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Frontiers of Nuclear Physics

Equation of State (Eo0S) of asymmetric NM € (p, 1)
- topics in nuclear structure and dynamics
-> relevant role also in  astrophysics

High densities - structure and stability of Neutron Stars

A NEUTRON STAR: SURFACE and INTERIOR

® S w densities - n-rich cluster formation
L& in Supernovae explosions
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J.M. Lattimer and M.Prakash, - Science 304 (2004) 830y oshi and G.Ropke, Phys. Rev. C 77 (2008) 055804

An interdisciplinary topic



Competition between
reaction mechanisms
at semi-central <b>
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How can we probe the (asy)- E0S?

Neutron content of light
iIsotopes
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Compare reactions
having various:

* N/Z of projectile

* N/Z of target

* N/Z of total system
Explore the maximum
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(A)Symmetry Term of Nuclear Equation of State

Review: M. Di Toro et al, JoP G 37 (2010)




Investigations in the region of Ca

The use of nuclides in the Ca region allows to investigate n-rich and p-rich systems

Two experimental campaigns at  INFN-LNS:

INFN —LNS and Sezione di Napoli

» 25 MeV/nucleon - low — intermediate energy reaction mechanisms
 90Ca+%9Ca and “®Ca+48Ca -» extreme N/Z values (1.0 —1.4)

* mixed systems ->» isospin diffusion

« 90Ca+4048Ca and “°Ca+*°Ti - mass asymmetry effects

« 22Ca+°*Fe (preliminary) and “8Ca+*8Ca - isospin vs mass effects

Perspectives with RIBs in the  Ar region




The Chimera 4 marray at LNS

Exp. technique Result:
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Inclusive emission: staggering

Inclusive emission of light fragments at forward angles (solid lines 4, .,=11.5°, dashed
lines g,.,~16.5°) identifyed by means ofAE-E: even-odd effects onZ and N distributions
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Central collisions: heavy residue emission

Central events(m,, = 5, 6) with the presence of dast quasi-projectile (v, or v;>0.139

(massive transfer). Mass — velocity correlationsof the biggest emitted fragment :
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Central collisions: competitive mechanisms

AMno, AM nor
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G. Cardella et al, PRC 85 (2012)



Central collisions: competitive mechanisms
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Central collisions: competitive mechanisms

N/Z of the total system
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Central collisions: CoMD-II calculations
Stiff2 > y=1
2k w0ca+ *Ti L *Ti m,<10 40Ca + 40Ca , 46Ti , 48Ca

We comparedexperimental AM .
distributions with CoMD-Il (+cEmini)
model calculations - we adopted various
form factors of U, (p/py)
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Central collisions: CoMD-II calculations
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Isospin drift effects: preliminary results

#2Ca+°>Fe: binary vs HR with mass and velocity selections
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Semi-peripheral collisions: isospin diffusion
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Semi-peripheral collisions: isospin diffusion

N/Z of QP (and MV) = 7Li/7Be
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10

‘Li and "Be emission yields by means
of multi-component moving source fits.

Incomplete N/Z equilibrium



Semi-peripheral collisions: isospin diffusion

Following SM, we can assume:
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Competition between reaction mechanisms

34Ar+49Ca (N/Z=0.947)
46Ar+48Ca (N/Z=1.474)

;Eg
Q. 0.7
@ 2
Z 0s | /,,?/‘i

- ~~
© . 05} ,/l"’ gﬁé G
o e} - H;f o
c - e 7 / C
o c 04r “hr (/' ﬁ? 5
N I 7 7 <
) 03 | G ;ﬁﬁ &
0p Re f y
© 02 / : % <]
c e € )>:§§
(‘2 01 | : investigated region %
2 ; %
'1J 06 07 08 09 1 11 12 13 14 15 16
Z N/Z of the total system
LL
Z  We may also expect ( p-rich):

- very large even-odd effect on Z-distr.
- enhancement of fusion — fission

MCP

p-rich collisions at =5 MeV/nucleon -

Perspectives with RIB

in central events ( = 20 MeV/n)

S

3000

| 36Ar + 9Be @ FRIBS-LN

2500

2000

1500

2950 2975
T.0.F. (channels)

3000

CHIMERA modules
Dsssp

Secondary
Beam

behaviour of CN near/at the proton drip
line

&
L S
(U WQ &
st waw e @Q

Thank you for the attention !



Exochim Collaboration

L. Acost&, C.Agod?, F.Amorini¢ A.Anzaloné, L. Auditoré, |.Berceany
M.Buscemi¢, G.Cardell§, S.Cavallard¢ M.B.Chatterje® E.De Filipp®, G.GiulianF,
E.Gerad¢, L.Grasst ¢, J. Hai, E.La Guidar&®, G.Lanzalon&', |.Lombardd,
D.Lorid, C.Maiolind, A.Pagan®, M.Pap4, S.Pirron& G.PolitP:¢, F.Port@< E. Rosat®,
F.Rizzd*¢, P.RussottdS, A.Trifiro!, M.Trimarchl, G.Verdé, M. Vigilante™

a) INFN Laboratori Nazionali del Sud, Catania, al
b) INFN, Sezione di Catania, Catania, Italy
c) Dipartimento di Fisica e Astronomia UniversitaG@atania, Catania, Italy
d) Saha Institute of Nuclear Physics, Kolkata, &ndi
e) Centro Siciliano di Fisica Nucleare e Struttwlella Materia, Catania, Italy
f) Dipartimento di Ingegneria ed Architettura,Unrgéa Kore di Enna, Enna, Italy
g) Institut de Physique Nucleaire d'Orsay, CNRS-IB|ZBrsay Cedex, France
h) Institute of Physics, University of Silesia, #iaice, Poland
i) Institute for Physics and Nuclear EngineeriBgicharest, Romania
l) Dipartimento di Fisica, Universita di Messina, B&na, Italy
m) Dipartimento di Fisica, Universita di Napoli Fede I, Napoli, Italy
and INFN — Sezione di Napoli, Via Cintia, Napolaljt

INFN —LNS and Sezione di Napoli



