
JAERI-Conf 99-003 JP9950208

24. Spallation RI Beam

Hiroshi Ikezoe
Japan Atomic Energy Research Institute, Tokai-mura, Naka-gun, Ibaraki-ken, 319-11

Japan
ikezoe(&tmdalphl.tokai.jaeri.go.jp

Abstract

A plan to accelerate neutron-rich radioisotopes produced in a spallation reaction
of a 1.5 GeV proton beam on uranium or thorium target by using the existing JAERI
tandem-booster accelerator is presented. The main research themes of this plan are
the study of the nuclear and chemical properties of the trans-actinide elements in-
cluding the super-heavy element, the nuclear structure study of very neutron-rich
nuclei and the application of the radioisotope beams to the material science.

We are planning to accelerate neutron-rich radioisotopes (RI) produced in a spallation
reaction of a 1.5 GeV proton beam on a fissile target like uranium-carbide by using the
existing JAERI tandem-booster. When a uranium target is bombarded by a 1.5 GeV
proton, the neutron-rich RI ranging from Z ~ 20 to Z ~ 80 can be produced. Figure la
shows the calculated element distribution of the reaction products. The reaction products
near Z = 40 are originated mainly from the fission process of the uranium target. Many
neutron-rich nuclei are produced as shown in Fig. lb, where the calculated tin isotopes
are shown as a function of the mass number. Especially, the double magic nucleus 132Sn is
also produced with a considerably large cross section. This nucleus is very interesting in
the nuclear structure point of view. A suitable target material with a high melting point
is chosen so as to produce a certain radioisotope with a high production cross section.

These RI are accelerated by the existing JAERI tandem-booster as illustrated in Fig. 2.
Reaction products diffused thermally from a target material are ionized in an ion source
and extracted from the ion source as a positive ion. A specific isotope can be selected by a
high resolution isobar separator and transported into a charge exchange cell to convert its
charge state from the positive charge state to negative charge state. Since only negative
ions can be accelerated by the tandem accelerator, available beam species are limited to
the elements with the electron affinity larger than about 1 eV, that is, C, O, F, Si, S, Cl,
Ni, Cu, Ge, As, Se, Br, Ag, Sn, Sb, Te, I, Au, Pb, Bi etc. However, the beam species do
not depend on their mass number, that is, a heavy RI like tin or lead can be accelerated
by the tandem. In order to get a high beam current of RI, the plasma discharge type ion
source is now developing.

There are two ways to extract reaction products from a target, depending on the primary
proton beam intensity. If the proton beam current is less than 10 /xA, an ion source
contains target can be used. However, if a beam current increases up to several 100 pi A to
bombard a target, the radiation protection against neutron and gamma-ray etc becomes
a serious problem and then the ion source can not be installed in such a high radiation
environment. Therefore, an ion source and a target must be separated. In this case,
the target may be put in front of an accelerator beam dump and reaction products are
transported to the ion source by means of a gas jet system. The distance between the
target and the ion source can be extended up to about one hundred meter.
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Figure 3 shows an overview of the spallation RI beam facility. There is a low energy
experimental room where mass-separated reaction products are transported to study their
masses, decay properties and nuclear and chemical structures. An experimental room for
the hot chemistry is located at the end of the booster accelerator, where trans-uranium
elements can be used as a target to produce the trans-actinide elements and the chemical
separation of reaction products is carried out.

The nuclear chemistry of the trans-actinide elements is considered as the main research
program of this facility. Especially, many new neutron-rich long lived trans-actinides can
be synthesized by using neutron-rich RI beams. Therefore, their nuclear and chemical
properties can be extensively studied. This study is important to test the nuclear shell
structure of the heavy element and also the relativistic effect of an atomic electron which
may change the chemical property of a heavy atom. Although a small RI beam intensity
(105 ~ 1011 particles/second) is a disadvantage to produce a new trans-actinide, a neutron-
rich nucleus probably give us a high probability to fuse with a target and also high survival
probability.

The nuclear structure study of neutron-rich nuclei is also a important research theme.
Many neutron-rich nuclei can be produced among which important nuclei for the nucle-
osynthesis in star are included. Their decay properties, neutron capture cross sections
and nuclear structures can be studied.

As for the application, the RJ beams can be used as a nuclear probe to study the
structure of a new material. This is a powerful technique to get information of the
magnetic and/or electric fields near the implantation site of the RI.

The characteristic of the present RI beam facility is the accleration of the RI beams using
the existing tandem-booster. This means that a heavy RI like 132Sn can be accelerated
with a good beam quality of the tandem accelerator (excellent beam emittance and energy
resolusion) and also many existing experimental apparatus can be used. In addition, in
this facility trans-uranium elements can be treated as a target to be bombarded by the
RI beams.

- 197 -



JAERI-Conf 99-003

Si

.2
t5
tn

C/3

O

0

|

104

103

102

101

in0

: (a) u c

j
/

r v

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

' ' 1 ' '

+ p

Mil l

(i ,5GeV) =

\ / •=

- =

_ . t _ , , "

20 40 60 80 100
Atomic number

200

1 100

2
u

0

Sn isotopes
in the reaction UC+p(1.5GeV)

110 120 130
Mass number

140

Figure 1: Calculated element distribution (a) and tin isotope distribution (b) in the
spallation reaction of a 1.5 GeV proton beam on a uranium-carbide target
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Figure 2: Overview of the spallation RI beam facility
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Figure 3: Schematic drawing of the spallation RI beam facility
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