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Experiment Motivation

2

• The liquid drop model predicted bulk 
properties of nuclear matter. 

• The symmetry energy determines the 
properties of neutron rich/poor system. 

• Symmetry energy depends on pressure, 
temperature, isospin asymmetry etc.

P. RUSSOTTO et al. PHYSICAL REVIEW C 94, 034608 (2016)
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FIG. 18. Constraints deduced for the density dependence of the
symmetry energy from the present data in comparison with the FOPI-
LAND result of Ref. [5] as a function of the reduced density ρ/ρ0.
The low-density results of Refs. [78–81] as reported in Ref. [82] are
given by the symbols, the gray area (HIC), and the dashed contour
(IAS). For clarity, the FOPI-LAND and ASY-EOS results are not
displayed in the interval 0.3 < ρ/ρ0 < 1.0.

the possibility of undetected ±25-ns displacements of one of
the signals was taken into account (errors in the positions
derived from the time signals have all been corrected; see
Appendix). Other processes exist but are less important. The
detection probability for neutrons in the 5-mm veto paddles
is below 1% (cf. Fig. 1 of Ref. [17]) and the coincidence
requirement of a matching hit in the first module of LAND
further reduces the probability of misidentifications of this
kind. In the simulations, all these effects are included.

The adopted reduction "γ = −0.05 ± 0.02 leads to a
final result for the power-law coefficient γ = 0.72 ± 0.19.
The quoted uncertainty is obtained by a linear addition of
the systematic error of the correction and the "γ = −0.17
uncertainty resulting from the comparison of the acceptance-
integrated flow ratio with the UrQMD calculations (Fig. 17).
The possibility of charge misidentifications considered here
has not been taken into account in the FOPI-LAND analysis.
There its magnitude appears small in comparison with the
uncertainty "γ = ±0.4 of this earlier result. It was also not
included yet in presentations of preliminary ASY-EOS results
at conferences [77].

The obtained constraint for the density dependence of the
symmetry energy is shown in Fig. 18 in comparison with the
FOPI-LAND result of Ref. [5] as a function of the reduced
density ρ/ρ0. The new result confirms the former and has
a considerably smaller uncertainty. Judging from the purely
statistical error of "γ = ±0.10 (Fig. 15), even smaller errors
can be expected from future measurements.

For reference, the low-density behavior of the symmetry
energy from Refs. [78–81] as reported in Ref. [82] is included
in the figure. The present parametrization is found compatible
also with these results from nuclear structure studies and from

reactions at lower bombarding energy. The corresponding
slope parameter describing the variation of the symmetry
energy with density at saturation is L = 72 ± 13 MeV. Judging
from the analysis work done with the FOPI-LAND data, one
may expect that the analysis of the present data with the
Tübingen QMD [6,14] will lead to a similar or possibly slightly
larger value for the parameter L [15,57,83].

The sharp value Esym(ρ0) = 34 MeV is a consequence
of the chosen parametrization [Eq. (8)]. Using values lower
than the default E

pot
sym(ρ0) = 22 MeV, as occasionally done in

other UrQMD studies [56,84], is likely to lower the result
for L. Values of the symmetry energy at saturation in the
interval between 30 and 32 MeV seem to be favored by a
majority of terrestrial experiments and astrophysical observa-
tions, as shown in recent compilations [85,86]. Motivated by
these results, the present UrQMD analysis has, in addition,
been performed with E

pot
sym(ρ0) = 19 MeV, corresponding to

Esym(ρ0) = 31 MeV. The obtained power-law coefficient γ =
0.68 ± 0.19 is lower by "γ = 0.04 and the corresponding
slope parameter L = 63 ± 11 MeV is lower by 9 MeV, changes
that both remain within the error margins of these quantities.
It is to be noted, however, that the precise results of Brown
[80] and Zhang and Chen [81] are no longer met with this
alternative parametrization of the symmetry energy.

VI. DENSITY PROBED

Calculations predict that central densities of two to three
times the saturation density may be reached in 197Au +197Au
collisions at 400 to 1000 MeV/nucleon on time scales
of ≈10–20 fm/c [87]. The resulting pressure produces a
collective outward motion of the compressed material whose
strength, differentiating between neutrons and protons, is
influenced by the symmetry energy in asymmetric systems
[25]. It is to be expected, however, that the observed transverse
momenta of emitted particles and their azimuthal variation
apparent as elliptic flow carry information acquired during the
full reaction history. The tests performed with the FOPI-LAND
flow data and varying parameters for the potential part of the
symmetry energy in the UrQMD had already indicated that
densities above and below saturation contribute to the observed
flow patterns [5].

A force-weighted density has been defined by Le Fèvre
et al. in their recent study of the equation of state of symmetric
matter, based on FOPI elliptic-flow data and calculations with
the Isospin Quantum Molecular Dynamics (IQMD) transport
model [24]. For 197Au +197Au collisions at 400 MeV/nucleon,
its broad maximum extends over densities 0.8 < ρ/ρ0 < 1.6.
Liu et al. report in their study of pion production in the
same reaction that the relative sensitivity of the π−/π+ yield
ratios to the symmetry energy is distributed over a density
range of approximately 0.7 < ρ/ρ0 < 1.8 with a maximum
near ρ/ρ0 ≈ 1.2 [88]. These more quantitative studies, with
partly different methods, consistently support the assumption
that suprasaturation densities up to nearly twice saturation
are probed at this energy with collective flows and meson
production, not exclusively but with major effects produced
above saturation.
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Experiment Overview
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• Experiment was performed at RIBF, RIKEN, Japan. 

• SAMURAI magnet producing magnetic field; 0.5 T. 

• NeuLAND was placed downstream 
 for neutron measurement. 

• Beam energy 270 MeV/u 

• Collision systems: 

• 132Sn + 124Sn 

• 124Sn + 112Sn 

• 108Sn + 124Sn 

• 108Sn + 112Sn
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• Effective gas dimension; 
(864,1344,530) mm 

• P10 gas (Ar 90 % + CH4 10 %) with 
electric field; 124.73 V/cm. 

• Pad plane containing 108×112 
rectangular pads (8×12 mm) 

• KATANA Array and Kyoto Array were 
used for multiplicity trigger Array.

SπRIT Time Projection Chamber (TPC)
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Software Overview and Challenge
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• The SπRITROOT software is built on top of FairROOT framework which is developed for 
1) simulation and 2) event reconstruction. 

• Simulation part uses Geant4 for Monte Carlo process and digitization is developed 
which mimics the electronics ouput.

• Event reconstruction contains: 

■ Pulse analysis 

■ Track finding 

■ Hit-cluster finding 

■ Track and vertex reconstruction 

■ Particle identification

• Challenges: 

• Covering primary vertex region with large 
track density. 

• Target and projectile fragments saturates 
pads and kill electronics. 

• Extending dynamic range. 

• Rectangular TPC.
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Software Overview and Challenge
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• Upper limit of dynamic range (shown as pad saturation) is extended by pad response 
function analysis. 

Extending dynamic range
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Pulse Analysis
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• Pulse Analysis was performed 
finding overlapping pulses in TPC 
pads. 

• The method use the multi-pulse 
fitting using reference extracted from 
the pulse data. 

• One hit finding efficiency = 95 ± 1 % 
and two hit separation 
efficiency(right figure) is measured.50 100 150
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Track finding
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Hit-Cluster Finding
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• Hit-Clusters are created by adding 
hits of same layer (or same row) 
depending on the track angle. 

• Track direction and hit residual angle 
decides the type of cluster. 

• Hit-clusters are points used for 
measurement points in track 
reconstruction and points for 
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Track and Vertex Reconstruction
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• Track reconstruction: GENFIT considering field map, measurement error and material effect. 

• Vertex reconstuction: RAVE, Adaptive Vertex Fitter (AVF) an iterative weighted Kalman filter 
finding one vertex.
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Track and Vertex Reconstruction
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Particle Identification
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• For particle identification, rigidity (p/Z) vs <dE/dx> spectrum is used. 

• Momentum and charge is identified from GENFIT. 

• <dE/dx> is truncated mean of (dE/dx) points from hit-clusters of corresponding 
track.
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Particle Identification
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Summary
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• For study of symmetry energy, SπRIT-TPC experiment measured heavy-ion collision 
with neutron rich/poor systems. 

• The software framework SπRITROOT is developed to reconstruct experiment data 
which is also capable of simulation and analysis. 

• Physics observables for nuclear symmetry energy is being studied.


