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rates which are too high in comparison with the
upper limits set by experiment. Taking account
of the form factor with an accuracy including the
first two terms in its expansion in powers of
(p/M)? lowers the rate of, e.g., the &~ —p+e
+ v decay by a factor of 2.5 (reference 5). In
the leptonic decays of the hyperons, therefore,
either the unknown form factor plays an important
role, or the decay mechanism is different from
the four-fermion V-A interaction.

In the present note we consider the decay of a

hyperon. at rest into leptons via a virtual K meson
whose spin is assumed to be zero (this should lead

to a lower decay rate than that obtained with the
local four-fermion i ). We calculate the
ratio, R, of the energy spectrum of the nucleons
forthe Y—n+u+p decay (a) and the corre-

;;;ondingspwhumﬁortho Y —n+e +v decay ().
% Fiay

of R for the pur-
pose of identifying the decay mechanism is, of
course, much more difficult than the determina-
tion of the ratio of the decay rates. On the other
hand, neither the absolute values of rates of the
decays () and (b), nor their ratio can be computed
exactly.

Without recourse to perturbation theory, we
can write the matrix element for the decay proc-
ess in the form

M = f (&) (@xQT,) (T (g + g'ts) ) (1)
(the indices specifying the parity of the K meson
are omitted), where I' is either 1 or 75, and
f(e) is some of the nucleon en-
ergy, which also depends on .G and the masses
My, Mp, Mg, mg;, butnot on either me or my;
G and g, g’ are the strong and weak coupling
constants, where 8fG —gg (or gp) for Mg — =,
These for M pond to the § and
P variants of the theory of the four-fermion inter-
action. According to (1), we obtain for the energy
d dent (i.e., the 1 energy) decay rate

aW de = const- | { ' VeF—1
(Bmax — &) (s == 1)/ (1 + M} — 2Mye),

Panati

@

€max = (M¥—m? + 1)/2My is the maximal energy
of the nucleon in units of Mpe?. The signs + refer
to a scalar and pseudoscalar virtual meson, re-
spectively. It is seen from (2) that the ratio R

is independent of the parity of the meson and of

the factor f. Lt is ted with the anal

ratio F, obtained from the V-A variant without
account of the energy form factor and the renor-
malization constant, in the following way:
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P = Rmy 4, (1 — g Sl )

T3 (My—e) (Mye—1.
My —1) )

X [m} + M’(I*W

efhax and efax are the maximal energies of ﬂ.e

leptons for the decays (a) and (b), respectively,
note that the factor H(e), which determines the
deviation of R from F near the upper limit of
the energy spectrum of the nucleons, reaches the
values ~2.5, ~2.0, and ~2.6 for the leptonic
decays of the &', =7, and =~ hyperons, and is
close to unity at the beginning of the spectrum,

In conclusion I thank 1. 8. Shapiro for suggest-
ing the topic of the present note and for interest
in this work.
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OF p* ~e* DECAY ELECTRONS IN A
27,000 GAUSS MAGNETIC FIELD
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I'rm known that the angular distribution of y —e
decay electrons is given by
4xdV /do=1—acosh, a=\P/3=gp, (1)
where A =3a,=—cos (V,A) determines the rela-

| =re@, (;-;

ntribution of the vector and pseudovector
tions in the u—e decay; P is the u-

on polarization. The maximum possible value
coefficient a, namely %, corresponds to
V,A)=-1 (V-A interaction). The different
of a (0—0.26) obtained with the aid of

nic apparatus are explained by the depolar-
action of the medium in which the p meson
wed down and then decays. Such a determina-
of the coefficient a has that shortcoming, that
1l the p— e decay electrons are registered
equal efficiency. Experiments on the obser-
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magnetic field with H = 27,000 Gauss. In scan-
ning we selected the m —pu —e decay events in
which the p meson was emitted at an angle 8, =
0—30" or 8, =180—150° with the direction of
the field. A total of 11,166 such w —u —e decay
events was observed.

Particular attention was paid in the scanning
to elimination of systematic errors due to the
unequal efficiency of registering different 7 —
u—e decay events, Only such m—u—e decay
events were considered, in which the end of the pu
meson was not closer than 154 to the surface of

of ¥—p—e decays in ph lsion per-
gistration of electrons of any energy with
fici 5 , the ph 1 isa
gly depolarizing medium. The value of the
jent a for the NIKFI type R emulsion was
tobe a =0.092 £ 0,018, while the average
of a for the Ilford G-5 emulsion can, ac-

g to data of many investigations, be assumed

32 equal to 0.14.

nson® combined the results obtained by elec-
¢ means for various substances (including
sion) with the results of the measurement of
metry of 4 —e decay in emulsion and
pane, and found for graphite values reaching
03 + 0,048, i.e., reaching almost the maxi-
value.

depolarizing action of the medium de~

es in the observation of u-meson decay in
tic field having the same direction as the
polarization, When observing p—e

v in a longitudinal magnetic field, the in-

) in the coefficient a due to this effect

be found from the following formula:*

a= a1 gz @
e ay is the value of a in the absence of
larization and AE is the energy of the hy-
splitting of the p-mesic atom in the 18
It follows from Eq. (2) that in practice a
es equal to a, at fields H = 8000 Gauss.
uation (2) is not sufficiently reliable, for it
not take into t the elect h

the d D! 1 layer. In only 47 events
(0.42% of all the u—e decay events) was no
# —e decay electron observed.

We measured the angle of emission of the u
—e decay electron relative to the direction of
the magnetic field. The electron-emission angle
was measured from the direction of the magnetic
field if the u meson traveled “along the field”
(6y =0—30°) and from the opposite direction
when the travel was “against the field” (8, =
180 —150°). The value of a was determined
from the relation

2= 2(Npack = Nrorward )/ (Nback + Ntorwara), 82 = 2/\/N.

The corresponding values of the coefficient a
were found to be

a, = 0.315 £:0.026 for the case 0, = 0—30%;
a, = 0.295+0.027 for the case 6, = 150—180°.

The total value of a, averaged over both direc-
tion of emission of the u meson, was found to
be ay=0.305 = 0.019.

The value of a in Eq. (1) exceeds somewhat
the values of a;, a;, or a owing to the depo-
larization of the muons by precession of the muon
spin about the direction of the field H. Obviously
W=a,\‘muﬁ . For the selected 7—pu
decay events we found cos 6, = 0.940, hence
Atrue = 83/0.940 = 0.324 + 0.020.

1t follows from this value that |A|P =0.972
# 0.06, i.e., with accuracy to within the statistical
error (6%), |A| reaches its maximum value, and

ween the u-mesic atom and the medium after
oduction of the u meson. Experiments aimed
at verifying Eq. (2) where performed by several
kers** for fields up to 14,000 Gauss, and it

s shown that qualitatively a (H) behaves like
. (2) in the case of many substances used to
low down p 1g phot: 1si

the present investigation we determined the
lue of the coefficient a in Eq, (1) by observing
7—u —e decay in an emulsion placed in a

1,§= 033200

tly P =~ 1. A determination of the sign
of A, i.e., the choice between the V—A and
V + A variants of interaction, is impossible be-
cause the direction of the y-meson polarization
is unknown. The value obtained for |A| agrees
with the Feynman-Gell Mann theory’ of universal
(V-A) interaction.

A strong magnetic field eliminates the polari-
zation completely. Equation (2), which gives
a=f(H), is quite inaccurate. Work continues
on improving the obtained value of a and on
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ing a in phot
ous magnetic fields.

An analogous result, a =~ Y% was obtained by
Valsenberg et al. and Lynch et al.»® for emulsions
placed in strong magnetic fields.

In 1 the authors exp: their grati-
tude to B. 8. Neganov and B. V. Sokolov for aid in
the irradiation of the photoemulsions, to D. M.,
Samollovich for developing the emulsion, and
also to V. M. Kutukova, A. M. Alpers, and G, V.
Pleshivtseva for help with the work.
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ous fields of the surrounding particles, fields which

cannot be achieved by other means. Until recenti;
only the line widths were usually studied; consid-
erably greater information can be obtained if the

line widths are measured simultaneously with the

line shifts,

The results of our preliminary measurements
of line widths and shifts in the plasma of a spark -

discharge! show a drastic qualitative disagree-
ment with the existing Weisskopf-Lindholm theory
according to which the ratio of width to shift must
have for all lines a constant value 1.6 and must de
pend on Stark’s constant C; as C}}’ (Cy deter-
mines the line shift in a constant electrioc field,

Av = F2C, /e?, where e is the charge of the elec-

tron, Av is expressed incm™, and F is in
electrostatic ogs units). On the basis of these
measurements, a new non-stationary theory of
line b d due to ch d les has been

¢Orear, Harris, and Bierman, Phys. Rev. 107,
323 (1957).

¥ Sens, Swanson, Telegdi, and lovanovitch, Phys.
Rev. 107, 1465 (1957).

® Barkas, Giles, and Heckman, Phys. Rev. 107,
911 (1957).

"R. P. Feynman and M, Gell-Mann, Phys. Rev.
109, 193 (1958); E. S. Sudarshan and R, E. Marshak,
Phys. Rev. 109, 1860 (1958).

¥ Lynch, Orear, and Rosendorff, Phys. Rev.
Lett. 1, 471 (1958).
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MEASImEHENTsofﬂmwidthofspaothnas
are often used to determine the density of ch d

developed by Vafshteln and Sobel’man,? accord-

ing to which the broadening and shift substantially

depend on the parameter § = (Zu/m)(AE/KT) x
(Sfaslh’/“. Here Z is the charge, u is the

mass of the perturbing particle, m is the mass -
of the electron, AE is the separation between the

level under consideration E; and the nearest ex-
cited level E, (only one excited level is assumed

to exist), and S is the oscillator strength of the
line ponding to the b the
levels E; and E,. The ratio of the width to the
shift also depends on £ and is not the same for
all lines.

‘We have d, with a im-
proved accuracy the widths and shifts of 50 lines
of Al and several lines of He I in the plasma
of the spark discharge in argon and helium (U =
14 kv, C=0.02 uf, L=10yh) at temperatures
of 3% 10*—4 x 104K and an electron density of
~10"" ecm™. Spectra were photographed by means
of a spectrograph with a dispersion of 2 A/mm.
The line widths y were measured in the usual
manner, the line shifts A in the spectrum of the
spark were measured relative to the same lines
in the discharge spectrum of a hollow cathode,
where the lines could be considered unshifted.
The accuracy of the width measurements was 5

to 10%, the llest definitely detectable shift
was ~ 0.03A,

The results of ts have confi d
the prel y i In the -

particles in a plasma; at the same time, the in-

ing table we give data for 6 lines of A II; they

i of line } d in a plasma is by are typical for the rest of the lines measured.
itself an ting physical problem, since under The C, are cal d from the meas-
plasma conditions the atoms are subjected  ur of Minnhagen® and 4 in a homo-

to extremely strong rapidly-changing inhomogene-

geneous field. The ratio y/A varies from 2 to

*AE has been calculated for these lines.
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) 108 A, [ 10tc,
A A “'_:.Z’ I B3t 8| mtiagens | AR emt s

X 5.1 0.45 1.5 0.5 10000 0.31

0.4 38 0.66 5.8 0.5 8000 0.22
T 3.4 7.8 122 2.6:40-%
ﬁ?:& &t 50 2.4 9.2 100 2.2-10
- 13 5.6 2.3 2.0 0.5 | 8.5.10-
ﬁﬁ‘.g 15 7.8 1.9 5.5 13.5 | 26104

; o are authors’ measurements for the lines of He I;
the lines of He I after Wulff.®

d the width changes only by a factor of 3
when C; changes by two orders of magni-

mpanying figure gives a comparison
Pt Its with the lts of the

onary theory. In our case the data nec-
y for the calculation of 8 (AE and S) are
e for only 7 lines. For the

o

number of cases this can be apparently explained
by the existence of two or more excited levels.

By way of a practical conclusion it may be men-
tioned that it is advantageous to use line shifts for
determining the electron density, since additional
data on second-order collision cross sections are
required for the calculations from the widths.

Ci ponding for the

which we have investigated gave ng = 1.5 x 10
em™ for argon and ng = 7 X 10'® cm™ for helium
in good agr t with the btained on
the basis of line intensities of A Il and A Il with
the aid of Saha’s formula.

In concluding, we should like to remark that
previously we used /A = 1.6 for the lines of
Cal in the plasma of an arc.® For the investi-
gated lines the non-stationary theory gives only
minor cor , and the 1 of this
investigation remain valid.
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in view of the incomplete term level dia-
of AL the values for AE are unknown.
estimated these quantities by using the
the shift in a homogeneous field,* assum-
the oscillator strengths are approximatel
ame for all lines. In the upper picture (de-
ce of y/A on B) we have also plotted
§ data for He I lines, for which we have
ated the § values (AE and S are known).
an be seen from the figure, the agreement
s experiment with the non-stationary theory is
good. It should, however, be noted that for
lines the experimental values y/A = 10
iderably exceed the theoretical values; in a

crHeKTp (Optics and Spectroscopy) 6, No. 4
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