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The energy levels of a hydrogenic atom are, according to the Bohr 

model, E =-aZ2mc2/2n2 , where a = e2/fic, Z is the nuclear charge, and m 

is the reduced mass of the 'nucleus and the orbiting particle. A measure-

ment of E (or the difference in energy between two levels) thus gives 

the mass of the orbiting particle. Several small corrections to En  are 

neeaed in the practical application of the method as discussed below. 

The kaon mass is presently known to be 493.82 ± 0.11 MeV, 1  based 

on measurements in nuclear emulsion of the decay of kaons into three 

charged pions. It appears that further decay measurements by this 

method will not improve the mass value, because of systematic errors 

in the method. 2  

We present in this note the measurements on several x-ray 

transitions of kaonic atoms and the preliminary results of a new,  

determination of the mass of negatively charged kaons that is not 

statistically as accurate as the emulsion method but can be improved 

in future experiments. 

The data were taken fromthe experiment of Ref s. 3 and 11-. The 

spectral lines were assumed to come from transitions between circular 

orbits n, n-i -' n-i, n-2, as discussed in Refs. 3 and 4• 

The first step toarddetermining,a new value of the kaon mass 

is to assume the mass to be 493.82 MeV and calculate the total energy 
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of each observed transition. The total energy consists of the sum of 

the principal transition, energy and several corrections. Since kaons 

are spinless particles we use, for the principal energy, solutions of 

the Klein-Gordon equation ' 

2 2 
E=mc [l+[ 	

_+f(2+) 2 _ y2  ]2j 

where y = za, £ = n-i, and m is the reduced mass of the kaon-nucleus 

system. 	
0 

The largest energy correction is. due to the effects of vacuum 

polarization. This energy was calculated by means of the formula 

given by Mickeiwait and Corben. 5  The differences in vacuum polari-

zation energy between levels are expected to be accurate to within 

a few percent even though the energy values at the levels themselves 

may systematically be less accurate. 6  

A small energy correction due to screening by the atomic 

electrons was estimated by means of a perturbation theory calculation, 

and found to contribute a shift of 13 eV in the worst case. 

The energy correction due to the finite charge size of the 

nucleus as found to be less than 1 eV for.the levels under considera-

tion. 

We took into consideration, when applicable, the effect of 

isotopic composition on the reduced mass of target nucleus and kaon. 

For example, we used a natural Pb target. The maximum difference in 

the Klein-Gordon energies among its three isotopes was less than 7 eV. 

The last correction that we know of comes from the effects. of 

the strong interaction between the orbiting kaon and the nucleus. In 
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order to minimize the strong interactions we purposely considered only 

transitions having kaon orbits far from the nucleus. The largest 

correction encountered appears to be about 50 eV. It was estimated 

by considering an optical model of the nucleus and using an inter-

action parameter of 100 MeV between nucleus and kaon. The density 

of nuclear matter was similar to that suggested in. Refs. 3 and : 

a low-density tail of neutrons that should exaggerate the strong 

interaction effect. 	. 

The Klein-Gordon energies and their àorrections for each of 

the kaonic transitions studied are listed in Table I. We now have 

the total energies of the transitions based on a kaonic mass of 

I93.82 MeV. These calculated values will be compared with the 

observed values. 	 . 

The observed energies were measured by comparing the positions. 

of their spectral lines with the positions of the lines of radioactive 

sources of known energies: 121.97 t  0.05 and 136.35 t  m4 keV(57Co), 7  

276.35 ± 0.05 and 302.85 ± 0.05 keV( 15 Ba), 8  and 279.17 ± 0.02 keV( 205I). 7  

Within the error of measurement the five calibration points fell on a 

straight line, and it was further assumed that the detector system was 

linear over theenergy intervals between the calibration points. The 

Pb electronic x rays K at 72.80 keV, Kai  at 74.97  .keV, and K11 at02 

84.80 keV7  were used as consistency checks of the analysis of the Pb 

kaonic x rays. 

The main sources of error in the observed energies come from 

uncertainties in the positions of the lines due primarily to the 

statistics of the number of x rays in each of the peaks and possible 
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nonlinearity of the detector system The measured energies and their 

estimated errors are listed in Table I. Finally the masses corres-

pond.ing to each of the measured lines were calculated on the assump-

tion that the ratio between the x-ray energy and the truekaon mass 

as the same as the ratio between the x-ray energy obtained by the 

Klein-Gordon equation (with all the corrections mentioned above) and 

the assumed kaon mass used in the calculations The calculated kaon 

mass is practically independent of the assumed mass when the new value 

is nearly the same as the assumed value 	The measured values of the 

K mass are listed in Table I and plotted in Fig 14 The weighted 

average kaon mass was found to be 1193.97 ± 0.22 MeV. 

Many of the present uncertainties can be reduced in future 

experiments. For example, more calibration points will be used and 

better statistics obtained. 

We thank Professor Emilio - Segi:6 ,  for his most valued advice and 

ideas in the interpretation of the data. We thank Donald Brandsbaft 

for help in checking calculations. 
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