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Chasing the Earth’s Magnetic Tail

The earth’s magnetic field, chock full of
charged particles trapped on its lines of
force, would resemble a giant apple spin-
ning on its axis—were it not for the sun. As
the far larger particle stream, called the
solar wind, “blows” by from the sun, it
drags earth’s magnetic field lines out into a
vast “tail,” stretching into space for mil-
lions of kilometers. It is a strange domain,
where the incoming particles are some-
how pumped up to electrical energies far
higher than those with which they arrived,
yet where some of those ions, instead of
being swept away in the flow, are trans-
ported back “upstream” toward the earth.

The tail's rampant exotica, however, are
almost entirely invisible — detectable to
spacecraft that fly through them, yet frus-
tratingly inaccessible to scientists trying
to stand back and look at the big picture.

Enter AMPTE, the international suite of
satellites (the Active Magnetospheric Par-
ticle Tracer Explorers) that made head-
lines two days after Christmas when it
generated a cloud of barium ions in space
to produce the first artificial comet (SN:
1/5/85, p. 6). The geomagnetic tail is right
down AMPTE's alley. Flying through the
tail on March 21, a German satellite called
the lon Release Module (IRM) cast forth

MIT/ETS (White Sands, N.M.)

Artificial cloud of barium
ions, released March 21

from a satellite in the “tail” of earth’s magnetic field,

shows details of surface and edge structure in early phase (left). Next, it begins to separate
into a diffuse “halo” and a brighter central “cavity" (middle, after 2 min. 56 sec.), which
thins (right, after 4 min. 56 sec.) as the cavity collapses and the ions spread along the
geomagnetic field lines. (Vertical black streak in middle and right photos is part of

telescope cross hairs.)

another barium cloud, while the U.S.
Charge Composition Explorer monitored
the results from closer to earth. Numerous
ground-based observers in New Mexico,
Arizona, Massachusetts, Alaska, Hawaii,
Argentina and other locales, as well as
aboard two aircraft flying over the Pacific,

When quasars
have supernovas

The question of what quasars are has
been a controversial topic for the last
two decades. Lately a consensus seems
to have formed among experts in the
field that quasars are highly energetic
versions of the centers of galaxies. Evi-
dence cited for such a view includes the
discovery that some quasars are sur-
rounded by a luminous “fuzz” in which
some astrophysicists have found spectra
characteristic of stars. Now there is
further evidence that quasars are sur-
rounded by stars, as galactic centers
should be: the discovery of a supernova
in the vicinity of a quasar.

Supernovas are giant explosions of
stars, and tend to be individually visible
at distances where ordinary stars are
not. The quasar in question, catalogued
as QSO 1059+ 730, was observed on May
10, 1983, as part of a program of studying
the colors and brightness profiles of the
fuzz surrounding several quasars. On
the image a bright object appears near
the quasar where no such thing was on
earlier pictures. This is the first dis-
covery of a supernova associated with a
quasar, according to the discoverers,
Bruce Campbell of the Dominion Astro-

s

Before- (left) and after-supernova im-
ages of the quasar 1059 +730.

physical Observatory in Victoria, British
Columbia, Carol Christian of the Can-
ada-France-Hawaii Telescope Corp. in
Kamuela, Hawaii, Chris Pritchet of the
University of Victoria and Paul Hickson
of the University of British Columbia in
Vancouver.

In analyzing their discovery, the ob-
servers rule out possible foreground ob-
jects in our own galaxy, such as flare
stars, asteroids and dwarf novas, on
grounds that the object, though variable,
does not vary quickly enough for a flare
star. It does not move as an asteroid
should, and dwarf novas are very rare
and improbable. The object’s blue ap-
pearance and absolute magnitude
(—17.6) are consistent with its being a
supernova in the “host” galaxy of the
quasar. The discoverers conclude that
the discovery of more quasar super-
novas could aid studies of the energetics
of quasars and the galaxies that host
them. —D.E. Thomsen
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stood by with telescopes and other in-
struments to photograph the effects of the
invisible tail on AMPTE’s visible cloud,
which was essentially serving as a tracer,
like a dye marker in a stream.

One problem for the AMPTE re-
searchers trying to decide whether to go
ahead with the barium release was that
they could not know in advance about the
condition of the interplanetary magnetic
field that transports the solar-wind parti-
cles that ultimately populate earth’s mag-
netic tail. Until the summer of 1982, a satel-
lite named ISEE-3 was stationed on the
sunward side of the earth, where it could
report on the oncoming solar wind to give
as much as an hour’s advance notice. But
ISEE-3 (since renamed the International
Comet Explorer) is now on its way to a
September flight through the tail of Comet
Giacobini-Zinner, leaving the sun-
watching post unattended and AMPTE's
planners little to go on but theoretical
predictions. And indeed, the field condi-
tions within the tail itself at the time of the
cloud's release turned out to be less than
optimum: A key index of magnetic activity
dropped to almost zero, says Stamatios
Krimigis of the Johns Hopkins Applied
Physics Laboratory in Laurel, Md., and the
cloud “kind of just sat there.”

And yet, notes principal investigator
Gerhard Haerendel of the Max Planck In-
stitute for Extraterrestrial Physics in
Munich, there was still plenty to see. For-
tunately, clear skies meant good viewing
for the widespread observing teams (poor
visibility had previously delayed the artifi-
cial comet experiment until the last
possible day).

The cloud first appeared with the
characteristic light-greenish hue of neu-
tral barium, turning purplish as the barium
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became ionized. It was formed by detonat-
ing two barium-filled canisters released
from the IRM satellite. The expanding
cloud of barium ions, as expected, pushed
out the earth’s magnetic field lines to
create a “cavity” that ultimately reached a
diameter of about 560 kilometers, accord-
ing to Haerendel. The IRM'’s instruments
detected the cavity's presence for about 7
minutes, until the field lines returned to
their undisturbed position and essentially
flattened it out of existence. After the first
couple of minutes or so, the photos show
the expanding cloud developing a diffuse
outer portion that lasted for about 35 min-
utes, well after the cavity was gone. This
outer portion was made of barium ions
too, so why did it keep growing even as the
cavity shrank? “If | knew the answer to

that,” says Paul Bernhardt of Los Alamos
(N.M.) National Laboratory, “I'd write a
paper.”

Also, Haerendel notes, the cavity's ap-
pearance developed a pattern of small,
cellular features similar to the “granular-
ity” seen in some images of the sun. “I
think,” he says of the earth’s-tail version,
“that nobody has ever seen such a thing,”
suggesting that AMPTE’s data could aid
studies of the solar corona and photo-
sphere. The barium cloud also showed an
irregular “edge,” possibly indicating
where it was pushed in and pulled out by
“flux tubes” of the magnetic field.

Additional “clouds” in earth’s magnetic
tail may be attempted late this month. And
in June, another artificial comet.

—J. Eberhart

Moving closer to a vaccine for cancer

In cancer, the immune system fails to
protect the body. The goal of a cancer vac-
cine is basically to prod the system into
marshaling a successful attack against
tumor cells it might otherwise tolerate.
That promise appears to be nearing real-
ity. Researchers this week announced ad-
vances in two types of vaccines, one of
which has already been used successfully
in human trials. Their results were re-
ported at an American Cancer Society
seminar in San Diego.

Michael G. Hanna Jr. of Litton Bionetics,
Inc.,in Rockville, Md., has been working on
a vaccine that uses a cancer patient’s own
tumor cells to prevent recurrence. Hanna,
with H.C. Hoover Jr., now at the State Uni-
versity of New York at Stony Brook, and
others, began a trial on colorectal cancer
victims in 1981, and the results from the
ongoing study are encouraging. Twenty
patients whose tumors were surgically
removed were given three vaccinations of
their own tumor cells, which had been ir-
radiated so they wouldn't reproduce. The
first two shots were combined with an
immune system booster. To date, none of
the 20 has died and only four have had
recurrences, whereas of 20 colorectal
cancer patients undergoing surgery
around the same time, four have died and
another five have suffered recurrences.

To check for a true immune response
the researchers inoculated the skin with
weakened tumor cells. All of the vacci-
nated patients reacted to it, while none of
the nonvaccinated patients did. “We were
indeed getting biological modifications,”
says Hanna.

Several medical centers in the United
States are now conducting a larger trial,
the results of which should be available
within three years. If the tests are success-
ful, Hanna says, the vaccine should be
available for clinical use as soon as it can
be produced on a large scale. Meanwhile,
he and others are working on improving
the procedure. “While [the technique is]
important, I don't think it is sufficient for

APRIL 6, 1985

complete control of solid tumors,” he says.
The key may be in combining vaccination
with chemotherapy. Hanna and his co-
workers have found that the initial im-
mune response following vaccination
opens up the tumor so that more chemo-
therapy can reach it. “In this situation,
when we give chemotherapy, there is a
greater effect,” he says.

Other vaccine approaches are also
being tried. Heinz Kohler and his col-
leagues at Roswell Park Memorial Institute
in Buffalo are working on something called
an anti-idiotype vaccine. By presenting
tumor antigens to the body in a new way,
the vaccine breaks the body'’s preexisting
tolerance to the tumor.

To get an anti-idiotype vaccine, re-
searchers inject human tumor cells into a
mouse, which responds by making anti-
body-producing cells. These cells can be
harvested and fused with an immortal cell
line, so that a good supply of antibody can
be collected. This antibody is in turn in-
jected into another mouse, where the pro-
cedure is repeated and a second antibody
is collected.

The second antibody approximates the
shape of the antigen that induced the first
antibody. The procedure works something
like a hall of mirrors — the reflection of a
man raising his right hand will be raising
its left hand, but a reflection of that image
will be raising its right hand.

“The ‘idiotype’ cascade provides an
antibody that could be a substitute for the
original antigen,” Kohler says. “The im-
mune system sees shapes, and doesn't
care what is behind those shapes.”

While an anti-idiopathic cancer vaccine
has yet to reach the animal-testing stage,
according to Kohler this type of vaccine
has proved successful against viruses,
bacteria and parasites. “I think within a
year we’ll have an anti-idiotype [cancer]
vaccine that will work in an animal
model,” he says. Human trials, he esti-
mates, are two to three years away.

— J. Silberner

Perils of fat:
Cancer role assayed

Among the illnesses linked to obesity
are breast and colorectal cancers. At a sci-
ence writers’ seminar sponsored by the
American Cancer Society this week in San
Diego, researchers described studies
aimed at determining the role of fat in
cancer, and whether reducing fat can have
a protective effect.

About 40 percent of the calories in the
average U.S. citizen’s diet come from fat.
Based on epidemiological data and animal
studies, anticancer diets (SN: 10/1/83, p.
217)recommend a level of no more than 30
percent. But the effect of lowering fat in-
take awaits proof.

So the National Cancer Institute (NCI) in
Bethesda, Md., has just kicked off a 10-year,
$30 million trial. According to NCI's Peter
Greenwald, 12,000 women at high risk of
breast cancer will be enrolled.

Half the women will be encouraged to
reduce their fat intake to 20 percent of
total calories by such dietary changes as
switching from whole milk to skim milk
products, trimming fat from meat and
avoiding fried foods. Because the reduc-
tion is a dramatic one and might not be
easy to achieve, Greenwald notes, the
early part of the study will be devoted to
determining its feasibility.

A second study, also just begun, will in-
volve 2,000 women who have had mastec-
tomies; researchers want to see if the 20
percent fat diets will reduce the risk of
recurrence.

The role of obesity in breast and col-
orectal cancer shows up clearly in animal
studies by David Kritchevsky of the Wistar
Institute in Philadelphia. In one experi-
ment he allowed 24 female rats to eat as
much as they wanted; 14 of those devel-
oped breast cancer after being given a
carcinogenic chemical. But none of the 24
rats that received the same chemical and
were fed only 60 percent of the calories
consumed by the first group developed
mammary tumors.

In a colon cancer experiment, 19 male
rats eating as much as they wanted got
chemically induced cancer, while only 53
percent — 10 of 19 — eating 60 percent of
the calories got cancer.

Is it the reduction of fat, or of calories?
Kritchevsky says both may play a role.
“Maybe this will give a little more latitude
in preparing a diet,” he says.

Just how fat intake or obesity aids in
promoting cancer isn’t known. Greenwald
suspects that the way fat alters the level of
certain hormones may be a factor in some
aspects of the development of cancer,
while Kritchevsky suggests that low ca-
loric intake may starve out tumors.

Meanwhile, what'’s a person to eat? “My
only dietary recommendation is two
words,” says Kritchevsky. “Eat less.”

— J. Silberner
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