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We use the Tamm-Dancoff approximation and the Peierls-Yoccoz projection method to
obtain the states of the first excited 0* band of Ne?°. We compute tbe energy spectrum and

the B(E2) interband and intraband reduced transition probabilities using different types
o two-body interactions. The results are not as good as the ones obtained previoudly for the
ground state band. Only one B(E2) experimental measurement is available to compare with.

Usamos a aproximagdo de Tamm-Dancoff e o método de projecdo de Peierls-Yoccoz para
obter estados da primeira banda 0* excitada do Ne?®. Calculamos o espectro de energia e
as probabilidades de transi¢do B(E2) entre niveis desta banda e entre esta e a fundamental,
usando diferentes tipos de interac&o de dois corpos. Os resultados ndo s&o tdo bons quanto
0s obtidos anteriormente para a banda fundamental. Existe somente uma transicdo B(E2)
medida experimentalmente com a qual podemos comparar nossos resultados.

In a previous paper', one d us used the Hartree-Fock (HF) approximation
and the angular momentum projection technique to calculate energy
levels and E2 transitions within the ground state band of Ne?°. We present
here the same kind of information about low energy states of the first
excited band described by a Tamm-Dancoff (TD) wave function. An
intrinsic excited band can be a superposition of multiple particle-hole
excitations built out of the HF ground state wave function. As the HF
single particle spectrum of Ne?° showsa large energy gap between occupied
and unoccupied states, it is reasonable to assume that the first 0* excited
band should bedue mainly to the superposition o Ip-lh excitations, because
much more energy would be required to excite two or more particles from
the ground state.

The nuclear wave function | can be written asa sum o terms describing
Ip-lh, 2p-2h, ..., ec., excitations built out d the HF ground state |np0>,

|'/’> = X0|W0> + ZXmii'//mi> + ZXmi,nj|¢mi,nj> +..0 (1)

nj,

'Postal address; Caixa Postal 5956, 01000 - Sao Paulo SP.
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where
W’ni> = a;aill//o>,
l!//mi,nj> = a;aiai ajl‘p0>- vl

Occupied states are labelled with letters i, j and unoccupied states with
letters m, n; the operators'a’ and a obey fermionic anticommutation rela-
tions. The more terms we add to (1) the more exact the wave functions will
be; however the solution of the equation will become unpractical.

The first order TD approximation consists in keeping only terms up to
Ip-lh excitations,

W) = XolYo) + X X Ymi)- 3)

In order to obtain the energy o the state |¥¥> we solve the equation
“ (YW H-EW |yVy =0, 4)
where X, and X,,; are variational parameters. The resulting equations are
(EV-Ey)X,=0 5

and

Z&{:i.,xnj = (E"I - E,) Xnis (6)

nj

E, being the HF ground state energy. The excited states will correspond
to the solutions X, = 0 and E’- E, = hw = excitation energy, and they
will be determined by solving the eigenvalue problem described by equa-
tion (6). The antisymmetrized matrix elementsd the two-body interaction
is contained in

A ini =€ —€)0:;0mm + (mj i”li”>A- 7

We use six types o interactions that enter in the calculation as different
setsd thequantities G, +(j, j1,73j,), whichareknownas theantisymmetrized
and normalized particle-particle reduced matrix elements o the interac-
tion. They are expressed in the basis o the harmonic oscillator single
particle wave functions. These G, can be taken as the effective interac-
tions determined from realistic two-body forces that fit the nucleon-nucleon
scattering data. The truncation of the shell model spaceimplies that renor-
malization corrections should be taken into account.
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Our results are presented under the following labels: (Kg), (K), (KLS),

(KLS), (Sg) and (Y) where the index R was written in order to point out
matrix elements including renormalization corrections. (K) refers to the
effectiveinteraction derived by T. T. S Kuo? using the Hamada-Johnston
potential; (KLS) are the effective matrix elements obtained by S. Kahana,
H. C. Lee and C. K. Scott® from a non-local potential; (S) refers to the
Sussex matrix elements derived by Elliott et al*. Finaly, a Yukawa (Y)
central force with a range of 1.4 fm was used, with an exchange mixture
having the following parameters. triplet-even, -43.0 MeV; singlet-even,
-31.5MeV; triplet-odd, 17.8 MeV; singlet-odd, 374 MeV

T | x| s| x K Y KLS KLS, Sg

0 0 1 6.71 4.92 4,41 5.81 5.23 5.10
0 0 1] 12.71 11.16 12.62 13.18 11.66 11.81
0 0 -1 | 10.13 7.78 10.58 9.19 8.98 9.48
0 0o | -1 12.26 10.13 13.83  .11.65 10.97 10.72
0 1 2.55 1.56 2.44 2.25 2.42 2.14
0 1 9.84 7.68 10.31 9,09 8.88 9.53
0 1 12,17 10.39 12.66 11.80 9.90 10.35
0 1 15.66 13.38 15.44 15.21 14.26 14.95
0 2 8.33 6.48 7.58 8.03 6.55 6.72
0 2 8.97 7.06 9.41 8.69 8.16 8.36
0 2 13.51 11.43 13.45 13.01 12.50 12,69
0 3 11.08 8.54 10.68 10.22 9.03 9.55
1 0 1] 11.31 8.81 11.13 10.56 10.55 10.83
1 0 1] 13.61 11.30 14.14 13.02 12.42 12.41
1 0 | -1 10.66 8.14 10.59 9.62 9.07 9.82
1 o | -1{ 13.10 10.90 13.98 12.40 11.84 12.13
1 1 9.14 7.09  10.03 8.65 8.18 8.23
1 1 10.91 8.38. 10.79 9.97 9.57 9.93
1 1 13.63 11.37 14.27 12.98 12.31 12.47
1 1 15.90 13.16 15.65 14.93 14.55 15.08
1 2 8.60 6.52 9.71 7.90 7.58 7.65
1 2 11.30 8.57 11,04 10,32 9.60 10.05
1 2 16.31 13.41 15.87 15.14 14.80 15.54
1 3 10.84 8.10 10.69 9.76 9.10 9.59

Table | - Ne?® Tamm-Dancoff excitation energiesin MeV. In the third column there is the
eigenvalue of the operator ¢~/». Only the first state with K =0 and T = 0 was studied.
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We first performed the HF calculation for the ground state band of Ne?°,
assuming the nucleus of 0*¢ to behave as an inert core. Time reversal and
charge symmetry were also assumed. With the axially symmetric HF solu-
tion we constructed the matrix elements (mj|v|in), for fixed values o the
third component of the angular momentum K = m,, —m; = m,—m;, and
total isospin T=0or T = L

We reproduce in Table | the Tamm-Dancoff excitation energies, in MeV,
measured from the 01¢ binding energy. These are the solutions of Eq. (6).We
believe that one of the experimental 0* energy levelsof Ne2° at 6.72and 7.20
MeV could possibly belong to the first K =0, T=0 intrinsic excited state.

Physical states having good total angular momentum were obtained from
the intrinsic HF state and from the first K =0, T=0, TD intrinsic excited
state, using the angular momentum projection technique. The Hill-Wheeler
integrals give us the wave functions belonging to the ground state and to
the first excited bands:

{}y; }=2J8,';1 - J nggK(Q)R(g>{}‘£g>)§F}. ®
MK) st o, JK 7D

We calculate the expectation value of the Hamiltonian operator in these
statesaswell as theintranband and interband matrix elements of the electric
quadrupole moment operator. The energy levelsof Ne?° are shown in Fig. 1
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Fig.1- Projected HF (full lines)and T D (dashed lines) energiesof Ne?° using different types o
two-body interactions. Thespin valueis on the right of each level. The number in the bottom is
the energy of the lowest J*=0" level relative to the 01° binding energy. a) Ref. (9); Y ukawa
interaction with Rosenfeld mixture (TD). b) Ref. (10); Gaussian interaction with Rosenfeld
mixture (TD). c) Ref. (6); K interaction (Shell Model).
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for each type of two-body interaction. Dotted lines belong to the first
excited band. The experimental spectrum for T =0 is also shown. All
energies are in MeV. The agreement is quite good for the ground state
band, and it seems to be even better if we use renormalized two-body
interactions. A simple Y ukawa force also works extremely well. However,
the situation is not the same for the excited states. The calculation produces
one 0* state and one 2* state but experimentaly we have two 0* states
in 6.72MeV and 7.20MeV plus two 2™ statesin 7.42MeV and 7.83 MeV.
In 1967, Litherland® suggested that these levels would form two pairs of
0* _2* states belonging to different bands, namely, one pair in 6.72 and
7.42MeV respectively, and the remaining pair in 7.20 and 7.83MeV.
A shell model calculation performed by E. C. Halpert et al also found
only one pair of 0* —2* states in this energy region. They also calculated
spectroscopic factors that were compared with known experimental values,
indicating that the shell model energy levels correspond to the 0F -2+
pair in 6.72 and 7.42MeV.

A. Arima et al.” suggested that the other pair of 0* -2* levelsin 7.20
and 7.83MeV could be related to a quartet structure of these excited
states of Ne?°. Experimental investigations by R. Middleton et al.® lead
these authors to propose that the Ne2° configurations in the states 0% - 2*
at 7.20 and 7.83 MeV, respectively, should be that of two a-particles bound
to C'2. Therefore, we can assume that the standard shell model or the
Tamm-Dancoff calculation we performed are reproducing the other pair

of 0" _2% levels at 6.72 and 7.42MeV. However, even using the various
types of two-body interactions, we were not able to fit both of theseo* -2+

levels simultaneously. No comparison is intended between states with
higher angular momenta. We show in Fig. 1 the results d similar TD
calculations found in the literature®!°. We also display the shell model
spectrum obtained in Ref. (6), using Kuo's renormalized effective interac-
tion, and assuming 0'® as an inert core. In the TD approximation, the
Hamiltonian was diagonalized in the |p-l1h sub-space while in the shell
model calculation a much larger sub-space was considered, but the results
concerning energy levels are practically the same. In both attempts only
the ground state band is reasonably wel reproduced.

We also used the wave functions (8) to calculate the electric quadrupole
transition probability between two states o the first excited band or bet-
ween one o these states and another belonging to the ground state band.
Transitions between energy levelsin the ground state band were reported
in Ref. (1), and they were found in very good agreement with experiment,
assuming the usual effective charges of e, = 1.5e and e, = 0.5e.
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Unfortunately, due to the lack of experimental data we could not check
our present B(E2) values for transitions involving states of the first excited
band. We display our results in Table II together with the shell model
transition probabilities calculated by E. C. Halpert et al.. They also used
several interactions so that we just show their smallest and largest values
for a given transition. We also display their results for Kuo's renorma-

Jta; Ke K Y KLS KLS, S K% shelModel® Exp.?

4
6

3465 3873 3480 3526 3240 318 01 0.1 56
038 087 1473 533 242 235

0 2 2886 2837 2386 2516 2484 2473 98 19- 137 1234+?
20 318 293 223 252 247 243 01 0 - 01 .
202 535 472 333 392 393 387 26 18- 49
2 4 10.19 863 526 685 705 693 07 0 - 09
4 2 2x107* 0076 1.00 024 020 025 28 28— 39
4 4 006 0006 09 013 009 013 0O 0 - 43
4 6 058 0043 115 005 0012 003 81 01-103
6 4 2130 27.18 3354 27.62 2655 2696
6 6 2118 2922 3973 3129 2959 30.18
6 8 1260 1786 24.81 1921 1830 18.70
A 49.54 50.11 4936 46.11 4294 4245 162 178 —-162
>
&

Table 11 - Electric quadrupole transition probabilities in units o (e fm?®), for different types
of two-body interactions. Initial or final excited levels are marked. [@) Ref. (6);Shell Model
calculation. b) Ref. (11); Experimental result.]

lized two-body interaction. All transitions probabilities in Table II are
in units of e2fm* with effective charges ¢ = 1.5e and e, = 0.5e.

We found that the excited states energies of Ne?° are equally wdl
reproduced with the shell model calculation of Halpert and with our
Tamm-Dancoff wave functions. The B(E2) transition probabilities were
calculated in order to verify the goodness of the TD wave function when
compared with the results of a better approximation, namely the shell
model. However, our B(E2) results are very much different from their
values.

It would be interesting to calculate the overlapping between the shell
model wave functions and the ones projected from the first excited Tamm-
Dancoff state to know how they depart from the shell model ones and
where they do fail.
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