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THE LIFETIME OF THE HEAVY MESON 

J <~> Reginald Richardson · .. ·. 

Radiation Laboratory9 

Mesons . of mass about .300 me have been produced by the 380 Mev alpha pa:rti.cl<$ 

beam of the-184=inch cyclotron(l) o These mesons are susceptible to 1?""~1J. decay(
2

)., 

(l) E., Gardner and Ce ~q Go Lattes~ Scienoe 9~01~ 270 (1948) 

A preliminary· investigation has been :ma.de of the- loss- of negative meson,s- f.ro:m a be2~m 

-__;..,--,.._..------~-----·------'---~---~~--~-·~-

(2) C., M., Go Lattes:J G, PG S., Occhialini:J and C., F~ Powell~ Nature 16~1v 45), 1.~86 (194-7) 

-·. 
of these particles.9 and since this beam is moving in a l'egion at a p:rese'JJ'!",.'i of 1:y-": 1!lln 

Hg.9 the assumption is made· that tqis loss corresponds to the ff~t£ decay pror~es;.;., 

The alpha particle beam in the cyclotron is in a hori.zonta.l p1all<'3,, A :A.t:rget of' 

1/16 inch graphite is provided"' and then the mesons are selected by a s~1l~J~d .. t'•='Ul.:...r 

spiral channel which rises 1/2 in,ch vertically in one semicircle (180 degrees)., At, t>hlo 

point six photographic plates are exposed., The horizontal projection of the 1;.hannel has 

an inner diameter of 4n,5 inches and an outer diameter of six inches and is oriented in 

such a way that it selects negative mesons whose initial horizontal component, of 

velocity is in the same direction as the alphe, particle beam at the t,argeto A siidlar 

channel is provided for mesons spiraling downward at an equal angle9 but it is 

unobstructed at the 180 degree position.. These mesons then spira.l dovm.ward, passing 

one inch below the center of the target and through another channel to the 540 degree 

positi.on9 having dropped lo5 inches in 1=1/2 turns., At this point another set of six 

plates is exposed simultaneously with the firsto The ratio of the number of mesons 

in these two sets of plates when corrected for geometry will give the loss cf mesons 
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in the tin~e corresronding to 0'18 revolution in the !l'agnetic f:'Leldo This 1icyclotron ii 

time is independent of the speed of the IJ:esono The desirable 360 degrt:;:e focusing 

properties n:eru1. tha.t in a uniform r:tagnetic field t.he r;eoJr,etr:l..cal correction is simply 

a factor of three in the above caseo Because the experiment was done in.the fringing 

field of the cyclotron .9 room wa.s left :Ln the s.econcl part of the lmlier channel for the 

slight precession caused by this non=uni.forn. :C.Lddo The effect of the vertical focusing 

forces due to the fringing field was investigated theoretically and c>.lso experimentally 

by performing the exr,eriment at different cyclotron radii., :Most of the ciata, were taken 

at a cyclotron ta..r·get radius of 76 inchE.:s where the alpha particle ~:m.ergy it=; 350 N..,.,. 
J.C~ (! G 

At this radius the co!'rection for vertical focusing is negligible corr:p.<J.red tc th~ 

statistical 1mcertn.inty ir:. the experiment,. In order to check tt1e possit,.le p.resenc'f.l 

o.f any w1known asymmetry"' the channels were .:Lnterchanged,l) so that the 180 degree: 

channel spiraled down ;:>nd the 5t~O desree char.n·3l spiraled 11r " No differenee could be 

detected and the two situation::, a.re represented VIith approximate equn.lity i.n th·e 

final results,, In eaeh ce.se a sirr,ult? .. .neous bae:kgrou.rJd exposure vms mad'3 :;tf;. the 5i+O 

degree position in e. channel which was an extension of the 180 degree che.nn.:-·1~ ThB 

plates placed here ;rould record &"ly n:esons which originated in plaee.s ot-l;er th.e.n th~ 

target.. TW s background was negligibly smalL, 

Some 250 plates have been exposed during the cour::;e of the investigat-ion.., 

Although a check 'Na.s n.a.de on the thickn.ess of the emulsion in the :i11dividual platesSl 

the nuwber of .rlates used vras so large that the resulting correction vias v~:J''' 'all., 

practically identical in the 180 degree and 5/+0 degree }Josi ti.ons z; so tl1at ' ' tne: searcn 

for n~esons was ml.de under identical. conditions" The 18 plates of a run were' D.LL 

developed at once ~:md received identical treatn;entQ 

Although 'all the J.,esons observed had a range consistent. with a mas:3: :'i.n. the 

neighborhood of' 300m
6 

it. was decided to count only those meaons which ended in .3tarso 

Sixteen star-producing rLesons were obser'Ved in the plates at 54.0 degrees whe:;.·eas 

the number expected on the basis of geometry 11lould be 4L The latter number is ba.sed 

.. 
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statistically on a count of 80 mesons .. Assuming a mass of_300m
6 

for the m~son 01 the 

time for one revolution turns out. to be 7 .,6 x lo-9 seconds.. Therefore the number of 

mesons obtainedjtogether >vith the assumption me?tioned earlier indicates that the 

half life of the star=producing negative mesons for ~~lit decay is (5"7 ±. L,l) x 10=9 
.. I 

secondss where the error indicated is the statisticaLptobable. error(.3)o 

(3) Dro Lat-tes has received a personal communication from the Bristol group 
indicating that they have res~ts on the ~---+~decay which are not inconsistent 
with this figure o 

The writer takes pleasure in acknowledging his gratitude to D:t'o IL Garch'1e:r 

and Dr., C., .M., G. Lattes for their kind suggestions and i-nst:ruction in the u.~ of their 

technique for investigating mesons., Thanks are due to Mr., A., Bishop and :a.Lt",. F., Adelman 

and the cyclotron crew for help in m.aking the bombardments., The writer is e..:.:r.·ateftll 

to Professor Ernest Lawrence for encouragement and for the opportunity tc work in 

the Radiation Laboratoryo This work was perforwed under the auspices of the Atondc 

Energy Conmussione 


