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Symmetry Energy (nucleus)
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Symmetry Energy (nuclear matter)

energy per nucleon

P. Danielewicz, arXiv:nucl-th/0512009
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E/A (MeV)

Symmetric matter (6=0)

[ [ | | [ [ [ [ | | | [ [ [ [ I | | [ [

- (BB, = 1565 e HARD ] Simple Skyrme parametrization
- p, =047 fm® K=380 MeV 1 pie SKyrme p
- T=0 - 2
L p =p | K _3pF<p> X p S P Y

n=p PARAB ~P)= om 2577
B K=282 MeV m Po 1Y\ Py
B SOFT B Compressibility parameter
L ,," K=200 MeV ,
: : KE9p2 0 E/ZA

' ap P=Py

_I | | | | ] ] ] | I | | ] ] | ] | | | | ] I_
0 1 2 3 4

p/p,



Danielewicz, Lacey, Lynch: Science 298(2002)1592

Flow -> a density sensitive observable
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parameter dependence of elliptic flow

Andronic et al.

FOFI Collaboration / Physics Letrers B 612 (2003) 173-180
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Symmetry energy affects:

Neutron star structure, composition,

size, mass and cooling o ion,tectrons "

inner crust 1-2 km
~4—— electrons, neutrons, nuclei

Supernova explosions

outer core ~ 9 km
neutron-proton Fermi liquid
few % electron Fermi gas

inner core 0-3 km
quark gluon plasma?

Structure of the nucleus (masses,
drip lines)
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Cassiopeia A Supernova Remnant
(http://chandra.harvard.edu/photo/printgallery/2004/)

1207 ] ] ’
Nuclear Chart

Neutron skin thickness 00f
ik
IVGDR o
Pygmy resonances ‘2‘:
Differences between IAS oke - i i o

Squeeze-angle distributions

> g

E/A 12-10 10-8 8-6 6-4 4-2
. side-splasl 40 ]
Flow patterns in HIC “Jonscsef “ S

impact poromefer b

>
E)
<
W
L
o
2
:+
A
>
A
0
=
O
0n
S.
L
o
"k_‘
o
(-
|
|

~ teacfion plane

hounce off
side-splash

e

LT |
V1so /\/\/M\

W2 x0 a2 x w2 x W2t

w2

OFF plane emission Au:—sjb\u



Symmetry term. Why so uncertain?
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Pion ratios (FOPI, Au+Au)
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Reanalysis of FOPI/LAND Au+Au @ 400, 600, 800 AMeV

[Y. Leifels et al. PRL 71 (1993) 963]

Setup'93
, Plastic wall (1°<0<30°)
~,Shadow bar / Centrality &
. %\l Reaction plane
beam ... S O A— Q:'\ ......... 1 .'5-"-"-"_-'-"'_",:' T
S 10F .
M,
D
<
5 < o5k .
U'D-Illnlnlnlulululllll-
00 01 02 03 04 05 06 07 08 09
¥
- - - - Acceptance for neutrons
LAND1 (61°<6<85°) LAND2 (37°<6<53°) and cuts for analysis (dashed)
Neutrons, Z=1 Neutrons, Z=1




Reanalysis of FOPI/LAND Au+Au @ 400, 600, 800 AMeV

[Y. Leifels et al. PRL 71 (1993) 963] -> [P. Russotto et al. PLB 697 (2011) 471]

UrQMD, Q. Li, J.Phys. G 31(2005)1359
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Reanalysis of FOPI/LAND Au+Au @ 400, 600, 800 AMeV

[P. Russotto et al. PLB 697 (2011) 471]
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Reanalysis of FOPI/LAND Au+Au @ 400, 600, 800 AMeV

[P. Russotto et al. PLB 697 (2011) 471]
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Medium correction factors to the elastic O
[UrQMD, Q. Li et al., PRC 83(2011)044616]
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ASY-EOS experimental setup

May 2011
Setup from the proposal of 2009
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ASY-EOS setup
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ASY-EOS experimental setup
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summary

OF
L=3 ~
P “op |-,

150 Current constraints on 18
| symmetry energy from HIC

from
elliptic
n/p flow 1007

[M.B. Tsang et al., PRL 102(2009)122701]

(,ury/AsW) “d

IAS -

isobaric analog states
Danielewicz/Lee 2008

HIC -

heavy-ion collisions
isospin diffusion, n/p ratios
Tsang et al., 2009

PDR -

pygmy dipole resonance
Klimkiewicz et al. 2007

P =(Li3) p,

symmetry
pressure




Difficulties in measuring the E_ _(p)

ym

Experiment

* Mixture of density, temperature and time dependent processes
» Detection of neutrons and protons simultaneously

» Tiny effects — high precision and statistics needed

» Observables minimizing the influence of the isoscalar part

« Correlations of many observables needed

» Exotic beams (larger &) would help

Model

* In-medium cross sections (p and p dependent)

» Realistic inelastic cross sections, particle production (, K)

« Momentum dependence of the mean-field

» Control the competition between the mean-field and collisions
« Realistic description of cluster formation (at least t°He)

« Ability to describe ,hot” and ,,cold” observables
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Symmetry energy from elliptic flow

in 197Au+ 197Au
[PLB 697 (2011) 471]

P. Russotto, P.Z. Wu, M. Zoric, M. Chartier, Y. Leifels,
R.C. Lemmon, Q. LI, J. Lukasik, A. Pagano, P. Pawtowski,

W. Trautmann
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Differential flow

(minimizes the influence of the isoscalar part of the EOS)

Bao-An Li, PRL 85 (2000) 4221

N,(y)
N(y)

N,(y)
N(y)

N(y)
Fh@%ﬁﬁgﬁwh= (pay))— (p,(¥))

where N, (v )is the total number of free nucleons at rapidity v, p;(y) is the transverse
in-plane momentum of particle i and T,=1 (—1) for neutrons (protons).



