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'UNGSTEN trioxide has been described as having a triclinic
structure of corner-linked WO6 octahedra at room tempera-

ture' and a tetragonal structure at 740'C.~ We have found a poly-
morphic transformation near —50'C below which the symmetry
is again higher. The temperature of the transition varies widely
with small variations in the composition of the crystals. The
transformation has been repeatedly observed with the polarizing

microscope and confirmed by x-ray diffraction photographs, both
Laue type and powder.

Kehl, Hay, and Wahl find that the structure of the high tem-
perature tetragonal form is that suggested by Kittel for an anti-
ferroelectric crystal. ' When WOI is placed in an alternating electric
field at —198'C, a hysteresis loop is observed, indicating that it is
ferroelectric at this temperature. ' An x-ray diffraction pattern
taken by Matthias' near this temperature is closely similar to
that taken at —60'C and the structure is probably the same.

These observations suggest that WO3 has a high temperature,
antiferroelectric tetragonal form and a low temperature, ferro-
electric form. The form at intermediate temperatures' may or may
not be ferroelectric. '
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'HE process of m —p decay of a slow ~-meson x p, +v, in-
volving as it does the sudden creation of a rapidly moving

charged particle {the p,-meson with velocity =(3/10)c), is neces-
sarily accompanied by the simultaneous production of a spectrum
of "soft" photons. ' Such soft photons have been theoretically
predicted' and experimentally observede in the analogous situa-
tion of nuclear P-decay, while Feer4 and SchifP have given theo-
retical discussions of the expected soft photon intensity accom-
panying, respectively, the P-decay of a p,-mesone and the creation
of a m-meson in a nucleon-nucleon collision. In the present note
we wish to report the theoretically expected result for the soft
photon intensity produced in ~—

td, decay; we find that occasion-
ally —probability per decay =10 3 to 10 4—the soft photon spec-
trum accompanying the emitted p-meson carries away so much
energy that the Id;meson appears with an "anomalously" small
energy, and therefore an anomalously short range in, for example,
a photographic emulsion.

More specifically, application of the energy and momentum
conservation laws to the m —p, decay with accompanying soft
photon emission gives, to a rough but suScient approximation,

Eti —Eii(0){1 e/embox) ~

In Kq. (1) E„ is the kinetic energy of the emitted p,-meson, and
E„~o&=(m~—m„)~/at~=4. 15 Mev is the maximum value of this
kinetic energy; e is the total energy carried off by the soft photon
spectrum accompanying the p-meson, and ~~ $(m» —m„)=17.1
Mev is the maximum value of this total energy; os, w„are the
m-meson and p,-meson rest energies; the angular distribution of the
soft photons relative to the p-meson velocity direction has been
taken, as is true to lowest order in 1/137, as following the sine law.
Further, the probabiHty that any particular ~-p decay is ac-

companied by a soft photon spectrum carrying o6 a total energy
between e and e+de is~

with

I'(c)de=A(c/e~, x) "ds/e; 1 P(e)de=1

A = (2/3~) (1/137) (2E&(0)/~&)

(2)

Equation (2) yields, as a numerical example, a probability of
1/5000 for emission of a soft photon spectrum with total energy
between 6emsx and 4emex' this corresponds, from Kq. (1), to a
p,-meson energy E„between ~E„('~ and ~~E„& &, i.e., to a p-meson
range R between {5/6)'~ and (1/4)'~ times the "normal" range
or to 450 microns ~R~60 microns. Experimentally, first Smith,
and then Gross, working in Sagane's group at Berkeley have
found several "anomalously" short tracks in an examination
of some 1000 m —p decays, ' Branson, Seifert, and Havens' report
one such anomalously short p-meson track, with length less than
450 microns (235 microns), in a study of 1500 x —y, decays, while
Fry" finds four p,-meson tracks which can be definitely con-
sidered as anomalously short (260, 258, 185, 120 microns) in 3018
decays. The longer two of Fry's four anomalous tracks can con-
ceivably be interpreted as originating in ~—p decay in flight with
backward emission of the p, in the ~'s rest frame; in the case of his
two shorter tracks, however, such an assumption leads to calcu-
lated ~-meson velocities and so to estimated grain densities which
do not correspond to observation. "

The above discussion makes it obvious that much more experi-
mental m —p decay data are necessary before any agreement or
disagreement with the present theory can be considered as at all
statistically significant; if a disagreement is eventually indicated,
as, for example, would be the case if a greater prevalence of
anomalously short tracks were found than is predicted by Eqs. (2)
and (1), other possibilities of interpretation of a majority of the
short tracks mill have to be entertained. One such, already sug-
gested by Fry,"involves the assumption of a relatively rare alter-
native mode of decay of the x-meson; another interpretation would
postulate the possession by the p,-meson of a relatively improb-
able (more or less catastrophic) energy loss mechanism oper-
ating in addition to the usual atomic excitation and ionization.
The implied p,-meson nucleus interaction cross section, assuming
this last explanation, would, however, be too large by many orders
of magnitude to reconcile with the otherwise known properties
of the p-meson.

We wish to thank Dr. R. W. Williams and Dr. W. B. Cheston
for helpful discussion of the possible interpretation of the anoma-
lously short tracks.
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