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The projectile fragmentation process has been extensively studied,
smce the advent of high-energy heavy-ion beams. A wide variety of 
stable and unstable nuclei are created as fragments in this process.
The fragments sustain a velocity almost equal to that of the projectiles 
a n d  their emission is l imited in a n arrow cone in the forward
direction', A vast scope is now open for formation and use of such 
exotic beams to study basic properties of nuclei far from stability.
Measurement of interaction cross section, a , is described here in the
first half. The interaction cross section is defined as the total cross
section for the process of nucleon(e) removal from the incident nucleus. 
Interaction and root-mean-square radii have then been deduced fo1· 
stable and unstable light nuclei. 

Secondary exotic nuclei were created at a creation target through 
the projectile fragmentation of SOO MeV /u primary beams, ranging from
ua to '°Ar. The created fragments were rigidity separated and
focussed by a magnetic analyzing system of the beam transport line of
Bevalac at the Lawrence Berkeley Laboratory and then led onto the
reaction t arge tl .  This met hod supplied us, t ogether with the 
measurements of ionization loss and time of night, with the clean beams
of stable and unstable nuclei. The interaction cross section, a I was
measured by a transmission-type experiment by using a large-gap mag­
netic spectrometer HISSI, 

The measured interaction radii were converted to Rra, by a Glauber­
type calculation. The charge radius Rcru for stable nuclei agreed well
with the results of nuclear radius determination by electron scattering.•

It is seen in Fig. 1 that the 
R r a ,  a r e  w e l l  e x t r a c t e d  t o  
manifest the difference between
those for eue-eLi, &ffe-•Li and
•Li-"Be. On the other hand, a a 
p a ir o f  m irror nucl e i  ' L i-1Be
show th e s ame matter  radius.
The large radii of  the neutron­
rich isotopes •He and •He sug­
ge e t  t he e xi s t e n ce of t h i c k
neutron crusts. I t  is interesting
to note that the nuclei ULi and
HBe show extremely inflated radii
'over the neighbouring nu clei,
which suggests the existence of
a long tail in the mat ter d is­
tribution partly due to the bind­
ing effect. 

We now turn to another sub- Fig. 1 Rms matter radii 
ject which may involve the use
of exotic nuclear beams. 

It has long been known that a positive ion, when it is introduced in 
liquid helium, exerts electrostriction on helium atoms surrounding it and
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forms a charged aggregate, which is referred lo as " snow ball " .  T h u s  
t h e  ion acquires effective mass of 5 0  - 100 times the He mass. Such a 
snow ball has been a versatile probe in studying the elemen tary excita­
tion in su perfluid heliu m.s Lack of proper method s for de tection of 
snowballs has been a main obstacle for further studies in this field. 

In our first experiments carried out at Research Ce nter for Nuclear 
Physics,  Osaka Uni versity, short-lived beta-ray emitters, us, sustaining 
nuclear spin polariz&tion were produced in the ZUTh ( HN, UB ) reaction at 
1 35 MeV and were introdu ced into su per fluid h elium. Man y  of boron 
ion& were neutralized instantaneously, but some survived to form snow­
balls. The charged snowballs thus formed were transported in a static 
electric field and were separated from the neutralized UB. The nuclear 
polarization of 12a was then observed via measurement of beta-niy asym­
metry and was compared with the known original polarization.' I t  was 
found that the nuclear polarization was preserved throughout the lifetime 
of 12B ( 20 . 3  m s ) .  This suggests that the snowball produced around an 
alien ion, constitutes a suitable milieu for preserving (freezing out) the 
nuc l ear spin  polarizlition of the core io n a nd that most likely the 
solid ification takes place at the interior of t he aggregate. Thie  novel 
me thod of transpor tation and detection will open a new way to study 
nuclear moments of various unstable nuclei by using the freezing-out of 
polarization of exotic beams. 

This method will open another new way for in vestigating, besides 
properties of nuclei far from stability,  basic in teractions in superfluid 
helium. Beams of beta-active nuclei are introduced into the superfluid 
helium as impu rity ions and the snow bal ls formed arou nd radioactive 
nuclei are detected by the beta-rays from the short-lived nuclei. One 
of the interests is the use of 'He and •He and many other beta-active 
nuclei to stu d y  t he transport phenomena relat�d to impurity ions and 
thus basic interactions in liquid helium. 

The author wishes to express his thanks to all the collaborators of 
the projects described here. 
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