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THE MU-MESON FOLARIZATION IN A STROMG MAGNETIC FIELD
Walter H, Barkas, Peter C, Giles, Harry H. Heckman
Fred‘ W, Inman, and Frances M. Smith

- Radiation Laboratory
University of California
Berkeley, Califorrnia

May 1957

The muon polarization arising in the at. p decay is parewuy
destroyed in emulsion by the presence of local mgﬂetzc fields. The
application of a strong external field, however, decouples the muorn from
the local atomic fields, and the measured &symmetr‘y c@eﬁxm@m of the
g.z+w e decay tends to appreach that of the free muon.

In the magudetic field, the spin compouents parallel and aantiparallel
- to &he field have relative populations that depend on the angle of the polariza-
tion vector with respect to the field direction., if the muon is campﬁetely
polarized in its direction of motion, we can calculate the polarization with.
respect to the field direction as a2 function of the angle between the initial
direction of the muon track and the field vector.

Let a p mneson be emitted from 2 v meson at rest at an angle a to the
direcﬁ;ﬁoﬁ ef the magnetic field. Using the rotation trancformation of a spinor,
we find that the probability that the electron into which the p meson decays
will be emitted in the angular interval d {cos ¢} is ' ' R -

.vi-i%zm [{l1+acosacos¢]. ' {1}

Here ¢ is measured with respect to t_hé field direction and a is the
”awmmetry caefﬁ;«:ient“ it is assmmeé that the probability of emission of
an electron in an angular imterval ¢ to 6 +dg with respect to the uwecizmn

of complete polarization has the form

€R+&aam 0} sim & d&
We have m&dm an empm’imeu&@,ﬁ study of the aﬁgmlew distribution

predicted by Eq. (1}, The measurements were carried out in 600 p Rford
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G. 5 emuleion pellicles that had been exposed to x* mesons ina field of

i4, 250 gausses. The muon and electron directions were measured relative

to the field direction for about 3500 w-p-e events associated with the
. stopping of v mesons in the emuleion. In less than 5% of the cases the

electron track could not be found; the bias introduced was small, as we
demnonstrated by examining the angular dietribution of the group of electron
tracks found in a second intensive study of the evema:i'ﬁ which no electron
wag found initially. For comparison with Eg. {1}, \'c@s m‘ has been
broken down into three intervals, and cos ¢ (taken positive when it has the
game sense 28 cos &) also in three intervals., Thevmeam values, <‘{c@s @,%>
and \/ cos ¢>,, in these intervals have been calculated from the measured '
eveants., The probability distribution of Eqg. ! when plotted against cog ¢ i3
-1 stra&gm line., The slope,a’, of the line &e&ermim& by the events in a
given iaterval of |cas @\ is an estimate of a;{‘ cos @D . In Fig. i, we
show our resulis graphically for <| €08 @ i> = 0.86,,_ while in Fig. 2 we
show the measurements of a® plotted against (\ cos @.t.>° The data have been
used to evaluate the guantity a and we obtain )

a=-0.23%0.05,

In addition to measurmg the a.symmetry the experimemai results confirm

the linearity of Eg. (1), both in cos ¢ and cos 8, thus providing additional

evidence that the muon behavior is gescribed by a simple spinor,

Since completing our work we have received a preprint by J, Heughebaém
M. Reneg J. Sanctoa, and G. Vandérhae.ghe which repoa’ﬁa preliminary data
from a similar experiment with a field of 80 to 190 gauss. They obtain
a=~0.22%0.12. We understand also that J. Orear is studying the p@la‘riza.-«
tion of the muon in a magnetic field, andhave seen his calcmiaﬁan of the '
depolarization expected in muenium formation, which suggests that our field

of 14,250 gavsses ig é;mp&e to produce the complete Paschen-Back eifect.
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Figure Captions

Fig. 1. The number of decay electrouns observed as a function of cos ¢ for
(t cog & i > : 0,86, Standard deviations are indicated. The slope a® of
the least-squares straight line determined by the points is -0.207 = 0,048,

Fig. 2. The measured value of a’ for three intervals of | cos ml .
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