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Abstract. Recent experimental studies of the giant electric resonance region in 58Ni and 40Ca with inelas-
tically scattered α-particles of energy Eα = 240 MeV are analyzed within a microscopic nuclear structure
model.

The model includes the continuum RPA and more complex 1p1h⊗phonon configurations. By superim-
posing the contributions of different multipoles up to L = 4 we obtain good agreement with the newest
(reanalyzed) data for the isoscalar monopole strength and for the total (α, α′) cross section in 58Ni. Agree-
ment with experiment for the isoscalar monopole resonance in 40Ca is obtained too. We emphasize the
necessity of using microscopic transition densities and discuss consequences for the analyses of such ex-
periments in light and medium mass nuclei. It is shown that the gross structure of the isoscalar monopole
resonance in 40Ca is caused by the 1p1h⊗phonon configurations.

PACS. 24.30.Cz Giant resonances – 25.55.Ci Elastic and inelastic scattering – 27.40.+z 39 ≤ A ≤ 58

1 Introduction

The isoscalar electric monopole (IS E0) giant resonance in
nuclei is a unique source of information on the compress-
ibility and equation of state of nuclei. The extrapolation to
nuclear matter and neutron stars requires that the energy
of the resonance has to be known over a wide range of the
mass number A. However, until very recently, there were
several open questions connected with the IS E0 resonance
in nuclei with A<90 [1]. Here, the monopole strength is
no longer concentrated in one narrow peak, and, in some
cases, also the magnitude of the detected strength was
much smaller than the energy-weighted-sum-rule (EWSR)
limit. An important example in this connection is 58Ni,
where originally only 32% of the EWSR was observed with
inelastically scattered α-particles [2]. These authors used
the standard data-analysis procedures with phenomeno-
logical transition densities ρLtr which were the same for
different excitation energies. For comparison, the same
type of experiment in 40Ca and a similar data-analysis
by the same authors showed (92 ± 15)% of the EWSR
[3]. Such uncertainties may have serious consequences for
the nuclear matter compressibility and its applications in
astrophysics. An improved analysis of the 58Ni data [2]
by Satchler and Khoa [4], based upon the most consistent
folding models for the transition potentials, gave about
50% of the EWSR.

Our analysis of the same experimental data [5], where
microscopic transition densities have been used, gave
71.4% of the IS E0 EWSR in the (12.0-25.0) MeV interval.

The microscopic model used took into account all three
known mechanisms of giant resonance damping, namely
the RPA or Landau damping, the spreading width caused
by more complex 1p1h⊗phonon configurations and the
escape width due to the inclusion of the single-particle
continuum. The known parameters of the Landau-Migdal
effective interaction have been used in our approach. Be-
cause of the energy-dependence of the microscopic transi-
tion densities, the energy interval considered was divided
into 5 MeV bins for which the calculations were performed
separately. The results of the calculations allowed the as-
sumption [5] that a part of the IS E0 strength in 58Ni
might be hidden in the experimental background.

In the meantime the energy range of the original ex-
periment in 58Ni (12 - 25) MeV has been extended [6] to
(12 - 35) MeV. From a preliminary analysis the authors
concluded that between 75 -100% of the EWSR has pos-
sibly been detected, see also [7]. Very recently, these data
have been finally analyzed in [8]. Here the authors present
results from the (12.0-31.1) MeV excitation region. Thus
we are now able to compare their results with our previous
calculations in more detail and we report in our present
work also on an extended analysis of the new experimen-
tal data. Compared with the original analysis by Young-
blood et al. in [2], two new ingredients were included by
the same authors in their new work [8]: 1)a nuclear re-
action description was used following the methods of [4],
2)the giant resonance peak obtained after subtraction of
the continuum (see the experimental curve in Fig. 7 be-



484 S. Kamerdzhiev et al.: Microscopic analysis of the breathing mode in 40Ca and 58Ni

low) was divided into 15 energy intervals from 1 to 3 MeV
each of which was analyzed separately.

It is a general problem in A<90 nuclei that the
isoscalar monopole resonance is very broad and no longer
concentrated in one single peak. In lighter nuclei, the role
of the surface becomes more important than in heavy nu-
clei, and in addition the (α, α′) reaction is very sensitive
to the nuclear surface. Moreover, for light and medium
mass nuclei the single -particle continuum becomes very
important. For instance, we showed in [9] that the contri-
bution of the continuum to the calculated total width of
the E1 resonance for 40Ca and 48Ca was 14% and 28%,
respectively, but only 7% for 208Pb. All of this has to
be considered if theoretical models for giant resonances in
lighter nuclei are developed. The conventional approach to
collective states, the random phase approximation (RPA),
has to be extended by the inclusion of surface modes and
the single-particle continuum, at least on the RPA level.
Such a microscopic nuclear structure model was developed
by us in the past years [9–11]. It considers, in addition to
the continuum RPA, also the low-lying collective states in
a consistent way.

In the following we report on the analysis of the (α, α′)
experiments in 58Ni and 40Ca, where the isoscalar giant
resonance region has been investigated. Within our mi-
croscopic model, we calculate the strength distributions
of the isovector E1 and isoscalar E0 - E4 resonances and
the corresponding transition densities. From these transi-
tion densities we obtain, in the standard way, (α, α′) cross
sections which we compare with the experimentally known
data in 40Ca in the observed (8.0-29.0) MeV interval [3]
(only for the IS E0 resonance), and for the isotope 58Ni in
three energy regions: (12 - 25) MeV [2], (12.0-31.1) MeV
[8] and also (12 - 35) MeV [6,7]. Some preliminary results
of our calculations have been presented in [5].

2 Theory

The nuclear structure part, i.e. the transition quantities
ρLtr, which are the main ingredients of a microscopic ap-
proach for (α, α′) cross sections, are calculated within our
approach which is described in detail in [9–11]. Here the
basic equations of our calculations will be given.

2.1 Nuclear structure: density matrix and strength
function

The basic equation for the density matrix is formulated in
coordinate space. In fact, it is the change of the density
matrix in an external field V 0 with the energy ω:

ρ(r, ω) = −
∫
A(r, r′, ω)eqV 0(r′)d3r′

−
∫
A(r, r1, ω)F (r1, r2)ρ(r2, ω)d3r1d

3r2. (1)

Here eq and F are the local quasiparticle charge and the
effective interaction, respectively. As discussed in [9–11],

they are taken from the theory of finite Fermi-systems,
e.g. the interaction is given by

F (r, r′) = C0[f(r) + f ′(r)τ1τ2

+ (g + g′τ1τ2)σ1σ2]δ(r− r′), (2)
f(r) = fex + (fin − fex)ρ0(r)/ρ0(0),

where ρ0(r) is the nuclear density in the ground state.
For the latter we use the calculated nuclear density in the
ground state

ρ0(r) =
∑
εi≤εF

1
4π

(2ji + 1)R2
i (r), (3)

where Ri(r) are radial single-particle wave functions.
In (1), all of the difference from the usual RPA is con-

tained in our generalized propagator A. It consists of two
parts: the RPA-like part and the part which contains much
more complicated physics caused by 1p1h⊗phonon con-
figurations including ground state correlations induced by
these complex configurations. The expression for the prop-
agator A is given by

A(r, r′, ω) = ÃRPAcont (r, r′, ω) +
∑
1234

(A1234(ω) (4)

− ÃRPA1234 (ω)δ13δ24)ϕ̃∗1(r)ϕ̃2(r)ϕ̃3(r′)ϕ̃∗4(r′),

where ÃRPAcont is the “refined” RPA propagator in which
the single-particle continuum is taken into account ex-
actly. The summation in (4) is performed over two shells
above and all shells below the Fermi level. The expres-
sion for the propagator A1234 was obtained in the “re-
fined” single-particle basis (ϕ̃λ, ε̃λ) and discussed in detail
in [10]. It has a rather cumbersome form which we do
not write down here. (We have used a refinement proce-
dure [9–11] for the phenomenological single-particle basis
to avoid double counting of the phonons containing in the
1p1h⊗phonon configurations under consideration).

Thus, our microscopic approach takes into account the
single-particle continuum, RPA configurations and more
complex 1p1h⊗phonon ones, as well as ground state corre-
lations induced by these complex configurations. We have
demonstrated in [11] that these additional configurations
are essential for a quantitative description of giant reso-
nances in 40Ca, 48Ca. and 56Ni. Because only in the RPA
part of the propagator the single particle continuum is
taken into account completely, the continuum is somewhat
underestimated in our approach.

The excitation energies are determined by solving sys-
tem of homogeneous equations which are obtained from
(1). The squared amplitudes of the transition between the
ground and excited states are given by the residues at the
excitation energies of the polarizability operator,

Π(ω) =
∫
d3r[eqV 0(r)]∗ρ(r, ω). (5)

We did not use, however, this approach directly and
calculated the strength function which gives the energy
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distribution of the excitation strength under considera-
tion:

S(E, η) =
dB(EL)
dE

= − 1
π
ImΠ(E + ıη), (6)

where η is a smearing parameter. Using this parameter
we take into account phenomenologically those complex
configurations which are not explicitly treated, and sim-
ulate a finite experimental resolution. Then the EWSR,
summed in the energy interval [E1, E2],

ΣL =
∑

[E1,E2]

EiBi(EL) ↑ (7)

can easily be obtained from (6).
In principle, our model is applicable only to closed shell

nuclei, e.g. to 56Ni. However, 58Ni differs only little from
56Ni. From our point of view, the main difference is the
addition of the 2+ and 4+ (two-nucleon) excitations which
are energetically below the collective “particle-hole” exci-
tations. The latter are practically identical for 56Ni and
58Ni. In our 1p1h⊗phonon configurations for 58Ni, we con-
sider these low-lying states in addition to the low-lying
collective 2+, 3−, 5−, 4+ and 6 + phonons which are al-
ready taken into account in our previous investigations of
56Ni [11,12].

2.2 Cross sections

The transition densities ρLtr, which are used in phenom-
enological and microscopic models, are simply connected
with our density matrix ρL(r, E + ıη) determined in (1):

ρLtr(r,∆E) =
1

π
√
ΣB(EL)

Im

∫ Emax

Emin

dEρL(r, E+ıη), (8)

where ΣB(EL) is the B(EL) value summed over the in-
terval ∆E.

The calculation of the cross sections was carried out
with the modified code DWUCK4. The multipole tran-
sition potentials were constructed by single-folding the
complex density-dependent Gaussian effective α-nucleon
interaction [4] with our microscopic ρLtr for 58Ni under the
prescription given in [13]. The strength and range of the
real and imaginary parts of the effective interaction have
been adjusted to the experimental cross sections of the
low-lying 2+ and 3− collective states [2]. The parameters
of the optical model potential were taken from [14]. As in
the analysis of [2,8], contributions of the IS and IV E1
and IS E0, E2, E3, E4 resonances, which were calculated
within our approach in the region under consideration,
have been taken into account.

In the present analysis of the (α, α′) cross sections the
following procedure has been used. The theoretical tran-
sition densities for each of the 6 EL resonances were ana-
lyzed over 5 MeV energy intervals for 58Ni and these densi-
ties were used as input into the DWUCK4 code. For every
energy interval, the DWBA cross sections dσL(EL, θ)/dΩ

have been calculated. Then the inelastic α spectrum has
been obtained from the expression

d2σ

dΩdE
(E, θ)=

∑
L

2
πΓL

(ΓL/2)2

(E − EL)2 + (ΓL/2)2

dσL
dΩ

(EL, θ).

(9)
Here the summation runs over the 6 multipolarities con-
sidered and the parameters EL and ΓL have been ob-
tained from a Lorentz fit to the calculated strength func-
tion SL(E) (6). For 40Ca, we have used 2 MeV intervals,
and the above-mentioned procedure has been performed
only for the IS E0 resonance.

In our calculations we used a standard Woods-Saxon
single-particle basis. The residual Landau-Migdal inter-
action with known parameters has been used. The latter
allows to calculate and predict properties of unknown, e.g.
unstable nuclei, because the parameters of this interaction
are known and should be suitable for all nuclei except for
light ones. The values and the detailed choice of these pa-
rameters, as well as the characteristics of the phonons,
which were calculated microscopically, may be found in
[10–12,15]. The present model with the present parame-
ters was successfully applied to the analysis of (e, e′x) data
in 40Ca [16,15].

In all our calculations, the smearing parameter η =
500 keV has been used.

3 Results

3.1 Microscopic transition densities

In the previous analysis of 40Ca, 48Ca and 56Ni [11], we
found that the radial form of the transition density varies
over the energy range considered and it depends also to
some extend on the length of the energy bins choosen. In
this respect, the microscopic ρtr’s are very different from
the phenomenological ones used in conventional analyses,
where they are considered energy independent over the
whole energy interval.

In Fig. 1 we compare the phenomenological transition
densities for the IS E0 resonance in 40Ca with the theoret-
ical transition densities obtained for two 2 MeV intervals
in the main part of the resonance. We see a noticeable dif-
ference, for the two intervals, both among the theoretical
densities and between the theoretical and phenomenolog-
ical densities.The behaviour of the microscopic and phe-
nomenological densities near the nuclear surface, to which
the (α, α′) cross sections are most sensitive, is very differ-
ent in the two intervals considered. Inside the nucleus, the
behaviour of the transition densities differs also strongly
for the two intervals. E.g., for the (17-19) MeV interval,
the neutron microscopic density has three nodes whereas
the IS E0 phenomenological transition density has always
only one node.

Differential cross sections calculated with the transi-
tion densities of Fig. 1 are shown in Fig. 2. The values
of the ratio Mn/Mp of the nuclear transition momenta,
which is adopted to be equal to 1 for 40Ca in the phe-
nomenological approach, are also given in Figs. 1 and 2.
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Fig. 1. The microscopic (dotted line) and phenomenological
(solid line) IS E0 transition densities in 40Ca, calculated for
two different energy intervals of 2 MeV each. Results for pro-
ton and neutron microscopic transition densities are also given
(denoted by triangles). The values of the corresponding ratio
Mn/Mp of the nuclear transition momenta are given in the
legend

Fig. 2. Angular distributions for the IS E0 resonance in the
same intervals as in Fig. 1, calculated with the phenomenolog-
ical and microscopic transition densities. For comparison, the
results (dashed line) with the phenomenological transition den-
sity, obtained with the microscopic value of the ratio Mn/Mp

of the nuclear transition momenta, are also shown

Fig. 3. Angular distributions for the IS E0 resonance in 40Ca
in the (12 - 30) MeV interval, calculated under two methods:
the division the interval into 9 bins of 2 MeV each (solid line)
and the interpretation of the (12 - 30) MeV interval as one
bin (dashed line), respectively. For comparison, the results ob-
tained with the phenomenological transition density are also
given (solid curve with dots)

In the microscopic approach, there is a noticeable differ-
ence of the Mn/Mp ratio both with respect to themselves
for the two intervals and between the phenomenological
and microscopic densities. The cross sections calculated
with phenomenological densities taken at microscopic val-
ues of Mn/Mp are also shown. The various cross sections
differ most around zero degree where our theoretical cross
sections are smaller by 5-8% compared to the phenomeno-
logical analysis.

In order to demonstrate the role of the size of the en-
ergy interval, we compare two theoretical 40Ca(α, α′) dif-
ferential cross sections for the IS E0 giant resonance in
Fig. 3. The dashed line is derived from a transition density
averaged over the whole energy range (12 - 30) MeV. The
full line corresponds to the differential cross sections which
were obtained by the discussed procedure performed for
the 2 MeV bin and summed over the same energy range
(12 - 30) MeV. As we can see, around zero degree the two
cross sections calculated with microscopic densities differ
by nearly 25%. The difference between Satchler’s results
and our 2 MeV differential cross section is even larger.

In addition to the energy-dependence, there are fur-
ther important differences between microscopic and phe-
nomenological transition densities: (i) In the microscopic
approach, the simple relationships for the proton and neu-
tron components of the nuclear transition momenta (as
discussed above) and transition densities such as the ones
with the ratio Z/N, do not exist. This fact results in a spe-
cific energy dependence of the Coulomb-nuclear interfer-
ence in total transition potentials, which may even change
a destructive interference into a constructive one. (ii) Also
the multipole decompositions of the cross sections are very
different in the phenomenological approach compared to
the microscopic one. In the first case one tries to extract
the corresponding multipole composition by fitting to var-
ious total and differential experimental cross sections. In
the microscopic approach, these multipole decompositions
are determined within the theoretical model with known
parameters. Indeed, our microscopic results deviate ap-
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Fig. 4. Distribution of the IS E0 and E2 strengths in 58Ni.
The experimental data are taken from [8]

preciably from the ones derived from phenomenological
approaches.

3.2 58Ni results

In Fig. 4 we compare our microscopic calculations with
the newest experimental results given in [8] for the IS
E0 and E2 strength distributions. For the observed (12.0-
31.1) MeV interval, we obtained a value of the mean en-
ergy of the IS E0 resonance equal to 19.9 MeV (defined
as m1/m0) and find 81.5% of the EWSR. The experimen-
tal data are (20.30+1.69

−0.14) MeV and (74+20
−6 )%, respectively.

For the “old” (12.0-25.0) MeV interval, the new phenom-
enological analysis finds (58±6)% of the EWSR [8] which
is now much closer to the microscopic value of 71.4% [5]
obtained for the same interval. Therefore, both analyses
give now very similar results.

However, as one can see from the lower part of Fig. 4,
for the IS E2 strength the two approaches come still to
quite different conclusions. Our E2 resonance mean en-
ergy value and the depletion of the IS E2 EWSR defined
in the (10.0-20.0) energy interval are 19.1 MeV and 47%,
while the phenomenological analysis gives 16.1 MeV and
(115±15)%, respectively. There is also a disagreement for
the IS E1 and E3 strengths. Our results are represented
in Fig. 5 (see also the discussion at the end of this subsec-
tion).

The numerical role of the complex configurations
1p1h⊗phonon in58Ni considered in our approach can be
seen from the results for the neighbouring isotope 56Ni
obtained by us earlier in [11]. These calculations were per-
formed within the same numerical scheme as that for 58Ni
and, therefore, should be similar to the results for 58Ni.
As can be seen in Fig. 2 from [11], the strength distribu-
tion obtained with complex configurations appears to be

Fig. 5. Distribution of the IS E1 and E3 strengths in 58Ni as
calculated within our theoretical model

Fig. 6. Cross sections of 58Ni(α, α′) at Eα = 240 MeV and
θ = 1.08◦. The experimental data (hystogram) were taken from
[8] where an instrumental background has been substracted.
The solid curve with dots gives the calculated total (summed)
cross sections, the dashed line (”Rest(EL)”) corresponds to
the sum of the IS and IV E1, and IS E3 and E4 multipoles.
The shaded area shows an additional IS E0 strength which has
been substracted in the previous experiments as background
[2]. This area corresponds to 22% of the IS E0 EWSR

much more noticeably structured vs.that obtained with-
out complex configurations, i.e. for the RPA case. (Note
that the E0-EM strength is similar enough to that of E0-
IS up to about 28 MeV, see Fig. 3, ibid). A particulary
high difference, more than two-fold, is found for the main
peak at about 17 MeV.

In Figs. 6 and 7 we compare the same experimental
data in a slightly different way with our theoretical results,
where we obtain in both cases good agreement between
our theory and the data for the total cross sections.

In Fig. 6, we show the role of background and the con-
tribution of the various giant resonances to the total cross
section. We compare our theoretical results (full line with
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Fig. 7. Cross sections of 58Ni(α, α′) at Eα = 240 MeV and
θ = 1.08◦. The experimental data (hystogram) including the
instrumental background are taken from [8]. The solid curve
with dots gives the calculated total (summed) cross sections. In
the lower part of the picture the components of the total cross
sections are shown without the background. In particular, the
dashed line gives the IS E0 contribution

dots) with the experimental cross section at θ = 1.08◦
(hystogram) of [6,8]. These data were obtained by us by
subtracting an instrumental background from the origi-
nal experimental spectrum. The theoretical cross section
is the sum of 6 different multipoles, from which we only
show E0 and E2. The straight line in the lower part of the
figure denoted by “Backgr.(1996)” corresponds to the pre-
vious analysis of [2], where the considered energy interval
(12 - 25) MeV was smaller. In the original analysis, with
phenomenological transition densities, only 32% of the IS
E0 EWSR limit was found. With the improved, but still
conventional analysis, the authors of [4] obtained about
50%.

In Fig. 6, we also compare the (12 -25) Mev interval
and the previous background subtraction with the new ex-
tended interval and the experimental data where a differ-
ent background has been substracted. Here we come to the
following conclusion: In our analysis the total IS E0 reso-
nance cross section in the (12 - 25) MeV energy range cor-
responds to 71.4% of EWSR and is equal to 138.3 mb/sr.
The area under the old background line in this region,
which is included in our 71.4% of EWSR, corresponds to
22% of the IS E0 EWSR limit or 42.6 mb/sr. This strength
had been substracted as a part of the background in [2]
and correspondingly was not included in the analysis of
[4].

If we extend the analysis to the larger (12 - 35) MeV
interval, our theoretical model predicts 89.6% of the IS E0
EWSR limit.

In Fig. 8 we compare our theoretical cross sections with
the data at θ = 4.08◦. We reconstructed the experimental
cross section from Fig. 4 and Fig. 1 of [2]. Good agree-
ment between the theory and previous experiment [2] is
obtained. We also see that, at this angle, the IS E2 reso-
nance and higher multipoles contribute most to the cross
section, whereas the monopole contribution is small.

Fig. 8. Same as in Fig. 7 but for θ = 4.08◦. The experimental
data were produced in the present article using the results of
[2], see text

Thus, one can conclude that the new experimental
data for the IS E0 resonance in 58Ni are in good agreement
with the microscopic calculations which do not contain
any fitting parameters. The values of integral character-
istics correspond now to the known experimental system-
atics. In particular, as was noted in [8], the E0 strength
located in 58Ni is consistent with recent results for 40Ca,
28Si and 24Mg. All these results allow for the hope that
the problem of the IS E0 resonance in nuclei with A<90
[1,7] has been solved.

However, the disagreement between our microscopic
results and the phenomenological analysis [8] for the IS
E2 resonance only confirms our earlier conclusion [5] about
the necessity of using microscopic transition densities in
the experimental analysis. The same is true for the IS E1
resonance, where the two approaches come also to very
different conclusions. The authors [8] obtained only 41%
of the IS E1 EWSR and this strength was spread “more or
less” uniformly from 12 MeV to 35 MeV. Our distribution
of this strength is shown in Fig. 5. One can see that there
is no uniform distribution but we have a resonance struc-
ture. We obtained 89% of the IS E1 EWSR and a value of
25.0 MeV for the mean energy in the interval under con-
sideration. These figures are consistent with the results of
[17] for other nuclei. Our E3 IS strength is more uniformly
distributed.

3.3 40Ca results

Our improved calculations of the IS E0 resonance in
40Ca, presented in [11], show that it has a more compact
form than in our earlier calculations [18]. But it remains
strongly structured and spread-out over a large energy in-
terval: 65% of the EWSR is in the (11-23) MeV interval
and 106.7% is in the (5.0-45.0) MeV interval [10]. Thus, it
is important that the large energy interval (8.0-29.0) MeV
was studied in [3] and, in fact, most of the IS E0 strength
was found in their analysis.

In Fig. 9 our theoretical distributions of the IS E0 and
E2 strengths in 40Ca are shown. As compared with the
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Fig. 9. Distribution of the IS E0 and E2 strengths in 40Ca
(theory)

corresponding results of the analysis of [3], which were ob-
tained from the difference between spectra taken at θ =
1.1◦ and θ = 2.4◦ ( see Fig. 6 of [3]), a reasonable agree-
ment for the central part (10 - 23) MeV of the IS E0 res-
onance is obtained. The percentages of the IS E0 EWSR
in the four observed intervals (7.5-12.5) MeV, (12.5-22.5)
MeV, (22.5-28.8) MeV and (7.5-28.8) MeV are as fol-
lows: 6.0(7.6±0.2)%, 60.0(50.0±1.4)%, 16.0(34.7±1.7)%
and 81.6(92±2)%,respectively (in brackets, we have listed
the results of [3] with only statistical errors). The final
result of the analysis of [3] for the IS E0 EWSR between
8<Ex<29 MeV is (92±15)% which agrees with our value
of 81.6%. However, there is a noticeable disagreement in
the low-lying and high-lying regions of the excitation spec-
trum.

In [3] the authors find (33±4)% of the IS E0 EWSR
and (57±6)% of the IS E2 EWSR at a peak energy of
(17.5±0.4) MeV. Our results for the IS E0 and E2 reso-
nance mean energies, obtained (as m1/m0) from averaging
over the observed (8.0 - 29.0) MeV interval, are 17.2 MeV
and 17.1 MeV, respectively. It is impossible to compare
the experimental IS E0 EWSR depletion value with our
value of 81.6%, and one of the reasons is that the experi-
mental value of (33±4)% does not contain the continuum,
see [3]. However, for the IS E2 resonance, the difference be-
tween our value of 88.0%, obtained for the (8.0-29.0) MeV
interval, and 57% of [3] is smaller which may indicate that
there is less E2 strength in the experimental continuum.

A more distinct comparison with experiment is shown
in Fig. 10 [3] for the double-differential cross section for
40Ca. Our full calculations reproduce the experimental
gross structure reasonably well, but, again, we have a dif-
ference at low and high energies. The general difference in
the values of the theoretical and experimental cross sec-

Fig. 10. The 0◦ cross section for the IS E0 strength in
40Ca(α, α′) at Eα = 240 MeV, calculated with (dashed
line) and without (dotted line) taking into account complex
1p1h⊗phonon configurations. The experimental data (hys-
togram) are taken from [3]. One can see that the gross struc-
ture of the IS E0 resonance is caused by complex 1p1h⊗phonon
configurations

tions may give a hint that other multipoles than IS E0
contribute to that cross section.

To understand better the role of complex configura-
tions, we also show in Fig. 10 (α, α′) cross sections ob-
tained with the microscopic transition density calculated
within the continuum RPA only, i.e. without inclusion of
our complex 1p1h⊗phonon configurations. It can easily be
seen that there is a big difference between two theoretical
curves. We conclude that the gross structure of the IS E0
resonance in 40Ca is caused by the complex 1p1h⊗phonon
configurations. A similar conclusion for fine structure of
the IS E2 resonance in 208Pb was obtained in our calcula-
tions [19].

4 Conclusion

Using a microscopic nuclear structure model that takes
into account the continuum RPA and 1p1h⊗phonon con-
figurations, we were able to describe the newest (re-
analysed) experimental data for 58Ni(α, α′) in the ob-
served energy intervals [8] and to obtain a reasonable
agreement with similar experimental data for the IS E0
resonance in 40Ca [3]. The theoretical cross sections do
not contain any parameters adjusted to the present experi-
mental data. Bearing this in mind, the agreement between
theory and experiment is overall very reasonable.

The method presented here is of general interest for
the analysis of giant resonances in light and medium mass
nuclei. We start with a nuclear structure model which al-
lows for the calculation of width and distribution of gi-
ant multipole resonances. All the multipole contributions
in a given energy range are considered and summed up.
Due to the superposition of very different multipole res-
onances, we obtain cross sections which show peaks on a
flat background. However, this flat background is not only
an instrumental one, but contains an appreciable amount
of the resonance multipole strength. This, in fact, has been
shown in the newest analysis of the 58Ni(α, α′) experimen-



490 S. Kamerdzhiev et al.: Microscopic analysis of the breathing mode in 40Ca and 58Ni

tal data [8] which is now in agreement with our earlier
conclusion [5]. At present, the IS E0 strength in 58Ni is
consistent with recent experimental results for light nu-
clei including 40Ca. All of this allows us to hope that the
problem of the IS E0 strength in nuclei with A<90 has
now been solved.

Although the comparison of microscopic calculations
with the experiment, where phenomenological transition
densities have been used, shows a good overall agreement,
we would like to emphasize that it is necessary to use mi-
croscopic transition densities in the experimental analysis.
This is especially important for the A<90 nuclei where
the giant resonances are strongly structured and spread
out over a large energy region. On one hand, we obtained
IS E2, E1 and E3 strengths in 58Ni, which are in better
agreement with results for other nuclei than with the ones
extracted from analysis for the 58Ni case [8] with phenom-
enological transition densities. On the other hand, the use
of microscopic transition densities makes it possible to sin-
gle out important and interesting physical effects, like the
role of complex configurations (as was shown in Fig. 10)
or ground state correlations induced by these configura-
tions, or, maybe, more delicate effects which may arise in
experiments with a better resolution and efficiency of the
detectors.
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