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The dependence of ll+ -meson polarization on the intensity of a longitudinal, transverse, or 45° (135°) 
magnetic field was studied experimentally in samples of a characteristic structure. A qualitative de­
scription is proposed of the behavior of muonium interacting with substances capable of forming 
molecular and radical products via independent interaction channels. The obtained data are analyzed 
within the framework of the picture of chemical interactions of muonium. 

THE dependence of the experimentally observed polar­
ization of the fl• meson in scintillating plastics on the 
magnetic field intensity is different in a transverse 
magnetic field than in a longitudinal one (1' 2l, In longi­
tudinal fields, the polarization increases appreciably 
with increasing magnetic field intensity (200-400 Oe), 
and an important factor is that this result cannot be 
explained on the basis of simple assumptions with re­
spect to the Paschen- Back effect[3, 4 J, since the fields 
required to realize the latter are of the order of sev­
eral kOe (Her = 1580 Oe in vacuum and is larger in the 
presence of electronic exchanges[5J ). It is possible that 
the causes of such a dependence may be clarified by 
determining whether the restoration of the polarization 
in longitudinal fields is due to the magnetic field vector 
or to an appropriate component of the magnetic field 
vector. 

We measured the polarization of the fl• meson in 
scintillating plastics of various compositions and in 
materials of similar structure, as functions of the 
magnetic field intensity. The angles between the mag­
netic field and the initial preferred direction of the 
!l+ -meson spin was 90° (perpendicular field), 0° (180°) 
(longitudinal field), or 45 (135°) ("oblique" field). The 
apparatus and experimental procedure were described 
earlierr6 • 7 l. The results are expressed as percentages 
of the polarization of bromoform, which was used as a 
standardraJ. The experimental value of the asymmetry 
coefficient of the bromoform in this series of experi­
ments was 0.286 ± 0.004. We used scintillating plastics 
based on polystyrene [ -CH( CaH5)- CH2- ln, poly­
vinyl xylol [- CH ( CaH3 ( CH3)2) - CH2 - ln, and poly­
methylmethacrylate (plexiglass) [- CH2 - C (CH3) 
· ( COOCH3) - ln· 

An example of the use of an oblique field is illus­
trated by the control experiment in which bromoform 
was used (Fig. 1 ). The precession frequency, naturally, 
is determined by the magnitudes of the vectors of the 
90° and 45° fields, but the amplitude of the precession in 
the latter case is smaller by a factor of approximately 
2. The deviation from the coefficient 2 is connected 
with the geometrical extension of the scintillation 
counters. It is clear that the minima of both precession 
curves should coincide, since the recording e-telescope 
was located at an angle 180° relative to the initial 
meson spin direction (naturally, at a zero degree 
geometry the maxima of the curves should coincide, 
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FIG. I. Precession curves of JJ.+ meson in bromoform in a transverse 
magnetic field (light points; H1 = 49.9 Oe, Hn = 0) and a 45° field (filled 
points; H1 = 35.3 Oe, H 11 = 35.3 Oe). The numbers of the counts were 
corrected for the exponential decay of the JJ.+ meson. The curves were ob­
tained at equal numbers of stopped mesons in the target and at a constant 
geometry of the experiments. T = 25°C. 

and at a 90° geometry, the center lines should coincide), 
and in the case of bromoform there is no dependence 
of the polarization on the intensity of the longitudinal 
magnetic field. 

The resultant plots obtained in oblique fields con­
tain information of two kinds. First, there is the 
proper "transverse" polarization defined as 
(Nmax- Nmin)/(Nmax + Nminl, where Nmax and 
Nmin are the numbers of the counts at the proper 
maximum and minimum. This quantity is trivial from 
the geometrical point of view. In the subsequent reduc­
tion of the results, for the comparison of the data ob­
tained in transverse and oblique fields, this quantity 
was multiplied by the experimental ratio of the corre­
sponding polarizations (with allowance for the absolute 
value of the polarization). Second, there is a proper 
"longitudinal" polarization, the amplitude of which is 
defined as the difference between the numbers of the 
counts corresponding to the average precession line in 
the transverse field and to the minimum of precession 
in the oblique field. If the polarization is independent 
of the intensity of the longitudinal field, the result ob­
tained in this case equals the polarization in the trans­
verse field. 

Detailed results for plastics based on polystyrene 
are given in Fig. 2. We note first that good agreement 
is observed with other experimental results in both 
longitudinal [2J and transverse fields [51 . In oblique 
fields, the values of the "transverse" polarization are 
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FIG. 2. Dependence of polarization (percentage of polarization of 11-+ 

mesons in bromoform) in a scintillating plastic based on polystyrene, on 
the magnetic field intensity: 0 - transverse field, /',. - longitudinal field, 
e- 45° (135°)-field relative to the meson spin direction (upper and 
lower points-respectively at the given longitudinal and transverse com­
ponents of the magnetic field vector). The dashed curve was drawn at an 
equal distance from the upper curve and the lower straight line. 

in satisfactory a1~reement with the results obtained in 
a transverse field. The values of the "longitudinal" 
polarization at a given value of the longitudinal com­
ponent of the vector of the oblique magnetic field lie 
well on a curve (dashed line of Fig. 2) representing the 
arithmetic mean value of the polarization in trans­
verse and longitudinal fields. Thus, experiments in 
oblique fields show that restoration of the polarization 
is due to the longitudinal component of the magnetic 
field vector. We note that alternation of 4 5° and 13 5° 
fields was used in many experiments, and the results 
practically coincide. 

Data on the dependence of the polarization of the !-'-+ 
mesons on the magnetic field in plastics based on poly­
vinyl xylol and in polymethylmethacrylate, at certain 
values of the transverse, longitudinal, and 45° fields, 
are shown in Fig. 3. We note that for both types of 
scintillating plastics, the polarization varies in similar 
fashion as a function of the longitudinal field. It is 
typical that the polarization in the transverse field 
which does not depend on the magnitude of the field 
- ' mcreases insignificantly on going over from polystyrene 
(no methyl groups in the phenyl ring) to polyvinyl 
toluene (plastic NE 102, used infll_one methyl group) 
and polyvinyl xylol (two methyl groups). A similar ef­
fect is observed in monomer compounds following suc­
cessive methylization of the aromatic rings r9 l, It must 
be indicated that in longitudinal fields a weak time de­
pendence of the polarization is observed (decrease of 
the asymmetry coefficient during the observation time). 
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_ FIG. 3. ~ependence of the polarization (percentage of the polariza­
tion of the 11- mesons m bromoform) on the magnetic field intensity. For 
a scintillating plastic based on polyvinyl xylol (lower curves), the symbols 
are the same a_s in Fig. 2. For polymethylmethacrylate (upper curves), 0 -
- transverse field, X - longitudinal field. 

The causes of the sharp growth of the polarization 
in relatively weak longitudinal magnetic fields are ap­
parently connected with the complicated mechanism of 
interaction between muonium and the organic com­
pounds capable of forming radical products. An attempt 
to describe the effect on the basis of the assumption 
that the energy of the hyperfine splitting changes as a 
result of interaction with the medium, leads to viola­
tion of the criterion of the functional dependence of the 
polarization on H2 Y0 l It is possible to assume, how­
ever, that the constant component of the polarization, 
which does not depend on the transverse magnetic field 
intensity, is due to the interaction of muonium with the 
side groups of the aromatic rings (for plastics) and the 
methyl groups (for polymethylmethacrylate), at which 
the molecular products are formed (predominately MuH, 
i.e., molecules equivalent to molecular hydrogen). At 
the same time, the polarization component that depends 
on the intensity of the longitudinal magnetic field is 
connected with the reaction of radical formation with 
the unpaired electron (sticking of the muonium to the 
aromatic ring for plastics, the interaction with the 
carbonyl group for polymethylmethacrylate) in which a 
complicated system of spin interactions is realized be­
tween the magnetic moments of the electron, which is 
delocalized in the general case, the meson, and the 
neighboring nuclei (protons) in the molecule. A quan­
tum-mechanical calculation for such complicated sys­
tems is quite difficult, and all that can be done is to 
introduce certain averaging effective characteristics 
that agree satisfactorily with the overall picture of the 
interactions. 

There is a qualitative agreement between the ex­
perimental data and the described picture. Indeed, the 
constant component of the polarization increases with 
increasing ratio of the number of methyl (methylene) 
groups and functional groups, the interaction with 
which leads to the formation of the radical products. 
In this connection, it is natural to have a weaker growth 
of the polarization as a function of the longitudinal 
field for polymethylmethacrylate, and also a similar 
variation (with a certain parallel shift) for both types 
of plastics. The asymptote to which the polarization 
tends with increasing longitudinal magnetic field in­
tensity corresponds to the summary rate of chemical 
interaction between the muonium and the given com­
pound. It must be noted, however, that observation of 
the latter phenomenon is complicated by conjugation 
with the effect of the growth of polarization in strong 
fields, owing to the breaking of the bond between the 
magnetic moments and the impossibility of depolariza­
tion of a muonium atom with antiparallel meson and 
electron spin directions. The separation of both effects 
is possible only at an appreciable difference between 
the critical magnetic fields. 

Since the process of interaction of the free atoms 
(hydrogen, muonium,) with the unsaturated bonds of 
the organic molecules occurs without an activation 
energy [II), it is clear that investigations of the tem­
perature dependence of the polarization at a given in­
tensity of the longitudinal magnetic field can yield 
valuable information concerning the nature of this in­
teraction. It is important that direct measurements in 
scintillating plastics, at the precession frequency of 
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the atomic muonium [21, have shown that there is no 
polarization of triplet muonium even at a temperature 
-196°C, 

The mechanism of radical depolarization of muon­
ium calls for the development of a theory that com­
bines a quantum-mechanical description of the spin 
interactions in the molecule and an allowance of the 
specific nuclear-physical characteristics of the behav­
ior of the IJ.+ meson in muonium. Investigations in this 
direction are of undisputed interest, in view of the pos­
sibility of experimentally analyzing the delocalization 
of the electron density in molecules and radicals, the 
spin interactions of nuclei with magnetic moments in 
a molecule (analogy with the hyperfine structure of the 
EPR spectrum), etc. 

We are grateful to 0. A. Gunder for supplying a 
sample of scintillating plastic based on polyvinyl 
xylol. 
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