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This document was prepared as an account of work sponsored by the United States 
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MESON TO PROTON MASS RATIOS 

Walter H. Barkas~ Fo Mo Smith~ and Eugene Gardner 
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, January_ 25, 1951 

An extended series of measurements has been made on the ratios of 

meson masses to the mass of the protono 1\s in our previous work1 momenta 
I 

and ranges of the mesons were measured~ but a number of improvements over· 

our earlier procedures have been devised to reduce systematic errors. 

· Using prior knowledge of the approximate mass ratios 9 protons and mesons 

from separate targets in the 184=inch cyclotron were magnetically selected 

so as to lie in the same 5 percent velocity intervalo The particles were 

stopped in the same nuclear emulsion whi.ch they entered at a small angle to 

the surface. Relative momenta were calcUlated with errors of less than a 

part per thousand for the orbits2 ~ whicha:re approximately semi-circular. 

The rectified ranges in emulsion of the particles were carefully measured. 

For a small interval, the··. range=moment~ relation is well ;represented by 

a power law: R/m = c(p/m)q, where R is the range, m the particle mass 9 

p the momentum,, and c a constant of the emulsion. We have used the ex­

ponent q = 3.59 derived from the range-energy r~lation3; the results, Jiow­

eve'r, are insensitive to the value of q chosen. The utilization .of protons 

IF 
• 0 M. Smith et al. ~ Phys. Rev. '78, 86 (1950). 

2'i(' 
i 0 H. Barkas, ·Phys. Rev. ?8, 90 ( 1950). 

3H 
0 Bradner· et al., Phys. Rev o ?? , 462 (1950). 
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with velocities distributed about the average meson velocity enabled us to 

evaluate c. and only momentum and range ratios entered into the deter.mina~ 

tion of the mass ratios. Since ail the particles are stopped in the same 

body of nuclear emulsion~ the stopping pow~r of the emulsion is eliminated. 

Th~ momentum ratios are independent of the absolute-value of the magnetic 

field intensity" 

Other statistical errors are small in compa~ison to the range straggling 

error of an individual observation. We have observed that for monoenergetie: 

(rT=IJ. decay) particles the straggling Of "'ranges has Closely a normal distribu~ 

tion. The most probable mass· is· therefore obtained by averaging . the individual 

·observations of that funct_ion of the mass in which the range occurs linearly 

We find the following mass ratios 

"·· 

PROTON 
== 0.1511 + 0.0006 ' 

PROTON 
== 0.1504 + o.ooo? 

Particles4 which were presumed to be iJ.+ mesons originating from 

decay of u+ mesons stopping in the target were measured in the same experi~ 

ment. The dispersion of apparent masses in this case~ however. exc·eeds that· 

' 
to be expected if the particles were representatives of a single mass group 

all of which come from the target. , iJ.+ mesons which arise from decay of IT+ 

mesons ih flight doubtless contribute to, t~e. dis,tribution found~ and we there-

fo1•e must defer quoting a new !J.+ mass measurement until a better separation of 

~he groups is obtained. 
' •. 

4
J. Burfening. E._Gardner; and c. M.G •. Lattes~ Phys. Rev. 12. 382 (194~). 
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