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Motivation

 Giant Resonances are important because they tell us about bulk
properties of the nucleus, such as its compression modulus.

 While Gaussian fits are most common in the study of Giant
Resonances, the group from Osaka University in Japan use either
Lorentzian or Breit-Wigner fits. This presents a challenge when it
comes to comparing results.

 The Osaka group primarily publishes radiative strength
distributions rather than energy-weighted-sum-rule (EWSR)
strength distributions, which also creates complications for
comparing data.

 The aim of this project was to gather data from Osaka publications,
convert to EWSR distributions and carry out Gaussian fits.
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What are Giant Resonances?

*Giant Resonances are the collective
motion of the nucleons within the
nucleus.

AS=0,AT=0 AS=0,AT=1 AS=1,AT=0 AS=1,AT=1

*Resonance typically occurs at
excitation energies between 10-30
MeV.

*Resonances can be isoscalar (i.e. the

nucleons move in phase) or isovector
(i.e. the nucleons move out of L=2 \
phase). :

*The nucleus can take on monopole Originally from [1).
(L=0), dipole (L=1), quadrupole (L=2),
etc., structures.

[1] S. S. Hanna, in Proceedings of the Giant Multipole Resonance Topical Conference, edited by F. E. Bertrand (Harwood Academic publisher, Oak
Ridge, Tennessee, 1979).



m CYCLOTRON INSTITUTE

TEXAS A&M UNIVERSITY

Osaka Data and Some Fits
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Importance

* The excitation energies of the resonances tell
us about bulk properties of the nucleus.

* |n particular, the Giant Monopole Resonance
lets us calculate the incompressibility of the

nucleus.
h/K,

EISGMR — m(,rz)

Where Eisgmr is the monopole excitation energy, m is the mass of the
nucleus, <r?> is the ground-state mean-square radius, and K, is the
incompressibility of the nucleus.
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Gaussian vs. Lorentzian
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* The Lorentzian Distribution (Breit-Wigner Distribution) tails off much more
than the Gaussian Distribution.
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Strength vs. EWSR
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* Strength distribution [expressed as BEO(fm*/MeV) for the monopole]
shows the effective probability for excitation of the multipole as a function
of energy.

* Energy Weighted Sum Rule: Theoretically, for a particular nucleus and
multipolarity, when the strength is multiplied by the energy and then
integrated over all energies the result will have a particular value.

j (E.~BEL) dE, = EWSR,
0
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Data Extraction Process
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* All plots taken from publications by the Osaka group.

» Data from each plot were extracted using digitization software.

 After adjusting the data to a EWSR strength distribution, the resulting data
were fit with a Gaussian distribution.

* This was done for 49 different giant resonances.
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Converting Osaka data to EWSR
distributions
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Fits
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Resonances
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Conclusion

 The centroids obtained from the Gaussian fits to the EWSR
strength distributions are generally higher than the energies
reported by the Osaka group, however in most cases are
well within the uncertainties.

 The Gaussian fit to the EWSR distributions for the high
energy ISGDR data results in 1-4 MeV higher energies than
the fits to the radiative strengths, primarily due to the large
widths of these resonances.
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