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Glauber Calculation (OLA)

Nuclear RadiiσR
High Energy Region ~ 1GeV

Introduction
Sizes of Unstable Nuclei ?
~ Measurements of σR ~ 

At Intermediate Energies

Nucleon Density Distribution !
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σR ≡ σtot −σel



Study of Density Distribution through Glauber Calculation
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        narrow

ρ(r)σR Glauber Calculation
(Optical Limit and 

Zero-Range Approximations of 
Glauber Theory)

σR can be uniquely  
calculated 

by 3 quantities

ρT Target Density

ρ(r )

r

σNN

E

Radius contributing to theσR
Energy Low, σNN Large
           wide

Density Distribution 
can be probed by 

Changing Beam Energy !

σNN NN total cross section

ρP Projectile Density

σ R = db∫ 1− exp − d 2r∫ σNN E( )ρzPi (r)ρz
Tj (r - b)

i, j
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Glauber Calculation 
underestimates σR at 

Intermediate Energies

Investigation

Problem
σ R（Exp)�＞�σ R（Glauber Calc.）

Measurements of σR for 12C, 11Be



Experiment
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12C on Be, C, Al and 11Be on Be
HIMAC, 

National Institute of 
Radiological Sciences
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Neglect of Internal 
Motion of Nucleons

Enucleon = Eproj

Take into Account 
Fermi Motion 

Effect

Optical Limit 
Approximation
Not Appropriate for 
Halo Nucleus

Improvement of 
Galuber Calculation ~ 3 Points ~

Zero - Range 
Approximation

Zero Nucleon - Nucleon Range

B. Abu-Ibrahim and Y. Suzuki PRC 62 (2000) 034608.

Take into Account
Multiple Scattering Effect
(Important for Halo Nucleus.)

Finite Range Calculation



Neglect of Internal 
Motion of Nucleons

Enucleon = Eproj

Take into Account 
Fermi Motion 

Effect

Optical Limit 
Approximation

Neglect of Multiple Scattering 
(Few Body) Effect

Modifications for  
Galuber Calculation ~ 3 Points ~
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 Modified Glauber Calculation and Data of 12C
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Modified Glauber Calculation
Successfully Reproduce our Data



11Be, 8BWell-Known Halo Nuclei

11Be
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Modified Glauber Calculation successfully reproduces 
σR for various nuclei including halo nuclei. 
The Problem (σR(calc.) < σ(RExpt.)) has been solved.

Now we can deduce nucleon density 
distributions of unstable nuclei

We have already investigated several nuclei.

6He, 8He, and 6Li



6He, 8He so-called Neutron-Skin Nuclei
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Halo or Skin ?
It is not Clear whether there is Halo Tail
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and 6Li Cluster Structure 

Weakly Bound Deuteron
1.47 MeV
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We precisely measured reaction cross sections for 12C 
and 11Be at intermediate energies to investigate the 
applicability of Glauber Calculation to the 
intermediate energy region.

Summary

By taking into account Fermi-Motion Effect, Multiple 
Scattering Effect, and Finite Range Effect, Glauber 
Calculation successfully reproduce the data.

Using Modified Glauber Calculation, investigations of 
nucleon density distributions for various nuclei will be 
carried out.


