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ABSTRACT

A model residual interaction consisting of a central long-range term plus a
spin-orbit coupling term is considered, including an exchange force of the Rosenfeld
type, and applied to even parity states in de 2s=1d shell in the supermultiplet
classification, characterized further by Uﬁ DSU, DR, ,where we restrict ourselves
to the highest irreducible re presentation of‘SU3. Energy levels are obtained as
functions of the parameter giving the relative strength of the s pin-orbit coupling

and the long-range term, for **Na, **Al, *°Na, **Al, 28p, 304/, 321, 32 p, and #*P.

RESUMEN

Se considera una interaccion residual modelo que consta de un término cen-

tral de largo alcance y un término de acoplamiento s pin-orbila y que incluye una
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fuerza de intercambio de Rosenfeld. Se aplica esta interaccicn a estados de pari-
dad positiva en la capa 2s=1d usando la clas ificacion de supermultiplete v caracte-
rizando los estados, ademds, por la cadena de grupos iiﬁ ) SL-“a O R, restringicndo-
nos @ la representacicn irreducible mas alta de SU3 « Se encuentran los niveles de
energia como funciones de un pardmetro que indica la fuerza relativa del acopla-

miento s pin-irbita y el término de largo alcance, para los nicleos **Na, Al, 2°Na,

28Al, ZSP' SOAI' 32(;1’ 32py 34P_

I. THEORETICAL ANALYSIS

In an earlier paper?, using techniques developed by Moshinsky', we calcu-
lated energy levels of odd-odd nuclei in the 2s=1d shell, without including any ex-
change forces.

In order to carry out these calculations, we used the supermultiplet classi-

fication? of states, using the chain of groups

(D(z)(Rs) 0 )
U ISR e ) 3 0 D (R)

7 ) (T)
U, DS [,-2(’7 x SU;

where we take the completely antisymmeiric irreducible representation (IR) of U“,
[1N], as we are dealing with a system of N fermions in the 2s=1d shell. The group
U24 is the group of unitary transformations in 24 dimensions, i.e., the number of
single-particle states in the 2s=1d shell of the harmonic oscillator; furthermore,
we classify the states by a subgroup of U“ , which is the direct product of L and
U, . the groups of unifary transformations in 6 and 4 dimensions respectively. The
".,;.6 is connected with the orbital space, while I-’4 is related to the spin-isospin
space. This subgroup L * U, clearly leads to the supermultiplet classification

of states?, and as the IR of U24 is [1V], the IR of 4y and U, are labe led by conju-

gate partitions of the number of particles N .
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Of these N=-nucleon states, we will take only those corresponding to the IR
of e lowest in energy, that is, the most symmetric Young partition compatible with
the lowest possible value of the isospin of the nucleus; this agrees with Hund's
rule when applied to nuclear forces, which are essentially attractive.

We complete our classification using the subgroup SUE(”) X SUZ{T) , the direct
product of two unitary unimodular transformation groups in two dimensions, related
to the spin and isospin spaces respectively.

Finally, we consider the subgroup of ".,JG, corresponding to the IR (2 0) of
SU_, associated with one-particle states in 2s=1d shell, and the IR /= 0,2 of R,
the rotation group in three dimensions.

As first approximation, following Elliott!, we restrict ourselves to the
highest IR of SU, contained in the corresponding Young partition of U

In conclusion, our states are represented by kets
AR R Lidtyvany 01 ST MY oo M

where | I1l S lnhl and lr'l .. z.‘4l are the conjugate partitions of U, and U, and
(k , k), L, S, T label the IR ofSUl, R, .S‘!’z(') St“i") respectively; « is used to
distinguish between repeated L values contained in (k , &) ; and we have coupled
the 1. and § values to a total angular momentum J and projection M.

In this paper, we use as the residual interaction @ model interaction which
is a linear combination of two terms:

a) long-range correlations including a quadrupele-quadrupole interaction

'32, multiplied by an exchange force J, and

b) a single-particle spin-orbit interaction ll_, i.e.,

97°
- x %% +(1=-x) 10 2
[ oo Y ] -

where x is a parameter which runs from Oto 1, and which indicates the relative
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strength of the two terms; as we are interested only in obtaining relative energies,
there is no need to consider a total-strength parameter.

The spin-orbit coupling term for the highest IR of SU, is very easily ob-
tained from o closed formulal-2,

On the other hand, due to the fact that we are taking only a long-range term
as the central part, we can approximate the matrix elements of 32 between kets (1),

asaproduct of two matrixelementsS+¢, namely, the exchange term calculated between
(r)
2

quadrupole matrix element calculated between states classified by the orbital sub-

states characterized by v, O Sl-"z{") x §U,7", and the corresponding quadrupole-

chain of groups l, O SU, DR . For these states, both matrices are diagonal®*”,

with eigenvalues

b= ; W N(N=1) + l (B=H) N(N=4) + BS(S + 1) = HT(T +1) +

6
M2 bk =2ut1) and

respectively, where W, B, H and M are the coefficients corresponding to the Wigner,
Bartlett, Heisenberg and Majorana exchange terms respectively. In our case,

using a Rosenfeld” mixture, the numerical values are:
W==013, B= 044, H=-026 and M= 0.93.

For a given nucleus, I is of the forma + /3 §(5 + 1), with = and /3 constants,
so only nuclei with two or more different values of the total spin § compatible with
the lowest possible isospin, and contained in the U, given partition, could yield
results different from the ones we obtained previous ly? without considering an ex-
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change term. The only odd-odd nuclei in the 2s=1d shell with more than four parti-
cles or four holes outside the core are the ones mentioned in the abstract. Nuclei
vith four particles or less have been already studied elsewhere®,

We calculated with the aid of a computer* the corresponding matrices for
these nuclei, and made the corresponding linear combinations, varying the parame-
ter value from O to 1 in steps of 0.05. Diagonalizing the resulting matrices, we
obtained the energy eigenvalues, which we plotted as a function of the parameter
x for convenience, we used the experimental ground state as our energy origin,and
we divided the 82° matrix elements by 100, in order to have comparable energy

. 2
spectra for the Il and the 12" parts of the graph.

II. COMPARISON WITH EXPERIMENT
Na, Al (Fig. 1)

As these two nuclei are mirror nuclei, the theoretical results obtained are
the same for both of them. In the case of 2*Na, there is no possibility to obtain
the correct experimental ground state 4* for any value of the parameter x . The
same could be said for 2*Al, if the ground state is 4%, as preliminary experiments
do indicate. There is no relevant change when they are compared with the results

obtained using no exchange term. Using the || O R chain of groups for the orbit-
9 g g s O Ry

al part, the 4* state is obtained as ground state °.
26Na (Fig. 2)
For this nucleus, preliminary experiments indicate 2% or 3* as ground state.

In our analysis, a 2% state is obtained as the lowest state for a strong quadrupole-
quadrupole interaction, while the 3* state does not appear as ground state.
28A1, 28P (Fig. 3)

For 28Al, the ground state 3* is obtained for a rather strong spin-orbit
coupling; a first excited state 2* is also obtained as part of @ quadruplet formed
by 3*,2%, 2%, 3* states for x = 0.47, which is not in contradiction with the order
of the lowest known states. The appearance of doublets in our graphs is due to
the fact that we are taking into account two SU IR's corresponding to the same

lowest energy. It is very inferesting to note the appearance of doublets in the

experimenfa| spectrum also.

We used the CDC G=20 computing machine of the Centre de Ccleculo Electronico of the
UNAM, to obtain these results. We would like to express our thanks to the personnel of
the Centro that helped us in this problem.



For 28P, aonly the ground state 3% is tentatively known, which is not in
contradiction with our theoretical results,
3%A1 (Fig. 4)

As in the case of 26Na, experiment yields 2% or 3* as a possible ground
state; theoretical results determine 2* as the ground state and eliminate 3* as a
possible lowest state.

2c|, 2P (Fig. 5)

For 32C| the correct 2* ground state is obtained, which is the only one
known,

For 32P, the experimental ground state 1* does not appear as the lowest
state. The results are similar to those obtained without exchange?.

HP (Fig. 6)
The only experimental data we have is the ground state 1%, which is not

obtained for any value of the parameter , with and without an exchange term.

CONCLUSIONS

Except for the 28Al, no interesting change is cbtained when we include
the Rosenfeld type exchange force in the model interaction.
Calculations including a short-range correlation term are being carried out

for nuclei in 2s=1d shell, and we hope to obtain some relevant changes.
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Fig. 1. Arbitrary scale has been used in both experimental data
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Fig. 3. Arbitrary scale has been used in both experimental data
and theoretical results.

26






-~ P
— ) N =
o P o
n-—
0 ~
- o o g
w L2 Q
)
o =
- 3 =
“o|2
o4 =
(= 1
=
L
N W
o oe
-
o A d
s =
L
T b
el =

Fig. 5. Arbitrary scale has been used in both experimental data
and theoretical results.
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