) B(k; J,—>dJh) = FCAELIEDIE

1
2J 41
If #® ig a moment operator, one can obtain the moment of the J; state by
the relation '

1

(20) M(IGJ:)=W+1

(JTRO|TT )| F0| )

where (JJEO|JJ) is a Clebsch-Gordan coefficient.
In this paper we calculate the moments and transitions of the electrie-
quadrupole (H2) and the magnetic-dipole (M1) operators.
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E2 moments and transitions. The operator for the E2 moment, @, is
defined as

(21) ¢=2 1%"" YOb.p0 1,

where ¢, is the charge of the i-th nucleon and Y®(6,¢,) is the spherlcal har-
monic¢ with rank 2. The E2 transition operator is

(22) M(E2) = Z e, X6, ¢,) 1 .

According to eq. (18) we need the single-particle reduced matrix elements of

¢ = V——eY‘”((uRp)r2 and m(E2) = I/lsﬁqm R

which are given by

2I—1)@i+1)2i+3) . i
23 2 = _ e 2
(23) Gle®)i> = V E T 2)° e (j|r2li>
and
. , 5 . .
(24) <Glm(B2)]i> = |/m<allq‘*’llf>,
respectively.

The radial matrix element has been calculated in our case from harmonie-
oscillator radial wave functions with the relation [66]

9 %
(25) Qfape|r?|Lfaed = 3 e = 4.55 A fm*,

by assuming #iw = 41.4-Ys MeV.

TaBLE I1. - Effective proton charges from highest-spin transitions of the (nf,,)" configuration.

Nucleus (7fape)™ Transition B(E2) References e, (%)

n (e? fm*) (e)
Ty 2 6+ - 4+ 25418 [31] 17555
50T} 2 6+ - 4+ 33.841.2 [59, 60] 1.87 4 0.04
sy -3 15/2- - 11/2- 66 +5 [63] 1.94 + 0.07
s3Mn —3 15/2-— 11/2- 68112 [61] 1.94 + 0.14
SaFe —2 6+ - 4+ 40.7 £ 0.7 [59, 60, 62] 2.00 4 0.02

(a) Unweighted mean: e, = 1.89 + 0.05¢, Program Input: e =1.9e.
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The E2 moments @ and the reduced transition probabilities B(E2) shown
in tables VII and VIII, respectively, have been calculated with effective
charges of e =1.9¢ for protons and e, = 0.9¢ for neutrons. These values
have been determined from high-spin transitions in the N = 28 isotones and

TaBLE III. — Effective neutron charges from highest-spin transitions of the (vfy,)"
configuration.
Nucleus  (vf7)" Transition B(E2) References ¢, (%)

n (% fm4) (e)
42Cy 2 6+ — 4+ 6.42 + 0.11 [30] 0.86 4 0.01
43Ca, 3 15/2-— 11/2- 16.0 + 0.7 [63, 64] 1.01 4 0.02
45Ca, —2 6+ - 4+ 5.34 4- 0.28 {31, 65] 0.76 + 0.02

(a) Unweighted mean: e, = 0.88 + 0.07¢. Program input: e, =0.9e.

the Ca isotopes, respectively (see tables IT and III). It should be noticed that,
within our model, the extraction of effective charges from the semi-closed
nuclei is independent of the effective interaction.

M1 moments and transitions. The single-particle operators for the M1 mo-
ment, g, can be defined by the spin operator j in the case of the gingle-j con-
figuration:

(26) w=2 gdji=g,()J,+ 9.0,

where J, = 29: Jo J.= En ji and g (j) and g (j) are the g-factors of the protons
=] i=l
and neutrons, respectively, in the orbit j.

By using the same g-factors the M1 transition operator is defined as

27 M(M1) = V%[gp(i).lp + g.()Ja] -
The factors g,(j) and g,(j) are given by the equation

N g— 4§ l
(28) g =g +57 for j=1lx+3,
where ! is the orbital angular moment of the j-orbit. If one uses the bare
values of g; and g, (9: and g, are 1.0 and 5.585 for protons, and 0.0 and

— 3.826 for neutrons in n.m. units), one gets the bare g-factor (Schmidt values)
for the 1fy, particle as

gp(lf'”g) = 1.655 n.m. and gn(lf"g) = - 0.547 n.m.
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As usual, one has to reduce the Schmidt values in order to get agreement with
experiment. In the present calculation we have adopted the following effec-
tive g-factors which were chosen to get optimum agreement with experimental
odd-proton and odd-neutron ground-state g-factors, respectively:

g,(effective) = 0.88gy(1f,s) = 1.456 n.m.
g, (effective) = 0.69¢gn(1f,.) = — 0.377 n.m.

* Calculated results of g-factors and M1 reduced transition Probabilities, B(M1),
are shown in tables VII and VIII.
Some important aspects of the M1 moments and transitions shown in the
tables are easily understood by rewriting the M1 operator in the following
way. The M1 moment operator defined by eq. (26) can be written as

(29) = 1/2)g,(7) + 9.G0J + (1/2)lg,() — 9,(iNT,— J) .

From this relation we can calculate the M1 moment of the J, state
M(M1;J;), using

(50)  M(ML; 7) = F10,) + 01 + 2 0,6))— ga(]

3 (et B0t ),

©pJps0ndn

Similarly the M1 reduced transition probability is given by the expression

(31) B(M1;Jd,—»J.) =

1 3 (g,()— g.0)\ , 2
T2+ 14n (gp(?) 2 g,,(a)) {v,;n: S ‘(:”":’)"""'w(J’J"JJI)} ’
where
w(J,J,JJ') =
[[J,(J, +1)—Ju (. + 1)IVIT + 1)/2J + 1) for J'=J,
[ BV et e vy oy g gy v for J'=dJ—1.

From these equations one can see that all states of nuclei with 7, =mn, and
with o, +n =2j41 (self-cross-conjugate nuclei) have a constant g-factor
of 1/2)lg,(5) + g.()1- Furthermore, all the M1 transition matrix elements
depend on 9,(7) — 9.(4), i.e. only the isovector part of the M1 operator contrib-
utes to the transition matrix elements. The latter fact explains that all
T=0—-T7'=0 M1 transitions within the () configuration are forbidden.
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E2|M1 mizing ratios. The E2/{M1 mixing ratio for the transition J, —d.,
is given by the equation

k/3 (TL) 4B,
(32) §(B2/M1; J,—>Jh) = — I\t;géJ;.HJl((Mi;HJ,;’

k+/3/10 = [E,(MeV)/120] fm~*, where F, is the energy difference between the
two states. (E2) and #(M1) are the transition operators, defined by eqs. (22)
and (27), respectively.

The phase convention follows BRUSSAARD ([28], eq. (4.3)) for the emission
matrix element of his operator O'.

Other electromagnetic moments and transitions. The general transition opera-
tors which can be used in egs. (16)-(20) to calculate M3, E4, M5, E6 ...
moments and transitions are defined by

(33) M(EL) = e, T®(0,p,)7"
and
(34) M(ME) = z grad [»¥ Y¥(0,9,)] (9:,31 + = % + 1 —= 0, li)

The single-particle reduced matrix elements are given by the following equa-
tions [65, 66]:

(35) Gl #(BR)|j> =ev2i+1 ( 1 kOIy ) V2k +1 el for k = even

2
and
, DAY 94
36)  <jlweur)|i> = m(ﬁko" %) w
.[ga——2gz :t2(Zi_|_+11)g;] V2k+1< -1y for j=14% and k=odd,

where (j3%0)j4) is a Clebsch-Gordan coefficient.

3'4. Beta-decay matriz elements. — The calculation for two types of the
p-decay matrix elements, the Fermi matrix elements M, and the Gamow-Teller
matrix elements M., are described in this subsection.

The ft value is defined by the following equation [56]:

6200
| Mp|®+ 1.66| Mepl®

(37) ft =
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Fermi matriz elements. Since the Fermi operator is > ##(i) = T with

i
+ for the pB*-decay and — for the p~-decay, the matrix element M, has a
nonzero value only for the B-decay between states of the same isospin multi-
plet (a AT = 0 and AJ = 0 transition). When the transition occurs from the
state with J, T and T, to its isobaric analogue state with J, T and T;=
= T 41, the matrix element is

(38) IMFP = |<JT T+ 1“T&)"JT Tz)'” =T(T+1)—T«(Ts4+1) ]

2J +1 -|— 1
where T, = (N — Z)/2 or (n,—n)/2 for the initial state.
Examples:
|Mg|*=2 for the *Se(0*, g.8.) »4Ca(0*, g.s.) transition,
|M|*=1 for the 48¢(7/27, g.8.) - 41Ca(7/2", g.8.) transition .

Gamow-Teller matrix elements. The Gamow-Teller operator is Zt‘i)(z)c(z)
and provides the following selection rule:

AT=0,+1 (but no =0 —7"= 0 transition),
and

AJ =0,4+1 (but no J =0 -—J' = 0 transition) .

The matrix element of this operator can be calculated in the following way.
When the transition occurs from the k-th level of spin J in the (n,, n,) nu-
cleus to the m-th level of spin J’ in the (n, 4 1, n,— 1) nucleus, the Gamow-
Teller matrix element for this B~ decay is

577 KTl 896 o] Tyt =

= na(n, + 1)< o2 (277 4 1) | HZW WZ )Mfi;';}zf.,;l;,, G oot
(ogJ/pstpdn) (vpdp,ondn

* [ (wad o) T} im0 d ] [0 (0, T,) T 5 |} ot 1ol d ] -
H(=yor=V (20 + 1)@T, + 1) 3 (207 + 1) W(J, 155 I"J,)-

(39)  |Mux(B; Ju>Jo)'=

W(JT T d'j; ST W(GI 55 JT1)JE .

For the B* decay from the k-th state of spin J in the (n,, ;) nucleus to the
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m-th state of spin J' in the (np— 1, 7na+ 1) nucleus one obtains

(40)  |Mon(B*; Ji—>J )= ny(na+ 1) Glla| 220"+ 1)

fYem gk .
(vpJpyvndn) “¥ ( vn/n)
(vpJp,00/0) (vpJp,vndn) prprR bt

[ima(vad ) T al} et op T ][ (050 ) T, 1} 00, d 5]
(=YY (2d, + 1)(2d0 + 1) 3 (27 + 1) WL 55 IJ)-
2

W' J TN WGIHT' s 1)
where
(G+1)2j+1)
j

]/’2' 1 . 1
— 7(—7-73_-1—) for7=l——§,

and ! is the orbital angular momentum of the single-particle orbit j.
Using the above equations, one obtains the single-particle Gamow-Teller
matrix element (J =j—J' =}j) as

for j=1+4 %,
(41) ‘ Glle]i> =

7—;;._—1 for j=1+4 %— ’
(42) lMa'rIz: .
: - for j=1 1 .
i+1 2
Example:

| M |*=9/7 for the 4:8¢(7/27, g.8.) - 41Ca(7/27, g.5.) transition .

Thus for the B-decay transitions between the (1f;.)" configuration states, one
can calculate the ft values by the use of eqs. (37)-(40). The corresponding
amplitudes of the wave functions and the c.f.p. are given in table IX and in
the appendix, respectively.

3'5. Spectroscopic factors. — The study of the direct reactions provides
much information on the nuclear structure. The cross-section of the transfer
reaction depends on two parts, the nuclear-structure part and the kinematical
part. In this subsection we give the equations necded to calculate the nuclear-
structure part for one-nucleon and two-nucleon transfer reactions using the
wave functions of table IX. The notation of ref. [57] has been adopted.

One-nucleon transfer reactions. The spectroscopic factor for one-neutron
stripping and/or pick-up reactions is given by

(43) 8, (n,, n) > J'(n,, n,+1)]= (n 1)Ky n,, 1) ly"m(n,, n 1%,
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where yk(n ,n) and 'q)"-"'(np, n,+ 1) are wave functions of the initial and
final states for the stripping reactions (the final and initial states for the
pick-up reactions) and ¢, is the wave function of the transferred neutron.

Using the amplitudes of table IX and the c.f.p. of the appendix, one can
calculate 8, from the equation

(44)  8,[J(ny, ny) o I (nyy ma+1)] =
= (nn+ 1) | z 2 ‘d((:'j’ 0.4, )'d((:;;.’;':,)e;.l;) -

Ui p'p' a"n
(op/p9nn) (95750007 0)

8(0,0,, 24T 1) [i"2(0d )41} oo 0l T VBT F D@TA+ 1) W, ud"§5 JT2)[

A similar equation is obtained for the one-proton transfer reactions between

the (n,, n ) nucleus and the (»,+-1,n,) nucleus:

45)  8[J(ny, na) = J'(n,+ 1, m.)] =

= (1, + 1)[Kp’*(n,, n,) B, |p" ™(n, + 1, n))|" =
=(n,+1) | 2 z, , 4 ((::;]))"’n"n) o, ((:"Sm) 1y, 0(vad oy Vo)

'
p9p+%n’ )
(05954077 (o000, 07

- [m(0,d,) jTal} i+l I ] VIRdT + 1)(2d, + 1) W J 3 d 55 ')

Two-nucleon transfer reactions. Usually the following parentage factor f is
used for the study of the two-nucleon transfer reactions instead of the spectro-
scopic factors for the one-nucleon transfer reactions [58].

The parentage factor for the two-neutron stripping or pick-up reaction
between the (n,n,) nucleus and the (n,, », 4+ 2) nucleus is defined as

(46) ﬂb.ﬂol.[’](nn’ nn) Aand Jl(nni nn + 2)] =

= P 5 ) <o, m sl =t mect 2

where y'*(n,n ) and el "(n,,n,+ 2) are wave functions of the initial and
the final states for the stripping reactions (the final and the initial states for
the pick-up reactions) and L,, 8, and J, are the orbital, spin and total angular
momentum of the pair of transferred nucleons. This factor can be calculated
by the use of the n—>n—2 c.f.p. (see eq. (4)):

(47) ﬁlosﬂo[J(nw 7,) HJ,(”M n, + 2)] =

n, + 2 (7,k) (S sm)
= ‘/( 9 2 . Z F oot F s’
(ogdp,0500) (vgdp.ogdp)

“8(0,d 5y 0, 3) [172(v.d ) §3(Jo) T} i+ 0 d ] -
"\/(2'] +1)(2J:4 1) W(JpJnJ'JO;JJ;)Z(ja) L, 8, Jo) -
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The transformation factor Z(j2, L,8,J,) is defined with the 9-j coefficient:

I 1 I
(48)  Z(j? LoSodo) = (2§ + 1)V(2Le+1)(28,+ 1) 14 3 Sy,
i i o

where ! is the orbital momentum of the j-orbit.
Similarly for the two-proton transfer reactions we obtain

(49)  Brswld (1, ma) o J'(n,+ 2, n,)] =

]/n,+2) » s ¢ m)

= ﬂ""k) d(":"p rr .
, . (vl v d ) (vpdo,opJo)

( 2 (v J,,0./,) (v J .0 J ) »pran »7pa%n

#
»'p*"n"n pYp* n"n

2 0(v.d oy Vad ) [170(0,d,) §3(J0) I} i+ 2 0pd o] -
V(2d +1)(2Jd, + 1) W(J Joddo; I'J,) Z(5%) LeSodo) .

In the case of the proton-neutron transfer reactions, e.g. (*He,n) or (d, «),
B..s.s, for the reaction between the (n,n,) and the (n, + 1,7, + 1) nucleus
is defined with the » -n—1 c.f.p. and the 9-j coefficient:

(50) ﬁz.s,.r.[J(np’ nn) > J’('np + 11 nn + 1)] =
=V, 4+ 1), +1) 3 Z = ((:,'.’rc:.un.vn) x4 ((:;;:Im.)v;.l;) :

v . b4
(op75,0a00) (/507 p)

- [i0od ) i3 it oy | [§7(0ad o) i } i+ 0adL]

YA 4
VI F DRI+ DRI+ 1)@d+1) 1§ Jag 2 LSodo) -
Jd Jo J

4. — Tables of the results.

Table IV gives the five sets of experimental (1f,,)® matrix elements which
have been used as input data for the shell model calculation. The choice of
these matrix elements is discussed in detail in subsect. 2'1. The different sets
are labelled by the name of the interaction which is used to specify the com-
puter output of the results. The corresponding data source is given in brack-
ets below the label. In the lastinteraction (4Sc), has been used for <1f3.|V,.|1f72>
and “Ca for (1f3,|Val1f7e> and (1f7ulV;, 113D

The nuclei which have been calculated in the present paper are displayed
in fig. 2. Bach two nuclei which place symmetrically around the n, +n, =28
axis are called a particle-hole cross-conjugate pair. Such a pair is described
by the relation ’

so+n,-x 2040, — 28—n, Yaa-n, }

these two nuclei have identical level spectra in the (1f;,)" configuration.
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TasLE IV. — Input data for the (if3s|V|1f32dsr matriz elements (MeV).

J (T 428¢.INT 34Co-INT 488¢c-INT 428¢*-INT 48S5c*-INT

(428¢) (54Co) ((+88¢)r) (41Ca(®He, d)) ((43Sc)y + 4Ca)

S0+ (1) —3.174 —2.528 — 2.068 —2.89 —2.068 —2.675
1+ (0) ~ —2.563 —1.591 —2.061 —1.68 — 2,061

2+ (1) — 1.588 — 1.082 —0.757 —1.10 —0.757 —1.329
3+ (0) —1.683 —0.250 —0.989 —0.82 —0.989

4+ (1) —0.357 +0.102 +0.119 —0.26 : +0.119 —0.100
5t (0) —1.663 —0.377 —0.811 —0.80 —0.811

6+ (1) +0.063 +0.557 +0.333 +0.07 +40.333 +0.299
1t (0) —2.556 —2.329 —2.218 —2.56 —2.218

The calculated results are shown for each cross-conjugate pair. The pairs
are arranged in the order of the lighter elements, i.6. ¥Ca-%¢Ni, 4'Ca-%Co, ...,
#3Ca-18Ca, 48¢-%Ni, 28¢-5¢Co, ..., 48S8c-43S¢, 4°Ti-%4Ni, ..., 4¢Ti-48Ti, 4V-%Mn, ...,
48V-48V and 4¢2Cr-*:Cr.

In table V the two-body interaction energies relative to ©“Ca are calculated
for the ground states of all the nuclei with the five different interactions of
table IV.

In table VI the excitation energies and isospins are caleulated for all cross-
conjugate pairs with the five different interactions of table IV.

In tables VII and VIII the B2 and M1 matrix elements (moments and
transitions, respectively) are calculated for the lowest and the second-lowest
state of each spin with the 42Sc-INT. The presentation of these matrix ele-
ments for the other interactions has been omitted, since they depend only
very weakly on the specific interaction. This can be seen by comparing the
wave functions of table IX for the five different interactions.

In table IX the wave functions for the lowest and second-lowest state of
each spin are calculated with the five different interactions of table IV.

4'1. Interaction energies relative to “Ca. — Table V.
Symbols for table V:

ENERGY = interaction energy of the ground state,
J = spin of the ground state.

The ground-state energies are shown for the five different interactions.
Since the single-particle energies of the 1f,, particles, ¢, and &, are set equal
to zero, the values shown in the table come from the two-body interaction part
of the Hamiltonian. In comparing these values with the experimental bind-
ing energies relative to “Ca, the single-particle energy and the Coulomb en-
ergy should be taken into account, as explained in subsect. 3'2.
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INTERACTION EXERGIES MELATIVE TO 40CA

42SC-INT $4C 0~ INT 483C-INY “25Ce=INT 4B85Co=INY
RUCLEUS ENERGYL J ) (NEV) ENERGYL J 3 (REV) ERERGYL 3 1 (MEV) ENERGY( J ) (NMEV) ENERGYL J } (KEV)
41Ca 0.0 (21 0.0 (7/2-) 0.0 (1/72-) 0.0 (1720 0.0 (1/2-)
42C8 “Fel740 00 ) 243201 Q¢ ) =2.068( O¢ ) =2.050t 0+ ) “2.675¢ 0¢ )
4XA =3.2020772+) ~1.0867(7/72-) =1.4181772-) ~2.7481772-1 =2.33140/72-)
44CA =8.483¢ 0¢ 3 33340 00 ) =2.033¢ 0¢ } =5,4901 00 ) =4,6220 00}
ACA =8.019(7/2=) ~1.6120772-) =1530(7/2~) =5.,200(7/2=} ~3.89417/2-)
4sCh “9.9208¢ 0¢ 2 ~2.4174 O ) =~2.2980 O¢ } «7,8C0¢ O» ) =5.681¢ 0¢ )
ACA «10.13UT/2-) 0.1661772-} «0.34087/72=} =7.30%(772=) =4.T73087/72-}
48CA =13.508t O+ ) 02204 00 ) “0.483( 00 ) =9.020t O¢ ) «643338 0¢ )
L1824 0.0 (71/2-) 0.0 (772-) 0.0 1772-) 0.0 (7/2-) 0.0 (772=)
42sC =3.174¢ 00 ¢ | =2.5288 00 ) <2:.2180 70 ) =2.0901 0+ ) ~2.218¢ 7o )
435 “T.37617/2-) =5.691{7/72~) -5.277M7/2-) =6.3%617/2-) =9.852(7/2-)
L1314 =9.525( 2¢ ) “6e 1738 62 ) =8.912( 6¢ ) =7.609( 6+ ? ~6.894L &0 )
45sC =13.2114172=) =T.72887/2-) =T7.57217/2=) «10.902( 772~} =9.345(7/2=)
465C =14.808( 2¢ ) ~640801 6+ ) =7.2700 &¢ ) =11.925¢ &+ ) =9.6631 8¢ )
4T8¢ ~10.948(7/2~) ~T.530(1/2~) =8.22611/72-) =14,019(772-) “11.7071272-%
483C «20.335¢ 6¢ ) =5.,671¢ 60 ) =T.1321 60 ) “19.970( 80 ) =11.,542¢ 8¢ }
498C =20.709%¢7/2~) -3.432(7/2=) ~Ta02247/2-) ~10.293(2/2<) =13.302€3/2-)
271 =3.1748 00 ) *2.528¢ O¢ ) =2.00681 O¢ ) ~240501 O+ ) =2.67%( 0¢ )
(3141 =7.373(1/2-) “8.69%{772-) “3.27747/2+) «6.3961(1/72-) ~5.83287/2-1
4471 =14.736( O¢ ) =11.389¢ 0¢ ) =10.5550 0¢ ) =12.7521 0¢ =31.705¢ O¢ )
4571 ~17.41015/72-) =11.90915/2=) =11.468(5/2-) «14.49647/2-) =13.073(572-)
st =23.113¢ 0¢ ) =14.6501 Q¢ ) =14,3831 00 ) =19,2101 0+ } =16.,742( 00 )
L8} -25.52917/2=) “13.0474T72=) =14,24917/2-) =20, 49617720 =17.2148772-)
L1184 =31.1420 0¢ ) =15.,187¢ 0+ ) “16+2260 0+ ) «26.72T4 00 ) «20.368( 00 )
4971 “33.52NT/2=) =13.15617/2-) =15,3C017/2+) =23, 749(T/2-) -20,31941/2-)
soT1 «39.0831 O¢ ) =13.653( 00 ) ~16.458( O¢ ) «29.6601 O ) “22.9450 00 )
v =23.113¢ 0¢ ) =14,650¢ O+ ) =14.4200 3¢ ) =19.210( 0+ ) =18.4360 S )
ot =29.56013/2-) =17 .4434572-) =~17.889(372~) «23,9341772-) ~20.06531%/2-1
sov =34.1100 2¢ ) =17.785( 4¢ ) =19.1201 4+ ) =26.7340 4¢ ) «22.534¢ 40 )
oSV -40.107(7/72-} =19.265(7/2-) =21.331{772-) =31.42687/2-) =28.766(7/2-}
sov =44.0241 20 ) =18.115¢ &+ ) =21.434¢ 60 ) «33.78%¢ 60 ) =26.T767( &0 )
v =50.35047/2-) =18.403(7/2-) =22.77647/2-) =37.990(7/2~} =29,5%011/2-)
“5CR =39.131¢ 0¢ ~22.600¢( O¢ ) =23.5101 O¢ } «31.6600 Q¢ ) «26.997¢ 0¢ )
49Ch =44,138(8/2-) =23.08185/2+) =24,971{5/2=) «34,86417/2-) «29.20%05/2=}
S0CR =32,2701 0¢ ) -25,885¢ 0 ) =28.3471 O } ~41,070( 0* ) =33,840( 00 )
SicR =36.9%6(7/72-) “28.3812/2-) «20.818(172=) =43.,892(772~) =35.001(7/2~)
sacr ~64,797¢ Qe ) =25.803¢ O+ ) =31.141¢ O¢ ) ~49,2108 O+ ) =30.830¢ O¢ )
SoRN «52.2700 0¢ ) =25.085¢ 0+ ) =20.5040 8o ) 41,070t 0¢ ) =33.540( Se )
SINN -8)el681872-) ~20.7621572=) =32.718(572-) =47.20017/2-) ~38,720¢5/7-1
S2KN -a7,0381 2¢ ) =20.644¢ 60 ) =34.240¢ &0 } 51,5201 6¢ ) “51.102( 6+ )
S3%M «76.133¢7/2-) =29.75611/2-) =38,082647/2-) =57.39547/2-} ~43.071¢2/72-)
S¥E ~13.069( 0¢ ) =33.8601 O+ } «38,8831 C+ ) «30.3121 0¢ ) «45,913( 0s )
S3FE ~80.27017/72-) ~33.783(7/2=) =40,687(7/72=) ~81.040(7/2=) ~40.012(7/2~-}
SAFE ~90.6481 0¢ ) =36.2341 00 ) ~44.360( 0¢ ) =68.,470¢ 00 ) “53.,987¢ O¢ )
93¢0 «80.,2701 772~} ~33.78317/2=3 «40.88717/72-) =61,046(7/2-) “48,61217/72=4
54C0 -90.644( 04 } “36.2M4¢ 00 ) =44.710¢ 7¢ ) ~68,470( O¢ ) «5343300( 70 )
3%C0 =102.049( 772~} =39.326{172-) 49,3744 027} =76.51017/72- =59.86417/2-)
SNt =90.6040 0¢ ) ~36.234¢ 0+ ) ~44,5800 Q¢ ) ~68.4701 Oe ) ~53.987¢ 0¢ 3
S5SNI =102.0691772=) =39.32647/2-) ~49,5740772-3 ~16.31012/72-) =-59,86417/2-3

Sont =11646271 0¢ 3 ~44,962( 00 ) ~38.6%80 0 ) =07.4401 00 ) ~68.4161 O0¢ )



32 W. KUTSCHERA, B. A. BROWN and K. 0GAWA

4'2. Energy levels. — Table V1.
Symbols for table VI:

J = spin of the state,
ENERGY = excitation energy of the state in MeV,
T = isospin of the state.

Excitation energies of all levels calculated by five different interactions
are shown. The value 7 in the case of 4Sc*-INT shows the maximum com-
ponent of the isospin.
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5.355(1/72) 3.6401172) 5.10011/72) S.45711/2)
5.853(3/721 3.96011/2) S.734(1/2) 6.001(172)
6.383911/72) 6.38303/2) e.oolun) 6.294¢372)
6.709(1/2) 7.139(3/2) 6.60413/72) 5.800(172)
Te3100 1720 T.0080072) T.12561/21 7.298C172)

1.66501/2)

T.752(3/2)
3021

]
9105032} 9.27201/72)
9.63413/2) 9.793(1/2)
$.809¢3/2110.902¢(3/72)
10.519¢5/2010.04211/2)

12.81015/2113.27113/2)

749611721 7.5631372)
TT9983/2) 1-011”!2)
T.9701172) & 1721
849311720 n.noun:
143720 9.1761172)

TR e
11.5290572) 12.8724872)
1302103720130
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L3s2-

15/2-

1Tr2-

192~

21/2-

23/2-

2542~

21/2-

29/2-

/2=

425C=INT
CHERGY( T ) (MEV)

2.76001/2) 2.84911/2)
3.99501/2) 4.31201/2)
4.570(1/2) 5.22141/2)
5.81811/2) 6.177110/2)
©.43811/2) 6.805(1/2)
6.90611/2) T7.25003/2)
7.3950172) T.41903/2)
T.565(1/2) T.63T(1/2}
8.00003/2) 8.095(1/2)
8.147(3/2) 8.59813/2)
B.6T201/2) 8.7T3(1/2)
9206001720 9.42203/2)
9.BTBL1/2010.0491372)
10.16703/2)10.32T(3/2)
11.11963/2111.518(3/2)
11.53T01/2112.14403/2)
13.48415/2114.29215/2)

2.T1001/2) 3.601(1/2)
4.12501/2) 4.98611/72)
5.662(1/72) S.942(1/2)
6.086(1/2) 6.51601/2)
6.578(03/2) T.088(1/2)
T.38203/2) T1.517M1/72)
T.71841/2) T.74413/2)
T.To6(1/2) 8.105(1/72)
B8.60413/2) 9.006(1/2)
9.25201/2) 9.25413/2)
9.78913/2) 9.888(1/2)
9.965(3/2)10.085(3/2)
10.80013/2)11.22003/2)
11.41301/2012.206(3/2)
13.178(5/2)14.37015/2}

4.06901/2) 4.4T401/2)
5.502(1/2) 5.821(1/2)
6.3569(1/2) 6.586(1/2)
7.00001/2) 7.593M3/2)
T.617(172) 8.00101/2)
8.20201/2) 8.67801/2)
9.12901/72) 9.17T913/2)
9.678(1/2) 9.790(3/2)
10.16301/2)10.26803/2)
10.483(3/2)10.6T1(3/2)
11.30603/2112.70313/2)
14.24115/2)

3.93011/2) 5.723M1/2)
6.04311/2) T.14411/2)
7.41411/2) 7.909(1/2)
B.118(1/2) 8,23113/2)
8.314(1/2) B.BADIL/2)
8.953'1/2) 8.96003/2)
9.6110172) 9.785(3/2)
10.65813/2)10.73811/2)
1la16413/2)10.62713/2)
15.04515/2)

©.3190172) 6.58411/2)
7.15401/2) T.Te0(1/2)
B.5210172) 9.05911/2)
9.T71803/2) 9.725(1/2)
10.47611/2)110.58603/2)
11.06203/2012.581(3/2)

5.83501/2) 7.503{1/2)
7.56501/2) 9.01311/2}
9.583(1/2010. 17103/ 20
11.348(1/2111.3580(3/2)
11.65313/2)

B.14B8(1/2) 9.27311/2)
9.63501/2111.20601/2)
11.86203/2)

7.97641/2) 9.92711/2)
12.41703/2)

11.08481/2)

10.83811/21

EMERGY LEVELS

54CO-INT
ENERGY( T ) (MEV)

2.6150172) 2.6TTM072)
4, 18401/2) 4.841(1/2)
S5.14411/2) 5.91401/72)
6.55911/2) 6.9C311/2)
6.91413/2) T.14213/2)
Tob44l1/72) T.BTLILZ2)
8.08313/2) 8,238(1/2)
8.28813/2) 8.6021172)
B.8AT(1/2) 9.025(3/2)
9.23501/2) 9.46001/2)
9.779(3/2)10.238(1/2)
10.39503/2)10.790(3/2)
10.836(1/2)11.171(1/2)
11.309(3/2)12.051(1/2)
12417403720 12.51813/2)
12.58715/2) 13.53515/2)
13.74503/720 14.32611/2)

2.38801/2)
4.56001/2) 5.30211/2)
5.00603/72) b.247(L/2)
5.50711/2) 6.T6141/2)
To14203/2) T.473(1/2)
7.60803/2) 8.124(1/2)
8.523(1/2) B8.T88{3/2)
B8.9560172) 9.212(1/2)
9.43003/2) 9.680(1/2)
9. T34(3/2)10.615(1/2)
10.838(3/2110.935(3/2)
11.03401/2)11.345(3/2)
11.50301/2)11.98213/2)
12.103(5/2)13.42313/2)
13.545(5/2013.91911/2)

348901720

3.881(1/2) 4.488(1/2)
5.85201/21 5.956(1/2)
6.8TTI(1/2) T7.08213/2)
7.203(1/72) T.61201/2)
8.595(1/2) 8.86503/2)
9.02711/72) 9.568(1/2)
9.829(01/2) 9.878(31/2)
10.23511/2)10.33213/2)
10.8074 3/2)11.096(1/2)
11.24903/72010.751¢172)
11.78343/2)13.25315/2)

13.81203/2)

3.48501/2) 5.7491(1/2)
5.95901/2) T.a5411/2)
T.58603/2) B.155(1/21
B.4ATT(3/2) B8.554(1/2)
B.TTOLL/2) 9.42211/2)
9.54303/2) 9.823(1/2)
10.12001/2110.518(3/2)
10,61101/2)11.097(3/2)
11.98T13/2)12.309(1/2)
14.C68(5/2)

6.09301/2) 6.43711/2)
T.1560172) 8.2%6(1/2)
B.92503/2) 9.32911/2)
9.87T(1/2)10.24813/2)
10.678(3/2) 10.685(1/2)
L1.47201/2)012.95413/2)

S5.15111/72) T.255(1/2)
TaT6601/2) 9.33T42/2)
9.654(1/2) 9.81B(1/2)
10.826(3/2)11.41213/2)
12.3420172)

7.81611/2) B.9BTIL/2)
9.31601/2111.05T13/2)
11.83301/2)

T1331172) 9.825(1/2)

_11.53713/2)

10.5T01L/2)

9.75611721

4B5C~INT
ENERGY( T ) (MEV)

2.149(1/2) 2.19811/2)
3.32001/72) 3.70001/20
LOALL/2) %.694(1/2)
5.10911/2) 5.37801/2)
5.8T801/2) &.197(3/2)
6.22001/2) 6.387(1/2)
6.41303/72) 6.65T1172)
6.943(1/2) T.03L0L/2)
T.05203/2) 7.18811/2)
7.35013/2) T.686(1/2)
T.T2T13/2) B.081(1/2])
8.22811/21 8.399(13/2)
B.T5001LJ2) 8.91413/2)
9:29013/21 9.419(3/2)
9.84903/2) 9.995(1/2)
10.16303/2110.83003/2)
11.T7915/2112.657(5/2)

1.948(1/2) 2.82001/2)
3.45501/2) 4.14801/2)
4.97011/2) 5.087(1/2)
5.2T901/2) 5.40143/2)
5.66711/2) 6.139(1/2)
6.26403/2) 6.54111/2)
6.868T(3/2) 6.822(1/2)
T.2T101/2) T.3860172)
T.57403/2) T.998(1/2)
B8.172(1/2) 8.20013/2)
B.496(372) B.515(1/2)
9.03713/2) 9.12913/2)
9.68913/2) 9.810(1/2)
9.8841(3/2110.63313/2)
11.41205/20112.59915/2)

3.08411/2) 3.508(1/2)
4. TOIL/2) 4.T85(L72)
5.32611/2) 5.60TIL/2)
5.87501/2) 6.25413/2)
6.579%(1/21 T.05LLL/2)
«2010L72) T.4B201/72)
(372) T.81601/2)
«213(1/2) B.46903/2)
8.68101/2) B.72T(3/2)
9.05T13/2) 9.34203/2)
9.783(3/2110.92513/2)
12.31915/2)

T
T,

2.758(1/2) 4.58711/2)
4.T6101/2) 5.78T11/2)
63190172} 6.67613/2)
6.T5TM1/2) 4.889(172)
7.38013/2)

T.08501/2)
T.63511/2)
T.92%11/2)
8.96211/21
9.42503/21 9.T4613/2)
13.02315/2)

A THBIL/Z) 5.0T9LL/2)
5.598(11/2) 6.473{1/2)
T.10411/2) 7.56311/2)
T.76613/2) T.99911/2)
B.496(1/2) B.784(3/2)
9.08713/211 69(3/2)

4.0820172) 5.70C01/2)
6403001720 T.542(1/2)
T.606(1/2) B.05513/2)
B.9T1(L/2) 9.14613/2)
9,70T(3/2)

5,9930172) T.14201/2)
T.392(1/72) 8.74001/72)
9.38513/2)

S5.6L111/21 T.666l1/2)
9. 75413720

8.0TTI1/2)
T.69111/2)

425Ce=INT
ENERGY( T ) (MEV)

2.6311L/2)
3.87201/2)
4.880(1/2)
€.045(1721
6a41913/2)
&.850(1/2)
T.384(1/2)
T.Tasl1/2)
T.897(L/2)
8,.334(3/2)
5.01543/2)
9.544(3/2) 9.612L1/2)
9.6T911/2) 9.8400(3/2)
10.27TB(3/2)110.68011/2)
10.91813/2)11.22013/2)
11.753(5/2)12.182(3/2)
12.485( 1720 12.503(5/2)

2.63811/72)
4.254101/2)
5.3001(1/2)
6.2021172)
b.68813/72)
T.137(1/2)
T.4lot3/2)
T.8381(3/72)
B8.173(1/2)
B.63110172)

.088(1/2)

3.03611/2)
4.T520172)

2,321/ 2)
3.898(1/2)

S.46T03/2) 5.574(1/72)
5.84101/2) s
6.48413/2) 924172}

6. T39(3/2) T.37501/72)
T.5180172) T7.955(1/2)
8.05113/2) 8.225(1/2)
8.59003/2) B.636(1/2)
B8.862(3/2) 9.37811/2)
9.66313/2) 9.803(1/2)
9.816(3/2)10.131(1/2)
10.26503/2)10.813(3/2)
11.152(5/2111.93203/2)
12.07101/2112.37815/2)

3.4640172)
5.20201/2)
6. 13T(1/2) 6.42411/2)
6.44903/2) &.T19(1/2)
T.66201/2) 8,01101/72)
B8.11343/2) 8.2001(L/2)
B.T06(1/2) 8.946(1/2)
B.96T13/2) 9.317(372)
9.54T713/2) 9.81T11/2)
10.12T{3/2)10.2561(1 72}
10.5401372012.18113/2)
12.20815/2)

3.933(1/2)

2.99011/2)
5. 2940720
6. T691 372}
T.54611/72)
T.04T11/2)
8.665(1/2)

5.150(1/72)
6.52411/2)
T.045(1/72)
T.60213/2)
8.142(1/72)
€. 72913721
8.8LTIL/2) 9.308(1/2)
9.481(3/2) 9.913(3/2)
10.658(1/2)10.66413/2)
12.79915/2)

5.23411/2) 5.62211/2)
6.28511/2) 7.387(1/2)
B8.05601/2) 8.056(3/2)
8.509(1/2) 9.20813/2)
9.375(172) 9.398(3/2)
9.91T{1/ 201140864312}

4.43801/2) &.189(172)
6.59T( 1/ 2) 8.28713/2)
B8.39611/2) 8.516(1/2)
9.47413/2110.049(3/2)
10.60911/72)

6.598(1/72) T.T601(1/2)
8.0630(1/72) S.T7013/2)
10.089(1/2)

5.96T(1/2) 8.37411/2)
10.00103/2)

8,92511/2)

B.142(1/2)

45

4BSCe-[NT
ENERGYL T ) (MEV)

2.4TTIL/2) 2.48501/2)
3.79011/2) 4.271(1/2)
4.56011/2) 5.23611/2)
5.728(1/2) 6,08T(1/2)
650811721 6.T0613/2)
6.941(1/2) 7.01103/2)
715911721 7.393(1/2)
T.63811/2) 7.T3311/2)
T.868(1/21 T.9900(1/2)
8.000(3/2) 8.494(3/2)
B.654(1/2) 9.042(1/2)

«13201/2) 9.14101/2)
9.T39(3/2) 9.92311/2)
1C.06T(3/2110.34413/2)
10.90303/2)11.27113/72)
11.33161/2)12.08913/2)
12.59105/2)113.65615/2)

2.319101/2) 3.32511/72)
4204501 /72) 4. T55(1/2)
5.618(1/2) 5.TT311/21
5.9901(1/2) &.06913/2)

4.40T(L/2) 6.8l413/2)
T.05411/2) 7.39903/2)
T.42201/2) T.6181172)0
8.01111/2) B8.243(1/2)
8.324(3/2) 8.939(1/2)
9.0%5(3/2) 9.210(1/2)
934413720 9.6T4IL/Z)
9.914(3/2) 9.986(3/2)
10.63913/2110.9TT(3/21
11.17701/2111.93913/2)
12.37415/2)13.64515/2)

3.6T40L72) 4.13T01/20
5.371L01/2) 5.45611/2)
811211721 6.43511/2)
6.73101/2) T.0CLI3/2)
T.52411/2) 8.033(1/2)
8.05911/2) 8.507(1/2)
8.62213/2) B.87311/2)
9.296(3/2) 9.42311/2)
9.84514/21 9.86213/2)
10.09413/2)10.484613/2)
L0.95613/2112.46503/2)
13.368(5/2)

3.41501/2) 5.32911/2)
5.5581(172) 6.741(1/2)
T.2191(1/2) 7.571513/2)
T.685(1/72) T.873(1/2)
B.151(1/2) 8.338(3/2)
B.69611/2) B.T3BIL/2)
9.072(1/2) 9.198(1/2)
10.08813/2110.37411/2)
10.59T(3/2111.07T43/2)
14.29805/2)

5.699(1/2) 5.996(1/2)
6.6211172) T.45211/2)
B.233(1/2) 8.69111/2)
8.85413/2) 9.28811/2)
9.77913/2) 9.92711/2)
10.23403/2112.06713/2)

5.03611/72) 6.79511/2)
T.16101/2) 8.T6AIL/2)
a 001/2) 9.30113/2)
10.364(3/2010.53T11/2)
11.0811372)

7.3101172) 8.432(1/2)
B.75111/2110.33411/72)
10.86913/2)

6.9441(1/2) 9.107T11/2)
11.40203/2)

9.843(1/2)

9.457101/2)
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ENERGY LEVELS

S80S IEERINROOS
. .
® AV - 4BV
L L]
. 80880850000
425C-INT S4CO-INT 48SC~INT 425Ce-1NT 485Ce-INT

3 ENERGYL. T 3 (KEV) ENERGYL T ) (REV) ENERGY( T ) {REV) EXEAGYL T ) (NEV) ENERGY( T ) (XEV)

Or  2.9681 20 3,2030 1) 2.3990 2 ) 6.4420 1 ) 2.8931 2 ) 5.1231 1 ) 2,007¢ 2 ) S.T09C 1 ) 2.985¢ 2 ) 5.469¢ 1 )
$.9900 L ) 7.3890 2 ) T.7360 2 ) 7.955( 1} 6.0780 1 ) 7.233( 2 ) Tol860 1 ) 2.3120 2 ) 6.565¢ 1 ) 7.%188 2 )
11,0060 2 220,602t 4 3 12,795 2 18,0060 & ) 10.393 2 118.6671 4 3 11.406¢ 2 16,9140 4 ) 11,2910 2 )19.3921 & )

1¢ 044520 11 L9900 1) Q.3900 1 ) 2.199¢ 1 D BeBO9C L 3 0.658¢ 1 0 2.1700 1 ) 0.203( 1 ) 1.8180 1 )
244570 1) 3.2241 1 1 3.4231 1) 4.294¢ | )} 3.481¢ 1) 2,980¢ 1§ 3,092¢ 1) 2.,698( 1 ) 3.462¢ 1 )
3.692( 1 ) 4.43%1 1) 5,084 1 ) 5.698( 1 D 4.2720 10 4.3630 L ) 4.8810 1 ) 3.9260 1 ) 46510 1 )

1) 5.5400 1 ) 82180 1 ) 6.400¢ 2 ) 5,500 1 ) 5.723¢ 1 ) €.1380 2 0 5.3350 1 ) S.6871 1 )

1) 6.6320 2 ) 649461 1 ) T.608( 1 D GIOTE 2 ) 6.2100 1 ) €.017C 1 ) S.1740 1 ) 6.564¢ 2 )

10 82370 1) 8.8120 1 110.517¢ 2 RSB To090¢ 1 ) 9.4540 1 ) T.0730 1 ) 0.431( 1 )

2 115.966L 3 ) 10.800( 1 116.079¢ 3 114,506 3 ) G.310( 2 114.6040 3 ) 9.044t 2 115.582( 3 )

2¢ 1) 1.6748 1) 0.0820°1 ) 2.889¢ 1 ) LSTA 8 ) 0.0200 1 ) 1.568¢ 1 ) 0.062( 1 7 1.887¢ 1 3
1) 2.9860 1) 2.6150 1) 3.7390 2 D 3.073¢ 1) 2.3350 1) 3.201¢ 13 2.30L0 1) 33748 1)

1) 3.715¢ 12 3.0201 1) a.308( L ) 3.557¢ 1) 33590 2 ) 3.9190 L ) 3.6440 1 ) 36570 L }

LD AT 2 ) ASITE 1) 4.3641 2 D 3.8340 2 ) 4,0031 1 ) 42170 1) 3.955¢ 1 14,0531 2 )

1) 4,928 21 <709 L} 8.940¢ 1 D 646030 2 ) 4.292¢ 20 %.3030 1 ) 4.6130 1 ) 4.051( 2 }

1) 5.6381 1)  6.3611 2 ) 6.9%0¢ 1 ) 5.8350 1 ) 5,823 2 ) 6.182¢ 1 )  S.707¢ 1 ) 6.039M 1 )

1) 606408 23 7.483( 1 ) 6.013( 1 D 6,0830 2 ) 6.431C 1) To2060 1 ) 643700 2 ) 6.5120 1) )

1) 7.5308 10 0.022¢ 2 ) 9.299¢ & ) T.0380 1 ) 7.3700 2 ) 8.0860 L ) 7.408¢ 1 ) 7.708t 2 )

$2) 67088 23 9.4050 2 ) 9.792( 2 ) 8.3020 2 ) 05530 2 ) 9.604¢ 1} T.7010 1) 8.0240 2 )

T3¢ 2 110.402¢ 2 8 9.937¢ L 111.096¢ 2 D 97820 21 8.004( 2 }10.558 2 ) 8.9190 2 $10.538t 2 )
12,5890 2 I13.9050 3 3 13.5660 3 Mle.8as( 2 31310 3 ) 12.480¢ 3 112.8750 2 ) 12,6020 2 13,6240 3 )

36 0.927¢ 1) 1.0560 1 3 0.9980 L ) 1.099C 1 ) 08804 1 ) 0.913¢ L ¢ 2.067¢ 12 1.2600 1 ) 0.0268 1 ) 0.9118 1 2
16840 1 ) 2.927¢ 1 ) 201210 1 3 3,499( 1 ) 1.921¢ 1 ) 2.806¢ 1) 10930 1 ) 2.9681 1) 16691 1 ) 2.9791 1 )
31390 10 22520 1 ) 3.5150 1) 3.7450 10  2.831C 1 ) 2.910¢ L ) 099 1 3.043¢ 8 ) [}
304260 1 ) 3.8990 1 ) 4.3380 1) 49190 1 ) 3.3601 1 ) 3.7I7C 1 3 3.930( 131 3300 1) 1)
40370 1 ) 4.460( 1 ) +3460 1) 5,331 20 4.1200 1 ) 4.7000 1 ) 4,623 20 Aa8i 1) 1)
409930 1) 5,1301 1) 3,960t 1) 6.4060 1) 15,0360 1)  3.409 1) saset 1) 1)
S.6020 1§ 5.7180 L ) 64467 1 ) 6.71801 1 ) 25,4920 21 5,008 1) s.622¢ 2 ) 1)
549298 1 0 60831 2 ) 6.8920 1) T.254( 1) FS.NT 1) 034 1) S.e120 1) 11
6.100€ 1 ) 6,4000 L ) 7.7840 2} 7.934( 1) 2 6.3120 1) 4973 1) 6.8t 1) 1)
6.9801 1 ) 7.608C 2 ) 8,057t 1 ) 21 ) T 1) 1.319 20 ML 2
8.02¢1 1) 0.3388 2 ) 979 1) 21 P TIEM2) 7.993 29 «366¢ L ) 29
0.4320 1 ) 9.140C 2 ) 10.001¢ 3 )12.223¢ L } 1) 8.3601 20 0.73% 1) a.70t1) 2
10,4CT¢ 1 JIO.TUSC 2 3 1143391 2 $12.6490 30 9.292¢ 1 ) 95560 2 ) 10.372( 2 082.395( 2 ) 10.278¢ 1 ) 2
1102268 2 113.9790 3 ) 12,9840 2 113.6631 1 ) 10.417( 2 J12.6100 3 ) 13,7070 L 122.005¢ 3 ) o 2 113.2320 3 )

40 01550 1 ) 0.4320 1 ) 0.0 € 1) 0.2430 10 0.0 €1 00,2280 11  0s0 € 15 000N 1) 1) 0.2200 1 )
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4'3. B2 and M1 malriz elements (moments). — Table VII.

Symbols for table VII:

EP — effective charge of the proton (e,),

EN ="effective charge of the neutron (e,),

GP = effective g-factor of the proton [g,(j)],

GN = effective g-factor of the neutron [g.(j)],

J = spin of the state. The number in parenthesis indicates the low-
est (1). or second-lowest (2) state of each spin.

E2 M.E. = F2 matrix element (moment) for the proton (XP) and the neu-

tron (XN) in units of fm? defined by

1 w 1/16 '
XP= = (FI20109)<I) 3, l/anf YO0,

1 2z 1/16
XN= e (7720179)<7] 3 I/ S TY00)|I>,

where the suffix ¢ runs only over the proton co-ordinate in XP
and the neutron co-ordinate in XN,

Q = quadrupole moment in units of e fm? calculated with EP = 1.9¢
and EN = 0.9¢,
M1 M.E. = M1 matrix element (moment) for the proton (XP) and for the

neutron (XN) defined by

1 "
XP = —— (JJ10|JJT) (J jelldD

1 . Bn '
XN =—r—=— (JJ10|JJ) {J ol .
s 10 1 3>
G FACTOR = g-factor of the state (u/J) in unmits of n.m. calculated with
GP =:1.466 n.m. and GN = — 0.377 n.m.

The quadrupole moments of the lighter iwucleus of eaeh eross-conjugate
pair are calculated with XP and XN by the equation

Q@=XP-¢,+ XN-¢,.

Since the expectation value of #* is proportional to AV* (see eq. (25)) and the
particle-hole relation gives {j='|E2{j~") = — {j| E2[j), the B2 moment of the
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heavier nucleus of each cross-conjugate pair, Q'. is obtained by the equation
, AN\
=1-xN 0+ - xR-a(5)

where A'=56—mn —n, and A =40+ n,+ n,.
The g-factors of the lighter nucleus are calculated with XP and XN by the
equation : :

g=5=XPg,(j) + XN-g,0) -

i

The g-factor of the corresponding state of the heavier nucleus, g, is obtained
by the equation

g'=XN-g,(j) + XP-g,(5) -
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teoesses N
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sscensesecssssnee
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THE EMPIRICAL (1f,,)* MODEL

€2 AND ML MATRIX ELEMENTS { “OMENTS ) EP s 1,990 E€hN e C.900 GP = 1.456 Gh o =0.377 ( &25C-INT )
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3et1) 2.51 2.51 T.06 7,65 0.500 0.540
aell) 0.39 0.55 . 1.854  =1.67 0.500 0.540
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oetld =6.03 =6.03 =16.69 10.37 0.300 Q0.%40
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372-t1) “2.74 04 =T 8.03 14800  <0,400 2.189 -1.110
$/2-41) ~2.30 89 =12.18 19.91 =0.367 1.387 ~1.0%0 2129
1/2-t1} 7.9 ~1l.21 +18  30.51 0.889 0.111 1.292 =-0.173
972-11) =6.07 ~3.08 =16,20 12,07 0.6%6 0364 0.826 Q.253
1172-11) -7.07 lel4 =12.41 4.30 0.546 0.454 0.624 0.433
1372-11) =-5.38 0.08 -10.82 5.22 0.452 0,549 0.481 0,828
1572=41) ~8.26 -1,.0% «17.3% 11.7% 0.427 0.573 0.407 0.873
17/72=-11) 4,88 ~9,92 =18.20 24,92 0,337 04683 0.242 0.838
1972=-11) “10.64 -12.16 =3.16 35.04 0.308 0,632 0.298 0.781
3/2-42) 213 4026 Te8T =~30.72 04333 0.867 0.234 0. 343
s872-42) 2.9% 3.98 .43 <-30.37 0.348 0.652 0.261 0.0818
T72-42) «2404 4,25 =1.57  ~3.91 0.548 0.432 0.628 00452
972-12) 4.46  =4,80 4.3 3.06 0.091 0.909 -0.210 1.289
11/72=42) 0463 1.92 2,57 -3.71 9.331 0.670 0.229 0. 030
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3et1) 0.68 5.68 Te24 ~=14.03 0.589 0.702 0.377
4e¢l) ~0.26 0.13 =0.37 -0.02 0.450 0.521 0.558
Se(1) “1.70  =1.3?7 448 437 0.482 0.470 0.609
[3234) “Te21 =16.7% =28.77 40.50 0.510 0.9%7 0.322
Tell) *9,66 =6.01 =23.7T6  21.26 0.4681 Qe 504 0.57%
oetld ~5.30 =4.31 =13.95 13.70 0.358 0.278 d.801
9ell) =10.28 ~=1.66 =21.01 13.10 0.303 0.32% 0. 754
10¢(1) =448 =6.60 =14.48 17.67 0.202 Q.140 0,940
1 “10.72 =7.06 =27.27 25.39 04318 0.206 0.873
let2) 1.74 2.07 S.10 =5.82 Q.0%8 0142 1.196  <0.117
2082y -0.31 3.1% 227 =5.11 =0.143 lel4s ~0e.643 1l.722
Jet2d =2.73  =4.80 =951 12.24 Q. 777 0,223 1.047 0.032
402y 4,82 226 *6.74 <0418 0.650 0.3%0 0.81% 0,264
Set2) 612 8,74 =19.50 23.39 Q0.988 0418 0.698 0.383
6et2) 4,59 «2.2¢ «10.73 0.87 0.423 0.577 0.3% 0.681
Tot20 “2.45 ~2.% -0.96 T.48 0.33% 0843 Q. 274 0.808
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172-12) “1.90  -l.1% 4,68 4,06 0.809  0.391 0.740 2,339
92-120 1.79 4415 T.06 =9.07 0.303 0.695 0.102 0,897
1172-12) ~3.00 -0.32 =5.99 3.8 0.430 0.570 0. 412 0,867
13/2-12) 4,53  ~5.45 =13,%92 15.0% Q.421 0.579 Q.398 0,685
1872-12) ~0.88 3.20 -10.10 O.11 0.401 0.599 0.3%9 Q. 720
17/2-42) .39  2.65 “15.83  3.7s 0.394  0.406 00343 0.734

19/72-1 ) 0.93 0.29 1.27  -1.07 0.222 0.778 o.030 1.050
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2011 2,40 -1.26 .42 0.633  0.367 0.783  0.29
3etld 0.38  1.58 2.1% 04635  0.36% 0,788 0.292
4ot “2.01  6.59 2.12 0.408 0.713 386
setl) ~4,03 <10,93  <~17.49 0,466 0.601  J.473
setl) <036 -5.14 =l 0.503 0.318 0,845
Tetl) ~10.12 1.62  =17.50 0.513 0.516  0.%63
aetly “3.39 =477 =14.53 0.647 0.2711  d.808
901} 9.0l  1.10  -16.08 0,637 0.209  2.190
W) 4,52 6.70 =2.49 G.710 0,140  0.940
11st12 ~10.88  7.77  -13.60 0.682 0,206  0.873
a2y “0.93  0.60 “0.943 1,943 =2.105  3.188
2et2) 1,939  ~0.860
362} 0337  J.742
a2y 0,606  J.47%
Sel2) 0,017  0.462
60121 0.527  0.5%2
1e(2) 0.152  0.927
8et2) 0.319  0.780
9et2) 0,097 0,982 .
ATSC alSC ATSC 49Tt
1/72-t1) 4,054 5,733
372-11) 4,07  =2.02 2.911  -1.032
572+E1) -3.76  2.82 14483 -0.383
1r2-(1) ~10.35  =8.11 1,407  ~0.320
972-t1) 4,79 -4.87 0.737 2.342
172-t1 “9.43  -0.35 C.738  0.341
13/2-11) 1.06  3.25 Oel%4  0.928
1872-t1) 4,56 3.35 0.291 0.788
1172813 =5.08  10.22 0,242  0.838
1972-t1) =10.96 12.53 0,298 0.701
W2-12) 0,480
5/2-12) =0.610
T72-82} 0.729
972-t2) 00193
11/72-t2) ~0.086
13/72-(2) 0.352
1572-621 00349
488C  4asC 48SC  40SC a8sC 4nsc 40sC 48sC
1et1) 3.15  =3.18 3.1% 3.8 0.500  0.300 0.540  0.340
20810 3.60  -3.60 3.60  3.60 0.800  0.300 0.340  0.540
3et1) 2.6)  ~2.63 2483  2.63 0.300  0.500 0.540 0,840
4etl) 0457 ~0.37 0.57  0.57 0.300  0.300 0,540 0,340
set1) <243 2,43 =2.43  ~2.43 T0.8C°  0.500 0.540  0.349
setl) 6031 631 =6.31  =6.31 0,500  0.300 0,540 0,540
Tetl) =11.04  11.04 =11.04 =11,04 04500 0.500 0.940 C.540
«n 211 an Sent an “2n LT3} SANT
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372-11) “3.06  =2.74 0.51 “0.400  1.400 ~1.110  2.109
5/2-11) 13.06 137 ~0.367 2120 -1,0%0
7/2-11) 21.00 o.111 0. 889 ~0.173 1.2%2
9/2-11) 15.31 0.3 0,050 €.25%  J.A26
1172-41) 13.30 0e456 0,545 0,435 0,624
1322-4 1) .20 0,549 0,482 €.028  Q.451
1572-t1) 18,60 0.573 0.427 0,873 d.497
1772011 19.52 0.663 0,337 0.838 0,262
1972-t12 .41 Jde632  0.388 0.781 0.798
312-12) %20 2,13 10.00 -8.¢a o067  0.33) 0.865 3,234
$/2-12) 3.98 2,55 9.86 =9.03 0.652  0.348 0.818  3.281
1/2-t2) 4025 ~2.86 $.51 1.69 0.432  0.548 0.452  0.620
9/2-42) 4,00  4.4b 4,72 ~4,85 V908 0.091 1.289 -3.210
1172420 1.32  0.63 3.k -2.76 0.670  0.331 0,850  0.229
1372-42) -5.86  3.22 -0.23  -0.91 0,764  0.236 1,024  0.055 »

1572-12) =5.07  <-2.9) =1l.91 10.0% Oe007 0.333 Qs 843 22346
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4ot} 0.300 Vo540
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8ell) =0.47 8,95 0.500 0e540
9elld «12.087 13.80 0.500 0.340
10e(1) =16.40 17.3¢ Qe 500 0.340
ety =25.74 27.21 9+500 0360
12001} 12,23 ~12.23 =34.31 35,20 0.500 0.%40
1e2) 1.91 1.91 Se34  =8.06 0.500 0,500 0.340 04540
2442) ~4.90 4,90 “13.73 14052 9.500 0,500 0.940 0.540
3420 3.66 360 10.26 ~10.04¢ 0.300 0,500 0.340 0540
40l 0.35 0.3% Q.90 =1.03 0.500 0.500 9.540 0. 540
S5e42) =1e53 -1.53 -4.29 4,34 04300 0,560 0s540 Q¢ 340
6e12) £ ~1.04 174 0.500 G500 04540 Qe 340
Tt} -21.93  23.19 0500 0.580 0.340 G340
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972-¢1) “Te53 0.203 0.076
1L72-¢1) 2405 0114 -3
13/2-(1) =10.49 0467 0.612
1572-11) 324 0.337 0. 742
1772-41) 44,09 0.056 0.223
19/2-411 .12 0.877 0.
2172-41) 18,08 0.9387 0,492
232-t1) 1%.82 0.517
2%/2-101) 20.94 0.421 0.850
2172-41) 26.87 0.418 C. 041
172-12) 1.309  =0.309 2022 ~0.943
37242 =3.83°  =4.15 ~11.01  11.81 0,062 0.930 0,266 1.343
5/2-42) 0.20 1.23 1:48 <2462 04457 0,343 0.461 0.819
172-42) 3.98 s.01 13.70 -17.23 0,303 0.697 0.170 0.901
9/2-42) 1,30 ~0.64 =3.19 256 0440 0.9%2 (-2 o 0,635
1172420 =3.39 2.67 4,04  =2.11 Q.458 0.543 0.462 0.617
1372-t 20 ~3.16 -8.00 =13.27  18.97 0.069 0.331 0.849 0.230
1572-121 .05 ~2.63 =13.,87 10.08 0,386 Q.14 0.330 0. 749
17/72-t2) 6419 0.9% ~10.91 3.92 0.483 0.51% 0.511 0.560
19/72-t2) 1.446 =433 =1.21 T.33 0391 0.609 e 340 0. 740
21/72=-12) 6465 1.3 “11.40 354 Qe461 Q540 0,487 0.612
2372=t2) 0.37  ~Tule =35.73 13.81 0.371 0.629 0.304 0. 775
T L L baduhdd
4671 - S0R ® T3 4671 471 S0Ch 4671 a7t (1343 b 14
esssesstantes
.
1040 0,434 0.623 0.436
20402 0.518 0.510 0,569
3etl) 0.630 0.301 C.778
- soll) 0.709 0.156 2.923
Se(1) 0.073 =~0s 144 1,223
oell} 0.598 0. 360 o.Nne
Tetl) 0.668 0.2%2 0,347
aetld 0.636 0.290 0. 789
9¢(1) 0,470 0,594 0.48%
10e(1) 0.467 0.601 0.470
11et ) 0.512 0.518 0.561
12¢4 10 0.513 0.516 0.553
13et1d 0.502 0. 388 0,691
14el1) 0.571 <409 Q6170
1002 ~1.33 Q.14 ~1.86 0.48% 0.518 0.513
2402} “2.27 3.28 =1.35 0.307 0.813 04332
3et2) 4,39  =4.9% =12.79 0,066 3,954 =0.293
sl -5.03 -5.68 ~16.75 0,062 0.930 =0.263
Set2) 1.09 2,43 5.40 V.39 0.606 0. 346
st 2 .98 0,77 -17.37 0.622 0.378 0.783
Tot2) -7.08 =7.5% ~20.28 0.703 0.297 0.912
set2d 5,52 =5.81 =13.72 0559 0.441 0.648
9ot 2} ~6.l4 ~10.57 «21.18 0.554 Q.488 0.638
10082) “l.86 4,72 -7.78 [ 23 0.580 0,419
11e12) ~10.18 1.9% -17.57 0.495 0.50% 0.530
12¢02) 1.10  =0.14 1.9 0,345 0,633 0.25%
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1tet1) =9.46 04300 0.300 Q.50
12e(1) ~12.62 0300 0.500 Q540
18ty [ 2] 0ot 00300 0,500 0340 0. 340
2082) *1e87  =1.06 0.300 0.%500 04539 0e540
3002} 197  =1.97 0.9500 Q.500 0.540 0.539
4oL2) ~0.80 o 0500 0.500 0339 Q.540
Se42) “3.19 =3.19 0.500 0.500 0.540 0540
6012) ~1.61  -l.61 04500  0.300 0.340  0.340
Tet2) 2.9 ~2.49 0.500  0.500 0.540 0,540
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9002} 4,13 =473 0.500 0,500 0340 0,340
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€2 ANMD ML RATRIX ELEMENTS ( NOMENTS ) EP + 1.930 EM = 0.900 GP s 1.456 OGN = -0.377 @ 425C-INT )
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12¢42) [ '} 0 0 0.500  0.300 0.540  0.540
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4'4. E2 and M1 matriz elements (transitions). — Table VIII.

Symbols for table VIII:

JI = gpin of the initial state (J)),

JF = gpin of the final state (J,). The number in parenthesis
indicates the lowest (1) or second-lowest (2) state of
each spin.

E2 M.E. = E2 matrix element (transition) for proton (XP) and neu-

tron (XN) in units of fm? defined by

1 ®
XP = ——J 7’2.Y(2)6. J
vz T Tl gy el
—1:<J:” z”‘: Y01 -
T Wad 1
B(E2) — reduced transition probability B(E2; J,—J;) in units
of ez fm* calculated with EP = 1.9¢ and EN = 0.9¢,
M1 M.E. — M1 matrix element (transition) for proton (XP) and for

neutron (XN) in units of n.m. defined by

T A3 )i,

usz_hw»=—xp

XP =

XN=

\/2J, +1

B(M1) = reduced transition probability B(M1; J,—J;) in units
of (n.m.)® calculated with GP = 1.456 n.m. and GN=
= —0.377T n.m.,

DELTA/ENERGY = energy-independent mixing ratio 6(E2/M1)/Ey (MeV),
where ¢ is given by eq. (32). The special cases 0=0
and 6= oo are indicated by the symbols « M1 » and « E2 »,
respectively, and it is also indicated if the transition is
both M1 and E2 forbidden.

The B(E2; J,f>Jf) in the lighter nuecleus of each cross-conjugate pair
(with nuclear mass 4) is calculated by the equation

B(E2; J, > J;) = (XP-6ep+ XN -a)?

and the corresponding value of the _heavier nucleus with nuclear mass A4’,



60 W. EUTSCHERA, B. A. BROWN and K. 0GAWA
B/(B2;J,—>J,), can be obtained by
A'\o/8
B'(E2;J,—~dJ;) = (XN-¢,+ XP-¢,)? (I)
The B(M1;J;—J;) in the lighter nucleus of each cross-conjugate pair
is obtained by
B(M1; J,—Jy) = [XPgy(j) + XN ga(§)]* = (XP)?** [gp(j) — ga(j)]*

and the corresponding value, B'(M1;J,—J,), of the heavier nucleus is the
same as B(M1; J, —J}):

B(M1; J,—J;) = B(M1; J,—J,) .
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1572-02)  1172=-t2) ~0.13 6.72 2,00
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. 4'B6. Wave functions. — Table IX.

Symbols for table I1X:

J = total spin of the state,

JP and JN = spins for the proton and neutron basis states. States with
spin 2 and 4 with seniority 4 are indicated by 2* and 4%,
respectively,

A1(JP, JN) = amplitude of the lowest J state, &/}

(vpdp,onin}?

A2(JP, JN) = amplitude of the second-lowest J state, </ ..

The wave functions of the spin-J state are written as a linear combina-
tion of the basis states |j*(v, J )j™(v,J,)J).

~ In the table &)  ,, and &5 .. of eq. (8) are shown for the lighter

nucleus of each cross-conjugate pair. For example, the wave function for the

first 17/2” state in %S¢ is obtained as
[8c J(17/27),) = 0.892]j(v, = 1, J, = 7/2)j(v, = 2, J, = 6)J = 17/2) +
+ 0.368]j(1, 7/2)j4(4, 5)17/2) + 0.262]j(1, 7/2)j4(4, 8)17/2)> .
The wave function of the cross-conjugate nucleus, 5Cr in our example, rela-
tive to **Ni can be written in the same form as eq. (8) by replacing the
numbers n, and », with n,—(2j 4+ 1) and =,— (2§ + 1), respectively, and
by exchanging the summation indices (v,J,) with the indices (v,J,). For
example, the wave function for the first 17/2 state in 5!Cr in this form is
[*CrJ = (17/27),) = 0.892|j Y (va =1, Ju = T[2)j4(vp= 2, Jp= 6)J = 17/2) +
+ 0.368)5-1(1, 7/2)j-44, 5)17/2) 4 0.262|j-1(1, 7/2)j4(4, 8)17/2)> .
However, note that the coupling order now is neutron-proton rather than
proton-neutron. Then, to change the coupling order from neutron-proton to
proton-neutron, a phase factor (—)"~/>~/= must be included. In our example
this wave function becomes
[f1CrJ = (17/27),) = — 0.892|j~4(vp =2, Jp= 6)j ' (vn =1, J, =T7/2) I =17/2) +
+ 0.368]5-4(4, B)j1(1, 7/2)17/2> — 0.262]j-4(4, 8)5-(1, 7/2)17/2)> .
Finally, to write the particle wave function relative to “Ca, a phase factor
« in the identical-particle relation |j*+-n9J) =a|j~"vJ) must be included.
With our one-body c.f.p.’s this factor is & = (—)** for n = (2j 4 1)/2 = 4 and
a=1 for n3 4.
The ®Cr 17/2~ wave function relative to *Ca is then
[10r J = (17/27),) = 0.892|j4(v, = 2, J, = 6) j'(v, = 1, J, = 72) J = 172} +}
' -+ 0.368|j4(4, 6)j7(1, 7/2)17/2) — 0.262)54(4, 8)j7(1, 7/2)17/2) .
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0925 0.236
-39 0.598
=013 o 749
=+ 010 0.186
0. 747 0,593
=s 630 0.518
0e 186 .0t
0.917 -e231
397 =+613
=041 0. 756
=620 0.778
G778 0.620
=652 0.758
0.758 0.652
1.000
1.000
4250e-INT

ALUIP SN A213PySND
1.0C0
1.0C0
1.000
1.000
1.000
1.0¢0
1.000
1.0c0

85

ARSLo-INT
ALIIPLIND A2E3P,0M)

0,709

A0 SCe-INT
ALIIP, IND A2{3PeINY
1.000

0,994
- 110

0,969
e 246
=013

sasCe-INT
ALISPIIND A2(3IP eI
1.n00
1.500
1,000
1,000
1.000
1.000
1.000
1.000
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sessences

. .
* A2T1 - SaND *
. -

socsesssncssessen

.
9 L4 Ll

esen

.
® 4371 - 53CH =
.

[
s
<
¥

/2=
72~

/2~

/2=

972~

1172-

1372~

1572~

L1772«

O 0 08 OF OIN OCEN CENO PEN PN &
-~
~
~

1972-

E) w N
14 [} [
2 2
4 I3
& 6
1e - 2 2
L3 .
L L)
2¢ [} 2
2 o
2 2
2 .
4 2
. 4
. [
3 4
6 3
3 2 2
2 4
& 2
“ .
. 3
o -
6 6
4. 0o a
2 2
2 4
2 ¢
L3 0
- 2
. 4
. [
L] 2
6 &
s 6

«25C-1INT
ALLIPL M) A2UIP, INY
1,000
1,090
1,000
1.000

425C-INT
‘ALLIPoIND A20JP4 IND

t.00¢

0.886 =e463
Q. 463 C.888
0.445 =437
Cob2s 0.871
0. 789 -.222

0.562 0.737
0.221 -. %9
0.12¢ “eté3
0,928 =.202
0.379 0,458
0.0106 0.087
0.815 =261
0.505 0.740
0.203 =628
0.989 =elat?
0.147 0.939
0.079 o477
0.617 0.879
1.000

1.000

A25C-INT

ALLIPy IND A2(JP, IN}
0. 708

W. KUTSCHERA, B. A. BROWN and K. 0GAWA

WAVE FUNCTTONS

SACO-INY
ALUIPyINY A0 3P INY
1.000
1.000
1.000
1.00C

S4ACN=INT
ALCSPyIHY A21SP+IN)

1.00¢
0.886 -e863
0. 463 0,886
0.339 9. 762
0,604 0,246
0.122 -573
0.747 =ob26
0.629 0.680
0.200 =e402
J.058 . h82
0.912 =e256
0.40% 0.432
0.062 0.865
C.T90 313
Q.570 Q.69
0.22% =e 651
Ce507 =ed

o160 0.987
04679 -o417
Q.477 Q.019
1.000
1.000

S4CO-INT
ALLIP,SNY A20JP 43N}

0747 —e426
0,629 0,680
0.200 -e402
0.C58 o442
0.097 -e332
0.424 0,458
e 126 0,023
04593 0,585
0.59% =o 586
-4393 0.0
0.252 0.378
0,252 -0378
=078 0.0
0.052 o.127
0.0%2 =-e127
0.013 0.0
=e 749 0.0
G.424 -+699
0.42¢ 0.689
=233 %0
0.€93 =187
0.093 o.197
-.C88 .0
0,456 0.412
Q.09 =304
-o194 0.380
Q. 114 17
0.4% 0.412
~e194 9.380
0.01% e 264
0.01% 6.213
O.lle V. 178
0.01% 2.213

ABSC=INT
ALEIPIND A21IP INY
1.c00
1.000
1.000
1.000

4BSC=INT
ALLSPoINY A203PJN)
1.000

0.886
0,463

48SC~INT
ALLIPe M) A2(3P ,IN)

~obld
0.674
=e26C
~+563

425Ce=INT
ALLIPoIND A21JPyINY
L.0c0
1.000
1.000
1.000

425Ce=INT
ALLIPLIND A20JP,3N1

1.0C0

0.886 —e463
0,683 0,888
04374 0.782
0,549 0,240
0. 747 -e373
0. 709 - 3%9
0.%63 0,731
0,224 =337
0.117 ~a4T2
0.916 =e261
04998 0.430
0.0% 0,060
0. 776 =e 348
0,399 0,666
0. 297 ~e 060
0,941 =196
Oe 194 O.981
O.009 =477
Q477 0.A179
1.0C0

1.000

42%Ce-INT

ALUSPIN) A21JPIND

0. 748 -e 339
0,583 0. 738
0.224 =e337
0.117 .72
0. 018 ~e382
0.442 0378
0.190 0. 043
0.0C7 0,020
0. 6C7 =+020
=35 0.0
0,248 0.327
0.248 ~»327
=.000 0.0
0.061 0.093
o 081 =093
0.04s 0.0
=881 0.0
0. 4% = 889
0. 4% Q.689
=e2¢y e 0
Q.12 ~e158
0.1e2 Q.158
~e 080 0.0
0.513 ~e357
0,022 OatRe
=o 161 =.380
Q.49 =159
0,513 o357
=181 e3R8
0.€0% 0.202
050 =212
0.12% =159
0.0%0 -e212
-.00C ©.031

48SCe-INT
ALEIPL 3Y A213P, UMY
1.000
1,070
1.000
1.000

48SCe-INT
ALLIPeINY A2€JIP4IN)

1.900

G.NS - 402
0.402 0,915
0,564 =s831
Q. 453 0.776
0.684 =208
Qe 766 -a512
0. 609 0.745
Q. 195 “o1R8
0,067 -. 206
0.921 —e263
0. 38% 0,481
0. 379 0.837
0.819 =o30R
0,940 0,753
0193 =e5048
0,975 ~a220
2 220 0,97%
. 889 =087
0,457 Q.889
1.000

1.000

485Ce=INT

AT1IP INY A2 3P IN)
0. 766
0,609




THE EMPIRICAL (lf,;,)" MODEL

WAVE FUNCTIONS

4AT] - S2FE o

425C-INY SAL=INT
4 Eid I ALLIPIN) A2UJP,IN) ALLIP IN) A2{IP,IN)
Se 2 - -.516 0.547 0.¢1) 0.532
2 (3 0,480 o415 =.33) =460
- 2 0.¢13 - 532
. 4. -.024 0.0
. [] ©.02% 0.971
[ 2 =333 1460
[ L) 0.029 =071
L} [ 0.157 Q0.0
[ 12 ] 6 0.454 0.536
2 . 0.526 0.057
2 (3 0.118% [ RT3
. 2 0. 526 -.057
“ 4 0.03% 0.0
. () 0.031 0.0%9
o (4 [ 21 =530
[ 2 0.11% o bbl
(] L] 0.031 - 099
3 6 0.045 9.0
Te 2 [ 0.53¢ =+680
. 4 Q. 290 [
4 [ 0. 379 =e193
L3 2 Q.856 0.600
[ 4 0.379 0.193
L o 0.180 0.0
(14 2 [ 0.527 J.168
3 4 0.812 ~e607
“ 3 0.174 0.532
(3 2 0.5%27 0. 168
[ . 0.174 0.532
[ L) 0,097 0.099
9 . [} Ce%92 =. 707
[ 4 0.%92 0,707
6 6 0.587 .
10¢ 4 [ 0,700 -e102
[ . 9.70C -« 102
L3 6 0. 144 0.990
11e [ [ 1.000
120 6 6 1.000
sessssssnsssssesee
. .
® 4ASTL - SINN o
. .
425C-INY 54C0=-INY
J4 *» L) ALGSPoINY AZ(JPoIND  ALLJIP.SH) A20JPJIND
2= 2 M2 0.827 Ce 391 0.857
2 572 0.148 Ca 2067 0.101
4 172
(3 972
o 1172
2= o w2
2 172
2 w2
2 %72
- 12
4 /2
. 972
4 112
[ 92
s 1172
6 1972
572~ o /2
2 172
2 w2
2 5
2 W2
. 72
. 372
4 572
L3 2
4 1122
& 172
6 92
o 1172
o 1872
172« 0 172
2 172
2 32
2 8/2
2
2 W2
L3 1772
. 2
. %2
4 972
4 1w
4 1872
3 172
& 872
[ 872
e 1172
6 1572

48SC-INT

ALLIPINY A (JPINI

485C-INT
ALUSPy INY A2(JP ¢ IND
0,606

425Ce~INT

ALLIPSND A2{4JPod%)

0.573 0.552
-0 340 -a431
0,573 -.582
-.048 0.0
-.023 0.098
-390 0.431
-.023 -,098
0. 186 0.0
0.%49 =588
0.393 =063
0. 200 -.380
0.393 0.063
0,092 0.0
0.019 -.075
0,949 0.508
0.200 0.380
0.019 0.075
-.Cle 0.0
0,325 -.672
0,248 0.0
0.411 -.221
0.523 0.672
o. 411 0.221
0.222 .0
0,508 0.199
0.6e2 ~.5%0
0.1% 0,549
0.508 0.199
0.136 0,349
0,100 0.124
-.707 0.604
0.707 0.604
0.0 0.520
0.696 -122
0,698 -122
0.113 0,985
1.000

1.000

425Co-1NT

ALLIP o IND AZLIP4INY
0.813
0.1

0. 7C8

0. 276

87

4ASCe~INT

AL IN) A20IPIN)

Agsre-ivy
ALUIPL INY A21 3P IN)

0.329%
0.437
0.847
0.470
-+199
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[IIITITTTITITTY YT
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® 4571 - SN o
.

.
socsnossescessese

2=

1ns2-
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1972=
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W12~
2.

«
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42SC-INT
ALLSPy M) A2( 3Py SN}

0.411
0.652
0,463
-ell6
0.198

NAVE FUNCT1ONS

S4CO-INY

ALLIPy JN) A2037,dN)

48SC-INT
ALLIPyIN) A2UIP,0N)

Qo423
0.634
0.430
=e114

428Ce-INT
ALLIPLIND AT UIP,IND
[ 2L 13} Qo481
Qe 643 =e 439

0. 429 0.102
e 122 ~el46

W. KUTSCHERA, B. A. BROWN and K. 0OGAWA

ABSre-INT
A10J90IN) A213P¢I%)

0. 397 0.299
0,637 - 433
0.488 0.387
<+ 107 =143
0.210 0047
=126 =531
O.1R3
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WAVE FUNCTIONS

T XK]

.
.
4071 - S0Ch o
.
.

A280=INT S4CG-InT «B88C=1%T “25ColnT 4885re-Tny

4 JP

1e

s ALIIPLIND AZEIPLIND  ALUJP,IND A20JP, K] BLESPJND AZIJPLINY  ALESP,UN) AZESPLIND  RLLSPLIND A20JR0 W)

0.85%5 o356

0.01% -eb04
6,951 0.,47C
-eQr2
c.07C
~s148
~.008

0-319 0,020

2
2e

4

~ o

0.021

*onN
e o

POPNINCINININONN VOV
e (X3 .

gosvasmosnINEN oW
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*r aw
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Se
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90 W. KUTSCHERA, B. A. BROWN and K. 0GAWA

WAVE FUNCTIONS
ssessescssesssces

. .
o 4571 - S0CR »
. .

008D E0000 0000 S
S28C-INT S4CO-INT SASC-INT 425Ce-INT ABSCe=INT
J Ll EL) ALLIP s IN) A2U3Py SNY ALLIPIN) A2LJIPIN) ALEIPI SN A203P, SM) ALUIP o INY AZ L3Py INY A1UIPINY A2(JIP¢ IK)
o¢ ] (] 0.370 0.540 Co 504 0.518 0.407
2 “ -+ 051 0.088 0,002 0.115
2 3 - 157 - 169
2 A 0.%67
2 s =s163
2 8
4 2
. 4
. L)
. 20
. 4
. S
. 8
[] o
6 2
[ .
[ &
° 2
s 4
[ s
L 3 L]
10 2 [
2 L]
2 []
. .
4 6
. 4
L3 El
3 [
[ ?
6 .
[ [
[ 20
[ 4o
[ s
6 L]
(.13 o [
2 (3
2 []
4 4
- 6
. 4
L] S
4 ]
[ 2
6 .
) (]
3 2e
[ 40
3 s
o 8
9 2 1]
“ ]
4 E
4 [
[ 4
® [
] 4
[] s
6 [
10¢ 2 []
3 [
L L]
L] -
[ &
6 (14
[ s
& L]
Lie 4 a
[ [
] 5
® L]
12¢ . 8
6 [
[ 8
13¢ ) L]
14¢ 3 L
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WAVE SUKCTINNS
eesesevesessevece
-

.
o AITL - AV o
. .
LITTTTITTLRLL 2 11

425C~INT S4C0-INT 4B3C-INTY 425Co=INT ARSCO-INT

-
[
L]
[y
=z

ALISPoIN) A20JP,JND  ALUJIPGIND A2(3PodNI  ALUIPLIND A20JIPoJNE  BLUSPIND AZEIPLIND  ALLIP,IN) A20JP,0W)

172- 32 0,099 C.520 0,938 0.437

s/2 0.931

0.51%

32~

872~

172+

972=

Lts2-

00000 sIPIPINNNND 0COOOCOIsIPIINNNND 0O0CODIISISINNNNNDG COO0OLPLILINANNDG 200222 INNND Gronn
w
~
~

- 00% 0.232
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W. KUTSCHERA, B. A. BROWN and K. OGAWA

WAVE FUMCTIONS

A25C~INT S4CC~INT 48SC-INY

ALIIPIIND S205P,3M)  ALIJIPLINY A203P,IR)  ALIIPIINI A204P,INI
-e 197 0.307 ~e268

A25Co=INT
ALUIPINY A203P,4N)

218
O.138

ARSroatyT
ALLIPLIND A2130,3M)
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WAVE' FUKCTINNS

428C-INT $4C0-INT 405C-1INT 428Ce=INT AASTe=INT
J g N ALUIP,IND AZLSPyIND ALLJIPe IND A2U3P4IN) ALLIPIND A203P,dN) ALLIPLIND A21 3P4 3M) ALLIPINY A2€IP,IN)
Qs < o 0.252 2,900 =275 €905 c.20¢ 0.236 c.%07 0.303
2 H 0.6T0 =.43% -« 370 0.595 ~e 422 0.630
“ . 688 0,006 749 o745 .73 4703
L3 L) c.083 0.C16 s 194 Os188 0,000 0.138
1e 2 2 C.308 c. 808 0,413 0.447 0,912 0.373
. 4 0.792 ~e456 0764 0.726 =e 409 0.788
L L] -e527 0.0%3 ~e 524 ~e 522 0.037 o406
2 0 2 0.571 =877 0.529 0.939
. 2 [} 0,571 0,677 0,529
2 2 0.460 Q.0 0.558
2 -
. 2
- 4
. 6
[ 4
[ L]
3¢ 2 2
2 .
4 2
. L
4 6
[] -
6 L)
4 ° .
2 2
2 .
2 [
. 9
4 2
. .
4 6
[ 2
6 .
L] 6
4 2 L3
2 [
4 2
- 4
- L3
: [ 2
[ L)
] 6
& [} [
2 4
2 (3
. 2
- 4
. 3
[ o
[] 2
L3 4
L3 s
Te 2 [
. 4
. [
3 2
L3 4
L) L
ae 2 [
. 4
L) [
[ 2
[ .
[ [}
9 . [
[ 4
3 L)
10¢ . L3
[ 4
& 3
11 ] L]
12 6 6




94 W. KUTSCHERA, B. A. BROWN and K. OGAWA

WAVE FUnTIONS

&25€ =INT S4L 0= INT ABSC-INT 4250 0= INTY ANSCe-INT

3 4P EL] ALEIP o INE A2L3P0dN)  ALLJSLINY 8201P SN ALLIPLIND A2(IP ¢ IND ALLSPISN) A283P4dN) ALIIPoIN) A21300IN)
e we 2 €290 0.5 9.304 0.666 0,642 0.380

w2 w2 0,263 0,223 0.213 0623

572 S/2 =124 Q.030 N.601 =e876

w2 W 0,239 Q.19 0.174 0.18)

1172 1172 0.385 0,242 G.213 0.399

1572 1972 0,265 0.C76 0. 059 0184
1e w2 e 0.987 2519 0.420

w2 s =s 248 =e 200 0.548

w2 92 0,094 3,93 =s116

w2 32 0.079 €.070 0.221

2 372 0,022 0,020 =+180

/2 12 Q.248 0. 268 oS8R

572 2 -e022 =020 0.180

872 5/2 0683 0. 26 0,018

W2 12 =e 0% = 09) 0.116

W2 9 0.123 0,102 0.1%8

/2 1172 072 =+ 063 0.019

/2 9/, Q0.0T2 0,063 =079

1172 1172 . 0.160 0. 164 0.17%

1572 1872 0,056 0.03° 0,064
2¢ w2 112 -.083 - 082

w2 W2 0.128 o.118

72 S/2 0,308 0. 514

w2 12 =e162 =e151

72 1172 0.228 0.201

w2z w2 Q.128 O.118

72 2 0.120 %113

2 512 =093 - 089

sr2 12 =+306 =516

72 32 0,093 0.089

$12 SI2 =431 - 469

572 912 -s143 e 136

92 112 €.162 0.151

w2 812 PNy} -136

W2 S/2 0.03¢8 0.031

972 1172 0104 0.09%

mne 1 0.228 0,201

172 2 -ol04 093

1172 1172 .00 0.002

1172 1572 =e 064 =+ 0351

1572 1172 <004 =051

1872 1572 =«011 =e009
30 w2 12 0.276 0. 269

w2 3 0.07% 0,078

172 %72 0e521 %0532

w2 92 =112 =103

172 1172 0.189 0, 169

w2 0.07% 2.07%

2 w2 04157 0,152

w2 s12 0.076 0.067

W2 W =e043 036

$/2 1R -+3521 . 832

372 32 =076 067

5/2 312 =390 - 427

812 94 -o156 ~ 150

872 1172 0.074 0,060

w2 1. 0.112 0.103

w2 2 0.045 0.036

92 sr2 ~e156 =130

w2 92 0.043 0.038

%"2 1172 0.039 0,039

972 1%/72 0.021 0.016

172 w2 0.189 0.169

72 sSs2 =074 - 068

1172 572 =.039 =039

1172 1172 0.072 2.057

1172 1572 “e042 -.034

1572 972 =021 =e N6

1572 1172 =042 ~. 034

1572 1572 C.004 0.003
o T2 172 0.0 0.0

72 A2 9.38¢ =.397 =380

T2 82 0.378 o354 =~ 3562

M2 872 0.019 -.013 ~.0l6

172 1172 -.273 04263 0,249

T2 1972 ~.C08 ~.027 =.0l8

32 172 -. 304 6.397 0,388

372 572 -+359 0.370 0,384

2 92 06.000 =029 =030

372 1172 =.068 0.957 0.067

32 112 0.374 s 358 --362

872 372 =359 0.370 2.384

872 8’2 0.0 0.0 0.0

572 s12 =005 0.00s 7,002

572 1172 0.024 =037 =034

Q72 172 0.019 =s013 =.0lo

92 372 0.608 ~.029 -«030

92 S$r2 0.00% -+ 004 - 002

/2 972 0.0 0,0 0.9

972 1172 ~.021 9.038 %30

w2 1572 -.027 0.025 0,020

12 172 0.213 ~.203 - 269

e w2 0.068 =057 ~. 047

1172 s72 G.C24 -.037 014

tis2 972 ~-. 021 0.03¢ 0,031

12 11722 3.0 0.C 0.0

1172 1572 0.034 ~,050 - 082

1572 172 0.008 0.021 2.018

1572 972 27 €025 0.020

1572 1172 -03e 0.0%0 0.342

1622 1572 0.0 e.0 0.011 o.0 3.9
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MAVE FUM TINNS
eocvsevecesescene
.

.

* 4hv - SCNN

. -

LI LTI LI L T L]
425C-INT S4CN=INT “88C~INT 423Co-1nT

4 L4 N ALLIP, 200 A2049,04) ALIJIPLINY A21JP KD ALLIP IN) A20IPIN) S1UIPINT A20IP4IN)

9o 172 12

- 504

o 12 12

Te w2 2

95

AnSCo-tnT

ALUIP INY A2(3Pe IN)

=518
0247
373
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WAVE FUNCTIONS
Sosvassetsesssnee
.

L
* 4V - S0%N e
. -

Ss0sasesssrsenssse
425C-INTY 54C0-INT 40SC-INT A2SCe~INT ARSCo-INY
4 Je JIN ALLIPyINE A2(3PIIND  ALLIPISND A20IPSN)  ALUJPLIND AZ20SP,UND  ALGJIP,SND A21SPdN)  ALIJPIIN) A21JP,JN)
6 72 82 =500 0.061 0.0%% 0.527 ~+110 =489 0.097
72 1172 =225 0,494 0,477 0. 248 0.
172 1572 0.099 0.273 0.263
2 1572 =+ 000 =e120 174
512 1172 0.405 Qu341 0.354
572 1572 [ 2319 ) =027 =067
w2 2 ~«500 €.061 0,059
w2 972 0.0 0.0 C.0
92 1172 =e114 0.166
72 1572 =.037 0.101
172 w2 0.225% =eb94
72 Ss2 0.40% 0.347
172 2 =114 0.168
1172 tt72 0.0 0.0
1172 1572 0.002 =068
1572 172 =+099 =273
1572 32 0,000 0.120
2 572 0.103 =027
1872 972 -.037 0.101
1572 1172 =s002 0.060
1522 1572 0.0 0.0
L 172 1172 0.852 0.002
172 1572 0.002 0.804
372 1572 ~+109 =057
5/2 1572 193 0.102
972 92 =095 =063
972 1172 =.122 =e131
92 1372 0.039 =031
1172 172 0.652 0,002
172 92 QQl22 0.131
1172 1172 0.051 =439
1172 1572 ~e060 =070
1372 172 0.002 0.604
1872 372 ~+109 =037
1372 372 0,193 =102
1572 972 =039 0.031
1872 1172 =060 -«070
1572 1572 =029 =001
10¢ /2 1572 0.507 0.281
372 1572 0.482 -394
972 1172 =092 =515
W2 1572 0.012 =016
117, 72 =092 =515
1172 1272 0.0 0.0
1172 1572 =062 -«003
1572 172 ~+507 -e281
2 572 0.482 =e394
1872 2 0.012 =016
1872 1172 0.042 0.003
1872 1572 2.0 0.0
11e T2 1872 0.570 0.299
92 1572 0.021 0,395
172 1172 ~e588 0,639
1172 1572 =e042 =+206
1872 2 0.570 00299
1572 972 =021 =+395
1572 172 =062 ~e206
1872 1572 0.008 0.120
12¢ 972 1372 ~e538 =211
1172 1572 Qs 401 0.622
1572 972 =538 0.211
1572 1172 ~o461 0.622
1572 1872 - 0s0 0.369
13+ 1172 1872 0.703 =073
1572 1172 0.703 =018
15/2 1572 0.106 0.994
14+ 1572 1572 1.080

19 1572 1572 1.600
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WAVE FUNCTIONS
se0sesssscvencece

. -
S ATV - 49CP o
. -
RALL LI LTI Y Y

428C-1nT S4Cn-INY 46SC-INT 425Ce~INT AASLo-INT
ALUIP, IND A20JP, SHD ALEIP, SN) A2E3P,3N) ALIIPoINY A213P ,uN) S1LIPINY A2 010, JN) ALLIPLIN) A21JP, I%)

C.491 C.481 0.4808 0.537
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MAVE FUNCT IONS
escsncessnstsenss
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425C-INTY S4LO-INT 485C=INT 428Co-INT 4BSCe~INT
9 » N ALIJPIND A20JPoINY  ALUSPIINY AZUJPINE  ALLSPLINY A2€JPeJIN)  ALEJIPIND AZ2LSPWIND  ALLIPIINY A2050,1N)
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MAVE FUXCTIONS

425C=InT S4CO=INT 485C~INT 425Ce=INT AASCe-INT
4 aw» I ALUJPoIN) A20JPy3N)  ALLSPIIND A2LSPoINY  ALLIPGIND A2(J0,00)  ALEIPIND A2(JP¢IN)  ALLSP, INY A2(3P,JIN)

=302 0. 721 0.27 0,740 =320 Oue?
Qlt2 0.02% =157
0.387 =121 =.085
0,098 =e218 =.097
=.222 =133 9339
0.151 =s112 =+343
=e1le 0,076 0.031
=088 0.081 0.431
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~
ONOONO\!:.OQ\F'OO...
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WAVE FUKCTIONS

425C-1INT $4C O=INT 433C-INY A25Ca-INT AASCe-yTY
J Lid " ALUSPIIND A20IPo SN ALCSPeJND A20SPeIND  ALUSPeJH) A2CJPOINT  ALIJPIND AZESPoIN)  ALLIPIJINY A2(SP 0N

=e139
0.300
o506
=.330
0,392
=108

0.0
Ce409

3 w2 2
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MAVE FUNCTIONS
CITTIRTT T TT LY Y
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® 4OV - 48V .
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seescsssvsctcsnee
42SC-INT $4C0-INT 40SC-INT 425Co=Int SASCe-INT
4 4 N ALGIPoIND A20JPeINY  ALIJIPIINY A2{3Po3N)  ALIIPeIND A21JP4UN)  ALGIPIYN) A20IP, M) ALLIPLSND A2(39,3N)

: 13 w2 e 0.448 0.383 €.0 0,351 0.0
2 1008 30
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WAVE FUNCTIONS

42SC-INY S4CO=-INT A485C~INT

ALUIPOIND A0SR, 38D ALLSPISND A20JPpJN)  ALLSPoINS A2(JP N}

Co36S 0.330
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425Ce-INT

ALEIP o INY A2UIP,INY
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=.047
e 042
=293
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MAVE FUNCTIONS

.
.
48CA ~ 40CR o
.
.

000000
425C-INT S4CO-INT 485C-InT “25Co-INT arsCo-tut
f] EL ] ALLSPLIND A20aPy N ALEIPISND A2(SPoSN)  ALLSP,SND A20JP JN)  ALCIPISND AZ0IP,IN)  ALLIP,JNI A2(IP, 3N}
oo o 3 0. 749 0.0 0.713 0.0 0.723 0.0 . 0746 0.0 0.1 2.0
2 2 0.545 0.0 . 594 0549 0.0 0.587 0.0
2 2 0.0 0.672 0.0 0.0 0,658 0.0 0.620
3 3 0.195 o 0.183 0.1 0.0 0.0
4 ae 0.0 =219 0.0 0.0 «+260
¢ o 0.123 . 0.012 0.120 0.0
2 2 0.0 0.672 0.¢ 0.0
20 20 9.121 X 0,140 0.126
- 4 0.0 =.219 0.0 o
4 e 0.252 0.9 0.274 0.2%
s s 0.093 0.0 0.068 0.088
s 0.039 0.0 0.016 0.039
1 2 2 0.7412 0.738
2 20 0.0 .0
4 4 0.222 0,240
4 4 0.0 .0
4. s 0.0 °
s & 0.190 0,247
6 s 0 .0
2¢ 2 2] 0.0
e 20 0.124 V.24
A 4 X) .0
a4 0.502 Q. 852 0.0
4 s 0,003 0,002 0.0
[ Y -0 0.9 C.12%
s 8 0,0 0.0 9.099
S 4 =.003 4002 0.
s s 0.100 0,120 0.0
e o 0.033 0.078 0.0
2 0 2 0.572 0,588 0.0
0 2e 0.0 ° Qo430
2 0 0.577 0.5¢8 .0
2 2 0.0 .0 0.629
2 4 Q.0 0. 0.217
2 20 0.195 0,382 0.0
F <. 308 -.207 0.0
. 2 0.0 [ 0.217
. & 0.0 0.0 =17
. 8 0.0 0.0 =:089
. 2 0.Co8 0,068 0.0
4 4 =.124 ~a123 0.0
. s 0.¢69 0,072 0.0
6 & 0.0 0.0 =4059
6 & 0.0 I'X 0,068
6 4e 04095 0.107 0.0
6 s 0.022 0,037 0.0
& o Q.017 0.038 0.0
22 0 .0 'S 0.450
20 2 8.195 0.102 0.0
2> & 0.068 0,088 0.0
26 20 0.0 04¢ 023
20 4o 0.0 0.0 LSt
a2 308 =207 0.0
w3 o124 =123 0.0
4 8 0.699 0.1¢7 0.0
e 2 0.0 0.0 <.128
4 4o 0.0 0 0.187
e s 0.0 0.0 0.078
s 4 -.069 <072 0.0
5 & =e022 =037 0.0
S ae 0.0 0.0 =076
s s 0.0 0.0 =.023
e o 0.017 0,038 0.0
s 8 .0 .0 0,008
3 2 2 9.0 0.793
2 4 ° =002
2 20 =547 0.0
2 hid =318 0.0
2 s =e 169 0.0
s+ 2 0,0 =4002
4 4 0.0 0.218
. 6 0,0 ERTYY
4 2 0,160 0.0
. b e 128 0.0
4 s 0.02¢ 0.0
6 & .0 =e141
& & 0.9 0.108
e [ 150 0.0
6 s =089 0.0
[ 0.032 0.0
20 2 0,947 0.0
Lo 180 0.0
20 20 0.0 151
2% s 0.0 =268
e 3 0.0 ~.043
4 2 0.310 0.0
4 4 0.12% 0.0
4 B 0.1%8 0.0
s 20 o =248
A 4o 0.0 0.328
4 3 0.0 =+080
s 2 s 169 0.0
s & 0,024 0.0
s 6 <. 089 0.0
s 20 0.0 0.063
S ae 0.0 0.080
s s 0.0 0.032
s s 0.0 ~+020
8 o =032 0.0
s s . 0.020
s 2 0.0 0.033
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WMAVE FUNCTIONS

ABCR = 4BCR

425C-INT $4CO-INY 405C-INT 428Co-INY 485Ce-INT
J L4 N ALLIPeIND A2L3P¢ JN) ALUSPoINY A2UIPIN) ALIIP,INY AZUSP2IN)D ALISPINY A20JPedNY ALIIPo SN) B203P4 I8
4 o' 4 0.0 0.490
[ Lo 0.
2 2 0.0
2 .
2 [
2 2¢
2 4
2 s
4 [}
. 2
. L
L3 [
. 2e
. ey
4 5
L3 L]
6 2
[] L
[ []
6 2
L) 14
3 s
6 e
20 2
2 4
20 L3
2 20
28 Ao
2 5
)
4 2
“
[
20
4
s
e
2
L
L3
2.
40
s
8
.
(]
4
L]
L]
3 s
.
[
40

L]

2

-

L3

20

40

s

s

2

.

L]

20

4

s

8

.

(3

o 0.178 0.0

s =033 0.0
4 2 0.0 =-.388
40 L) 0.0 0,076
4 & 0.0 0.108
4 2¢ -oll8 Q.0
a4 0.0
bad 3 0.108 0.0
4 8 =+029 0.0
S [ 0456 0.0
s 2 0.0 -.228
k] 4. 0.0 =074
S L3 0.0 =.101
S 20 =e0%3 0.0
s L4 0.103 0.0
s 5 0.0 9.0
s 8 =000 0.0
L) . 0.0 =008
[] [ 0.0 =029
L] 4o 0.029 0.0
e s -+ 000 0.0
[ [} 0.0 0.0



106 W. EUTSCHERA, B. A. BROWN and K. 06AWA

WAVE FUMCTIONS
o500t sesnsencone

. .
® aBCR - 4BCR

[
evsssssssnesestee
425C-INT S4CO=INT 48SC~INT 428Co-Int 48SCe-INt
4 b4 N ALUIPeSND A2(IP NI  ALLIP,IND A2LSP,4R) ALEIPLIND A205P o IN) ALLIPoINY A213Pg M) ALIIPLIN) A21SP 38D
o [ 6 o442 0.0 C.37¢ 0.0 0.0 0,459 0.0
2 L] 0.0 0.486 0.0 0.477 0,511
2 [ 0.0 0.0 =227 =.220
2 4 0,493 0,541 0.0 0.0
2 s =130 0.0
2 (] Q.107 0.0
. 2 g 0,511
4 4 9.0 ~«102
4 (3 0.0 =e069
4 2e =e067 0.0
03 40 0.131 0.0
4 s 0.052 0.0
. [] =013 0.0
8 [ 0.442 0.0
L3 2 0.0 ~e220
6 4 0.0 -+069
6 & 0.0 0,087
[ 20 0.079 0.0
[ 40 =e 044 0.0
[] s 0.012 0.0
[] [] 0.022 0,0
* 4 =067 0.0
¢ & 0.079 0.0
2* 4 0.0 ~e230
2 3 0.0 =137
* 0 0.0 =048
. 2 0493 0.0
4 4 0.132 0.0
4 0 =044 0.0
A% 20 0.0 =e230
A 40 0.0 0.426
4 3 0.0 0.082
4 8 0.0 0.081
s 2 0.130 Q.0
s 4 =«052 0.0
5 L3 =012 0.0
s 20 9.0 0.137
s 48 0.0 =082
s s 0.0 0.00L
s s 0 0.026
L4 2 o107 0.0
Ll . =013 0.0
. [3 0.022 0.0
8 2e 0.0 =e048
8 4o 0.0 0.061
(] s 0.0 ~«026
L] s 0.0 -.016
Te 2 6 0.0 0.0
2 S ~e391 0.409
2 [] 0.028 0.020
4 4 g4 0.0
“ (3 0.0 0.0
4 40 ~+323 0.503
. L] 0:064 -
4 8 =-014 .019
& 2 0.0 0.0
3 4 0.0 0.0
[ 6 0.0 0.0
[ 20 0,134 172
[ 4 =o199. 0.188
6 3 =108 0.098
° 8 0.020 =e016
2 6 =s 138 G172
2 s 0.0 0
2* 8 0.0 0.9
. s 0.523 =503
4 o 0.199 =.188
4 48 0.0 0.0
4 3 0.0 Q.0
4 8 0.0 0.0
S 2 =391 0.40¢
5 4 0,004 =062
S 6 =109 0.098
) 2e Q.0 0.0
s L1 0.0 0.0
L] S .0 0.0
s (3 0.0 .0
8 2 ~s025 -.020
[ . 0.014 =019
L] L3 =020 0.016
8 20 0.0 0.0
] o 0.0 .0
L] S 0.0 0.0
L] s 0.0 0.0
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WwAVE FUNCT IGNS

428C-Int S$4CC-INT 485C-INT 425Ce~INT 485re~1yT
J » o ALESPodND A2UJPS SN ALLJPeINT A2CJPsJIN)  ALLJIPeIND A2(JPoJNM)  ALLIP,IND AZLJPoIND  ALLIP,JN) A2LIP,IN)
(14 ° 8 0.19% 0.0 Q. 164 0.0 0,198 Qs 222 0.9 %.112 0.0
2 3 0,498 Ced Q.aTs 0.0 0.490 0. 504 0.0 0,482
2 [ 0.0 0.132 ¢.0 0. 130 0.0 0.0 0O.111 0.0
“ 4 =115 0.0 ~+109 =102
. ] 0.119 0.158 0,142
- [ad 0.0 Q. %0
. s 0.0 0.0 0.0
4 . 9.0 0.C 0.0
[ 2 0.498 Qs478 0. 482
o - o.119 0.1%6
L3 6 b il =067
& 20 0.0 0.0
L3 A 0.0 0.0
[ S 0.0 0.0
® 8 0.0 0.C
E L 0.0 0.0
2 @8 0.048 0.0351
4 & 0 0.0
a6 0.0 0.C
L =+599 =e632
“ s 0.081 0.099
4 0 =027 b and
s . 0.0 0.0
s [ Q.0 0.0
s A =081 =099 =098
s s -s01l6 0.010 0,006
s 8 0.011 0.023 0,022
8 ] Qo199 Qe164 Oel72
8 2 0.0 0.0 0.9
(3 - 0.0 Q0 0.0
[] 6 9.0 9.0 9.0
L] 2 QC.040 0,033 0.0%2
1] (1] =027 ~+0b4 =Nl
8 S =011 -s023 =022
8 8 0.011 0.001 0.007
9 2 L] 0.0 0.0 %0
. [ 0,538 0.511 Q.56
L3 s 0.0 o0 0
. [] 0.0 0.0 )
[ 4 =«338 =eS11 ~e816
[ [ 0.0 0.0 0.9
[ L 0.0 0.0 0.0
[ 3 s 0.0 0.0 0.0
(] [ 0.0 0.0 e0
2 8 =s 004 0.012 J.012
4 & 0.0 0 o O
4 5 o433 o484 =476
4 0 =:060 =e£50 = 081
s - 0.0 0.0 0.9
s [ 0.0 0.0 0.0
$ 4 o438 ~e484 - 4T6
S s o0 0.0 0.0
S 8 0.011 0.039 0.029
[] 2 0.0 0.0 0.0
L] - 0.0 Qa0 0.0
8 L3 0.0 0.0 0.0
8 20 04004 ~e012 =012
e 4 0,080 0.0%8 0.081
L] £l 0.011 0,089 0.029
] L] Q0 0.0 0.0
10¢ 2 L] -e223 - 226 =e228
L3 6 0.0 0.0 o 0
. [] =121 =« 138 =123
[ - 0.0 0.0 0.0
[ [ 0.0 0.0 0.0
6 L4 0.640 0.630 0,638
6 s =153 =163 ~e17T0
[ 8 0.041 0.015 0.010
2 8 0.0 .0 2.9
L) 0.640 0.¢3C 0.836
4 8 0 .0 [
s & 0,153 0.182 0.170
s s <0 0 .0
s [ 0.0 c.0 (]
] 2 ~e225 =226 228
[ . =121 ~e135 = 123
8 [ 0,081 0.015 n.010
e 2e 0.0 0.0 2.0
8 . 0.0 0.0 0.0
L s 0.0 0.0 Q.0
8 L 9.0 0.0 %0
11e & L] ~e210 =237 -e238
[ ] o0 «0 o
[ s 0.658 0655 0.087
[ a =e139 ~e123 ~+108
4 8 0.0 0.0 [
L] [ 0.058 0.635 0.657
5 L] 0.0 0 0.0
8 “ 0.218 0.237 0.238
[ [ 0.139 0.123 0.10%
8 L34 0.0 9.0 0.0
8 S 0.0 0.C 0.0
s L] 0.0 9.c 0.0
12¢ . [] 0.0 0.0 0.0
[ 3 0. 805 0.019 0. 826
& [ 34 .0 0.0
- 2 0,325 0.0 C.358 0.3%6
s L] 0.180 0.) C.l19¢ O.178
[ . .0 0,690 0.0 0.0
[ 3 0.0 0.153 0.0 0.5
3 4 0.32% .0 0.35¢ 0.3%6
L] s -.180 0.3 -.19C -el?8
L] . 0.007 0.0 0.051 2.0%
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MAVE FUNCT [ONS

S4Cr-INT

ALLIPSH) A2(IPeIN)
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r.0
0.707
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8.0
0.197
Q. 707
0.0

.
L.000
1.00¢

2.0
0.707
0.0
0. 707
0.0

= 797
0,707
0.0

40SC-INT

3.707
0.0

0,707
0.707
0.0

1,000
1.000

ALIIPyIND A20JP¢dN)

0.0
0.707
0.0
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0.0

42SCe=INT

ALUIPJN) A285PIN)
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APPENDIX

Empirical determination of the two-body interaction matrix elements.

The experimental two-body matrix elements V(1f;,J) can be calculated
from the level spectra of ¢*Se, 4Sc and 5*Co with the help of bindingenergies
(BE). The binding energies (positively defined) from the compilationof Wap-
stra and Gove[26] have been used except for *Ni which was taken from
ref. [27]. '

The particle-particle interaction matrix elements V(1f;sJ) arederived from
the 42Sc¢ spectrum by using the following equation:

V(1f3sd) = B.[**8e(J)] — (BE[“SC] —BE[“C“"]) —&p(1fae) — €a(1fa12) »
where

E.[418c(J)] is the excitation energy of the state of spin J in 42Sc

and
&,(1fa1) = — (BE[*'Sc] — BE[*Ca]) ,

&a(1f72) = — (BE[*'Ca]— BE[*Ca]) .

In a similar way the hole-hole matrix elements V(1f73J) are derived from
the %Co spectrum by the equation

V(1f:2J) = E.[5Co(J)]— (BE[**Co] — BE[*Ni]) — ep(1fz}3) — en(1f7) 5
where
&(1f73) = — (BE[*Co] — BE[*Ni]) ,
&a(1f73) = — (BE[*Ni] — BE[*Ni]) .

The particle-hole matrix elements V(1f,.1f;iJ) are derived from the #Sc
spectrum by the equation

V(1fuslfzid) = Bo[*8c(J)] — (BE[*Sc] — BE[#Ca]) — &,(1f2) — &a(132) 5
where
&,(1f2:) = — (BE[*Sc] — BE[*Ca]) ,
£a(1f73) = — (BE[“Ca] — BE[*Ca]) .

With the following equations one can transform the hole-hole and the
particle-hole matrix elements into the particle-particle matrix elements

V(j*J)=V(j-*J) and V(?’”J)=—,JZ(2J'+1)W(7'9'57';JJ’)V(ﬁ"J')-

The last equation is known as Pandya transformation [23].



Coefficients of fractional parentage (c.£p.) [j-(v,Jy), jllj"vJ] j=17/2.

=1 ‘
v J ;=0 0
1 7/2 1.000000
n=2
v J nJy=1 17/2
0 0 1.000 000
2 2 1.000000
4 1.000000
6 1.000 000
n=3
v J nwt,;=0 0 2 2 2 4 2 6
1 7/2 . 0.500,000 —0.372678 —0.500000 —0.600925
3 3/2 —0.462910 0.886405
5/2 —0.781 736 —0.246183 0.572 960
9/2 0.321208 —0.805 823 0.497 468
11/2 —0.527046 0.443813 0.724 743
15/2 —0.476 731 0.879 049
n=4
v J vJy=1 7/2 3 3/2 3 5/2 3 9/2 3 1172 3 15/2
0 0 1.000 000
2 0.577 350 —0.263 546 0.524 404 —0.278174 —0.500000
4 0.577 350 0.361873 0,123 092 0.520157 0.313823 —0.389249
] 0.577350 —0.238 366 —0.267183 0.426 401 0.597 196

o1t
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4 2 —0.560612 —0.158114 0.754854 —0.301511
4 —0.175933  —0.658281 0.128 388 0.645 497 0.320256
5 0.387208  —0.333712 0.553912  —0.459390 0.469 871
8 —0.373979  —0.483494 0.791438
n==5
v J v, =0 0 2 2 2 4 2 6 4 2 4 4 4 5 4 8
1 72 —0.316228 0.408 248 0.5471723 0.658 281
Y —0.253546 0.485 504 0.560 612 0.236 039 0.574 456
5/2 —0.428174  —0.134840 0.313823 —0.129100 —0.721111 0.404 145
9/2 0.174933  —0.441367 0.272 474 0.477 412 0.108941 —0.519616 —0.436131
11/2 —0.288 675 0.243086 0.396 958 0.174077  —0.500000 —0.393398 0.514719
15/2 —0.261116 0.481475 —0.214834 0.348466  —0.720670
n==6
v J ni=1 172 3 3/2 3 5/2 3 9/2 3 11/2 3 152
0 o0 1.000 000
2 2 —0.333333  —0.292770 0.605530  —0.321208 —0.577350
4 —0.333333 0.417855 0.142134 0.600 625 0.362372  —0.440466
6 —0.333333 —0.275241  —0.308517 0.492 366 0.689 583
n=17
v J vJ;=0 0 2 2 2 4 2 6
1 7/2  —0.188982  —0.422577 —0.566947  — 0.681385
n=_8
v J nJy=1 17/2
0 o0 1.000 000

TIAON 4(%/4f1) TvorMIaRE THL

TIT
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States of identical particles in the j=7/2 shell classified by the tota! spin J and
the seniority -v.

%, Or 7, v J
0 and 8 0 0
1 and 7 1 7/2
2 and 6 0 0
2 2, 4, 6
3 and 5 1 772
3 8/2, 5/2, 9/2, 11/2, 15/2
4 0 0
2 2, 4, 6
4 2, 4, 5, 8

Coefficients to calculate the identical-particle systems.
The matrix of the identical-particle system can be calculated by the equa-
tion
Grod|Vijrody = 3 CPV(*d"),

J'=0,2,4,8

where V(j2J’) is the proton-proton or neutron-neutron interaction.
The coefficients C$**’! are given in the following table for 3<n<8.
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OB coefficients of (jPvd|V]jevd) j = 1/2.
J'=0 2 4 6
n=3
v=1J= 17/2 0.75 0.416 667 0.75 1.083333
v=3, J= 3/2 0 0.642 857 2.357143 0
5/2 0 1.833333 0.181818 0.984 848
9/2 0 0.309 524 1.948 051 0.742 424
11/2 0 0.833333 0.590 909 1.575758
15/2 0 0 0.681818 2.318182
.
v=0, 0 1.5 0.833333 1.5 2.166 667
v=2 J= 2 0.5 1.833333 1.5 2.166 667
4 0.5 0.833 333 2.5 2.166 667
6 0.5 0.833 333 1.5 3.166 667
v=4, J= 2 0 1.0 3.818182 1.181818
4 0 2.333333 " 1.0 2.666 667
5 0 1.142857 2.493 506 2.363 636
8 0 0.476190 1.675324 3.848484
n=235
v=1,J= 172 1.0 1.666 667 3.0 4.333333
v=3, J= 3/2 0.25 1.892 857 4.607 143 3.250 000
5/3 0.25 3.083333 2.431818 4.234748
9/2 0.25 1.559 524 4.198 051 3.992424
11/2 0.25 2.083 333 2.840909 4.825758
15/2 0.25 1.25 2.931818 5.568 182
n=
v=0,J 1.5 2.5 4.5 6.5
v=2,J 0.5 3.5 4.5 6.5
0.5 2.5 5.5 6.5
0.5 2.5 4.5 7.5
n=17
v=1J= 72 0.75 3.75 6.75 9.75
n=3_8
0, J= 1.0 5.0 9.0 13.0
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