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 Now SAMURAI acquired SpRIT 
 Kaneko-kun’s poster 
 Next talk by Genie-san 

 

 Physics  
 Our Objectives 
 Big Problems 
 From our pilot Experiment at  
    HIMAC 

 

 Summary (Timeline of Experiment) 
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Symmetry Energy 

A.W. Steiner et al.,  

Phys. Reports 411 （2005） 325 4 



Tsang et al. Phys. Rev. C 

86, 015803 (2012) 

heavy ion collisions 

PRL 102,122701(2009) 

p elastic scattering 

PRC82,044611(2010) 

Isobaric Analogue States 

NPA 818, 36 (2009) 

neutron-star radius 

PRL108,01102(2012) 

Pygmy Dipole Resonances 

PRC 81, 041304 (2010) 

Finite Droplet Range Model 

PRL108,052501(2012) 



Tsang et al. Phys. Rev. C 

86, 015803 (2012) 

RIBF HI Collisions 
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132Xe 345 MeV/u 
107In ~73 MeV/u 

 
107In(beam, ~73MeV/u) +124Sn (Target)  

 
112Sn(beam, ~73MeV/u) +112Sn (Target)  
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Elastic Scattering of Protons with RI beam 

132Sn : flag-ship nuclei as a next  

step from  208Pb (NP1112-RIBF79) 
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 pp ratio 

 Proton-neutron ratio 

 Light ion ratio (t-3He) 

 Particle flow of pions, protons, 
neutrons and light ions 
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The symmetry pressure expels neutrons from and attracts  

protons to high density region of neutron-rich system. This  

suppresses Y(n)/Y(p), Y(p-)/Y(p+), etc. 
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Following Four Slides are from 

 Y.Leifels’ presentation  at  ICNT2013 
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Au+Au 
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M.Di Toro et al., J. Phys. G: Nucl. Part. Phys. 37 083101  
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Hong and Danielewicz 

Phys. Rev.C 90 (2014) 

024605.  

Need more information on various ejectiles 
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50cm 
θlab 

Beam 
Target 

Range Counter 

Multiplicity Array 

Ion 

Chamber  

Target 

Multiplicity Array 

Air 

Vacuum 

 

 

• Target :  In ~ 390 mg/cm2 

• Typical Intensity : ~ 107 ppp 

• Range Counter : 14 layers (+2) of Sci. 

• measured angle (θlab) 

 :  30, 45, 60, 75, 90, 120 degree  

• solid angle : 10 msr 

Beam         28Si 132Xe 

Energy(AMeV) 400, 600, 800   400 
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 ～400MeV/u 

    Pion’s are rare 

 

   less than 1/100 of  protons 
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Normalization  

constant:   2.02,            1.68,          and 1.43 
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Source velocities:  

0.18c, 0.15c, and 0.19c for 400, 600, and  

800 MeV/nucleon, respectively. 
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 Double differential cross sections of p+ and p- for the 28Si + In 
reactions at 400, 600 and 800 MeV/nucleons.  

 They are emitted isotropically from the single moving source, 
whose velocity is quite slower than the mid rapidity.   

 The differential pion ratios represented in such moving frames 
overlap each other at each incident energy.  

 PHITS fails to reproduce the observed absolute cross section, the 
angular dependence of the cross sections and the charged pion 
ratio.  

 With the enhanced normalization factor for the p- yield, the 
incident energy dependence of the total pion ratio may be 
reproduced within the experimental acceptance, indicating at 
least a part of the enhancement might be due to the symmetry 
energy.  
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Equipment 

 TPC - measures: 
 p+ , p- , p, d, t, 3He, 

4He, IMF’s 

 The SAMURAI  
chamber is at air 

 Trigger scint. array: 
 selects central 

collisions and 
suppresses peripheral 
collisions.  

 NEBULA: 
 provides neutron 

information 

2014/9/25 第3回研究会 23 



2014/9/25 第3回研究会 24 



Z
A

P
-P

A
C

 

AsAd

ASIC 
ADC 

FPGA 
PULSE

R 
T/V/I 

CoBo 

FPGA 
  
 
 

Mutan
t 

Trigge
r 

FPGA 
  
 
 

2014/9/25 25 第3回研究会 

http://www.ganil-spiral2.eu/
http://www.ganil-spiral2.eu/
http://www.ganil-spiral2.eu/
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 We will be ready to measure pion and light fragment 
flow from 132Sn+124Sn, 124Sn+112Sn, 112Sn+124Sn, and 
108Sn+112Sn collisions at 300 MeV/u using  the TPCs at 
RIKEN RIBF to constraint the symmetry energy above 
saturation densities by spring of 2015. 
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