Accelerating Héavy ions in the Bevatron

A beam of nitrogen ions opens up new applications
in nuclear physics and biology for a veteran proton accelerator

by Dietrick E. Thomsen

Particle accelerators used to be lim-
ited mainly to energizing single parti-
cles: electrons and protons or at most
deuterons or alpha particles. Now ac-
celerator physicists are devising ways
of accelerating heavy ions, nuclei of
elements heavier than helium that have
been stripped of many or all of their
electrons.

Accelerated heavy ions promise to
open up new territory in nuclear phys-
ics, biophysics and possibly medical
therapy. Physicists in various parts
of the world are busy designing and
building accelerators especially for
heavy ions. Others are attempting to
add a heavy-ion capacity to existing
proton accelerators. An important step
in this direction was completed in Au-
gust when the Bevatron at the Lawrence
Berkeley Laboratory in Berkeley, Calif.,
accelerated nitrogen ions to an energy
of 36 billion electron-volts (GeV) or
2.6 GeV per nucleon. (Most specially
built heavy ion accelerators are aiming
at several million electron-volts per nu-
cleon.)

The alterations of the Bevatron were
begun in March; the first nitrogen beam
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came through on Aug. 17. The work
was done under the leadership of Her-
mann A. Grunder.

The Bevatron’s heavy-ion capability
promises to enable nuclear physicists
to raverse a common experimental pro-
cedure and to do laboratory imitations
of processes that take place in the cos-
mic rays. One of the traditional ways
of studying nuclear physics is to bom-
bard various nuclei with energetic pro-
tons or helium nuclei and see what hap-
pens as the target nuclei break up. Ac-
celerating heavy ions allows the reverse
process: Heavy nuclei are struck against
proton or helium-nucleus targets.

The reverse process is what takes
place in the cosmic rays. Astrophysical
processes—probably in supernova ex-
plosions—produce a variety of heavy
nuclei and inject them into interstellar
space. As the nuclei travel through
space, they strike nuclei of hydrogen
or helium in the interstellar gas clouds
and break into lighter nuclei. Labora-
tory determinations of the probabilities
of a given nucleus breaking into given
daughter nuclei under such conditions
will aid in determining a picture of the
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history and origin of the cosmic rays.

To nuclear physicists generally the
process of striking accelerated heavy
ions against protons opens new ground
because if a proton is shot against a
stationary nucleus, the fragments some-
times don’t come away with enough
velocity to be recorded. In contrast,
when the accelerated heavy ion strikes
a proton target, the heavy-ion nucleus
“is just tickled and falls apart,” as
Harry H. Heckman, a physicist on
the Lawrence Berkeley staff puts it. The
fragments continue on in about the
same direction and with the same ve-
locity as the original nucleus.

The advantage is that the products
of this zero-energy breakup are more
likely to represent what is present in
the original nucleus when it is not be-
ing disturbed from the outside. One
of the major current efforts in nuclear
physics is to determine what subgroup-
ings of neutrons and protons exist within
heavy nuclei and how they relate to
each other. Among the many possible
combinations of neutrons and protons,
some are more tightly bound than
others, and some theorists suppose that
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within heavy nuclei such combinations
form and interact with the rest of the
nucleus more or less as a unit. If such
combinations exist, they may show up
as units in the debris when the nucleus
breaks apart.

With their beam of accelerated nitro-
gen, Heckman and his collaborators set
out to determine the break-up spectrum
of the nitrogen nuclei by striking the
nitrogen against hydrogen nuclei in a
target of CH,. They sorted out the dif-
ferent possible breakup products by
making use of a property called mag-
netic rigidity.

Magnetic rigidity is a combination
of factors related to the response of the
nuclei to a magnetic field. Magnetic
rigidity for a given velocity depends on
the ratio of the charge of the nucleus
to its mass. By altering magnetic fields,
the detecting apparatus can be tuned so
that only nuclei of a given rigidity
reach the counters. The charge of the
recorded nuclei is also determined by
the detectors.

At a rigidity of 4.84 units, a par-
ticularly high count of nuclei with a
charge of 4 (4 protons) was recorded.
They are attributed to beryllium 7 since
that isotope has a charge-4 nucleus and
the proper charge-to-mass ratio for this
rigidity. It means, says Heckman, that
beryllium 7 is moving around inside the
nitrogen nucleus and likes to come out
at this energy.

Beryllium is not the only thing that
comes out. At a rigidity of 6.15 a peak
occurs at charge 6. This is carbon 13.

Further experiments will attempt to
complete the fragmentation spectrum
of nitrogen.

Ultimately studies of this kind will
amass a catalogue of fragmentation
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spectra for various elements. It will
contain a large amount of data on low-
energy nuclear physics for theorists of
nuclear structure to feast on. For cos-
mic-ray physicists it will provide in-
formation on what isotopes come out
of fragmentation processes at what
abundances. It may be able to give
them hypothetical histories for the var-
ious isotopes they discover in the cos-
mic rays. “Accelerator physics may
lead the way in cosmology,” says Heck-
man,

Another project for the future is a
connection between the Bevatron and
the Superhilac, which is being built
some distance up the hill from the Beva-
tron. The joint entity would be called
Bevalac. The idea was suggested by
the Superhilac group, which is under
the leadership of Albert Ghiorso.

Superhilac is a heavy-ion accelerator.
It is a reconstruction of the old Hilac
(Heavy Ion Linear Accelerator) that
substitutes for the planned Omnitron that
the Berkeley Laboratory tried for years
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to get funded. The Omnitron would
have been an entirely new machine at
a cost of $30 million. The Superhilac is
being built for one-tenth the cost of the
Omnitron. Ghiorso says it will do bet-
ter with the lighter ions than the Omni-
tron would have. If the connection to
the Bevatron is made, an even more
versatile and useful arrangement will
result.

The idea is to use the Superhilac as
an injector for the Bevatron. This will
permit the Bevatron to accelerate spe-
cies of ions that its own ion injection
system cannot accommodate. The Bev-
alac combination would give high-ener-
gy beams of nuclei as heavy as argon
(atomic weight 40) and possibly kryp-
ton (atomic weight 84). (The Super-
hilac is designed to accelerate all spe-
cies up to uranium, but to energies of
8.5 million, not billion, electron-volts
per nucleon.) A bare-bones connection
could be built for $500,000, says
Ghiorso, but a more sophisticated one,
including a booster section, would be
preferred and the cost could go up to
10 times that figure. Money has been
requested from the Atomic Energy
Commission.

One of the things that is sure to be
done with the combination is an at-
tempt to manufacture superheavy nu-
clei by striking heavy ions against
heavy-nucleus targets. Ghiorso sug-
gests trying for element 114 by using
a plutonium target and impinging cal-
cium nuclei. Plutonium 244 plus cal-
cium 48 could yield 114-288 plus four
neutrons or possibly 114-290 plus two
neutrons.

A long-shot possibility is plutonium
244 plus calcium 56 to make 114-298
plus two neutrons. Calcium 56 is an
unusual isotope, but it might be made
from krypton at high energies. It is not
known what energy range would be
required to accomplish this: 30, 300 or
3,000 MeV . per nucleon. “The Beva-
tron itself might produce superheavies,”
says Ghiorso.

The other major branches of science
in which accelerated heavy ions will
open new directions of research are bi-
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Ion-beam trajectories used to find the cause of the astronaut light flashes.

ology and medicine. Experiments at
LBL have already determined the cause
of the strange light flashes seen by as-
tronauts on space flights. Heavy ions
from the cosmic rays were suspected as
the cause, but it was uncertain whether
the flashes represented Cerenkov light
emitted as the ions passed through the
vitreous humor of the eye or whether
the flashes resulted from direct stimu-
lation of tissue by the ions. Experi-
ment found that human subjects saw
the flashes only when the ion beams
struck their retinas, indicating that im-
pact of ions on retinal cells is the cause.

The general trend of biological ex-
periments with heavy-ion beams will
be to study the damage they do to cells,
says Thomas F. Budinger, a physician
on the LBL staff. Heavy ions cause a
qualitatively different type of damage
from other forms of radiation. Cells
repair some of the damage, but what
can be repaired and what cannot is
not clear.

An important question is whether
the repair mechanism returns the cell
to the status quo or whether some ge-
netic change occurs. In observing what
happens one might see chromosome
changes “like putting pink fenders on
a black car,” he says. If there are ge-
netic changes, a knowledge of them
could help interpret the past as well as
predict the future.

One of the interesting questions in
paleontology today is the relation of geo-
magnetic reversals to the evolution of
biological species. A number of times
in geological history the magnetic field
of the earth has reversed its polarity. In
the midst of each such change there
was probably a period when the strength
of the field was zero. It is the geo-
magnetic field and the atmosphere that
prevent most of the cosmic rays—es-
pecially the heavy ions—from reaching
the earth’s surface. If the field was
turned off, some of the heavy ions may
have gotten through. The question is:
Could they have been responsible for
increased rates of mutation that may
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have happened at those times?

The question whether the cells can
repair the damage at all will have im-
portant repercussions in space biology
and space flight. Some of the heavy
cosmic-ray ions get through the shield-
ing of space capsules and strike the
bodies of the astronauts. One of the
questions is how many of them go
through the middle of the brain and
how much damage do they do there.
Up to ten percent of brain-cell nuclei
could be hit by cosmic-ray particles
during a three-year flight. The extent
of damage is unknown but can be
learned by research with beams of
heavy ions.

Finally, heavy ions have a therapeutic
promise. If they damage useful cells,
they will also damage tumorous ones,
and they do it in a qualitatively differ-
ent way from the X-rays that are com-
monly used in radiation therapy. X-rays
deposit energy in sizable amounts all
along their path through tissue, but
the heavy ions deposit most of their
energy at the ends of their paths. (How
far a heavy-ion beam penetrates de-
pends on its energy.) Thus the heavy
ions may prove useful in treating deep-
seated tumors where the use of X-rays
might cause unacceptable damage to
overlying tissue.

Budinger stresses that here is no po-
tential cure-all for cancer. Such ther-
apy would be useful only for the class
of tumors for which radiation therapy
is now used: compact, localized growths.
“You couldn’t hit leukemia this way,”
he emphasizes. Furthermore this class
of tumors is also susceptible to surgical
excision, and in current practice radia-
tion therapy is usually resorted to only
when surgery is not indicated—for ex-
ample when large blood vessels are pres-
ent that might bleed too much if they
had to be cut.

Budinger points out that all these
questions are still early in the basic
research stage. It will be years before
therapeutic applications are worked
out and patients can be treated. a
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