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If oneanalyzesthestochasticbehaviourof classicalWeyssenhoffparticlesimbeddedin a relativisticthermostatoneob-
tains (for randomjumpsat thevelocity of light) a probability distributioncorrespondingto Proca’sequationsfor nonzero-
massspin-oneparticles.

Recentresearch[1,2] on possiblestochasticinter- de BrogueandVigier [6] to interpretelectromagnetic
pretationsof theKlein—Gordonequationhasshown phenomena.
that for a non-point-like,spinless,scalar,extended To do this we startfrom the abovementioned[1]
particleimbeddedin a randomthermostat demonstration.We considerin a first stepour particle

(a) Nelson’sstochasticequationsnaturallyresult assubmittedto stochasticfluctuationsdescribedby
from theassumptionthat its randomstochastic Nelson’sequationfor free particles,i.e.,
jumpsoccurat thevelocity of light sothatas a
consequence (DD — *~D6D)x~= 0 (1)

(b) the Klein—Gordonequationcorrectlydescribes wherex2 (r) is thepositionof the particlein Minkowski
its stochasticdistribution, space—timeand(in thenotationof Guerra—Ruggiero

Thesenewresultscan,of course,be consideredasan [1]) D andö D represent,respectively,thetotalden-
encouragingstepalongthelongline of attemptsto in vative with respectto the propertimer and thestoch-
terpretquantummechanicsin termsof variousmodels astic derivative,namely
of realisticrandomsu~quantumbehaviour[2].

Onedifficulty remainshowever,i.e., the imbedding D a/ar + ~ ~iD= ~bMa~— (h/2m)D,
of spininto this type of models.Clearly this implies

whereb’~ Dx’2 is the drift velocity and 5 = ~ Dx~
the introductionof newpropertiesinto stochasticmo-

the stochasticvelocity.Moreover,it is in generalpos-
dels.The aim of thepresentletteris to presentthe sibleto showthat thestochasticvelocity is givenby
consequencesof sucha modificationi.e.,to showthat
if oneassumesthatour stochasticthermostatis built = — (h/m)a~log (p1/2),
from the classicalextendedspinningparticlesintrodu-
cedbyWeyssenhoffandRaabe[4] (andlater fully wherep is a densitywhichsatisfiesthe continuity equ-
analysedby Halbwachs[5]), oneimmediatelyrecovers ation
the particularform of theProcaequationutiisedby
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= —3 (pb’
2) . (2) where1:’ is a constantthat we canmakeequalto zero12 by rearrangingtheenergyscale.Eq. (3) then becomes

At this stagewe makethe physicalassumption[1]
that the drift currentis irrotational so that we can r /3’~ö ‘~ 2m a’~I.\ ~1
write: b’2 = (l/m)3Ml~,where 1 is a scalarfunction a’2 [fla

12— ~_-_--_~!--_- + —i- -~-- ~ = 0. (6)
containingx

12 andr asindependentvariables.
In a secondstepwe introduceasstochasticelements As said in thebeginning,in order to haveeq. (5) it is

theclassicalspinningparticlesof Weyssenhoffand sufficientto adopttheclassicalWeyssenhoffmodel.
Raabe[4]. As oneknows [5] we canrepresenteach As shownby Halbwachs[5], in eachparticle’s rest
individualparticleof that typeby a space-likevector frameeq.(5) becomes)~= c

0Rv,which yieldsexact-
R12 (representingthe distancebetweenthe spinning ly Weyssenhoff’sequationfor the free spinningparticle.
particle’scenterof massandthecenterof matterden- Moreover,in our modelRV (the constantvectorwhich
sity) andthussubstitutefor the scalarfield densityp joins thecenterof matterto the centerof gravity of
of the spin-zeroparticlesthe newdensityp = the Weyssenhoffparticle) is also perpendicularto the
whereav = ph/

2Rvis the realamplitudeof a morege- velocity b’2 = 3’2q)/~,
2,so that we have [5] a12 3~I= 0.

neralcomplexvectorfield whosephasefactor disap- Now if we considereqs.(4) and (6) asrepresenting,
pearsin makingthe scalarproductforp. Now a straight- respectively,the imaginaryand real part of a total
forwardcalculation[1] showsthat,if we choose equation,it caneasilybe shownthat (with B12 = a12
up/ar = 0 (becausewe areonly interested,for the time X exp(icD/h)we get
being,in thetime-independentwave equations)
Nelson’sequationand thecontinuity equationbecome, B~((h

2/2rn)~ + i/~3/3r)B’2 = 0
respectively:

an equationwhich reducesto thefollowing set of equ-

31’~I)3VI 2in~a~\ ations:

\ 2p~ h2 3T / — (h2/2m)EB
12= th3B12/3r, (7)

by successiveLorentztransformationswhich allow
a’2(23”a12 3~I+a12D~)=0, (4) only oneB’2 to be different from zero.

h Finally, if we follow thetentativesuggestionofw ere Feynman[7] in theway proposedby GuerraandRug-

= a~3Va~— all3Va~z giero [1] andassumefor B12 the proper-timedepen-
dence

is a tensorequalto zeroin the caseof a scalarfield.
Wecannow easily deriveProca’sequations.Indeed, B12(x,r)= exp(~i(mc

2/h)r)A
12(x),

if we recall thata’2 = p
1I2R’2 withR’2R = 1, it is easy

12 we find the classicalset of Procaequations:
to showthat

(L]—in2c2/h2)A 0.
Ta~~PT

0~/2p
2=RvDR~. . 12

Beyondthe importancethat this first stochasticden-Sothat,if we further completeour modelby thehypo- . .

vation of a waveequationfor spinmngparticlescan
thesisthat the constantvectorR” satisfiesan equation
like havein general,the authorswantto stressin conclusion

that this proposedmodel for spin-onebosonspaves
DR~= c RV (5) the wayto possibleinterpretationsfor Aspect’sforth-

coming experiments[7], experimentsfirst devisedto
wherec

0 is a constant,we canreduceeq.(3) to verify Bell’s inequalities,butwhich now raisethe pro-
blem of theexistenceof space-likeinteractionsbetween

a’2Da 3v43 J quantummechanicalindependentmeasurements[9].
— ~ ~ = F, Indeed,preliminaryexperimentsseemto favor the

P h
2 h2 3r quantummechanicalpredictionsandhencenew fea-
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