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Magnetic Deflector for Mesons Produced in the 184-Inch Cyc:

Wolfgeng K. H. Penofsky and Ernest A. Martinelli

The artificial production of mesons by meeans of high energy a-particles in
the 184=-inch cyclotron at Berkeley1 indicated the desirablility of making mesons aveil-
able outside the cyclotron tank in order to meke investigations possible by meens other
then photogrephic plates inside'the tank. A magnetic deflector to draw mesons out into
a re-entrant chamber in the cyciotron wall was therefore constructed.

The circuleting a-particle beem strikes a target at a radius of 80 1/2" from
the center of the cyciotrone The magnetic field at the target position is clbse~to
14,000 gauss, so that low energy mesons are unable to leave ﬁhé cyclotron. The‘magnetic
deflector consists simply of & magnetic shield pleced in such & menner that it shields
the meson.beam end permits it to enter a fe»anﬁraﬁt chember in the cyclotron wall. (Fig. 1).

:Aimagnetic shield for this purpose hes to meet four requirements: 1. The
field in the channel must be sufficiently loWV?O‘permit exit of the mesons from the field,
2. It must have a sufficiently high geometrical eperture. 3. The shield must not disturd
the field at a radius leéé than tgrget radiuse 4. The shield must not inteffere.ﬁith
the electrostatically deflected beem? in the cyclotron.

The problem of shielding magnetically %o & sufficient extent in an external
field of 14,000 gauss is mede difficult by the saturation of iron. Saturation effects
are reduced if the shield is not circular but hes its large dimension perpendicular to

the field; this will only give a small increase in flux density in the iron relétive to

lEo Gerdner and C. M. G. Lattes, Science, 107, 270, (1948).

ZW; M. Powell, L. R. Henrich, Q. A. Kerns, Do Co Sewsll, and R. L. Thornton, Reve Sci.
Inst., 19, 506, (1948).
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the external field. These considerations lead to the choice of a shield epproximately
&n ellipsoid whose smallest exis is parallel to the field. The ellipsoidal sheape is
superiof fo any rectangular geometry since corners would saturate and thus not contribute
to the shﬁélding while still contributing to the disturbing field.

" The ellipsoidal shepe cen be easily analyzed mathematicélly for & given mag-
netization curve of the iron used. Fig. 2 shows & fheoretieal plot of the shielding ratioe
ettainable with an oblate sphero’idal3 shield with a smell cylindrical hole inside the
spheroid. The curve ié computed for cold relled steel in an external field of 14,000 gauss.
Note the rapid improvement of the attainable shielding ratio with increese in exial ratio
of the ellipsoid. An exial ratio of 4:1 was chosen hefeb

The theoretical disturbence in the field due to the ellipsoid is shown in Fig. 3
for en ellipsoid of 12 in..x 3 in. axis. The shield was placed 3 1/2" from the target
raedius, thus disturbing the field by approximately 3 1/2%o This distﬁrbance is compenssated
by shims supported on the cyclotron poles, in accordance with the method of Powell, et al4.
A radial'experimental field plot aﬁd the field corrected by the shims is shown in Fige. 4.
The position and geometry are also shown in‘Figo‘4o

Owing to the fact that the shislding action of the iron cannot be computed
eccurately it was necessary to estimate the meson trajectory first, construct a deflector,
compute the trajectory and then build a new deflector to conform to the computed trajectory.
The finai shape of the shield and the position of the meson trajectory is shown in Fige 5.
Figo 6 sﬁows the magnetic field in the channel with and without the shields Owing to the
curveture of the trajectory end the ellipsoidal'éross section of the shield, the shield
is constructed of 12 layers of hot rolled steel plate, flame-cut to proper shépe and
bolted together., The hole for the trajectory tapers from an initial hols of 1 l/? in.

rertical x 1 in. horizontal to 2 1/2 in. x 2 1/2 in. square at the exit end. Fige 7

3For éolution of potential problem, see eo.g. Smythe, Static and Dynemic Electricity, McGraw-
Hill, 1939, pp. 156 ff. '

4
Powell, et al. loc. cite
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shows the assembled deflector. ‘

The deflector is designed for a central ?rajector cprresponding to B x ? =
147,000 gaﬁss—cm, cofresponding to an 8.5 Mev u?-meson (taking the mass of the pﬁmeé-on as
215 me) or é 6.0 Mev M -meson (‘caking the masé of the “¥ =-msson as 286 me)c The deflecw-
tor will accept beams of verticel divergences of ¥ .60, horizontel diﬁrgences of ¥ 7.2°
(at central value of energy); the range of momenfa accepted is T 12% about the central
value,

At this date the deflector has been used only in conjunction with the photographic
mesons of detection. With a cyclotron bombardment of 3 x 10=7 amp of g-particles for 30
minutes the meson yield is about 30 9Y mesons in the edge of ‘& 100 micron emulsion; this
corresponds to a total flux of about 500 mesons/minute out of the aperture of the defleétoro

The problem of deflecting mesons by meens of & magnetic shield was suggested
by Profle Lo W. Alverez. We are greatly indebted to the magnetic measurements group of
the laboratory, notebly D. C. Sewell and A. J. Hulse for making magnetic measurements end
to Prof. Wilson Powell for valuable discussion. This work was performed under ‘the auspices

of the Atomic Energy Commission.

* RLID/hw
10-19-48
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Figs 1

Figo 2

Figo 3

Figo 4

Figo 5

Fige 6

Fige 7

Captions

Geometrical Distribution of Meson Deflector and Target in the Magnet of the
184~inch Cyclotron. Note the Trajectory of the Alpha-particle Besm end the
Mesons Produced in the Target.

Theoretical Shielding Ratio of en Oblate-spheroidal Shield with Cylindrical
Hole as & Function of Axial Ratio of the Spheroid in an External Field of
14,000 Geuss. ‘

Per cent Field Disturbance due to Spheroidal Shield of Axial Ratio 1 to 4
on the Magnetic Field in the Cyclotron.

Radial Magnetic Field in the Cyclotrbn under the Following Conditions: (2)
Before Introduction of Mbson Deflector. (b) After Introduction of Meson
Deflector, but Uncompensated. (¢} Meson Deflector in Place ané.Compensated
with Shims as Shown.

Meson Trejectories from Terget Through Meson Deflector, as Plotted from
Field Measurements.

Experimental Magnetic Field as a Function of Position‘Along Meson Trajectory

" Through Meson Deflector.

8

Photograph of Meson Deflector in Retracted Positione
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