
原子核衝突中における核子拡散の観測に
よる、対称エネルギー密度依存性の測定 

理研 磯部忠昭 
 

中性子星核物質研究会＠理研 



Physics introduction: constraints on the 
density dependence of symmetry energy 

 • Constraints given only for ρ<ρ0. 
• SAMURAI-TPC project for ρ~2ρ0. 
• Soft EoS is not realistic to explain NS data. 

M.B. Tsang et al., PRC 86, 015803 (2012) 
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Isospin diffusion in heavy ion collision 

• Asymmetric systems (A+B) move towards isospin 
equilibrium under the influence of symmetry energy. 

• Useful to probe the symmetry energy at subsaturation 
densities in peripheral A+B collisions. 

• i.e. ρ<ρ0, E<100AMeV 



Nuclear density to be probed with 
isospin diffusion in HIC. 

 

Diffusion of nucleus 



Observables to study isospin diffusion in HIC 

• We can see: 
– Light fragments from 

participants 
– Heavy residue from spectator 

 
• Isoscaling parameter 

– Isotopic yields from reactions 
differing in their isospin 
composition found to satisfy: 

– R21(N,Z)=Y2(N,Z)/Y1(N,Z) 
                 =Cexp(αN+βZ). 

 
 

Isoscaling for light fragments 

projectile 
target 

participants 



Does isoscaling work? 
• α shown to be linear in central collisions. 
• Just looking light fragments from collision. 
• (so far) 
  

 

112Sn+112Sn 124Sn+124Sn 

112Sn+124Sn 



Dense matter with heavy ion collision 
 
 

Dynamics of heavy ion collision 
 
 

Nuclear Equation of state 
 

T? ρ? 



How to deal with the systematic error coming 
from heavy ion collision analysis? 

Non-isospin diffusion effects: 
• Pre-equilibrium emissions 
• Sequential decays 
• Coulomb effects 

 
 
 
 
 
 

• Introduction of isospin transport ratio to cancel out above effect 
– Rami et al., PRL, 84, 1120 (2000) 

• Isospin diffusion occurs only in asymmetric systems A+B 
• No isospin diffusion between symmetric systems 

 
• Observable X is assumed to be liner to δ. 
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Comparison of Ri to transport theory 

• Xα 
– For light fragments 
– Xln(Y(7Li)/Y(7Be)) 

was also studied. 
• Ri=+-1: no diffusion 
• Ri=0: equilibration 

 
• ImQMD: L=40~70 

MeV 
• AMD: L~100 MeV 

 



Ri for HIC spectator (heavy residue) 

• Evaporative and multi-
fragment decay theories 
predict: 

 

ImQMD(05) 

PRC85 (2012) 024602 
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Isospin diffusion experiment at RIBF 
• Measure fragments that come unambiguously from 

residue decay in HIC, as well as light particles 
 

• Motivation 
– Check the linearity of isoscaling parameters 
– Increase sensitivity by using rare isotope beam 

 
 

– See impact parameter dependence through the 
measurement of multiplicity 

• Combine RIBF data with what were taken at MSU. 
– 124Sn+124Sn, 112Sn+112Sn, 112Sn+124Sn 
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First H(R)IC experiment at RIBF 

• Make RI beam: BigRIPS (up to 800kcps) 
• Let the beam collide against targets at F8 
• Measure the residues produced in the collisions: ZeroDegree 

132Xe 345MeV/u 

107In ~73MeV/u 

107In 

107In 
124Sn 

107In 



Radiation damage on Plastic counter 
• 800kcps at F3 
• 300kcps at F8 
• Changing beam hit position periodically 

2~3h 

1~1.5h 

F3 

F8 



D7-BrhoPlot 
112Sn (73.0 MeV/u) + Sn (49.9 mg/cm2);  Settings on 112Sn50+50+;  Config: MDSMMSSMMDMMMMMMMMMMM 

dp/p=100.00% ; Brho(Tm): 2.5000, 2.3832 

L I S E ++  [D:¥Lise-forRIKEN¥RIKEN1new¥Sn112-Sn112¥Lu_112Sn_112Sn_step1.lpp] 
02-06-2013  10:43:59 

all charge states separ. 
sum of reactions 
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98Rh 45+ 45432+:100.0% 99Rh 45+ 45432+:100.0% 

96Ru 44+ 44321+:100.0% 

94949494TcTcTcTc 43434343++++ 
97979797 

95959595RuRuRuRu 
44444444++++ 44444+3+2+1+:100.0%:100.0%:100.0%:

100.0% 
97979797RhRhRhRh 

9393939345+45+45+45+TcTcTcTc4444452343434343++++:10:10:10:10+++
+ 444432010000++++....:1:1:1:10000%%%%00000000.0 

919191MoMoMo 424242+++ 444210+++:10:10:10 

43210+:100.0% 

% 
0.0% 

89Nb 41+ 43109++:100.0% 

Ru 44+ 44321+:100.0% 

87Zr 40+ 43098+:1009.50T%c 43+ 42130+:100.0% 

92Mo 42+ 432109+:100.0% 

85Y 39+ 3987+:100.0%98Ru 44+ 43421+:100.0% 

100Rh 45+ 45432+:100.0% 

92TMco43+84Y82:1S0r03..80+:%130867+0:..100%0.0% 
80Rb 37+ 3765+:100.0%  93Mo 42+ 421+:100.0% 

90Nb 41+ 43109++:100.0% 

90   88N482b6+8Z444r1201+4+03434+9190++343:90831+7890:+100.00%.0% 

78Kr 36+ 3654++:100.0% 

83Sr 8388Z+ r347860++:134300980+:.100%0.0% 

76Br 35+ 3543++:100.0% 
81Rb 37+ 3765+:100.0% 

77Kr77533BBS6+rre33354654++:1335340423+0+:::1.1107000%40S0...0e0%%34+ 3342+:100.0% 71A6s9 
33+ 3321+:3110200+0.0% 
Ge 32+ :100.0% 

4132++:100.0% Tc 

beam Beam charge state 

Cut with slits 

Spectrometer Acceptance 

Residue Bρ distribution (LISE) 



Reaction Chamber at F8 
Target is surrounded by CsI(Tl) array 

Movable HI target 

F8 

ZD start counter 



More about µ-ball 
• NIM A381 (1996) 418-432 
• Up to 96 CsI(Tl) array for the measurement of 

light fragments. 
• PID capability for Z~1,2 by using pulse shape 

analysis (fast and slow). 
• Used for characterization of event: impact 

parameter. 

beam 

target 



Data sets taken at experiment 
• 107In(beam, ~73MeV/u) +124Sn (Target) 
• 112Sn(beam, ~73MeV/u) +112Sn (Target) 
• In addition: 

– 106Cd(beam, ~71MeV/u) +124Sn (Target) 
– 108Sn(beam, ~74.5MeV/u) +124Sn (Target) 
– 111In(beam, ~71MeV/u) +112Sn (Target) 
– 113Sb(beam, ~74.5MeV/u) +112Sn (Target) 

 
 
 
 
 
 

• We will get impact parameter (b) dependence of 
momentum spectra of heavy residues produced in HIC. 

projectile 

b target 

107In+124Sn (online) 



Does centrality detector work well?: YES! 

 



Summary 

• Isospin diffusion is one of the important 
phenomena in HIC which is useful for the study of 
symmetry energy. 
– Subsaturation density region. 

• Isospin diffusion experiment was performed at 
RIBF to give more strong constraint on symmetry 
energy. 
– 107In+124Sn, 112Sn+112Sn 
– Combining with MSU data, Ri(δresidue) will be given to 

discuss symmetry energy. 
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