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FOPI Days in Split, Croatia, 26th-28th May 2005 
  
Friday, 27th May, 9:00-12:30 --- Isospin physics, stopping  
	 	 	 	 and flow 
  
09:00 W. Reisdorf, GSI 	 	 Pion physics 
09:30 Bao-An Li, Arkansas	 	 Determining the symmetry energy  
	 	 	 	 at high densities with relativistic HIC 
10:00 Massimo Di Toro, Catania	 Nuclear EOS at high baryon and isospin  
	 	 	 	 density: sensitive observables 
10:30-11:00 Coffee break 
11:00 Herrmann H. Wolter, Munich	 Symmetry energy: flow, pion production  
	 	 	 	 and isospin transport 
11:30 Marcello Baldo, Catania	 The nuclear equation of state from low  
	 	 	 	 density to just above saturation 
12:00 W. Trautmann, GSI 	 	 Symmetry energy and recent ALADIN results 
  
earlier FOPI + LAND data on neutron flow mentioned in the discussion … 
  



IWM 2005 in Catania November 29 – December 1st 
slide shown during discussion session:

CHIMERA – GSI Workshop       Dec 2006 
"Symmetry Energy in Nuclear Reactions"



3,8 m

4 double rings 
of CHIMERA, 
352 modules

θlab = 7° - 20°

GSI ?

on CHIMERA: 
Pagano+,  
Nucl. Phys. A 734,  
504 (2004)



Stefano Gandolfi
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asymmetry δ = (ρn–ρp)/ρ

EA(ρ,δ) = EA(ρ,0) + Esym(ρ) · δ2 + O(δ4)

Nuclear Equation of State (EoS)
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Nuclear Equation of State (EoS)
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elliptic flows 
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neutrons, azimuthal.distr. 
fit with Fourier expansion
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Buchwald/Frankfurt

used for EoS: 
SNM: FOPI, AGS, BNL 
Le Fèvre+ NPA 945, 112 (2016) 
   
PNM:   FOPI-LAND, ASY-EOS 
Russotto+ PRC 94, 034608 (2016) 

elliptic flow: a pressure gauge for nuclear matter

neutron squeeze-out 
for Au + Au @ 400 AMeV 
Leifels+ PRL 71 (1993) 
(FOPI-LAND data)



ASY-EOS workshop 
 in Catania 2008



ASY-EOS workshop 
 in Catania 2008

GSI-PAC In 2009: 
“The combination of LAND, ALADIN and Chimera  
is a unique opportunity to study the density dependence  
of the symmetry energy”. 



93 authors:

2010 2011

2011



P. Russotto+ PRC 94, 034608 (2016)

compiled by 
Horowitz+ 
JPhysG (2014)

sensitivity to density

density probed extends to 2.5 ρ0 

maximum near saturation density

ASY-EOS: neutron vs charged-particle elliptic-flow ratios

UrQMD: L=72±13 MeV

n/ch       n/p

Esym(ρ0) = 34 MeV => L= 72±13 MeV 
Esym(ρ0) = 31 MeV => L= 63±11 MeV

Au+Au @ 400



LIGO Hanford observatory

500 Hz

B.P. Abbott et al., LIGO and Virgo Collab. 
The Astrophys. J. Letters, 848:L12 (2017)

	 	  
tidal deformation modulates  
inspiral frequencies

NICER  
on the ISS 
in 2017 

Neutron Star Interior Composition Explorer 
https://heasarc.gsfc.nasa.gov/docs/nicer/

Green Bank Telescope 
820-1400 MHz

Alleghenny mountains, Virginia 
source: NRAO/AUI, CC BY 3.0

LIGO Hanford observatory

https://www.researchgate.net/ 
publication/224254006

GW170817

https://www.google.de/url?sa=i&url=https://www.researchgate.net/figure/The-LIGO-Hanford-Observatory-in-Washington-State-4_fig10_224254006&psig=AOvVaw1I9lISMl5LeiMY3zRFFfxh&ust=1621519542189000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCNCZ8pT11fACFQAAAAAdAAAAABAE
https://www.researchgate.net/


Reed Essick at NuSym22 in Catania

model-agnostic prior 

50%/90% contours 
90% shadings

Legred+, PRD 104,  
063003 (2021)

red contours from mass 2.08 Msun and radius for PSR J0740+6620 

1028 bar



Reed Essick at NuSym22 in Catania

model-agnostic prior 

50%/90% contours 
90% shadings

Legred+, PRD 104,  
063003 (2021)

ASY-EOS: 
neutron star pressure  
for asymmetry δ = 0.9 
p(ρ0) = 3.4 ± 0.6 MeV/fm3 

1028 bar

red contours from mass 2.08 Msun and radius for PSR J0740+6620 



prior: 
χEFT up to 1.5 ρ0 

cs extension 
Mmax ≥1.9 Msun 

astro: 
GW170817 
+kilonova 
GW190425 
NICER 2 stars 
XMM-Newton 
Mmax ≤2.17 Msun 

HIC: 
PNM: ASY-EOS 
SNM: FOPI, AGS

68%, 95%

Fig. 1  
neutron star  
matter 
    

contours at 
68% and 95% 
credibility

Huth et al., Nature 606 (2022):  χEFT prior + HIC + astro



ASY-EOS II in March 2025



2008 Militello2015 Piazza Armerina

2010 Noto

2012 Siracusa

2017 Caltagirone

Angelo Pagano: The main aim of the ASY-EOS consists of  
strengthening the link of our scientific community and its  
engagement in fundamental and basic nuclear physics research  
to other cultural resources available in our Sicilian territory.

Catania

o



2012 Siracusa



Public Session on Archimede 
Introduction by Angelo Pagano 
and  
Panel Discussion with 
                      Angelo Pagano



December 2017 
in the bus to  
Caltagirone



Extras



ASY-EOS II 
March 2025



NeuLAND 

2.5x2.5x1.2 m3

ASY-EOS II 
March 2025



NeuLAND 

2.5x2.5x1.2 m3

43 cm

736 scintillation fibers 4x4 mm2

arranged in 5 rings



December 18, 2018

Roberto Bassini

FAIR construction site



December 18, 2018


