" o mstabiliy of the somple mag
Ryt shoukl be auributed 10 the
re of its carrier rather than w the
| chamism of its formation

oo investigate the nature of the cije-
lor(s) of remanent magnetization in the
baple, small grains detached from its
- were examined with a record-
- magnetic balance (4). The nvesti-
Elion was carried out with a s:=mple
ing approximately 20 mg
an air pressure of 3 X 10

and
mm-

IFigure 3 shows the dependence of
¢ magnetization (J) on the applied
eid (H) at 20°C and the change in J
= 4280 oe) during heating to 900°C
i subsequent cooling. The J(H) curve
pws that the original sample ap-
hed magnetic saturation ar about
(0 oe and that its coercive force was
eximately 70 oe. Such a low
ercive force is in accord with the
isly noted tendency of the sam-
# 1o acquire a large component of
is magnetization when exposed for
few minutes in a field as fow as the
mrth’s magnetic field (Fig. 1), More-
¢ , it suggests that there is no major
ponent of high micro-coerciviw in
% sample.
The I(T) curve shows a menotonic
derease in magnetization from — 180°C
be Curie temperature at 750° = 3°C
partly shown on Fig. 3). The
~ Curie temperature is diagnostic
mineral that is uncommon in
rial rocks. The cooling part of
J(T) curve suggests that a substan-
fl transformation of the original min-
Tl took place at high temperature.
- The Curie temperature of the origi-
il constituent at 750° =
and the transformation of this con-
ent into one with a Curie point of
€ and with lower saturation mag-
ation were interpreted as follows:
the original ferromagnetic constitu-
%t was relatively pure metallic Fe with
psumuehuSpi&rccmN: this
ate being based on standards given
Rneﬂu $). In tlm mtm. s
Y that the
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velv whether a substantial Hgnetic
feld witnessed the last cuuling of sam-
ple 10048 on the lunar surface It
would thus be presumpluous o specu-
late further on the original configura-
tion of the moon's interior along this
avenue on the basis of this sample.
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Search for Magnetic Monopoles in the Lunar Sample

Abstract, An elecrromagnetic search
size predicted by Dirac.
Kilograms of lunar surface

currence in cosmic radiation.

For several years now, the hunt has
been on for particles that would in-
teract with the magnetic field just as
clectric charges interact with the
clectric field, acting as a source for the
field and being accelerated by it. These
particles, called monopoles, would be
stable. They would have a magnetic
charge measured by an integer v, the
Dirac charge 3 X 10-% emu being used
as a unit (/). Their existence would
give credence to the only known ex-
planation for the extraordinarily ae-
curate phenomenon of charge quantiza-
tion (2). According to a recent theory
{3). they would be the most funda-
mental particles, the building blocks of
the universe. However, no such particle
or combination with a net nonzero
magnetic charge has ever been found
{(4-96).

In view of the negative results of
these experiments (4-6), the lunar
surface is considered to be the most
likely hiding place for monopoles,
whether they belonged to the primary
cosmic rays or were produced in the
collision of a high-energy cosmic ray
particle with a nucleon of the lunar

for magnetic manopoles of the minimum
or of any larger magnitude. has heen

performed on 8,37

material. No monopole was found. This experiment
sers new limits on rhe production crass section for mo

nopoles and on their pe-

certainty than it could be on the earth.
Our detection technique relies on the

electromotive force induced in a coil by
a4 moving monopole. As in previous
work (7)., the sample was trans
along 2 continuous path threading the
windings of 2 coil. In this experiment
the coil was made of superconducting
material and was short-circuited by a
superconducting switch. A small current
was stored in the superconducting loop
before a sample was run. If a sample
containing a monopole had been run,
the induced clectrometive force would
have modified this current. After each
sample had been circulated 400 times,
the superconducting switch was opened
and a signal proportional to the current
in the loop was transferred electrically
out of the crvostat, amplified, and
finally recorded on an oscilloscope. A
real magnetic charge would have been
detected as a difference between the
signal obtained when the switch was
opened and the one normally observed
when the opening of the switch inter-
rupted the “standard current” that had
heen introduced as an overall dua:i.: -
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a ride of 400 passes was given the
sample. Therefore, the smallest mono-
pole compatible with Dirac theory was
expected to produce an 8 standard devi-
ation signal. There are’ reasons 10
believe the smallest actual charge would
have twice the Dirac value (&), and
this would correspond to twice as big a
signal.

The lunar surface material analyzed
in this experiment consisted of 28 in-
dividual samples. One sample was com-
posed of three rocks (NASA 10022-1,
10023-1, and 10024-3) weighing all
together 213 g The remaining 21
samples were ail fines from the bulk
sample (NASA 10002). The individual
samples of fines ranged in weight from
261 to 356 g. and weighed all together
8.13 kg

The measured magnetic charge of
each sample was consistent with zero,
and statistically incompatible with the
hypothesis that the absolute value of
the magnetic charge was as large as, or
larger than, a single Dirac unit of
magnetic charge. We can therefore set
upper limits on the number of mono-
poles present in the primary cosmic

rays and on the number of monopoles

produced by high energy cosmic ray

-particles interacting with nucleons of

the lupar surface material. We quote
our results at the 95 percent confidence
level, including a correction of 10 per-
cent to the monopole density to take
dividual sample may have
paired monopoles of opposite charge.

ues of both

of the hypothetical magnetic mono-
pole—namely, its charge, its mass,
and all the parameters that determine
its range inside the lunar material
before it comes to rest. Therefore we
express our results as a function of n,
a parameter which relates the approxi-
male range R, in grams per square
centimeter, to the kinetic energy E,
in Gev, by R=10.1 E/n*. For low
velocities, when the monopole loses
energy by ionization only, n in this
formula is the magnetic charge
measured in Dirac units. At higher
velocities, the effective value of n 1§
expected to increase with E due to
bremsstrahlung.

The values of both upper limits
depend also upon the assumption we
make regarding the depth, D, to which
the lunar surface has been churned. We
have represented our results in Figs. 1
and 2 for an assumed exposure time of
3 X 10? years and for two mixing
depths, (i) 5 cm (solid curve), which
represents effectively no mixing depth,
and (ii) 100 cm (dashed curve).

In Fig. 1, we plot our upper limit
for the flux of monopoles per square
centimeter per second, per steradian, in
the cosmic rays. The curves are dis-
played as a function of the kinetic
energy of the monopole with n and D
as parameters. Curves A and B rep-

B prapa

cxle:sive search carried out in the
carth’s atmosphere are givi
oo pher given by curve

The production of monopoles by
proton-nucleon interactions depends
upon the monopole pair-productior
cross section, ¢. In Fig. 2 we hay
plotted the upper limit for ¢, as i
results from our experiment, as -
function of the monopole mass fo
different values of D and n. The flux o
primary cosmic rays above the energy E
in Gev, was assumed to be 1.4 X E-=+
cm™ sec? srt (4).

The incident proton was assumed tc
lose 40 percent of its energy at cac
proton-nucleon interaction (9). Th
was assumed fo be constant above th
threshold energy for monopole pai
production, Curves A and C represer
the limits for ¢ as known from previot
work (5 and 9, respectively). Curve T
comes from a search formmp&st
a meteorite (/0) as interpreted in re
erence (4). Curve E corresponds to ti
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