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SOME POSSIBLE APPLICATIONS OF MEASUREMENTS ON MU MESONS TO
NUCLEAR SAFEGUARDS, NONPROLIFERATION, AND ARMS CONTROL

Walter R. Kape and Pefer E. Vapier
Brookhaven National Laborstory
Upton, New York 11973-5000
ABSTRACT INTRODUCTION
In the nuclear safeguands and In recent years considerable
arms confrol areas, eﬂ’m&hvehaendeﬂmedmdwclapmg
exist for the: methodelogies which employ radiation
properties of ouclear materials via detection for the verification of treaty-
measurements of the gemma rays and limited objects. These viilize either the
peutrons endtted from these materials, o acutron and pamma mdiation emitted
jn the anns control area, by the use of from, for example, warheads or other
radiography. In cextain favorable items containing fissile material, or,
instances, it may by feasible to elternatively, employing an
comparable meaamements with the nse of sorrce of radiation spectfically an x-ray
a ubiquitous, naturally-occnuming generator o radioisotope such as %¥Co to
radiation - coSmic TAY M0 MES008 radi ani distingnish between
{(muons). At the carth's surface these objects of interest, in particular, missiles

charged particles have a broad
b i oo SO
with a flux of approximately 10-%/em2-
sec-steradian. In traversing maiter,
mnons lose enesgy at a rate of

2 MeV/gram almnst
i of atomic pnmber. Muons
ean readily be detected by either plastic
scintijlators or wire Whide the
flux is small, 2 of one meter

should have wiility in the detection and
imaging of objects with sectiopal
densities of a few humdred gramsfcm2-
The degree of intrusiveness of the

detector configaration, Some possible

applications inchede; 1. Mass
measureme:nts on UF; cylinders,
2. Determination of the size of treaty-
Hmited ohjects, ﬂ.g..nnssiles.mmlcm

or ofher containment, 3. Verification of
smﬂenrmulh & warheads or
components, 4. The detection of
nnnoealad,undc{gmundcavms.
Examples will be presented.

(S5-20 or $5-25). While external

transportation
utilization of such items. The purpose of
this mote is to point out that 4 naterally
occurring type of radiation, the flux of
coszaic ray mn mesons reaching the
earth's sarface that is continpally
pnmaryng:;mmmgthem&w
mwphem. be useful for some of
The utilization of this
n mdiztion for measurements in the
, arms control, and non-
icn apeas can be carried out
withoot any real or perceived hazards to
personne] or the public and, by
mmpamnn,vmhnnmmalsafetyur
regulatary requirements.

PROPERTIES OF MU MESONS
(MUONS)

Mn mesons the earth's sueface
have the foBowing properties which are




relevant to possible measurement
Syslomms:

« Mass The muoz has a mass 215
times more than the electron, but smaller
m&ymﬂlymmn?s(mh:fﬁmh&a -

It a beavy
electron, interacting only very weakly
with nucleons.

» Charge Asinibe caseof
electrons, moons have both positive and
negative charge. Most of those reaching
the carth's surface have positive charge.

+ Flgx The muon flax at sea level

is 10-3fzec-ster. The flux increases both
with latiinde and altmds,

+ Apgular Distribution While
mnons areive #t all angles above the
horizon, more arrive 2t nearly vertical

since they will have suffered less

+ Energy Muons reaching the
carth's surface have a broad distcibution
of energies at about 500 MeV.
This is shown in Figure 1.

»  Energy Loss jn Marier Tn
traverzing matter, most muons deposit
approximaiely 2 Me'V per gflom? .
iraversed. Since (he mean isin
the vicinity of 500 MeV, a t
ﬁ'acﬁnnwillﬂmshavearangeut‘mml

hundred gfom2.

Penetration i the Earth As
muouspewtrateﬂmearﬂ:,th&half
thickness for their absorption is of the
order of a2 meter. The muon flux at any
dapth wadarground is thus related to the
dapth of overburden ey have

POSSIBLE APPLICATIONS

1. Determination of The Mass of U in
@J.MMQE: It ey be pecessary,
imernational obligations to verify
ﬂwmassoftl&smmdmla:ge.d-fmt
dizmeter cylinders, These cylinders are
ofien stacked three-high, and their
and weighing wounld impose
an expenstve harden on the facility
opetator. A more cost-cffective
alternetive to this approach would be to
mma“sofwﬁbymﬁasmg
the atienvation of muons traversing the
cylinder. The sectional density (radial) of
a 4-foot cylinder will be of the order of
500 glcm?, which will stop more than
half of the muons impinging oa it from
above. I scintillator " paddi-.s "with a
few hondred cm? area are sbove

amenuation, and consequeatly, the mass,
can be made in a few minutes. The
calibration of the system can readily be
accomplished by measnrements with
"bare” scintillators and on eylinders with

Jmown quantities of UFg

A "mock-up” measurement of this
type has been at Brookhaven
National Labogatory. The results of this
measurement ape shown in Figure 2.
Coincidences were measured between
nmon-initiated events in two scintillators,
approximataly 100 and 200 cm? in area
mgachvzlgpl&@ﬂﬁcmapart Various

lead shielding, ranging up to
16 cm in thickness (180 g/cm?) wese
ipterposed between the two scintilfators.
The coincidence tate is seen to decrease
by approximately & factor of 2 for the full
amount of lead, as expected.

agreerneats to determine the size or

of a treaty-limited object As an example,
under the Intermediate Nuclear Forces
Treaty, it was pecessary to diséingui
between two Russien missiles, the 55-20




{treaty-limited}, and the $5-25
{permitted), by the diametar of the second
stage. For the two missiles, the
difference in diameter was 8 cme. This
problem was addressed through the use

of radiographyy at the missile
cenﬁ:ﬂ?o&hhshandamm
method utilizing & 9Co source was
developed independently by Argonne
National Laboratory. With a properly
designed amay of scintiliatars placed
ahove and such a treaty-limnited
object, it should be to delineate

its "muon shadow’, and thus obtain the
required information on its size and

detacﬂunandlmﬂgmgnfmuhnsmsby
meassurements on the inirinsic radiations
emitted {nentrons and gamma rays), the
detection of muons could also arole
in the verification ¥,
the attennation in the meon ubwved
(batween detectoas) will provide a direct
measurement of the intervening mass.
Thus, the use of beavy shiclding to mask
the presence or transter of warheads or
other items containing substantial
guantities of suclear materials would be
readily apparent. In this connection, it is
worth poting that the energy deposition of
2 MeV per giomn? in the scintiBlators is
large encugh so that detection theesholds
for muon inrtiated events can be set high
_enough to exclode firom the
pamima rays emitted from nuelear
martetials,

4. Detection of Underground Cavitjes
Several decades ago, the physicist Luis
Alvarezuaniudc?t%uasﬁamhforhidden
cavities in an Egyptian pyramid by
measuring the muon flux at varioes
points in ifs interior. This suggests that
this approach might be followed in
locating nadiscelosed undergronnd
installations or parts of known
installations. Since the half-thickmess for
the attznnation of muons as they penetrate
the earth is of the order of a meter, a rapid
dacreasemthemnnﬂuxmthdapthls

normaliy observed, although some
energetic muons ¢an Still be
Matdepﬂmofuptnmem
thousand feet. Since this
attenuation will Rot occur for a cavity, a
higher than expected muon flux will be
maaspred. C:l&m'ly,thamnstcﬁecuve
meshod for detecting such cavities would
be through measurements with delectors
sitnated below their expecied location, for
example, in a borehole, but
measarsents made adjacent to the
expected focation of the cavity wonld also
be expected to show & departure from the
expected muon flux, These effects canbe
modeled with Monte Carlo calculations,
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Figura 1. The Number of Masons at Sea Level per Unit Area, Time, Solid
Angks, and Momertum Interval for Various Momenta.
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Figure 2. Coincidences of Muon-nitiatod Events in Twa Plastic Scintiilators

- versus The Thickness of Intervening Lead Shielding.




