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ABSTRACT

Using the colliding beam machine, VEPP-2,
the excitation curve of ¢> ~-meson resonance was
investigated in the three main decay modes,The

resonance parameters obtained are the width,the
total cross-section and the branching ratios,
Namely:

[N = (4,67 + 0,42) Mev, B(K+K') =(54,043,4) %
G, = (3,% £ 0,35)ub,  B(KeK,)=(25,743,0) %
BE@Sk(2,8T 4 0,25)e107F  B{E'wT)=(20,334,2) %

In addition, the pion form factor at 2E=I020Mev
is obtained together with an upper limit for

branching ratio OfQ) -meson decay into pion pair,

&
[Pyl =2,3 ¢ 1,1 B(THn7) < 0,8 %



Using two colliding-beam installations
(Novosibirsk and Orsay) a number of experiments
on neutral vector meson investigation has been
performed /I-8/, The present work on.qb ~meson
resonance 1is an extension of these researches,
Its difference from the similar work /6,7/ by the
Orsay group consists in the simultaneous detec-
tion of three main ¢-meson decay modes: /&/+/(_ :

KK (through K¢—=7*7 ) and T7T7°
as well as the "h"h]i' pairs, The preliminary
results of the work are already published /8/ «

The experiments have been made using the
electron-positron storage ring VEPP=2, The work-
ing conditions of the storage ring during the
experiments (in the summer of I969) are specifi-
ed by the following parameters, namely: the
average luminosity I0°Sem™2sec™  the initial
currents 60 ma and 40 ma, for electrons and po-
sitrons,respectively, and the effective lifetime
of the beams 5 hours, |

The spark chamber system used in the
experiment consists of two identical parts(upper
and lower) covering the solid angle 2x0.9 stera-
dians near the vertical axis, The layout of the
spark chamber system is shown in Pig.I. Thin-
plate chambers are used to determine the angles

of outcoming particles as well as the coordinates




of the interaction point. The particle identifica-
tion is achieved by observing their interaction
< with the material plates in the "shower"- and the
= “2222;221,1'_.' % "range'- spark chambers. The "shower" chamber

e : consists of TI lead plates of 2 mm thick each.The
"range" chamber consists of 2I plates each of 8mm
thick stainless steel, An elaborate system of
mirrors allowed the use of single camera for
recording,

The spark chamber system is triggered by
four scintillation counters in coincidence with
the resolving time of 20 nseoc, The four-fold
coincidence detected the minimum ionizing partic-
les with the efficieney of 97 %. The two-fold
coincidence between the inner scintillation
counters, close to the vacuum chamber, detected
charged K -mesons with the efficiency of I00 %.
The kinetic energy of }( -mesons at the ¥ -re-
sonance maximum is only I6 Mev, and hence the
light yield in the scintillator is considerably
greater than that of relativistic particles.To
fascilitate the later amalysis the magnitude of
these pulses for each event was recorded on the
film of spark chamber pictures,
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Fig.I. Spark Chamber syStem:

I-anticoincidence scintillation counter, Z2-lead
absorber, 200 mm +thick, 3-range spark chamber,

4-shower spark chamber, 5,7-scintillation count- An anticoincidence counter of dimensions
ers, 6-~duraluminium absorber, 20 mm thick,8,I0- ~ T6 0xTI60x%5 cm” was viewed by a single photo-
thin-plate spark chamber, 9-storage ring magnet, multiplier FEU-65 and is used for vetoing the

II-interaction region, I2,I3-inner and outer
vacuum chambers,




cosmic ray. Between the veto-counter and the
chambers a 20 em thick lead absorber is placed to
prevent the particles under investigation irom
reaching this counter, The anticoincidence count-
er reduced the cosmic-ray triggering rate by more
than a factor of 50. An additional reduction of
factor 4 was obtained when the counters Wwere
gated by the RF signal, Under these conditions
the triggering rate due to cosmic-rays is 40
counts per hour while the triggering rate due to
the particles from the colliding beams was much
higher.

The accuracy of the absolute energy deter-
mination by means of magnetic fleld measurements
is about I %. The stability in energy and its
reproducibility for various runs was checked up
by the nuclear resonance mehtod with an accuracy

of 0,0 %. Thelabablute energy calibration was
made by the tabulated energy value, I0I9,5 Mev,
gb -meson resonance /9/.

Checking the conditions of the beam colli-
sion and luminosity monitoring (integration) were
performed by recording the double bremsstralung
events /I6/., This process was recorded by the two
NaI scintillation counters in coincidence (2 3/ -
monitor). The emnergy threshold of these counters
was set at 5 Mev,

Measurement time

The main bulk of event recording took 1.5
months of 24 hours per day operation of the
storage ring, The experiments were performed at
nine energy values, from 508 Mev up to 5I4 Mev,
of the colliding beams, One-~fourth of the whole
period was spent on "background" measurements with
the beams vertically displaced fiom each other at
a distance of 2 mm, In addition the background of
cosmic-rays was measured,

Table I summarises the results of measure-

ments.
Table I

effect background cosmic

(hour) 222 - 67 08
2 K -monit or
1292 2,5 e
Number af
plctures(Ioj) 80,1 25.6 10,2
Luminosity
integral
61053cmf2) 8:5 ~ ' -

T T

Through the analysis of the photographed
events the following six types of the reaction
were selected;

I)e'e — €@ ., The collinearity and the
presence of characteristic showers in both.upper



and lower chamber systems allow to select this type
of process clearly without background contamination,
The deviation, A¢) , from the collinearity was
required to satisfy 40 <L 10°,

2) €'e = KK~ . The main criteria for
selection were collinearity (4W<L 10°) and pulses
of high amplitude in a pair of triggering scintilla-
tion counters. In "shower!" and "range' chambers
about one-~third of registered events of this process
showed a characteristic picture of decay of K -meson
stopped in the first scintillation counter, The
latter events hawve no background,

3) ete” > K:Kf . The decay K;—-?'TT*T_ was
recorded., The branching ratio of this mode is
68.7 + 0,6 %4 /9/. The angle of non-collinearity,Ad),
was required to be from 10° ‘to 340. The upper limit
is set by the K ; -meson momentum, The range of the

7/ -mesons from this process does not allow them
to penetrate beyond the fourth gap of "range'"
chamber, This condition was used as an additional
criterion for selection, The events with azimuthal
component, AP , of AW smaller that 5° were not

accepted, since they are contimated by the €+€:-FTI+7?'3’

process,

4) e‘*e"—-','r*?r‘??" . To this process were
assigned those events in which the angle of non-
collinearity or the range of one of the pions

exceeded the values expecied for the precedim'

process, The criterion A¥< 5° is also retained
here, An additional condition of AW <L 65° is
further imposed in order to decrease the back—
ground contamination.

5) ete —Ttr . To this process were
assigned those events in which both ends of the
collinear track, ( A@W < 2,5°) were either in
the "shower" - or in the "range" chamber,

6) e“e'w/r-‘/u" . To this process were
assigned those events in which the collinear
track (AW < 2,5°) extended in both directions
beyond the "range" chambers, The results of thig
process are given elsewhere /I0/ where the domain
of applicability of QED is investigated.,

The results of the experiment are summeriz-
ed. in Table 2.

Table 2
¥ Number of Events Pure Efficiency
ehBnnal Detected | Effect  of .Detection
effect back- coamhs(back"
padaadd ~ ground
& subtract-
ed ) s
e'e” 530 0O 0 5304 23 (0.0625 };B )
KTK 059 o0 e YT hondS a4t
o
Ks K. O g o 95410  3.440,2
e T o 0 2I44,6 0,7I40.08
v ke il 40 I 28.,6¢7 6,040,
Normallisation — * £0-7
factor I 0,298 71,32

T == o L]



The number of background events in the above
accepted events was normalized to that in the
"background" run by using the total numbers of
pictures taken in the respective runs, In estimat-
ing the background for the process TEET - we
used the "cosmic" run instead of "background" run
because of the better statistical accuracy,

During the course of experimental runs +the
relative integral luminosity was checked by 2 J’ -
monitor, The absolute value of the luminosity was
determined from the large angle electron-positron
elastic scattering,

The geometrical detection efficiency of the
spark chamber system was calculated by Monte Carlo
method, The detection probabilities given in
Table 2 include corrections for the efficiency of
the coincidence circuit, and for the probability
of I -mesons to satisfy the range requirement,
etc, The elastic scattering cross-section given in
Table 2 for the present detector geometry already
includes the radiative correction /II/. In
calculating the KoK, mode cross-section it
was taken into account that a part of the events

T wowld satisfy the selection requirements
for K2K; . The probability for anTiHm r° -
event to be mistaken as a K; Kz -event is equal
to (0,I4 4+ 0,02) %.

I0

The radiative corrections are rather im=-
portant for the analysis of the resonance process
under investigation /I2/. The measured Ccross—sec-
tion, (J,, , is related by the following formula
to the "ideal" cross-section, O , which we are
looking for, O,,= (G (4+8g) . At the peak of P
resonance, J}e = = 0,24,
| The duration of runs is from 2 to 5 hours,
Since the time of radiative polarization for the
beams at the energy of 5I0 Mev in storage ring
VEPP=2 is three hours /I3/, in the absence of de-
polarization effects the polarization of the beam
will influence the results of cross-section
measurements in the }(+/( channel., In this case
the correction for the cross-section will be é; =
0.06. In other words, if there are no depolariza-
tion effects, our results for the total cross-

sectlion of this mode should be reduced by 6 %. It

is possible to estimate this correction from the
observation of the rate of oceurence of K +K -
events as a function of time after the beams
were injected into the storage ring. This method
gave J;, = 0, O2+O 02 and we took the wvalue AL-O
in the present analysis,

Figs.2-4 show the results of experimental
data analysis of three main decay modes of D -
meson, The fit of the experimental results to

S |



1033

lgﬁ r + ~ Vo
%,g e Q*Q”‘”‘K K
o |
mn-g“‘
50 -
~Bogdnte ) 5 BACKGROUND
I ds. . fnon _ . 108k . . . OF e

< e
Fig.2. e’e — P+ K K -reaction, At the
chosen normalization the ordinates of the

points correspond to the number of detected
events,
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Fig.3. e&’e — Q- K K, . The admixture of
the 77 77 7° channel is shown by the
dotted line,
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the Breit-Wigner formula usiug the maximum likely-
hood method gave the following values for the re-
sonance width and for the partial resonance Cross-—
section of three reaction modes:

[’ =(4,67 + 0,42) Mev

gKK)=(2,13 & 0,I7) jibarn
GUKgK)=(T,0L ¢ 0,I5) fibarn
5(77‘*77‘*5*’);.(0,81 + 0,2I) H barn

The J}~ -value of this fit is I5,5 which
corresponds to 84 % confidence level for 28-6=22
degrees of freedom,

Assuming the ahsence of the other decay modes
of @ -meson the total cross-section for gb--meson
production was found to be

O, = (3,% 1 0,35 Jbarn
and the branching ratios for the main modes of
decay are

B(KTK) = (54,0 & 3,4 ) %
B(KeKS) = (25,7 £ 3,0) %
B (77*7?*77&) = (20,3 + 4,2) %

Using these results we can obtain the branching

ratio as well as the width of € € -decay of @ -
meson, Namely:

B(e'e’) = (2,81 + 0,25).107%
I (ete&) = (I,3T ¢ 0,1I2) kev
The coupling constant of (¥ -meson is

-4
o A" Mg Ao

« T Yy
4 Arle'e) ts
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where 0?’ = 0,85 takes care of the effect of
finite width /I4/.

The results obtained here are in satisfacto-
ry agreement with those of Orsay group in France,

The analysis of‘ﬁ*ﬁr'process allowed the
presence of a noticeahle amount of non-resonant
production in the energy range investigated.The
form factor of 7/ -meson is then estimated to be
at T020 Mev

1" = 2,7 40,9

This value is higher than the value I,6 4 0,3
estimated from the extrapolation of the Breigt-
Wigneriforlf9 -meson resonance /2,4/. 1

Our attempt to observe the interference
between this non-resonant tail and the resonant

@-» 777 " decay was unsuccessful, We obtained
an upper limit for the branching ratio of the
9T¥47" decay mode of ¢ -meson, That is
B@'n7)< 0,8 % |

with the .confidence level of 95 %. Including
the possible interference effect the maximum
likelyhood estimate gives

/f;;/i = 2,5 + 1,1

During the analysis about I00 non-colli-
near events were selected which didn't belong
to either of 6 reaction channels considered,
These events have zero ranges in shower chambers,

I6

The detection threshold for the 4~fold coincldence
circuit was I3 Mev for electrons and 35 Mev for
pions, The r.m.s., angle of multiple scattering
in foil 1is n*5° for these events. Therefore we
may assume that in this process the electrons of

~ 15 Mev are detected, The distribution of these
events as a function of beam energy shows that
they are not connected with the {0 -resonance,

The possible source of these events is the
process of &€ pair-production.
gte > ete +e’e”

The total cross-section of this process is very
large., Unfortunately today we have no calculations
of its energy and angular distribution,

The authors are grateful to V,N,Bayer,
A,I,Vainshtein and I.B.KaFiplovich for useful
discussions and to the large group of co=-workers
taking part in data processing.
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