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flow be irrotational throughout the nucleus, a wide
range of values of B becomes possible, some of which
are larger than (3/8r)AMR? It is of interest that
values of B which make (AR/R)ar nearly equal to
(AR./R.)x are obtained by assuming an extreme model
with a spherical proton core of the size estimated above
surrounded by a fluid neutron shell. In any event, it
appears that the irrotational character of the flow must
be abandoned in the B-M theory.
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NE of the basic problems in the classification and
understanding of K-mesons is the relation be-
tween the various modes of decay (K o=0", K5, K3,
K., and 7). There has been much discussion recently*
on the K-meson mass and to what extent the masses
of the various K-mesons (or perhaps just different decay
modes) differ from that of the 7 meson (965.3 m.).

In this connection, we want to report here on a Kp+-
particle which underwent a scattering from hydrogen
in a nuclear emulsion stack and thus enabled us to
obtain a rather good mass measurement. The mass
value obtained as the weighted mean of two independent
methods is 973412 m..

The emulsion stack (Ilford G.5, 600u pellicles) was
exposed to the focused K+, beam? of the Bevatron in a
momentum channel of 411412 Mev/¢ (proper time of
flight of ~10-8 sec). The incoming track was picked 4
cm after entering the stack on the basis of the expected
grain density for K-particles of the appropriate mo-
mentum. On following the track, the scattering event
(Fig. 1) was found after 5.16 cm of travel in the emul-
sions.® Both of the two outgoing tracks end in the
emulsion. One is a proton of 2.427+0.034 mm range
(variable-cell-length scattering measurements give a
mass of 0.9640.3 M,). The other is a K-particle of
32.2140.54 mm range which emits a secondary on
coming to rest. The secondary particle is emitted at a
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TaBLE I. Measurements on the secondary of the
scattered K-particle.®

Emulsion Relative grain density® Relative blob densityb
number g/80 b/bo
31-12 1.164:0.08 1.030.08
31-13 1.19+0.09 1.15+0.09
31-14 1.314-0.09 1.194-0.09
31-15 1.434-0.09 1.33+0.09
31-16 1.384-0.09 1.23+0.09
31-17 1.15+0.07 1.1840.09
31-18 1.144-0.08 1.164-0.09
Average 1.254:0.03 1.1740.03

2 :l“he gr.ain. density and blob density measurements were normalized to
minimum ionization by comparison with 280420 Mev = mesons of 1.007
=+0.005 minimum in each emulsion.

b These values include a dip correction by the cosine of the dip angle.

dip angle of 36° and leaves the stack after traversing
seven pellicles with a path length of 7.1 mm in the
stack. Grain density and blob density measurements
have been made on the track of the secondary relative
to 280420 Mev 7 mesons. (See Table I.) The average
values obtained are g/go=1.254-0.03 and b/by=1.17
=+0.03. These measurements permit us to exclude a
7’ meson (7' — wt+2x°) almost with certainty as the
7’ can give a 7+ meson of energy up to Enax=53.0 Mev
corresponding to a g/go=1.63 and a 8/bo=1.37.45 Our
measured values are 13 and 7 times their respective
standard deviations from the latter values. The meas-
urements on the scattering event (see Fig. 1) are sum-
marized in Table IT. The errors for the angular measure-
ments include observational errors and the effect of
multiple scattering. Since all dip angles in the scattering
event are smaller than 5°, errors in the dip angle meas-
urements and distortion effects hardly influence the
space angle. The maximum deviation of one prong from
the plane of the other two is 0.45° which is of the same
order as the deviation evaluated from the errors in the

.

Fic. 1. A photomicrograph of a K-hydrogen scattering event
Ex=102 Mev. Both outcoming particles come to rest (endings
are sketched in) in the emulsion. Rgr=32.21 mm, R,=2.427 mm
(Observer: S. Livingston, Photomicrograph: R. P. Michaelis).
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TasrE II. Measurements on the scattering event.

%rticle
Measure-

Incident Scattered Recoil

ment\ K-particle K-particle (K’) proton (p)
Dip angle +-4.78°+£0.33° —3.85°+0.27° —1.04° 40.07°
Projected angle 0° 38.9° 40.18° 59.1° --0.34°
Range .. 32.07 40.54 mm 2.427 +0.034 mm
Range (cor-

32.21 40.54 mm
38.80°40.2°

2.427 4-0.034 mm
59.12° +0.35°

rected for dip)
Space angles
(computed) 0°

measurements. The actual mass determination was
carried out by two independent methods.

a. From the scaltered K-particle range and conserva-
tion of transverse momentum.—In this method two sets
of the quantity Bxyx- are obtained for assumed K-
particle mass values. (1) The quantity Rg//Mx is a
function of the velocity of the K-particle only. Thus
from the measured value of Rxs we have obtained a set
of values of Bxyx: as a function of the mass of the
K-particle. (Curve 4, Fig. 2.) (2) The momentum of
the scattered K-particle (Pg =289.1541.85 Mev/c¢) is
determined by transverse momentum balance from the
proton momentum (P,=211.0840.91 Mev/c) which
has been obtained from the proton range. Using this
momentum for the K-particle, another set of values of
Bxvx (=Px'/Mxkc) as a function of K-particle mass is
calculated. (Curve B, Fig. 2.) The intersection of the
bands formed by curves 4 and B, together with their re-
soective errors, gives the K-particle mass as 972412 m..

In passing from ranges to momenta we have used the
tables of Barkas and Young® which are based on
Vigneron’s calculations.” This method utilizes the range
and space angles of both outcoming particles and is
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F1c. 2. A plot of Bxyx’ as a function of K-particle mass.
Curve 4 is based on the scattered K-particle range Rx-=32.21
mm. Curve B is based on the scattered K-particle momentum
Pg:=289.15 Mev/c which is obtained from the recoil proton
range. The intersection of curves 4 and B together with their
error limits defines the K-particle mass as 972412 m.. The mass
of the r meson M, is shown for comparison.
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principally sensitive to the errors in the range measure-
ments. As two range measurements are used, uncer-
tainties in the range-energy relation and emulsion
composition tend to cancel out.

b. From the conservation of energy and momentum in
the scattering event.—In this method the K-particle mass
was expressed analytically in terms of the recoil proton
energy (from proton range) and the two space angles
only. The resulting mass is 984479 m,. The much
larger error inherent in this method is mainly due to
the very strong dependence on the error in the angular
measurement. The agreement between the two mass
determinations together with the coplanarity check
and the absence of a recoil or electron at the scattering
center (Fig. 1) leads us to believe that our interpretation
of the event as a K-hydrogen scattering is correct.

We wish to thank Professor E. Segré for many
helpful discussions.
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EW masses of the isotopes of light nuclei have

been of interest particularly to those working
with systematic studies. We wish to report that we
have experimentally determined that F2?' is heavy-
particle-stable and has a mass defect of 6.1254-0.030
Mev or an atomic mass of 21.0057034-0.000025 amu.
Alpha particles from the reaction O%(f,a)N' were
used for the energy calibration. Excited states of F
are indicated at 0.33, 1.11, 1.84, and 2.16 Mev. Masses
used in the calculations were taken from the review
article of Ajzenberg and Lauritsen.!



Fic. 1. A photomicrograph of a K-hydrogen scattering event
Eg=102 Mev. Both outcoming Karticles come to rest (endings
are sketched in) in the emulsion. Rg-=32.21 mm, R,=2.427 mm
(Observer: S. Livingston, Photomicrograph: R. P. Michaelis).



