
The ASY-EOS experiment at GSI: 
investigating symmetry energy at supra-saturation densities

P. Russotto*

for the ASY-EOS collaboration

*INFN-Sez. di Catania, Italy

19.23  07/05/2013

http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22


Symmetry energy

Fuchs and Wolter, EPJA 30 (2006)

EOS of symmetric nuclear 
and neutron matter 

from 
Ab initio calculations (red)

and phenomenological approaches
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•Relatively large deviations at high densities

•Several constraints (quite consistent among 

them) around and below ρ0

•Few constraints above ρ0
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Elliptic flow:  competition between in plane
(V2>0) and out-of-plane ejection (V2<0)
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Y = rapidity
pt = transverse momentum

High densities: flows

UrQMD vs. FOPI data:
Au+Au @ 400 A MeV
5.5<b<7.5 fm

Qingfeng Li, J. Phys. G31 1359-1374 (2005) 
P.Russotto et al., Phys. Lett. B  697 (2011)
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Analysys of FOPI/LAND data (1991) Au+Au 400 A MeV b< 7.5 fm

P.Russotto et al., PLB  697 (2011)

adopted: γ = 0.9 ± 0.4

UrQMD (momentum independent 
power-law parametrization of the 

symmetry energy)

M.D. Cozma et al., Towards a model-independent 
constraint of the high-density dependence of the 
symmetry energy arXiv:1305.5417, sub. to PRC

Tübingen QMD (momentum dependent)
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ASY-EOS experiment (May 2011)
Au+Au @ 400 AMeV

96Zr+96Zr @ 400 AMeV 
96Ru+96Ru @ 400 AMeV

~ 5x107 Events for each system

ASY-EOS S394 experiment @ GSI Darmstadt (Germany)

Beam Line

Shadow Bar

TofWall

Land
(not splitted)

target

ChimeraKrakow array

MicroBall
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35 modules (5 x7), 20.7°<θ<63.5°
Distance from the target: 40 cm. 
Light particles and IMFs emitted at 
midrapidity

Digitized with 100 MHz, 14 bits Flash ADCs

KraKow Triple Telescopes Array: KRATTA (Poland)
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* Random uniform distribution 0<EKin<100 Mev

Some kinematics Au+Au @ 400 AMeV

*
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Centrality selection and Reaction plane orientation Au+Au @ 400 AMeV

Etrans12 (MeV) χ∼ <cos (2 ΔΦ) >∼ ΔΦ (deg)∼
<200 0.48 0.12 41

200-400 0.90 0.34 35

400-600 1.34 0.52 29

>600 1.69 0.66 24

J-Y Ollitrault arXiv:nucl-ex/9711003v2
ad. from P. Danielewicz et al., PLB 1985
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Reaction plane orientation II: CHIMERA-Microball correlation

Requiring: 4 hits in CHIMERA && 2 hits in MicroBall

http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22


Preliminary azimuthal distribution 
from LAND

Au+Au @ 400 AMeV

b< 7.5 fm

preliminarypreliminary
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Preliminary gamma extraction Au+Au @ 400 AMeV

b< 7.5 fm

preliminarypreliminary
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Preliminary gamma extraction Au+Au @ 400 AMeV

b< 7.5 fm

preliminarypreliminary
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L=3ρ0·∂Esym/∂ρ

S0=Esym(ρ0)

IAS

HIC

PDR

isobaric analog states
Danielewicz/Lee 2008

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

symmetry
pressure
P0=(L/3)ρ0

From “old”
elliptic 
n/p flow*

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

and IBUU04 (Li and Chen)

pygmy dipole resonance
Klimkiewicz et al. 2007

see also “Complete Electric 
Dipole Response in 208Pb”
Tamii et al., 
PRL 107, 062502 (2011) 

Conclusions

ØThe analysis is in progress…

*P.Russotto et al., Phys. Lett. B  697 (2011)
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