
How it all started

◆ What is Radioactive Ion Beams (RIB)

1. Bevalac
2. Anomalon 
3. Nuclear radii from heavy-ion collisions
4. Fragmentation of radioactive beam
5. Surface excess neutron
6. Shell and other change in structure
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The Radioactive Nuclear Beams

elementaly particles
nucleons

nucleus

ν, e, µ

mesons

π, K p, n d, α stable nuclei
unstable nuclei

leptons light ions heavy ions

EW I. Strong I. Z, A Isospin

Fig. from “What is RNB”

Why RIB
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Restrictions We Had

◆ Scattering could be made only between stable nuclei and 
elementary particles.
 Accelerated beams of  electrons, protons, and heavy ions (stable nuclei).

◆ Unstable nuclei were produced by these scattering (reactions).  But 
a scattering of unstable nucleus was impossible until RIB.

◆ Therefore restricted observations gave restricted knowledge.

Stable  --> Unstable
Special -->  General

Why RIB
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In 1970th at Berkeley
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In 1970th at Berkeley
• BEVATRON:After 

completing the goal of 
discovering anti-proton and 
also to determine precise 
kaon mass. 
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In 1970th at Berkeley
• BEVATRON:After 

completing the goal of 
discovering anti-proton and 
also to determine precise 
kaon mass. 

• BEVATRON/BEVALAC
• The first high-energy heavy-ion 

facility.

• The main aim was to study 
central collisions and produce 
new types of nuclear matters!
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Lawrence Berkeley (National) Laboratory

HILAC

Bevatron

88” Cyclotron
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Lawrence Berkeley (National) Laboratory

HILAC

Bevatron

88” Cyclotron

BEVALAC

QGP

RIB

It was unique!

INS/Numatron
GSI/SIS-ESR
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 Projectile fragmentation (somewhat expected)

• H. H. Heckman, D. E. Greiner, P. J. Lindstrom, and F. S. Bieser, 
Physical review Letters 28 (1972) 296.

Fragmentation of 14N nuclei at 29 GeV

Discovery I
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The large yield of exotic nuclei (surprise)

• G. d. Westfall, T. J. M. Symons, D. E. Greiner, H. H. 
Heckman, P. J. Lindstrom, J. Mahoney, A. C. Shotter, D. K. 
Scott, H. J. Crawford, C. McParland, T. C. Awes, C. K. 
Gelbke, and J. M. Kidd,
Physical Review Letters 43 (1979) 1859.

Production of neutron-rich nuclides by 
fragmentation of 212-MeV/amu 48Ca 

Discovery II

20Ne -> 14Be
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Certainly provided a new method
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Nuclear reaction with light ions
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Momentum Broadening of Reaction Products

14N(p, n)14O at 10A MeV

16O + A  ->  14O + X at 50A MeV

16O + A  ->  14O + X at 200A MeV

16O + A  ->  14O + X at 800A MeV

258U+ A  ->  132Sn + X at 800A MeV

Fission in Flight

Projectile Fragmentation

LE reactions

11B(d, n)12B at 10A MeV
p

It was obvious that projectile fragments 
can be good secondary beam.
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Now some mistake happened!
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An example
E. M. Friedlander et al., Phys. Rev. C 27 (1983) 1489.

Other many Phys. Rev. Letters papers
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Anomalon?

Reaction mean-free path of different charged particles 
are parameterized by λz=ΛZ-b and plotted against the 
distance from the first reaction point.

Particles produced by the fragmentation showed the 
extremely short mean free path.

Secondary particles have short mean 
free paths or short life?
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Anomalon?

Reaction mean-free path of different charged particles 
are parameterized by λz=ΛZ-b and plotted against the 
distance from the first reaction point.

Particles produced by the fragmentation showed the 
extremely short mean free path.

Secondary particles have short mean 
free paths or short life?

Need high statistic “counter experiments”!
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Anomalon?
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Anomalon?

An anomalously short mean free path observed recently from relativistic heavy-ion 
collisions with 12C at 4.2 A GeV/c is interpreted to be due to the existence of a new 
multiquark compound resonance. Several experiments are suggested to verify our 
interpretation.  “1985 Lettere Al Nouvo Cimento”
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Someone else has done (a personal statement)

• T. J. M. Symons, M. Baumgarner, J. P. Dufour, J. Girard, 
D. E. Greiner, P. J. Lindstrom, and D. L. Olson and H. J. 
Crawford,
Physical Review Letters 52 (1984) 982.
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Someone else has done (a personal statement)

• T. J. M. Symons, M. Baumgarner, J. P. Dufour, J. Girard, 
D. E. Greiner, P. J. Lindstrom, and D. L. Olson and H. J. 
Crawford,
Physical Review Letters 52 (1984) 982.

At that time we, K. Sugimoto and me, was discussing in his directors 
office of INS, U. of Tokyo, how to detect Anomalons. (Sugimoto is a 
good friend of P. Kienle the first director of GSI) Then FOUND that the 
experiment has been done by Symons et al..  But suddenly considered 
that the measuring the cross section by the secondary nuclei can be 
used to learn the size of unstable nuclei that has not ben measured 
before!
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At that time we, K. Sugimoto and me, was discussing in his directors 
office of INS, U. of Tokyo, how to detect Anomalons. (Sugimoto is a 
good friend of P. Kienle the first director of GSI) Then FOUND that the 
experiment has been done by Symons et al..  But suddenly considered 
that the measuring the cross section by the secondary nuclei can be 
used to learn the size of unstable nuclei that has not ben measured 
before!

Starting of RI beam experiments

K. Sugimoto

Nuclei the playing field of Physics
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The first proposal
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Measurement of Reaction Cross Section
of Heavy-Ion Collisions

◆ Jaros et al. PR C18 (1978) 2273
 The best method of total and reaction cross sections:  The good geometry 

attenuation method

◆ At high energy, it is impossible to measure reaction 
cross section due to the Coulomb interactions.
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Why it has to be the interaction cross 
section not the reaction or the total 

cross section
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Interaction Cross sections can be Measured 
in High Precision

◆ Transmission method

identify and count
incident nuclei
        Nin

identify and count
the un-interacted nuclei
        Nout

Nout = Nin e
−σ It

target
t  (cm-2)
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Interaction Radii

◆ Yes, we are measuring radii of nuclei!
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Interaction Cross Section and Radii

◆ Can one define “interaction radius of nucleus?”
 σI(A,B) = π [RI (A) + RI (B)]2

◆ σI(A,A) = 4π [RI (A)]2, σI(B,B) = 4π [RI (B)]2     or

◆ σI(A,C) = π [RI (A) + RI (C)]2
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Hansen, Jonson

◆ Radius relation

◆ Prediction of enhancement of EMD
27

G. Hansen and B. Jonson
Euro. Phys. Letters 4 (1987) 
409.
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The first observation of fragmentation of RIB

28
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Neutron halo established
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Neutron excess on the surface?
ρ

r

ρ

r
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Many dicoveries were by accident

◆ Enjoy troubles in research.

◆ To find troubles you have to know what is expected.

◆ Good luck for your future.
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