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Abstract. A practical procedure for restoration of the rotational symmetry of
an arbitrary deformed intrinsic Slater determinant is developed in order to test the
previous suggestion [3] that the state of minimal dispersion might be a betler can-
didate for projecting out the components of good symmetry, rather than the one of
minimal energy. Its application to the case of 28Si in the 1s-Od single nparticle basis
using a modified Wildenthal force does not confirm the above suggestion. The
results indicate the importance of releasing the axial symmetry requirement for the
intrinsic state.

Pesiome. [Ipemnoxena npoumeaypa Ans BOCCTAaHOBIEHWS POTALHOHHOH HHBApHAHT-
HOCTH MPOW3BOJALHO JAeopMHpoBaHHOrO CH3TTEPOBCKOro OmNpenenuTens C Ueabio Mpo-
BepKH npeanonoxenus [3], 4To COCTOsIHHE MHHHMaNbHONH NHCMEPCHH SIBASETCS JYYILHUM
IS BbIIENCHHS TPOELIHPOBAHHEM KOMIIOHEHThl JKEeNaHHOH CHMMETPHH, 9eM COCTOSIHHE
MHUHHManbHOI 3Hepruit. Ee mpumeHenue x anpy 28Si B 1s—O0d omHouacTuuHOM 6asmce,
HCMOAb3Yyfl MOAM(pHUHMPOBAHHOe B3auMoleHcTBHe BHABNEHTANs, He OOATBEPMKAAET 3TO
npeanonoxente. Pe3ynbTaThl yKasbiBalOT HA BaXHOCTh CHATHS OrpaHudYeHHs 06 akcHalb-
HOH CHMMETPHYHOCTH BHYTPEHHEro COCTOSIHHA.

Although the techniques for the restoration of the rotational sym-
metry are, in principle, known for a long time [1], there does not exist a clear-cut
prescription as to which is the optimal way of treating triaxial states. Efforts for op-
timizing the two main methods used in detailed applications, the integral representa-
tion of the projection operator

I
Pic= g [ aaDi(OR(€) (1)

and the shift operator representation

(=9}
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with s= 1, have been reported [2] for the case of axially symmetric intrinsic states.
One of the purposes of this communication is to develop an optimal finite sum repre-
sentation of the Hill-Wheeler projection operator (1) such that no further improvement
is possible without imposing symmetry restrictions on the intrinsic state that is to be

.
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projected. The second goal is to apply this technique to check the assumption that in
realistic systems the state of minimal energy variance (dispersion) would give better
results upon angular momentum projection, compared to the state of minimal energy
(i. e. the Hartree-Fock solution). The last assumption is based on the results of [3] in
a schematic model as well as on realistic applications in simpler cases [4]. Last but
not the least, one can get a feeling how important the restriction to axially symmetric
intrinsic states is.

Consider .a basis built by orthonormal N-particle shell-model configurations {| /Ko)},
where /K are the spin and its third component, and o summarizes the rest quantum
numbers not relevant for our discussion. Any N-particle Slater determinant |®) can be
expanded in this basis

)= 7 gixo| 1K) - ®3)
1Ko

When no symmetry restrictions are imposed on |®), the expansion (3) contains in ge-
neral all /-s and K-s to which N particles can be coupled in the chosen single particle
basis.

Now, let us address to the restoration of the axial symmetry first. Construct the

operator Q (v): =~;—(ei"”“’§z(\y)+h_ c.), where R,(v) is a rotation on angle y along the

z-axis. Obviously,

Quw) | @ =Y &y, cos[(M—K)v] | IKo). (4)
IKo

Hence, the component of the wave function with the desired M can be picked up by
means of Gauss-Chebishev integration over y [5]. Let us define

L
~ X -~ o
Prow =13 Quw)s w="5"r 5)

=1

It is clear from the above that this operator acts on |®) as a true projector as long
as L>(Imax+ | M|)/2, where Imex is the maximal spin to which the N particles can be
coupled in the given single particle basis:

Py =M= 3 gy, | IMo)=: | @) 6)
Io

The state |®,) is an eigenstate of J, with eigenvalue M, but in general is not an
eigenstate of J2. '

We now proceed further to pick up the component of good J2. Consider a rota-
tion on angle p along the y-axis, sandwiched between two ﬁJZ:M. Clearly,

Pr-m lA?y BVPs=t | ®) = X7 &141o @y (B) [{Mo). (7
Io

Expressing the small d-function through the Jacobi polynomials [5]
dhy (B) = cos?M(B/2)P2fi (cos B) ' (8)

one realizes that the desired J-value can be picked up by means of Gauss-Jacobi
integration over cosp. After some algebra one arrives to the final finite form of the
projection operator
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L L E*
Py=n> D X ™Mt cosM (By/2) Wy R(e; Bev))s 9)
i=1 Jj=1 k=1

where N is irrelevant normalization factor, and

_ @1

(1‘-, Yi_ - 2L )

,=arccos (n,), where P24 (n,)=0,
W, ={ P02 (n,) P20 (ng} .

Whenever L>(/max+|M|)/2 and L'>(tmax—M)/2, the finite representation (9) is exact:
Thus, one needs (/max—M+2) . [(Jmax+| M |+2)]?/2 distinct orientations of |®) in order
to pick up the desired angular momentum eigenstate, and this number cannot be re-
duced further without imposing symmetry restrictions on |®).

Now, let us turn to the application of the above formalism to a realistic case.
The system under consideration is the nucleus 28Sj viewed as an inert °O core plus
12 nucleons in the 1s—O0d oscillator shell, interacting with each other through a modi-
fied Wildenthal force [6]. The single particle energies are —4.15 MeV (dsp),
—3.98 MeV (s12) and 093 MeV (dsp). *Si is the most difficult nucleus in the s—d
shell, since the dimensions of the corresponding irreducible shell-model subspaces are
very large, so the problem is far of being trivial and in fact is on the limit of the
conventional shell-model configuration mixing (SCM) approach. We chose this nucleus
for the sake of comparison with the exact SCM treatment using the same force.

Due to the symmetries of the force, it is possible to work in this case with
identical proton and neutron Slater determinants. This means that 36 complex variables

specify a 28Si Slater determinant. The minimization of (®|H|®) with respect to the 72
variables yields a Hartree-Fock triaxial state | Oy with energy Eyp=—132.78 MeV
and dispersion Dyr=35.76 MeV?, while the minimization of ®|H?|®)—(®|H|D)?
yields| ®pg) with Epg= —132.51 MeV and Dpg =32.79 MeV2. These numbers are rather close
to each other, which seems to be a general feature [3, 4]. They further indicate, with
respect to the large values of Dy and Dps, that neither |®gg) nor | ®@pg) is a
good approximation to the true ground state wave function. After these states have
been obtained, a projection to good angular momentum is in order. Hovever, we first
check the convergence properties of the finite representations (7) and (9). Figure 1

A~ o~

shows the behaviour of the quantity (®ug| 7P, —m| Oyp) (P | Pr, = ar | @y for M=0,2,
and 4 with changing L. For 2Si in the s—d shell Imax=14 and one expects the curves
to saturate at L—28, 9 and 10 respectively. Obviously, it happens earlier, which means
that states with large J, values do not mix in |®) and hence the deviation from axial
symmetry in |®) is weak. On the other hand, the gain of energy upon projection on
M=0 amounts to 1.9 MeV indicating the importance of the axial symmetry res-
toration. Figure 2 shows similar curves for the angular momentum-projected energy
(Our |HP; | Oy (g | Py | Py for J=02 and 4 as a function of L’. Saturation is
expected at L’=8, 7 and 6 respectively. Again, it takes place earlier, thus indicating
relatively small contribution of high spin states to the HF ground state. The above
results give us confidence in the reliability and stability of the projection technique.
They also indicate that for an approximate angular momentum projection of HF ground
states it is safer to decrease L than L'. ;

Finally, we compare the lowest three members of the ground state band ‘of *Si,
obtained by angular momentum projection of | @) and | @ps). They are shown in Fig. 3
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Fig. 1. Energy saturation curves for axial symmetry projection of the Hartree-Fock
state on M=0,2 and 4. On the x-axis is the order of Gauss-Chebishev formula:
O = =05 & —~J=2;0 —J, =4
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Fig. 2. Encrgy saturation curves for full angular momentum projection of the Hartree-Fock state on
J:J2=0,2 and 4. On the x-axis is the order of the Gauss-Jacobi formula: O — J=0; A — J=2;

O — J=4
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Fig. 8. The lowest three members of the ground-state band in 23Si as given by
projection of the Hartree-Fock state (HF), projection of the minimal dispersion state
(DS), shell configuration mixing (SCM) and experiment (EXP). Indicated are also the
energies of the corresponding intrinsic states

together with the exact SCM results and the experimental spectrum (taken from [7)).
The last is included just to illustrate the adequacy of the used interaction to the
chosen basis and is normalized to the SCM results. We should mention that prior
angular momentum projection the orientation of the z-axis is adjusted in each case
separately such that the axial symmetry projection on J,=J gives minimal energy.
This is necessary because we do not use the more complicated procedure for angular
momentum projection [8] which makes the results independent of the initial orientation
of the deformed Slater determinant that is to be projected.

The spectra shown in Fig. 3 lead to the following conclusions:

a) |®ye) | Ppg) give almost identical states upon angular momentum projection.
Thus, no advantage of the state of minimal dispersion to the one of minimal energy
is apparent. This is in contrast to the results of a schematic model [3]. The situation
may be different for difterent two-body interaction, but no general rule seems to exist
as to which state is better.

b) The release of the axial symmetry restriction to the mean field appears to be
quite important. This work shows that calculations without axial symmetry restriction
on the underlying states are both feasible and useful.
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