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- The energy levéls.of a'hydrogenicfatbm are, aCCofding to the Bohr
model,vEn::-aZEmcg/éne, where O = eg/%c, Z is the nuclear charge, and m

is the reduced mass of the nucleus and thévorbiting particlé. A measure-

ment of.Eﬁ (or the difference in energy between two levelé)'thus gives

‘the mass of the orbitihg>particle; Several small corrections to En are

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

:\The'kaon mass is presently known to be 493,82 % 0.11 MeV,l based

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

éharged pions. It appears thaﬁ further decay measurements by this_
methbd will not improve the mass value, beéause of s&stematic‘errors
in thé»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 accuréte as the emulsion method but can be improved
in future experiments.

The data were taken from the experiménf of Refs. 3 and 4. Thé‘
sbectral lines were assumed to come from tranSitions:between cirgular
orbits n, n-1 »'p-l, n-2, ag discussed in Refs. 3 and 4;

The first step towardrdetermining‘a neﬁ value éf 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 consistsjof-ﬁhe 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 , g A
ol ' »° R l/?
E =me | 1+ ' : .
o In-12 -_% + J8 + %)? -~ 12

© where y = ZG,.ﬂ =‘n-l, and ﬁ.is the reducéd mass:of-the.kaOn;nﬁéléusf
.system. | |
| The largest energy qofrectioh'is dﬁe tb thé‘effecfsféf vécuum
polarization. This energy was calCuléted b&'mean;'of the férmﬁla'
given by Mickelwait and Corbeﬁ;sv The differences in vaéuum polari-'¢;
zation energy between ievels are expecféd'to Be accuraté to within
a few pércent evéh though ﬁhé energy Valﬁes at-the lévels-themselves
. may systematicaliy:be léss acéuraté.6
A small énergy correction due to screening by the atomic‘
"-electrons wésxéétimated by ﬁeans of a perturbation tﬁeory caiculétion;
and found td ébhtribufe a shift of 13 eV in the'wbrst_ggse.
Thevenergy correétion aue t§ the finite charég size'of the
nucleus was found to be iess fhan 1eV fof,the.lefel§ under considefa—
afion. |
We took into considefation, whenrapplicabie, the effect'of'
isotopic cémposition on tﬁé redﬁced mass of target hucléus ana kaon.
For example, we used é natural Pb target. The maximum difference in
' thevKlein-Gordon enérgies amohg its three isotopes was less than T ev;

The last_correétion that we know'of comes from the effects. of

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

transitions haviug kaon orbits far from the nucieus. The largest
correction eneouhtered appears to be abeut 50.eV. It was estimated
by considering.an optical model of the nucleus and’using an inter-_
action parameter of 100 MeV betweeu nueleus and kaon. The density
of nuclear matter was similar to that suggested in Refs. 5 and k4;
a low-density tail of neutrons that should exaggerate the strong
interaction effect.

kThevKlein-Gordon energies and their eerrectione for each of
the.kaonic transitions studied are listed in Table I. We now have

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

_495.82 MeV. These calculated values will be compared with the

observed values.
The observed energles were measured by comparlng the p031t10ns>
of their spectral llnes with the. pos1t10ns of the llnes of radioactive

sources of known energies: 121.97 % 0,05 and 136.53 % 0.04 kev(’'Co),"

203

276.33 * 0.05 and 302.85 % o.o5-kev(l553a),8 and 279.17 * 0.02 keV( Hg).7

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

straight line, and it was further assumed that the detector system was
linear over the energy intervals between the calibration points. The
Pb electronie X rays.KbQ at 72.80 keV, Kal at 7M?97-keV, and KBl'at
84.80 kev ' were used‘as consistency checks of the analysis of the Pb

. kaonic x rays.

. The main sources of error in the observed energiesbcome from'gv
uncertalntles in the p031t10ns of the llnes due prlmarlly to the

statlstlcs of the number of x rays in each of the peaks and possible
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noniinearity.pf>the detector system..>TH§ meaéﬁred‘éneféiésband‘theif.
estimated errors are listed in Table I;_'Finaily the masses corres-
pﬁndinglto éééh of the meaéuredjlinés were édicﬁlated onfthevassﬁmp-v
tion that the ratio betwéen the'x?ra& ¢nergy and'the tfue7kadn'ma$s-.
was the Samé as the ratio-betWeen:the.x-ra&'enérgy obtained by the

Klein-Gordon equation (with all the correctibns méntioned dbove) and

‘the assumed kaon mass used in the calculations. ' The calculated kaon =

‘mass is praCticgllyfindependent of the assumed mass when.the new. value

9

is nearly the same as the assumed value.
K™ mass are listed in Table I and plotted in Fig. 1. The weighted

average kKaon mass was found to.be 495,97 i_O.22 MeV.

Many of the present uncertainties ‘can be reduced in future

experiments. For example, more calibration points will be uéedvand =

better statistics obtained.

We thank Professbr Emilib'Segré’for his most valued advice and

ideas in,the interpretation of thé dat@; We thank Donald Brandshaft

for help in checking calculations.

The measured values of'théﬁ'-
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~ FIGURE CAPTION

Fig. 1. Measui‘ed values of the K~ mass.
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