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@ Fine structure of Giant Resonances

@ High energy-resolution experiments with K600
Magnetic Spectrometer of iThemba LABS

@ |soscalar Giant Quadrupole Resonance in 4°Ca
@ |sovector Giant Dipole Resonance in 40:42,44.48Cq

@ Energy Scales and Comparison with Theoretical
Calculations

@ Level density extraction from (p,p’) data
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Fine Structure of Giant Resonances

® Have been established as a Global phenomenon in
- nuclei across the periodic table

- other resonances

@ Dominant processes of the decay?

@  Spin- and parity-resolved level densities
at energies above thresholds?
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Fine structure of ISGQR in 4°Ca
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4OCaI(p,p') Ep=IZOO MeV 7 AE - 35 - 40 kev

(FWHM)

Fine structures in the region
| of the ISGQR are clearly
visible.
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Fine structure of the IVGDR in 42:44.48Ca
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—Characteristic Energy Scales™
40Ca ISGQR

“Capp) E =200MeV | ISGQR is not mainly
Ol = 11} concentrated in a well-defined
peak in light nuclei but
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. 4°Ca, 28Gj & 12C

1.0} Y ITTr { Wavelet Coefficients
AR 1T, DA
0.8 ——— . Pronounced fine structure
| ﬁl | is observed up to
0.4} ‘"’“ “.
0.2-‘\ ’" Ny | h"“’
12 1. 2.0 22

16 18
Excitation Energy (MeV)



//

Comparison with Theoretical Calculations

e To understand the origin and physical nature of
different scales, comparison of experimental
results with model calculations is important.

e Theoretical models for ISGQR and IVGDR in
40,42,44,4BCa

- Random Phase Approximation (RPA)

- Second-RPA (SRPA)

- (R-QRPA)

- Relativistic Quasiparticle Time Blocking
Approximation (RQTBA)
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Comparison with Theoretical Calculat@
QRPA and RQTBA 48Ca IVGDR
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Extraction of spin- and parity-dependent
Level densities

& Level densities of J™ = 2*and 1- states extracted from
high energy-resolution (p,p’) experiments in the
region above particle thresholds

& Continuum background determination using Quasi-
free calculations and model-independent method of
Discrete Wavelet Transform (DWT)

& Self consistent procedure to extract level densities
based on fluctuation analysis and Autocorrelation
functions



easure of cross section fluctuations with respect to a
stationary mean value.

Assumptions: (r) Mean level width
<F> = <D> <AE (D) Mean level spacing
AE Energy resolution
=y, +0pt a Sum of normalised variances
Procedure:

& Background subtraction from the experimental spectrum

& Smoothing by convolution with a Gaussian function of
width larger than AE —— ¢_(E,)

& Folding with a Gaussian function with a width smaller than
AE —— g(E )

& (Create a stationary Spectrum  e—p < d (Ex )> = < 9 ( Ex) > =

g (E ]



o
Autocorrelation Function ==

@& Mean level spacing (D) 1

(p)

proportional to the variance of <d (EX)>

@ Intensity fluctuations in(d (E, )) can be autocorrelated
atenergiesE and E + ¢

 (B(E)A(E o)
)= L (E (e v o)

@ (D) can be extracted from C(¢)-1

(D)

=

f(g,AE)

¢ = energy increment
C(e) = Autocorrelation function
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TABLEI. Level density of 27 states in *"(Ca at various excitation
energies E, extracted from the (p, p") data at scatiering angles
l'-.i'|__1|. =11"and 15°=.

E. (MeV) Level density (MeV—!)

11° 15°
H 17.513) 18,1734
13 64,1715 57.3723
5 21343 22443
17 21773 236+%
9 100755% 705+ 116

M. Jingo, PhD Thesis (2014)
University of the Witwatersrand

Experimental (filled symbol)

BSFG-Rauscher (red);
BSFG-von Egidy (Green);

HF-BCS (Blue);
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Fine structure of the ISGMR in 4°Ca

Ongoing work:
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Summary

@ The Fine structure conforms to the global character of
phenomenon in ISGQR and IVGDR

@ Theoretical calculations: RPA, SRPA, R-QRPA and R-
QTBA reveal good agreements with the experimental
energy scales

@ Spin-parity dependent level densities extraction as
important ingredients used as input for calculations in
nuclear astrophysics
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