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Summary. — The isoscalar giant monopole resonance in molybdenum-100 has
been measured in recent alpha scattering experiments and its strength function
extracted. By performing time-dependent Hartree-Fock calculations with Skyrme
effective interactions, we are able to reproduce the gross features of the observed
strength. The details of the structure are found to be dependent on the ground state
shape. We use a measure of fit to determine which ground state shape correlates
with the observed strength and find evidence for triaxiality in this nucleus.

1. – Introduction

Recent experimental work at RCNP Osaka probed the isoscalar monopole (ISM)
strength in open-shell isotopes near A=90 [1], showing strength functions suggestive of
the onset of deformation with increasing netron number above the N=50 magic number.
A microscopic analysis based on RPA built upon axial ground state shape showed how
deformation leads to a characteristic two-peaked structure, suggesting contribution from
the coupling between monopole and quadrupole vibrations [3].

We performed time-dependent shape-constrained Hartree-Fock calculations of the
ISM resonance in molybdenum-100 to further explore the link between the structure
of this nucleus and its ISM strength function [2]. We found a clear variation between
predicted strength functions and underlying structure, as well as an explicit coupling
between the monopole and quadrupole excitations. In that work, we concluded that
the shape of the Mo-100 ground state was likely triaxial with shape parameters around
β2 = 0.28, γ = 30◦. This conclusion was based on a visual comparison between calculated
strength functions and experimental data.

In the present contribution, we make a more quantitative interpretation of our calcu-
lations, and reinforce our previous conclusions as a result.
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2. – Method

The calculation of giant resonances via the time-dependent Hartree-Fock (TDHF)
method is well-descripbed in the literature and we refer readers to previous publications
for details [2,4-8]. In the calculations presented here and in [2], a new triaxial TDHF code
with shape constraints is used [9] to choose various shape-constrained ground states upon
which to excite an isoscalar monopole excitation. The strength function is obtained, as
usual in this approach, from the Fourier transform of the time-dependent expectation
value of the ISM operator.

For each calculated strength function at each chosen ground state deformation, a
comparison to experimental data (from [1, 10]) was made with the following weighted
error
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where Si,e is the ith experimental data point for the strength function, Si,t is the corre-
sponding theoretical value at the same energy and Δi is the experimental error at that
point. N is the total number of experimental data points. Theoretical values are ob-
tained at the experimentally measured energies by interpolation from the equally-spaced
data points coming from the Fourier transform.

3. – Results and discussion

As an example calculation, we took the results from the previous work [2] using
the SLy4 Skyrme effective interaction [11], where we had performed calculations at the
following sets of deformations: (β2, γ) = {(0.17, 0◦), (0.2, 0◦), (0.2, 30◦), (0.28, 30◦)}.

Figure 1 shows the results of the calculations along with the experimental data, with
errors, corresponding to fig. 5 of [2]. Also shown for the case of (β2, γ) = (0.28, 30◦)
are dashed vertical lines showing the difference between each experimental point and
the theoretical calculation. These are the differences Si,e − Si,t that contribute to the
weighted error, W . The figure legend shows the different deformation parameters used
in the ground state shape constraint and, in parentheses, the numerical value of the
weighted error.

Since the lowest values of W correspond to the best fits, it is seen that the the result
corresponding to the ground state shape with (β2, γ) = (0.28, 30◦) agrees best of all
shapes tried. This agrees with the visual assessment in our original paper [2].

One can imagine use of an optimisation algorithm to minimise W through variation
of β2 and γ, though each TDHF run is time consuming, and usually some level of human
sanity-checking of output is required. Nevertheless, use of a weighted fit provides a robust
basis for further studies along these lines.
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Fig. 1. – Theoretical (lines) and experimental (points with errorbars and shaded error envelope)
strength functions for the isoscalar giant monopole resonance in Mo-100. Theoretical values are
labelled with ground state deformation paramters β2 and γ along with weighted error values W .
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