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The symmetry pressure at high density would  

expel neutrons and attract protons. 
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Bao-An Li et al., Phys. Rev. C 71, 014608 (2005) 

Suppress Y(n)/Y(p),  

Y(-)/Y(+), etc. 

Prediction of  

transport theory  



Au+Au 

Z. Xiao et al., PRL 102 (2009) 625 
J. Xie et al., PLB 718 (2013) 1510 
J. Xu et al., PRC 87 (2013) 067601 
G. Ferini et al., PRL 97 (2006) 202301 

Z.Q.Feng and G.-M. Jin, PLB 683 (2010) 140 

J.Hong, P. Danielewicz, PRC 90 (2014) 024605  
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Should know pion production in heavy-ion collision  

more clearly. 

 

    How well  can we account on pion observables? 
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Established N-N Cascade type picture  
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Need efficiency correction 
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 Using mass-symmetric collisions so far 

   (N/Z)participant≈(N/Z)proj ≈(N/Z)targ 

 

 

 

 Over-simplified the situation 

   Impossible to distinguish different moving source 
frames, like  

     NN cm, participant cm, nucleus-nucleus cm etc. 

 

                          Better study mass-asymmetric collisions 
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 We started pion experiments using HIMAC since 2007. 

 

      RI-beam >> require large acceptance 

  

      Usual beam >> small acceptance may be usable 
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50cm 
θlab 

Beam 
Target 

Range Counter 

Multiplicity Array 

Ion 

Chamber  

Target 

Multiplicity Array 
    27-58 deg. 

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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#0~7Hit #8~13 No Hit 

STOP 0 1 2 3 4 
counter 

# 
5  6   7   8   9   ・・・       12   

STOP CONDITION 

+ → m+ + nμ 

・π+ decay to μ+ 

・μ+ : Energy ~ 4 MeV  

        : Range ~ 1 ㎜  

Double pulse in one layer 
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 ～400MeV/u 

    Pion’s are rare 

 

   less than 1/100 of  protons 

2017/3/28 
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Using other functional form one couldn’t fit data so well so far…….. 



2017/3/28 15 Transport 2017@FRIB/MSU 

Ebeam(MeV/nucleon) sexp(+) sexp(-) 

400 0.33 0.63 

600 0.87 1.37 

800 1.41 2.10 
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At 400MeV/nucleon Similar phenomena have been observed by 

 INDRA-ALADIN Collaboration; Eur. Phys. J. A 21, 293 (2004) 
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400 MeV/nucleon 

600 MeV/nucleon 

800 MeV/nucleon 

Simple Coulomb effect? 

Ratio alone can be fitted by  functional form of 

Maheswari et al. (NP A628 (1998) 669), but  

It seems to be impossible to reproduce differential  

cross sections 
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400 MeV/nucleon 800 MeV/nucleon 
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+ associated multiplicity High multiplicity event/total event 
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Normalization  

constant:   2.02,            1.68,          and 1.43 
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%7
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Ebeam(MeV/nucleon) sexp(+) sexp(-) sJQMD(+) sJQMD(-) 

400 0.33 0.63 0.28 0.38 

600 0.87 1.37 0.90 1.12 

800 1.41 2.10 1.68 2.01 

Ebeam(MeV/nucleon) bmov(c) bJQMD(c) bCM(c) bpart(c) bmid(c) 
 

400 0.20(0.05) 0.31(0.02) 0.18 0.34 0.42 

600 0.19(0.04) 0.34(0.04) 0.22 0.41 0.49 

800 0.22(0.04) 0.35(0.06) 0.26 0.46 0.55 

%10



 Measured doubly differential cross sections of + and - for 
the 28Si + In reactions at 400, 600 and 800 MeV/nucleons.  

 They are emitted almost 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.  
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