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The average mass of K' and K~ was measured in the reaction ge»P~K*K~ at the VEPP-
M storage ring to be 493.670+0.023 HeV., The energy of the colliding beams was determin-
by the resonance depolarization method, and the kaon kinetic energy was found from the
nge in the nuclear emulsior.

At present there are scne neasurements of the charged kaon mest /1—6/ and one measur-
ent of the charged kaon mass difference /7/. In early papers /1-3/ XK' and K~ masses
re measured with the help of the nuclear emulsion., The following measurements /4=6/
re performed by studying X-ray transitions of kaonic atoms, This method allows to mea-
re the negative kaon mass with high accuracy. Using this method the radiative correc-
ons must be taken into account. So in the last paper /6/ the authors present the measur-
value of the negative kaon mass M - = 493.657+ 0,020 MeV but they note that the another
leulation of the radiative correctione may lead to the different kaon mass value l&- -
493,696+0.025 MeV. Therefore, it is very desirable to perform measurements of the kaon
gs with the same accuracy by using other methods.

In this experiment the average mass of positive and negative charge kaons produced
the reaction e*e»K"K~ in the ‘P—maaon maximum with large ¢ross-section has been
asured at the VEPP-2M storage ring. The absolute value of particle energy in the elaq-
on-positron storage ring was determined by measuring the average spin precession fre-
ency with the help of the resonance beam depolarization by a high-frequency longitudin-
magnetic field (IMF). The development of this method /8-10/ made it possible to deter-
ne in this experiment the absolute particle emergy with the accuracy 10 keV (AE/E=2 x
10_5}. The kinetic energies of slow kaoms were found from their ranges in nuclear emul-
oM,

The geometry of an emulsion chamber placed in one of the straighi sections of the
;orage ring is given in Fig.1.

Pig.1 The emulsion chamber scheme:
1 - the storage ring vecuum tube,
2 = the emulaion pellicles,
3 - the interaction regiom.




Kaons, as a rule, come from the interaction region im the perpendicular direction to
beam axis, penetrate through the stainless steel vacuum tube with 36 mm in diameter and
#top in the emulsion pellicles. The emulsion chamber consisted of two symmetrically plac-
ed stacks of five 400 AL thick emulsion pellicles of BR-2, In such a geometry about T5%
of produced kaons stopped .n the emulsion stacks. For precise determination of the kaon
kinetis energies by their ranges weight, thickness and area of sach pellicle were meas-
ured., The stacks were placed in the stainless steel hermetie container, The average
thicknesses of the vasuum tube ant comtainer wall were detemnined by weighting to be
0.107040.0001 g/em” and 0,071840.0001 g/cm?, respectively.

The error in kaon mass determination depends essentially upon the range-energy ra-
lation accuracy. To caleulate the range- snergy relation for BRE~2 emulsion the results of
experimental calibration /11/ and caleulations /12/ for Ilford (-5 emulsion were used
with small corrections for differsnt composition structure and water contents, Besides
this the range-emergy relations for emulsion and stainless steel were calibrated by the
monoenergetic protons with the emergy 40.01+0.04 MeV from HAP-M storage ring /13/. As
& result, the range-energy relation for BR-2 emulsion and stainless steel were obtained
and they gave a possibility to measure the kinetic energy of the positive charge kaons
in the reaction e -P-+K*K~ with the 0.1% 8COUracy.

Two runs were made in this experiment. Evtry run was conducted in the following way.
The positron beam with initial curremt about 30 mA was polarized during two hours at the
energy 650 MeV which is close to maximum energy of the storage ring., The polarization
time of the beam is inversely proportional to the fifth degree of the energy and is equal
to about one hour at this energy. Them the energy of polariged beam was decreamed to that
corresponding to the ¢’—nuon maximum., After some time necessary for relaxation of the
storege ring systems IMP was swiiched on and the spin precession frequency of the beam
was moasured. After that, the electron beam was injected imt . the storage ring and the
emulsion chamber was put on. The guiding magnetic field was kept at the constant value
with the seccuracy 2 x 10™°., The first emulsion chamber was exposed with currents 3x3 mA®
during 50 -inutes and the second one was exposed with ocurrents S %S _u2 during 30 minutes.

To 1 .4 the spiy precession frequency, the IMF frequency was varied with the con-
stant rate 6.5 see i in the firat run end 12.5 nua'z in the second. The counting rate
of particles, escaped from the beam due to elastic scattering within a bunch, dupnndﬁ on
the beam polarization amd was measursd by scintillation counters. When the IMP frequency
ie getting divisible by the spin precession frequency, the resonance spin depolarisation
takes place. '

The value of ﬁfff. » where I; is the positron current, is given in Fig.2 as a fun-
etion of IMF frequexcy for two runs,

‘The average frequency of spin precession was determined by the jump in the counting
rate. The amplitude, modulation, change rate of IMP and the guiding magnetic field fluc-
tuations were taken into account.

The average energy of the beam in the storage ring can be calculated by the formula
/8/ E=mc?2 -{s/,{o) Jﬂa/_/ll." » Where ;r; is the average spin precession frequency,

,’o = (16,76664+0,00001) x 10 sec”! 1g the particle revolution frequenmcy, A and flio
are the anomalous and normal parts of the magnetic moment of electron. The values of beam
energy were 503,34510.010 MeV in the first run and 509.331+0.010 MeV in the second rum.
In this experiment the magnetic momenis of electron and positron were supposed to be the
same . _

In both stacks the first pellicle after vacuum tube was seen through and the tracks
with high grain demsity which stopped in the middle of the stack, were selected. Fer these
tracks coordinates and take-in angles were measurad, The charge sign identification were
carried out by studying interactions and decays of the particles at the emd of the range.
All the registred events were divided into three groups. -
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Pig.2. The counting rate dividsed by the positron ocurrent
gquared as a function of IMF frequency; a - for
the first run and b - for the sscond run,

The first group contained T -decay events and events having only ome track at the
nd of the range with the grain density ¢<1.5g. , where g, was the grain demsity of a re-
ativistic particle. This group contained K and about 10% of K. The events with several
racks at the end of the range or with one track having g>15g, was included into the sec-
nd group. This group contained K~ and about 3% of x*.

The events with no tracks at the end of the range were included into the third group.
'his group contained negative kaons, which had no tracks in the intersctiom point, posit-
ve kaons, whose relativistic track had not been found, and protons produced in the va-
mum tube of the storage ring.

To reduce the number of background events in each group the partieles coming only
rom the interaction region of the beams and with angles beitween their trajectories and
he beam axis lying in the interval from 45° to 135° were selected. The numbers of the
‘ound and selected events are given in Table 1.

Table 1.
PIRST RUN SECOND RUH
GROUP 1 2 3 1 2 3
found events T1 a2 102 88 112 130
selected events 53 63 36 68 89 44

The ranges of the selected events were thoroughly measured. The average range for
the events of the second group was longer than that of the first group. The range differ-
snee is 1615;1 and shows that the ionization losses for negative kaoms are lower than
Por pesitive omes. For the first time this effect was described im /2/ and studied in de-
tail in /14/. :

: As the calibration of the range-energy relation was made only by positively charged
particles, only the events of the first group were used for determimation of kaom kinetic
snergy with a correction for the 10% admixturs of K in this group. The emergy spread of



perticles in the storage riig, the radiative effects and the fluctuation of kaonic enmergy
loswes were taken into account to calculate the kaonic snergy spectrum. The energy spread
of particles in the storage ring duve to quntum fluctustions of synchrotron radiation was
caleulated to be 0.181+0.002 MeV. .e& radiation effeects were caleculated accerding te /15/
with the mass and width of ¥ -meson equal to 1019.7+0.3 MeV and 4.1+0,2 MeV, respective-
ly. The snergy distributions of kaons from the first group for two runs, fitted curves

and levels of background are given in Fi .3.
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Fig.3. The energy distributions of kaons from the firast group:
& - for the first »un, b - for the se¢ nd run.

As a result of likelihood fumction caleulation the average values of kaon mass in
two runs have been obtained., They differ by 0.010 MeV. The average value for two runs is
M+ = 4. 570:0,029 MeV,

The error in the value of charged kaon mass consists of the statistic error 0.021 MeV,
the range-energy relatiom error 0,016 MeV, the electron-positron beam energy error
0.010 MeV and the errors of ¢ -meson mass and width 0.004 MeV each one.

It should be emphasized once more that jJust the average value of Kt and K~ masses
has been measured in this experiment. The comparison of this result with the mamses of
negative and positive kaons and with the charged kaon mass difference is given in Fig.4.
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Iwo values of the negative kaon mass correspond to two posaible nalculat.ionﬂ of the
radiative corrections /6/. The dashed-point line shows the CPP? prediction.



From the results of experiments /1-7/ and this one illustrated in Pig.4 one can draw
sonclusion that K' and X~ masses are equal with the accuracy ﬁ-1ﬂ'4. It is consistent with
CPT-~theorem prediction.

On the other hand, the absence of the discrepancy between kaon masses can be inter-
preted as a proof of validity of energy caleulation formulae for particles in the storage
ring and consequently of the relativity theory with the accuracy 1074 at E/mc® = 10° for
particles in the noninertial system of reference.

We would like to thank Professor G.I.Budker and Professor I.I.Gureviteh for the sup-
port and interest, N.S.Dlkansky and V.V,Parkhomchuk for the help in the calibration,
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