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Particle identification of SAMURAI11 experiment
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In this report, we present the particle identifica-
tion (PID) results of the decay fragments from the
48Cr(p,n)48Mn reaction in the SAMURAI11 experi-
ment.1)

The charge number Z and mass to charge ratio
A/Z are used to identify particles, where Z is calcu-
lated using the energy loss ∆E and time-of-flight mea-
sured in the hodoscope and A/Z is calculated using
the rigidity and flight path from the simulation and
the time-of-flight. With the position and angle infor-
mation from the drift chambers before and after the
SAMURAI magnet, the rigidity and trajectory of the
particle could be extracted by simulation. The simu-
lation program uses a 4th-order Runge-Kutta method
to simulate the trajectory and it iterates several times
to determine the rigidity that reproduces the position
and angle measured in the drift chambers.

Our hodoscope detector consists of seven bars. The
size of each bar is 1200 mm(H) × 100 mm(W) ×
10 mm(T). The PID in one hodoscope bar is shown
in Fig. 1. Because the position on the PID plot of one
particle could be slightly shifted in different bars, we
evaluate the resolution on one bar only. The resolution
of the charge number Z is σZ,48Cr = 0.20 and σZ,46V

= 0.19, corresponding to 5.0σ separation for Z = 23
and Z = 24. The resolution of the mass to charge ra-
tio A/Z is σA/Z,46V = 0.0099 and σA/Z,47V = 0.0083,
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corresponding to 4.3σ separation.
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Fig. 1. PID in one bar of hodoscope. This bar is the one
next to the bar hitting by beam particles, on the higher
rigidity side. Some particles are labeled on the figure.
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In the last couple of decades, pions produced in
the high density regions of heavy ion collisions have
been considered to be one of sensitive probes to in-
vestigate the symmetry energy term in the nuclear
equation of state at high densities, a key property
to understand neutron stars. In our new experiment
designed to study the symmetry energy, the multi-
plicities of negatively and positively charged pions
have been measured with high accuracy for central
132Sn+ 124Sn, 112Sn+ 124Sn, and 108Sn+ 112Sn colli-
sions at E/A = 270 MeV with the SπRIT Time Pro-
jection Chamber2,3) placed inside the SAMURAI spec-
trometer4) at RIBF. While individual pion multiplici-
ties are measured to 4% accuracy, those of the charged
pion multiplicity ratios are measured to 2% accuracy.
We compare these data to predictions from seven ma-
jor transport models which have taken part in the
Transport Model Evaluation Project (TMEP).5–7) The
calculations reproduce qualitatively the dependence of
the multiplicities and their ratios on the total neutron
and proton number in the colliding systems.

As shown in Fig. 1, however, the predictions of the
transport models from different codes differ too much
to allow extraction of reliable constraints on the sym-
metry energy from the data even using the double pion
ratio. This finding may explain previous contradic-
tory conclusions on symmetry energy constraints ob-
tained from pion data in Au+Au system.8–12) These
new results call for still better understanding of the dif-
ferences among transport codes, and new observables
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that are more sensitive to the density dependence of
the symmetry energy.

Fig. 1. (Left panel) Experimental charged pion yield ra-
tios as a function of N/Z together with the results of
seven transport-model predictions for the soft and stiff
symmetry energies (the difference of predictions are pre-
sented by the height of colored boxes). The dashed blue
line is a power-law fit with the function (N/Z)3.6, while
the dotted blue line represents (N/Z)2 of the system.
(Right panel) Double pion yield ratios for 132Sn+ 124Sn
and 108Sn+ 112Sn. The data and their uncertainty are
given by the red horizontal bar and the results of the
transport models are shown by the colored boxes, in a
similar way as in the left panel. Taken from Ref. 1).
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