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An Txneriment for the Measurenent of the Weilght to WV

of Flementsry Particles

by dartin T.. Perl
Columbia University

Sunmary
At thoneh for macroscopic todies the weight to mass ratio

1s indewmendent of the t-me of rrdy, this may not ke true for elementary
n~articles, the ratio for the large hodies relng only an sverage of the
vhlue for varticles., A nroposal is made for an exveriment using atomic
team techniques which would detect variations in the meight to mass ratio
of a varticle, The exneriment is discussed in detail for the vroton in
the hydrogen atom.

This essay 1s on & vroposed exveriment for measuring the welight
to mass ratio of individual varticles and hence may not be strictly wilth-
in thesubject orescrited for this essay. But we believe the possibilility
of increaging the knowledge of grsvitationsl phenomenon 1s comvatible
with the idea trehind the vrescribed subject, so that this essay 1s respect-
fully subtmitted,

A superficial survey of the gravitational phenomencon invelved
in masses and distances of earth size or smaller may lead to the con-
clusion that a sure descrivtion of those phenomenon can re given, A Ptasic
part of this descriotion is the statement that for any rody in a uniform
eravitational field, the ratiof of the weight to the mass is indevendent
of the tyne of tody.That is, in 2 uniform gravitation2l fileld the force
on 2 bkody is equal to the ~roduct of the mass of the body and =2 con=tant
-hich derends only on the field., O0f course this is true for rodies of
macroscovic size, or more »nrecisely for todies whose messes are suf-
ficliently large to vermit weiching. Eut the guestion may bte raised as
to whether the stetement holds for »articies of atomic or sub-atomic

In this naper we are snecifically concerned not with whether the

t
f there is any variation in that ratioc in a groun of the same kind
rticles, 7ne might suvonose that the weight-mass ratio for an

ntary varticle varles according to some distribution lew and fur-
er thet some very small fractlon of the particles actuslly have ratios
ovnosite sign from the majority.These would then te revelsd by a

vositrons which could te charscterized as electrons with a charge to
mnss ratio of ovposite sign,thet are found relatively infr-oquently. Let
s see what conclusions can te drawn from known phenomenon °s to the
rossibility of variation of the weisght-wmass ration off a2 particle, For



M

the smaller narticles sugh as electrons and mesons nothing can te deduced
except that the order of magnitude of the weight-mass ratio is that of
macrosconic rodies, Any smaller variations in the ratio are masked by the
hevier varticles when th-ose light particles are Iin matter and by electro-
magnetic and high energy effects when these 1light particles are in a free
state., Trom the constant weight-mass ratio of macroscopic todies we

know that the ratio for the heavier vaerticles, vr~tons and neutrons, if
not constantnust have a distribution function sharply neaked atout the
value for the macroscopic ratic. Eut the statenent that protons or neu-
trons have a constant weight-mess retio 1s certainly not justified by

the nown facts.

To measure the welght-mass ratlo of individusl particles we
nronose an exneriment analacsous te that cerried out in atomic teams
investigatiom on macnetic voments¥. In the exneriment a collimated team
of particles would te deflected by the action of a gravitational fileld
on the varticle mass,ratherthen by a2 magnetic field on the particle's
the welight-mass ration. In particular a ream would issue from a source
and e col!imated using standsrd atomic team technicues. The Tream would
then travel horizontelly through the earth's grovitational field and 7Tall
on 2 detector. Any variation of the welght-mass ration would ke revealed
bty a vertical soreading of the team as measured by the detedtor, Of
course the entire ap-~arstus must bte well evacuated. We do not have the
snace here to discuss deteils of sources, collimation or detection. but
these techniques sre wel! developed in atomic tresms¥*, It is to e noted
that no atsolute messurement f the d=flection is necessary in this
exneriment,

Next we congsider what narticles could te used in this experiment.
Untortunately the collimation of slowly moving charged particles is very
difficuvlt due to collection of surface charges and stray fields., It is
hardly necessary to point out that goodccollimation and small team width
is necessary for vrroduction of a small team trace at the detector. The
amaller the teem trace in aree a2t ths detector the smaller the detect-
akle ¥aristion in treanm defiection. Thus vrotons and electrons woulc
bre very difficult to use. However nentrons, neutra! hvdrogen a2toms, or
nentral hevier stoms could bte used, It would not be wise to use too
heavy an atom since the larce number of orctons ond neutrons in the
nucteung would alresdy have an average welight-mass ratio close to the
retio for macrcsceovnic redies, The most promisin~ materisl is the hydrogen
atom and the experiment wil! he discus=ed further using this for the team,

New the gravitational deflection should bte as large as vossible,
This meeans the time the narticles snend retween collimestor and detector
should re long. This can re accompiished by & ltarge distance between
detector and col'im2'or and =2 low teom veleoclity. However s the varticles
travel away from the collimator they soread out so that the ream area
increases pronortional to the square of the distence from some voint on
the teem axis., This 1Timits the distence at which the “ctector may te placed
end we teole 2 meters gs the maximum »ractic~!l distance. The average
beam velocity 1s related to the_tempersture of the source from which the
team issues by the equation v=|/2KTjn where m is the varticle mass., Though
difficutt it aovears vossitie to have the source at near liguid hydroren
temneretures, say 30 deg. K.. This gives an average heam veloclty of
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7X1A¥cﬂ./sec and for the two meter distance a vertical defl-ction of

.05 mm. We may hone to ret 2 keam width at the detector of .03mm. Thus

the tote! rcrsvitstional deflection witl te 2lmost twice the heam width.

We can then detect a 0% veriastion in the welght-mass ration of the »roton
and certainly detect 1f any ovrotons have a ration with the oprosite sign.
It should te noted that scattering of the Yresm due to collision with
residual gas in the avpar-~tus mey interTesreconsiderably with intervretation
of the resu'ts. The long team lengcth and low beam velocity malke the rate

of collision higher then that usually encountered.in atcmic ream work.

The exveriment descritred ablove ig adnittedly wvery difficuit., Some
increase in deflection dnue to lower heom velocities micht e gzained using
heliun in<tead of hyvdrogen., H ere veriation in the welight-nass retio of
nrotons or neutrcns would not re sver-ged out in 2 single atom. However
the rasic difficulty in the exneriment remains, This difficulty is thot
on the to2gsis of »nresent theory we ex»eet negative resu’ ts and comnletely
unambigzuous dete will Te neednd to contradict this oresent theory. The
exneriment may nevertheless hre worth further consideration for the discovery
of 2 variation In the weight-mess retic of 2n elementary verticle would
certainly have farreaching consequences. Pin2!lly we w2y point out thst
one could regard 2 varistion in-the weight-mass retiofd of an elementary
narticle 28 meaning thet the type of narticle reing considered is actually
e family of similar ~articles which are distinguished bty being acted on
differently by the same gravitational field,
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