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EOS of Asymmetric Nuclear Matter
ENErgy/nucl aon
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Two exampies: Skyrme Harree-Fock and Relativistic Mean Field

K. Oyamatsu, I. Tamihata, Y. Sugshara, K. Sumiyoshi and H. Toki, NPA 634 (155833,
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Incnmpresﬂbiﬁty of Asymmetric Nuclear Matter
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EOS of Asymmetric Nuclear Mater
At density p and neutron-excess § = {p, — pu)/ P

elp,d)=E/A= TF{P: 4} + Vcr': + 8*Valp)
Empirical parabolic law:

elp, &) = e(p, 0} + e )6 + O5")

= &symlp) = e{p, pure neutron matter)—e(p, symmetric nuclear matter)
Theoretical evidence: essentially all many-body calculations

Two examples:
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EOS of pure neutron matter

Examples within Hartree-Fock approach:

(1)With 18 Skyrine intetactions , B. A. Brown, Phys. Rev Lett, 85 (2000) 5296.
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FI(%, 2. The réineon BOS for 18 Slyrme pameter sote, The
filled circles zre the {FF) varistional
‘eslenlations and the croseey mre SKX petitom density is in
grite of Deutron/ T, ' ) :

(2)With 86 Skyrme effective interactions, J.R. Stone.of the Univ. of Oxford
recently found that 2/3 (1/3} of these interactions lead to negative (positive)
symumnetry energies at high densitias. -

© {3)Other interactions, sach as Gogny (Margueron, Navarro, Nguyen Van Giai,
A. Ono, Subal Das Gupta et al.), density-depenclent M3Y interactions (Khoa,
Qertzen, Ogloblin) also give either positive or negative symrhetly energies
af high densities depending on the parameters used.

' % We do not Know) about Hae Sign of Symmetry
Evnergy oo R
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Astrophysical implications of the density
dependence of nuclear symmerry energy E,,.(p)

{A) Nucleosynthesis in pre-supernova evolution of fiassive stars
Rates of electron coptures on racken and protons, thas the eleeiron
tegencrate pressure and composition ol pre-supernova eollapsing core all
depend eritically on Epwip).

(B} Mechanisms of supernova explosion
Isospin asymmgivy stilTens the ECS: FEipa)= E{p,{]]{-E&Fm{p}ﬁ: at given p.
Soficned compressibility Kp(d)=W_ (T-ad"} atong the saturation line
ool 1= o i-hﬁlj_ AN reduction of I, at =113 is necessary 1o canse the
supernoya exposion wilhin the prompt exploston model,

{C) Composion of protonentron stars
Mrotonfelectron fraction X, in profoneatron stavs o f equilibrivm is
uniquely determined hy: he (3a'px)'™ = 4 Bgnlp) (1-2%,)

(D) Meutrino flux and cooling mechanisms of protoneutron stars
Fast cooling via divect LRCA (n—pre v, pre—nt v requires x, = 179

(E) Kaon ¢ondensation in nentron stars
o =K+ v if pup) = g, where uep) = pa(ple wplp) =3Eqmifs)0

() Quark-hadron phase transition in neufron stars
The fraction of guark matter in the mixed phase depénds on the Egqn(p).

- (G) Mass-radius correlation of neutron stars
It depends critically on the proton fraction x, and this B {p) by solving
the Tolamu-Oppenheimer-Vallkoy coration.

(H) Isospin separation instability and structure of neutron stars
1t was predicied by many microscopic many-body thearies that the
E n(p} becomes negative above a critical density between 2.7pato Dpy,
lcading to the jsospin separatton instability-formation of pure neutron
domaing andfor neatron bubbles surroanding isolated protons,

Rebs. 4y H.A. Rethe, Rev. ob Molove Pl usl 83 (1f26) Rel

@) €, J. Dethick and D. G Rovehadt, Prown. Rov. Moneh . Pock, S, 45 0487999
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Pion probe of N/Z of high density participants

A 3
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Therma] modell (GF. Berisch, Nature 283 (1980} 281.)

- Up)/KT] (the same factor for n/p ratio 1)
He vy Jafaman
Ho= Up™ 20, (036 =V /({ln—+2”’—“éw: Ao pn},ﬁ;m Eﬁfym

PR L9gay
AT 18 the thermal wavelength and by, are cﬂnstants'
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Pion-like ratio during the reaction:
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Promising Probes of the E,.(p) in Nuclear Reactions
{ur incomplete list )

(a) At low densitics

¢ Sizes of a-skins of unstable nuclei from total reaction xsections

¢ Parity violating electron scattering studies of the n-skin in ***Pb
e Multiplicity and specteam of pre-equilibrium neutrons/protfons
¢ Isospin fractionation and isosealing in multifragmentation

s Proton differential elliptie flow at high transverse momenta

s Isospin dependence of transverse flow and balance energy
¢ Two-nuckeon correlation fiunctions at low relative momenta

(b)y Towards high densities

» x'/n” ratio in heavy-ion collisions induced by high-energy
radioactive beams

« Nentron-proton differential flow in heavy-ion collisions

+ Precursor of isospin separation instability in the excitation
fonetion of nuclear eolective flow

¢ Asymmetric nuclear matter induced unique p"-c0 mixing
and its effects on dilepton and photon production



Evidence of the momentum-dependence of symmetry potential
from the difference of optical potentials foT neutrem and proton scatteTings

(1) Nentron and proton scaftetings on the same tincleus at the same energy

jArg Up =25 U + Ucsusedh armion

(2} Meotron of proton scatteTings of & sequehce of 120tOPes

Uj(isotope 1) - 1, (isotope 2 =28 82 Ugm
n f
The finding: Ugm = V1 -5 B, W oy 3o M G g el —~ o2,

P.E. Hodgeon, the MNucleon QOptical Modal, World Sciemtific, 1994

2.4.4, Enmzyd@dm Harpin Some giobal anaiyees of neatron elastic
scattefing have Peen made 2 Iinear energy dependence of the asymmetry
term. Valuﬂotthemﬁdmucﬂmdqmtheemm(ﬂ—&m and (W, —
eE).- are given in table 12,

Tabie 12, ?ﬂmdmﬁmtdlhmmHHdem

Reaction E - Nuclem tx . ' Rederence
. 01, - — Rock (1973)
Theoretics] mnlyna{lll‘? - Datrowiki and Huensel (1974)
. 0.1 — Jeakenne & of {19770)

(n,2) =26 s, *™Pb { .19 — & ol (1575w, b)
(p.n) 25-45 Y- "pp | 018 -_— . Pacerson ¢t &! (1576)
(@.7),p.p} 1050 *“Pb ~0.183 £0, mﬂ — De Vi # 4l {1981}
(n.m), (pyp) 104D 3™PD — 0.178+0.052  Du Lo md Michelerti (1981)
ppy 100 SHET"Py | 0.1240.06 — K. wintkewaki wnd Wall (19758}
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Summary:

¢ The EOS of neutron-rich matter, especially at high
densities, is very poorly known.,

¢ The most important issue is the density-dependence
of nuclear symmetry energy Equn(p).

¢ The E,,,(p) is important for understanding not
only structures of radioactive auclei, reaction
mechanisms of heavy-ion collisions but also many
key issues in astrophysics. |

¢ Several interesting isospin effects in heavy-ion
collisions induced by high-energy radioactive
beams can be used to extract the high-density
behavior of Egp(p).



