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Nuclear Equation of State
(Relationship between energy, temperature
pressure, and density in nuclear matter )

v'Nuclear Astrophysics — What is the nature of neutron stars and dense

nuclear matter?
v" Nuclear Structure — What is the nature of the nuclear force that binds

protons and neutrons into stable nuclel and rare isotopes?
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The symmetry energy and their
.~ density dependence

80
80 1 I I I 1 I 1 I ] ] [’
2 Skyrme-Hartree-Fock 7 70— -
70 1= with 21 parameter sets - .
= 4 m . .::‘
ol 8 S HF 7 s 3
~~ 50 - L ¢ —
S % =1 > 2 i
O - Q .
= N 7
S~ S 30 '—— |
&
" 4 w = : 7
W 20 4~ f s NL. RMF -
N \ A = 00 Rw -1
| & Sei O i i gy
0.0 0.1 02 03 04 05 00 ot 02 03 04 05
p (fm3) p (fm3)

M.B. Tsang et al., PRC
86 (2012) 015802.



Excitation and y-decay of the AGDR
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Splitting of the dipole and spin-dipole resonances
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Theoretical results
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e I particle states
: ‘ I hole states  COllective vibration = coherent superposition of large number of p-h excitations

uncorrelated
HF ground state

1p-1h excitation
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* Fully self-consistent relativistic proton-neutron quasiparticle
random phase approximation (pn-RQRPA) based on the
Relativistic Hartree-Bogoliubov model (RHB) [Vretenar &
Paar].

* density-dependent meson-exchange (DD-ME) interactions



The energy of the AGDR relative to the
|AS as a function of the neutron-skin
thickness in 124Sn
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The energy of the AGDR relative to the

|AS as a function of the neutron-skin
thickness in 298Pb
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The energy of the GT, AGDR and SDR
relative to the IAS as a function of the
neutron-skin thickness
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ABSTRACT

We examine a method to determine the neutron-skin thickness of nuclei using data on the charge-
exchange anti-analog giant dipole resonance {AGDR). Calculations performed using the relativistic proton-
neutron quasiparticle random-phase approximation {pn-RQRPA) reproduce the isotopic trend of the
excitation energies of the AGDR, as well as that of the spin-flip giant dipcle resonances (WSGDR), in
comparison to available data for the even—even isotopes '~ '24Sn_ It is shown that the excitation energies
of the AGDR, cbtained using a set of density-dependent effective interactions which span a range of the
symmetry energy at saturation density, supplemented with the experimental values, provide a stringent
constraint on value of the neutron-skin thickness, For 1%%Sn, in particular, we determine the value
ARpy = 0.21 £+ 0.05 fm. The result of the present study shows that a measurement of the excitation
energy of the AGDR in (p.n) reactions using rare-isotope beams in inverse kinematics, provides a valuable
method for the determination of neutron-skin thickness in exotic nuclei.

© 2013 Elsevier BV. All nghts reserved,




Experimental data for the AGDR
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The theoretical values E(AGDR)-E(IAS) are plotted as functions of the
corresponding ground-state neutron skin thickness R ), and
compared to the experimental value E(AGDR) - E(IAS) = 10.90 + 0.32 MeV.
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Same as described previously for 1%4Sn but for the
target nucleus 2%3Pb.
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Summary of the results obtained so far
for the neutron-skin thickness of 2%¢Pb
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p(*?*Sn,n) E =600 AMeV S408 Spokesperson: A. Krasznahorkay

LENA

Exotic beam Start detectors
' ’ POS
T-rays
ROLU ROLU Target High energy
ALADIN neutrons
Tracking detectors LENA T
Low energy Large acceptance ““*-H
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(University of Milano)



Geometrical arrangemen
acteristics of ELENS

N
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Time resolution (FWHM) <0.8ns
Angular resolution(L=1 m) < 1°

Energy resolution (E, = 1 MeV) <10 %

Detection efficiency ( E,= 0.5 - 5 MeV) 20-40%



y-ray spectrum measured in
coincidence with the neutrons

(0.5<E _<3.5 MeV and 66°<0, ;< 68°)
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Proton Decay of the Isobaric Analogs of the Ground States
of 2°°Pb, 2*’Pb, 2°*Pb, and *’Bi’
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The (p,nf) reaction has been measured on the lead isotopes **pPh, *""Pb, and **Pb and on
29gi, Coulomb-energy differences are extracted from the positions of the J peaks. Proton
decay widths are also obtained and compared with values from resonance experiments and
with a previous value from **Bi(p, nf).

G. M. CRAWLEY AND P. §. MILLER
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Experimental set-up

CACTUS:
28 Nal 5”x5” and SiRI telescopes




Excitation of the AGDR in the
208Ph(p,n)?%8Bi reaction at Ep=30 MeV
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Proton energy spectra from the decay
of the IAS
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y-energy spectrum measured in
coincidence with the protons
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Determination of the energy of the
AGDR
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Determination of the neutron-
skin thickness
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Comparison of the neutron-
skin thicknesses
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V. Conclusions

A new method was introduced to
measure the neutron-skin thickness
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