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Symmetry Energy

EoS of Asymmetric Nuclear Matter

E(p,B)=E(p,B=0)+S(p)p’ B=pn;ppp

£ p_pO_I_Ksym (p_p0)2
3 P, 18 p(z)

S(p)=5(p,)+

Theoretical estimates of L and K

B.A. Li et al. Int.J.Mod.Phys. E7, 147 (1998)
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Experimental results:

isospin diffusion/neutronskin thickness

of Pb: L= 65 MeV B.A. Lietal. PRC 72,064611

(2005)

giant monopole resonances:
KSym -566 +/- 1350 MeV; 34 +/- 159 MeV
S. Shlomo et al. PRC 47, 529 (1993)
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Motivation: FOPI/FOPI-LAND Experiments

FOPI Collaboration: p and charged mass fragments
in the 0.150 — 1.5 AGeV energy range

Hong et al., PRC 66, 034901; A. Andronic et al. NPA 679,765 (2001)

Rami et al., PRL 84,1120;

FOPI LAND: n, p and light mass fragments
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Y. Leifels et al. PRL 71, 963 (1993); D. Lambrecht Z.Phys. 350,115 (1994)

| I
_,,-_—’5::_ ——
'
- '
. '
'
1
|
'
v
'

.
.
i

T / RuZr  ZrRu

" .
i
A
7
.
.
-

i
IIIJiIIIIlIIlIl‘I“I‘I_I -I_I’I‘I"lllllllllI'IIIIIIIIIl]III

*

* P
o d
T

1L 1.5 15 175 0 215 5 ns 3 325 35

dN/do

300

96
40

1.18 1.25/1.32 1.4

280

260

240

20

200

180

160
160

p, CM3 (b=4-6 fm)

sRu+Zr e/Zr+Ru

a,=-0.164+0.008

a,=-0.118+0.008

[]

50 100 150 200 250

M. Petrovici et al. (FOPI) preliminary/
unpublished




ul

! symmetry potential has opposite sign for neutrons (repulsive) and protons (attractive)
— L slope of double neutron to proton ratio (n/p)AB/(p/n)BA LiLi, Stoecker PRC 73, 051601(2006)
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Transport Model

Quantum Molecular Dynamics (QMD):

Monte Carlo cascade + Mean field + Pauli-blocking+ in medium cross section

all 4* resonances below 2 GeV - 10 A* and 11 N*
baryon-baryon collisions:

all elastic channels

inelastic channels NN — NN*, NN - NANN - AN*, NN - AA*, NR - NR’
pion-absorption < resonance-decay channels: A « N, A* o« A, N* o NTt

meson production/absorption:n(547), p(770), w(782), n'(958), f (980), a (980),4(1020)

applied to study:

-dilepton emission in HIC: K.Shekter, PRC 68, 014904 (2004);D. Cozma, PLB640,170 (2006);
E.Santini PRC78,03410 (2008)

-E0S of symmetric nuclear matter: c. Fuchs, PRL86, 1974; Z.Wang NPAG45,177
-In-medium effects and HIC dynamics: C. Fuchs, NPA 626,987; U. Maheswari NPA 628,669




Isospin dependence of EoS

Eo0S of isospin asymmetric nuclear mater: pas, bas Gupta, Gale, Li PRC67, 034611 (2003)
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Isospin/Density Dep. Cross-Sections
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Isospin asymmetry dependence of NN I el R
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oNN(p,8) = onNnN(p,B=0)

Density/Isospin asymmetry dependence of NN cross-sections above
pion production threshold
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P,B dependence of cross-sections
above pion production threshold important !!!
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&+ Model dependence of a,

| spread of the wave packet: L

¥ (7,p,t)~exp(—(X—F)"/L) exp(iXp) stability of heavy nuclei: 2L=8 fm?
f.(7,p,t)~exp(—(F—7)*2/L)exp(—(p—p,)*LI2) C. Hartnack et al. Eur.Phys.].A1,151 (1998)
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Neutron-Proton EF difference

Mean field potential:
- 2,3 - body contact Skyrme

+ empiric momentum dependent part
(Hartnack & Aichelin, Phys. Rev. C 49, 2801 (1994))

- Gogny inspired isovector part
(C.B. Das et al., Phys. Rev. C 67, 034611-1 (2003)
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FOPI-LAND

first detection of neutron squeeze-out
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New FOPI-LAND data

E,.=22(plp,)"+12(p/p,)"* MeV

clustering algorithm — good *
Z=1 reproduction
VA A y=1.01+0.21/ 0.98+0.35. |

5 5<h<7.5 Y=0.58+0.27/0.35+0.44%. |
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P. Russotto et al. PLB 697, 471 (2011)
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New FOPI-LAND data

experimental data: FOPI-LAND preliminary (W. Trautmann et al.)
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see also L.Zhang et.al nucl-th 12031724
rather poor reproduction of new FOPI-LAND a " and a ” values /

extra model dependece ? (momentum dependent part of symmetric EoS)

some differences between old/new FOPI LAND data sets




EF ratios vs. differences
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Constraints from other observables
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Summary & Outlook

x=-0.8£0.5

symmetry energy — important for describing
astrophysical related phenomena/quantities

CAN be constrained at suprasaturation densities - 50
heavy-ion related observables

MeV]

elliptic flow observables — suppressed dependence to&,
certain model parameters™ |~
(K,L, cs) b e

some model dependence still present — -
differences vs ratios

OUTLOOK: - study left over model dependence
- mitigate differences w.r.t other observables (pion ratios)

- how about light mass fragments?
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