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A key problem: The density dependence of the Symmetry Energy
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FIG. 2: {Color online) Syvmnmetry energy as a funetion of den-
u sity for the MDI interaction with - = 1,0, —1 and —2. Taken

from Ref. [109].
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Current Experimental Constraints on the Symmetry Energy

Increasingly stringent constraints at p<p,:
- Giant and Pigmy Dipole Resonances

* Isospin diffusion and n/p ratios in HICs
Isobaric analogue states and masses
‘Isoscaling in projectile fragmentation
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Determination of the Stiffness of the Nuclear Symmetry Energy from Isospin Diffusion
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FIG. 4 (color online). The degree of isospin diffusion as a
function of K., with the MDI and SBKD interactions. y is
the parameter for fitting the corresponding symmetry energy
with ‘Esym{p) = 3]6&];{.‘0{])?

Almost no constraints at p>py:
* limited n-/=*, K*/K°, n-p flow studies
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Circumstantial Evidence for a Soft Nuclear Symmetry Energy at Suprasaturation Densities
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FIG. 2 (color online). The # /@' ratio as a function of the
neutron/proton ratio of the reaction system at 0.44 GeV with
the reduced impact parameter of b/b_ . = 0.15. The inset is
the impact parameter dependence of the 7 /o' ratio for the
%Ru + *Ru reaction at 0.44 GeV.
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URQMD simulations (by Qingfeng Li)
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In order to mimic the strong density dependence of the symmetry potential at high
densities, we adopt the form of F(u), used in [4], as
Fl =uY, p = 0,
F(N}: a — it i =P|{lp{:| (—1} 1
Fo=u- a =1

a—1"
Here, y is the strength of the density dependence of the symmetry potential. We choose
y = 0.5 and 1.5, denoted as the symmetry potentials FO5 and F15, respectively. a (in F3) is

See Qingfeng Li, J. Phys. 6 31 1359-
1374 (2005) and references therein

UrQMD vs. FOPI data:
Au+Au @ 400 A MeV
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differential elliptic flow
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Au+Au @ 400 A MeV

Stff 5 5<b<7.5 fm

\ inversion of neutron
/ and hydrogen flows

squeeze-out more
soft sensitive than the
directed flow




URQMD simulations:Au+Au @ 400 AMeV

Evolution with impact parameter

profdn
B neutrons
ks s s ASY—SOFT (y=.5)

) S I I I I I IS L I L BLBET T o e e [ [ N S L e e o]
N_[._.,ﬁ-_ ¢ o b=5.5-7.5 fm e - N_.]_[.ﬂ-_ $ ‘ b=5.5-7.5 fm 4 $
>.0.04f ® 4 1 Tt o ‘ ;

-0.06[- : : 2 - 0.06 ’ e ’ -

o AL A P TR P PP T T T T S . L e i e T e I T ey

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
LA IR RS BRI B RIS B B B I B R AR R EEE N RSN EALE) DRSS AR

0.03__ t * E 0.0;__ ‘ ‘ ]
a0.02F o b=2.75-7.5 fm 8 1 avo02f A b=2.75-7.5 fm R ) 5
>.0.04f 2 2 o @ . 1 >o.0dfp ¢ ¢ o ¢ .

-0.06_— - -0.06_— =

AL AN P P P PP T P T P P R L i e T Tl T I

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
BT L B B B B L B a [EEPAPON n A R B I B BRI I I L u
of s W . g @ o - oF o ¢ o 2 © v .
~r-0-02f 2 o @ J «0.02F * 2 = -
>.0.04} 4 *-0.04} -

20.06F b=0-2.75fm 1  o.06F b=0-2.75 fm 2

LA A T TS P PP T P P TS P B 1L i P ST PR P PR PR P FEETE P

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
ylab/yp ylab/yp

PB 07/10/09



Au+Au 400 A MeV

FOPI/LAND experiment on neutron squeeze out
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Comparison to experimental data

LAND coverage
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see W.Trautmann, P.Wu talks



URQMD simulations:Au+Au @ 400 AMeV
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v2(n)/v2(p)

URQMD simulations: @ 400 AMeV
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Au+Au @ 400 AMeV
5.5<b<7.5 fm
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y(n)/y(p)

y(n)/y(p)

Au+Au @ 400 AMeV
5.5<b<7.5 fm
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y(n)/y(p)

y(n)/y(p)

Au+Au @ 400 AMeV
b<2.75 fm
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Au+Au @ 400 AMeV
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PHYSICAL REVIEW C 74, 064617 (2006) F‘:_p (y) = Z (pFwy ) /N (y), (28)

i=1

Double neutron-proton differential transverse flow as a probe for the high density behavior of the  where w; = 1(—1) for neutrons (protons) and N(y) is
nuclear symmetry energy the total number of free nucleons at rapidity y. Since
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URQMD SimUIGTionS: .r':'ff_jnlng':lE:‘.I-Zw-jl|:pfwﬂ;:lf-";"'-.-vliti:J'jl~ (28]
Au+Au @ 400 AMeV -

where w; = 1(—1) for neutrons (protons) and N{y) 1s
the total number of free nucleons at rapidity y. Since
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URQMD simulations: F?_(y) = ‘§J|:3;f w;) /N (¥), (28)

Au+Au @ 400 AMeV -
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URQMD simulations:
Au+Au @ 400 AMeV

b=5.5-7.5 fm
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400 AMeV (SMDBHF)
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Pulse-shape G4l
Gates (stretched and slow) = 50 ns (QDC V792, 50 Ohm impedence input / 400pC range)
Standard preamplifier 45 mV/MeV
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0.5 cm plastic scintillator (phototube readout) in front of G4l

CsI(Tl). Time-of-Flight respect to the beam start detector
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G2-E - G2-l

Gates (stretched and slow) = 500 ns (QDC V792, 1.1 kOhm impedence input*)
Standard preamplifier 45 mV/MeV (Standard Si-Csi Chimera telescope)
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DPSA: almost all Si

and Csl signals
splitted for digital
analysis
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Conclusions

Several heavy Ion reactions observables have been proposed in order to get
information on symmetry energy (giant and pigmy dipole resonances, isobaric
analogue states and masses, isospin diffusion, n-/n*, K*/K°, n/p ratios,
neutron/proton differential flow, v2, 3H/3He ratio...).

More extended data sets and consistency checks are needed in
order to arrive at firm conclusions especially at supra-saturation densities

Even if there are a lot of open questions (N-N cross section, effective
masses,_...) in the ASY-EOS experiment at GSI we will try to measure
crucial observables..........

...... "a good constraint” of symmetry energy at supra-saturation density ???



The high density behaviour of the nuclear symmetry energy £, (p) is very
important for understanding both high densn‘y nuclear matter "and many
interesting astrophysical objects, but it is also subject to the large
uncertainty.
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