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ABSTR
AC

T 

O
ur 

search 
for 

m
agnetic 

m
onopoles 

in 
lunar 

m
aterials 

has 
been 

concluded 
w

ith 
the 

exploration 
in 

April 
1971 

of 
an 

additional 
11.5 

kg 
of 

m
aterial 

returned 
by 

the 
Apollo 

ii, 
12, 

and 
14 

m
issions, 

using 
a m

od- 

ified 
version 

of 
our 

electrom
agnetic 

detector. 
Again, 

no 
m

agnetic 
m

o- 

nopole 
w

as 
detected. 

C
om

bining 
these 

results 
w

ith 
the 

results 
of 

our 

previous 
experim

ent, 
w

e 
set 

an 
upper 

lim
it 

of 
1.7 

10 -4 
m

onopoles/g 

for 
the 

density 
of 

isolated 
m

onopoles 
in 

the 
lunar 

surface 
and 

update 

our 
upper 

lim
its 

set 
for 

the 
m

onopole 
flux 

in 
cosm

ic 
rays 

and 
for 

m
o- 

nopole 
pair 

production 
cross 

section. 
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O
ur 

search 
for 

m
agnetic 

m
onopoles 

in 
8 kg 

of 
lunar 

m
aterial 

has 
been 

reported. 
1 

The 
search 

has 
been 

continued 
in 

m
ore 

lunar 
m

a- 

terial 
returned 

by 
the 

Apollo 
11, 

12, 
and 

14 
m

issions. 
The 

result 
is 

still 
negative 

and 
the 

new
 

experim
ent 

perm
its 

im
provem

ent 
of 

the 
up- 

per 
lim

its 
derived 

in 
R

ef. 
1 for 

the 
m

onopole 
density 

in 
the 

lunar 
sam

- 

ple, 
for 

the 
m

onopole 
flux 

in 
cosm

ic 
rays, 

and 
for 

cross 
sections 

of 

pair 
production 

by 
incident 

cosm
ic-ray 

protons. 

TH
E 

EXPER
IM

EN
T 

The 
search 

technique 
w

as 
the 

,sam
e 

as 
the 

one 
used 

in 
R

ef. 
1. 

The 
lunar 

m
aterial 

w
as 

divided 
into 

46 
sam

ples 
and 

the 
m

agnetic 

charge 
g 

of 
each 

sam
ple 

w
as 

m
easured 

independently. 
The 

detector 

used 
to 

m
easure 

the 
m

agnetic 
charge 

has 
been 

m
odified 

in 
an 

attem
pt 

to 
save 

on 
liquid 

helium
 

consum
ption 

but 
its 

principle 
is 

still 
the 

sam
e, 

relying 
on 

the 
current 

change 
AI 

induced 
in 

a 
superconducting 

circuit 

traversed 
by 

a 
m

agnetically 
charged 

object. 
The 

circuit 
is 

repre- 

sented 
schem

atically 
in 

Fig. 
1 and 

described 
in 

m
ore 

detail 
in 

a 
sep- 

arate 
report. 

2 
A

 
very 

sensitive 
m

agnetom
eter 

consisting 
of 

a 
SQ

U
ID

3 

coupled 
to 

a 
1000~turn 

coil 
is 

used 
now

 
to 

m
easure 

the 
current 

change 

in 
the 

circuit. 

C
ertain 

values 
of 

AI 
cannot 

be 
detected 

because 
of 

the 
noise 

in 

the 
m

agnetom
eter 

signal 
and 

because 
its 

response 
is 

a periodic 
func- 

tion 
of 

AI. 
Therefore, 

to 
m

inim
ize 

the 
dom

ain 
of 

undetected 
charges, 

several 
tests 

w
ith 

different 
num

bers 
of 

passes 
N

 
w

ere 
needed. 

W
e 

P
 

used 
a 

series 
N

p= 
1, 

2, 
4, 

8, 
and 

16. 
H

ow
ever, 

there 
are 

tw
o 

distinct 

regions 
of 

m
agnetic 

charge 
that 

w
ould 

have 
escaped 

detection 
and 

hence 





-5- 
-6- 

are 
show

n 
on 

Fig. 
3. 

Because 
of 

the 
correlation 

betw
een 

north- 
and 

south-pole 
den- 

sity 
distributions 

w
hen 

pairs 
of 

them
 

are 
produced 

(as 
explained 

in 

R
ef. 

i), 
w

e 
com

pute 
the 

new
 

lim
it 

for 
the 

m
onopole 

density 
due 

to 

pair 
production 

by 
incident 

cosm
ic 

ray 
protons, 

using 
only 

the 
6.81 

kg 

of 
fines 

from
 

Apollo 
14 

m
aterials, 

the 
2.02 

kg 
from

 
Apollo 

12, 
and 

the 

7.9 
kg 

from
 

Apollo 
11 

analyzed 
in 

R
ef. 

1. 
That 

selection 
corresponds 

to 
an 

arbitrary 
size 

lim
it 

of 
less 

than 
1 m

m
 

for 
particles 

in 
the 

sam
- 

ples 
used. 

The 
m

axim
um

 
density 

is 
then 

2.0 x iO
d4 

m
onopoles 

for 
a 

95%
 

confidence 
level. 

O
ur 

upper 
lim

its 
for 

the 
cross 

section 
of 

pair 

production 
along 

w
ith 

com
parable 

lim
its 

set 
by 

other 
recent 

exper- 

im
ents 

7-9 
using 

different 
techniques 

are 
show

n 
in 

Fig. 
4. 

In 
R

ef. 
1 

(Table 
IV) 

w
e 

listed 
the 

properties 
assum

ed 
for 

the 

m
onopoles 

that 
condition 

their 
detection 

by 
our 

search; 
they 

are 
still 

valid 
here. 

In 
addition, 

there 
are 

the 
restrictions(a) 

and 
(b) 

m
entioned 

above. 

C
O

N
C

LU
SIO

N
 

The 
lunar 

soil 
w

as 
a highly 

desirable 
place 

to 
search 

for 
m

ag- 

netic 
m

onopoles, 
as 

evidenced 
by 

the 
lim

its 
placed 

on 
their 

production 

cross 
section 

in 
Fig. 

4 from
 

the 
analysis 

of 
about 

20 
kg 

of 
m

aterial. 

The 
search 

w
as 

carried 
out 

in 
such 

a w
ay 

that 
even 

a 
single 

isolated 

m
onopole 

of 
the 

m
inim

um
 

charge 
com

patible 
w

ith 
the 

D
irac 

theory 

w
ould 

have 
been 

unam
biguously 

detected 
by 

its 
m

agnetic 
charge. 

The 

accum
ulated 

evidence 
against 

the 
existence 

of 
isolated 

m
agnetic 

m
ono- 

poles 
is 

by 
now

 
very 

great, 
and 

the 
hope 

to 
detect 

them
 

can 
be 

heldout 

only 
in 

experim
ents 

even 
m

ore 
sensitive 

than 
this 

one. 
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Figure Captions 

Fig. 1. 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 

Fig. 2. Magnetic-charge measurements of samples 1 through 46 

of Tables I through III. 

Fig. 3. 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. 

Fig. 4. Upper limit (95y0 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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