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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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