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The cross sections of the processée™ —K*™K ™, efe”—KK, , ande*e — =" 7~ #° were measured
in the SND experiment at the VEPP-2M collider in the energy region neariti®20) meson. These
measurements were based on aboGtKOK ~, 0.5x10° K¢K, , and 0.4 10° 7" 7~ ¥ selected events. The
measured cross sections have been analyzed in the framework of the vector meson dominance model and the
main parameters of thé resonance were obtained, such as its mass, width, the production cross section, and
branching ratios of the main decay modes. The measured value o threson total width,I',=4.21
+0.04, is lower than the present world average of 448832 MeV. Contributions in addition to the
conventional vector meson dominance model were found irettee — 7 7~ «° reaction cross section.
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[. INTRODUCTION muon or veto system consists of plastic scintillation counters
and two layers of streamer tubes. The calorimeter energy and
Cross sections of the reactioms e”—~KK andee”  angular resolution depend on the photon energy as

— a7 = are determined by strong and electromagnetiorg /E(%)=4.2%A/E(GeV) and 04,9=0.82°/\E(GeV)
interactions of the light quarkss(u,d) and cannot be evalu- ©0.63°. The tracking system angular resolution is about 0.5°
ated at present from first principles. But a rather good deand 2° for azimuthal and polar angles, respectively. The en-
scription of these cross sections is provided by the vectoergy loss resolutiordE/dx in the drift chamber is about
meson dominance mod€VDM) with phenomenologically  30%—good enough to provide charged kaon identification in
adjusted coupling constantg)\,, 9v,», 9vey, Yvep)- N the region ofp-meson production.
the VDM, the cross sections are determined by the ampli- This work is based on the data sample collected in the
tudes of vector mesoN transitions ¥=¢, , p) into the  gND experiments during 1998. The data were collected at 32
final state:V— pm— 3w, V—KK. In the energy range from energy points in the energy range from 984 to 1060 MeV
980 to 1070 MeV, the main contributions to tef'e”  (Table ). The total integrated luminosity accumulated in
—KK ande*e”— 7" #° cross sections come from the these experiments is 8.5 ph The beam energy was calcu-
¢ meson. Therefore the measurement of these cross sectiolased from the magnetic field value in the bending magnets
allows us to determine thé resonance main parameters andand revolution frequency of the collider. In the vicinity of the
study its interference with other vector mesons. Such studieg-meson peak we also used the beam energy calibrated by
provide important information about light meson physics. the Cryogenic Magnetic Detect¢EMD-2), which operated
Earlier, these processes were studied in several experadt VEPP-2M at the same time. This calibratip®,13] is
ments: e"e” =37 [1-6], and e"e” —=KK, [4,5,7,9, based on the measurements of the charged kaon momenta in
e"e”—K*K™ [5,9,10. The SND(Spherical Neutral Detec- the drift chamber of CMD-2. The energy calibration accu-
tor) experiment continues these efforts at the VEPP-2M colracy in each point is about 0.1 MeV, the common shift of the
lider [11]. Here we present the results of this investigation. energy scale is estimated to be 0.04 MeV, and the energy
spread of the beams is about 0.37 MeV.
For the luminosity measurementg,'e”—e*e” and
e"e” — yy processes were used. The corresponding lumi-
SND has been operating at the VEPP-2M collider in thenosity values were, respectively, used for normalizing the
energy range from 360 to 1400 MeV since 19®%¢ SND events containing charged particles and those with neutral
detailed description can be found in REE2]). The detector particles only. They are different by about 1G%able |) due
contains several subsystems. The tracking system includés the dead time of the trigger, which selected events con-
two cylindrical drift chambers. The three-layer sphericaltaining neutral particles only. The systematic error of the
electromagnetic calorimeter is based on (N8l crystals. The integrated luminosity determination is estimated to be 2%.
Since luminosity measurements bge —e*e” and
e"e — vy reveal a systematic spread of about 1.3%, this
*Email address: achasov@inp.nsk.su was added to the statistical error of the luminosity determi-

Il. EXPERIMENT

0556-2821/2001/63)/07200215)/$20.00 63 072002-1 ©2001 The American Physical Society



M. N. ACHASOV et al. PHYSICAL REVIEW D 63 072002

TABLE |. Experimental main parametergs, the energy in the center-of-mass systempeam energy
spread;lL cha, IL,ey, integrated luminosities used for normalizing the events containing charged particles
and with neutral particles only.

Scan PHI9801 Scan PHI9802
\/g o ILcha IL heu \/g g ILcha ILheu
(MeV) MeV)  (nbh) (nb™ 1) (MeV) (MeV)  (nbh) (nb™ 1)

984.21-0.10 0.36 173.723 159.#24 984.020.10 0.36 200.22.7 186.72.7
1003.91*0.10 0.36 209.22.8 193.6:2.8 1003.7#+0.10 0.36 181.x2.4 171.4:2.6
1010.1720.13 0.37 156621 140.8-2.2 1010.340.13 037 158.x2.1 147.6:2.2
1015.75-0.07 0.37 168.22.2 160.*-2.4 10154%0.07 0.39 200.&2.7 183.7%2.7
1016.68-0.07 0.37 304.74.0 286.8-4.1 1016.780.07 0.38 333.64.4 299.1-4.2
1017.58-0.07 0.37 483.36.3 444.2-6.1 1017.720.07 0.37 52846.9 478.7-6.6
1018.78-0.07 0.38 527.666.9 482.8-6.6 1018.620.07 0.38 536.57.0 484.1-6.6
1019.79-0.07 0.37 560.27.3 511.4-7.0 1019.5%+0.07 0.37 523.66.9 472.7#6.5
1020.65-0.08  0.37 323.74.3 296.3-4.2 1020.430.08 0.37 355.64.7 330.74.6
1021.68-0.08 0.37 163.22.2 150.4-2.3 1021.41%+0.08 0.37 184324 172.1-2.6
1023.2720.09 037 202627 186.2-2.8 1022.32%0.09 039 17824 166.3-2.5
1028.23-0.14 0.37 167.22.2 150.%2.3 1027.520.14 038 218429 211.53.1
1033.84-0.10 0.37 167822 147.2#23 1033.580.10 0.36 182224 172.326
1039.56-0.10 0.39 162.#2.1 151.5-2.3 1039.640.10 0.37 185125 169.2-25
1049.8%0.10 0.38 196.&42.6 178.9-2.7 1049.6&0.10 0.38 187.225 176.32.6
1059.66-0.10 0.38 169.82.3 158.6-2.4 1059.520.10 0.50 216.32.9 205.6-3.0

nation in each energy point. The statistical accuracy was betndividual selection criteria were then applied.
ter than 1%. The detection efficiency was obtained from Monte Carlo
The experimental conditions were rather stable duringMC) simulation. Simulated events were reconstructed and
data taking: the SND systems counting rate, average cuthe actual selection criteria were applied. To take into ac-
rents, and luminosity of the collider were stable at the levelcount the apparatus resolution of the first-level trigger
of about 20% and no correlation between different energyhresholds, for simulated and experimental events the trigger
points was observed. conditions were applied with the threshold values 10%
higher than during the experimental runs.

As a result of uncertainties in the simulation of the distri-
butions over some selection parameters, the detection effi-
The procedure of the experimental data selection consisgiency was multiplied by correction coefficients, which were
of several stages. During the experimental runs, the firstobtained in the following way. The experimental events were
level trigger was usedl12]. The first-level trigger selects selected without any conditions on the parameter under
events of different types: events with photons only andstudy, using the cut parameters uncorrelated with the studied
events with charged particles. The thresholds applied on thene. The same selection was applied for simulated events.
energy deposition in the calorimeter were about 200 MeV forThen the cut was applied to the parameter and the correction

events containing charged particles and 300 MeV for eventgoefficient was calculated:
with neutral particles only.

During the processing of experimental data, the event re- S— n/_N )
construction is performed in the following sequence. The m/M’
first step is a search for separated clusters in the calorimeter.
Track reconstruction in the drift chambers is then performedwhereN andM are the number of events in experiment and
Tracks are linked to the calorimeter clusters. Clusters wittsimulation selected without any cuts on the parameter under
energy depositions of more than 20 MeV, and not linked tostudy; n and m are the number of events in experiment and
tracks in the drift chambers, are considered as photons. Faimulation, when the cut on the parameter was applied. As a
charged tracks no requirements on the energy depositions iale, the error in the coefficient determination is connected

Ill. DATA ANALYSIS

the calorimeter are imposed. with the uncertainty of background subtraction. This system-
For further analysis, events with| <10 cm and'<<1 cm  atic error was estimated by varying other selection criteria.
for each charged particle were selected. Here the coor- The overlap of the beam background with the events con-

dinate of the charged particle production point along thetaining charged particles can result in track reconstruction
beam axis(the longitudinal size of the interaction region is failure and a decrease of detection efficiency. To take into
o,~2.5 cm; r is the distance between a charged particleaccount this effect, background evef¢xperimental events

track and the beam axis in tle- ¢ plane. For each process collected when detector was triggered with an external gen-
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(n 80000 dE/dx>3(dE/dX) pin, Where @E/dX)qi, iS an average
E £ (dE/dx) loss of a minimum ionizing particle. The events
geoooo E ,Lrurﬁ, must also contain two or more photons and at least one sec-
L F @® EXP J - MC ondary particle from kaon decay in the tracking system. The
3 LL‘ distribution of the angled for charged particles in the se-
40000 E lected events has the typical shape for #hee” K"K~
= ’T \T‘ reaction(Fig. 1).
20000 E | After these cuts, the background processese”
E . . — a7 m”, u"u” and also beam and cosmic backgrounds
g_l g SN T still contribute. The data accumulated under i€ produc-
00 50 100 140 180  tion threshold, at the energy poigs=984 MeV, were used
8(degree) to estimate the number of background events. After selection
criteria were applied, onlfly,4(984)=5 events were found
FIG. 1. The# distribution of charged particles from tree~  at this point. The number of background events in each en-
— KK~ reaction. ergy point was calculated as
erato) were overlapp_ed With _the simulated events. It was kag(s):kag(ggél)ﬁ, 2)
found that the detection efficiency decreased by about 3% IL(984)

and therefore the correction coefficieag,.,=0.97+0.03
was used for the processes containing charged particles. In

the analysis described further simulated events are not ovef!n€reIL(s) is the integrated luminosity, and this number
lapped with beam background events. was subtracted from the number of selected events.

The detection efficiency was multiplied by correction co-
efficients: Sgg/ax, Sover» ONp: Oetot- HeEre dqggx=0.93
+0.02 is a correction due to the inaccuracy in the simulation
In the studied energy region the'e” —K*K™ events of the dE/dx distributions. This coefficient does not depend

A. Selection ofete”—K*K™ events

have the following features: on the energy in the explored region. The coefficiégp is
(i) The charged kaons are rather slogn(~0.2—-0.4 and  a correction to the efficiency of detection of secondary par-
therefore have largdE/dx losses in the drift chamber. ticles and at least two photons. Its value varies in this energy

(ii) Events often contain several photons due to the kaomange by~ 10% and in the vicinity of theb-resonance peak

decays K*— 7 7%, 7" 7%7° 7uv,, 7%% vy inthe is Syp=0.99:0.015. The correctionSey,=0.91=0.05 is

tracking system. due to the inaccuracy in the simulation of the average energy
(iii) Tracks attributed to the kaon decays in the trackingdeposition ofe*e” —K*K ™ events. The total systematic er-

system(secondary particlgsare also present. ror of the detection efficiency determination is 6.8%. The

To select thee*e” =K *K™ events, detection of two number of selected”e” —K*K™ events(after background
charged particles was required, with polar angles in the rangsubtraction and the detection efficiency are shown in Table
20°< #<160°, with acollinearity angle in the azimuthal Il. The detection efficiency rises with energy because the
plane A »<10° and the energy losses in the drift chamberprobability of kaon absorption in the detector passive mate-

TABLE Il. Event numbersN and detection efficienciesfor thee*e™ — K™K~ process versus energy.

Scan PHI9801 Scan PHI9802
Vs (MeV) Ng-+k- EKHK- Vs (MeV) Nk-+k- EKHK-
1010.17 30623 0.055-0.012 1010.34 27222 0.0599-0.012
1015.75 8376108 0.16690.0045 1015.43 8524110 0.1638:0.0045
1016.68 27723195 0.17490.0046 1016.78 31181207 0.1758:0.0046
1017.59 69921 321 0.1814-0.0047 1017.72 72263325 0.18210.0047

1018.78 124598 431 0.1878:0.0049 1018.62 121718421 0.1869-0.0048
1019.79 149331472 0.1922-0.0049 1019.51 139295452 0.1909-0.0049

1020.65 73994 321 0.1958:0.005 1020.43 88199342 0.1948-0.005

1021.68 26342187 0.2001-0.0052 1021.41 33916211 0.1992-0.0051
1023.27 20637 167 0.20370.0053 1022.32 2211169 0.20210.0052
1028.23 700% 97 0.2115-0.0059 1027.52 9865112 0.2106-0.0059
1033.84 374%72 0.2163-0.0064 1033.58 443775 0.2164-0.0064
1039.59 234952 0.1975-0.0063 1039.64 274558 0.1972-0.0063
1049.81 127640 0.133(3:=0.005 1049.6 129840 0.1334£0.005

1059.66 67227 0.1228-0.0053 1059.52 964 33 0.1233-0.0053
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FIG. 2. Angle s between pion pairs from thikg— 7" 7~ de-

FIG. 3. Ther distribution of pions from theKs— 7+ 7~ de-

cay. cay.

rial decreases with energy. Above 1035 MeV the efficiency
goes down since the probability of kaon decay in the detectopf background events in other energy points was calculated
decreases. according to the formuld2) and then subtracted from the
number of selected events.
B. Selection ofe*e™—KK, events The detection efficiency was multiplied by correction co-

. . efficientSSyg/ax, Soper,» @aNAd S, . Here Syg/gx=0.95+0.01 is
TheKs andK, mesons decay lengths in the studied €N3 correction due to an inaccuracy in the simulation of the

€rgy region ar@T'87~Q'3._1 cm and .2_5'6 m, respectively. dE/dx distribution. The coefficiens, is a correction due to
The K meson decays inside the collider vacuum chamber of

) - ..~an inaccuracy in the simulation of thedistribution (Fig. 3).
tracking system, and th€, reaches the calorimeter, where it It | es in thi . 10% and in th
can either produce signal$photons”) due to nuclear inter- S value fvar:les In this energy rel?lpn_by +° and in he
actions or decay in flight, or it can pass through the detectoy/CiNity of the ¢-resonance peak i8,=0.91+0.015. The

without interacting. The analysis of the e~ — KoK, reac- total systematic error of the detection efficiency determina-

tion is based on the detection Kf— 7 7~ or Kg— m°7° tion is 3.7%. The numbers of selectede™ —KsK events

decays. (after background subtractipand the detection efficiencies

In the first case(charged modethe events which con- &€ shown in Table Ill. The detection efficiency d_epgnds on
tained two charged particles and at least one “photon” werdn€ €nergy due to the dependenceAa$ and A ¢ distribu-
used. The polar angles of the charged particles and theffonS on theKs energy and the dependence Kf nuclear
acollinearity angle were bounded by the criteria g7  Interactions and decay I+enigth on its energy.
<144o, |A0|<30°, and 10%|A¢|<50° The Cut 100 FOI’ analySCIJS Oof th% e —>K5K|_ decay N the neutl’a|
<|A | rejects the background from e~ —K K~ events. mode Ks— 7 "), we used events whe(e at least four pho-
To suppress the same background, the following cuts werlons were detected and. no charged particles were present. To
also applied: ¢E/dx)<5(dE/dX),y;, for each charged par- reject beam and cosmic backgrql_mds, constraints were im-
ticle and @E/dx)<3(dE/dx),;, at least for one. posed on the total energy depositidh,{,>0.35/s) and to-

The Ks meson decay length is about 0.5 cm, so to supial momentum of eventsR,< 0.6Vs). To suppress cosmic
press the background fromete —3m, 7ny(n  DPackground even further, the events where most of the hit

—ata 7%t 7 y), wr®, e*e yy events, the cut 0.2 crystals could be fitted by a single track were rejected.

cm <r<1 was used. The beam and cosmic backgrounds Fo_r events .satisfying selection criteria descyibed above,
were suppressed by the criteifig >0 and Ep3<50 MeV, the kinematic fit was pgrformed under thg folloyv!ng assump-
where E, and E,; are the total energy deposition and thetlons:othe event contains two photon pairs originating from
energy deposition in the third calorimeter layer of anyth®7 —yy decay and invariant mass of these four photons
charged particle. Pions in the process under study have eff €dual © theks-meson mass. The value of the likelihood
ergies of about-200—300 MeV and actually give a very low function Xig 18 calculated. In events with more than four
energy deposition in the third layer. The distribution of thephotons, extra photons are considered as spurious ones and
angle ¢ between charged particles in the selected events igjected. To do this, all possible subsets of four photons were
shown in Fig. 2. It has a characteristic peak at the minimuntested and one, corresponding to the maximum likelihood,
angle between pions, close to 150°. was selected. Figures 4 and 5 represent invariant masses of
To estimate the number of background events, the datphoton pairs and of all four photons found in the reconstruc-
accumulated at the energy poiq{E: 984 MeV, i.e., under tion. To suppress the beam background, polar angles of the
the reaction threshold, were used. After the clMlig,4(984)  photons, reconstructed ag quanta from theK g—27°
=30 events were left. Their production points are uniformly— 4y decay, were limited to 402 #<<140°. The background
distributed along the beam direction, so these events can Heom the multiphoton eventgpure QED eventse’e”
attributed to the beam and cosmic backgrounds. The number 7°7°y and 57y) was rejected by the following cutaz.ﬁs
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TABLE Ill. Event numbersN and detection efficiencies for the e"e” —KgK, process withKg
— a7 decay.

Scan PHI9801 Scan PHI9802
Vs (MeV) Nk, €K K, Vs (MeV) N, €K K,
1003.91 569 0.0475£0.019 1003.71 469 0.0469-0.019
1010.17 27%18 0.532:£0.0069 1010.34 24917 0.0534-0.0069
1015.75 237250 0.0614-0.0028 1015.43 259453 0.0614-0.0028
1016.68 709288 0.0612-0.0016 1016.78 831495 0.0612:0.0016

1017.59 18335141 0.0634-0.0011 1017.72 19545145 0.0632-0.0011
1018.78 30826182 0.06310.0011 1018.62 317063185 0.06310.0011
1019.79 36358198 0.0636:0.0012 1019.51 35272195 0.0636:0.0012
1020.65 17276137 0.0632-0.0011 1020.43 21071150 0.0633%0.0011

1021.68 597580 0.0642-0.0019 1021.41 772690 0.0643-0.0019
1023.27 4453 69 0.0633:0.0022 1022.32 489572 0.0637-0.0022
1028.23 136%39 0.06270.0035 1027.52 207947 0.0630:0.0035
1033.84 6727 0.0607-0.0043 1033.58 901 31 0.0608-0.0043
1039.59 47% 23 0.0620-0.0057 1039.64 51724 0.062-0.0056
1049.81 31%19 0.0633-0.0074 1049.60 33620 0.062-0.0073
1059.66 23417 0.0395-0.0069 1059.52 24517 0.0395-0.0069

<20 andAp<100 MeV. HereAp=py_— /s/4— mzKS and energy of these photons is similar to the energy of jhe
pk_ is the measured kaon momentum. Tyfe. andpy_ dis- guanta from thé& g decay, and_ they are Iocghzed at the po!ar
oS - S s angles close to the beam direction. During reconstruction,
tributions are shown in Figs. 6, 7, and 8. . 2
. some false photons can be mistaken as originating from the
After these cuts were applied, only three events Wen?( decay. In other words, the reconstruction program can
found at the energy points=984 MeV. The number of S Y. ' prog

background events for each energy point was calculated aE?JeCt with some pr_obablhty a valid photon from the de-
cording to Eq.(2) and then subtracted from the number of cay and substitute it by the false one. An event reconstructed

selected events. The number of background events from tH8 Such & way will not pass our cut on the photon polar

ete”— 5y decay was estimated using simulation, and eversingles(described abovebecause the beam related false pho-

in the vicinity of the ¢-resonance peak, their number is lesstons have small polar angles. Therefore the beam back-
than 0.2% of the selectesl e — KK, events. ground overlaps lead to the decrease of the detection
The detection efficiency was multiplied by correction co- €fficiency—an effect not taken into account in the MC simu-

efficientss, ands 2 . The 8,2 =0.97+0.01 is a correction lation. Hence the necessity of the correction coefficiept
ks ks =0.90+0.03 arises. The detection efficiency does not de-

due to an inaccuracy in the simulation of t@_ distribu-  pend on the energy and equals 0.068 after all corrections
tion. The experimentae®e” —KdK, events can contain were implemented. The total systematic error of the detec-
false photons, caused by the beam background overlaps. Thien efficiency determination is 3.5%. The selected event

n [ n = !
E 40000 P E 16000 F A
™ 30000 f 1]] LB “ 12000 F Jr ]l @....EXE
20000 | ,]L I 8000 ; E = MG
10000 A ) 4000 £
0_|||| L1l Illllllw- OE).JI‘TIIIIIIIIIIIIIIIIIIIIIIIrll—:—Hﬂ'—‘
80 120 160 200 240 400 500 600 700 800
m,,(MeV) M,(MeV)
FIG. 4. The invariant mass of photon pairs from thg FIG. 5. The invariant mass of pions from tie;— 7°#° de-
— %7 decay. cay.
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FIG. 8. The kaon momentum distribution from tKe— 7%°
decay at the energy's=1060 MeV. The left peak corresponds to
the case when the photon was emitted by the initial particles.

FIG. 6. Thexg_ distribution for theKs— 7 events.

numbers(after background subtractipare shown in Table

V. For events left after these cuts, a kinematic fit was per-
formed under the following constraints: the charged particles

*+* 7~ w0 events are considered to be pions, the system has zero momentum,

the total energy is/s, and the photons originate from the

taining two charged particles and two or more photons werd VY decays. The vglue of the likelihood funchqﬁw IS
used. Extra photons can appear because of the beam baghglculated. In events with more than two photons, extra pho-

ground overlap, splitting of the electromagnetic showers, an Ipscggitglznssbdbirgg %‘;’ tsvf)/gnorlljcigr?seiv?r]g {eejsfggeg'n-gotﬁ: g;':’
nuclear interactions of the charged pions in the calorimeter P . P o
rresponding to the maximum likelihood was selected.

Under these selection conditions, the background sources . . o
0 wo-photon invariant mass angh . distributions are shown

e"e  =K'K™, KK (K ), taa?, T . > .
iy KilKs=mm ), wy(n—m m m in Figs. 9 and 10. After the kinematic fit, the following ad-

+, - 0 aftp—
, , e'e rocesses and the beam back-" | .
grognd)./) “m Yy P ditional cuts were applied: 3626,<144°, NNP=2, and

The polar angles of the charged particles were boundea3,<20 for energy points with\s<1028 MeV andy3,
by the criterion 20% #<160°. To suppress the beam back- <5 for energy points above 1028 MeV. Heég is polar
ground, the following cuts on the spatial angle between twangle of any photon selected by the reconstruction program
charged particles and energy deposition of the neutral pags originated from ther® decay.NNP is the number of
ticles were appliedy>40°, E, o, >0.1s. detected photons. A harder cut gf_ at the five last energy
To suppress the background from #iee” —K K~ pro-  points is necessary to suppresSe —3my,,q €events,
cess, the following cuts were imposed:dH/dx)
<5(dE/dX)min for each charged particle, dE/dx) TABLE IV. Event numbersN for the e"e” —KgK, process
<3(dE/dX) i, at least for one, and $<10°. To reject the  with Ks— #°#° decay.
e"e"—e'e yy events the energy deposition of the

C. Selection ofe*e™— =

For analysis of the*e™ — 7" 7~ 70 process, events con-

charged particles was bounded by the criteriéiy, Scan PHI9801 Scan PHI9802
<0.5/s. Vs (MeV) N, Vs (MeV) Nikgk,
1003.91 749 1003.71 5%8
(30000 1010.17 24% 16 1010.34 25616
%25000 i . 1015.75 234650 1015.43 243151
> i J_I_ ® EXP 1016.68 726787 1016.78 786% 90
td 20000 . 1017.59 1755& 135 1017.72 20422146
r - MC 1018.78 29876176 1018.62 29376175
15000 . 1019.79 35002 190 1019.51 32910185
10000 i [' 1020.65 16908 132 1020.43 20454145
= I'J * 1021.68 5968 79 1021.41 768 89
5000 1023.27 4463 68 1022.32 494572
" ,‘.H NN ol 1028.23 1376:38 1027.52 218748
0o 50 100 150 200 250 300 1033.84 76728 1033.58 936 31
Pke 1039.59 52124 1039.64 55924
1049.81 37220 1049.60 396 20
FIG. 7. The kaon momentum distribution from tKkg— 7%7° 1059.66 23416 1059.52 33219

decay at the energys=1020 MeV.
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e T 0_||||||||||||'|§\|§‘|‘| 55 My i)
50 75 100 125 150 175 200 225 250 O 25 50 75 100 125 150 175 200
m,{MeV) E,(MeV)
FLG', 9-0 Two-photon invariant mass distribution in thg FIG. 11. The detection efficiency(E,) dependence on the ra-
—m@ e events. diated photon energ,, for e"e” —3x+ y events under the con-
ditions x3,<20 (dot9 and x3_<5 (circles, obtained by simula-
tion.

wherey,,q IS @ photon emitted by initial particles.

As experimental data were accumulated in a rather narrow
energy region, .the de‘ecF"?’? eff|C|e_ncy for the events WIthOUtrections,IL(s) is the integrated luminosityg;(s) is the de-
y-quantum radiation by initial particles does not depend o . - . . =

. . . ) - ection efficiency, and, is a correction to the efficiency. For
energy in the entire region. The detection efficiency depen-""" — ! )
dence on the radiated photon energy, obtained from simuld € — KK reactions thergi(s) were taken according to the
tion, is shown in Fig. 11. SND measurements presented in this article and for the pro-

The detection efficiency was multiplied by correction co- cesse: e:H‘*”TO other SND measuremenfts4] were used.
efficients Soyer, Sgg/ax="0.95+0.01, 5,2 =0.93+0.03, and Thee e  —KgK, is the main background in the vicinity of

ver: ’ ’ ! 37 ' ' ! - = —_ i
Snunp=0.87£0.005. The last correction factor is due to in- the $-resonance peak\/é 1015.75-1028.23 Mepand its

e aho . . .
accuracies in the simulation of extra photons. The detectioContrIbUtlon is—90% of all background. Outside this region

. . — 0
efficiency(without y-quantum radiationequals 0.183under the bai:kground is strongly determined by thiee T
- 2 o and e"e” yy events. The background from the"e
condition x3.,<20) qnd 0.086(_under the conditionys,, — KK~ events is negligible, and even at tthemeson peak
<5) aiter all corrections were implemented. The total SYSitis only ~0.5% of all background events. The accuracy of

tematic error of the detection efficiency determination is e o
45%. The selected event numbers are shown in Table IV. background event number determination is less than 15% at

The number of background events'e™ — w7, 7y,
e"e” yy and KK) was estimated using simulation in the

’ TABLE V. Event numbersN;, and Ny of the e'e”
following way:

— a7 7% (after background subtractiprand background pro-
cesses respectively. The accuracy of background event numbers

kag(s)zz ori(S)€(S)SIL(s), (3) determination is less than 15% at all energy points.
i
herei is a back g b < th Scan PHI9801 Scan PHI9802
wherei is a background process numbeg;(s) is the cross Js (MeV) N Noig Js (MeV) Ng, Noig

section of the process taking into account the radiative cor-

984.21 49823 5 984.02 55225 5
1003.91 114536 8 1003.71 102634 7

) C 1010.17 154842 11 1010.34 159243 12
Z 10000 :FILL 1015.75 561879 52 101543 609483 55
& 8000 .2 1016.68 14833129 154 1016.78 15956133 177
Hu 1017.59 31862190 394 1017.72 36261202 458

6000 e o _EXf 1018.78 45502228 657 1018.62 4672230 643

LhJJ —MC 1019.79 46598229 770 1019.51 47414232 735

4000 % 1020.65 20172151 381 102043 25387169 448

B . 1021.68 633386 144 102141 858899 180

2000 S 102327 416869 104 102232 496976 121
L —— i 102823 44422 4 102752 71527 5

% 10 20 30 40 50 1033.84 20316 3 1033.58 25416 4

Xz_,m 1039.59 11812 2 1039.64 13312 2

1049.81 9112 2 1049.60 879 2

FIG. 10. They3, distribution ine*e™— =" 7~ #° events. 1059.66 548 4  1059.52 66:8 5

072002-7



M. N. ACHASOQV et al. PHYSICAL REVIEW D 63 072002

all energy points. The obtained numbp,4(s) was sub-
tracted from the selected events. The numbers ofethe™
— 37 and background events are shown in Table V.

whereP denotes the pseudoscalar mesoior K.
The coupling constants are determined through the decay
branching ratios in the following way:

IV. THEORETICAL CROSS SECTIONS

In the VDM framework the cross sections of teée™ M3 oy ]1/2
—K*K™, KK, and 7* 7~ #° process are written as fol- gy, = SmylvB(V—e e ) ,
lows [15]: Yo dra

87701 g g(bK+K7 . _

UK+K7(S)=@§qi+K—(S) QSI‘YD(ﬁTe“[’KK | | -3rvB(V—>P'y):|l/2
Sl /3 |
2 ey I qu(mV)
. gwyng+K_ - gp‘yng+K_ +A
D.(s) D,(s) K]
(4) (47T B(V—pm)]H?
|Gvpal = —wmy |
Ta L 9y9epkK, e )
Tk, (8)= gk ek (S) We KK
2 [67m2IB(V—PP)|?
gwyngsKL+ gpyngsKL+A (5) |gVPP|: q3 (m ) ,
Dw(S) DP(S) KSKL ’ L PP A\
dra g¢yg¢pﬂ- i gwyga)pw 1
= T el X ——
73x(S) ?Z_W(S)‘ D 4(s) € D,(s) |gw(p)K+K’|:E|g¢K+K*|y
2
+As, |, (6)
1
where 9k, | = ﬁ|g¢KSKL|- 9
2 e
Dy=m{—s=isl'(s), Here T'y=Ty(my). To restrict the growth of the partial

o width I'(w— 37,s) with energy, the form factor is usually
Iy(8)=T'(V=3m,8)+I'(V=72y,8)*I(V=7"7,S)  included [15] in the U.p- coupling constant, g,

+T (V=K K™,5)+T(V—=KgK, ,S) —0upaVCoupn(S), Where
+I(V—at7,s). 7
(Vom'm S) () 1+(wamw)2 2
pr’lT(s): T o 2] (10)
Here V denotes the vector mesons w,d; Qx+x-(S), 1+ (R,pn\S)

qKSKL(S) are kaon momenta)V(s) is a phase space factor

including pr intermediate stat¢15], Ax+k-, Ak, @d  \we did not use this form factor for the experimental data
A3, are amplitudes corresponding to contributions additionahpproximation in this work: the parametRy,,, was set to

to the conventional VDMfor examplep, w, and¢ primes,  zero.

and -, and ¢gi are the relative interference phases. The The Coulomb interaction of the charged kaons in the final
¢xic andy -, phases are equal to 180° in the framework ofstate was taken into account by multiplying the coupling
the naive quark model. constantg s+~ by the appropriate form factoig s+ -

tenTgs partial decay width dependences on energy are wnt;gwﬁw Z(s)/Z(my), where[16]

9vpel? 1402 amg.. |2

I'(V—3m,s)= —2—W(s), - S
( )= 4 W(S) Z(s)=1tam——, v s
2
'V—PP,s)= |96\/pp| qu(s), In the vicinity of the -meson peak, the valug(s) is nearly
s constant and the influence of th@(s)/Z(m(,,) form factor
1 on the resonance width and mass is negligible.
_- 2.3 For the experimental data approximation, theoretical cross

F(V=P7s) 3 |9ve,|“dp (), ® sections were reduced to the following expressions:
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1 GRe (9) [T ym3o(d—K K m, . VI 4T, mimi6mB(w—e e )B(¢—KK")
O-KJFK*(S) ﬁ? 3 D e'PKK— D
O +k - (qu) ¢’(S) w(S)
Jr, L, mim%67B(p—e‘e )B(p—K'K) |
- Dp(s) KtK—| (11)
oL Gicge,(S) [T ym3\o(p—KeK)m, o T T mimZ6nB(o—e e )B(d—KKD)
S)= el PKK —
T SquﬁSKL(m@ D 4(s) D.(s)
N JI,L,mm36mB(p—e’e )B(d—KK) , |° 1
DP(S) KKy |
1 W(s) |Tymio(¢—3mm, W(m,) T ,m2o(w—3m)m, ‘
(s e'Xso VCopn(S)+AY |,
77 WM T Dy Wim,)  D,(5) ot
(13
|
where A. Fitting of the e*e”"— =T 7~ w° cross section
L The fitting of thee* e” — 7" 7w~ 7r° cross section was per-
o (VX) = 127B(V—e'e )B(V—X) formed with them,, I',, o(¢—3m), A, and in some

2 . .
my cases with the phasg,_,, as free parameters. Approxima-
tions were performed under the following assumptions on
andAK+K , AL K A3, are complex constants, correspond-the x4, value:

ing to the contrlbutlons of the higher radial excitations of the (') X¢-o=180°.

p, w, and ¢ mesons in the cross sectifh7,18,2]. (i) X¢-0=180°+Ax,u(S)-
(iii) x¢- . is a free parameter.

Here the expression faky,_,(s) was taken from Ref.
[24] and it is equal ta) x4 w(m¢)— —17°, whens= m¢
The experimental cross sectiot{s) can be calculated as The results of the fit are shown in Table VI. The first three
follows: variants correspond to the case when both the real and imagi-
nary parts of the&&T amplitude were free parameters. The
N(s) value of the Re{kgw) differs from zero by more than three
IL(S)e(S)[1+ 8,aq(S)]’ (14) standard deviations. The value of IA&,T) is consistent with
zero. Then the imaginary part was fixed at mg(,)zo and
whereN(s) is the number of selected events,(s) is the  only the Ref\ ) was taken as a free paramettaur to six
integrated luminositye(s) is the detection efficiency, and variants in Table V). The values oim, andI", do not de-
Sraq(8) is the radiative correction calculated according topend on the theoretical model. The model dependence of the
Ref.[19]. The cross sections were fitted with the theoreticalparameteir(¢$— 3) is about~10% and the difference of
functions and the values of parameters and their errors weiits values for variants 4 and 5 is much greater than the errors.
obtained using the procedure described in R26] which ~ The energy dependence of teée™ — 37 cross section for
takes into account the beam energy spread and the error ariant 5 is shown in Fig. 12. At the right side from the
the beam energy determination. resonance peak, the cross section has a minimum due to the
For the approximation of the" e~ — 37 cross section, to interference of the)-meson amplitude with the nonresonant
take into account the detection efficiency dependesfés)) part of the cross section. The cross section value does not
on the emittedy-quantum energyFig. 11), in the formula  actually depend on the model parameters in the energy range
(14) the factore(s)[1+ 5,,4(S)] was replaced with the fol- Js=984-1028 MeV, but in the region of the interference

V. FITTING OF THE EXPERIMENTAL DATA

o(s)=

lowing expression: minimum aty/s= 1040 MeV, it can differ by a factor of 2 for

different models(Fig. 13. This uncertainty is connected

gmax with the difference in the values @& ,4(s) correction in Eq.
J; 7 o(s,E,)F(s,E,)e(E,)dE, (14), calculated for different models.
(9 ' (19 N _ |
B. Fitting of the e*e”—KK cross sections

whereE, is the emitted photon energy amqs,E,) is the Thee®e” -K*'K™ andKgK, cross sections were fitted
electron “radiator” function[19]. withmy, Ty, o(¢—K*K™), o(¢p—KgK.) as free param-
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TABLE VI. Fit results for the procesete — 7" 7~ #%. The column numbeN corresponds to the
different variants of choice of the phagg,_,, and the imaginary part of the amplitude mg(ﬂ). Here
V4 ,(8)=180°+Ax,-,(9) is the phase value predicted in RE24].

N 1 2 3 4 5 6
m,,— 1000 19.4%+0.03 19.42-0.03 19.41-0.03 19.41-0.03 19.42-0.03 19.42-0.03
(MeV)
Ty 418+0.06 4.180.06 4.180.06 4.180.06 4.190.06 4.18-0.06
(MeV)
o(p—3m) 668+ 14 657+ 33 668+ 24 7048 6617 666+ 32
(nb)
Re(Ad,)x10°  —54+1° —48+¢° —-53+6 —47+3 —47+3 —47+3
(MeV*?)
Im(A3,)x10°  —35=1% -4+% —33+60 0 0 0
(MeV*?)
Xo—o 180 U, o(S) 178+ 27 180 V4 o(S) 165+2°
(deg
X%/ Ny 20.39/27 20.46/27 20.39/26 20.56/28 20.49/28 20.49/27
eters. The parametetsgw,, AﬁSKL, and ¢y were either (5) dkx=180°, Re(A%K,), and ReAﬁSKL) were free

fixed [ ¢yic= 180° andAﬁ+K,(AﬁSKL)=O] or were free pa- parameters. | _

The results of the fit are shown in Tables VII and VIII.

For thee"e  —K*K™ process, the phaséyyx agrees

with the theoretically predicted value 180°. The imaginary

5 0 part of theAﬁ+K, amplitude is consistent with zero, and its

(2) pxi was free parameteA .- =Ax « =0. real part is different from zero by about only one standard

(3) ¢xk and Regﬁw,), Re(AgSKL) were free param- deviation(variants 4 and 5 in Tablg VIl The yalues ofm,,
andT’, do not depend on the applied theoretical model. The

value of o(¢p— K"K ™) varies by 2% for different variants,

but these biases are less than its error. The cross section is

rameters. In particular, various fits were performed under the
following assumptions:

. ° 0 a0 —
(1) $ric=180°, Ays - =Ag 4 =0.

eters.
_ ° 0 0
(@) Prx=180°, Re@yiy-), Re(ARy ), IM(Ag-),
Im(AﬂSKL) were free parameters.

3
a(nb)
-

102 1 o
L
A o
3 z.

T T TTTTIT
-
~

10 % o

1 L1l 1 L1l 1 1 L1 1 1 L1 1 1 L L1 i L1 1 1 L1 1 i

10 E 1030 1035 1040 1045 1050 1055 1060 1065
:I 111 I 1111 1111 I 1111 1111 I 1111 L1111 I 1111 11
980 1000 1020 1040 1060 \/S— (MeV)
\/S_ (Me\/) FIG. 13. Thee"e™— =&~ «° cross section in the interference

minimum region. Solid curve and dots: fit witly,_,=180°,
FIG. 12. Theete™ — =" «° cross section. The dots are ex- Im(A3,)=0. Dashed curve and squares: the fit with_,=180°
perimental data; the curve is the fit. +AXg-w(9), |m(AgW)=o.
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TABLE VII. Fit results for the process™e™ — K"K ™. The column numbeN corresponds to the differ-
ent variants of choice of the phasgyk and the real and imaginary parts of the amplitudeAEﬁa((,),

IM(AY ).

N 1 2 3 4 5

My 1019.46-0.03 1019.46:0.03 1019.440.03 1019.440.03 1019.440.04

(MeV)

r, 4.28+0.06 4.26-0.06 4.22-0.08 4.22-0.08 4.22-0.08

(MeV)

a(p—KTK?) 1940+ 31 1962+ 38 1972+53 1969+ 64 1950+ 32

(nb)

DK 180 15724 156+ 35 180 180

(deg

Re(AY ) 0 0 4.7+ 7.1+% 5.9+4.8

(MeV®?)

IM(AD ) 0 0 0 12-33 0

(MeV®?)

X2/ Ngs 22.15/25 21.2/24 20.45/23 20.54/23 20.65/24
almost independent of the applied modEig. 14. fitting of the experimental data, taking into account the

The data for thee'e  —KgK_ reaction obtained in e'e™— 7y cross section also, was carried out. As this work
charged and neutral modes were fitted simultaneously. Fadoes not contain the analysis of taée™ — 77y reaction, it
this process the phasgyj is different from the expected \vas natural to use the cross sectiofip— 5y) from the
180° by more then five standard deviations and is close ®revious SND measurements presented in (2. In Ref.
90° (variant 2 in Table VII). The imaginary part of the [25] the correctiond,,e,=0.97+0.03 to the detection effi-
AKSKL amplitude is consistent with zero, and its real part iSciency was not applied. The valug ¢— 7y)=53.2+2 nb,
different from zero by about two standard deviatidmari- presented there, was increased by 3% and the value 54.8
ants 5 and 4 in Table VIJI The parametersn, andI", are  +2.1 nb was used in the fit. The results of the fit, for the
slightly dependent on the theoretical assumptions. The valugifferent model assumptions, are shown in Table IX. In all
of o(¢p—KgK,) varies by 2% for different variants and is fits |m(Aﬁ+K7):o, Im(Aﬁ «)=0, and Im(Agﬂ):O were
shown in Fig. 15. The cross section is almost insensitive Qe st

the choice of the model. Using these data, the following-meson parameters were

, . ) obtained: thep-meson production cross section
C. Combined fitting of the cross sections
To obtain the ¢-meson production cross section and 0(¢)=2 o(p—X)
branching ratios of the main decay modes, the combined X

TABLE VIII. Fit results for the procese*e” —KgK, . The column numbeN corresponds to the
different variants of choice of the phaggi and the real and imaginary parts of the amplitudeﬁﬁg&L),
Im(AR «, ) choice.

N 1 2 3 4 5

m, 1019.40-0.02 1019.380.02 1019.380.02 1019.380.02 1019.380.02
(MeV)

Ty 4.20+0.04 4.15-0.04 4.15-0.05 4.16-0.04 4.16-0.04
(MeV)

o(p—KsK\) 1454+ 12 1436+ 12 1450+ 23 1440+ 8 1458+ 12
(nb)

bk 180 102+ 14 120+ 51 180 180

(deg

Re(AﬁSKL) 0 0 8+39 4+53 5.7+2.8
(MeVe?)

IM(AR «,) 0 0 0 —3+32 0
(MeV®?)

x?/Ngs 64.11/57 59.95/56 59.94/55 59.95/55 59.96/56
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FIG. 14. Thee*e” —K™"K™ cross section. The dots are experi-

mental data; the curve is the fit.

X=K"K™ KK, 7 7~ 70 v, (16)

the branching ratios of the main decay modes

o(¢—X)

B((ﬁ%X):T@’

and the branching ratio of the decay into @he™ pair:

7
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_ o(p)ms

B(¢p—eTe) 1o

(18

The final results are
B(¢p—ete )=(2.93+0.02-0.14+0.02 X 104,
B(¢—K K™)=47.6+0.3+1.6-0.3%,
B(¢p—KgK)=35.1£0.2£1.2+0.3 %,
B(¢p—3m)=15.9£0.2£0.7£0.4 %,

B(¢— 77y)=1.33+0.03+0.05+0.01 %.

These values correspond to the the fit wherge ,=180°
+Axg-o(S), Brk=180°, ImA3)=0, Ay =0, and

Aim_:O (variant 2 in Table IX. The third error is a model

uncertainty. The presented values are in good agreement
with the world average and with other experimental data
(Table X). Using the SND data, the following coupling con-
stants were calculatedg ,| = 6538+ 156 MeV, |g k|
=4.391+0.078, |gyx, |=4.664-0.086, |g,,,|=0.815

+0.021 GeV %, and|gy,,|=0.0593+0.0013 GeVvl

The measured cross sections are given in Table XI. The
systematic errors of thete  -K*K™, ete =zt 7 #°
cross sections and of the related parameterég
—K*"K"™), o(¢—3m) are 7.1% and 5%, respectively, and
include the systematic uncertainties in the detection effi-
ciency and luminosity determinations. For the'e~
—KgK, cross section, the systematic error is 4.2% in the
charged mode and 4.0% in the neutral mode. The systematic
error of the parameter(p—KK,) is 3.2%.

VI. DISCUSSION

The ¢-meson mass and width measured in the three stud-
ied main decay modes are consistent with each other. The
measurements of theé-meson parameters in all channels
have high accuracy. Let us mention that all these processes
have different energy dependence for detection efficiency.
The dependence of the mass value on the applied theoretical
model is less than the measurement accuracy. As a result of
the combined approximation, we find

m,=1019.42:0.02£0.04 MeV,

where the systematic error of 0.04 MeV is attributed to the
possible common shift of the collider energy scale. This
value is consistent with the world average: 1019.417
+0.014 MeV|[21]. The value of the totalp-meson width,
obtained by using different models, can vary from 4.18 to
4.21 MeV and was found to be

I',=4.21+0.030.02 MeV

FIG. 15. Thee®e™ —KgK, cross section. The dots are experi- (the systematic error 0.02 MeV is due to model dependence

mental data; the curve is the fit.

and differs from the world average 4.4568.032 MeV|[21]
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TABLE IX. Results of the combined fit for the proces&e@e’ﬂKE and 3. The column numbeN
corresponds to the different variants of choice of the phaggs x,-. and the real parts of the amplitudes
Re(Ay-¢-), Re(R « ). Re(Ad,).

N 1 2 3 4 5
m,,— 1000 19.41%0.014  19.4190.014  19.4190.014 19.4180.014 19.46:0.02
(MeV)

r, 4.21+0.04 4.210.03 4.210.03 4.21-0.03 4.18-0.03
(MeV)

o(p—KsK) 1451+ 10 145110 145110 144112 1455+ 10
(nb)

o(p—KTK™) 1968+ 20 1968+ 20 196720 1994+ 27 1961+ 21
(nb)

o(¢p—3m) 701+6 659+ 6 664+ 15 702+6 705+ 6
(nb)

Re(AR ) 0 0 0 0 8.6-3.9
(MeVe?)

Re(AR «,) 0 0 0 0 4325
(MeVv¥?)

Re(AS,) X 10° —46+3 —46+3 —46+3 —46+3 —46+3
(MeV*?)

Xé-o 180 180+ A x4, (S) 165+1° 180 180

(deg

D 180 180 180 147+2% 180

(deg

X?INg; 110.29/114 110.09/114 110.1/113 108.67/113 103.39/111

by 4.8 standard deviations and from the most precise meaqgﬂzo_oafat 0.003 Me\W? (Table IX) is only 2 times lower
surementl’,=4.477+0.036-0.022 MeV[8] by 4.5 stan-  an the real part ob-meson amplitude in the vicinity of the
dard deV|+at|9ns. L .. ¢-meson peak, Ré&(,)=0.09 Me\*2 and approximately
The e’e” —m"m 7 process, as the approximation gqais its imaginary part I(,)=0.05 Me\A2. The pres-
showed, cannot be described by omky and w-meson de-  oneq of thea “amplitude prevents a test of the deviation of
cays and it is necessary to include additional amphwgl;,a, the y phase from 180°. Bothy, ,=180° and 180°
which can be explained as a contribution of the higher reso-_ X::f(s) [24] are consistent witmﬁe experimental data.
nances. The presence of such an amplitude is also expect he x4, phase is considered to be a free parameter with

- -+ =0
from the experimental data on the€'e” — "7 a° Cr0Ss ;5 aaray dependence, then its fitted value is #787° for

section measured by the SND detecf@6] in the energy f | : : . .

. . : t t Tabl
region above thep resonance, which cannot be descrlbedarﬁg ;%%f?gq :m?ng(lg%rg :p%rfsijg’t’(\f\;gi? 35ir|1nTaztl)eel);/)
with the conventional VDM. The value of the amplitude The p;r;meter 3w '

TABLE X. The comparison of the main results of this work _ 4+ 224 20
with PDG datg[21] and results of the other experimefs8]. o(¢—3m)=659+-6=33+5" nb

SND Other data has a rather large model errot- EO nb), due to the uncer-
tainty in the choice of the phasg, . The quoted value of

"(‘fHKiKQ (nb) 145149 136726 8] the o(¢—3w) corresponds to the choicg,,-,=180°

o(¢—K"K™) (nb) 1968+ 142 2001-105[5] +Ax4-o(S) and Im(AJ,)=0. It agrees with other measure-
—3m) (nb) 659+ 35 654+ 40 [5] _ -

ol e ments, for exampleg(¢—37)=619+39+12 from Ref.

B(¢—e'e)x10' 2931014 2.91-0.07[21] [6] and o(— 37) = 654 26+ 30 from Ref.[5].

B(¢—K'K )0(%) 47.6£1.7 49.2:0.7[21] In case of thee*e™—K*K~ and KsK, processes, the

B(p—KsKy) (%) 35.1x1.3 33.8:0.6[21] Im(A%Kf), Im(Aﬂ « ) agree with zerdvariant 4 in Tables

B(¢p—37) (%) 15.9+0.8 15.5-0.6[21] LT o 0 _

B(b— 77v) (%) 1.33+0.06 1.297-0.033[21] VIl and VIII) and Ref, -\ -), Re(AKSKL) deviates from

mg MeV 1019.42-0.05  1019.4170.014[21] zero by about two standard deviatiofvariant 5, Table IX.

r, Mev 4.21+0.04 4.4580.032[21] The phasepyi extracted from the combined fit or from the

fitting of thee™e™ —K K™ process is consistent with 180°

072002-13



M. N. ACHASOQV et al. PHYSICAL REVIEW D 63 072002

TABLE XI. The ete”—KK and 3 cross sections. First error is statistical and the second is model
uncertainty. The systematic errors are 7.1%doe” — K"K~ 4% and 4.2% foe"e” — KK, at charged
and neutral modes, and 5% fefe™ — 3.

\/g OKHK~ OTKgK, TKgK, O37
(charged mode (neutral modg

SCAN PHI9801

984.21 18.1+0.9
1003.91 7.%3.0 7.7:1.0 36.2-1.3
1010.17 48.¥13.3 45.2-6.1 34.0-2.8 68.5-2.4
1015.75 409.8:20.3 315.5-20.2 294.5-13.3 243.1-7.5
1016.68 717.£32.3 525.5-25.7 513.1-20.6 358.9-10.6
1017.59 1112.851.8 836.337.6 809.1-32.5 493.6:14.9
1018.78 1794.164.8 1324.7-40.4 1295.6-33.7 658.6:11.6
1019.79 1898.1£56.9 1388.4:36.2 1372.423.9 595.514.1
1020.65 1471.954.5 1053.6:35.6 1051.:30.3 399.8:14.5
1021.68 928.437.7 648.0£29.0 667.2:22.3 217.485
1023.27 514.420.0 352.0:16.7 359.5-11.7 92.2-3.4
1028.23 161.16.0 103.6:7.0 108.1-4.0 11.2-0.65+0.036
1033.84 72.92.9 45.1-4.0 52.0:2.1 1.400+0.113+ 5329
1039.59 47.42.0 28.3-3.1+0.1 31.0-:1.5+0.4 0.096+0.010+ 552
1049.81 29.61.5 13.3-2.1+0.6 16.4-0.9+0.5 0.613+0.081+ 559
1059.66 18.61.2 17.0:2.6+2.2 11.6:0.7+0.5 1.304+0.194+ 5378

SCAN PHI9802

984.02 17.3+0.8
1003.71 7.429 6.7-1.0 37.6:1.4
1010.34 38.%212.8 40.0-6.3 33.72.7 69.5-2.5
1015.43 354.217.2 288.317.2 265.911.2 220.¢6.5
1016.78 734.7234.2 564.0027.1 532.6:21.7 353.6:11.1
1017.72 1181.854.7 923.1-39.5 875.1-34.1 515.015.3
1018.62 1726.265.8 1337.%42.7 1268.5%36.3 664.2-13.1
1019.51 1946.256.7 1473.834.7 1426.321.6 667.0011.8
1020.43 1639.6:56.8 1193.1+37.2 1165.2-30.6 4712155
1021.41 1087.242.2 757.5:32.5 767.0:24.7 270.1-9.9
1022.32 672.929.8 465.9-24.5 475.417.7 142.96.1
1027.52 179.6:6.9 123.8-7.8 125.3-4.2 15.803-0.752+0.037
1033.58 79.92.9 55.4-4.2 54.8-2.0 1.7370.113+53%°
1039.64 48.%1.9 27.3:3.0+0.1 29.6-1.4+0.4 0.094*+0.009+ 9 58
1049.60 31.215 15.0-:2.1+0.7 17.5-0.9+0.5 0.595+ 0.062+ 3 03°
1059.52 20.91.2 14.0-2.5+1.8 11.70.7+0.5 1.238+0.151+ 595

(variants 2 and 4 in Tables VIl and )Xbut the fitting of the tions of charged kaons in the final state lead to the relation
e*e” —KdK data gives the phase value close to 90°. Suchy g+ - INZ(mg) =g gk, - Using the Particle Data Group

a result can be attributed to the uncertainty of the nonresqppg) data,[21] one can find

nant contributions to the cross section and was used to esti-

Ezﬁt;he model error in the cross section determination. Thgqu*K’ 1 \/ B(d’HKJrK_)qfiSKL(mas) 1
Gore, VZ(my) V| B(¢—KsK )G+ (my) | Z(my)
o(p—K*K™)=1968+ 20+ 140 nb, S ¢ KTk
=0.95+0.01. (19

o(p—KgK )=1451+10*+48 nb
This value differs considerablyfive standard deviations
agree with the world averad@1]. from the expected value of unity. It is possible that the Cou-
Isotopic symmetry predicts the equality of tiggy - lomb correction is less than expected due to finite dimen-
andgd,KSKL coupling constants. The electromagnetic interacsions of the final particles. A similar problem in thé,
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—BB decay was discussed in Ref&2,23. Quite recently ViI. CONCLUSION

the ratio of the constanBk +«- andgyk«, was discussed The main parameters of thi resonance were obtained in
in Ref. [27], where it was suggested to study this ratio in experiments with the SND detector at the VEPP-2M collider.
e"e” annihilation around the-resonance peak. The draw- The integrated luminosity used was about 8.5 hidrhe pro-
back of this proposal is a very low sensitivity of such studiescesses e'e”"—K*K~, efe —KgK,, and e'e”

to the nonresonant contribution to the total cross section. The. 7+ 7~ 7% were studied. The measured cross sections were
extracted coupling constant values depend on the nonresgpproximated within the VDM, taking into accoupt o,
nant contribution to the total cross section from thand w and ¢ mesons. Possible contributions from higher reso-
mesons and from higher radial excitationg’( ',  nancesp’, »’, ¢' were included as constant amplitudes.
@', ...). So one of thgossible approaches to the solution The ¢-meson parameters obtained by the approximation
of this problem can be a precise study of these contributiongTable X) mainly agree with PDG data and have accuracies
to the total_cross section by means of the measurement of thgymparable with the world averages. Tlgemeson total
e"e” —KK cross section in a wide energy range. Unfortu-width was found to be 4.240.04 MeV in contradiction to
nately the SND data have rather high systematic errorgshe PDG value 4.4580.032 MeV. For a good approxima-
which preclude such studies, and they are accumulated intion of the e'e”— =" 7~ #° cross section the additional
rather narrow energy region. From SND défable IX) one  contribution is strongly required, and its value is about 2

can obtain times lower than the real part of the-meson contribution.
This contribution can be attributed to the higher resonances,
JgK+K 1 0.92+0.03. 20 for example, to the resonance structure found by JRE).
Gokek, VZ(my)
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