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ABSTRACT

A detailed, study of shell model correlations induced

into the BCS. approximation by the number p;ojection method and hy

blocking effect;has been carried out. The low seniority shell

model was used. ‘as the frame of ‘reference to investigate the m1x1ng

-of one and three qua51 partlcle states in odd-mass Ni isotopes and

in odd-mass’ N=82 1sotones. We dlscuss the results obtained for
the energy spectra and electromagnetic decay properties. Effects

of éeniority - five configurations on the low 1lying states has

_also been studled through the comparison of low senlorlty thell

model results w1th those which arise from the full shell model

calculatlons,

1. INTRODUCTION

Because of the dimensions of the problem, the only
versions of the shell model applicable for medium and heavy
nuclei with open shells are those based on the guasiparticle
BCS appfoximations. One of such approaches, Widely usea in the
description of single-close nuclei, is the Tamm-Dancoff
approximation {(TDA). The spurious effects due to the nen-
conservation of the number of particles in'the.qqaéiparficle
method can be removed, although only partially, fdllowing thé
1)

procedurse ol Kuo et al A complete elimination of the

spurious stétes can be achieved only by perfqrming éhe_ngmber.
pkojectionz_e). However, in this_improved]fﬁrﬁaiisﬁ; called .
projected BCS approximation {PBCS), we are losing aréreéé deal

of the physical transparéncy,:which is one of the mbst gfoeminent
advantages of the simple—minded BCS method. . V

. Furthermbre. the PBCS approach do not take into
account the fact that pairing correlatlons may-be‘diffefemé for
different nuclear states. -Namely, in the PBCS-forhalism the
diffuseness of the Fermi énergy surféce for all the states is
determined in the BCS ground state.. We knoﬁ, neverfﬁéless, that

the Fermi surface becomes more and more sharp ‘as 'the number of

quasipartlcles increases and that pairing correlatlons vanlsh

totally in highly 3301ted states, To improve’ on_the BCS and-

PBCS methods gne_should'perform-a new gnergyfminimiiation ‘




procedure for each etate, with fespect to its total énergy. The
importance of £his effect, usually called bleocking effect, in

relation with odd mass nuclei, has already been pointed out and
discussed qualitatively a long time ago by NilssonT). The BCS

formalism with blocking included (BBCS) retains most of the

simplicity of the BCS method, although it clearly still contains

the spurious effects related with the particle-number non-conservation.

Several comparative studies between the BCS an&

PBCS methods in relation with the properties of odd mass nuclei
have been done3_6). However, nc such study was performed, so
fary; for the blocking effect w1th1n the BCS formalism even
thougb the BBCS method is much more transparent than the PBCS
"fdrmaliem,: The relative impo;tances-of the blocking effect and
the number brojeetidh,-i.e. a comparison between the BECS and
PBCS methods, is also an opened questlon. Such comparison was

done only recently 8)

{122182) In that work we compared dlfferents BCS approximations

for’ the three valence particle rnuclei

within the model space of one and three qua51partlcles (1QP + 3QP)
and the exact calculatlons From that compar;son it was suggested
that the?blocking effect and number proﬁection may play an
'impbféantﬂroie‘in the-deseriéticn cf low-lying states in odd
mass. nuglei. For -nuclei with more thap three valence particle
'such.comparison has never been done.
The main aim of the present work is to study the

shell model corrglation induced into the BCS approximation by

the number projection method and by the blocking effect. We will
limit our attention to low-lying states of odd mass nuclei which
will be described within 1QP + 2 QP subspace. In order_to stablish
the frame of reférence for the foregoing correlations we will also
describe the same nuclei within the exact shell model using the
same residual interaction and the same set of parameters. To our
knowledge no such study has been performed sc far. As a matter of 3
fact, the results for two different shell modei.calculatiohsiwiii
be presented. In the first case, only confiquretien-states with
senioriiy (v) smaller than three are considered. This -appreach,
which will be called low seniority shell model {LSSM), is the
exact limit for all‘BCS approximations within. the subspace .of

IQP + 3QP. In the second case, the complete shell model (CSM)

‘calculation is perforﬁed and from comparison with the ‘LSSM

results we will be able to infer to. whlch extent the’ conflguratlons
with v = 5 participate in bulldlng up the structure of low lylng
state. A comparison with ‘experimental data is not our alm, but
this will be subject of a forthcomlng paper, in whxch the method

explained here will be usedg)

This paper is orgahized in the following way: we
devote Section 2 to the descriptioﬁ of‘the different BCS
formalisms. Shell model formalism is plantlEully dlscussed in

the literature ) P11

and will not be descrlbed here.-In Section 3,
we give details of the numerical calculations. In subsection 4.1 we
investigate, through the comparison between the CSM and LSSM

calculations, the effects of configurations with v'= 5 on the




.5.

structure of the low-lying states. In subsection 4.2 the
influeﬁce oE-configufation; with v=3 and 1 and with a number
éf gquasi-particles, qu, higher than [ive i;'studied_ﬁy
comparisen the LSSM and PBCS calculations. 'In subsection 4.3
we discuss the cé;ré,la_tions indiced by the BBCS and PBCS
appréximatioﬁ.. Finaliy some geheféi'conclgsions“are‘dréwn

out in section 5%,

_dependent canonlcal transformatlon

2. FORMALISM

2,1, EVALUATION OF THE MATRIX ELEMENTS '

In order to calculate the matrix elements of the .

shell model hamiltonian,

ot 1 ' -
Eeaauaa + z (aB!v|YG)a aBasaY _ 2.1
N3 . oByéd

and cn the one-body operators
Z Giv, |ata,  (2i2)
A a B : . *
B i ‘ R . : :

where"aZ(aﬁl are part1cle creatlon (destructlon) operators,

@ = (3 'm ) and @ = (-)a 3(3 ,—m ), we 1ntroduqe a. z-
3}-‘ o

du = fca(uaaa-zv af) .

a.a
' (2.3}
o et e
az ;/ca(uaaa zv ag) "
with
: _ 2 -1 . e
o, = (uaua t2t v, v 1 S : S (2.4}

Here, (ua,va) and'.(u;,v;) are the-BCS parameters in the
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ket-states and bra-states, respectively, and the symbol * on

the creation.operator d; stands for the hermitian conijugation

{t) plus the transformation {ua,va) — (u;,v*). It is easy to

see that'
L P
_{da,qs} = §uB o (2.5)
and
du|0;2> = (0;z|d;‘_ = 0 , (2.6)
where
+
[os2y = aﬁor(ua;+zvaa;aw)!o) ' (2.7)
and |0) represents the particle vacua.
"By means of the inverserfransformatidn'
‘a+ = V& {u_d* +gv d_): {2.8a)
a ‘@ aa “aw ’
. - x g L adky )
a, = Voa (uada+zvada) . {2.8b)
the hamiitonianfréads
= . T ) - * *
H = HOO + H]] + H20 f H20 + H22 +,H31 + H31 + H40'+‘H40'

{2.9)

with

20

22

3

40

|
Bl w0

me]

Wl

.8.
~2 2 * 1 _ 1 *
a 9,z [Ua Va(Ea 2 I-Ia) 2 %aVa Aa] !
0 {{u_u* -zl v¥i(e_ - p)
al' "a a a a 'Ta a

2 * * kT o
z (uavaAa +ouz vy Aa)]DOO(aa) '

~ 1 2, 2.2 %, %
aca{zuava(ea-ua} ) (uaAa z vaAa)]Do
. . ?/2'7 * ok 4 xk
z o, I, 0. 0g) Ii(u-a wug +ozv, v vevg
abcd

JM

L2 - * . :

4z u v, au fd(abcd)] DJM(ab) DJM(cd) .

a cd

1 }/2 . * - 2 Tk

7 Z: (Uacbccod) -ng{bacd)(uaubucvd v v v v&)
abcad ’
JM
J+M _x = )

()77 pY_,(ba) Dy led)

1 12 2

7 Z(%%%%W,Z%WMm%%%%
abcd : -
JM
J+M _x

- * ‘
(+)7"7 D3 {ba) D tcay 1,

(2.10a)

{2.10b)

0{aa) '

{(2.10¢)

)gJ(abod)
{2.104)
b Ve

{2.10e)

(2.10f)
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where the operators EJM(ab) and D* {ab) are defined as

- . . *
Byylab) = Z (ipm dpm |aM) 4% a_ (2.11a)
m, Mg

andé

he _ *  _ * * ‘
DJM_(a:b) = .[DJM(ab}] = Z (3 m ]bmb|JM)dB . (2.11b)

m_In,

a B

The.gab,parameters Aa and the chemical potentials u, are

given by

25" Z égotaacc)céch; » {2.12)
c . '

)
-

and

2 R . 1 N . - .
M, "= -y ad Z f (aacc) R (2.13)
c -

The quantities f‘(abcd& and gJ(abcd) _arefantisfmmetrized
matrlx elements of the 1nteractlon3)and a s(2ja+1)]/2

In the. same way tHe transition operator (2.2} takes

the form

e -l L2 : ke ' '
T, =~ - Aa 3 T, ||b {[ CyH _ 2 —
YR aZb S CURE 5, - 2 \vavb] 5, (ab)
+t 3 z[uavb + -y “b] pfabl ¥ —z[v;vg + (=% *] A_(ab)}

AO uOZavavaaa (alj’—l‘llia) e (2.147)

where x=0 and 1 for electric and magnetic moments, respectively.

The generating wave fucntions3) are rewritten as

ja;z) = Vo_ zd]0,2z) . {2.15a)

a

for a one-quasiparticle state (1QP),

|tab)oM;zy = (c;at:ri__.')]/2

2 _ w2l * ; 1t
x [z D’ (ab) SJOG baz{ua o vaua)] o, zy , (2.15p)
for a two-quasiparticle state (2QP) and
o 1/2
[[{ab)T,c]IM;2) = (a_ o, o)
< |2° z (aM3m | 1M) a3 DY (ab)-z H(abJe,I}a%, | [0:2) |,
e A
Y (2.15c)
for a three-~-quasiparticle state (3QP). Here
. = 2 2
BlabJc;I) = 6J06ab6cla(uav;z —vaua}
aa—1 2 P B . ) .
- JI '8 (ab cI)(u -vcuc) P (2.18) -

and

CC




: J+j_+73 : . '
R a “b . -
acabd t=) -sadsbc ) . {2'17)

. SJ(ab,cd) = &
Utilizing the ant;—commutation relation (2.5), the
matrix elements of the operators (2.1) and (2.2} are eaéily
calculated'?!.
It should be noted that our formaiism for blocking
is much simplérrthan fhe one introduced by Allaaft and Van

5}

Gunsteren”’ as their ‘quasiparticle transformation is not
caponical.
" The results for BCS, BBCS and. PBCS methods are

obtained Erom the above mentioned, formula when the following

conditiohs are imposed:

;‘* = Cu*om . .
o=y ’ vy vy E (PBCS) -,
z = 1 : ' . _ {BBCS}
u* = u v* = v and z.= 1 (BCS)
a a ' a .a

2.2. RESIDUAL INTERACTION

In the next subsection, we shall utilize an interaction
for which the ‘gap eguation$, discussed below, are very similar
to those of the pairing force, viz, the surface delta interaction
13) ' ' ' )

{sDI1)- ‘In this way, the calcllaticn of the pairing parameters,

u and"-va, W£tﬁiﬁ‘the'fdrﬁalisms,which include the blocking

12,

effect will ve greatly simplified.

The SDI is of the form
¥(1,2) = ~4m G6(912)6(r1—R16(r2-R} (2.13)

where ‘G is the coupling strenght, 912 ‘the angular coerdinate
between the interacting particies 1 and-é, and R  is-the. nuclear
radius. The corresponding pair scattering matyix elements are

-'£a+£c+jb+jd'i£c+ﬂd*£a+£b

'_gJ(abcd) = gabad ()
e J J J J. J - .
Ja b c °d : LR+ S
x - : [1 + (=) e ] {2.19)
R 1 111 1
7 "z 0%y -3 0

In solving the gap eguations one needs the matrix

elements

g (aabb) (2.208)

n

1
@
sy
o

and

n

1
]
an
o

£, (aabb) (2.20b)

The corresponding matrik ‘elements-for the'pairihg‘

force are

g,laabb) = -26ab -, (2.21a)



and

fo(aabb} = -2G 63 (2.21b)

2.3. THE GAP EQUATIONS

In order to establish the gap equations for the
state [n), which may contain zero, one,... etc. guasiparticles,

we always start from the variatiocnal problem

s(ﬁ[n‘u_);n) = o,__ _ | ~(2.22a)

@INly. = oy N R “(2.22b)
where’

Hm = H- xm; I F SPE

n, is the number of Valéncg particles, A is'th; cﬁemicé;
poﬁential'and N is the pa;tic1e number_opérator;

Within the BCS and PBCS fcrmaiis@ all the pairing
properties are defined in the BCS vacuum.(}n) g ;0;;=l)) and .
from e#pressions (2.22) one oﬁtains thé standard Qap equatiens

for the parameters . u, and v_

’ . ’ 2 2 . _ ) .
ZuSVS(es--u_s.—)\) —l(us_-vs)as = 0 R . (2,24a}) .

IR VU C L (2.24p)
g _

Lla.

When the biccking effect is considered the sta#e
[m is no more the BCS vacuum but the blocked state. Below we
discuss the corresponding gap equations. .

In the case of IQP, the gap eguations, for the

quasiparticle in the state (|ny = |a;z=1)) Ja) , reads

2 2 am2

[2u5vs(as__'us_“ - As(us_vs)}“_"z's .?sa)

(us - vsz)uava‘ 2us'v5 ujvi
- ——2'5-%"— go(aass) + T—» fo(aass) = ’ (2.253)

a2 ] 2 _ _ - : '
Y ef-zs, v - no-1 . _, (2.25b)
r

Note that for jS = ja = % these equations does nof

alléw us to determine the values of the parameters- u, .and v

LT

This fact, howevér, is irrelevant because when the blocked

2
not appear explicitly in the calculation, We can see that from

particle is in the state ja=~l the quantities u, and v, " do

L
2
(2.15a) which, for ja =%5, reads

t ot
7'(ua'+zavaaaa€}|o> o (2.26)

Before going to the 3QP case it is convenjent to
discuss the gap eguations for two quasiparticles. .If the

blocked states are |o) and. [B), ({n) =[(ab)JM;z;1))' equations




{2.22), leads to

2 2 2
{Zusvs(es -k -A) - As{us —vs)][l - gﬁ (Ssa-+55h]] -

2 2
(o’ -v7} (u v v,
s ] a‘a b'b
e {—gg— gO(aass) + Tz go(bbss)] +
(u2 -vz) : (ué -V
a a b’ ;
+tu v, {-——gg—*— fo(aass) + ———EE;—— fo(bbss)J +
u v : -
s's 2 2 2 2
+ T . a2 [(ub - Vb)dsa * (ua _va)‘ssb] [gJ(abab) + fJ(abab)] -
(1+6_ )8
ab
(1.12-\72) 1+ +J
] S Ja7Ip -
R E— EJ{abba} (=) (ub basa +Uav Gsb) = 0,
(1+38_, )8
“ab
(2.27a)
z 22 o w6 3| v2 « n_ -2 ' ' (2.27b)
T ra rb r ¥ '
T

The ﬁumber-of éap equations which should be solved
is equal to the dimension of the configuration space for two
quas;pa:ticles {all allowed values of ja P jB
work of Akkermans et alG) the criterium adopted, in order to

and J). 1In the

simplify the problem was to neglect the quasiparticle residhal
interaction {which means to ignore the last two terms in -(2.27a)).
In this way the nunber ofrgap equations is drastically reduced
as it now dépends,only on the possible single particle statés

Iy and Iy

‘any value of u; and v

In the present work a similar approximation is
done, but following a dlfferent criterium, At first it should
be noted that for the gap equatlons (2.24} nad (2.25) are the
same for SDI and the pairing force, except for the self energy

term Uy o which is equal to
2 o ' .
H, - = G\% : {2.28a)

for the pairing force, and to

S 1In]

) 22 o : ..(2._2éb)
r T . '

for SDI. - Having in view, furthermore, that for the pairing

force the expréssion (2.27a) reduces to
lau_v_te_ ~u_-2) - (u-v3)(a_-Gu.v. -Gu v )| x
sVg'fs T Ug ] s s aa _ub b

5 . ' - . . S
% [1-—25 (6a5-+6bs)] - 2Gusys(g -V')5JO asﬁbs = Q , (2.30)
it'seems-réasonable to work with'this last equétion'in placé‘éf
using (2.27a), It should be noted, however, that we are stzll
in trouble as the equation {2.30) is. ldentlcally satlsfled for

1+ When: J=0. Then, in this case,
2 2 : - : -

we are obliged to use the unblocked pairing parameters. . There

is, in principle, no problem in solving the gap eguations for




the remaining seniority zero—two_quasiparticle states, However,
bearing in mind that the seniority zero states are not orthogonal
to each other with blocking effect taken into account7}, what
makes the BBCS formalism complicated, we decide to use for all
seniority zero-two quasiparticle states the unblocked pairing
parameters. With this procedure the basis is now orthogoﬁal
and fhe'spuriqus states are removed following the same technigque
used in:BCS .approach, 1t is worth mentioning that, in general,
the number of -configuration with seniority zero is very small
in cohparison.with the number of states with seniority two.

For the 3QP states we adopted the same Qxxothmions
discussed before for the 2QP states. Therefore, the gap
-equations fof'three quasiparticles blocked in the states |a) ,

|8) and [v), (|n} = [[(ab)d,c]IM;z=1}), leads to

. 2_ 2 "
{ZUSVS(ES-US-J\) - (us;—vs)[ﬂs - G{uava+ubvb+ucvc)]}x

. : 2 . _' ) ‘
1 - % wsa‘gasbwsc‘)]l. - o - (2.31a)

Py ._.. R
z [S - 2(6sa+65b+6sc}] v‘s = n0—3 . ] o (2.31b)
s ’ :

.18,

3. Numeric calculations . .

We restrict ocurselves to single closed-shell nuclei
where only an cdd number of nucleons in the open subshells are
considered., For our study two examples are considered: the
Ni (Z = 28) isotopes and N = 82 isotones. In the first case we
investigated the nuclei‘with 3, 5, 7 and % neutrons occupying the
subshells 2p3/2, 1f5/2 a?d 2p1/2. Therefore only negati;e parity
states will be considered. In the second case we focus our
attention to the nuclei with 3, 5, 7, 2 and 11 protons occupying
the subshells 2d5/2, 1;7/2} 3s,,, and 263/2. We calculated the
structure of the low lying states (level schemes, eigenvectors,
electromagnetic moments and transition rates) using different
approaches: CSM, LSSM, BCS, BBCS and PBCS which are explained in
sections 1 and 2.

In Tables 1 and 2 are presented the‘s;zes of
configuration spaces for 7 = 28 isotopes and N_=l82 isotones,
respectively, The dimensions for all three BCS approximations and
for all nuclei aré equal to the numpers shown in the second
columns of thesé tables, For furﬁher discussion ig is convenient
to int;oduce he;e the label qu which 5pecifiés the number of
guasiparticles. Thus the difference in the number of configurations
between BCS approach and the LSSM comes from the éogfigurations
with v < 3 and ¥ > 5. It is clear that the maximum vaiue of N

qp
is equal to the number of valence particles or holes,

ap

For the N = B2 isctones we do not consider the orbital

1h11/2 as its_inclusion leaves the dimension of the problem (for




CSM and LSSM) beyond the possibility of using our cdmpﬁﬁaﬁiénai
technigques. It is evident that in such a situation the utilization
of approximations is essential.

For all five approximations (CSM, LSSM, BCS, BBCS and
PBCS) the diagonalization procedure was carried out with the

fellowing set of parameters:

The single particle energies ¢{(2j) for all Ni isotopes were
extracted from experimental results for 57Ni nucleus with the
result 0., 0.76 and 1,08 MeV for the orbitals 93/2, f5/2 and P12
respectively. For all odd N = 82 isotones the single particle
energies were taken to be 0.0, 0,80, 2.62 and 2.68 MeV for the
orbitals 97/2, d5/2’ d3/2 and 51/2, respectively, as given in ref.

14,

For the residual interaction between the valence particles we
used the surface delta interaction {SDI) with strengths
G = 0.48 MeV (Ni isotopes),

G

0.20 MeV (N = B2 isotones),

“which follows from the estimate of Kisslinger—scrensen15).

The energy spectra fo Ni isotopes are shown in Figs,

1-4 and the wave functions of a few iow—lying states in 61Ni and

63Ni are listed in Table 3. The senicrity structure of these

 states is presented in Tables 4 andg 5.

In Figs. 5-9 are exhibited the energy spectra of

135I 143P

N = 82 isotones from to m, while the comparison of the

wave functions obtained within different BCS approximations is

220,

perfofmed in Téble 6. The saniority éomposition of the_137Cs”

wavefuncticns is presented in Table 7.
The calculations of the magnetic dipcle moments, u,

and the B(M1}) values were performed with the following gyromagnetic

ratios:
. _ eff _ free -
9, = 0 and 9e = 0.7 G _ for Ni isotopes,
2) 9y = 1 and gseff = 0.4 gsfree for N = 82 isotones.

The electric quadrupole moments, (O, and the B(E2}

values were evaluated with the following effective electric

charges:
1) eneff = 1.7e for Ni isotopesx6}a and
2 epeff = 2e for N = B2 isotones,

The results_for the electromagnetic properties of Ni
and N = B2 nuclei are presented in Figs. 10-13 and Figs._{4—16,-d

respectively.



4. DISCUSSION

4.1 Effects of configurations with v = 5 on the low-lying states

In order to ingquire on the way in which the
configurations with v = 5 participate in esﬁablishing the
structure.of the low-lying states we study here the deviations of
the results ohbtained within the LSSM with respect to those which
arlse from the C3M.

Fxrstly, we studj the Ni isptopes and limit our
analysis ;e.nuelel with A=61 and 63. .This is due to the fact that within
the_s;ngiefpartecie_subspace considered in the present work the
states'in A = 59 and 65 niguel isotopes are build:up only on
conflguratlons w1th v e 1 and 3.

From Flgs 2 and 3 one can see that the L5SM energy
speetra are less compressed than the CSM cnes. However, the number
of states up to an excxtatlon energy of 3 MeV obtalned with these
two models are not very dlﬁferent within de L5SM there are 29 "and

61

28astates Eor* NL and 63N1, respectively, while the corresponding

numbers-w;thln the CSM are 37 and 35.

In Tables 4 and 5. are dxsplayed the senlorlty

st ucture and the mean values of the senlorlty u for sewveral

nq-states 1n_61N1 and‘63N1, respectlvely. In hoth

B

The remalnxng 1evels mostly contaln the v =3
conflg_ratxons Ps expected the values of v 1ncrea5e with

exc1tatlon energy It should elsq-be noted that for a. given

tlons on!y the levels 1/2 3/2, and 5/2] are~domidantely_

L22.

total angular momentum J the mean seniority of the state U is
always smaller than that of the state J_., and that the influence
of configurations with v = 5 commence to be pronounced for levels
with n = 3.

We discuss below the electromagnetic properties of:
i} the states with U = 1, i.e., the levels 1/2, 3/2] and 5/2]
{with a fraction of v = 5 configurations smaller than 1%); ii) the
first excited state for every one spin with v = 3, i.e., the
states 7/2;, 9/2;, 1/25, 3/2; and 5/25 (with admixtures of v = 3%
cenfigurations between 1% and 11%); and iii) a few selected 1eeels
{7/2 ; 3/2 and 5/2 ) which are second excited states thh Vo= o3
{with the fraction of v = § configurations varying from 8% to 24%5.

The results for the dipole magnetic and gquadrupole
electric moments are presented, as a function of the mass.nuhber,
in Figs. 10 and 11, respectively. As ohe would anticipate the.LSSM
results practicaily agree with the CSM calculations for all three

levels with

<

=_1. For the second group of states, i.e., the lowest

<

states with % = 3, the differences between the LSSM and the CSM
results are significant. The only exceptionlis the value of the
magnetic moment of the 1/25 state. The differenees between the ;wo
calculations of the electromagnetic moments are still more
accentuated for levels which belong to the third group of states.
The B(M1} and B(ER2) values for Ni isotoées; displayed
in Figs. j2 and_13,'fespectively,'alwaye have'ae final state one
of the levels 1/27, 3/2; or 5/2). One immediately sees that when

the transition is initiated in one of the levels 1/2;, 3/2;, 5/27,

_7/2;, 9/2;, i/ZE'and 3/25,5which contain relatively small
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proportion of configurations with v = 5, the LSSM and the CsM
yield quite similar results for the electromagnetic transitions.
Moreover, the differences between beth calculations are of little
significance a) for the B(M1) values for which the initial states
are 7/2] and 5/2,, and b) for the B{E2) values for which the
initial states are 7/25, 3/2; and 5/2;. When one of the levels
7/25, 3/2; or 5/2; is involved in the transition process the
_deviations of the L$SM results with respect to the CSM ones are
quite impertant,

. In the following part of this section we will perform
the comparison between the LSSM and CSM descriptions of the 137Cs
nuqieus. Computatlonal limitations prevent us to extend this
'_éhg;ysis to'the N. = 82 isotones with more than five valence
7 protons.

From the results shown in Fig. 6 one observes that up
to 1.4 MeV in excitation energy the level scheme calculated within
the LSSM is quite satisfactory when compared with the
correspohding csM spectruﬁ. Both spectra exhibit the same number
of states, the energy differences are very small (<120 keV) and
except for the inversion of the 13/2; and 5/2; states, the
ordering of the'levels is also the same. For the states compfesed
in the energy interval between 1.4 and 1.6 MeV, the energy
differences are relatiyely small, but the ordering of the levels
is different and the density of states is slightly smaller within
the LSsM, Aboye 1.6 MevV ;n excitation energy the influence of

v =5 configurations is quite pronounced and, as a consequence,
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the levei density significantly diminishes when the configuration
space 1s truncated,

In Table 7 are shown the ééniority coméositiohs and
the mean seniorities for levels with excitation energy lower than

1.6 MeV. Only the first two levels in the ‘57

Cs nucleus are
dominantly seniority one states,while for all remaihing levels

vV = 3, The fraction of v = 5 configurations is smaller than 6%

for states which lie below 1.4MeV, between 6 and 10% for leveis
with excitation energy between 1.4 and 1.6 MeV, and in most of the
cases larger than 10%, and geing up to 50%, for states which are
above 1.6 MeV in excitation energy. .

The analysis of électromagnetic.ﬁroéérties is
performed far i} the states with v = 1, i.e,, the levels 5/2? aﬁd
7/2+- ii) the first excited states for each spiﬁ with v = 3, i.e.,
the levels 1/21, 3/2], 9/21, 11/21, 13/21, 15/21, 5/22 and 7/2
and iii) the state 3/2 dué to the fact that for heav1er Lsotones
it turns out to be the lowest_G = 3 state with spin and parity
32t

In Fig. 14 are compared the mégﬁétiq dipblé moments
for the levels 1/27, 3/2}, 5/27, 7/2}, /2%, 11/2%, 13/2%, 1s/27
3/22, 5/2; and 7/2;, as well as.the B{M1) valﬁés fbr the
transitions Q/ZT —s 11/2? and 13/ZT — 1f/2T. E#cepﬁ fpr:the
last transitions the LSSM and the CSM lead to almostlidéntiéél
results for all these cobservables. We do not present here éﬁe
results for the remaining M1 transitions which take place among.

the above mentioned states, It is due to the fact that, as a
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consequence of the f~-forkiddeness, all they are very weak (smaller
-3

thanp 10 "W.u.) and therefore the tensor M1 operater [Y2 ] 3]1, not
considered in the present work, plays an important role.

From the results, shown in Fig. 15 for the electric
quadrupole moments of the low-lying states in the 137Cs nucleus, we
see that the effect of configurations with v = 5 on these

observapbles. is negligible small for the levels T/ZT, 9/2?, 11/2?'
and 3/2;. The differences between the LSSM and CSM results for the
remaining six states, although relatively small, are significant.
It is worthwhile to nctice that in the case of the 5/2: and 5/2;
‘levels these differenqes arise both 1) from the rearrengement of
the v = 1 and v = 3 amplitudes in the éorresponding wave functicons,
induced by the v =5 configurations (see Table 7) and 2) from the
destructive inte;ference between the v = t and v = 3 contributions
on the quadrupole moments Q(5/2§)'and Q(5/2;};

. The results for tﬁe B{EZ2) values, exhibited in Fig.ls,
ciearly-demonstraﬁe that relatively small admixtu:e.of v =25 |
configﬁrations, in the low-lying states, affect the magnitudes of

the 5/27 — 7/2}. 5/2} ~ /27, 9/2} — 11/27  and 15/27 — 1172}

electric transitions to a great extent. In the first two prdceséesf

the modifications are caused by the above mentioned rearrengemént

of the v = 1. and v = 3 configurations in the wave,functioné of the

. 5/27 and 5/2, states..
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4.2 Influence of the configurations with seniority v = 1 and

v = 3 and Ngp > 5

We compare here the PRCS approximation with the LSSM.

59Ni, 65 135

It is evident that for Wi and I nuclei hoth

calculations lead to identical results. In the case of 61Ni', ®3w;

137

and Cs the differences arise from the effect of five-quasi-

particle states with v = 1 and 3 , while in the remaining nuclei,
the LSSM also include the correlations induced by configurations
with Ngp » 5.

From the energy spectra shown in Figs. 2 and 3 for

61 63

Ni and Ni nuclei one sees that, up to an excitation energy of
2 MeV, the PBCS approximation and the LSSM vield quite similar
results. Thz number of states is the same in both caleculations

63

and, except for one invdrsien in Ni, the ordering of the levels

is also the same. The differencés iﬁ excitation energies are

smaller than 70 keV in 51Ni and smaller than 40 keV in 63Ni.
The calcﬁlaticns of the electromagnetic properties'ﬁor-.

the ébove mentioned nuclei, displayed in Figs. 10-13, allow to.sée—

that one obtains identical results withiﬁ PBCS appkoaéh and tﬁé

LSSM for:

1) magnetic- dipole moments of the states 3/2;, 5/2; and 7/2;;

2) electric gquadrupole moments of thezsﬁates_3/2;aéhd 5/2;:

3} B{M1) values for the transitions 1ﬁitiatéd in the states 1/2;,

3/27, 5/27, 7727, 9727, 1/25, 3/25 and 5/2; and. '
4} B{E2) values for the transitions whicp involve the states

/2y, 3/2,, 5/27, 7/217 3/2, and 5/27.
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Moreover, the corresponding differences.for the remaining
observables analyzed in the present work, are, for all practical
purposes, of minor impocrtance. For example, the magnetic moments
differ only up to 0.15 n.m..

The energy spectra of the N = 82 nuclei, represented
in Figs. 6~9 up to an excitation energy of 2 MeV, clearly
demonstrate that the effects induced by low-seniority configurations
with Ngp > 5 are rélatively small. As a matter of fact, the L&SM
"and.the PBCS calculations generate the same number of states, the
crdering of levels is practically the same and the energy
differences are < 50 keV. .

. To some extent the above statement is also valid for
< the electromagnetic properties illusﬁrated in Figs. 14-16, Tﬁere
.is'no difference worthwhile to bg mentioned for the magnetic
momeﬁts and transit;ons, as well as, for the electric observables
Wben these inveolve states with Q_z T;“i.e., the levels 5/2? and
T/é?. ?he differences are also shall for thé gquadrupole moments of
the remaining lQWelying states and the B{E2)-values between states
with ¥ = 1 and v = 3. Only when both the initial and the final
states are build up dominantely from v = 3 cenfigurations, the B2
transitions evaluated within the PBCS approximaticn are, in
general, appreciablé less collective thaﬁ those cbatined within

the L3SSM.
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4.3 Correlations induced by the blocking effect and the particle-—

number projection

We still have to analvse and to discuss the
cerrelations induced by the BBCS and PBCS approximations with
respect to the usual BCS approach. As reference frame we will
always use the LSSM. It is c¢lear that in the case of three valence
particles it is not profitable to go to the BCS represéntation.
More precisely, in such a situation, it is easier to perform the .
shell model calculation than make use of any of the BCS .
approximations. Therefore we will limit our discussion to nuclei.
with more than three valence particles. However; and only for the
SgNi, 65 135

sake of completeness, the results for Ni and

I nuclei
are also shown in figures-and tables of the present work.

61 63Ni nuclei up to

For the enérgy spectra of Ni and
an excitation energy of 2 MeV there is no.difference worthwﬁile.
to be mentiocned among the BCS, BBCS and PBCS approximations (see
Figs. 2 and 3). Above 2 MeV, and when c.ompared with the LSSM, the

ordering‘of the states starts to be different for all three BCS

approximatiohs. The best agreement is obtained with the PBCS

method and the poorest one within the BCS approach. The largest
discrepances in excitation energies up to 3 MeV are of the order
of 250 keV.

In Table 3 are listed the wave functions of a few

61 63

low-lving states in Ni and Ni obtained with different BCS

approaches. One sees that for dominantlvy v = 1 states (1/2;} 3/2;

" and 5/2;) the wave functions are not very sensitive neither to the
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blocking effect nor to the particle number projection. Contrarely,
the wave functiocns of the remaining states are rather susceptible
to both effects. It should be noted that the BBCS wave functions

are more resempling to the corresponaing PBCS wave functions than
the: BCS ones. On the other hand, the differences in. amplitudes of

6‘-lNi"than for 63

the wave. functions are mcre pronounced f[or Ni. For
the first nucleus they are of the order of 10%, but may be as
large as 25% (comparé, for.examéle, the amplitude of -the
[(pB/Z)zé,p}/z] configuration in the 7/2; state). In the second
case ;he_differences are of.the order of 4%.

The just mentioned model dependencenﬁf the wave
functions are reflected in the magnitudes of the electromagnetic
observabies presented in figs. 10-13, This dependence is more
outstanding for the electric obsérvables than for the magnetic
ones.:When compared with the LSSM the BCS apprbximation-exhibité
significant differences in,magnitudes of severél moments and

61Ni nucleus (u(7/2;L

transitions which involve the level 7/2; in
Qu7/27), B(MI; 7/27 » '5/_27). and B(F2: 7/2] '+ 3/27)) and the level
3/25 in O7Ni nucleus (Q(3/25), B(MI: 3/2; ~ 3/2]) and
BlE2: 3/25 - 5/2?)).-For béth nuclei the-PﬁCS ;es@lts are mere
close to the HSSMlcalculations than thqse.which oné gets within
the BBCS approach.

- From: the enérgy spectra of N-= 82 nuclei, displaved
in Figs. 6-9 it can be seen that the simple-minded BCS
célcuiationé, when compéred with the results ofthe‘LSSM, yield

significant differences (up to-= 300 keV) for the excitation

the [(7/2}2%2,5/2]ccnfigurations in
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energies of several states, as well as, they give wav to quite
different level orderings. The last effect is particularly
accentuated in the energy regicn where the level density is rather
high. Although both the BBCS and the PBCS approaches provide
satisfactory results for the energy spectra, the agreement with
the LéSM calculations is somewhat better in the second case.

In Table & are confronted the wave functions,
calculated with different BCS approximations, fo? N = 82 isctones
with more than five valence particles. For dominanﬁely 1QP states,
i.e., S/ZT and 7/2? levels, all three caiculations yield anaiogous
wave function amplitudes. For the remaininé states only ﬁhe BRCS
and PBCS amplitudes are close to each 6ther. The most noticeable
differences between the BBCS (or PRCS) wavé functions occur for

13gLa and for the

[(5/2)%%2,7/ﬂ configurations in g,

The results for the electromagnetic properties '
calculated with the just mentioned wave functions are compared
with the LSSM results in Figs. 74-16. It is seen that all four
models furnish similar results for the magnetic ohservables. The
most notable discrepancy is found’in tne BCS value for the .

139La. Amohg,all BCS results for

13/2? -+ 11/2T M? transition in
the elec¢tric obserQables only that for Q[5/2T}, Q(?/Z;) and

BIEZ; 5/2: - 7/2?) come together to the LSSM results. At vafiahca
the guadrupole obtained within the remaining two BCS approximations

are not substantially different from those evaluated within the

LSSM. With respect to the B{E2) values it should be noted that the
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best overall agreement is achieved with the number-projection
method. It is also important to be mentioned that when a B{E2)
value strongly fluctuate in going from one nucleus to another,
as happens in the case of the 5/2 -+ 7/d1, 3/2? -+ 7/2? and
'11/27 B 7/ZT transitions, it turns out that the ordinary BCS
calculations lead to more satisfactory results thah the BBCS ones,
We have mentioned, in the fermef part of this section
.that in most of the cases the electric observables were more
sensible_to the -blocking effect (and to the nhmber projection
procedure) ‘than the magnetic ones. In order to clarify this point
we will present below a gualitative discussien.of the.matrix
,elements of the one body operator TX' We assume that both the
: lnltlal and flnal wavefunctlons are domlnantely 10P or 3QP statee
{see Tables 3 and 6). Therefore the following'matrik elements will
be appear: i) (${igp)|| T yilber ey, i (¢(1QP)|iTAiIW(3QP)} and
EEERE (3gPY | Tklfu{3QP)} The. matrix element of the type i) and
111} are. proportlonal to the scatterlng pairing factor’ F (x) =

(uaub - (-) v v 7 &nd.thosé of the type ii) to the pair creation
pairing Eactor_Fp(X} = (uavé —'{—d véuﬁ). One way distinguish two
limiting situation:

1) the valence shell is approxihately half-filled in which case the
electric bairing factors are Fé(l=2)?0 andg Fp(x=2)=1;

2) only e‘few particles or heles are in the valence shell and
therefore F (l=é)=? and F (X=2)=0. In both-limitiné situation the
magnetlc palrlng factors are F {(A=1)=1 and F {X-l) 0. On the other

hand the results for the electromagnetlc properties shown in Figs,
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10-13 and Figs. 14-16, correspond mostly to the case 1) and thus
the‘blocking effect is particularly relevant for the electric
observables of types i) and iii) and for the magnetic observables
of type iii}.

It is clear that the main differences between the BCS
and BBCS results come from the differences in the gap parameter,
Due to the blocking effect this guantity diminishes and becomes
configuration dependent, Moreover, as shown in ref.17), the'
pairing reduction depends sensitively on the eingle—particle
level distribution near the Fermi surface and is particularly
pronounced when the blocked level is located close to the Eerﬁi
surface. Thus, from the results shown in Fig. 17, one can easily
conviced cneself that the blocking effect is very lmportant for
the following wavefunction amplltudes {and the correspond;ng
electromagretic observabiles):

i) configurations which contain two particles in the sihgle.

particle state p3/2 and participate in biilding up the wave-

functions of 61

‘s . : : . . 137 : 139
ii) components which. involve the erbital 97/2.1n Cs -and La
and the orbital &, in '*'Pr and '*¥pm; the effect is

particularly relevant for the configurations |(7/2) J12,5/2) in-

1391, ana the configurations |(5/2) J12,7/2) in 141Pr

However, contrarely to what one would expect the

137 143

structure of Cs and Pm nuclei seems to be less affécted by .

139 141 . : e

the blocking effect than that of La and Pr nuclei (see Fig,

17). This fact indicates that a discussion of the blocking effect
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based only on the analysis of a few diagcnal matrix elements of H

and/or on the most important contributions to T, might be a

oversimplification and, therefore, far of being totally conclusive.

In particular, the calculation of the structure of N = 82 isectones
involve a large confiquration space with many nondiagonal matrix
elements of H and many contributioné to the to Tl which are
appreciable different when evaluated within the BCS of BBCS

approximations.
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5. Conclusions

In this paper a detailed study of shell-model
correlations, induced into the BCS approximation by the number
projection method and by the.blocking effect, has been carried out.
Particularly, the low-seniority shell model was used as the frame
of reference to investigate the mixing of one an& th;éeﬂquasif: :
particle states in Nj isotopes and in N =.82 isotonest.ln agd;tion,”
effects of senibriﬁyffive configurations on low—lying'stéteé hés
also been studied through the comparison of low-seniority shell-
model results with those which ariéé from the full shell;model
calculatlons. . ) .

" The follow1ng concluSLOns, what we belxeve are oE genera¥
lnterest. can be drown from the dlscusslon perEormed in the.
precedsng sectlon .

1} A BCS approximation whlch includes the numbér projection or thé
b;ocking affect yields results'which are in many;respect'very
close to ones obtained within the 1ow~seniogity shell-model.

2) The five-guasiparticle configurations with seniority one and
three de not play‘an:important fole in the structure of low-
lying states.. ﬂ

3) The effect of senlorlty five conflguratxons may be qulte
significant even on.the electromagnetlc processes among the
lowest states and can hardly be taken 1qto_account_thrqggh a
overall renormalization cf the régidqal intéraction.or/andiofl
the effective chargés.

We have not. presented here the comparison_betweéﬁ the
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experimental data and the calculations. However, it.should.Bé
noted that, with the parametrization listed in section 3, the
comple£e shell model yields a fairly well overall agreement with
the experimenfs.

Last but not least we would like to point out that
several calculations, which include at the same time the number
projection and the blocking effect, have also beeﬁ performed. Such
a procedure, in spite oflbeing significantly more time consuming
than the BBCS and PBCS methods separately, does not exhibit any
.advantage worthwhlle to be quoted. Thus it does not seem to be
) profltable to consider at the sdame time the blecking effect-and the

number progectlon.
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TABLE CAPTIONS

TABLE 1 -~ Dimensions for some negative parity states of Ni
isotopes usiné the approaches CSM and LSSM, For
differents BCS calculations the size configurations
for all isotopes are equal to the numbers given in the

second column. See text for details.

TABLE 2 ~ Dimensions for some positive parity states of N = B2

isotones. See table 1 caption.

TABLE 3 - Calculated wave functions of some low-lying states in
61’63Ni nucleil using differents BCS approaches. © The
b§sis states are l(jajb)Jab'jc'J’ . Only amplitudes

larger than 4% are listed.

TABLE 4 - For some selected states in 61Ni are given the seniority
{v) decomposition in percent (%) and the average

seniority using the approaches CSM and LSSM.

TABLE 5 ~ The same information described in tahble 4 caption for

63yi.

TABLE 6 - Calculated wave functions. of same low~lying states in

137 139 141 143

Cs, ~~"La, Pr and Pm. See table 3 captioh for

details.
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TABLE 7 - The same information described in table 4 caption for ' FIGURE CAPTIONS
l37cs

.

FIGURE 1 - The calculated energy levels for the negative parity
states in 59Ni using differents approaches. (see text
for details). The spins are in 2J form. In this case

the results with CSM, LS5M and PBCS are identical.

FIGURE 2 - Energy levels of 61Ni. For further explanation see

Fig. 1 caption.

63

FIGURE 3 -~ Energy levels of Ni. For further explanation see

Fig. 1 caption.
65 ' .

. FIGURE 4 - Energy levels of Ni. For further explanation see

Fig. 1 caption.

FIGURE 5 - The calculated energy levels for the positive parity

‘states in 1351 using differents approaches (see text

for details). The spins are in 2J form. In this case

the results with €SM, LSSM and PBCS are identical.

137

FIGURE 6 - Energy levels of Cs. For further explanation see

Fig. 5 caption.
FIGURE 7 - Energy levels of 13gLa. For further explanation see

Fig. 5 caption. M




FIGURE 8 -~ Energy levels of Pr.

FIGURE 9 - Energy levels of

FIGURE. 10 -

41,

141 For further explanation see

Fig. 5 caption.
143 .
~ " 7Pm.- For further explanation see

Fig. 5 caption.

The calculated magnetic dipole moments in {(n.m.)}

" units for some lowest levels as a function of the

FIGURE 11 -

hass number in Ni isotopes (59 A < 65). The results
within the CSM, LSSM, BCS, BBCS and PBCS approximations

‘are labeled with letters A,B,C,D and E, respectively.

The calculated eleétric quadrupole moments in'e.fm2

“units for scme levels as a function of the mass number

FIGURE 12 ~

FIGURE 13 -

in Ni isotopes (59 A g 65). For further explanation

see Fig. 10 caption,.

The calculéted magnetic ML transition rateg in 10-2
Wu units for some transitions as a function of the
"mass number in Wi isotopes (59 A g65). For further

explénation see Fig. 10 caption.

The calculated electric E2 transition rates in Wu
units for some t;ahsitions‘as a function of the mass
number in Ni isotopes (5% €A &653). For further

explanation see Fig. 10 caption,.

FIGURE 14 -

FIGURE 15 -

FIGURA 16 =

FIGURA 17 -
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The calculated magnetic dipole moments in n.m. units
for some lowest levels as a function of the mass number
in N = 82 isotones (135 A5 143). The calculated
magnetic Ml transition rates in 10_2 Wu units for two
transitions are also presented. The results within

the LSSM, BCS, BBCS and PBCS approximations are labeléd
with letters A,B,C and D, respectively. The results
calculated within the framework of CSM are represented
by open circles. The remaining M1l transitions will not

3

discuss since all they are very weak (107~ Wu) as a

consequence of the l-forbiddeness,

The calculated electric guadrupole moments in é}fm2
units for some levels as a function of the mass number
in N = B2 isotopes

(1355 A gl43}. For further explanation

see Fig, 14 caption.

The calculated electric E2 transition rates in Wu
units for some transitions as a function of the mass
number in N = 82 isotone (135g A <143). For further

explanation see Fig. 14 captioen,

Single particle energies (continuous line) and Fermi
energies (dashed line) ilng) where ny is the number
of nucleons. In {(a) for Ni isotopes and (b}.for N = 82

isotones.




TABLE 1

59'65_1‘1:?. 61,63Ni
SPIN CSM ~ BCS CSM LSSM
1/2 5 15 10
3/2 10 24 18
5/2 10 29 20
1/2 6 23 14
9/2 5 17 11
11/2 1 8 3

" TABLE 2

135, 137 139, 14150 ana "43pm
SPIN | CSM-BCS| CSM LSSH csM LSSM cSh LSSM
1/2 12 107 19 415 73 790 96
3/2 25 198 80 764 149 1484 198
5/2 28 253 93 1005 174 | 1965 231
7/2 27 271 21 1121 173 2215 | 231
9/2 23 252 g2 1091 159 2214 { 215
11/2 16 211 59 274 117 72.017- 160
13/2 8 153 30 783 62 | .1669 86
15/2 5 105 20 - 577 41 | 1284 57




TAULLE 2

61y, 63y,
I g Jp  Jab iy BCS BBCS PBCS BCS BBCS pBECS
iz, “3/z fo.960 965 .968 | .953  .961  .95%
s/2y sz b oLem 479 .vea | ,987  .sme  .4u2
1/2,' 172 | .890 .495 834 941 .940 048
/2 3720 @ 172
/z e 2 s/2 .203 196 .208
/2 i/ 2 571 |-.276 . -.265 .295
5/2 572 2 3/2 | .2z26 .224 , 250
3/2, 3/2 198 ,224 . 206 J214
/2 3 o 372 194 .257 .268
5/2 0 8/2 2 172 526 416 471 634 633 .620
/2 3/2 0 20 sz2 |-z L340 -.340 | -.240 .217 218
32 /2 2z s/z | 483 ..55% 579 | 397 .396 384 |
s/2 s/z 2 s/ | oLsir 443 439 | .%63 .586 .594
/2, w2 | -.455 ;446 L4963 338 L1471 316
3/2 3/ 0 .1/2 f-.108 .306 435 | L34e .353 .432
5/2  5/z 0 1/2 .254 .276 - .21 .242 -
s/2  s/z 2 3/ | Laa4 463 L451 | -,473 465 473
/2 wz 2 s5/2 407 397 .368 | =.377 . 345 . 345
3/2 - /2 2z s/ |-.sz2. -.510 .508 .590 604 604
5/2, . )
w2 12 6 s/2 353 .328 L4162
/2 32 o ss2 .268 .220 361
s/2 572 0 sz |-.305 .201 - -.3a3  -.338 - -
/2 5/2 2 5/2 | -.557 LATE =472 s
s/2 s/2 2 32 419 556 .547
/2 3/2 R V) 398 .489 466
5/2 s/2 2 /2 {-.221 ' -.609 .584 615
/2 12 1. 572 L2310 307 .288
2 sz 2 572 -.512 .572 .540
5/2  5/2 A 3/2 . 240 227 .240
2 3/2- ¥ 572 L2186
/2, : : - .
S/2. 5/2 2. 3/2 § 418, .630 .624 | .328°  .382 . 346
C¥roowf2e 2 5/2 |0 .as3v. 525 520 418 444 .37
VESENE VL SR RER VI S TR U B 1 :
5/2 5/2. &- 32 ) .uma0 222 272 | .66 250 261
/20 3/2. 0 2. 572 §-.341 : ' -.255 - -.200 L2117
¥z sz o spz R YT .306 o
5/2 4 172 L7861 750 . 755

5/2

TABLE 4

v=1 (%) v=3 (%) v=5 {%) v
SPIN CsM LSSM csM LssM | csM csM LSSM
5/2, 95.58 | 97.01 3.66 2,99 | 0.76 1.10 1.06
3/2, $3.80 | 94.01 6.15 5.99 | €.05 1.12 1,12
/2, 79.89 | 80.47 | 19.84 | 19.53 | 0.27 1.41 1.39
3/2, 10.90 | 11.86 | 88.67 | 88.14 | 0.43 2.78 2.76
1/2, 42.57 | 40.80 | 56.53 |59.20 { 0.9C 2.17 2.18
5/2, 15.81 | 14,62 | 72,96 |85.38 [11.23 2.91 271
7/2, 0. 0. 94.90 00, 5.10 3.10 3.
3/23 18.84 | 18.33 | 60.92 |81.67 (20,24 2.03 2.63
5/25 23.68 | 15.96 | 52.65 | 84.04 |23.67 2.99 2.68
/2y 0. 0. 31.86 [100. 8.14 3.16 3.
5/2, 11.59 - 80.73 - 7.68 2.94 -
9/2, 0. 0.  98.69 [100. 1.31 3.03 3.
9/2, g. 0. 84.03 poo. 15,97 3.32 3.
7/24 0. - 68.21 - 31,79 3.64 -
/2, 0. 0. 97.68 [100. 2.32 3.05 3,
3/2, 6.34 - 46,51 - |47.15 3.83 -
1/24 11.60 - 57.40 - 31.00 3.40 -
5/2 8.84 - 53.63 - 37.53 3.48 -




TAULE &

TABLE 5
v=1 (%) v=3 (%) V=5 (%) v
SPIN CEM LSSM C5M LSSM CsM CSM LSSM
1/2, 90,46 | 90.65 { 9.49 | 9.35 | 0.05 1.19 1.19
5/2, 98.09 | 98.43 | 1.77 1.57 | 0.14 1.04 1.03
3/2, 89.30 | 91.20 | 10.68 | 8.80 | 0.02 1.21 1.18
3/2, 8.04 6.88 | 88.07 | 93.12 3.89 | 2.92 | 2.86
1/2, 29.14 | 28.76 | 70.44 | 71.24 | 0.42 | 2.43 | 2.43
/2 1 0. 0. | 94.45 {100. 5.55 3.11 3.
1572, 24.14 | 23.41 | 66.46 | 76.59 | 8.40 | 2.71 2.53
372, 13.72 1 17.50 | 71.84 | 82.50 | 14.44 3.0 2.65
5/53 6.80 8.11 [ B0.51 | 91.89 | 12.69 3.12 | 2.84
9/2y | o. 0. 94.43 [ 100, 5.57 | 3.11 3.
/2, 0. 0. 87.15 |100. 12.85 | 3.26 | 3.
5/24  |"21.53 - 45.94 - 32.53 3.22 -
7723 | 0. - 72.23 | 100. 27.77 | 3.56 -
3/2, 9.89 - |e6.54 - 23,57 | 3.28 -
9/2, 0. 0. 86.14 100. 13.86 3.28 3.
5/25 3,99 ~ 54.49 - 41,52 | 3.75 -

137, Y, i, 143,
N U, Jy ap 3o s Dics rucs ] . Bes S s BECS PICS BCS LBls | pPACS
12, w2 .986 .983 .991 .98y .978 984 078 981 980 .980 L9851 912
572, 472 983 086 982 85,087 .un? 985 .98} 988 987 .u86 851
e, 32 210 .23 .265 .535 .332 .42
72y 2 82 .519 13 677 .278 .209
s/ sz 2 2 210 422 407 677 784 .59
72 2 4 962 978 983 463
W1 & B2 212 348 404 21 . 205
W2owz a1 .264 . )
w282 4 si an .353 a7 L9m1 956
iz /2 . L2808 . .215 ABO 387 407 L9145 09 s
w2owE 2 5/2 [ -89 -.917 -9l 822 -,u08 893 LSBT -.4B0  -.444 .200 RSP
Y Y ) .307 .260 ,261 .407 259 308 586 765 .749 .293 366 424
w2 os2 1 32 L 200 .2n ’
W, .
Wi Wi, 2z 572 .aig 982 954 .
5/ %2 2 1R 945 U698 ,955
ve 2 4 e 955 473 957 .
2 2 & /2 A0 L1 .207 .230 - .
L I N V) .230 200 -.a63
s/2 S/2 4 52 278 9510 L053 L9568
2, .
BY 7RV R R ) 932 987 958 |, .920 502 )
w2 1wz 4 w2 | Lea 960 942 . ' '
w22 a4 52 926 983 . 1983 | .
282 4 : 269 ;255 | .33 . .382 362
w2 Wz 6 sz .23 195 L2430 :
ey .
TR T R R 7Y 467 321
52 572 0 s/2 528 :
W oz oz 52 959 1968 969 L64) 944 .927 ]
s/ S22 12 : 813 .86 84D 855 886 878
w2 4 52 237 . :
s/1 2 4 12 391 -.505  -.437 ,3%6 L3600 -.957-.
502, ) *
o2 8 s .290 ) 596 419 .795 604 573 -.360
s/2osn s/ 468 .267 L615 -.464 ,470 .381
77 V7 TV a2 -7 KT 240 243 Lo {Zame0 ] -.208
52 s/2 2 1 ,232 .349 277 =314 -.eB5 -.a67 475 626 818
L Y- RS V- B o 950 278 : ’
Wi w4 sz .361 397




TABLE 7

13/25

v=1 (%) V=3 (%) v=5 (%)

. SPIN CSM LSSM CsM LsSsM CSM CsM L5SSM
7/2, | 97.75 o8.22 | 2.07 | 1.78 | 0.18 | 1.05 | 1.04
5/2, |-90.48 { 96.02. | 9.40 | 3.98 | 0.12 | 1.20 | 1.08
é/éi 7.17 1 2,28 | 89.17 | 87.72 3.66 2.96 | 2.95
3/2y 7| 0,00 |- ©.00 | 95.28 {100.00 | 4.72 | 3.08 | 3.00

N2y - = 94.00 [100.00 §.00 3n 3.00

: '9/21- - - 93,94 1100.00 | .02 | 3.11 | 3.00

1 18/2, - - 96.03 106.00 3.97 3.08 3.00

.::1;/2,2 ©3.07 | 3.59 | 93.04 | 96.41 3.89 1,02 2.93
| 'ﬂé/é2= z - 96.45 |100.00 | 3.55 | 3.10 | 3.00
ek hgé;”3} 0.60; 1,20° 94.74 98.80 4.66. 3.06 2.98

A 3/2, | 3207 |2 3.86 | 93,63 | 96.14 | 3.30 | 3.03 | 2.02

: 5/32;.f 1.74 i.50 95.10° 98.50 | 3.16 | 3.06 |. 2.97

| 1372, - = | 94.99 |100.00 | Ss.01 | 3.10 | 3.00

'ﬁj/zz, - = | 97.75]100.00 | 2.25 | 3.06 | 3.00
15/22 |- - 1 90.47 1100.00 | 9.53 | 3.19 | 3.00

) ?/25- - = [.85.1a [1g0.00 } 1486 | 3.33 | 3.00

32, J1s9T 73| eale [ es.27 | s.e1 | 3.1 | 2.96

' ?/éiﬁlf 1.15 1 4.71 ;91450;‘ 95.29 8.67 | 3.19 | 2.9
?;723J" - = 7;60331'1ﬁ00fqb 19)&3 3.41 3.00

572, 137 | 47| se.estoes.sa | Leles | 3,17 | 2.0
7/24 | 48.20: ] 41.47 g#a,79 " 58.53 3.01 2,13 2.6
15/22‘ - - 54,24 [ 100,00 | .45.76 3.91 3.00

' 9224f - - 9;,63 _1@9.90 6.32 { 3,16 | 3.00

- 33.51 [100.00 | 66.45 | 4.32 | 3.00
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