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The Detection of Light and Heavy Mesotrons Ogtside the Tank of the 184" Cyclotron
by |
Wolfgang K. H. Panofsky
ﬁadiation Laboratory, Departmeht of Physies
University of California, Berkeley, California
June 22, 1948

It is of genéral interest to make the mesons artificially produced in the
184-inch cyclotron available for general experiments outside the tank. Thus fér
only photographic technigues have been used in conjunction with the Berkeley
meson work., By bringing the beam outside the tank it is hopéd that cloud chame-
ber, and possibly counter methods, may be used in meson studies, In addition,
the measurement of the lifetime of theﬁf:ﬁeson appears possible if long meson
trajectories are obtained.

The method discussed here accomﬁlishes the removal of the mesons from
the eyclotron tank by allowing the mesons produced in a thin target étruok by
the 380 Mev alpha particle beam to enter a region of vervaeék magnetic field
which permits them to leave the tank along a path of weak curvature. The tech-
nieal prohlem involved hers is, therefore, to produce a magnetic.shield which
redites the field of the cyclotron from about 14,000 gauss to about 1,000 gauss,
and to place this shield witﬁin « very short distance of the circulating beam
without digturbing the dynamics of the beam itself.,

The main problem in the dssign of a magnetic shield of this type tb
operate in a magnetic field of 14,000 gauss is the problem of saturation of
the iron. This problem can be met only if the flux degsity in the iron only
slightlylexceeds the flux denﬁity in the surrounding field,’This condition
can be meb by wsing a shield whose major extent is osrpendiculsr to the di-
rection of the field., II we approximate such a ghield by an oblate spheroid,

the mathematical analysis of the saturation and shielding behavior of such a
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body in an external field can be made., As a result of this analysis, it can be
shown that a shielding ratio of only l.3 is obtainable for a shield of spherical

geometry. For a spheroidal shield of axial ratio two to one, the shielding ratio

of three to one is obtainable, while for an axial ratio of four to one, the

shielding ratio of 30 to one is feasiple in an external field of 14,000 gauss.
The above calculations are based on cold roiled steel.

On the basis of these calculations a shield was designed in accordance
with an axial ratio of four to one, bent in the shape of the trajectory compu-
ted from a set of magnetic measurements. The resultant overall geomgtry is
shown in Figure 1. It is seen'thaf the curvature of the mesons trajectories

entering is greatly decreased in the shield, permitting the mesons to pass

- into the reentrant chamber in the side'of the'cf/‘clotron° Figure 2 shows the
'fzmagnetic field along the meson trajectory with and withoubt the magnetic shield.

‘The disturbance produced by this shield is only 5 per cent at the beam radius.

This disturbance is compensated by a set of magnetic shims fastened to the pole
of the cyclotron., Unfortunately i is not possible to caleculate the focusing
properties of the meson shield theoretically, owing to the very variable sat-

uration conditions near the channel through which the mesons pass. An intensity

of mesons expected from the channel is therefore difficult to predict. However,

a counting rate of 1,000 mesons per minute for a beam current of 1¢—7 amperes of
alpha particles is the fest figure that can be calculated from the data known
thus far. |

Until now only four mesons have boen detected inside the reentrant cham—
ber in the cyclotron wall, Two of these were light mesons and two were hoavy
mesons. The fact that the light mesons are also obbtained through this channsl
lends additional support to the belief that the light mesons are actually formed

in the cyclotron target and are not produced by disintegration in flight,
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Eigure 3 shows a W meson as obtained in the reentrant cyclotron chamber. The
total time of flight in the chamber is %p-g gseconds, and an additional lOm8
seconds is obtainable in the reentrant champer without any additionai magnetic
changes. If the lifetime of the¥meson is the;efore not in excess of 5 :;:.ILO“'8
seconds, the measurement of the iifetime should be possible in this geometry
by a comparison of the nuubers of W an@}ljnesons as a function of distance
along the meson trajectory. It is also nlanned to check the focusing pgbperm
ties of the magnetic channel by means of one million volt alpha particles

produced by a thick radiocactive alpha sample mounted at the regular'cyclotron

target position.

Information Division
ny
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