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ABSTRACT

PRODUCTION OF IIIESONS BY THE 184-INCH BERKELEY CYCLOTRON

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

Rs.diation Laboratory, Department of Phys ics
University of California

Berkeley, California

We haye obseryed tre.cks which we believe to be due to mesons

in photofraphic plates placed nesr a tarf!;et bombarded by 380 Mev nlpha

particles. I·'or a lO-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

range in emulsion. From the first 50 meson tracks measured we find a mass

of 313 :I: 16 electron masses. It is highly probable that these mesons

are the heavy mesons described by Lattes, Occhialini, ffild Powell.

Contract No. W-7405-eng-48

To be pUblished in Science lJIagazine.
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PRODUCTION OF 1ffiSONS BY THE l84~INCH BBRKELEY CYCLOTRON

Eugene Ga.rdner and C. M. G. Lattes

Radiation Laboratory, Department of Physics
University of California

Berke ley, CaUfor'nia

We have observed tracks which we believe to be due to mesons

in photographic plates placed near a target bombarded by 380 Mev alpha

particles. The identification of the particles responsible for these

traoks was first made on the basis of the appearance of the tracks; they

show the same type of scattering and variation of grain density with

residual range found in cosmic ray msson tracks by Lattes, Ocohialini,

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

-------------------------_._-_._---------
1 C. M. G. Lattes, Go P. S. Occhialini, and C. F. Powell, Nature 160

453, 486 (1947)

the end of their rangeQ Their appearance is sufficiently characteristic

that a practiced observer can recognize them on sight. Later the identi-

ficution was confirmed by a direct determination of the mass from Hf'

and range measurements (to be described below) whioh gave the value

313 ~ 16 electron masses, showing that they are almost certainly the

heavy mesons described by Lattes, Occhialini and Po~rell.

The experimental arrangement is shown in Fig. 1. The circulating

beam of 380 Mev alpha particles inside the cyclotron passes through a thin

te.:·get, producing mesons and other partj.cles; the negative mesons are

sorted out by the magnetic field and roughly focused on the edge of a stack

of photographic plates placed as shown. All the measurements reported
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here refer to negative mesons produced in a carbon target by full-energy

alpha particles, although a few observations have boen mado with other

targets and energies. Beryllium, copper, and uranium targets were bom-

.
barded with full energy alpha particles and gave mesons in numbers compa-

rable to those from carbon; a carbon target bombarded with 300 Mev alpha

particles gave a greatly reduced yield.

The photographic plates used are llford Nuclear Research plates,

type C.2, with an emulsion thiclmess of 50 microns; the exposure times were

about 10 minutes and the alpha purticlo currcmt about 1/10 microampere.

Each plate shows about 50 meson tracks along its edge, with about ten times

as many heavy particle tracks in tho samo area. The latter are attributed

to stars and recoils poduced by neutrons and arc found allover tho plates.

Fig. 2a shows a typical meson track which produces a star, and 2b shows

one which does not.

The opportunity for making a mass determination is furnished

by the magnetic deflection of the mesons. By measuring the point and anglo

of incidence of each track on the edge of the phete, the radius of curvature

in the field is determined. The range in the emulsion is measured with

an eyepiece micrometer, and to this is added the path through a one mil

aluminum foil covering tho platos. (The oarlier observations were made

with black paper covering tho p1atesbut these are not suitable for range

me asuroments beoause of the unoertain thickness of the paper.) A total

of 49 trac~s have so far been measurod in this way. There is no signifioant

difference bei..-ween the masses of the star and no-star parti.cles, and

the mean mass of all the particles is 313 :t: 16 electron masses;" the spread

in individual values is probably within the orrors of tho measurements.

The most important source of error is tho scattering of tho particlos in
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the aluminum foil and in the first 80 microns of the omulsion. The angle

measurements oould not be mado closer to tho edgo than this because of the

distortion of tho emulsion on procossing.

The mass valuo found would indicate that at least 160 Mev should

be avail~b1e in the collision to produce theBo particles, and furthermore

it sooms likely that this onergyshou1d be concentrated in a singlo nucleon-

nucleon collision. The means for this concentration is provided by the

intol~nd motions of the nucleons j.n the colliding nucloi, D.S first suggested

by 111.·1\1111011 D..'1d Toller2 and further doveloped by Horning and Woinstein3 •

2 W. G. McMillan o.nd E. Teller, Phys. Rov. ~ 1 (1947)

3 W. Horning and M. Weinstein, Phys. Rev. 2! 251 (1947)

According to this idea, there are three velocitios to consider: the relativG

velocity of tho two nuclei (corrosponding to an enorgy pOI' nucleon of 95

Mev), the velooity of a nucleon inside tho alpha pilrticle (corrosponding

to a maximum energy of about tho Fermi limit, 25 Mev), and a similar intornal

velocity in tho carbon nucleus. In tho most favorable collision these can

add together, giving un offeotive available energy of 1/2 (/95 +;rrs +)25)2

= 195 Mev in the center of mass systom of tho two nucloons concerned. Thus

tho observations are not inconsistent with a simple picture of meson formation

by nucleon-nucleon oollisions.

The measuremonts reported horo are admi ttodly preliminary, and

much more work is to be done, but it soems certain that this marks tho

beginning of meson stUdy undor controllable laboratory conditions. Tho

large intensities, approximatoly 108 times those availublo in cosmic rays,

moan that the rate of progress in this field can be greatly accelerated.

In conclusion, wo wish to expross our deepest appreciation to
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Professor E. O. Lawrenco whose interest and encour~gement have made this

work possible. Tho program has been greatly aidod by help from Profossor

Re L. Thornton, Professor E. M. McMillan, Profossor R. Sorbor, and Profe~sor

L. W. Alvurez" Tho authors are indebted to John Burfoning, Lt. Col., U. S.

Army, for his work on methods of exposing platos in tho cyclotron. We

also wish to thank Mro D~ J o O'Connell and Mr. A. J. Olivor for microscopo

work and photogro.phy~ and Mr .. Duane Sowell and tho cyclotron crow for

making the bombardmonts. The construction of the 184-inch cyclotron was

made possible by a grant from tho Rockefeller Foundation. This papor is

based on work performed under Contract No. W-7405 ..eng-48, with the Atomic

Energy Commission, in connection with tho Radiation Laboratory, Univorsity

of California, Borkeley, California.
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Fig> L, Gonera.l arrangoment of w)paratus in the cyclotron. Top: Plan

view of cyclotrcn, showing location of target assombly~ Bottom:

Dotail view of targot assembly showing position of stack of

photographic platos.

Fir. 2a.. Track of meson which initiates a star. Meson enters pl~to on

right a.nd moves toward loft, iuitiating star in uppor left corner.

Noto scattering along tre,ck and incroase of gra.in dons i ty toward

star. Tho heD.vy dark line on tho Qxtromo right indico.tes the edgo

of the photographic plato.

Fig. 2b. Track of meson which doos not initiate a star. Meson onters plato

on right and m0ves toward loft. Noto scattering along track and

incroc,so in grain density toward 10ft.
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