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Berkeley, California

Jilly 15, 1958
» Abstract

Positive muons from the Ber_keley 184-inch synchrocyclotron were
stopped in various materials and the asymmetry of p_ositrons from their
decay was determined by using a magnetic spectremeter method. The
measurements of the polarization are in agreement with that pred1cted by
the two- compOnent neutrino theory. '

The product of the muon beam polarization and of £, the parameter

of the two-component neutrino theory, was measured as 0.89 = .09.
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The two-component theory for muon - decay1 2 gives a predicted -

-normahzed spectrum for beta decay of completely polarized muons at rest
PR DO RN - -1
dN(x,0) ={2x" 3-2x+ £ cos 0O (l-ZXﬂ dxdQ(4w) , (1)

where x is essentially (for all energies eonsider-ed in this measurement) the
total ﬁ energy in units of. the maXimum total B energy, £ is the solid
angle of - f momentum, and - 6 is the angle between the B momentum and
the muon spin direction. The sign of § is positive for p051t1ve muons, and
we have ' ‘ o ' "

%

. & . .
- ByBa t8y 8 _ , v ,
, |§| __°SVeA  5V.°A _ 0.87 % 0.12 , . 2)

gviz ‘|84 o R

where g and gy are the polar vector and ax_ial_izecto'r coupling constants,

~and R is a measure of the degree of depolarization in the stopping material

’" Measurements of the energy variation

and of the polarization of the beam.
by the use of an integral range measurement and a precessmg magnetic field
have been reported by We1nr1ch4 and by Pontecorvo et al. > Telegd16 and
Cassels have used total-absorption scintillation spectrometers. Low-
energy bubble chamber data have also been obtained. S

To measure the asymmetric part of the spectrum we have used the
following technique. A polarized beam produced by decay of plons made
by the internal beam of the 184-in. cyclotron comes to rest in an absorber- -
counter sandwich.. A magnetic field is produced by a Helmholtz. coil giving
either a depdlarizing field of 0 £ 0.7 or 55 + 10 gauss:over the volume of the

muon targets.. The p.+_ are analyzed with a 180° n = 1 magnetic spectromete-r
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with a coincidence .coun_ting matrix to define sevéral energy channels per
field setting. The beam particles are put into ‘anticoincidence with the
events so fhat only pérticles produced in the targets and counters are detected.
Figure 1 shows a side view of the equipment.

. The spectrometer is set at an angle to the muon beam of ~7° for
most of the data. A few 'pointsf were run with an angle of 141°,

The yield with the field on, Y(H), is essentially the unpolarized

g¢=de¢ay. spectrum, and the yield at zero field, Y(0), is the pqlarized

spectrum. The asymmetry is given by

_Y(H) - Y(0)  __l-2x
Y(H) 3-2x%

- Afx) ..Rgcos 6.-

The data in Table I are the results for combinations of iithium, 'carbon,

and bromoform t_argéts. - There é,re resolution effects that depend on the
target thicknesses as well as the momenfum band of the spectrometer. The -
counters defined a rhomentum band of 2p/p = 7.6% full width at half maxi-
mum. The most serious effects are caused by radiation straggling for

points x <0.5. | o |

Background counts were taken by removing the muoh-stopping targets.

- This method of background correction assumed that the background did not

vary rapidly with energy, i.e., that it was the same for the three parts of
each target. The Background included also beam particles that were not .
rejected by the anticoincidence circuits and positrons origina'tin_g from
muons stopping in the targets. The latter contribute an asymmetric part
to the background. However, owing to depolarization of the muons in the
counter, the. effect 1s sfnall. In order fo check the method, the pion-beam
polarizatidn was measured in the same manner as that of the muons. As

expected, this measurement showed no significant aSYmmetry (i.e.,

Alx) = - 0.059 £ 0:113 at x = 0.453 and A(x) = - 0.029 + 0.100 at x = 0.866).

If high-—enefgy r’nuo’lns strike the spectrometer vacuum chamber wall,
some inelastically scattered electrons are counted; These were found as
distortions in the unpolarized spécti'um at the low- energy point, and the
first 80° sector of the vacuum chamber was lined with a baffle counter.

The output of this counter was placed in anticoincidence with the events.
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Figure 2 shows the data corrected for background, ivoni.zatic':n loss, énd
radiation straggling in the targets and counters as well. as for virtual photon
processes and inner bremsstrahlung. ? "The other resolution effects do not
contribute uncertainties outside the accuracies of the applied corrections. The
solid _liné drawn in Fig. 2 represents the polarization e#pected on the basis of .
the two-'gclomponent‘ neutrino theory for a value of: RE = 0.89. Inspection of °
Fig. 2 shows all measurements to be consistent with this curve except for two
points. The low-energy one of these points, drawn with broken error flags,
represents an asymmetfy'measureménfc when the anticoincidence countér lining
the spectromet.er vacium chamber was not on its {roltage plateau and hence ‘not
sufficiently sensitive for an -effiéient rejection o_f particles inelastically bsc_:_?.ttered
on the vacuum chamber walls.

‘With these qualifications, we conclude from the data that (a)

RE; 0.89 = 0.09 for our pion beam, this value being the error- we1ghted mean
based on all data for x > 0. 5 {the errar is 1ts external standard dev1at1on, its
internal standard deviation is = 0.03); (b) the asymmetry changes rap1dly in
going from x = 0.5 to x = 1.0; and (c} the asymmetry for x = 0.5 is small,
and our data are not sufficiently accurate to establish a sign reversal. Further
investigations of the polarization at low energies with s:pectr'ometer and -counter

methods are planned.

Acknowledgments

_ We wish to thank G. Bingham, B. Czirr, R. Haddock, J. Kenney,
P. Macq, R. Nobles, and H. Pollak for their assistance during the various
phases of this experiment, J. Vale and the cyclotron crew prévided many
hours of steady beam. '

This work was performed under the auspices of the U. S; Atomic

Energy Commission.



-6- UCRIL.-8370
" References

1. T.D. Lee and C.N. Yang, Phy . Rev. 105, 1671 (1957).

2. Four-component neutrlno theory leads to

dN(x, 6) = {3(1-x) + 2p ( g-x- 1) £ ¢ cos 6 [(1 - x) + 28( —x -1]} x“dxdQ
in the usual notation; see, e.g., Regr 9. e
3.. D.H. W11k1nson, Nuovo cimento, 6, 516 (1957). ‘
4, Berley, Coffin, Garwin, Lederman, and Weinrich, Phys Rev. _1&6_, 835 (1957);
M. Weinrich, "Study of Conservation Laws in the Pi-mu-electron :De'cay
-Chain'', Columbia University doctoral disserta‘ttion,_y Feb. 1958 .
{unpublished). ' , ' _
5. Mukhin, Ozerov, and Pontecorvo, Joint Institute for Nuclear Research,
U.S.S.R., Preprint 159, 1958, | |
6. V. Telegdi and S.C. erght Bull. Am. Phys. Soc., Ser. II, 2, 206
- (1957), | |
Cassels, O'Keefe, Rigby, and Wormald (to be publs1hed)
Pless, Brenner, Williams, Bizzarri, .H11debrand, Milburn, Shapiro,
_ Strauch, Street, and Young, Phys. Rev. 108, 159 (1957).
9. T. Kinoshita and A. Sirlin, Phys. Rev. 107, 593 (1957).
Because of the limited accuracy of these measurements we have not made
' comparison with the theoretical results obtained by T.D. Lee and .
C.N. Yang; Phys. Rev. 108, 1611 (1957), and S. Bludman and A,
Klein, Phys. Rev, 109, 550 (1958). '

10. Calculations of resolution effects are being made and will be reported in

future discussions of this work.



UCRL-8370

Table I

a

- Asymmetry data for various spectrometer settings
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%The energies are in ‘E/'W, where W= 52.8 Mev.

b

This point is drawn with broken error flags in Fig. 2 (see text).
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1. Side view of the experimental apparatus. Pions stop
in the absorber telescope, and muons stop in the target-
counter sandwich. The B* particles leave the target and
enter the spectrometer vacuum chamber at ~ 70 with respect
to the beam direction for most measurements.
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Fig. 2. Results for the asymmetry measurement for various
targets. In order that these data might appear on a
similar scale, each point was corrected for radiation
straggling before being plotted. Shown is the simplest
two-component theory for RE = 0.89.






