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High density symmetry energy in

Which densities can be explored in the
early stage of the reaction ?

relativistic heavy ion collisions

B.A. Li et al., PRC71 (2005)
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Esym at high density: pions

sResults model dependent

U sDensity dependence of symmetry
energy unambiguously soft or hard
o JBUT
- eSymmetry energy — n/p ratio,
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— Interpretation of pion data
See: not straight forward

Z. Xiao et al., PRL 102 (2009) IBUUO4

Z.Q. Feng, PLB 683 (2010) ImIQMD
W.J. Xie , et al., PLB 718 (2013) ImIBL
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Pion and Kaon freeze-out in HIC

Low p/p, High p/p,
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reliable as high p probes

FIG. 1 (color online). Time evolution of A" resonances. For exp. results see

pions = (left), and kaons K™ (right) for a central (b = 0 fm X-LOPCZ et al. (FOP' CO".) PRC 75, 011901 2007
impact parameter) Au + Au collision at 1A GeV incident energy

Transport calculation using the NL. NLp. NLpé, and DDF
models for the isovector part of the nuclear EOS are shown



High densities: flows

d(¢— ) T — pt = transverse momentum

UrQMD :Au+Au @ 400 AMeV
5.5<b<7.5 fm
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FOPI/LAND experiment on neutron squeeze out (1991)
Au+Au 400 A MeV

| b< 7.5 fm
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Results with Tiibingen QMD

UrQMD:
momentum dep. of isoscalar field
momentum dep. of NNECS
momentum independent power-law
parameterization of the symmetry energy

Tiibingen-QMD:
density dep. of NNECS
asymmetry dep. of NNECS
soft vs. hard EoS
width of wave packets
momentum dependent (Gogny inspired)
parameterization of the symmetry energy

M.D. Cozma, PLB 700, 139 (2011);
arXiv:1102.2728

x =-1.35+1.25

M.D. Cozma et al.,

symmetry energy

arXiv:1305.5417 [nucl-th] PRC88 044912 (2013)

Towards a model-independent
constraint of the high-density dependence of the
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FIG. 2: Model dependence of npEFD and npEFR and com-
parson with FOPL-LAND experimental data, integrated over
impact parameter b=<7.5 fim. Sensitivity to the different model
parameters, compressibility modulus (K), width of nucleon
wave function (L), optical potential (Vo) and parametriza-
tion of the symmetry energy (S) are dlsplag,ed The total
model dcpendencc is obtained by adding, in quadrature, in-
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http://arxiv.org/abs/1305.5417
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Results with Tiibingen QMD and UrQMD

present work
mmss Russotto et al.

x =-10+£10

M.D. Cozma et al.,
Towards a model-
independent constraint of
the high-density
dependence of the
symmetry energy,

arXiv:1305.5417 [nucl-th]

PRC88 044912 (2013)
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ASY-EOS S394 experiment @ GSI Darmstadt (May 2011)
Au+Au, %6Zr+%Zr , %°Ru+%°Ru @ 400 AMev

4 rings 50 Csl(Tl), ©>60°. iy KraTTA: 35 (5x7) triple
Discriminate target vs. SeEE telescopes (Si-Csl-Csl) placed
reactions with air. el ALY at 21°<@<60° with digital
Multiplicity and reaction plane . : readout . Light particles and
measurements. A . o IMFs emitted at midrapidity
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Au+Au @ 400 A.MeV: Some kinematics

0.5

0.4

0.3

0.2

0.1

'oalllllllll IllIlIlllllllIIllll'llll

&

* Random uniform distribution EKin<100 Mev

P. Russotto et al., EPTA 50, 38 2014.
P. Russotto et al., Procs. of INPC2013, EPJ Web of Conf.
P. Russotto et al., Journal of Phys. Conf. Series 420, 012092, (2013)



Au+Au @ 400 A.MeV: Background rejection
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Au+Au @ 400 A.MeV: Centrality selection
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Reaction plane orientation

Au+Au @ 400 AMeV
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Comparison with UrQMD

Au+Au @ 400 AMeV b<7.5 fm
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Comparing ASY-EOS with FOPI: rapidity dep. of charged particles
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Last result: improved background evaluation
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. . o isobaric analog states
The analysis is in progress... S e o 3008

Lip—p Kom (p — p,\2 heavy-ion collisions
S(P) = Sp + g( r)) -+ 1“8 ( r)) + ..., HIC isospin diffusion, n/p ratios
Po Po Tsang et al., 2009
PDR  pygmydipole resonance
L=3p0-6 Esym/ap Klimkiewicz et al. 2007
_ . see also “Complete Electric
150 Current constraints on 18 Dipole Response in 28pb”
From “old” symmetry energy from HIC Tamii et al.,
. ) . = PRL 107, 062502 (2011)
elliptic
n/p flow* | ——
150 symmetry
= pressure
v _
v=0.7%10.2 = Po=(L/3)p,
L=70+13 (FP1)| =
50
28
S, (MeV) So=Eqym(Po)

from M.B. Tsang et al., PRL 102, 122701 (2009)
vertical lines: analyses with ImQMD (Zhang et al.)

and IBUUO4 (Li and Chen)
*P.Russotto et al., Phys. Lett. B 697 (2011) prelimiﬂafv



ASY-EOS future set-up?

Kratta,
Farcos,

LAND

Califa
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} CHIMERA

miar
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Fopi Forward
Wall+CHIMERA™
—_

target

NeuLAND

LAND

* Ring 1-2-3
(6<7°)




Conclusions

Symmetry Energy:
Low densities: several constraints quite consistent
High density:
» pion constraints not consistent
» n/p flows suggests..a route “Towards a model-
independent  constraint of the high-density
dependence of the symmetry energy”
» Finalizing ASY-EOS data analysis is in progress
Work on code consistency needed..everywhere
New and better experiments on n,p flows and ratio, pions
and kaons, also with high asymmetric beams (e.g. 325n)
and new detectors (Riken TPC, NeuLand@R3B)
International collaborations and efforts

On the road.....
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