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Strongly interacting bulk matter
at the nuclear, hadronic and partonic
levels

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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Experiment S408 at GSI

Spokesperson: A. Krasznahorkay

* Excitation of the Antianalog Giant Dipole Resonance (AGDR) in
(p,n) reaction

* Very little quenching, and it is precisely known for the whole
nuclear chart

 Ground-state y-decay of the GDR
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Excitation and y-decay of the AGDR
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Isospin Clebsch-Gordan coefficients
(F. Osterfeld, Rev. Mod. Phys. , 64, (1992), 491)
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Splitting of the dipole and spin-dipole resonances
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Experimental data for the AGDR
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Energy of the AGDR and the
IVSGDR (SDR) resonances

B Sn isotopes
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Sum rules
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(p,n) reaction in inverse kinematics
p(332Sn,n) E=600 AMeV
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p(*?4Sn,n) E =600 AMeV

LENA

Exotic heam Start detectors

' ’ POS
ROLU ROLU Target High energy
ALADIN ' neutrons
Tracking detectors LENA EHH
Low energy Large acceptance ““*-H
neutrons dipole magnet ™
v detector: 6x (3.5”x 8”)state-of-the art TWF and NTFW
LaBr,
Heavy fragments

(University of Milano)
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Geometrical arrangemen
racteristics of LENA
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Angular resolution(L=1 m) <1]°

Energy resolution (E, = 1 MeV) <10 %
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y-ray spectrum measured in
coincidence with the neutrons
(0.5<E _<3.5 MeV and 66°<0, ;< 68°)

AGDR in *sn
E,=10.89(20) MeV

E(GDR) = 15.19
FWHM(GDR)=4.81
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Theoretical results

particle states
m
i

noe states  cOllective vibration = coherent superposition of large number of p-h excitations
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HF ground state 1p-1h excitation J = ' ' '
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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].

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

19th Nuclear Physics Workshop, Kazimierz,
2012



AGDR strength distributions
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Results for the Sn isotopes

i Sn isotopes
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Sensitivity of the AGDR to the

neutron-skin thickness

124Sn
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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 124Sn but for the
target nucleus 2%3Pb.

> 1030 32 34 36 38
é (MeV)! | | | |
208
Ej/ 9.5 ‘—':“\\ Pb
g N . 8
g
Z - Exp. result
9 L AR =0.161(42)
- a,=31(2) MeV
8.5
8 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 | 1 IA“I )
0.1 0.14 0.18 0.22 0.26 0.3

AR (fm)



Summary of the results obtained so far
for the neutron-skin thickness of 2%¢Pb
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V. Conclusions

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

GR studies in stable beams
GR studies proposed in RIB’s
Challenges for the detectors
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