ABSTRACT
SIMPLE EXCITATIONS OF DOUBLY CLOSED SHELL NUCLEI
By

Richard Trilling

The problem of describing low lying excitations in
doubly closed shell nuclei by simple one partiéle—one hole
excitations has long been of theoretical interest. Without
including either core correlation or core polarization contri-
butions in the matrix elements the agreement between experi-
ment and theory of previous calculations has been marginal.
The previous calculations have failed to produce enough
- separation between the T=0, 1 states 6f N=Z nuclei and there-
fore have produced too much isospin mixing in these light
nuclei. Another failure of the previous calculations was
that the binding energy of the states (T=0, 1) was too small.
'The error in the binding of the T=0»states (N=Z nuclei) was
much greater than the error in the binding of the T=l states.

The present calculation replaces the monopole term
of the multipole expansion of the interaction by a one
parameter isospin dependent spherical potential. The para-
meter is evaluated from the symmetry energy beﬁween Ca49 and
c49

S - The reason for the replacement is to take into account

the difference between the single particle enefgies of the
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A*]l mass nuclei used in the calculation and those of the
A mass system in which the excited particle moves.

Two different interactions, the Kallio-Kolltveit
and the Sussex, were used in two different approximations,
the TDA and the RPA; The results obtained with the two
different interactions are quite similar and aside from
the lowest 3  state the results obtained from the TDA
and the RPA were almost identical.

Using the monopole shift the results for 016 are
greatly improved. The T=0, 1 separation energies increase,
along with their binding energies, to where they are in
close agreement with experiment. The isospin mixing of
the new vectors is such that most of the calculated B(El)'s
are now in good agreement.with experiment.

The transition data for ca%® includes only the 37,
5 T=0 levels. The monopole shift does not effect these
transitions but gives a net improvement of the pdsitibn of
the levels arising from the three lowest multiplets. The
resultant placement of the levels is also in good agreement
with the deformed basis calculation of Ca40 by Gerace and
Greene. The giant dipole state is however about 1 MeV
too low when the shift is used.

In Ca48 and Sr88 dnly the T_ states were calculated.
The monopole shift leads to a definite improvement in the |
level positions of both nuclei for both the negative parity

and the positive parity states.
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In all nuclei the RPA over binds the 10Qest 37
state; a reduction of the interaction strength to'65%,
in order to simulate screening, for all the nuclei leads
to a fair agreement between experiment and theory.

It should be noted that the calculations for Sr88
predict a strong low lying 5 state which up to now has

not been seen.
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CHAPTER I

INTRODUCTION

There are several factors which motivated the
present series of calculations. A systematic study of
the doubly closed shell nuclei 016, Ca40, Ca48, and Sr88
would be useful in order to compare their various proper-
ties, particularly the distribution of the multipole
strengths. All the abové nuclei possess a low lying
collective 3~ state which exhausts an appreciable part
of the octopole transition strength. Another common
phenomena is the existence of low lying positive parity
states such as a 0+ which cannot be explained on a lp-lh
basis.

A common failure of previous lp-1h calculations
was that they failed to provide enough separation between
the T=0 states and the T=1 states in N=Z nuclei such as
Ol§ and Ca40. This leads to too large estimates of Coulomb
mixing. Very often also the T=0 levels were found to be
too high in eénergy. This has been avoided in the present
set of calculations by adding an empirical monopole shift.

Additional data have also become available on

some of the higher lying T=1 states in O16 through inelastic
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‘electron scattering (S169) and also T=1 states in Ca40

3 40

through the charge exchange reaction Ca40(He ,t)Sc (Sc71a). .

There also exists new data on Sr88

88

through the two particle
transfer reaction Sr86(t,p)Sr (Ra70) .

The particle-hole matrix elements were calculated
for two different interactions, the Kallio-Kolltveit (K-K)
interaction and the Sussex interaction. The K-K interaction
has a hard core potentiél and an exponential radial depen-
dence (Ka64). It fits the nucleon-nucleon S-wave phase
shifts up to 300 Mev; The matrix elements are
evaluated bybthe Scott-Moszkowski separation method (Mo60),
i.e. a separation distance is chosen such that within that
distance the repulsion due to the hard core is cancelled
by the attractive part of the potential. This matrix element
is the first term in the expansion of the reaction matrix
acting in states of even angular momentum. The best
description of the reaction matrix is perhaps given by
M. Macfarlane (Ma69).

The Sussex interaction is derived from the experi-
mental nucleon-nucleon phase shifts by deducing matrix
elements of the hucleon—nucleon interaction in a harmonic
oscillator basis of the interparticle distance (Ex68) .

‘The particle-hole states were calculated within the
frame work of both the Tamm-Dancoff Approximation (TDA)

and the Random-Phase Approximation (RPA), (La64). The

TDA assumes that the ground state of the nucleus is a
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particle-hole vacuum and that the excited statéé are
obtained by acting on the ground state with a particle-hole
creation operator. -The RPA does not assume that the grbund
state is a particle-hole vacuum, but that it contains
correlations, i.e.‘the ground state has components of
Op-0h, 2p-2h, 4p-4h, etc. There then are two ways of
creating excited states, by either creating or destroying

a particle-hole pair. There is a slight violation of the
Péuli principal in the RPA, i.e. denoting particle levels’
by 'm' and hole levels by 'i', the particle-hole creation

operatior is then b;i = a;ai from which it follows

+ + +
<0|b_ bmi|o>=1-<o|aiai|o>—<o]amam|o>

i
where |0> is the correlated ground state. If the number
of levels is large compared to the number of holes or
particles then <O|aiai+|02 and <O|a;aml0> are approxi-

.mately zero and then

+

bmi

<0|b_ |o>~1

i
which is the basic assumption of RPA and is called the

quasi-boson approximation. (For a description of the RPA

vectors and phases see Appendix A).



P

The basis states for the calculation were chosen
following the prescription by Ripka (Ra68). For an N=7%
nucleus there are two types of excitations T=0, 1. When
N#Z four types of excitations are considered, proton-
proton hole, neutron-neutron hole, T=0 and T=1.

The realistic forces used do not give a good account
of the centroids, so it is necessary to supplement these
interactions by a monopole shift discussed in Chapter II.

| Each succeeding chapter discusses a single nucleus
and treats in detail the basic configurations of the low
lying states and the comparison with such experimental
information as is available. The energy level information
is summarized in level diagrams. Also a table at the end
of each chapter summarizes this information on the levels
and transition rates. Another table gives the calculated
sum rule strengths and widths for various multipole transi-
tions. A corresponding appendix D lists the energy levels
and transition rates for all the levels calculated forvthe
particular nucleus and in addition lists the principle’
componant of the vector along with the transition rate
due to it alone. Appendix E gives a list’of representa-
tive state vectors. Overall conclusions are presented
in Chapter VII.

The algebra and labeling for single particle

levels are summarized in Appendices A through C.



CHAPTER 1II

THE MONOPOLE SHIFT

In a particle-hole calculation the Hamiltonian
H=H,+V is diagonalized in the basis |ph™},J>. The

diagonal term

<ph"1,J|Hlph'l,J> = ep—eh+vc+v;h
where ep, €, are the single particle energies obtained
from the Azl nuclei, where Vc contains all the core contri-
butions and where Vgh is the diagonal particle-hole matrix
element.
The centroid of a given p-h multiplet is not at
€ —en+Vc but is shifted away from this value by the average

p
value of Vgh for a given p-h multiplet,

(0]
ph

- ) Il
i.e. a (2J+1)Vph/J(2J+l)

J

1 ¥
(2p+1) (2h+1) 3

(2J+1)<ph,J}leh,J>

This is also equal to the monopole term in the

multipole expansidn
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Kh(-l)pfh+K§ﬁﬁW(phph;JK)

i.e. <ph~l,JlV|ph—l,J> = E o
of the interaction. The centroid for a given p-h multiplet
is therefore located at ep-eh+vc+agh

An explanation for the presence of a;h is that since
the single particle levels from the A mass nucleus were not
used, the centroid for the p-h multiplet as determined by
the A+l mass nuclei single particle levels must be corrected.
This correction arises because the system does not céntain
Al particles and the single excited particle sees a core
of only A-1 particles. The correction is provided by the
J independent part of the interaction, the monopole term.

The centroid shift as dete:mined by the interactioﬁ
does not provide good agreement between observation and
theory. An attempt will be made to correct this by removing
the monopole term from the diagonal matrix element and by
substituting in its place another term. This procedure is
due to R. Schaeffer (Sc71). |

It can be shown (Appendix B.1l) that the monopole
term of a diagonal particle hole matrix element coupled
to a good J is equivalent to a single particle matrix
element where the particle‘moves in a spherical potentialj;
i.e. a single particle energy term.

The monopole term will therefore be replaced by
a term which takes into account this difference in single

particle energies.
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The spherical potential chosen to evalﬁaﬁé.this
difference will contain both an iso-scalar part, VO’ and
an iso-vector part, Vl’ both of which are assumed to be
slowly varying functions of A.

The potential corresponding to A+l nucleus will be

written as

Vo(r) + ==V (r)%p-%

while for the A mass nucleus it is

4 e
Vo(r) + X'Vl(r)tp TA—l

The single particle contributions to the single

particle energies from this potential are

4 <'+.—> '>
AT fo TR ELRIT, Ty 1A

and

€, e + % ¢ <A+1|t_-T_|a>
A+17°0 " A "1 p A

The corrections to the diagonal elements become

0 .
EA €A+l aph' The values of ¢ are for the wvarious

A" %A+l
occuring cases, (Appendix B.2), are in the tables 2.1

and 2.2



TABLE 2.1.--€A—5A+l for N=Z Nuclei.
-1
Ipp | > | —El/A
_lj
|nn~ "> “€1/a
-1 _
|ph™~,3;T=0> “3¢1/a
|ph™L,3;1=1> e
p [4 7 1/A
TABLE 2.2.——8A-€A+l for N#Z Nuclei. Overall T equals that of
the g.s. TO’
-1
lpp” > “€1/a
-1
|nn "> “€1/a
|ph™t,a;7=0> -3¢
p r ’ l/A
|ph™t,3;1=1> -€
Vs l/A

For N#Z and where the T of the state equals T0+1

lph™t,3;7=1> (2T +1) /A

The value of €; can be obtained from the symmetry

energy of a particle in the 2p3/2 orbital of ca?8

- e = =1
ES = en+A Ep = % €, = 38



el

49 49

where A is the coulomb difference between Ca ané Sc 7.
The value of €,~20 MeV.- This value will be used for all
nuclei;

It is somewhat doubtful whether or not the
monopole shift should be used with the RPA due to the

multiparticle-multihole nature of the RPA ground state.






CHAPTER III

O16

3.1 General Discussion

From looking at the energy spectrum of O16

(Fig.

2,3) the most immediate observations that can be made

are the following:

A. The Sussex interaction produces levels

which are less bound then those levels which
result from the K-K interaction. This can best
be explained by looking at Fig. 1 where the
average centroid shifts are illustrated. For
the K-K interaction there is a shift downward
of approximately .6 MeV for the T=0 levels
while the T=1 levels are shifted upwards
approximately 2.3 MeV. For the case of the
Sussex interaction there is virtually no down-.
ward shift of the T=0 leveis while the T=1
levels are shifted upwards about 2.3 MeV.
The net result is that not only are the Sussex
interaction T=0 levels less bound then the T=0

levels from the K-K interaction but also the

10
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T=0, T=1 separation is less with a Sussex
interaction then with a K-K interaction.

For a given interaction and shift configuration
the major effect of the RPA compared with the
TDA is to lower the energy of the lowest 3~,
T=0 state by approximately 1.5 to 3 MeV.

The effect of the RPA on the next highest
level namely the lowest 17, T=0 level is con-
siderably smaller and is only about .5 MevV.

On the other states the effect of the RPA

is even less. It is known (B169) (Sc71a) that
screening contributions should be added to the
interaction in the RPA; this is simulated by

a calculation where the strength of the K-K
interaction has been reduced to 65% of full
strength (Sc7la). The agh term of the monopole
shift was.also reduced by the same amount. The
main effect of this reduction of the strength
is to decrease the binding of the lowest 37,
T=0 state. All the other states were much less
sensitive to ﬁhe strength of the interaction.
The main effect of the monopole shift for a
given configuration is to separate the T=0

and T=1 levels by shifting them both downwards,

(Fig. 1,2,3) but while the T=1 levels are shifted
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downward by about .8 MeV the T=0 1é§eis are
shifted downwards by approximately 3.4 MeV.
This tends to increase the isotopic purity of
the vectors. Since the contribution of the T=1
component to a B(MJ) is approximately 25 times
larger than the T=0 component one would expect
the change in isospin mixture to affect the
magnetié transitions which come from primarily
T=0 states. Similarly since B(El)=0 for a

T=0 state, due to the center of mass correction
to the effective charge, one would also expect
the monopole shift to affect the B(El)'s, for
the T=0 states. The final placement of both
the T=0 and T=1 levels for both interactions is
approximately the same.

The low lying positive parity states of O16 cannot
be described as simple lp-lh states. Brown and Green
(Br§6) have calculated these states using a 2p~-2h and

.4p—4h deformed basis created by exciting particles out of
the core. The present calculations are therefore confined
to the negative parity states.

For the O16

calculations the oscillator enerqgy,
-flw=13.3 MeV was chosen from electron scattering and corresponds
to an oscillator length, b=1.77 fm. The Sussex matrix elements

werevlinearly interpolafed from the tables for b=1.7 and b=1.8.
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Previous calculations using the RPA with O16 have
been done by V. Gillet and N. Vinh Mau (Gr64). They used
a fitted interaction with 4 parameters with a gaussian
radial dependence along with harmonic oscillator wave
functions. A least squares fitting of the interaction
was done within the framework of the RPA. Their results
are gquite similar to the present ones.

In the present calculations the single particle
energies used were obtained from the heighboring nuclei,
015, NlS, Fl7, O17 and the particle-hole gap was derived
from binding energies obtained from mass tables (Wa65) .

These can be seen in Table 3.1.

The single particle energies given are with

respect to the well edge of 016. This was done by evaluat-
ing
eP = oo nlS o J15.106
P1/2
el = ol®.ol5 - 15 668
P1/2
eg = Fl7—016—p = -0.601
5/2
el =00y o 4,143
5/2 ’

The single particle energies are then
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TABLE 3.1.--0 Single Particle Energies.

0 0 0 0 0 0
$1/2 P3/2 P1/2 ds5 /2 S1/2 d3/2

P -42.126 -18.454 -12.126 ~0.601 -0.101 4.500
N -45.668 -21.828 -15.668 -4.143 -3.272 0.937

These energies compare quite closely to those used
by Gillet (Gie4) .

It might be useful for the reader while reading
this section to refer to Table 3.5 a£ the end of this
section which briefly summarizes the findings for a number
of the levels discussed in this section. Table 3.5 is
organized in a manner such that the lower levels are
separated from the higher lying levels and the latter
are organized into complexes as found experimentally.

16

For a complete summary of the O calculation the

reader is refered to Appendix D.1l, and Appendix E.l.

3.2 Discussion of States in O16

Al , T=0 state is seen at 7.12 MeV with reported
B(E1)'s of 1.24x10 %e?£? and 1.64x10 %e2£2 (aj71). a
spectroscopic factor of .41 is observed (Bo69) from the
reaction 15N(3He,d)160 for this level which indicates a

fair amount of 1lp-1h structure. From the 15N(d,n)lGO
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reaction an 2=0 transfer was seen (Fu67, Mu70), this would
indicate that a large component of the 1, T=O state is
lsl/z—OpI}z. Without using the monopole shift the cal-
culated energy of this state is about 3.5 MeV too
high irrespective of the interaction used. Using the
monopole shift the energy is brought to within 0.5 MeVv
of the observed level. For the K-K interaction in the TDA
with the shift the calculated energy is 7.42 MeV and the
Sussex interaction gives an energy of 6.69 MeV. The
transition rates, B(El)'s for the various cases calculated
are all approximately 2x10_4 e2f2 (Appendix D.1).
Theoretically the only contribution to a B(El)
from a 1, T=0 comes from the isospin mixed T=1 component
of the vector. This is because the T=0 component of the
vector has an effective charge e'=e(l—2§) arising from
the center of mass motion of the nucleus. The T=1 admixture
arises from the difference in the neutron and proton single
particle energies. The major component of this 1  vector
is in fact a T=0, lsl/Z_OPI}Z excitation with an amplitude
about .85. There is however a significant amount of mixing
among the T=0 components. For the K-K interaction in the

TDA with shift the amplitudes are
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TABLE 3.2.--01°, lSt,l—,T=0 vector components.

-1 ' -1 | _
0d5,270p3,, 1s1/270pr3/ 0d3,2=0P] /5

-.308 .334 -.231

The results from the Sussex interaction are similar
to those of the K-K except the level energies are slightly
lower. The major component of the lowest 17, T=0 state
is lsl/z-—OpI}2 with zero point energy 6.33 MeV so the K-K
interaction pushes the level further away from the zero
point energy than does the Sussex. This behavior is expected
since the K-K interaction is stronger than the Sussex.

The monopole shift decreases the transition rate by increas-
ing the T=0, T=1 splitting, i.e. for the K-K interaction

without the monopole shift B(El) = 3.5x10‘4e2f2, with the

shift B(El) = 1.lx10-4e2f2. The monopole shift thus is
essential for the energy and improves the transition rate
for this lowest 17, T=0 state.

| The 1—, T=0 state seen at 9.60 MeV has a small
spéctroscopic factor of .017 for the le(d,n)o16 reaction
and is probably a multiparticle-multihole state. It would

not then be described within the framework of thisg calcu-

lation.
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The next reported 17, T=0 state (A371) is at 12.44
MeV with a spectroscopic factor of .75 (Bo69) and a mixed 'g!I
transfer of 0,2 (Fu67, Mu70) is seen in the le(d,n)o16
reaction. This implies that the proton is either an
81/2 or d3/2 coupled to a pl/2 hole or if correlations
exist in the core (and these are needed to explain the
6.05 MeVv O+ state) then the proton can be a d5/2 coupled to
a p3/2 hole.‘ Using TDA and the K-K interaction one must
again use the monopole shift in order to obtain decent
results. Without the shift the energy of the state is at
16.77 MeV and with the shift the energy of the state
decreases to 13.60 MevV. The RPA results with_either the
K-K or Sussex interaction are essentially identical for
this level and for.all ﬁhe other levels. Unless the RPA
is specifically discussed it can be assumed that it yields
the same results for é given interaction and shift con-
figuration. The majof configuration for this 17, T=0 level

. _a-l . ; . . to
is lsl/2 0p3/2 which is consistant with the '&' transfer.

The monopole shift increases the B(El) from l.7x10_4e2f2
to 4.5x10-3e2f2, the experimental values (Aj71) cited are
-3 2.2 -3 2.2

3.5x10 “e“f“ and 6.5x10 e"f” so the monopole shift again

seems to improve the transition rate. The increase in the

-1
172’

T=1 part of the vector. With the addition of the monopole

transition rate arises from the change in the 1s1/2-0p
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shift this component increases from .051 to .350.~
What has happened is that with the addition of the shift
the 1 T=0 at 16.77 MeV is moved down to 13.60 MeV where
it is mixed somewhat strongly with the 13.17 MeV T=1 state.
The Sussex interaction starts off with this 1~ T=0 state
higher (18.87 MeV) so after the shift has been added in,
the sﬁate only comes down to 15.03 MeV which is not as
close to the 17, T=1 at 13.2 MeV as with the K-K interac-
tion. The B(El) after the shift is therefore smaller
(4.7x10"%e?£2) than with the K-K interaction.

A 27, T=0 at 8.87 MeV is observed along with a
0, T=0 at 10.95. The '&' transfer and spectroscopic factors
from the le(He3,d)O16 reaction (Bo69) indicate that these
levels have a large lp-lh component. The '%' transfer
and spectroscopic factor for the 2— state are =2, S=,87
while for the 0  state they are 2=0, S=1.77. The major
component would seem to be for the 2, OdS/Z-OPE}Z since
it is lower in energy then the 0d3/2-p1}2 and for the 0~
it would be the 131/2—0p1}2. The K-K interaction without
the shift has E(27)=12.25 and E(0 )=12.93, with the shift
E(27)=8.87 and E(07)=9.78. The major component for the
2" is in fact OdS/z—Op;}z. Again the monopole shift brings
the energy into much better agreement with experiment.
The experimental_B(M2)=5.44x10_3e2f4 for the 2~ state. The

calculated B(M2)'s are too large without the shift,
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4.2x10 2e2£4

2.2x10" %%, The change in the B(M2) is however in the

and also too large with the shift,

right direction. The reason for the decrease in the
B(M2) with the shift is that the shift reduces the mixing

_ 1 .

of the 0d5/2—0p1/2, T=1 amplitude of the state from .144

to .041. This mixture arises from the lst 27, T=1 level

near 13 MeV. When the T=1 component is completely

eliminated the B(M2)=l.4xlo_2e2f4.

Most of the contribution to the B(M2) is from the
T=1 componant as it is in general for a B(MJ). For T=0 states
the magnetic moment contribution to the transition matrix
element is up+uu = .88 while for T=1 states the contribution
is up—un=4.7l. The ratio of the 2 parts of the B(MJ) are
approximately

BMJ (1) /BMJ (0) = (4.71)2/(.88) %=28.6

The Sussex interaction reverses the ordering of the
27,0 states placing them at E(27)=12.12 MeV and E(0 )=10.66
MeV without the shift while with the shift they are at
E(27)=7.96 MeV and E(07)=10.38 MeV. The B(M2)'s are
weaker as expected. The reason for the reversal is that
while the 0 , T=0 diagonal matrix elements for the K-K
' interaction are repglsive, they become attractive for the
Sussex interaction. The K-K interaction is restricted to
-S-waves only. The major component of the 0, T=0 state
is (lsl/z—OpI}z)oo. With the Sussex interaction restricted
to s-waves only, the above matrix element is also repulsive
but the p and d wave contributions make the matrix element

attractive.
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TABLE 3.3.--Sussex Matrix Elements for (lsl/z-Opl/z) state

in 016.
s-wave contribution 1.18
s,p-wave contribution -0.70
s,p,d-wave contribution -1.17

A guartet of T=1l states (O_,l_,Z—,3—) is seen at
13 MeV. For both interactions without using the monopole
shift the quartet comes slightly high in energy. With
the monopole shift the energy of the quartet is lowered
slightly and is in better agreement with experiment. The
T=0,1 splitting is also improved. The T=1 quartet comes

from two different particle-hole configurations.

-1
1sy ,570py /)

- .- -1
0dg ,5-0p; /5

N
-
w

There is virtually no I-spin mixing in any of the
T=1 states éxcept for the 0  which has a significant

-1 _ . _ . . :
lsl/2 Opl/z,_T—O amplitude for the K-K interaction. The
shift decreases the I-spin mixing of T=0 component of
this amplitude for the K-K interaction from .4 to .1.

The li, T=1 member of the quartet is mainly

-1 . . S _
lsl/2 0p3/2 and has its admixture with the T=0 component

increased when the monopole shift is used. Without the
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shift the 1sl/2;0p;}2, T=0 amplitude is .08 and with the
shift the amplitude becomes .33. What happens is that the
17, T=1 level is mixing with a higher 1 T=0 level which has
been brought down by the shift to 13.60 MeV from 16.77 MeV.
(Experimentally the level is seeh at 12.44 MeV). The

B(El) for the 1, T=1 has been measured (Aj71) as bbth

.021e2f2 and .Ol3e2f2. The calculated valﬁe of the B(EL)

from the K-K interaction is .032e2f2 without the shift

and with the shift B(El)=.027e2f2 so the T=0 admixture

is necessary to decrease the B(El) and move it towards the
experimental value. This can be checked by turning off
the Coulomb mixing so the state becomes pure T=1 and

then the B(El)=.032e2f2. The single configuration has a

2.2 -1 =
f” so the 0d5/2 0p3/2 T=1 component of the

B(El)=.083e
vector is contributing incoherently.

The 2, T=1 part of the quartet at 12.97 MeV has
reported B(M2)'s of .24e£2 and .26e%f% (aj71). The
calculated B(M2)'s for the K-K interaction are too large

and the shift increases the value from .36 ezf4 to .38 e2f4:

this is reduced from the single particle value of 1.26 e2f4.
What appears to happen as the T=0 admixture of the state
decreases, the B(M2) increases. With the K-K interaction

and the RPA with no shift the B(M2)=.30 e3f% which is slightly
less then the TDA value} the reason being that the X and Y
amplitudes for the major component, 0d5/2—0p;}2 subtract

and the B(M2) is sensitive to the T=1 components. The
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B(M2) for the Sussex interaction is larger, approxiﬁately
.5-.6e2f4 as the interferring Ods/z-OpE}Z, T=1 component has
been reduced by 50%.

Bernstein (Be7l1) reports seeing two strong |
isospin admixed levels at 17.63 MeV and 18.10 MeV. Calcula-
tions for the K-K interaction without the shift yield a
17, T=0 state at 17.99 MeV which is very strongly admixed
with a 17, T=1 level at 18.18 MeV. With the use of the
monopole shift both levels become isotopically pure, the
17, T=0 at 17.99 MeV goes to 15.13 MeV while the 18.18 MeV
state becomes an almost pure T=1 state at 17.16 MevV. The
net result is that no strongly admixed isospin states are
predicted near 18 MeV.

In nuclei with T=0 ground states the T=1 states
can be preferentially ekcited by e,e' at large scattering
angles and high momentum transfer. The Ol_s(e,e')ol6
experiment has been performed (8169) and a number of T=1
complexes have been seen. The complex around 13.5 MeV has
already been discussed. Another complex is seen at 17 MeV.

An unresolved T=1 doublet is seen at 17.20 MeV
(St70), one component of which is a 1~ . Another level
which has been given a tentative assignment as a 2 is
seen at 17.60 MeV. Calculation yields for the KK-TDA with
the monopole shift a 1 , T=l at 17.16 MeV and a 2 , T=1

at 17.03 MeV. Without using the shift the energies are
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17(19.18), 27(17.99), about one MeV too high. The Sussex
interaction yields energies for these two states which are
too high, even with the monopole shift, namely 1™ (17.84),
27 (16.88).

I. Sick; et al. (Si69) used a Serber-Yukawa
interaction to calculate the T=1 complexes and obtained‘
energies almost 1.5 MeV too high. The experimental B(El)
for the 17.20 Mev 17, 7=1 level is .012% e%:2. mhe calculated
value from the KK-TDA with monopole shift is .023 e2f2. The
major component of the vector is 0d3/2—0p1}2 (amp. 96) which
by itself would give a B(El)=.41 e2f2, i.e. 20 times larger,
The‘B(El) is reduced because the state has sizable components
which add incoherently to the main component,

For the 2, T=1 state corresponding to the state at
17.03 MeV the experimental B(M2)=,051 e2f4. The B(M2)=.054 ezf4
for the KK-TDA with the monopole shift is approximately
twice the single configuration value of .02 e2f4. The T=0
part of the B(M2) is adding coherently, since for a pure

T=1 vector the B(M2) = .048 e2f4.

Other T=1 states with KK-TDA and monopole shift fall
into three groups, 18 MeV, 20 MeV and 22 MeV-26 MeV. The
18 MeV complex contains 3 levels, a 27 (18.64), a 47 (18.77)
and a 3 (17.89). Stroetzel (St70) reports seeing a 2~ at
18.5 MeV via (e,e') but he does not report any parity or decay
assignments. The calculated B(M%) = ,086 e2f4 for the state

compared with the single configuration B(M2) = .61 e’f .
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-0 -1
1/2"°P3/2

(~.696) of the state have opposite signs for the amplitudes

. | -1 o
The two major components 0d5/2-0p3/2 (.662) and 1

and they contribute incoherently to the transition rate.
The strength which is lost goes into the 27, T=1 (20.13)
where the 2 majbr amplitudes have the same sign.

Nobody has reported seeing a 3~ , T=1 state near
18 MeV or a 4, T=1 state around 18.5 MeV. The 4~, T=1
state has the largest transition strength in that neighbor—
hood, B(M4) = 830 e2f8 with the monopole shift. There is
however a tentative assignment of a (17,57) to a state at

12 12

18.6 Mev, obtained from C (a,0")C (Cab4d).

The 2 (20.13) T=1 (Si69) carries most of the 27,
T=1 transition strength, B(M2) = 2.24 ezf4 which is twice
the single configuration value and 1.5-2 orders of magnitude
greater than any of the other B(M2)'s. 1In this case it is
interesting to note that the KK-RPA value is smaller,
B(M2) = 1.99 e2f4, because the X and Y components of the
wavefunction subtract in calculating the transition rate.
»This is the magnetic quadrupole state seen at 20.32 MeV
by (e,e') with an experimental B(M2) = 1.04 e2f4. The
state is quite collective as seen by looking at the
amplitudes (Appendix E.l). Without the monopole shift
the calculated energy 27, T=1 is 20.94 MeV about .5 MeVv

too high.
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The 1 state from the 20 Mev complex caiculated
from the KK-TDA with the monopole shift is at 19.55 Mev.

A 17 state is seen at 19.5 MeV with a B(El) = 5.2x10—3 e2f2.
The shift in this case brings the energy down from 20.21 MeV
to 19.55 MeV but also decreases the B(El) from l.5x10“2 e2f2
to 8.3xlO“3 e2f2, 80 the B(El) agrees much better with
experiment,

The 22-26 MeV complex contain a number of 1~ states,
they are seen at 22.80 Mev and 22.5 Mev (Aj7l). The KK-TDA
with shift yields states at 22.62 MeV, B(El) = 1.12 e2f2,
which is probably the giant dipole State, and a state
at 25.46 Mev, B(El) = .31 e2f2 whose transition strength
is about 1/3 the giant dipole strength. The 22.26 MeV
does not have a B(El) reported, however from (Da65) theb
photo nuclear cross section has a large peak between 22
and 22.5 MeV. At about 24.5 MeV the photo nuclear cross
section shows another peak about 1/2 the height of the
22.2 Mev peek. This would pProbably correspond to the 25.46 Mev
calculated level.

A 27, T=1 state at 23.7 MeV has been tentatively
identified. This could correspond to the state at 23.14
calculated with the K-K interaction using the'monopole
shift. The calculation also yields the foilowing other
T=1 states a 3~ (24.19, B(E3) = 45 e2f6), and a 0  (26.25).
None of these states has of yet been identified, however

there are lots of unidentified states. in the region.
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3.3 3 States in O

l6

The first negative parity state in 0~° is a 3~ T=¢

observed at 6.13 MeV with reported B(E3)'s to the ground
state of 188, 214, 209 e2f6 (Aj71). Calculation with the
bare K-K interaction yields an energy for the state of

8.46 MeV and a B(E3) of 71.3 e2f6. The monopole shift
while decreasing the energy of the state to 5.08 MeV has
very little effect on the B(E3), decreasing it to 69.7 e2f6.
The state vector for the bare K-K interaction without the
shift is mainly OdS/Z—OPE}Z’ T=0 (amp. = .92) but contains
other significant T=0 components, 0d5/2—0p;}2 (amp. = .30)
and 0d3/2-0p;}2 (amp. = -.26). The largest T=1 component

is the Od5/2—0p1}2 (amp. = .028) which arises from Coulomb
mixing. Including the monopole shift in the calculation
decrease the T=0, 1 mixing, because of the increased
separation of T=0 and T=1 levels. The 0d5/2-0p1}2, T=1
amplitude then becomes .019. Since the B(E3) has been
decreased slightly, the T=1 part of the vector seems to
contribute constructively to the transition rate. To
verify this a further calculation was done with the K-K
interaction with the Coulomb mixing turned off such that there
could be no T=0, 1‘mixing. Anothér slight decrease was

2f6. The results

then observed in the B(E3) down to 67.9 e
obtained with the bare Sussex interaction are similar

to those with the K-K, Since it is a weaker interaction
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then the K-K interaction, the energy of the lowest 37, T=¢
state of the Sussex interaction (9.59 MeV) is displaced

less from the centroid eénergy at 11.5 MeV and is therefore
found higher in energy than the 3~ , T=0 (8.46 MeV) calculated
from the K-K interaction.

The B(E3) is also slightly larger, 72.8 e2f6 and is
accompanied by a slightly larger admixture of the T=1
component of the vector, OdS/Z—OpI}2 (.036). The relative
strengths of the weaker T=0 components have switched as
compared to the K-K interaction, 0d5/2-0p;}2 (amp. = ,26)
and Od3/2—0p;}2 (amp. = -,31). Adding the monopole shift
to the Sussex interaction lowers the energy of the 37, T=0
state to 5.34 MeV and the B(E3) is decreased to 69.5 e2f6.

As before with the K-K interaction the T=1 part of the vector
has decreased. The net effect of the shift for both inter-
actions is to bring the 3~ level into better agreement with
experiment. However, the effect of the shift on the transi-
tion rate is negligible. Looking at other 37, T=0 levels

in the TDA one observes that all the transition strength

is in the lowest 37, T=0 state. The ratios of the transition

strength to the single particle transition strengths for

the 37, T=0 states are
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One expects the RPA to have a large effect on the lowest 3~
T=0 state. For the K-K interaction the energy of the state
is lowered to 7.05 MeV (8.46 for TDA) and the B(E3) = 147 o256,
The large increase in the B(E3) is due to the large Y
components of the vector which add coherently to the X
components. It should be pointed out that since normaliza-
tion requires X2 - Y2 = 1, large Y's imply large X's.
Results with the Sussex interaction are similar except

that the 37, T=0 is at 8.80 MeV and the B(E3) = 117 e2fS.
The RPA moves both the transitions and the energies in the
correct direction. In the case of the K-K interaction

the RPA already over binds the lowest 37, T=0 state without
increasing the B(E3) enough. Similiar effects are observed

40

for ca’". This point will be discussed further in the

next section. Using the monopole shift in RPA, the 3~ T=0
is extremely over bound for both‘interaqtions, the K-K

interaction places it at 2.12 MeV while the Sussex inter-
action places it 3.86 MeV. This is accompanied by a large

increase in the transition rate, 367 ezf6

180 2£®

for the K-K and
for the Sussex interaction. The large increase

for the K?K interaction is due to the large diagonal matrix
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elements in the B matrix, approximately 2 MeV cdupled with
the large reduction of the diagonal eiements in the A—matrix,
approximately 3 MeV. This resuits in producing Yy components
in the vector of the order of .6 which invturn leads to

large X components of the order of 1. Since the Sussex
interaction is weaker the results are similar but smaller.
Second order diagrams, such as core polarization have not
been usedband since the major effect of these diagrams is

to screen the interaction, one should not be surprised at the
over binding. To simulate the screening the overall strengths
of the interaction were reduced to 65% along with the potential
contribution, agh’ to the monopole shift. This reduced the
binding of the 37, T=0 to 5.68 MeV and decreased the B(E3)

to 104 e2£6, Aside from charging the position of the 3~

14
T=0 state the interaction reduction decreased the 17, T=0

and 2°, T=0 splitting_such that it was too small (Table 3.4).

TABLE 3.4.--17, 27 7=¢ Splitting.,

K-K-TDA K-K-TDA KK(65) -RPA
exp. _ MS MS MS
2- 8.87 . 8.87 8.82 8.48
1 7.12 7.42 - 7.11 7.98

dif 1.75 1.45 - 1.71 © .51
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Within the RPA it is found that in ordéf £o
reproduce correctly the energy of the 3, T=0 state the
transition rate becomes too small and in order to obtain
the correct transition rate for the state the energy
becomes too small. Similar problems have been found in
ca®® (B169). |

The 37, T=0 state is extremely sensitive to the
shift and it is perhaps not a good idea to use this state
as a criteria for the validity of the monopole shift.

Another approach to the O16 problem that avoids
the use of the monopole shift is to use a C12 core and

consider 4-particle exc¢citations where the single particle

levels are obtained from C13. Such a calculation was done

by Zuker, et al. (Zu68). The particle levels outside the

12 f .
C core were limited to 0p1/2’ 0d5/2' 151/2' With such a

model space the positive parity levels can also easily be
calculated. For the low-lying states (i.e. up to 8 MeV)

Zuker éE_El‘ obtained very good agreement with experiment
‘and quite reasonable agreement with experiment up through

the low-lying T=1 quartet. The binding energies of 015,

ol7 also came out quite well.

In summary the present calculation with "realistic"
interactions and a monopole shift gives results for the

016

p-h spectrum which are quite comparable to calculations
like that of Gillet where the force is treated as a para-

meter. There is a correspondingly good identification with
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many of the experimentally observed states. Théré are

some significant differences from previous calculations,A
particularly in the estimates of isospin mixing, which is
in general less in the present calculation and more in
agreement with experiment as measured by transition rates.
The position of the giant electric dipole (22-25 MeV) and
magnetic quadrupole (~20 MeV) excitations is given quite
well, i.e. from Table 3.6 E(1™,T=1) = 22.93 MeV and
E(27,T=1) = 19.79 MeV but their strength is overestimated
by 50-100%, a feature common to all p-h excitation calcula-

tions.
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TABLE 3.6.4--016 Centroid Energies, Energy Dispersions and Sum
Rules for Representative Configurations of the K-K Interaction
with the Monopole Shift (For Formulas See Appendix A).

17,1=1 27,1=1 37T=0 37T=0 3=l 4-To1 2¥p=g  otpe;

«65RPA

E 22.93 19.79 8.29 9.03 19.95 18.77 35,34 45,52
AE 1.92 2.95 4,99 4.87 4.73 0.0 3.58 2.50
S 34 69 840 1431 1765 15581 118 112

Observed 1~ , T=1
'E = 23.5

S~15
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FIGURE l.—--O16 Monopole Shifts.
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CHAPTER 1V

Ca40

40

4.1, Ca General Discussion

A number of studies have been made of Ca4o. Gillet
and Sanderson (Ge67) calculated the odd parity spectrum of
Ca40 within the framework of a lp-1h model. They used a
parameterized interaction fitted to the lowest 37, T=0 and
5, T=0 levels. Correlations in the ground state were taken
into account through the RPA which yielded_a ground state
wavefunction whose 0p-0h amplitude was only .6 or about
36% pure shell model. They also found the lowest 37, T=0
state to be extremely sensitive to the interaction. Thisg
sensitivity for the lowest 3~ state has also been observed

in 016' Ca48, Sr88 208

and Pb « Gillet also reportéd strong
T=0, 1 admixtures for the higher octopole states. This
admixture is contrary to results found by Erskine (Er66) in
the K39(He3,d)Ca40 reaction. 1In this reaction Erskine
identified the major components of the configurations

(0£5 /5-0837 ) pe (0£, /p=0d37,) py and (1p3/5-0a375) g
through a DWBA analysis of the 'g! transfer. T. Kuo (Ku7l)

recently did a Ca40(p,p')Ca40 experiment and confirmed

some of Erskine's tentative level assignments and in

41
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addition deduced a number of transition rates. ‘Béth

the (He3,d) and (p,p') reactions excite both T=0 and

T=1 states in Ca40; In order to locate the T=1 states

by themselves one could use a charge transfer reaction

3 40 to excite the T=1 states of Sc40. This

Ca40(He ,t)Sc
experiment does not seem to have been done.
_ _aa—1l .
The T=1 states from the (0f7/2 0d3/2) multiplet
in Ca40 are the isobaric analog of the Sc40 states. The
energy of the analog states can be obtained from the

average Coulomb shift. The energy differences Sc40--Ca40

and K40-Ca40 are mainly due to the difference in the
Coulomb energies of the nuclei. A slightly more accurate
description would also include the proton-neutron mass
difference. The average Coulomb shift is
(Sc40—Ca40)+(K4O—Ca40)

Vc = > = 7.8

The first T=1 state seen in Ca40 is the 4 at 7.69

MeV which is the analog of the 4  ground state of K40 or

.Sc40.‘

4.2, Discussion of States in Ca40

In order to simplify the discussion, each of the
previous three multiplets will be discussed separately.
The reader is urged to make use of Table 4.3 found at the

end of this section which is organized by multiplet. A
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complete summary of the calculation will be found in

 Appendices D.2 and E.2.
There exists a large number of low-lying states

of both parities in Ca40

which can not be explained from

a simple lp-lh shell model calculation. The low=-lying
positive parity states have been explained microscopically
aé multiparticle-multihole states calculated on a deformed
basis. Gerace and Green (Ge67) constructed these deformed
states from 2p-2h states and 4p-4h states where they placed
the 4p-4h states below the 2p-2h states. They found the

0+ vectors to be

|o* (0.00)>

il

-90|0p-0h>+.41| 2p-2h>+.11| 4p-4h>

|0¥,(3.55)> +20|0p-0h>~,18| 2p-2h>-.96 | 4p-4h>

I

i.e. the ground state is mainly Op-0Oh but contains 16%
2p-2h while the second ot is mainly 4p-4h.

Four 3~ states are observed between the ground state
and the first T=1 state at 7.69 MeV, three of these 3~
states are below 7 MeV. The low-1lying 1lp-1lh configurations
are (0, ,,-0d37,), (1p3,,-043,) , (0£7,,=1s77,), the latter
two being almost degenerate, all of which have their
centroid energies above 7 MevV. Using realistic interactions
and the particle-hole gap of 7.2 MeV obtained from the mass
table it is difficult to position more than one of the 3~
states arising from those configurations below 7 MeV. The

monopole shift however places two levels below 7 MeV. Gerace
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and Green (Geé68) described the negative parity ét;;es By
coupling shell model-states on to the deformed states or
‘microscopically as mixtures of lp-lh states and 3p-3h
states. They also used a different value of the particle-
hole gap by calculating it with shell model state energies
and found it to be 5.4 MeV.

In the present calculation the particle-hole gap was
obtained from the mass tables and the single particle levels
used were chosen from neighboring nuclei.

Coulomb mixing was accomplished as in O16 by mixing
the T=0,1 states through the off diagonal matrix elements
l/2(eg—eﬁ+€;—eﬁ) and the proton particle hole gap was reduced
by .3 MeV to simulate the Coulomb shift of the single

excited proton.

-1 \
4.2.1, (0f7/2—0d3/2) Multiplet

Erskine (Er66) observed 2=3 transfers in the

k3% (He3,d)cat®

reaction to states at 3.72 MeV, 4.49 Mev,
5.61 MeV, a mixed 2=1,3 transfer to the state at 6.03 MeV
and a %=1 transfer to the state at 6.75 MeV. Upon the basis
of the 2=3 transfer Erskine identified the first four levels
as belonging to the (0f7/2-0d;}2)T=0 multiplet. His
identifications were 37 (3.72), 5 (4.49), 47 (5.61), 27 (6.03).
T. Kuo (Ku7l) agreed with Erskines first three '%'
transfers. However he could not assign an '2' transfer to

the state at 6.03 MeV but assigned an %=3 transfer to a state

at 6.75 MeV.
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Experimentally both the 6.03 MeV (2_1)Aéng‘the
6.75 MeV (2_2) states have been identified as 2 T=0 states,
but the two experiments quoted disagree as to which is the
state to be assigned to the configuration. The present
calculation with the K-K interaction and without the
monopole shift places the energy of the (0f7/2-0d;}2)T=0
multiplet too high, i.e. 3 (5.6), 5 (5.83), 4 (7.15),
27 (8.10). With the monopole shift the states are at
37(4.34), 5 (4.48), 47(5.91), 27 (6.81). The monopole shift
is needed in order to bring the 5 and 4~ states into good
agreement with experiment. The results with the Sussex
interaction using the monopole shift for the 5 (6.35) and
4~ (7.11) are also in good agreement with experiment. However,
the K-K interaction with the monopole shift places the 2~

at 6.80 MeV which is in better agreement with the 2 ., then

2
the 2—1, on the other hand the Sussex interaction with the
shift places the 2~ at 6.23 MeV which is in better agreement
with the 27, than the 27,.

Gerace and Green have calculated that the 5, and 47
states are almost pure shell model while the 2_l level is
mostly deformed, being 67% 3p-3h. They found the 2—2 level
to be 29% 3p-3h. The major shell model componant was
»Of7/2-0d;}2. These admixtures of the 3p-3h states in the
2" véctors could explain the ambiguities between Erskine's

results and Kuo's results in the fz' transfers. Gerace's
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identification of the 2—2 being mostly shell model tends
to favor the K-K calculation with monopole shift over the
similar Sussex calculation.

For the 5 member of the multiplet the. experimental

B(E5)=2.43x105 ezflo, the K-K interaction without the shift
has B(E5)=1.75x105 e2f10 while with the monopole shift
B(E5)=l.69x105 ezflo, a slight decrease.

For the 4, T=0 level of the multlplet the values of
B(E4) for the K-K potential with and without the shift are
92 e2f8 and 35 e2f8 respectively. The decrease in the B(M4)
with the monopole shift is due to the decrease in the T=1
admixture. The Gillet vector for this state is very similar
to the K-K interaction vector when the monopole shift is
used, i.e. about 10% of the vector is T=1.

The screened RPA (65% K-K with the monopole shift)
places the 5 (4.80) and the 47 (5.84) states cloée to the
right values, the B(E5)=2.12x105 ezflo which is a slight
improvement over the TDA results while B(E4)=3le2f8.

The 37, T=0 state of the (0f7/2—0d;}2) muitiplet is
quite collective, its largest component, as expected is
(Qf7/2-0d5}2) but it represents less than 40% of the vector,
the (Of7/2-151}2) configuration contains about 18% while the
(lp3/2?0d;}2) and the(0f7/2-0dg}2) each contain about'lO%
of the vector. This structure for the vector along with a
negligible T=1 admixture is independent of whether or not

the monopole shift is used. The calculated B(E3)=869 ezf6
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for the KK-TDA no shift, this is an order of magnitude higher

than the single configuration value of 66 e2f6 and is a

factor of 3 smaller than the experimental value of 2410 e2f6.

266

The KK-RPA without the monopole shift gives a B(E3)=3 190 e
These results are quite similar to the results obtained by
J. Blomgvist and T. T. S. Kuo (Be69) with the bafe G-matrix.
The K-K interaction in the RPA with monopole shift
drives the 3 1level imaginary. The screened RPA has
B(E3)=1120 e?£b (6.62 MeV). A slightly smaller value for
the screening, say 70% of full strength for the matrix
elements might have given an almost perfect fit to the
energies of the 0f7/2—0d;}2 quartet. The problem of fitting
the 3~ energies and the B(E3)'s has been discussed by
J. Blomgvist (B169). They used various combinations of
second order graphs in the RPA to try and fit both the
energy of the 3~ state and the relative transition strengths.
Their best fit to the relative transition rates
resulted in the 3~ energy being too low, 1.33 MeV, while
their best fit to the energy (using a different combination
of graphs than ﬁith the relative transition rates) resulted
in all the 3~ strength being put into the lowest state
whereas experimentally the 3-2 has about .28 the strength

of the 3 1°
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TABLE 4.2.--Relative Strengths of the 37, T=0 States in catl,
Exp. - ' | Blomgvist K-K ‘ KK-Shift
37, 1.00 1.00 , 1.00 1.00
37, .28 .12 .03 .19
35 16 .15 .17 .06

The same problem exists in the bootstrap theory (Go70).
Attempts to find self consistant solutions of the equations

for Ca40

resulted in the phonon energy of the 3  state being
driven to zero if an attempt was made to stabilize the
transition rate near the experimental value. A first order
solution to the bootstrap equations confirmed Gerace and
Green's choice of 5.4 MeV for the particle-hole gap. 1If one
inputs a 5.4 MeV particle-hole gap in the Hartree-Fock levels
into the bootstrap equations then the first order solution
to the observed particle-hole splitting is 7.2 MeV in
agreement with the value obtained from the mass table.

The (0f7/2-0d;}2), T=1 levels were also identified by
Erskine through &=3 transfers in the K39(He3,d)Ca40 reaction.
found them at, 47(7.66), 37(7.70), 27(8.47) and 5 (8.55).
They were however mainly identified through their position
in relationship to.their_being analogs of the (0f7/2-0d;}2)
40 40

multiplet in Sc and K°°. The K-K interaction without the
shift places the levels slightly high, at 47(7.82), 37(7.75),

5 (8.43), 27(8.99) while with the monopole shift they are
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found slightly low, at 4 (7.15), 37(7.47), 5"(7157),
27(8.42). 1In both cases it should be noted that the
27, 5 splitting has been reversed by the K-K inter-
action. The results for the Sussex interaction are similar
except that the levels come a little lower and closer
together.
The monopole shift also provides the correct
separation between the T=0,1 parts of the multiplet.
Without the shift the two sets of levels intermix (Fig. 4).
R. Schaeffer (Sc7la) calculated the position of
the (0f7/2—0d;}2) T=1 configuration sfates in Ca40 from the

40 and Sc40 by taking into account

experimental levels of K
the Coulomb shifts. The results of this calculation agree
much better with the results obtained from the K-K inter-

action with the shift than they do with experiment.

-1
4.2.2. (lp3/2—0d3/2)T=0 and
(0f7/2-lsl/2)T=0 Multiplets

Erskine also observed a number of #=1 transfers
along with the %=3 transfers. The lowest lp-lh configuration
which would exhibit an %=1 transfer ih the K39(He3,d)Ca40
reaction is the (lp3/2—0d;}2). The a;lowed values of J for
this multiplet are J=0",17,2,3". The (lp3/2-0d;}2) is
almost degenerate with the (0f7/2—1s1}2) whose allowed J
values are J=3 ,4 . (Fig. 5). since the two configurations
are almost degenerate one should expect a lot of configuration

mixing for the 3~ states.
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The 17, T=0 state from the (lp3/2 3/2) multlplet
for the K-K interaction with the monopole shift is at
7.19 MeV (8.45 without the shift). There are two observed
17, T=0 states at 5.90 MeV (l_l) and at 6.94 Mev (1—2).
Gerace and Green find that the l_l is mostly deformed and
has a 3p-3h amplifude of .98. On the other hand they
assign the 1-2 to be practically pure shell mode (4%
deformed) with the major componant the (lp3/2 0d3/2) This
is in good agreement with the present calculation.

Nobody has yet reported seeing the 0~ level or the
27 level from this multiplet.

The 3~ state from the (lp3/2-0d;}2) multiplet mixes
quite strongly with the 3~ state from the (0f7/2—1si}2)
multiplet as expected. The K-K interaction with the monopole

shift predicts two 37, T=0 states with major components,
137,(6.56)>=.65|1 -0d37,>-.60]0f. , 1571 >
210 . P3/570d3 5>, 7/277%1/2

-1 -1
|3 “4(7. 75)>—-.51,lp3/2 3727+ 64|0f7/2—lsl/2>

the 3_3 state has a significant T=1 component from

. 1 _
(0f7/2—0d3/2), Gerace and Green calculate that the 3 5
state is about 50% deformed with major shell model con-

flguratlons of (lp3/2 0d3/2) and (Of.]/2 151/2) while the

3 3 is pure shell model with major configuration of
-1 . - _

-— . T=
(0f7/2 lsl/z). Experimentally there are two 3 ’ 0 states

near 3-2, at'6.28 MeV and 6.58 MeV. Erskine found 3 %=1
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- transfer to both the states. It doesn't seem fﬁéguone
can make a firm identification for the theoretical
37,(6.56) with either the 6.28 MeV or 6.58 MeV level, but
that the strength is split between both levels.

A third 37, T=0 level is seen at 7.53 MeV. Erskine
assigned it to the (lp3/2-0d;}2) multiplet on the basis of
an =1 transfer. Gerace and Green calculate a 3_, T=0
level at 8.05 MeV which is 36% deformed and whose major
shell model configuration is a (lp3/2-0d;}2). Part of
the 3'3(7{75) strength may be contained in this level.

There appears to be seen exerimentally much more
37 strength then can be accounted for in a lp-1h calculation.
Most of thé 37 levels in the 7 MeV region are probably
mixtures of 3p-3h states and the above two multiplets.

The effect of the monopole shift is to decrease the T=0,1
mixing for some of the levels but to increase the mixing

for other levels. This is due to the large size (18x18)

of the 3™ matrix (i.e. accidental degenerécies occur) .

The 4, T=0 state from the (0f7/2—lsi}2) multiplet is found
at 9.08 MeV with the K-K interaction and the monopole shift.
Thé effect of the monopole shift on the state is to remove  the
T=1 componants, greatly reducing the theoretical transition
rate. No 4_, T=0 state has yet been identified in that
region. There is however a 4 , T=0 level seen at 7.11 MeV.
Gerace and Green have calculated a total of three 4~ states,

4‘2(7.27) which is 83% deformed and 4'3(9.70) which is
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«ramaw

mainly (0f7/2—131}2). The state seen is probably the
deformed state and not the shell model state.

‘As in the case of O16 one notices that the Sussex
interaction is much more attractive for the 0_l level then
K-K interactiqg.

The giant dipole resonance is found through the
photo nuclear reactions {(vy,p), (y,n) and is centered about
19 MeV. The K-K interaction with the monopole shift predicts

it to be at 18.0 MeV and without the shift at 18.5 MeVv
(see Table 4.4).
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40 -1 .
FIGURE 4.--Ca (0f7/2 0d3/2) Multiplet.

A = exp.

B = KK

C = KK-MS

D = Sussex

E = Sussex-MS

.65 KK-RPA MS
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(lp3/2—0d;}2), (0f7/2‘181}2) Multiplets.
exp.
KK
KK-MS
Sussex
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.65 KK-RPA . MS
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CHAPTER V

Ca48

The reader is urged to make use of Table 5.3 at
the end of this section which briefly summarizes the
levels of Ca48. For a more complete summary of the Ca48
calculation the reader is referred to Appendices D.3 and
E.3. |

Ca48 differs from the previous two nuclei in that
N is greater than Z and that the isospin of the ground
state is no longer zero but T=4. The experimental levels
(Fig. 7) were obtained from various exXperiments (p,p')
(Pe65, Le67) and transition rates for the 2+(3.830)
B(E2)=45.7 e?£?, 37(4.50) B(E3)=1.05x10%e2£5 ang the
57(4.49) B(E5)=7.77x10° &2¢10 were obtained from C. Gruhn

(Gr72). The single particle levels used were obtained

from the neighboring nuclei.

TABLE 5.1.——Ca48 Single Particle Levels,

0d 1s od

5/2 1/2 372 %72 1py,, Of; P12 099,

P -18.73 -15.32 -14.95 -9.¢2 -5.20 -3.74 -2.75 .00

N -16.63 -13.64 -13.63 -9.94 -5.14 -1.18 =-3.12 -1.12

61
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The zero point energies of the T=0, 1 excitatiohs ;;e no
longer equal for N#Z nuclei due to the admixture of the
2p-2h configurations to the T=1 excitations which are
necessary in order to form states of good total T. Coulomb
mixing was obtained in the usual way by adding off diagonal
matrix elements between the T=0 and the T=1 matrix elements.
The proton particle-hole gap was also reduced by .3 MeV to
take into account the Coulomb shift. It should be emphasized
that despite the references to T=0 and T=1 excitations the
isospin of the states calculated is equal to the ground state
isospin of the nucleus, T0=4, i.e. only T=4 states are |
calculated.

From Fig. 6 one can see that the main effect of the

monopole shift is to move all the centroids down by roughly

48 €1
the same amount. For Ca ", = = 5/12.
In O16 and Ca40 the way to obtain low lying positive

'parity states was to use a deformed basis consiting of
multiparticie-multihole states. This is not necessary in
48 . ‘ -1 . . . -1
Ca since lowest nn configuration is (lp3/2—0f7/2

can yield a low lying 2% state. There is however a low

) which

lying ot at 4.28 MeV which can not be accounted for by lp-lh
shell model excitations. As in O16 or Ca40 this is probébly
a 2p-2h state on a deformed basis. Since this state has

been excited through (p,p') it implies that the ground state

contains multiparticle-multihole excitations which could

also'contaminate the 2+ state.
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The three low lying configurations in Ca48 have
as their zero point energies (energy before the switching

on of the interaction).

TABLE 5.2.--Zero Point Energies of the 3 Low Lying Multiplets

in ca48,
pp t (0f., ,.-0d-1.) 5.33 MeV
772793/, .
-1 - 21
PP (05, /,-1s77,) 5.70 MeV
-1 21
nn (lp7/2—0f7/2) 4.80 MeVv

Since the two pp“l configurations are less than
.4 MeV apart one expects a lot of mixing of the 3; and 4~
states originating from these configurations. This is in
fact the case and the lowest calculated 3~ stéte comes from
the higher of the two pp—1 configurations.

The lowest excited state in Ca48 is a 2% at 3.8 30 MeV

2.4 1

with a B(E2)=45.7 e“f®. The nn- (lp3/2—0f;}2) configuration

with the K-K interaction and no monopole shift places the

2t energy at 4.52 with a B(E2)=.34 e2f4 the same interaction
with the monopole shift lowers the 27 énergy to 3.88 Mev
however the B(E2)=.37. Energies calculated from the Sussex
interaction are slightly higher and the transition rates

are about one third.the éize. The large discrepancy between
theory and exXperiment for the B(E2) is due to the fact

that the vector is more than 990¢% nn—l which does not

contribute to a B(EJ). An effective charge of 1 would give
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a B(E2)=30 e2f4. More serious is what the othervméﬁbers

of the nn"l (lp3/2-0f;}2) multiplet have not been seen

in the region of 4-5 MeV with the possible exception of théb
4% state. Gruhn (Gr72) has reported a possible 4t at

4.62 MeV. Two other 47 states have been seen (Pe65) but

at a higher energies, 6.35 MeV and 6.65 MeV. The 3t and

5+ members of the multiplet have not been reported. The
Sussex interaction without the monopole shift places a gt
state with the above configuration at 4.91 MeV. The K-K
interaction places the level at 4.69 MeV without the shift
and at 4.06 MeV with the shift.

One notes that in Ca40 there is a possibility of a

0+,‘2+ and 4+ rotational band, where there is no such

candidate in Ca48 at present. Multishell calculations
predict large numbers of positive parity states (Mc70)
which do not form a rotational band. Again very few of
these states have been identified in the experimental
spectrum.

One should be able to account for low lying negative
parity states by mostly the (Of7/2—0dg}2) and (0f7/2—lsi}2)
proton configurations which are almost degenerate. The
lowest observed negative parity state is the 3 at 4.50 MeV

3e2f6. The calculated TDA

with an observed B(E3)=1.05x10
levels with or without the monopole shift using the K-K
interaction are too low. For the TDA with the Sussex inter-

action the 3~ level is almost correct with no monopole shift
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and is too»low with the monopole shift. All the TDA B(E3)'s
are the same, B(E3)=l.27xlb3ezf6 which is slightly higher
than the experimental value of 1.05x103e2f6. The RPA with
the K-K interaction and the monopole shift gives an -
imaginary 3~ state. Reducing the K-K interaction and
monopole shift to 65% still places the 3~ too low by about
.8 MeV but at the same time it doubles the transition rate,

3e2f6. As can be seen from Appendix D.3, most

B(E3)=2.16x10
of the 3~ transition strength is placed into 2 levels, the
lowest 3~ state which is mainly pp_l and the highest 3~
.state near 15 MeV which is mainly a T=1 excitation.

Due to the near degeneracy of the low pp_l configura-
tions the lowest 3~ (3.14 MeV) vector does not have as its
main componant the lowest energy particle—hole configuration,
(Of7/2—0d5}2) but instead its main componant (50%) is the
2nd lowest configuration (0f7/2-lsi}2). This lowest 3~ state

1

vector also has significant nn ©~ (14%) and T=0 (23%)

excitations.

Three other 3~ excitations have been observed below
8 MeV at 5.15 MeV, 5.37 MeV and at 7.65 MeV. The K-K inter-
action with the monopole shift predicts three such 3~ states
(Fig. 7) below 8 MeV at 4.79 MeVv (mainly pp_l), at 6.61 Mev

(significant pp-l, nn~%, T=0) and at 7.39 MeV (significant

pp_l, nn-l, T=0). All three states have B(E3)'s less than

the single configuration values.
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At the present thefe is insufficient information
(such as % transferj, on the experimental levels to be able
to match the theoretical states with the experimental states.
As in Ca40 there are probably deformed contributions to

the negétive parity states.

-1

—lsl/2 )

The other state namely the 4, from the (0f7/2
configuration has not been seen. This is predicted at
5.49 MeV with the K-K and no shift and at 4.62 with the K-K
and the monopole shift. There is however a possible
candidate at 5.26 MeV.

The 5 state seen at 5.723 MeV has a theoretical

B(E5)=2.9x10%e2¢10

which is approximately four times bigger
than the reported experimental value of 7.74x104e2f10. The
calculated 5 level even without the shift is too low. One
possiblé reason for the large calculated B(E5) is that the

wavefunction is most pp T

’ (0f7/2—0p;}2) if however the
level was slightly higher it would mix more with the nn-'l
excitation and the pp—l strength would then be weakened.
In summary there are not too many conclusions one _
can draw about Ca48. The predicted multiplets are not
observed experimentally. The theoretical results are very
,similar to those of Ripka who used a force fitted to the
37 and 5  states. The monopole shift has virtually no
effect on transition rateé or on the composition of state

vectors (Appendices D.3, E.3). While there is not too much

experimental evidence, there is a definite discrepancy between
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experiment and this and other simple theoretical calculations.
The discrepency is that experimentally a 2t level is the
lowest state with the 3~ state above it. The 3~ state is

also less collective then the 3~ state in Ca40

. The theory
predicts both the 3~ and 5 states too low in energy and
too collective, with the 3_vbelow the 2+. The 2+ state is
predicted to be too high and almost degenerate with the
4+, where experimentally the 2t and 4% are well separated,
the tentative assignment for the 4+ being accepted.

Though there is no experimental evidence it seems
unlikely that the dipole excitation liesat the predicted value
of 14 MeV, below that observed in the Strontium region

40

(16.5 MeV) and far below that observed in Ca (19 MeV).
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CHAPTER VI

Sr88

48

Sr88 is similar to Ca in that there is a neutron

excess. 1In this case both the 0g9/2 and 1p1/2 levels are
filled for neutrons and empty for protons. Several

experiments (Go70a) have been performed to study the levels

88

of Sr™". Proton lp-lh states incorpofating a lpl/2 proton

have been observed in the Y89(He3,d)Sr88 reaction and the

88

Ygg(t,a)Sr reaction. Neutron lp-lh states based on a

88

099/2 hole have been studied by the Sr87(d,p)Sr reaction.

The neutron 2p-2h and lp-lh components of the levels have

88 86

been studied by the Sr86(t,p)Sr reaction. Since the Sr

target is largely a mixture of the neutron components

(099/2)_2' (1P3/2)f2r etc. the t,p reaction populates

states which have neutron components (ld5/2)2(099/2)_2, etc.

The collective properties of some of the levels have been
investigated by inelastic scattering'of protons, deuterons,
alphas and electrons. The experimentally observed levels

along with the present calculation are in Fig. 8.

8

The results from the Y89(He3,d)Sr8 reaction and

8

the Y89(t,a)Sr8 reaction have shown that the low lying

73
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states are mostly proton-proton hole. The single particle
energies used were again obtained from neighboring nuclei.
The neutron particle-hole gap is seen to be 4.71 MeVv
while the proton particle-hole gap after deducting the
3 MeV due to the Coulomb shift is 3;22 MeV. This leads
one to expect, as has been confirmed experimentally, that
the low lying levels in Sr88 would have mainly proton-proton
hole components. The value of the oscillator parameter
used was Hw=9.0 MeV. |
The size parameter for the monopole shift el/A=.23.
As in the other closed shell nuclei a low lying 07 level is
Observed. Again there is no explanation for this state in
terms of lp-lh excitations and one must go to multipafticle-
multihole states for the explanation. These multiparticle-
multihole states can also contaminate the other positive
parity states.

88

The lowest observed state in Sr is the 2+ at

1.84 MeV with a B(E2)=199 e2f4. The calculated 2; is too

high in energy for the K-K interaction. In the TDA the
monopole shift ldwers the energy from 2.76 MeV to 2.26 MeV.
The transition rate changes very little, B(E2)=62 e2f4

and is about twice the single configuration value. The
RPA increases the transition rate to B(E2)=83'e2f4.

A calcﬁlation of Sr88 by T. A. Hughes (Hu69) using a two
proton hole basis (i.e. the core would be Zr90) places the
2; close to the‘right energy, with a B(E2)=66 e2f4. So

while the two holevbasis does slightly better for the
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energy of the state it does not improve the transition
rate. The cross section in the Sr86(t,p)Sr8.8 reaction
is much smaller for 2; then the cross section for the

higher lying 2t states which would indicate a very small

2p-2h neutron component to the state. From the

3

Y89(d,He )Sr88 reaction Kavalaske (Ka67) et al. concluded

that the (lpl/z—lpgiz) and (lpl/z—Ofg}Z)'proton configura-
tion made up 80% of the 2; state. The present calculatidn
shows that these two configurations form 83% of the state
when the monopole shift is used and 96% of the state
without the monopole shift. Most of the B(E2) strength
is predicted to be concentrated in the lowest 2+ state
(2.26 MeV) and in the highest 2+ state at 14.8 MeV.

The 2; is éeen experimentally at 3.22 MeV, the
K-K interaction with and without the shift yields
energies of 3.55 MeV and 3.04 MeV, so the monopole shift
" moves the 2; state down too far but still closer than
before. The B(E2)=1.0e%t® without the monopole shift

2:4

and .037 e“f” with the monopole shift. The experimental

B(E2) obtained from inelastic scattering (o,a') is

.08 e2f4. The present calculation with the mqgopole
shift indicates that the state is 90% pp_l. This 2;
state is also observed to have a small cross section

(Ra70) in Sr86(t,p)Sr88.
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The next calculated 2; with the K-K interaction
and the monopole shift is at 4.55 MeV and is 79% neutron-
neutron hole with the main component (ld5/2-0g;}2). The
higher 2% states between 4 MeV and 5 MeV all have significant
cross‘sections in the t,p reaction. Some of these states
are possibly deformed since a simple lp-lh shell model
calculation can't generate the number of states required.
The two proton hole calculations by Hughes yields one more
level but this is still about 6 or 7 levels short.

The K-K interaction with the monopole shift yields

+

+ _ -
levels l1 (3.39), 3l (3.56), 32

These levels seem to correspond to the experimental levels

(3.05), and 61 (4.32).

1(3.48), 3%(3.64), 37(3.99), 67(4.41). 1In addition there
is a 4+ doublet seen at 4.23 MeV and 4.30 MeV. The K-K
interaction with shift pﬁts the 41 at 4.07 MeV which could
be split by coupling to a deformed state.

The lp-lh shell model breaks down in other ways
besides not being able to deduce the correct number of
2% states. The lp~-1lh model predicts a low lying 5 state
at 3.36 MeV (K-K interaction with monopole shift) whose
major component is a (Ogg/z—lp;}Z) proton-proton hole.
This state as of now has not been seen. Since it should
be a proton configuration the state should be seen in a

Rb87(He3,d)Sr88

reaction. This state carries most of the
ES5 transition strength, its B(E5) is an order of magnitude

greater than the single configuration B(E5). The lp-lh
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model also predicts a 5;(4.00) and 7,(3.84) both of which
are mainly proton cénfiguration and are not seen. 1In the
1lp-1h model the 3~ state comes too low in energy. The

K-K interaction with monopole shift places it about .75 MeV
too low. The RPA ﬁakes it imaginary, by réducing the
strength of the K-K interaction to 65% of its strength

the RPA with the monopole shift places the state at 2.10 MeV.
The Sussex interaction without the monopole shift in the

TDA places the state at the correctvenergy but no real
meaning can be attributed to this. The 3 state carries

most of the 3~ transition rate B(E3) (exp)=8960e2f6.

B(E3) (K-K)=4850e2£® and B(E3)=12500e%t% for the 65% k-K
interaction in the RPA;

In summary the calculations do predict a collective 3~
and a fairly collective 2t state corresponding roughly
to éxperiment along with a set of positive parity levels
in the region 3.50 to 5.50 MeV. However there are many
extra positive parity.states observed which are not
accounted for by simple particle-hole calculations. The
theory also predicts a collective 5 state which is not

48 the 2t and 3~ states are inverted.

seen and as in Ca
The dipole'centroid is much too low at 12.3 MeV as compared

with 16.5 MeV experimentally.
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TABLE 6.3.--Sro5 Centroid Energies, Energy Dispersions and
Sum Rules for Representative T. Configurations of the K-K
Interaction with Monopole Shift (for Formulas See Appendix A).

1" 2" 3" 3™ 4~ 2t
. 65RPA
E 12.27 9.03 5.66 8.16 8.65 9,31
AE 1.22 2.41 4.12 3.44 2.51 5.38
s 122 272 5.4x10%  s5.8x10% 4.0x10° 1834
Observed 1~ (in zr>Y)
E = 16.5 MeV
S I 100 Mev f2
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CHAPTER VII

SUMMARY AND CONCLUSIONS

It is felt that the results of this work demon-
strate a number of things. First that the corrections
provided by the monopole term of the particle-hole inter-
action are inadequate. This inadequacy is reflected in
that the calculated centroid energies of the identified
multiplets are too high in energy and that for the two

16 and Ca40

N=2Z nuclei, O the T=0, 1 splitting is too
small.

The inclusion of the monépole shift in the
calculation significantly improves the position of the
centroids and of the T=0,1 splitting for the N=Z nuclei.
The improvement reflects the 1/A dependence of the
isovector part of the monopole term.

The relative T=0,l1 mixing of the vectors in O16
has also been improved. The B(El)'s which are particularly
sensitive to the T=1 component, since the T=0 component
does not contribute to the transition rate, are also

significantly improved, at times by an order of magnitude.

The B(M2)'s from all but the lowest 2~ state are within

84
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an order of magnitude of the experimental transition rate.
In addition both the giant dipole and guadrupole states
are correctly predicted in energy when the monopole

shift is used.

40 only the transition rates from the lowest

In Cé
37 and 5  levels are known. There is however a net improve-
ment of both the T=0,1 splitting and of the centroid
energies for the 1owest'multiplets. The giant dipole
state is however placed about 1 MeV too low by the monopole
shift. There is a good correspondence between the states
calculated with the monopole shift and the shell model
states from the deformed basis calculation of Gerace and
Green. It should be emphasized that this however is a
comparison between mathematical models.

Much less is known about structure of the two N#3

48 and Sr88

nuclei Ca . The only transitions rates reported
are the B(E3)'s from the lowesf 37 state. 1In both cases
the use of the monopole shift does little.to improve the
agreement between the observed and calculated levels. It
also has virtually no effect on either the}transitionvrates
or on the composition of the state vectors of these two

16 4

nuclei. O and Ca 0 have proved to be a much better

test of the monopole shift.
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The two interactions used, the Sussex and the K-K,
are with one exception similar in behavior. The exception
igs the 0 states in O16 and Ca40, where the K-K and the
Sussex matrix elements have opposite sign due to the large
attractive nature of the p and d wave contributions in the
Sussex matrix element. Other than this it is generally
observed that the Sussex interaction is weaker than the
K-K interaction and therefore the levels of a given
multiplet are closer to the centroid energy when using the
Sussex interaction.

The RPA and TDA yield almost identical results
except for the lowest 3 state with the same isospin as
that of the ground state. For this state the binding

16

increases such that the level is over bound for O and

Ca40 and driven imaginary for Ca48 and Sr88. If the

strength of the interaction is reduced by 35% to simulate
screening then there is fairly good agreement between the
experimental and calculated results when the monopole shift

is used for this lowest 3~ state.

48 88

For the N#Z nuclei, Ca and Sr ~, the theoretical

calculation inverts the order of the lowest states, the

+

2" and 3, and tends to overestimate in the RPA the

collectivity of the 3~ state. Also in sro8

a low lying
collective 5 state is predicted but up to now has not
been seen. The dipole centroid is also predicted much

too low, though the strength is approximately correct.
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Particle-hole calculations in lead, such as those of‘Gillet

and Sanderson give similar results. They predict a very

+

’

collective 3~ state below a weakly collective 2+, 4
etc. band of states. In lead this happens to agree with
the observed spectrum. The prediction for the dipole state,
however is 3-4 MeV too low. This points to a persistant
failure of the model for N#Z nuclei, which can not be
corrected by a simple monopole shift dependant on the
symmetry potentiai. Some systematic effects of‘neutron
excess are missing from the model. As has been noted

(Fi70) the TDA calculation systematically overestimates

sum rule strengths.

Only the electric dipole and guadrupole excitations
have a narrow enough width to show a "giant" multipole
excitation character. For other.excitations, remembering
that we have not looked at the monopole, the strength is
widely distributed, though in a different fashion for

different excitations.



REFERENCES

88



Aj71
Be7l

B169

Bo69

Br66

Ca64

El68

Ere6o
Fi70

Fu6?

Geb4
Geb67
Geé67
Ge68

Go70

Go70a

Gr72

REFERENCES

F. Ajzenberg-Selove, Nucl. Phys. Al66(1971)
E. M.'Bernstein, et al., Phys. Rev. C3(1971)422.

J. Blomgvist and T. T. S. Kuo, Phys. Lett. 29B
(1969)544.

Bohne, et al., Nucl. Phys. A128(1969)537.

G. E. Brown and A. M. Green, Nucl. Phys. 75(1966)
401.

Carter, Mitchell, Davis, Phys. Rev. 133(1964)B1421.
J. P. Elliot, A. D. Jackson, H. A. Mavromatis,

E. A. Sanderson and B. Singh, Nucl. Phys. Al21
(1968)241

J. R. Erskine, Phys. Rev. 149(1966)854.

F. W. Fink, Ann. Rev. Nucl. Sci. 20(1970)39.

Fuchs, Grabisch, Kraaz, Roschert, Nucl. Phys. Al05
(1967)590.

V. Gillet and N. Vinh-Mau, Nucl. Phys. 54(1964)321.

W. J. Gerace, A. M. Green, Nucl. Phys. A93(1967)110.
V. Gillet and E. Sanderson, Nucl. Phys. 93(1967)296.
W, J. Gerace, A. M. Green, Nucl. Phys. éilg(l968)641.

A. Goswami, O. Nalcioglu, A. Sherwood, Nucl. Phys.
A153(1970)445.

C. D. Goodman, T. A. Hughes, M. W. Johns, K. Way,
Nuclear Data Tables A8(1970)323.

G. R. Gruhn, T. Y. T. Kuo, C. J. Maggiore, B. M.
Preedom, Phys. Rev. C6(1972)

89



Hu69
Ka64

Ka6?7

Ku71l1
Li67

Lab64

Mab69

Mc70

Mu70

Mo60

Peb65

Ra70
Sc71

Sc7la

Si69

St70
Wa65

Zu68

Zu68

90

T. A. Hughes, Phys. Rev. 181(1969)1586.
A. Kallio and K. Kolltveit, Nucl. Phys. 53(1964)87.

C. D. Kavaloski, J. J. Tilley, D. C. Shreve and
N. Stern, Phys. Rev. 161(1967)1107.

T. T. Kuo, Thesis Unpublished.

E. P, Lippincott, A. M. Bernstein, Phys. Rev. 163
(1967)1170.

A, M. Lane, Nuclear Theory (New York: W. A. Benjamin,
Inc., 1964).

Proc. Inter. School of Physics 40(1969)457.

J. B. McGrory, B. H. Wildenthal and E. C. Halbert,
Phys. Rev. C2(1970)186.

Murphy and Ritter, Bull. Am. Phys. Soc. 15(1970)483.

5. Moszkowski and B. Scott, Annals of Phys. 11(1960)
65.

R. J. Peterson, Phys. Rev. 140(1965)B1479.

R. C. Ragaini, J. D. Knight, W. T. Leland, Phys.
Rev. 2(1970)C1020.

R. Schaeffer, F. Petrovich, Phys. Rev. Letts. 26
(1971)1380.

R. Schaeffer, Private communication.

I. Sick, E. B. Hughes, T. W. Donnelly, J. D. Walecka,
G. E. Walker, Phys. Rev. Letters 23(1969)1117.

Stroetzel, Goldmann,
Walecka, et al., Nucl. Phys. 67(1965)1.

A. P. Zuker, B. Buck, J. B. McGrory, Phys. Rev.
Letts. 21(1968)39.

A. P. Zuker, B. Buck and J. B. McGrory, Phys. Rev.
Letts. 21(1968)39.



APPENDIX A
RPA PHASE CONVENTIONS
AND

TRANSITION FORMULAS

91



92

Part a) Iso-spin Independent

Part b) with Iso-spin Formalism

1.

Particle-Hole Creation Operator

h-m
+, . -1 ) _ + h
a) A (ph ~,JM) = <pmph mhIJM>apm ap (=1)

mpmh P h

+, -1 +
b) A (ph ~,IMTM;) = ] <pmph-mh|JM><%tp%—th|TMT>apm a

. hm
h h
mpmh h-m_+%-t ;itp %th
x(-1) ™ h
RPA Basis Vector
a) o"Mm) = ] [xBten)a’ (eh™h,om) - (-1) 7M™ (ph) A (ph ™1, 1) ]
ph
b) gy () = ] (x5 (ph)at (ph™t, aummy) - (1) T MM

¥2 (ph) A (ph™t, oMM ) ]

RPA Matrices

a) <ph™t,3|alp'h' Tl 3> = (e _-e

1
ph! Sop 1 Spp

+<ph_1,J|V|p'h'— , J>

<ph™d,31B|p'n "L, a> = (-)PRIHL L g o

b) <phfl,JT]A|p'h'-l,JT> = (ep—e §__ 8 +<ph-1,JTlV|

h) pp' hh'

p'h"l,JT>



6.
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oo

<ph™,ar|Blp'h' T, a1> = (- PYRRITHL oL gy

h'p"l,JT>

Transitions

The phase relation between the X and Y amplitudes is

a) x+ (-1

p) x + (-1)7*Ty

Single Particle Transition Operators

M(EJ,M)=Ze(%—tz(k))riYJM(Qk)
k
eR J-1 292
M (MT,M) =55 VI (23+1) E i [(gS—E:T (Y;_y8)
29, .
* FFrYa-13) g1, 1) o

Centroid Energies, Dispersions and Sum Rule Formulas

= 2
_ Zti(Ei—E)
E=Llt,B, AE =, |i
lt . z ti
ido *
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MONOPOLE SHIFT
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and I = [o7 (30" (5,)vy (r),,)0(3)) 0 (3,)a%r r,
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R

Equivelence between the monopole term and a single

particle moving in a spherical potental

R . | .-l
<3132 IJIVIJlJZ J> = X<:.|132 IJIVL(rlIrZ)CL(l)'
L

-1
Cp(2) 313,57 .9>

ignoring exchande terms

jl+j2-JA ~ L L
= 1(-1) sPEPULG I P I PER D1 vl U odS
L 172771727172 3137353571
where
L . .
M, . = < C. (1 >
jiiq Jlll L( )Iljl

3

therefore

the monopole componant is

o _ 0 o

| N 143
s s MY L I =1 = U(r d
33, M3, To T To T [0 G eGpaTy

i * 0 . 2 . .
where U(rl) = [¢ (]z)vo(rl,r2)¢(32)d r, and is spherical.
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2. Symmetry Energy
The symmetry energy is the difference between neutron
and proton energies where the Coulomb energy has been added

to the neutron energy.

E =¢ + A - ¢
s n p
X X
4e 2¢
SR el (1005 N ] e
®h T &% t & [t Tl > = gt

[(T,+1/2) (T+3/2)-3-T (T +1) ]

2e
_ 1
=St 3T
’ X X
. 2 Jie, 4, ]
e, = b+ e 4 4 < ]tpTAI >
€ 2T :
= 1 o - LT B - -
= A+ + 45—[§T;IT<(%,TO)TO 5Ty €Ty | O, T ) TN, T -k
1 > >
+ Tr;ﬁ<(;5'To)To+%’To_%ltp Ty | (BT )T +%,T %]
X
upon resolving | into state of good Ty i.e. T _t)
2¢
_ _ 1
=hte, - 1T

The symmetry energy is therefore

€1
'ES=E +A-€p=4A—-TO
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N=Z nucleus (Tb=0) T=1 excita%ion

4e
_ 1 - _ ra-
€a~€as1 = —E- <A|tp Ty_p|B> <A+1|tp T, |A+1>]

where |A> is a T=1 state

[”T*+Ep| =1
461 El

= Z_.A——(2-3/4_3/4-3/4_3/4) = —

€A %A+l A

N#Z pp'-l excitation

2¢

oL U5 .
€x = £ x (To+3/2)
x .
(o] | 261
€A+l = eo _'ii—(To+l)
E=€ppl = el/A

N#Z, T=0 excitation
X X
|a> = l—-IBJ_l + OI >
/? |

€asl = %(ep+en)

4¢

X
_ 1 il i ——i—' > -
n T % T RS BTyl > T =T +k

i
m
+
N
=



expanding with Clebsch-Gordon coefficients

“ﬂ 2'1' T | To~%, T %>+ o +1|T +4,T_-%>
ep = eo - 27 ;l

Therefore €ael = eé

€p evaluation
|i’ > +1ITO—%,TO—%>+ 7T +1|T +%,T_-%>

The expansion of |A> in terms of states of good T is therefore

2T
a> = L - L e -
|a> = /El (%,T +p)T_> — 2To+l| (%,T_-%)T_>

1
'ET;IT l(%,TO+%)TO>

S |-
-
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6. N#Z nucleus

T=1 excitation coupled to TO to form a state of

T
T i.e. (lTo) °. Expand |A> by using 6-J symbols in a

Ol

basis of |A-1> states coupled to a good T.

i.e.
[a> = |(tt)1T 'T>=/3'2/§ I{Zqi sl llt (£, T ) 75T >
ph’ "o'"o T, T T p' h'o! ""o
' >
where 1 = Tao1
therefore
€, = €_ + fil<A|% T |a>
A o A p A-1
=€+ ———[T (T +1)-3/4-3 L(21+1) {% ;i o} T(T+1)]
, To+l
for t = To—%, 6~J = €T (o7 1)
o o
To
o 6(TO+1)(2TO+1)
and
>
_ _ 1
4 T %% T 1
€a+1 = €, S€© N#Z, T=0 excitation
therefore
€
R |
A7%A+1 T T &
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TABLE C.l.--Single Particle Identification Code.
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Rl

1

10
11

12

13

14

15

16

17

Osl/2

Op3/5

0Py /2
0d, ,,

1s1/2

0f7/2

Irs/;

0f5/2

1py /5

.Ogg/z

ld5/2

097,2

231/2

1d3/2

18
19

20

21
22
23
24
25
26
27
28
29
30
31
32
33
34

35

0i13/7
%P3/
1f
2P1/2
99,2
0i35,2
0315/2

2d

197/5

351/2

2d
1hy4/2
0ky;/5
0313/2
7/2

1h

0219/2.
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R

This appendix consists of four sections, summariz-
ing the theoretical calculations.

1. Summary of O16

2. Summary of Ca40

3. Summary of cal®

4. Summary of Sr88
Each section consists of several columns, where
each column represents a specific interaction and approxi-
mation, the headings of which are found before each of the
sections of Appendix D.
Each entry in a column consists of four lines:
line 1 -- Transition rate of that state to the
ground state.
line 2 -- Transition rate of that state to the
ground state where the state consists
soley of its major configuration.

line 3 -- Major p-h configuration of that state

(see Appendix C). If last number after

comma is
1 pp“l excitation
2 ™! excitation
3 T=0 excitation
4 T=1 excitation N#Z
5 T=1 excitation N=Z_

line 4 -- Energy of that state.
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TABLE D.1l.--

Column
a 016_7pa K-K
b 06_7pa K-K M.S.
c o pa K-K ~ M.S. E.M. Off.
d 016 rpa K-K
e o'®-rpa K-K M.S.
£ 016 _rpa K-K M.S. 65% Strength
OlG—TDA Sussex
h ol _rpa Sussex M.S.
i OlG—RPA Sussex
16

: O™ "-RPA Sussex - M.Ss.
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TABLE D.2.--
Column
a Ca40—TDA K-K
b Ca4O-TDA K-K M,.S.
c Ca40-RPA K-K
d Ca40—RPA K-K M.S.
e Ca4o-RPA K-K M.S. 65% Strength
£ ca%-rpa Sussex
Ca40—TDA Sussex M.S.
h Ca40—RPA Sussex
i Ca40—RPA Sussex

M.S.
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TABLE D.3.--
Column
a Ca48—TDA K~K
b Ca48—TDA K-K M.S.
c Ca48—TDA Sussex
d Ca48-TDA Sussex M.S.
e Ca48—RPA K-K M.S. 65% Strength
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TABLE D.4.--
Column

a sr88_rpa K-K

b Sr88-TDA' K-K M.S.

c Sr88—RPA K-X M.S. 65% Strength
- d Sr88—TDA Sussex

e Sr88—TDAv Sussex M.S.
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This appendix consists of four sectiohe as Appendix

Summary of important vectors:

J = spin, parity of state
E = excitation energy of state
N = dimension of vector
Type - i PP = excitation
2 mn"! excitation
3 T=0 excitation
4 T=1 excitation N#7
5 T=1 excitation N=3Z
Configuration: p/h see Appendix C.
X amp. |
Y amp.

BEJ (UP) , BEJ (DOWN) units of e2 £2J
BMJ (UP) , BMJ (DOWN) ‘units of e? £29
SINGLE PARTICLE |
Transition as of vector was composed solely to
major componant and type. |
P-TO-H

Transition of single particle between orbits P,H.

,(PH)-TO—(G.S.)

Transitionvof a single particle-hole configuration,
. ph_l,.to ground state. .
Ratio of.BMJ or:BEJ to above can be considered
a measure of the enhancement or dehancement due'
to configuratlon m1x1ng.

Deh51ty Function

to be ignored.
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B16%TDA KoK

ISPIN(GsSe)= G [TDRPeQ  JA=i6 12= 8 HW=13430

IPU=Q

e 1w  E=1Q0e624 N=10

TYPEQ3

' by 2 S/ 3 5/ 2 67 3 6/ 2
#0294 +859 +337 -2 228 Q40

TYPE=S ,

by 2 5/ 3 5 2 67 3 &/ 2
=+ (0% * 089 007 = Q004 »s 002

BEJ(UP):100“7E-O3 BEJ(DBWN)=3449CE=04

MAJBR COMPENENT Px § Hs 3 TYPE=3
SINGLE PARTICLE BEJ

PeTBaHay,241E=01 (PH)=TB=0(GeSe)3R4271Ewg2

DENSITY FUNCTIEN
CSTBRE(_2)=-1-0285'01
CSTORE( 4)» 5¢913E=02
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OiGOTDA KeKe

ISPIN(GegSe)= 0 ITDRP=Q IA316 12 8 HWs13430

IPU=Q ‘ ‘ ‘ '

Ja le - Ex13.846 N=10

TYPE=3 , v

' by 2 5/ 3 5/ 2 6/ 3 6/ 2
2021 ~e059 =+076 1023 »+003

TYPEw5

) 4y 2 . 5/ 3 5/ 6/ 3 &/ 2
0118 2986 .o 043 0010 «e030

BEJIUP)xg,448E =02 BEJ(DBWN)=3,214E=02

MAJBR COMPENENT  Ps 5 He 3 TyPpas
SINGLE PARTICLE BEJ

PeTO=H3q,241E=01 . ‘PH)'TQ'O(GOSp)3802715'03

DENSITY FUNCT]BN ,
CSTBRE( 2)3»9+618E=01
CSTORE( 4)s 54574E+Q1



165

B16=TDA KoK

ISPIN(GeSe)® 0O  [TDRPs0Q 1As16 1Z= 8 HWe13,30
IPUsD ; ‘
Wr le . Ea16.768 N=10
TYPEw3 , S ' .
by 2 - 5/ 3 5/ 2 6/ 3 &/ 2
*100 -¢390 857 =308 «007
TYPEw5S ' ,
by 2 5/ 3 5/ » 6/ 3 6/ 2
=s001 * 051 2064 1045 *+007
BEJIUP) #44999E =04 BEJ(DBWN)=1+666E=04

MAJBR CBMPBNENT P= 5 Hz o TYPEs3 -

SINGLE PARTICLE BEJ »
PiTGvH-2.481E~01 (PH)'TﬁwQ(G.S.):1.65“Ep01

DENSITY FUNCTIBN
CSTBRE( 2)se1e471E=01
CSTBRE( 4)= 74129E+0p



le6

816=TDA Kok,

ISPIN(GeSe )= O ITERP=0Q [A=16 12= 8 HW=13.30
1PUs=o
WE 1=  E=17987 Ns10
TYPE-S
by 2 5/ 3 5/ 2 &7 3 6/ 2
we k3 «2103 e032 524 e169
TYPE «5 '
' 4y 2 5/ 3 5/ 2 6s 3 6/ 2
#0219 =023 =9(093 v 602 2167
8EJ(UP)!3a353E~02 BEJ(DBNN)'ioIISE-OE

MAJBR COMPENENT Ps g  Ha g5 TYPE=5

SINGLE PARTICLE BEJ |
P-TB~H130102E101 (PH)'TS-O(GoSb)n4o135E~01

DENSITY FUNCT]BN
CSTORE( 2)= 14606E~Q1
CSTORE( 4)= 34768E-0>



167

Bl6=TDA KoK

ISPINCGISe)® O [TDRP20  jpais 12= 8 Wws13.30
IPU=Q :
s ;- : E=184179 NaiQ
TYPEw3 2
LY 5/ 3 5/ 2 6/ 3 6/ 2
*390 '070 .14y «1499 we150
TYPE-5 ‘
) 4 2 5/ 3 S22 . 67 3 6/ 2
>-0229 =+039 »v]58 +HA3 + 180
BEJ(UP)=3.O93E-02 BEJ(DBWN)-ioOBIE-OZ

MAJOR COMPENENT Pa ¢ He 3 t1YPpag

SINGLE PARTICLE BEY _ _
PeT8=He3,102Ewqy (PH;»Te-o(G.s.)=4-135E-01

DENSITY FUNCT BN
CSTORE( 2)% 2+728E«01
CSTORE( 4)s=1¢126E=02



‘168

B16=TDA KoK

ISPIN(GeSs)= § ITDRP=0 IAs16 Iz= 8 HWas1330
IPU=Q
Jx: le - E=P0e211 N=10
IYPE-a
4/ 2 5/ 3 5/ 2 6/ 3 6/ 2
Q17 °018 =*Q64 =+009 *«010
TYPE»5
by 2 5/ 3 5/ 2 6/ 3 6/ 2
we284 +008 * 340 2047 167
BEJIUP) 54 ,449E-02 BEJ(DOWN) =1 ,483Ew02

MAJBR CBMPBNENT Ps g Hs 2 TYPE=5
SINGLE PARTICLE BEJ

PaTOeH22,481E=01 (PH)~T8-0(G.S.)=1.654E-01

DENSITY FUNCTIBN
CSTORE( 2)*~*1+390E Q0
CSTORE( 4)s 64735E=01



169

B16~TDA Kok

ISPIN(GsSe)® O [TDRP=0  Jps1s6 [2= 8 HW=13430

IPU»D
Ja i~ T Em234537 NaiQ
TYPEe3 _ ‘
4/ 2 5/ 3 5/ 2 6/ 3 6/ 2
' 006 2000 -e006 “e004 0025
TYPE=S
4y 2 5/ 3 5/ 2 6/ 3 6/ 2
*896 0119 v223 0322 v170
BEJ(UP)®3,346E 00 BEJ(DBWN)=1,115E 00

P_“AJBR COMPBNENT Pa= 4 He 2 TYPE =G

SINGLE PARTICLE BEJ '
PeTBwH23,722E+01 (PH)=T8=0(GeSe) a7 e kt4Engy

DENSITY FUNCT]BN
CSTORE( 2)2=4+516E=01
CSTORE( 4)= 14199E 00



170

816~TDA KeKa

ISPIN(GeSv)s O 1TDRP20 1A=16 1Z= 8 HWx13430
IPU=0 ‘ : ‘
Je in Ex2heb2? Nz10
TYPE=3
4/ 2 5/ 3 5/ 2 6/ 3 6/ 2
279 +0OB2 we(36 »2 052 » 956
TYPE«5 |
by 2 5/ 3 5/ 2 6/ 3 &/ 2
oo (025 =004 e 009 ~e017 1022
BEJ(UP)#5,713E=03 BEV(DOWN) =1 ,904Ew03

MAJBR COMPONENT Pz ¢ H: 2  TYPEa3

SINGLE PARTICLE BEJ
PeTBoH®g,203E=02 (PH)=TBm0(GeSe)mBe271Emp2

DENSITY FUNCTIGN
CSTORE( 2)s 14739Ew02
CSTBRE( 4)s»4¢902Ew02



171

0160TDA KeKoe

ISPIN(GeSe)s O ITDRPaQ IA=16 12= 8 MW®13.30

IPU»0 _ A

Ja 1= ' E8260368 N'lo

TYPE.3

‘ by 2 5/ 3 5/ 2 6/ 3 6/ 2
» 2008 »e003 °005 2004 »s 026

TYPE«5 ’

4y 2 5/ 3 5/ 2 6/ 3 6/ 2

ne (032 ‘021 -0161 -Q3OO 939

BEJ(UP)®9,076E=01 BEJ(DOBWN)=3,025Ee01

MAJBR COMPBNENT Pz g  He 2 TYPEes

SINGLE PARTICLE BEJ
PaTB=Hsgs203Ewg2 (PH)=TB=0(GeSe)284271Ewq2

DENSITY FUNCT]BN
CSTORE( 2= 2+149Ew01
CSTBRE( 4)seg4161E=01



172

816+TDA KeKe

ISPIN({GegSe)= O ITORP=aQ IA=16 12= 8 H=13030
IPU=p
Js 2w E=12+250 Nz10
TYPE=3 .
i 4/ 3 4/ 2 5/ 2 &/ 3 6/ 2
'957 0233 2049 v 069 004
TYPE=5
4y 3 by 2 5/ 2 6/ 3 6/ 2
v144 * 033 * Q12 1001 «010
BMJ(UP)®2,074E=01 BMJ(CBWN)24,149E=02

MAJBR COMPBNENT Pa 4  H=z 3 TYPE =13

SINGLE PARTICLE BMJ
PeTB=Ha2q4637E=02 (PH)nTG-Q(G.s,).1.9655.02

DENSITY FUNCT]BN
CSTBRE{ 2)s~44206E=02
CSTBRE( 4)e=14795E=01



173

B16=TDA KoKy

ISPIN(GsSe)= 0 ITDRPe0  IA216 I7= & Hw=13430"
1PU=Q ' : :
Jr 2w - E=213.236 N=10
4/ 3 4/ 2 5/ 2 6/ 3 6/ 2
mel43 =+039 =+005 =014 »000
TYPE=5 -
4y 3 4/ 2 5/ 2 6/ 3 6/ 2
956 233 +074 =2005 20790
BMJ(UP) = 14777E 00 BMJ(DBWN) =3, 554E01

MAJBR COMPBNENT Ps 4 Hs 3 TYPE=S5

SINGLE PARTICLE BMJ -
PeT0=Hu1,049F 00 (PH)=TB=0(GeSs)214259E 00

DENSITY FUNCT]ON
CSTBRE( 2)s=2e434E=01
CSTOBRE( 4)s=4¢773E=Q1



174

BibwTDA KeKyg

ISPIN(GeSe)s O ITDRPs0Q IAe16 172 8 Hw=13430
IPUsQ
S Jz 2 T E®164734 Nxz10
IYPE»3
47 3 4/ 2 5/ » 6/ 3 &/ 2
»e162 0417 =056 +876 o136
TYPE«5
4y 3 b2 5/ p . 6/ 3 6/ 2
*000 031 - 006 4097 »:010
BMJ(UP) m4 4314501 BMJ(DBUWN) &3 4632E-02

MAJBR COMPEBNENT Ps= 6 He 3 TYDE=3

SINGLE PARTICLE BMJY ,
P'TB-H'40306E'03 (PH)’Te’O(GOSo)’3!44#5‘03

DENSITY FUNCTION
CSTBRE( 2)s 2¢267E=02
CSTBRE( 4)= 2e741EwQ1



175

B16=TDA KeKo

ISPIN(GsSe)s G ITDRPs0  lAsig I2= 8 Hw=13+30
1PUxQ . »
Jr 2e ' E=17.988 N=10
!YPE-B .
' 4/ 3 b 2 . 5/ 2 6/ 3 6/ 2
*025 =+091 024 =+063 021
TYPENS
4y 3 4/ 2 5/ » 6/ 3 &/ 2
"0597 *300 we33 2938 wel09
BMJ(UP)=1,384E-01 BMJ(DBAN)52,747E=02

MAJBR COMPBNENT Px ¢ He 3 TYPras

SINGLE PARTICLE BMJ v '
PeTBeHs2,511E=Q2 (PH)=T8=0(GsSe)22+009EmQ2

DENSITY FUNCTIBN
CSTORE( 2)= 1+074E=01
CSTORE( 4)= 1¢174E=01



176

816=TDA KoK

ISPIN(GeSe)= O [TDRPsC  1Aels 7= 8 HW=13¢30

IPU=0
Ju 2m E=18+563 N210
TYPE=3
4/ 3 Y 5/ 2 6/ 3 6/ 2
"+116 707 «sB3p -0409 0065
TYPEeS |
4/ 3 4/ 2 5/ 2 6/ 3 6/ 2
»sQ12 111 =146 0017 =008
BMJIUP) 35,299E+01 BMJ(DOWN)=1,040E=01

MAJBR CEMPBNENT Pa 4 Hs 2 TyPE=3

SINGLE PARTICLE BMJ
P-TB;H-1,1#8Ew01 (PH)-TG-O(G-S-)S1-377EF01

DENSITY PUNCTISN
CSTORE( 2)® 5+083E=01
csvoasgv4)=~1.1oss-01



177

B16*TDA KoK

ISPIN(GsSe)s C  ITDRP:0  lAs16  I7w 8 Hwe13+30
CIVET I '
S Jds Pe E=219¢351 N=z10
TYPE.3
4/ 3 4/ 2 5/ 2 -6/ 3 -V
o081 2315 277 =915° *e 067
TYPE=5
by 3 4y 2 S/ 2 6/ 3 6/ 2
2065 .t 488 «710 203 w007
BMU(UP) 37,554¢ «02 BMJ(DBWN)=21,511E=-02

MAJBR COMPBNENT Pz § He 2 TYPE25

SINGLE PARTICLE BMJ | | |
PeTBeHs14519E 00 (PH)»TB=0(GeSe)264076E"01

DENSITY FUNCTIBN
CSTOBRE( 2)==2¢352E 00
CSTBRE( 4)s 1+059E 00



178

B16°TDA KoK

ISPIN(GeSe)= 0 ITORPao IAz16 17 8 Hw=13+30
IPU=0 .
Jr 2e E319.698 N=10
TYPE-a : :
47 3 - by 2 5/ 2 6/ 3 6/ ?
w0115 . 361 ' 786 0162 0117
TYPEnS :
4/ 3 by 2 5/ 2 6/ 3 6/ 2
.e062 +340 we255 -e115 «s031
BMJ(UP) 29,480E=01 BMJ(DBWN)=1,934E=01

MAJBR CBMPEBNENT P= § Hs 2 TYPE=3

SINGLE PARTICLE BMJ |
P’TB.H'5.306E.OBI (pH)-Te'O(G-Sd)32’1225’02

DENSITY FUNCTIBN
CSTOBRE( 2)= 7+985E=0]
CSTBRE( 4)= 1+047E=01



179

8169TDA KoKy

ISPIN(GeSe)e 0  ITDRP20  IAs16 Izs 8 Hw*1330
IPU=Q
Js 2« ° E=20,939 Ns10
TYPE=3 .
4/ 3 4/ 2 5/ 2 6/ 3 6/ 2
v017 1046 -e116 V024 2018
TYPE=5 |
47 3 4y 2 5/ 2 6/ 3 6/ 2
90197 0672 2624 =232  90223
BMJU(UP)=1,129E 01 BMJ(DBUWN)=2,258E 00

MAJBR COMPBNENT. Ps 4  He » TYPE=S5
SINGLE PARTICLE BMJ

P=T0=Hs1,386E Q0 (PH)=TB=0(GeSe)21e663E 00

DENSITY FUNCTIBN
- CSTORE( 2)s-2.C48E 00
CSTORE( 4)s 2+268E 00



180

B816=TDA KeKo

ISPIN(GeSe)e G ITORPsC IA=16 Ize 8  HWw=13+30

IPY=0 '

Js 2w - E8234276 Nz10

TYPEw3

' by 3 47 2 5/ 2 6/ 3 6/ 2
-;054 ’ +171 ¢070 2065 976

TYPEES A
4, 3 47 2 5/ 2 6/ 3 &/ 2
»e 009 +013 2006 ' 003 ¢Q73

BMJ(UP)=29,962E 02 BMJ(DOWN)=1,992E=02

MAJBR COMPBNENT P= ¢ Hs 2 TYPE=3

SINGLE PARTICLE BMJ -
P-TB-H-1.991E-04 (PH)»TO=0(GeSe)=1e593Em04

DENSITY FUNCTIBN
CSTORE( 2)==2+340E=C2
CSTORE( 4)= 1+454E+01



181

Bl16=TDA KeKa

ISPIN(GsSs)= © ITORPs0 IAz16 1zs 8 MWz13430

IPU=Q
Jr 28 E=24.057 N=10
IYPE-a )

4/ 3 4/ 2 5/ 2 6/ 3 6/ 2

006 =014 =e011 =e005 »e073
TYPE=§ ;

47 3 47 2 5/ 2 6/ 3 6/ 2

wel25 0187 120 2049 v963
BMJ(UP)=34389E 00 BMJ(DBWN) 24, 778E=01

MAJBR CBMPBNENT Pa g  H= 2 TYPEss

SINGLE PARTICLE BMJ : .
P-TeqH-1.884E-o1 (PH)'TB-O(G-Sp):1-507E-o1

DENSITY FUNCTIBN
CSTBRE( 2)*"3¢945E=01
CSTBRE( 4)= 94514E=01



182

BibnTQA Kek

ISPIN(GsSe)= 0 [TDRP=0 1A=16 12= 8 HWs13430
IPyUsg -
Js 3m T Eax Be464 Nz 6
TYPEw3 ; :
by 3. 4/ 2 6/ ?
917 »298 ;.géui
TYPE=S
b/ 3 4/ 2 6/ p
0028 =001 2001
BEJ(UP)»44¢993E 02 BEJ(DBWN)®74133E 01

MAJBR COMPONENT Pa 4 Hx 3 1ypreg
SINGLE PARTICLE BEJ
P<T8+He83,694E 01 (PH)=TB=0(GeSs)230166E g1

DENSITY FUNCTIBN
CSTORE ( 4)ys=7+460E=01



183

B16=TDA KoK

ISPIN(GsSe)s O I[TDRPag |

DENSITY FUNCT]ION
CSTBRE( 4)m=34876E=Q1

A=l ]2 8 Hw=13+30
“IPUsQ :
Jr 3m  E®13.225 Na 6
TYPEw3 | '
4/ 3 4/ 2 6/ 2
©1018 -4026 014
TYPEwS
4/ 3 4/ 2 6/ 2
1985 -0166 0G0
BEJ(UP) =1,348F 02 BEJ(DOWN) =1,926E 01
MAJBR COMPONENT Pz 4  Hs 3 t1yPras
SINGLE PARTICLE BEJ l
P-TB-HI30_694E C1 (PH)»TO=0(GeSs)e301664E 01



184

816°TDA KoK

ISPIN(GeSe)z O ITDRP=0O IA=z16 12= 8 Hus13e30
IPU=Q
Je 3 E=16¢368 Nz 6
TYPE«3 :

4/ 3 4/ 2 6/ 2

»9359 +905 0224
TYPE.S

b/ 3 4/ 2 6/ 2

s023 1016 000
BEJ(UP)=1,191E 02 BEJ(DBWN)=1,702E 01

MAJBR CBMPBNENT Ps 4 Hs 2 TYPE=3
SINGLE PARTICLE BEJ
P«TO8eH®#2,955E 0} (PH)=TO=0(GeSe)32e533E 01

DENSITY FUNCTIBN
CSTORE( 4)s=3+644E=01



185

B16=TDA KoK

ISPIN{GsSe)= O ITDRPsG  [As16 Izx 8 313030
1PY=0Q , ~
Jx 3w E*184829 Nz 6
vTYPE~3 _ .
47 3 47 2 6/ 2
+005 2016 014
TYPE=S
' 4y 3 4/ 2 6/ 2
"165 v980 $106
BEJ(UP)=1,798E 02 BEJ(DBWN)=2,549E O1

MAJBR COMPONENT Ps= 4 Hs 2  TYPEa5

SINGLE PARTICLE BEJ °
PeTBeH22,955E 01 (PH)=TO=0(GeSe)32+533F 04

© DENSITY FUNCT]GN

CSTORE( 4)®=hes77E~01



186

816~TDA KeKe

ISPIN{G,S¢)= O ITORP=0Q 1
IPURQ

Js 3w Es22¢114 Na 6
TYPE=3
) 47 3 4/ 2
v173 e300t
‘TYPE =5
‘ 4/ 3 4/ 2
=004 =010

BEJ(UP)=8e404E 01

MAJBR CBMPBNENT Ps g Mz 2
SINGLE PARTICLE BEJ
P=TO=Hegeg49E (1

DENSITY FUNCT BN
CSTORE( 4)e 3+061E~0Q1

Az16
6/ 2
*+938

6/ 2

Cl16

IZ= §

BEJ(DBWN)=14201E 01

TYPE=3

HW=13,30

(PH)-TB~0(G.S-)=3-800E-01



187

B16=TDA  KeKo

ISPIN(G.S )e O [TORPaC [A=1¢ IZ= 8 HW=13,30
IPU=Q .
JE 3w E:ES.IOS N= 4§
TYPE-S
47 3 by 2 6/ 2
»e003 »9003 ~e016
4/ 3 47 2 6/ »
"e(18 «2104 * 994
BEJ(UP)!30128E 02 BEJ(DBWN)=#.469E 01

MAJBR CBMPONENT Ps 6 H= 2 t1YPpag
SINGLE PARTICLE BEJ _
PeTBeHsg,649F 01 (PH)-TB-Q(G.S.)-a.sooE 01

ADENSITY FUNCT]GN
ORE( 4)= 509055'01



188

816~=TDA KoeKe

ISPIN(G¢Ss)= C ITCRP=0 1A=216 12= 8 HwWw=13,30
IPU=Q
Jz b Ex18+833 Nz 2
TYPEe3
by 2
1997
TYPE5
4/ 2
0075
BMUGUP) =S¢ 147E Q2 BMJ(DBAN)=EL712E 01

MAJBR CBMPBNENT Pz 4 He 2 1YPE=3
SINGLE PARTICLE BMJ
P=TBeHu4 4388 ¢} (PH)=TB=C((Ge3¢)22e92%E 01

DENSITY FUNCT]BN
CSTORE( 4)=~6+680E"01




189

B16=TDA  KeKe

ISPIN(G'S.)- 0 ITDRP=O IA=16 2= 8 HW‘1303°
IPUaQ
J3 4= E=219+713 Ns ?
TYPEn3

4y 2

#0075
TYPEPS

4/ 2

0997
BMU(UP)=7+4282E 03 BMJIDBWN)=R4091E 02

MAJBR COMPBNENT P=x 4  He » TYPEsS
SINGLE PARTICLE BMJ
P=TBeHa14256E (3 (PH)»T8=0(GeSe)384374E (2

DENSITY FUNCT 6N
CSTBRE( 4)==24512E 00



190

'816TDA  KeKe  MONBPOLE SHIFT

ISPIN(GsSe)= ITDRP=Q  1Asle ]Zs 8  HW=213030
IPU=Q
Jr le Es 7e416 Nei0
TYPE=3
47 2 85/ 3. 5/ 2 6/ 3 &/ 2
w0308 1858 332 ~0231 + 045
TYPE=B
by 2 5/ 3 5/ 2 6/ 3 Y-
» 0005 2049 006 »2 003 »+001]
BEJ(UP)83,356E =04 BEJ(DBWN)=1,119E~04%

MAJBR CEMPENENT Pz &5 Hs 3 TYPre3

SINGLE PARTICLE BEJ
P=TBeMHs1s241E=01 (PH)=TB=0(GeSe)284271Em02

DENSITY FUNCT]BN
CSTBRE( 2)=»5+976E=Q2
CSTORE( 4)= 3+410E=Qp




191

B16~TDA  KsKs  MONBPOLE SHIFT

ISPIN(GegSs )= O ITOCRPs0 [A=l6 I1Z= 8 HW=13+30

IPU=Q

Ja e E=13+169 N=1Q

TYpEus '

: by 2 5/ 3 5/ 2 6/ 3 6/ 2

2000 +098 »e330 e 087 - weQ11

TYPE=S '

- 4y » 5/ 3 5/ 2 6/ 3 6/ 2
"e{15 0926 =e051 0015 *s028

BEJ(UP)®8¢074E=Q2 BEJ(DBWN)=22+691E=02

MAJBR COMPENENT Ps= 5 Hs 3  7TYPpag

SINGLE PARTICLE BEJ
PeTBrHag4241E=01 (PH)=T8=0(GeSe)284271Ewq2

DENSITY FUNCT]BN
CSTORE( 2)s=84877E=01
CSTBRE( 4)» 54132E=01



192

B16«TDA KeKe MENBPBLE SHIFT

ISPIN(GeSe)= ITDRP=( [A=1e  12= 8 HW=13.30
IPU=Q
Jz 1= E=213597 Ns1Q
TYPE=3
by 2 5/ 3 5/ 2 6/ 3 6/ 2
054 0384 v816 -0242 e Q22
TYPE =5
4y 2 5/ 3 5/ 2 4/ 3 6/ 2
v 0045 «350 020 «2009 we011
BEJ(UP)=1,361E-02 BEJ(DBWN)=4,535Em03
MAJUOR COMPBNENT Ps= 5 Hz p TYPE=3
SINGLE PARTICLE BEJ
PeTBeHa2,481E=01 (PH)~T8-Q(GtS-)-1-654E~01

DENSITY FUNCT]BN
CSTBRE( 2)==3+933E=01
CSTORE( 4)s 24222E=01




193

816=TDA  KeKe  MONBPBLE SHIFT

ISPIN(GsSe)e 0 [TORPsQ [A=1g [2s R HWa13,30
IPU=g
Js e E®15.131 N=10
TYPEw3
b/ 2 5/ 3 5/ 2 6/ 3 6/ 2
. »e876 =096 *203 2748 w235
TYPEwS ' :
4y 2 S/ 3 5/ 2 6/ 3 6/ 2
=202} 012 *Q0058 0047 0012
BEJ(UP)a5,998E =04 BEJ(DBWN)=1,999E 04

MAJBR CBMPBNENT Ps ¢ Hs 3 TYPE=3

SINGLE PARTICLE BEJ
PeTOwH®34102Ewp1 (PH)-TB-O(G-S-)=4013SE'01

DENSITY FUNCTIEN A
CSTORE( 2)s=1,983E-02
CSTORE( 4)= 24156E=02




194

816=TpA MONBPBLE SHIFT
ISPIN(GeSe)= G [TDRP=0  [A=16
IPU=Q .
Je le E=17+156 Nz10
TYPEw3
47 2 5/ 3 5/ 2
027 +002 ' 005
TYPEe5
' b/ 2 5/ 3 5/ »
wo319 "00‘}9 "016(‘_,
BEJ(UP)26+910E=02

MAJBR CBMPONENT Psx ¢

SINGLE PARTICLE BEJ
PeTOeHe34102Ew01

DENSITY FUNCTIBN
CSTORE( 2)= 22862E=01
CSTORE( 4)» 30183E~02

H= 3

12 8 HW=13¢30
6/ 3 6/ 2
—QO“S P'Oll

&/ 3 6/ 2

+ 898 24K

BEJ(DB#)22+303E=02

TYPE=5

(PH)-TB-Q(G.S.)=4-135E~o1




195

B]6=TDA  KeKe  MONBPBLE SHIFT

ISPIN(GeSe) = U [TCRP={ IA=156

[Z= 8 HW=13+30
1PUsQ
Ja 1= E=15¢554 NsiQ
TYPE-B .
by 2 5/ 3 5/ 2 6/ 3 6/ 2
' 006 2008 =e 036 ~ =4001 =+ 008
TYPE-S : ) ~
' 4y 2 57 3 5/ 2 6/ 3 &/ 2
=297 +006 ¢4 «017 v165%
BEJI(UP)#2,499E~02 BEJ(DBWN)=g,331E=03
MAJBR COMPBNERT Pz 5 He 2 TYPE =5
SINGLE PARTICLE BEJ
PvTB.H:E.“&lE-Gl (pH)‘TG'O(GOSo)=10654E'01

DENSITY FUNCTION
CSTBRE( 2)==1¢388E 00
CSTORE( 4)=3 6e433E-01




196

B816=TDA  KeKe MONBPBLE SHIFT

ISPIN(GeSe)® O [TDRPsC  As16 12= 8 HW=13430
IPU=Q
Jr 1w Es2]1+092 NslQ
TYPE=3
4y 2 5/ 3 5/ 2 6/ 3 &/ 2
1288 v052 »e038 «0061 2953
TYPE-S
' 47 2 5/ 3 5/ 5 6/ 3 &/ 2
012 +0C0 ' 005 001 015
BEJ(UP)®24279E=04 BEJ(DBWA)=27+597E=05

MAJBR CBMPENENT Ps g H= 2 TYPE=3

SINGLE PARTICLE BEJ
 P=T8eHs6,p03E=g2 (PH)'TB'O(GOS-)3802715”02

DENSITY FUNCT BN
CSTBRE( 2)=*7¢351E-03
CSTORE( 4)= 10134E«0Q2



197

816=TDA  KeKs  MONBPBLE SHIFT

ISPIN(GeSe)s § ITDRP=(C IA=16 12s & HW=13430

IPUsQ o v

va le Es22¢623 Nz10

TYPE=3 .

) 4y 2 5/ 3 5/ 6/ 3 &/ 2
»¢Q06 =002 =004 «sQ0N1 =014

TYPE=S

i 4/ 2 5/ 3 5/ 2 6/ 3 6/ 2

*891 v123 244 +319 " 174
BEJ(UP)=3e361FE 00 BEJ(DBWN)=1+120E 00

MAJBR CBMPBNENT P= 4 Hz TYPE=5

SINGLE PARTICLE BEJ o
PeTB=H23,722E=01 _ (pH)'Tﬂ'Q‘GoSo)870444E'01

DENSITY FUNCTIBN
CSTBRE( 2)=~4+866E=01
CSTBRE( 4)= 1+215E 00



816-TDA

ISPIN({Gege)= O

198

MBNBPALE SHIFT

ITDRP=Q IA=16

IPUsQ
Jz 1w E=x25¢458 N210
TYPE=3
4y 2 5/ 3 5/ 2
v 004 =e002 (03
TYPE=S
“ 47 2 5/ 3 5 2
=9 (033 021 e 169
BEJ(UP)=9e181L=01

MAJBR CBMPENENT

12+ 8

&/ 3

2+ 003

6/ 3
-9299

BEJ(DBWA)=3+06CE~01

Pz 6 Hs 2 TYPE=5

SINGLE PARTICLE BEJ

PeTBnHag,203Ew02

- DENSITY FUNCTIEN

MNe13e30

6/ 2

»e011

6/ 2
+ 9338

(PH)»TB=0(GeSs)2Re271Ewp2

CSTORE( 2)s 2+266E=01
CSTORE( 4)s=6+239E=01
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B16-TDA  KeKs  MONBPOLE SHIFT

ISPIN(GeSe)e § ITDRP=0 IA=1¢4 12= 8 Hw=13430
IPU=Q :
J= 2e O Ez 8,869 N=21Q
TYPE=3
' 4/ 3 by 2. 5/ 2 6/ 3 &/ 2
0971 0222 2050 v060 +006
TYPE=5S
4y 3 by 2 5/ 2 6/ 3 6/ 2
041 *008 2003 v 001 v 002
BMJ(UP)=1,089E-01 BMJ(DBWN)=2,179E-02

MAJBR CBMPBNENT Ps 4  He 3 TYPE=3

SINGLE PARTICLE BMJ
PuTBeH=q,637E=02 (PH)»TB=0(GeSs)=14965Em02

DENSITY FUNCTION
CSTBRE( 2)==1+248E=02
CSTBRE( 4)==1,373E-01
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Bi6=TDA  KeKe  MBNBPSLE SH

IFT

ISPIN(GeSe)= O  ITDRPsC  Az1¢ [2s 8 HW=13.30
1PU=Q
Jz 2w E=124312 Ns1C
TYPE=3

4/ 3 4/ 2 5/ 6/ 3 &/ 2

»e039 =017 +002 -+010 »002
TYPE =5

4y 3 4/ 2 5/ 2 6/ 3 6/ 2

1965 1236 °071 «2005 +070
BMJU(UP)s1,911E 00  BMJ(DBWN)=3,821E=01
MAJBR COMPBNENT Pz 4 H= 3  TYPEpsg
SINGLE PARTICLE BMJ
P=TBeHa14049E 00O (PH)=T8=0(GeSe)214259E 00

DENSITY FUNCTION
CSTORE( 2)*=2+338E=01
CSTOBRE( 4)==54023E-01



B16=-TDA Kok

201

MINBPBLE SHIFT

[TDRP=Q

ISPIN(GeSe)= O
IPU=Q .
Jz 2w E=13+848
TYPE«3
47 3 47 2
w!157 ' 476
TYPE-S
i 47 3 by 2
009 014

BMJ(UP) =4 4559E =01

MAJBR CBMPBNENT

Pz g

SINGLE PARTICLE BMYy

P=T8=He44306E~03

DENSITY FUNCT]BN

CSTORE( 2)= 10384E-02
CSTOBRE( 4)s 24856E=01

IAs16

N210

S/ 2

u'076

3¢ 2
=+003

1Z

3 TYPE=3

20

&/ 3
+ 848

6/ 3

0037

BMJ(DOBWN)=5,119F.02

HW=13+30

6/ 2

vwel53

&6/ 2
=003

(PH)-TB-Q(G.S.)=3.444£'03
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B16=TDA KeKe MONBPALE SHIFT

ISPIN(GeSe)= O ITORP=(Q 1A=16 12= 8 HW=13430
IPU=Q
we 2e Ex15+505 Nsi0
TYPE=3
by 3 by 2 5/ 2 6/ 3 6/ 2
=2 (089 1644 web 15 YY) =eQ48
TYPE=S
' 47 3 4/ 2 5/ » &/ 3 6/ 2
*003 *Q16 meQ43 1034 +003
BMJU(UP)=3+449E#01 BMJ(DBWN) =6 ¢89RE=02

MAJBR CBMPEBNENT P=x 4 W= 2  TYPp=3

SINGLE PARTICLE BMJ
PeTO=Hs1,148E=01 (PH)=T8=0(GeSs)=214377Emp1

DENSITY FUNCTIBN
CSTBRE( 2)= 1s736E=C1
CSTBRE( 4)= 14837E=01



203

816-YDA Kok o MGNGPBLE SHIFT

ISPIN(GeSe)= Q ITCRP=C IAs16 12= 8 H
IPU=Q
Je 2=  E=16e449 Nz10
TYPE=3
’ 4y 3 4/ 2 - YA 6/ 3
“o142 0525 2775 =e275
TYPE=5 :
47 3 4y 2 5/ 2 6/ 3
»2001 -0017 067 «0 047
BMJU(UP) 25,021t =01 BMJ(DOWN )21 ,004FE =01

MAJBR CBMPBNENT Pz 5 He 2~ TYPE=3

SINGLE PARTICLE BMJ _ :
PwTBeHs5,306E=02 (PH)=T8=0(GeSe)=2e122E=02

DENSITY FUNCT]BN
CSTBRE( 2)=-2+610E~01
CSTORE( 4)= 4¢C98E01

Wxl13e30
6/ 2
e 145

&/ 2
«000
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816-TDA Kok MONBPBLE SHIFT

ISPIN{GeSe)= O ITDRP=( 1As16 125 8 HWz213+30
IPUaQ
JE 2w E£Ex17+033 N=10
TYPEDB
4y 3 by 2 5/ 2 6/ 3 6/ 2
» 1004 1026 s027  =e059 +000
TYPE=5
4/ 3 4/ 2 5/ 6/ 3 6/ 2
» 2059 *301 »s028 v943 -+109
BMJ(UP) 22+ 689E~01 BMJ(DBWN) 254 378E=02

MAJBR CBMPBNENT P= ¢ Hes 3 TYPEag

SINGLE PARTICLE BMJ :
PeTO=M22,511E=02 (PH)'TB-O(G-SQ)32-009E'02

DENSITY FUNCTION
CSTBRE( 2)= 9+077E=Q2
CSTBRE( 4)= 1+872E=Q1



205

816-TDA KoK MSNGPQLE SHIFT

ISPIN(GeSe)= 1TDRP=0 1A=16 125 8 . HW=13.30
IPU=0 _
Ja 2= E=x18e642 Nei(
TYPEw3
by 3 b/ 2 S/ p &/ 3 6/ 2
*000 =2009 2066 v 007 o011
TYPE=S )
’ 4/ 3 4y 2 5/ 2 6/ 3 6/ 2
~0109 +662 -e696 -0244 =+ 038
BMU(UP)34,315E=01 BMJ(DBWN) 88 ,63CE=02

MAJBR CBMPBNENT P= g Hz 2 TYPE=z5

SINGLE PARTICLE BMJ :
P-TO«H=1,519E Qo (PH)-TB-O(G.S,)-6.Q7¢Evo1

'DENSITY FUNCT]BN
CSTBRE( 2)= 24288E 00
CSTBRE( 4)m=64320E=01
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816~TDA  KeKs  MBNBPOLE SHIFT

ISPIN(GeSe)= O ITDRPeO  IA=z16 12

= 8 Hw=13¢30
IPU=Q
Js 2w E=194935 N=10Q
TYPE=3
4/ 3 4/ 2 5/ 2 6/ 3 6/ 2
» e 055 +181 Q72 1070 +976
TYPE-S
by 3 47 2 5/ 2 6/ 3 6/ 2
»e010 *030 Q24 «:011 + 009
BMJ(UP)=14301E=01 BMJ(DBWN) =R 402E=02
MAJBR CBMPBNENT Ps= ¢ Hs 2 TYPE=3
SINGLE PARTICLE BMJ
P=TB=Hz{4991E=04 (PH)=T8=0(GeSa)a1e593E=04

DENSITY FUNCTIBN
CSTORE( 2)==8+277E=02
CSTORE( 4)= 1+886E~0Q1




207

B16=TDA KoK MONBPBLE SHIFT

ISPIN(GeSe)= I1TDRPaO T1A=16 12= 8 HW=13e30

1PU=Q ,

Jz 2w E=20¢131 Nel0

TYPE«3 _
47 3 47 2 S5/ ? 6/ 3 6/ 2
008 w021 «=o 4R 2006 »e031

TYPEwS '

‘ 4y 3 b/ 2 5/ 2 6/ 3 6/ 2
»e186 0615 s697 -0211 »e229

BMJ(UP)=1,121E 01 BMJ(DBAN) 22,243 00

MAJBR CBMPBNENT Ps § H= 2 TYPE=S

SINGLE PARTICLE BMJ
PaTB=Hs14519E 00 (PH)®TB=0(GeSe)264076Ev01

DENSITY FUNCT]BN
CSTORE( 2)==2+292E 00
CSTORE( 4)= 2+4361E 00



208

816~TDA KoKy MONBPBLE SHIFT

ISPIN{GsSe)= O ITCRP=( TAz16 [2= 8 Hws13+30
IPU=Q ’
Js 2w E=230145 N=10
TYPE=3 ,
4/ 3 b/ 2 5/ 2 6/ 3 6/ 2
' 002 2004 =005 -+001 »s017
TYPE=5S
i 47 3 4/ 2 85/ 2 6/ 3 6/ 2
w126 *+188 *129 1048 964
BMU(UP)®3,.523E 00 BMJ(DBWN)-7.C46E-QI

MAJBR CEMPENENT Pz g H= 2  TYPp=5

SINGLE PARTICLE BMJ
PuTBakHz]4384E=01 (PH)»T8=0(Ge5e)=1+507E=01

DENSITY FUNCT]EN
CSTORE( 2)s=4s244E=01
CSTORE( 4)= 9¢789E-01



209

B16=TDA  KeKs  MONGPBLE SHIFT

ISPIN(GeSe)=s D ITDRP=C IA=16 1Z= 8 HW=13+30
IPU=Q '
Je 3w E= 5.082 Nz 6

4/ 3 4/ 2 6/ 2

0921 1286 "e262
TYPEeS

4y 3 4y 2 6/ 2

*019 + 000 =~e001
BEJU(UP)24,881F 02 BEJ(DBWN)=g,972E 01
MAJBR CBMPBNENT Ps 4 He 3 TYPE=13
SINGLE PARTICLE BEJ
PeTOaH®#34694F 01 (PH)=TO=0(5¢50)234166E 01

DENSITY FUNCTIEN
CSTORE( 4)s=74375E=01



210

816=TDA  KeKe  MBNOPBLE SHIFT

ISPIN(G,S,)= 0 ITDRP20  JAs1s 7= 8 MW=13,30
IPU=0Q.
Js 3w Ez124312 Nz &
TYPE-a )
8§/ 3 47 2 6/ p
*006 #0063 0024
TYPE =5 :
4/ 3 b7 2 6/ 2
v984 “1167 1000
BEJ(UP)s1+273E 02 BEJ(DOWN)=1+819E 01

MAJBR CBMPONENT Ps 4 H2 3 TYPESS
SINGLE PARTICLE BEJ
P'TB'H'30694E 01 (PH)'TS'O(GOS-)=39166E o1

DENSITY FUNCTIEN
CSTORE( 4)==34767E=01
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816=TDA  KeKs  MoNBPBLE SHIFT

ISPIN(GsSe)= 0 [TDRPao IAs16 123 8 HW=13430

IPUso _
J= 3. E®13¢264 Nz 4
IYPE-B

4/ 3 4/ 2 6/ 2

» e 350 903 ~e24p
TYPE-S '

by 3 4/ 2 6/ 2

*066 *00C »*001
BEJU(UP)a1,383¢ 02 BEJ(DBWN)=1,975F 01

MAJBR COMPONENT Pa 4 H= 2 TYPFe3
SINGLE PARTICLE BEU
P=T8+H22,955F g1 (PH)*T8-0(G+S0)224533F o3

DENSITY FUNCT BN
STORE ¢ 4)me34926E=01



016=TDA KoK

ISPIN(G,S,)3 O
IPU=O
s 3w E=17+89
TYPE=3

4/ 3

2006
TYPE=S

4y 3

v166

BEJ(UP)=14772E 02

MAJBR CBMPBNENT

212

MENBPBLE SHIFT

I[TORP=0

2

by 2
2000

by 2 .

0980

P= 4

SINGLE PARTICLE BEJ

PeTOeH=2,955FE 01

DENSITY FUNCTIBN

CSTORE( 4)s=4s4b4E=01

TAsis
6

6/ 2

*035

6/ 2

+106

12% 8

BEJ(DOWN) 22,531 01

H= 2 TYPE=S

HW=13,30

(PH)=TB=0(Ge30)32+533E 01



213

B16=TDA  KeKe  MBNBPELE SH

IFT

ISPIN(G,Ss)= © ITDRP=0 IA=16

IPU=Q
Je 3. Ex18+786 Ne 6
TYPE-s
47 3 4/ 2
v 168 * 316
TYPERS
4/ 3 4/ 2
=009 =1033

BEJ(UP)=8¢424E 01

MAJBR CBMPBNENT Ps g Hz 2
SINGLE PARTICLE BEJ
P~T8sH=64649E 01

DENSITY FUNCTIBN
CSTORE( 4)= 3e064E=Q}

6/ 2
v933

6/ 2

+ Q06

1Z= 8

BEJ(DBWN)=1+203E 01

TYPE=3

HW'13Q30

(PH)*T&-Q(GoSo)=3QSOOE 01
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816=TDA KoKy MONBPALE SHIFT

ISPIN(GsSs)= O ITORP=20 IAz16 12= 8 HWs13,30
IPyag
J3 4w £E2154793 Nz 2
TYPE-a

4, 2

1+000
TYPE-S

47 2

0022
BMJ(UP)'30289E 02 BMJ(DOWN) =3¢ 654E 01

MAJBR COMPBNENT P= 4 Hs 2  7yPpag
SINGLE PARTICLE BMJ ,
Pe=TBmH=4 4,388 01 (PH>-TB-0(G-S.)=2.925E 01 j

DENSITY FUNCTIBN
CSTORE( 4)=+5:339E=01
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" 016°TDA KoK MONBPBLE SHIFTY

ISPIN(GsSe)= O ITORP=20 IAs16 Iz= 8 Hw=13e30
IPysp - ; :
Ju 4w £E=18¢773 Nz 2
TYPEw=3
' b/ 2
e (22
TYPE.S
4y 2
1000
BMJLUP)®74474E 03 BMJ(DBWN) =R« 30RE 02

MAJUBR CBMPENENT Ps &  Hz 2 TYPEa5
SINGLE PARTICLE BMJ |

DENSITY FUNCT]BN
CSTORE( 4)==2¢545E 00
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B16+TDA KeKs MBNBPELE SHIFT

ISPIN(GQSO)‘ ¢ ITDRP:O

IPU=0
vs 3w E=244191
IYPE-S
47 3 4/ 2
ne (01 =+001
TYPE'S
) 47 3 4y 2
#2018 =104

BEJIUP) 23,149 02

MAJBR COMPENENT Ps g
SINGLE PARTICLE BEJ
P=TBwHx64649E 01

DENSITY FUNCT]BN
CSTOBRE( 4)= 5+924E=01

Nz

BEJ(DBWN) =4,498FE 01

H

6

IA=16 1Z= 8

6/

[hY]

=009

6/ 2

*+994

2 TYPEes

HW‘IB.BO

(PH)-TB-O(G~S.)=30800E (o)}
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60ge
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£10¢
S /L

LEwe
S /¢

19Ce
9 7L
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CA4G=TDA KeKe MENSPELE SHIFT

ISPIN(GsSe)s ITORPeQ  IAaa4o 12#20 HW=10e50

1Pusp

JE 4e E= 54905 Nsi2

TYPE-3

i 9 6 3/ 4 8/ & 77 6 775
25 =003 +010 *964 0063

TYPE«5S

’ 9/ 6 9/ & 8/ &4 77 6 775
10C5 *0C4 +003 »250 +023

BMJ(UP)#3,184E Q2 BMJ(D8YN)23,538E 01

MAJBR CEMPONENT P= 7 W g  1YPEs3

SINGLE PARTICLE BMY .
PeT0-He3,860E 0O {PH)eT8+0(GeSs)23.431E 00

DENSITY FUNCTIBN
CSTBRE( 4)» 4e143E~02
CSTIREL 6)% 7¢269E+02

7/ &
»0SH

7/ &
+013
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CA40=TDA  KeKe  MONBPOLE SHIFT

ISPIN(GeSe)® O  [TORP=0  Jas4p {2820 HA=10+50
Irpyu=g .
Je Se Es 44478 N= 6
TYPEe3
- 9/ & 7/ 6 7/ &
~etug 1976 +139
TYPE=S
. 9/ 4 7/ 6 7/ &
2002 «087 2001
BEJ{UP)=1+855E 06 BEJ(DBWN)=1+686E 05

MAJBR CEMPENENT Pe 7  He g  TYPge3
SINGLE PARTICLE BEJ :
PeTBeHays366E (5 (PH)=T0=0(G+Se¢)29+937E 04

DENSITY FUNCT]BN
CSTERE( 6)e 2¢603E01
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CA4Q»TDA KeKe . MONSPBLE SHIFT

ISPIN(GeSs)s 0 ITORPO  IAs4o

1PUsg

Ja 4. Ee 74151

TYPE=3

’ 9/ 6 9/ &
*s007 +001

TYPE=S

- S/ 6 9/ &

v018 v015

BMJIUP)=14666E 03

MAJER CEMPONENT . Pe 7

SINGLE PARTICLE BMJ
PeTBoHug,328E 02

DENSITY FUNCT]ON
CSTORE( #)w 3+308E=01
CSTORE( )= 1+138E=01

Nei2

8/ u
=+003

8/ &
*013

12820

77 6

2251

77 6

981

BMJ(DBWN) =14 851E 02

He & TYPEsS

Hy=10e50

77 3

'0011

7/ 5
097

(PH)=T820(GeSs)=7+403E 02

7/ &
=2015

77 &

047
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CA40=-TDA KeKe MONOPOLE SMIFT

ISPIN(GsSe)® O {TDRP=0 1As4Q 12220 HW®10+50
IPU=0
Ju S5a Ee 7.869 Na &
TYPE-3 .
9/ & 7/ 6 7/ 4
018 =081 =+031
TYPE«S
9/ & 7/ 6 7/ &
007 +992 ~+085%
BEJ(UP)*7.157E 05 BEJ(DOWN)=6,507E 04

MAJIR COMPBNENT Ps 7 He g  7YPEsg
SINGLE PARTICLE BEJ
PeTHOela1¢366E 05 (PH)=T0=0(G+Ss)53:937E 04

DENSITY FUNCTION
CSTERE( 6)% 1¢617E=01
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CA40~TDA  KeKe  MONBPOLE SHIFT

ISPIN(GeSe)® 0 ITDRP=0  IAsup [ze20 HiW® 10050
1Pusg
Je te E» 74190 N2 16
TYPEe3
167 6 10/ 5 9 ¢ 9/ 4 8/ &
+526 1011 "+ 156 v015 1637
TYPE«5.
10/ 6 10/ 5 9/ & 9/ & 8/ 6
*013 =001 ~e004 =000} 1084
BEJIUP)»1,806E-04 BEJIDOWN) 24, 022E +05

MAJBR CBMPENENT Ps 8  H» ¢ TYPE=3

SINGLE PARTICLE BEV .
Pe18sHe3,143Eeg2 (PH)=T8=0(GeSs)ehe191Eng2

CENSITY FUNCTIBN

CSTORE( 2)s-1+230E~02
C3T2RE( 4)%e54614E-02
CSTBRE( 6)s 1+935E=02

8/'s
=064

8 5
=006

8/ &
*382

8/ &4
D15

7/
*e234

77 &
*e012
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CA4O=TDA  KeKe  MONBPBLE SHIFT

228

1220

ISPIN(GsSs)e O - ITDRPsC  lAw4o
IPyegp
Js te E* 9.737 N=16
TYPE=3 )
’ 107 6 10/ 5 9/ 6 9/ 4
+138 *006 “+008 2003
IYPE-S
107 6 107 5 9/ 6 9/ 4
0272 =e022 021 ~s01h
BEJIUP)»7,628E-03 BEJIDOWN) #2,543E03

MAJOR CIMPENENT Pa g H® 6 tYPEss

SINGLE PARTICLE BEJ
PeTBeH23,{43Eep2

DEANSITY FUNCT]BN

CSTORE( 212=5:682E=02
CSTORE( 4)m=1+361E=01
CSTBRE( 6)s Be+772E=02

HWe10+50

8/ 6
o224

8/ ¢
0922

(P”)’TG'O(G-SO)‘“'1915'02

8/ 5
=003

8/ 5

*e040

8 4
017

8/ 4
045

77 N
=002

7/ &
*+038
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9 74
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SINGLE PARTICLE BMY
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*016

7/ &
0198’




235

CayBeTDA KoK MONEPSLE SHIFT

ISPIN(GuSs)a & ITORP=0  1Aw4g 17420 Hx»1C,25
IPU-O .
Vs 3Je E* 3,141 Neig
IYPE.1
77 & 7/ 5 7/ &
412 2609 274
TYPEw2
177
*385
TYPE»3 : _
h 8/ 6 8/ & 10/ 4 9/ 6 9 5 9/ a
*249 0125 =.117 v235 *e 251 014"
TYPE-B o
8/ 6 8/ 4 10/ 4 9 6 9/ 5 9 4
®*2 061 ~eQ17 0011 “2006 ~e014 »s 00N
BEJIUP)=g,945E 03 BEJ(DBWN)'i.EgiE 03

Mayer CeMPONENT Pa 7 He 5 TYPE=y

SINGLE PARTICLE BEY
P-TO-H-h.jsoE c2 (PH)-Te-o(s.s.)-u-7§3E pe

DENSTIYY FUNCT]BN

CSTIRE( 4)* 8+301E«py
CSTORE( 6)%=64597E-01
CSTRRE( 8)»  +000E 00



CA48eTDA KoK

ISPIN{GsSe)e &

IPyUeg
Je be

TYPE~1
77 6
269
TYPE.2
117 7
*C15

TYPE.3

8/ &

=019

TYPEws
- 8/ &

=e(33

236

MONGPSBLE SHIFY

ITORPe0
Es 54557

77 5
947

9/ 6
*+003

97 6
002

BMJ(UP)®1,625E O4

MAJER COMPONENT Pa 7

SINGLE PARTICLE BMJ

PeTOen22,899E c3

DENSITY FUNCT]EN

CSTERE( 4)= 1¢299E 00
CSTORE( ¢)s~8+593E~01
CSTBRE( 8)s 1+150E«03

l1Asug

7/ 4
*e169

9 &
~+0C8

9/ &
=+020

1z+20 HW=10.25

BMJ(DBWN) =1 ,804E 03

* 5  TYPEwy

(PH)-TO'O(G-S-)'2f577E 03



237

CA48<TDA  KuKe . MENBPOLE SHIFY
ISPIN(GsSe)® &  ITORPwO  IAwats 12820 HWs104+25
1PYsg
Je 2. E* 54667 N=19
IYPE.1
7/ 6 7 4
+938 +303
TYPE=2
117 7
' 092
TYPEe3 . :
. 8/ 6 8/ 5 8/ & 107 6 10/ & 9 6 9/ 5 9/ &
*e013 04 - .012 1005 1008 *050 +018 1004
TYPEws : . ’
: 8/ 6 8/ 5 8/ 10/ 6 10/ & .97 6 9 8 9 &
®e 026 107 «Q016 ¢ 001 - +014 *e(024 '025 0042
BMJ(UP12,276E 00 BMJ(DBWN) 84 ,551E01

MAJOR COMPBNENY Pa 7  Ha ¢ TYPE=4

SINGLE PARTICLE BMY
P~T8+nuq,550E 00 (PH)*TB~0(GsSe)s2+481E 00

DENSITY FUNCTION

CSTSRE( 2)® 6+328E-01
CSTORE( 4)me7,508E-01
CSTERE( 6)se24284E~02
CSTORE( 8)w=44142E%03



238

CAGBeTDA  KeKe  MONBPBLE SHIFT

- HW=10,25

ISPIN{G,Ss)® & 1 TDRP=Q TA=4g 12#20
1Py=Q .
Jds 3w Es 44787 Nats
TYPEe}
77 6 77 5 77 4
824 0564 *032
TYPE.E
117 7
+008
TYPEL3
8/ 6 8/ & 107 & 9/ 6 9/ 5
*1(37 =032 010 v 015 «003
TYPEw& : *
° 8/ 8 8/ & 107 & 3/ 6 9/ 5
+006 +005 e 005 =001 =015

BEJIYP)=2,228E 0F BEJ(DBAN)»3,183E 00

MAJBR COMPONENT P» 7 He ¢  71YPpay
SINGLE PARTICLE BEJ

PeTBatisy . 245E g2 (PH)=TB«0(GeSs)nges23E 02

DENSITY FUNCTIBN

CSTBRE( 4)s=34997E-01
CSTSRE( &)= 1+¢125E-01
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LST9RE( 3)» 12796E 0p
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CSTORE( 8)* 1+536E~01
CSTERE(10)s ~+000E 00

ISPIN{GeSe)e 6 ITCRPs0 TA=88 12+38 Hys 9.00
1Py=g
Je Se E* 3+363 Neis
TYPE.l
’ 11/ 7 117 8 117 9
1147 +823 *397
TYPE.2
16/11
3%-1
TYPEw3
} 127 7 127 9 13/ 7 137 8 13/ 9
059 2154 o105 9215 +134
"TYPEw4
’ 127 7 127 9 13/ 7 13/ 8 137 9
-+cos =102 *C04 *024 -.029
BEJIUP)=2,730E 07 BEJ(DSWN)#2,482E 08

157 7
=066

1S/ 7
(Yol L4
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DENSITY FUNCTSN

CSTBRE( 3)s 1+669E 00
CSTORE( 5)m==1,335E 00
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CSTOBRE{ 9)=~3+285E04
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DENSITY FUNCTISN
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DENSITY FUNCTIEN
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CSTORE(10)n"4e859E~04
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BEJIUP)e2,613E 0¢ BEJ(DOWN)I®2,376E 05
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SINGLE PARTICLE B8EJ
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CENSITY FUNCTISN

CSTIRE( 6)= 6+390E=02
CSTERE( 8)m 20250E=02
CSTERE(10)s +000E 00

1S/ 7
=023

18/ 7
o003
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100¢.

L /8%

200°-

L /8t

710

6 /%1

000

6 /41

#00.

L /4t

100ee

L /4%

1COs

6 /el

€0t

6 /¢t

00 3003+ =(01)3ug15)
20=3480¢1 »(8 )3HELSH
€0-3S6L4E «(9 13u31$9
10-3E04°€-=lh )3yg159

NelioNNd ALIsN3g

20 3€GLe20(45¢0)0eg e (Hd) 20 3,26+Tamepiag
: 38 3701iuvd 319NIs

Te3dALl 6 «H  Tlag LNINGAWED HOrVy

00 3262°1=(NMDG)IM38 00 349L'8=(dn)pri3g

800 100se
800%a 200ra 910 160sa: = 00
6 /51 g /g1
g /€1 L /€T 6 721 g /21 L /2% .
#e34Ai
€00 %600a
210¢a O40sa €00 gEte g00e
. 6 /st 8 /51
g /€7 L /€% 6 /2% g /721 L /2% .
E=3dAL
£90+ %00« "8 .
11/9% ot/¢e1 1 743 .
2e3dA]
55 L6See 681
6 /13 g /11 L /1t
Te3dAs
828N L90%% a3 “E xf
. o Gangl
00*6 s¥n 8Es?1 88ty] OsdyaLl S ={*S*D)NI1aS]

44IMS 376doNgN  deM  vglegsus
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SR8BeTDA KoKy  MONBPBLE SHIFT

*

ISPIN(Gege)s 6 ITORP20  [asgs  [ze3s s 9400
1Pyeg
NLIYS En 4eCh?7 N=ig
TYPED1

167 7

o342
TYPEw2 .
’ 12711 13741 18/14 15711

*908 - w9137 091 *¢058

TYPEe3
- 16/ 7 16/ 8 16/ 9

~2080 -+138 =+056
TYPEw4
) 16/ 7 16/ 8 16/ 9

=00CH *+003 +003
BEU(UP)=g,315¢ 04 BEJ(DBWN)»9,235¢ 03

MAJOR CEMPONENT Pmyp  Hayy TYPE=2

SINGLE PARTICLE BEJ :
PeTOeHe +000E 00 (PH)=T8=0(GeSe)s 000E 00

DENSITY FUNCTION

CsTeRE( S)e=2+¢069E=0}
CSTSRE( 7)m 6¢845E=02
CSTSRE( 9)s 9e404EwD3
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SR88-TDA KoK,  MBNBPBLE SHIFT

ISPIN(GeSe)= 6 ITORPsQ {As88
IPUEQ

Us 6w Es 4.222 N®i0
TYPEQ}
117 7 117 8 117 9
*135 =684 716
TYPE~2
16/1¢
*+003
TYPE-3 .
’ 127 7 13/ 7 13/ 9
1016 +000 012
TYPE =4
127 7 137 7 13/ 9
1024 v015 007

BMUIUPYa14567E C8

12238 Hwe 9.00

BMJ(DOWN)=1,205E 07

MAJBR CBMPONENT Psyy Hs 9  7YPpeg

SINGLE PARTICLE BMJ
PeT8-Hs{.849E 06

DENSITY FUNCTION
CST6RE( 6)= 84200E-01t
CSTORE( §)m=34570E=01
CSYBRE(10)» 74288E-05

(PH)eTB=0(GeSe)nyeu23E 06



SR88~TDA  KuK,  MENSPBLE SMIFT

ISPIN(GsSe)® 6 ITDRPa0 = JAs8s
1PYU=Q :

Ju 6e E* 49316 Ne10
TYPE=2
' 12711 13711 15/11
¢995 e (065 ~e(Q33
TYPE.3
167 7 16/ 8 167 9
®e023 =032 =033
TYPE-4
' 167 7 18/ 8 16/ 9
~2007 «e008 *¢002

BEJ(UP)=24384E 06

259

Jze38

16/10

=034

BEJIDOWN)=1,834E 05

MAJBR COMPONENT Ps32  Heyy  tYPEs2

SINGLE PARTICLE BEJ
PeTS<Hn ,000E 00

DENSITY FUNCTION
CSTIRE( 7)« 29754E%03
CSTORE( 9)we2,131E~03

Hws 9,00

(PH)oTB=0(GeSe)s «00OE 00
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200°
6 /st

200
6 /43

600
L /5%

400
L /6%

£00¢
L /%t

£00s
L /93

£C0¢m
6 /el

£L2Cs
6 /€1

L1Ce
8 /€T

600
8 /€%

00%6

€0 3401422 (¢500)0ugLa(nd)

sMp

Ta3gal 6 sM

EQ 3622°*2=(NMBQ)MWE

1200
PANA A

1000
L /€7

8Es21

#0-3T9geg ={0T) 3451587
20+30%9¢g =(8 )345L1SH
20435585 (9 )3IngLSH
T0-3618¢€a= (v Y3ya157

NGI1LONNS ALISNIQ

€0 3/68*Tabegliay
W8 3731L8Yd 39NIs
Tlsg  LNINOGWED HOPYW

0 3900%2=(dN)rug

010+a 9400 231G
6 /21 g /21 L 72t

"*3dAL

800 2eCe g00¢
€ /2% g /2% L /21 )
E=3dal
020+ 000+ ’
Tt/91 Otrset .
2%3dA}

626 TEEs» gwle
6 /11 g /11 Y23 )
te3dal
€2aN LEE*H #3 % =i

Ol

88=v] Osayasl 9 e(*S*9)N]dS]

L4IHs 370deNew 3%  vQlegsrs
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SR88«TDA KoK, MONSPOLE sHiFt

ISPIN(GsSs)s 6  [TDRPag TAe88  [2e38 Huwe 9,00
1Pys=g : :
Je 24 E® heS47 Ns g
TYPEw}
' 10/ 8 10/ 9
*120 +437
TYPEa2
12/11 13/11
+ 889 0125
TYPEw3
i 167 7
*e04h
TYPE«4
16/ 7
»+C33
BEVIUP)e2,859E 01 BEJIDOWN) w5,318F 00

MAJBR CEMPONENT Paip  Heyy TYPE=2

SINGLE PARTICLE BEV .
P=T8sHs ,500E 00 (PH)*TB8=0({GeSo)s *000E 00

DENSITY FUNCTION

CSTORE( 3)a 34221E~04
CsTorE| S)s=Se648E=0y
CSTORE( 794 1¢744E04
CSTORE( 9)a=2+772E-03




