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Pacnpenenenre na3ocxanspaol m naopextopach E2 cnexrpocxonmwecxoft
ewmey » ! DOMYweRO 3 CMOmEBAHES KXoA¢mrypaom® tmma lplh = 2p2h.
Ofia #30CHBHOBEIX MONA 4eTKO pa3fe/ledb No 3yeprum. PaccusTaHHbe
YpOBHM C JTT=2%0 2 obnacra 17-25 MsB mceepnusant 33-34% npasuaa
CYMM, OC/IN YHYNTHBAKTCI KOPpe/islinE B OCHOBHOM COCTOoSHHE, 3TOT
Pe3yMaTAT XOpOIIO COrASCYeTCH C MOCAQARNMN SECTEDEMEHTAMLHL MK
nanpuma (37-40% gpannna cymm)}. Pacnpeneneane chexrpocxommizecxol
CRAB! MO OTASMBEWM YPOBHEM CEALHO 38BACKT OT Bumfopa OQHOTACTHYMBIX
smeprait » lp0f oGonouxe,

PafoTa phnosaserga B JlaGoparopeEr TeopeTHYecEoilt ¢nénxu OUAH.
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Gmitro M. et al. E4 - 10517
Spreading of the Giant Quadrupole Resonance in %

Isoscalar and isovector E2 strength distributions
in %0 were obtained from the mixing of lp-lhand 2p-2h
configurations. The two isospin modes are clearly
separated in energy. The calculated JT=2"0levels in the |.
17-25 MeV energy region exhaust 33-34% of the EWSR if the
ground state correlations are taken into account. This
result is in nice agreement with the most recent
experiments (37-40% of the EWSR}. The strength attributed
to the individual levels strongly depends on the choice
| of f-p shell parameters.

The investigation has been performed at the
Laboratory of Theoretical Physics, JINR.
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The existence and possible specific fea-
tures of the giant quadrupole resonance
(GQR)} in 180, as a represéntative of light
nuclei, recently attracted very much at-
tention. It is so particularly because of
the contradictory earlier observations via
reactions induced by gamma rays, protons,
electrons and alphas /. Works on the in-
elastic scattering of the 104 MeV alpha
particles/2/ and 130 MeV 3He/E'/performed in
the last year have shown unambiguously that
GQR in !0 differs from that in heavier
nuclei. It does not appear as a single bump
but rather is split into several ( 2 7)
levels in the region of 17-25 MeV.

16 The simple 1lp-lh calculation of GQR in

O results in a strong concentration of
the E2 strength on a single level. The mi-
xing of lp-1h- and 2p-2h configurations was
shown by Knupfer and Huber/# and by Hoshino
and Arima’% to be responsible for the GQR
spreading. Unfortunately, the calculated
results for the strength distribution differ
considerably’/?/ from the observed ones.
Both calculations put the main EZ strength
a little too high. Hoshino and Arima found
88% of the energy weighted sum rule {EWSR)
to be exhausted between 20 and 30 MeV,
Knipfer and Huber quote 40% of the EWSR
located between 20 and 40 MeV.



In this letter we extend the calculation
of refs/% and’/5 in several respects. We
consider the 2p-2h admixtures in the const-
ruction of the ground as well as excited
state wave functions. Instead of phenomeno-
logical interactions which may prove to be
oversimplified for use in a large configura-
tion space we introduce Tabakin’s realistic
potential for the residual interaction.
This potential does not contain free para-
meters. At the same time, however, we have
established an unexpectedly strong depen-
derice of the E2 strength distributions on
the single particle energies (s.p.e.) of.
the f-p shell nucleons. Finally, we extend
the calculations to theT=1 case.

Diagonalization of the Hamiltonian was
performed in the complete 2hw bases of har-
monic oscillator (b=1.67 fm) orbitals.
~Such approach allows for an easy projec-
tion of the spurious states arising due to
the centre-of-mass motion’%. Namely, five (0%)
and thlrteen(Zhspurlous vectors were expli-
citly constructed and the diagonalization
was performed in the subspaces orthogonal
to these vectors.

Let us first discuss the 1soscalar E2
strength distribution. We use the energy
weighted sum rule

S(L,T-0)-X (E ~E)l<al " Y 10>| - L(2L ) 13 e

which is within 1% independent of the ground
state admixtures.Our value of b implies
S(L=2,T=0) = 1642 MeV.fm*. At the same time,

the individual transition probabilities

are indeed very sensitive to the presence’

of ground state correlatlons (g.s.c.).
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The inclusion of g.s.c. results in a 30%
reduction of the EWSR fraction exhausted
in our model space and also causes a consi-
derable redistribution of the strength
towards nuclear levels below 25 MeV. Indeed
both features help to achieve better agree-
ment with the experiment.

The calculated results are shown in
table 1 together with the experimental data.
As for the input values, it is needless
to stress that little is known about the
s.p.e. of the f-pshell nucleons. They may
be assumed to be of minor importance since
they influence only very few components
which are strongly spread out over too ma-

ny levels. Quantitatively, Knlipfer and

Huber/4/ state that the results exhibit
a good stability against small modifica-
tions { = 30%) of the f-p shell s.p.e. To
elaborate upon this point we have performed
the calculations twice, using first the
s.p.e. set of table 2 and then a modified
set obtained by a 25% reduction of the
s.p.e. for the f-p shell orbitals. Indeed
the energies of the calculated nuclear
levels remain practically unchanged in the
two series. At the same time the distribu-
tion of the spectroscopic strength shows
an enormous sensitivity to s.p.e. para-
meters.

The observed collective levels below
17 MeV are known/?/ to have predominantly
4p—4h structure and cannot be accounted
for within the present model. Therefore,
let us proceed directly to the levels in
GQR region. In the above mentioned expe-
riments/23/ transitions to the individual
2+T=0 levels of!%0 were observed. The two



Table 1

. . . . ey .16
Distribution of isoscalar quadrupole strength in O

Present calculations (®He 3He3° ( +yd
3 a,a
Energy?® EWSR2 Energyb EWSRD Energy EWSR Energy  EWSR
(MeV) (%) (MeV}) (%) (MeV) (%) (MeV) (%)
16.1 5.3 15.3 8.7 <17 17.8 <17 25.2
17.9 0.1 17.8 0.5 17.2%0.15 1.8 18.0 2.8
19.8 2.5 19.3 7.9 18.4+0.1 9.4 18.5 6.6
20.6 0.8 20.5 1.5 20.210.2 7.0 20.15 3.4
21.8 2.6 21.4 11.2 doublet 20.9 4.6
22.2 0.1 22.2 1.5 21.6%0.2 4.7 21.8 5.8
22.4 0.3 22.3 3.7 (22.5)°  (5.2)
23.0 0.4  22.5 2.8 23.1#0.3 6.8  (23.25)S (6.0)
23.5 17.5  24.1 0.8 23.5¢0.15 7.1 (23.85) (4.8)
24.7 9.4  24.3 3.1 (24.4)°  (4.8)
17-25  34.2 33.1 37.0 40?58
25-30 10.5(17 levels)2.9 - -
30-60 3.5 (76levels)3.4 - -
2s,p.e. of tab.2; Ps.p.e. of tab. 2;fp shell values reduced by
25%; C“ref.” |E(He=130 MeV; 9dref.?/E¢He) -104 MeV, energy reso-
lution 150 keV; C“uncertain multipolarity '37y; funcertain multi-

polari

ty 2%, 0%

—_—



Table 2
The single particle spectrum (MeV)

01,2 Ops /g %)/ 0dg o s /9

-45.0 -21.8 -15.65 -4.,15 -3.27

0d, e 0f7 s REW OF s /2 Ip )2
0.93 11.7 17.7 18.7 24,7

measurements agree nicely with each other
as for the partial transition strengths.
The total percentage of the EWSR observed
in the GQR region is 37% for the 3He scat-
tering 3/ and 40730 % for the « scattering/?.
The latter value includes, however, several
transitions to the levels of poorly iden-
tified 2*?37720%?) spin-parities. In the
calculations which include g.s.c. we have
obtained 33-34% of the EWSR located bet-
ween 17 and 25 MeV in close correspondence
to the measured values. Still, most interes-
ting is the dramatic redistribution of the
E2 strength among the individual nuclear
states which appears when the traditional
s.p.e. are slightly changed {columns 2
and 4 of tab. 1). This effect may well
account for the unsatisfactory results
obtained earlier /#%/ since those are based
on s.p.e. sets similar to that of table 2.
Indeed, under these circumstances, an
independent estimate of the s.p.e. for the
f-p shell orbitals is needed before agree-
ment of the theory with experiment is
claimed. Unfortunately, the set of tab. 2
though repeatedly used in the literature



is quite unsuitable for the given problem
since it is based on an "ad hoc" choice/8/
intended for use in very simple 1p-lh
estimates without configuration mixing.
Similarly, our moedified set lacks founda-
tion and should be considered a purely
modelistic one.

The isovector nuclear levels in N=Z
nuclei are not excited (*He) or strongly
hindered (3He) in the discussed experiments.
Other projectiles (e.g. electrons) eXcite
both isospin modes. To elucidate the pos-
sible separation of the isoscalar and iso-
vector mode we have calculated also T-=1
quadrupole strength distribution within
the above 2he model. The results are
summarized in table 3.The g.s.c. again
bring about a strong (36%) reduction of
the EWSR fraction* exhausted in our model
space. Unlike the T-Ocase, the isovector
E2 strength is almost completely fragmented.
Only the structure around 50 MeV(=10% EWSR)
shows the properties of a collective level.
Qur calculation predicts no overlap of
the isoscalar and isovector spectroscopic
strength: the collective isoscalar levels
always lie below 25 MeV, accumulation of
the isovector strength starts above
"30-35 MeV excitation energy.

To conclude we put forth that the ex-
perimental-theoretical discrepancies’?/
in the isoscalar E2 strength distribution

* Isovector EWSR cannot be calculated
in the model independent way. Relative
numbers are of interest only, we assume
therefore a rough enhancement factor x=03.
We have then SQ2,T= 1)=(1+x)S(2,T=0) = 2138 MeV. fm'



Table 3

Isovector quadrupoleIStrength distribution
<16
in 'Q

Energy (MeV) 20-25 25-30 30-35 35-40

$ EWSR®? 1.0 1.1 9.1 2L.2(2)F
3 EWSRP 2.0 3.4 14.0 20.0(1)°
Number of

levels 9 19 27 30

Energy (MeV) 40-45 45-50 50-60 20-60

g EWSRE 10.7 13.7 11.5(1)67.0
% EWSR 6.6 7.1 10.4(1Y64.0
Number of

levels ' 25 17 11 138

% .p.e. of tab. 2; DPs.p.e. of tab. 2;
f-p shell values reduced by 25%; € number
of collective states exhausting more than
5% EWSR given in parenthesis.

in the GQR region of the %0 nucleus may
easily be resolved if ground state corre-
lations are properly taken into account

and a responsible choice of the single
particle energies for thef—p shell orbitals
is made.
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