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Minimum Radius of Particles with Spin
by E. C. G. Stueckelberg de Breidenbach!)

Universities of Geneva and Lausanne, and CERN
(15. XII. 71)
According to the generalized first law (momentum-energy and centre of energy-

angular momentum), the density tensor of any insulated system 2, satisfies, in
restricted relativity (r.r.)

2,0%(x) =0 (0%F = O@P)(x). (1)
The energy is
H=[@Vni=[@ve"ywm= [ @s,6<0) 2)
o) © T(»)=0

and the momentum

O-I-1y = [ @5,090) = [ @ Vm)G.
7(»)=0 ©

The angular momentum M= {JIOJ = M,,, 1kl \A123} has the components

My= [ (@5,0105-n0D)0) = [ (@ V(xm —xem)) (3 )

T(»)=0 0

and the centre of energy is determined by
M =M = (Mi =M= | (@8,(0.0% —#O0)() = [ (@ Vi) (i) - Eﬁn} ()

the M «f = M (ap) Deing constants.

v

dE(E) Jdf = II |H = 7 is the 3-velocity of the centre of energy (c.e.) Z(t).

1) Paper presented at the Swiss Physical Society Meeting of Lausanne, 1 May, 1971, see: Helv.
phys. Acta, 44, 593 (1971).
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%]

In this frame (= proper time) £ {, and @ £ 7; &* £ +1. So we may write (5) in a
covariant way

ZHr) = M + 7', ©)
(1) = T,

Now we may choose in this frame M =0. Then the world-line (w.l.) x* = 2%(7)
coincides with the £ = x*-axis in this partlcular frame. Let M 0 be the intrinsic
angular momentum (spin: |M |2 =7%2S(S + 1)) in this frame. Then, in any other frame
~'x = Lx, obtained by homogeneous Lorentz transformations L2) from x, the w.l.
'x ="2(r) 1s pamllel (or anti-parallel) to the w.l. x = z(7) (depending whether ‘not’ or
‘ves’ time tnversion 1s included). ‘M however, as soon as M0, no longer disappears in

general. That means these (anti-)parallels are shifted by an amount, which can be easily
obtained by L:

'MoF ="MV ="MY= (L'IL' — L'{L'$) M (R #123), (7)
where, taking (without time inversion sig (’5) = sig (5))
Pl
Ffd
# = (L — o) M2 (2 — 3 ®
e (L 5+

which determines
Li=Li=(1-a)?  Lj=—ig(l —o§) 2 =L )

all other Lg* being zero or one. One thus obtains (v§ = v, ; v§ =v§ =0), taking account
of 'H = M(1 — v3)~1/2, for the displacement of the c.e.:

M _ [ M] 16)
'H M

The set of all c.e.’s fills a disk, normal to 7, and to M , Whose radius R is given by
|To] =1 — €, € >+0:

:Lg_' 1_6):>_«/—“(s+1) S=0 31,3, (1)

Now #/M = h|2aM = A, (c = 1) the Compton wave length of a particle with mass M.
The result is quite satisfactory, because the optimum location of a particle of mass

%) We choose
' =8u=—8"=—gu=1; guz=g"=0fora#p (7a)
‘%# = Lx is given by
Ty — Lty rg'a'ﬂ — L';L'g gaﬂ = g’az'ﬁ (770)
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M is given by the invariant wave packet Df(x)(x =7%"'M = AZ!), which decreases
exponentially for space-like events x2 = x,x* > 0

Di(x) o |x|73 exp(—lél), |%| > A,

C

(12)

while for time-like events, it behaves 12 = —x2 = —x_x* > 0

0N .
Di(x) < |¢| 2 exp (-H' -IA—I), |t] > A, (13)
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