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ABSTRACT
Our search for magnetic monopoles in lunar materials has been
concluded with the exploration in April 1974 of an additional 11.5 kg of
material returned by the Apollo 44, 12, and 14 missions, using 2 mod-
ified version of our electromagnetic detector. Again, no magnetic mo-
nopole was detected. Combining these results with the results of our

previous experiment, we set an upper limit of 1.7 AOL_"

monopoles/g
for the density of isolated monopoles in the lunar surface and update
our upper limits set for the monopole flux in cosmic rays and for mo-

nopole pair production cross section.

INTRODUCTION
Our search for magnetic monopoles in 8 kg of lunar material
has been reported. 1 The search has been continued in more lunar ma-
terial returned by the Apollo 11, 12, and 14 missions. The result is
still negative and the new experiment permits improvement of the up-
per limits derived in Ref. 41 for the monopole density in the lunar sam-
ple, for the monopole flux in cosmic rays, and for cross sections of

pair production by incident cosmic-ray protons.

THE EXPERIMENT

The search technique was the same as the one used in Ref. 1.
The lunar material was divided into 46 samples and the magnetic
charge g of each sample was measured independently. The detector
used to measure the magnetic charge has been modified in an attempt
to save on liquid heliurm consumption but its principle is still the same,
relying on the current change AI induced in a superconducting circuit
traversed by a magnetically charged object. The circuit is repre-
sented schematically in Fig. 1 and described in more detail in a sep-

arate report. 2

A very sensitive magnetometer consisting of a mDGHUw
coupled to a 1000 -turn. coil is used now to measure the current change
in the circuit.

Certain values of Al cannot be detected because of the noise in
the magnetometer signal and because its response is a periodic func-
tion of AI. Therefore, to minimize the domain of undetected charges,
several tests with different numbers of passes N_ were needed. We

P

used a series Zvu 1, 2, 4, 8, and 16. However, there are two distinct

regions of magnetic charge that would have escaped detection and hence
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this fact restricts the range of magnetic charge to which our search
applies.

Restriction(a): Magnetic charges that are too small to give a

signal larger than the noise. Using an arbitrary criterion of five
standard deviations of signal above noise, this amounts to a charge

range of g < 0.4 g, where g, is the minimum Dirac monopole charge:

g nIN.M :.v

in Gaussian units.

Restriction(b): Magnetic charges that have just the right wmum
to cause the magnetometer to show no change due to its periodic re-
sponse. For our equipment this restriction amounts to g=nX wm.oXme ,
where n is an integer and 36.0 is a property of our equipment.

Those restrictions are explained in more detail in Ref. 2. They
do not appreciably affect the validity of our search, since any monopole
compatible with Dirac's theory escapes restriction(a) and since re-

striction(b) applies only to magnetic charges of a considerable magni-

tude.

RESULTS

In Fig. 2, we plot the measured value, g_ .. of the magnetic
charges g of each sample, determined by a least-squares technique
using all measurements on a given sample. Within the error due to
the magnetometer noise, it represents the value of the real magnetic
charge modulo 36.0 mc . Tables I to III list each sample with its
NASA. identification number, weight, nature, and magnetic charge

as we have measured it.

From Fig. 2 one sees that we found no magnetic charges €meas
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significantly different from zero in the samples. We conclude that
there are no magnetic monopoles consistent with Dirac's theory

[ except possibly for restriction (b) above], or at least that the number
of south and north poles are such that they cancel in each sample.

A small portion of the lunar material was also searched for
monopoles of charge 36 g, using the detector in a desensitized mode
as described in Ref. 2. This portion comprised samples 2, 17, and
19. The result was also nogwm.ﬁzm with a zero magnetic charge for
each of the three samples. Here restriction(a) still applies but, com-
bining the result of of the normal test procedure and the one due to the
desensitized mode, we reduce restriction(b) to charges near multiples
of 36 g, and 305 g, at the same time. That less-restrictive condition

of our search applies to samples 2, 17, and 19 only.

INTERPRETATION
Combining these results and those reported in Ref. 1, we com-
pute an upper limit for the density of monopoles in the lunar surface

material, It is less than 1.7 »o-»

monopoles/g for a 95% confidence
level, using the same computation as in Ref. 1; i.e., including the cor-
rection for equal north- and south-pole charges in a sample.

From the upper limit of the density, we compute the upper limit
for the flux of monopoles in cosmic rays as a function of energy for dif-
ferent values of N, the effective magnetic charge in units of g, a8 de-
fined in Ref. 1. Also, the computation is described in Ref. 1. Adjust-
ment for varying exposure ages of the samples has been made and all

2 4

samples have been taken to have a mixing depth of 1000 g/cm”. Our

upper limits for the monopole flux in cosmic rays together with com-

7,8

parable limits set by other experiments using different techniques



are shown on Fig. 3. -

Because of the correlation between north- and south-pole den-
sity distributions when pairs of them are produced (as explained in
Ref. 1), we compute the new limit for the monopole density due to
pair production by incident cosmic ray protons, using only the 6.81 kg
of fines from Apollo 14 materials, the 2.02 kg from Apollo 12, and the
7.9 kg from Apollo 11 analyzed in Ref. 1. That selection corresponds
to an arbitrary size limit of less than 4 mm for particles in the sam-
ples used. Themaximum density is then N.ngok* monopoles for a
95% confidence level. Our upper limits for the cross section of pair
production along with comparable limits set by other recent exper-

7-9

iments using different techniques are shown in Fig. 4.
In Ref. 1 (Table IV) we listed the properties assumed for the
monopoles that condition their detection by our search; they are still

valid here. In addition, there are the restrictions(a) and (b) mentioned

above,

CONCLUSION

The lunar soil was a highly desirable place to search for mag-
netic monopoles, as evidenced by the limits placed on their production
cross section in Fig. 4 from the analysis of about 20 kg of material.
The search was carried out in such a way that even a single isolated
monopole of the minimum charge compatible with the Dirac theory
would have been unambiguously detected by its magnetic charge. The
accumulated evidence against the existence of isolated magnetic mono-
poles is by now very great, and the hope to detect them can be heldout

only in experiments even more sensitive than this one.
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Fig.

Figure Captions

Sample path through the superconducting loop used for
magnetic charge measurement. Current change is mea-
sured by the coupling of a 1000-turn field coil to the
sQUID. 2

Magnetic-charge measurements of samples 1 through 46
of Tables I through III,

Upper limit (95% confidence level) on the flux of cosmic
monopoles as determined in recent monopole searches.
A from this work, B from Ref. 7, C from Ref. 8.
Uppef limit (95% confidence level) on monopole pair-
production cross section in proton-nucleon collisions as
determined in recent monopole searches. A from this

work, B from Ref. 7, C from Ref. 8, D from Ref. 9.
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