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Equation of State (EoS) and Symmetry Energy
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ASY-EOS II Experiment: 197Au+197Au at GSI 

UrQMD simulations: 
good sensitivity to EOS 
parametrization up to 1 GeV/A.

n/p observable (Z=1 isotopic 
resolution): greater sensitivity 
to higher densities.

Au+Au400 MeV/A

n/p
n/ch

March 2025 measurements at GSI Darmstadt : 
Å Au+Au @ 280, 400, 600, 1000 AMeV. 
Å 105 pps, 2 weeks

P. Russotto et al., PRC 94, 034608 (2016) Eulalia Gambera 2



Experimental Setup : ASY-EOS II at GSI
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NeuLAND Detector
NeuLAND detector:
ü 13 double  planes with the final design objective being a total  of 30 

double planes.
ü  The planes were placed  alternating  between horizontal

and vertical orientations between consecutive planes;
ü  Each plane consists of 50 paddles  of organic scintillator  (BC-408) 

(or submodules) placed adjacent to each other, where the active 
volume of each paddle corresponds to 5 × 5 ×250 cm3.

ü FQT/TAMEX electronics;
ü t͚<150ps;
ü E͚Ӈ20 KeV-100KeV;
ü  ͚SpatialӇ1.5 cm
ü One-neutron efficiency ~95% 

for energies 200-1000 MeV
ü Multi-neutron detection 

capability
ü Charged particles (p, d, t)

are well resolved .
K. Boretzky et al., Nucl. Inst. Meth. A, 1014 (2021) 165701
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ToFD( veto ) Detector

ü 44 vertical plastic scintillating bars, each of them is  1000 × 27 × 5 
mm³ ;

ü The bars of two successive planes are shifted by half a bar width. 

ü Each readout by 2 photomultipliers Hamamatsu R8619-20;

ü FQT/TAMEX electronics;

ü Relative Energy-loss precision of ͚ ̍Eо̍EШӃШΝӖШ

ü Time precision of  C12 ͚ t ӇΡΜΜШps , Pb ͚ t ӇΞΜШps 

ü Identification of heavy-ions up to the lead-uranium region in mass 
and nuclear charge.

The 1т2 ToFD detector is used to measure forward-emitted 
fragments for the determination of the impact parameter 
through global observables such as Zmax and Zbound (Fabio 
Risitano  talk) .

At 50 degrees the NeuLAND detector, dedicated to neutron and 
proton detection and vetoed by another TOFD double plane, 
allows neutron detection with high efficiency and granularity.

M. Heil et al., Eur. Phys. J. A 58, (2022) 248.
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NeuLAND: Preliminary analysis

Obtained using the NeuLAND first plane as «veto» detector.

By selecting only the hits in the first plane of 
NeuLAND.

By selecting hits starting from the second 
double plane of NeuLAND.
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Calibration of ToFD_VETO and NeuLAND
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This procedure was 
carried out for both 
plane 3 and plane 4 of 
ToFD.
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Calibration of ToFD_VETO and NeuLAND
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Difference between the X coordinates of NeuLAND and ToFD as a function of the difference 
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Selection of Particles in Coincidence between ToFD and NeuLAND
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Particles within this 
window were selected, 
corresponding to events 
in which ToFD and 
NeuLAND were hit in
coincidence with each 
other.

̑

It is observed 
that the particles 
continue along 
straight-line 
trajectories, as 
expected.

ToFD
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Selection of particles originating from upstream regions
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Particles within this window were 
selected, corresponding to 
particles originating from 
upstream , from the STAR 
detector, the air, and the initial  
flanges ,which produced a signal 
in both ToFD and NeuLAND.

An inclination  of 
the trajectories is 
observed, 
indicating that 
the particles 
originate from 
the upstream 
region.
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Selection of Particles in Coincidence between ToFD and NeuLAND

By applying this cut, it is possible to select the 
protons.
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Selection of NO-Particles in Coincidence between ToFDand 

NeuLAND

It is also possible to define non-coincident  particles. 
These correspond to events that belong neither to the 
coincidence-event window nor to the window 
associated with particles originating from the upstream 
region, or to particles that do not leave a signal in ToFD, 
neither in plane 3 nor in plane 4.

We observe the case in which a 
signal is detected in the first plane 
of NeuLAND.
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Selection of NO-Particles in Coincidence between ToFDand 
NeuLAND

By applying this cut, it is possible to select 
neutrons that, deposit all their energy 
within NeuLAND. 

Since the discrimination between charged particles 
and neutrons interacting in the first plane of NeuLAND 
is particularly complex, it was decided, in this 
preliminary phase of the analysis, to temporarily 
exclude the neutrons associated with the first plane of 
NeuLAND.
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Selection of neutrons

Only clusters 
whose foremost hit 
is located beyond 
the first NeuLAND 
plane were 
selected. 
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A cut on the neutron 
mass has been 
applied.

v1 and v2 (Fabio 
Risitano ƣċũťќƚ)



Transverse-momentum and rapidity distribution for protons and neutrons
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Kinematic acceptance in the transverse -velocity vs rapidity plane 
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Conclusions
The analysis of NeuLAND and the ToFD veto is still  ongoing;

Significant preliminary results have already been obtained, such as: 
ü The calibration  of ToFD and NeuLAND;
ü The possibility to distinguish between particles in coincidence 

between ToFD and NeuLAND and particles originating from 
upstream;

ü The possibility to identify and select the protons  and neutrons  
needed for the construction  and determination of the elliptic  flow.

Eulalia Gambera 19



Next steps:
ü Optimizing data analysis ;
ü Background evaluation and subtraction;
ü Consistent experimentтtheory  comparison ;
ü To verify that the selection of protons and neutrons is correct, 

simulations  will  be performed.
ü An analysis  of the tracks  of charged particles and neutrons in 

NeuLAND is currently underway, although still  at a preliminary 
stage. In particular,  an algorithm is being developed to 
reconstruct the multi -hits generated by multiple  neutron 
scattering, with the aim of increasing the statistics  of the 
observed neutrons.

Conclusions
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Backup



Au +Au 280 MeV/A

Kinematic acceptance in the transverse-velocity vs rapidity 
plane 
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EOS of asymmetric nuclear matter and neutron matter
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p_t>0.375 GeV/c

0.25<ylab/yproj<0.75

proton: tcorr from JL
neutron (no 1st and 2nd plane)

Elliptic flow  and 
Direct Flow
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Tracks inside NeuLAND

Considering a random 
event 175544. cluster 
tracks applying the 
coincidence  condition 
between ToFD and 
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Cluster tracks applying the non-
coincidence condition

Finally, the tracks of the reconstructed neutrons were 
analyzed, considering that they are selected by applying the 
condition that either ToFD is not hit or the non-coincidence 
condition is satisfied. In addition, the foremost hit must not 
be located in the first plane of NeuLAND. Event n° 581758.
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