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California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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AB STRACT

Four 7 meson decays in f11ght were observed in a 10 inch liquid

“ hydrogen bubble chamber. The mass of the 7~ meson as determined by
-a kinematical analysis of the events is 963 +-10 m
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A MASS DETERMINATION OF THE 1 MESONJr
Bernard Waldman*

Rad1at1on- Laboratory
University of California
Berkeley, California

August 29, 1956

During the coutrse of an 1nvestigat10n of the interaction of K~ mesons
with hydrogen, four 7~ -meson decays in flight were observed in a.10-inch
liquid hydrogen bubble chamber. ‘ -

The first evidence for the existence of the 7~ meson was the decay
in flight observed with a magnetic cloud chamber at Cal Tech.® A mass of
968 +18 m, was calculated for the 7- meson. Fretter and co-workers have
observed a 7~ meson decay in flight and have computed a mass of 9646 me.

A similar evegmt has been observed at Manchester, and at Paris and possibly
at Princeton,

No mass measurements are available for these mesons.

| +

The 7~ meson decays into two 7 .mesons and one m meson. The
sign of the charge and the recognition of the ™ meson are read11y obtained
from the bubble chamber pictures. A photograph of event No. 42634 is
shown in Fig. 1. The bubble chamber was located in a magnetic field of
11,000 gauss and placed alongside the Bevatron so that the K~ meson beam
of approximately 200 Mev/c momentum could enter the cylindrical side of
the chamber :

‘ The ‘steroscop'ic 'vphotographsv of the four events were reprojected
and analyzed in the following manner. Let us representdirections in the-

_bubble chamber with the x-y plane lying parallel to the face of the chamber

and the z axis along the chamber axis and parallel to the magnetic field.

" Further, the projection of the path of the K meson on the x-y plane is in the

y direction. The angle Y in the x-y plane, between the m-meson track pro-
jection and the y axis for each m meson, was measured. The radius of
curvature of éach m meson was measured, and with the aid of the stereo-
views, the angle of dip or rise, X\, between the 7 immeson track and the x-y
plane was determined. : ' '
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This work was performed under the auspices of the United States Atomic
Energy Commission. o - :

*

Permanent address: Physics Departrnent,_ 'University of Notre Dame,
Notre Dame, Indiana. s

. V. A, .]' van Lint andG H. Trilling,‘VPhYS Rev 92 1089A (1953).

Aggson, Fretter, Friesen, Hansen, ‘Kepler, and Lagarrlgue, Phys. Rev. :
102, 243 (1956). ‘

Sixth Rochester Conference Report, ,1956, Section Vv, page 5.
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Bubble chamber photo of 7~ meson decay'_.'
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Table I

Momentum and energy for w mesons observed in T-meson decays

Event No. 42634  No. 44270  'No. 48366 No. 61760

pry (Mev/c). 111, . 82.4 966 - - 106.5
pm, (Mev/e) = 36. ~ 60.3 . 7207 118.2
_p'@-: (Me_v/c) R 174. . 1405 . 1043 . 85.9
$y . . -60.5° -121.4° - -36° " -66.7°
by  +46.2°  +19.0° 420  428.6°
s,  429.1° 42119 4960 - +64.9°
Ny SRS VI L -10.17° -16.7° . - +4.8°
xz T 4820 .. -21.8° -441° 0 47.86°
N3 - .30 C47.22° 7 456.8° . 62.4°
Tey (Mev)™ -~ 385 222 293 35.7
r_j["TrZ"(vMev) 4.6 12, 17.3 S 43.8
Ty (Mev) ~ 83.0 58, 34.3 . - 24.2

T  (Mev) . .~ 126.1° . 93, 80.9- . 103.7
Py (Mev) - . 220.8 . 140. 1225 7 Ua6LT

EN T I N N Y

m_.(Mev). 497 492 484 496

Mean: © 492 £ 5 Mev,
963 +10 m .
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‘Table I lists the angles, the momenta of each T meson as determined
by its radius of curvature, and the kinetic:energies-as calculated from the
momenta. Using conservation of 1ong1tud1nal momentum (Py), one finds the
mass of the 77 by

- 3 2 2 1/2 o
m, = [ (3m_x + T)" - Py] .
It should be noted that conservation of transverse momentum
(Px and P,) affords independent checks on internal consistency of the
measured momenta.

The angles J can be measured to- +1°. The angles )\ can be measured
to + 2°.  The radii of curvature and consequently the momenta are reliable
“to % 10% -This is the greatest source of error and must be conservatively
estimated because of the presence of turbulence in the chamber. Most of
the above momenta are reliable to + 5%. A * 10% error in total momentum
leads to an error of 1% in the mass of the T meson. However, the con-
servation of transverse momentum was observed to hold to within * 5% for
each event, and this should make the estimated + 1% uncertainty in mass
a most conservative estimate. The internal consistency. of the four events
also lends credence to the assigned error. The 7~ meson'mass, as determined
in this experiment, is 963 + 10 m, and can be compared with the 7t mass4
of 966 +2 m_

. The author wishes to express his appreciation to Dr. Luis W. Alvarez
for his encouragement and suggestions. He also wishes to thank Drs. Frank
Solmitz, Arthur H. Rosenfeld, and Robert D. Tripp for stlmulatlng dis -
cussions, and the other members of the. hydrogen bubble -chamber group for their
cooperatmn

4 Sixth Rochester Conference Report, » 1956 Section V, page 25.
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