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ABSTRACT

PRODUCTICN OF UMESONS BY THE 184-INCH BERKEIEY CYCLOTRON

Eugene Gardner and C. M, G. Lattes
Merch 2, 1948

Radiation Leboratory, Department of Physics
University of California
Berkeley, California

We have observed tracks which we believe to be due to mesons
in photopgraphic plates placed neer a target bombarded by 380 Mev alpha
particles. For a 1l0-minute exposure in the cyclotron, about 50 meson
tracks are found along the 3-inch edge of a photographic plate, The mass
has been determined by measuring the bending in the magnetic field and the
renge in emulsion. From the first 50 meson tracks measured we find & mass
of 313 + 16 electron masses. It is highlyiprobable that these mesons

are the heavy mesons described by Lattes, Occhialini, end Powsll,

Contract Wo. W-7405~eng-48

To be published in Science Magazine.
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PRODUCTION OF MESONS BY THE 184~IWCH BIREELEY CYCLOTRON
Bugene Gardner and C. M. G. Lattes
Radiation Laboratory, Department of Physics
University of California
Berkeley, California

We hdve observed tracks which we belleve to be due to mesons
in photogrephic plates placed near a target bombarded by 380 Mbv.alpha
particlese The identification of the particles responsible for these
tracks was first made on the basis of the appsarance of the tracks; they
show the same type of scattering and variation of grain density with
residual range found in cosmie ray meson tracks by Lattes, Occhialini,

end Powelll, and roughly two-thirds of them produce observable stars at

1 Ce Me G. Lattes, Gs Ps S, Occhialini, and C. F. Powell, Nature 160
453, 486 (1947) -

the end of their range. Thelr appearance is sufficiently charscteristic
that a practiced ohserver can recognize them on sight. Later the identi-
ficatlon was confirmed by a direct determination of the mass from HE

snd range measurements (to be described below) which gave the value

313 4 16 electron messes, showing that they are almost certainly the
heavy mesons described by Lattes, Occhialini end Powell,

The experimental arrangement is shown in Fige l. The circulating
beam of 380 Mev alpha particles inside the cyclotron passes through é thin
terget, producing mesons and other particles; the negative mesons are
sorted out by the magnetic field and roughly focused on the edge of a stack

of photogrephic plates placed as shown. All the measurements reported
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here refer to negative mesons prodﬁced in a carbon target by full-energy
alpha particles, although a few observations have been madc with other
targets and energies. Beryllium, copper, and uranium targets were bome-
barded with full energy alpha particles and gave mesons in numbers compa~-
reble to those from carbon; a carbon target bombarded with 300 Mev alpha
particles gave a greatly reduced yield.

The photogrephic plates used are Ilford Nuclear Research plates,
type C.2, with an emulsion thickness of 50 microns; the exposure times were
about 10 minutes snd the alpha particle current sbout 1/10 microempere.
Fach plate shows sbout 50 meson tracks along its edge, with about ten times
as many heavy particle tracks in the samo area. The latter are attributed
to stars and recoils poduced by neutrons and arc found all over the plates.
Figs 2a shows a typical meson track which produces a star, and 2b shows
one which does not;

The opportunity for msking a mass determination is furnished
by the magnetic deflection of the mesons. By measuring the point end angle
of ‘incidence of each track on the cdge of the plate, the radius of curvature
in the field is determined. The range in the emulsion is meoasured with
an eyepiece micrometer, and to this is added the path through a one mil
aluminum foil covering thoe plates. (The carlier obsorvations were made
with black paper covering the plates'bu£ these are not suiteble for range
me asurements because of the uncertain thickness of the paper.) A total
of 49 tracks have so far been measured in this way. There is no significant
difference betwesen the masses of the star and no-ster particles, and °
the mean mass of all the perticles is 313 & 16 clectron masses; ‘the spread
in individual values is probably within the errors of the measuremonts.

The most important source of error is the scabbering of thse particles in
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the aluminum foil and in tho first 80 microns of the cmulsion. The angle
moasurements could not be made closer to the cdge than this because of the
distorti;n of the emulsion on processings

The mass value found would indicate that at least 160 Mev shouid
be availeble in the collision to produce these particles, and furthermore
it scoms likely thet this encrgy should be concentrated in a singlo nucleoon-
nucleon collisions The moans for this concentration is provided by the
internsal motions of the nucleons in tho colliding nucleil, as first suggested

by MoMillen end Tellor® and further developed by Horning and Wcinsteins.

2 W. Gu MeMillen and B. Teller, Phys. Rov. 72 1 (1947)

3w, Horning and M, Weinstein, Physe Rove 72 251 (1947)

According %o thié idoa, there arc three velocitics %o consider: tho rolative
velocity of tho two nucloi (corrosponding to an cnorgy por nucleon of 95

Mov), the voloecity of a nucleon insido tho alpha particle (corresponding

to & maximum oncrgy of sbout the Fermi limit, 25 Mov), and a similar intornal
voelocity in the carbon nuclous. In tho most favorable collisjion these can

2dd togother, giving en offoctive svailable onergy of 1/2 (/95 + /25 +V/§§)2

= 195 Mov in the contor of mass systom of the two nuclcons concerncd. Thus
the observations are not inconsistent with a simple picturc of moson formation
by nuclcon~nuclcon collisions,

The measurcmonts rcported herc are admittedly preliminary, and
much morc work is to be dono, but it seoms certain that this marks tho
beginniné of moson study under controllsble laboratory conditionse. Tho
large intcnsities, approximatoly 10% times thoso eveileble in cosmic rays,
moen that the rate of progress in this ficld can be groatly acceleratcd.

In conclusion, wo wish to expross our decpest apprecciation to
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Professor E. O« Lawroncoe whose intcrost snd cncouregoment heve made this
work possiblee The program hes been groatly eided by help from Professor
Re L¢ Thornton, Profossor E. M. McMillen, Professor R, Serber, end Professor
L. W. Alvarcze. The authors arc indebted to John Burfoning, Lt. Col., U. S,
Army, for his work on methods of exposing plates in tho cyclotron. We

also wish to thenk Mr. D, J, O'Connell and Mr. A. Je Oliver for microscopo
work and photogrephy, ond Mra Dusne Sewoll and tho cyclotron crow for
meking the bomberdments. The consbtruction of the 184-inch cyclotron was
made possible by a grant from the Rockefeller Foundation. This paper is
basod on work porformod under Contract No. W-7405-cng-48, with the Atomic
Encrgy Commission, in conncction with the Radiétion Leboratory, University

of Californiea, Berkeley, California.
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Figurc Captions

Gonoral arrangoment of avparatus in the cyclotron. Top: Plan
viow of cyclotrcn, showing locabtion of tergoet assembly. Bottom:
Dotail view of target asscmbly showing position of staock of

photographic plates.

Track of moson which initiates a star. Moson onters plete on
right and moves toward loft, initiating star in uppoer left cornor,
lotec scattering along troack and incroasc of grain density toward
star. The hcavy dark linc on the coxtreme right indicates the odge

of the photographic platc,

Track of moson which does not initiate & star. Moson ontors plate
on right snd moves toward left. Note scattering along track and

incrosso in grain density toward loft,
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