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The interference conmnected with the Plio20)>T1*71" decay
has been observed in the process e'e” — > dhdt o « Optimal
values for decay parameters are:
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Figure captions

The detector "DLYA™,

a) - The excitation curve of the P - meson in

reactions ete” —» P K, K,s
. X

and e'e P - Jrx-ye

used for absolute calibration of the energy scale in
one scanning ecycle,

b) - The experimentel values for Npp /e and the
best fit curve, -

¢) -~ The same for Nrr /N'u » The solid etraight
line is nonresonant formfactor for optimal By .
the dashed one - optimal formfactor for 87 = 0.

The _2'2 versus By with 'IV, A and K remained
free. Minimum Z* = 20,5/15 corresponds to
P{fi) B 15%&

a Ia} = 9 unite
BI-"'I?
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ground was thai provided two pione from Ky decay were col-
linear one of them had the energy close to the lowest possible
Emin = 210 MeV. Such a pion stopped in the first sandwich and
with almost 100% probability gave no sisnal in the shower-
-range sperk chambers. Therefore, in the present analyeie we
demanded that both detected particles fired at least one of
shower=-range chambere along their track directions. This cut
eliminated about 25% of the main J* JJ~ effect but the

K = It~ contamination went down to ~,,1% of T 7",
The process e'e = P+ 'N"T° added less than .2% to collinear

J* = . The e*e” electroproduction at large engles could
imitate J* I~ pairs, but its contribution wasg 1) small
enough (lees than .5% from JTJ~ ), 2) had a non-resonant
energy dependence and mo could not affect the interference
curve. The number of collinear events detected in the back-
ground runs wae proportional to the measurement time and
independent of the beam parameters. All their features were
typical of cosmic ray events. They contributed practicslly
only %0 muons et a level of about 1:330 that is negligibly

small.

After all cuts the ratio between e'e”, P and "7
became

31:1.9:1.

These evente were separated into three groups in the fol-
lowing wey. The events with both particles stopped inside the
shower-range system formed the firgt group called a "short-
-range" one, Another group named "long-range" included events
where both particles went through all five shower-range cham-
bers (total range about 180 g;"t:m2 of Fe ). All other events
came into a "mixed" group. The distribution of efe™, W' u-
and JI'J~ over the three groups is presented in Table 1.

et e~ J“U"- s eE:(HH-Ir] P ET
Short range 100% 5% 83% 3631 1:90
' Mixed « 14% 12.5% 16, 3% "y 1521
Long range 55**10"5?5 8T% o T% 1:10° 238:1
Table 1 5




Taking into account this distribution further selection was
done in the following way., All long-range events were consi-
dered to be mesgons {o}'«-#j;‘ )e The short range and (separately)
mixed events were divided with the help of sanawich signals
into mesons and electrons. A special parameter constructed for
this purpose was & ratio of the amplitude likelihood functions
for electrons and mesons. Two values of this parameter (for
the two particles detected) in each event filled two-dimen-
sional correlation matrix, enabling further separation. Short
range events came only from two processes; ete™ and J*J-
(see Table 1). In this case the correlation matrix method 75/ 4
which we often used before, worked well, For mixed events the
same method was elightly modified. Meson number determination
in this group was considerably easier because of a small part
of electrons in it (see Table 1).

After receiving the meson numbers in each of the three
groups it was possible to obtain the number of muone and pions
separately, For this purpose the probability (about 93%) for
muon to have a full range was used which had been obtained in
Monte-Carle simulation. It was the only Monte—Carlo informa-
tion necessary for the separation procedure. The pion full
range probability (about 8%) was calculated from the same
equatione as pion and muon numbers. It was also compared with
& Monte-Carlo prediction /6/. The muon probability used de-
pends mainly on the two rather simple for Monte-Carlo proces-
ses: lonization losses and multiple scattering. Their correct
sizuzlation was additionally checked. As a result of analysis
the number of electrons Nee, muons JVH.. and pions :'frr
were obtained in each energy point of all three scanning
cycles which were analyzed up to date. Total number of diffe-
rent type events in the present analysis ( ~ 60% of the data
taken) was: .

Nee - 205608
N'.p',u - 12708
Nygx - 6689

Besides, some noncollinear events due to the reactions

ete™ P K, W and
L TR~

were selected and anelyzed as
described in /3/. Using the ¢ - meson excitation curve in
these channels, ¢ - meson parameters were obtained. Then ta-
king the ¢ - meson mass value from /3/, absolute calibration
of energy scale was performed. The calibration was done for
each scanning cycle sgeparately. The parameters of interferen-

P e P T H°

ce between resonant processes

erte — ¢F. — J,,_+J‘_

g€ Pt ge e
end corresponding nonresonant ones were first obtained for
each scanning cycle separately. They appeared to be statisti-
cally coneigtent and three cycles were summed up. Below throu-
ghout the paper only total statistics will be referred to. The
detection crogs-section of

eTe" < MTm”

where M - gtands for ')ﬂ or JT may be written with
P - contribution in a form

z
d B !.!FV Mf"r;;
CunlE) = 6, (E)+ |1 + —L———i e T
M M G:un(m/é) fei-nl il Ty (1)
Here £ is the beam energy, H* and F.r - ¢ - me-

son mass and width, O - cross-section of ¢ - meson pro-
duction by a"'e', Bu - branching retio of P> pmt H: _y"-

- phase, (J:: (E) = nonresonant detection cross-section. For
rions, nonrescnant cross-section may contribute in a more com-
plicated way than in (1), but it corregponds to some renorma-
lization of Bm . Some processes like

ete — qj-r KF—‘- f—hj’f_*.ﬂ_—

may result in a slightly different form of the cross-section
but we checked this effect to be negligible at our statistics.
Finally, the energy dependence of f:f. is ignored in (1) but
its influence on the results is also very weak,

Radiative corrections 1lead to




Eix
6. (E) = SE"M(’JE@'EJ}) - Plee,) dey
o

where P(E E.) 1g the emission probability of photon with
energy £y . When B= J_E-T' Bu/Gla(Mes) << { the correc-
tions connected with (6 -4 (£) eand another part of the exp-
ressicn (1) may be separated. That means that radiatively cor-
rected crogs-section may be written as:

Crm (E)-(1+ 8(8)) (1 + 85(e))

Here &, (E) is a nonresonant correction which may be expres-

gsed as follows:
Eox

ey = [om )™ (6o (o) Ple,e) dey - 4

It takes into account the violation of collinearity when

Ey > Ecx (the integration over the detection psolid angle
1s implied) and the smooth energy dependence of G . (E) . In
the energy intervel of our scanning &, /&) may be supposed to
be constamt. On the contrary, the 0p (E) correction func-
tion is due only to the < -~ meson cohtribution and may be
defined as:

.

k., _q Ea
5p08) = | kee)-§ Preedey] -\ R(ir)-Pre, &)t -1
where R{E"]:/i = EI'E‘.‘P M?'r;_ /2

4E -1 +iMplp

and E.4 i the mean energy Fcx which in our case is about
4O Mel . ( ;E_':! > ,1"'1, and its value does not influence
c‘}‘,? (£) notably). Thie correction "emootheg" down the inter-
ference wave and it differs from zero in the several 1’; vici-
niiy of the ¥ =~ mass., It depends on B ang V¥ s and provi-
ded R4 it is easy to show that B dependence of 5};

is almost linear
Vo (8, 89 = B EY)

/
where 5;. no longer depends on B .
To fit the experimentally measured quantities M"f / N:u
and Ngrx / Nee the same parametrization form based on afore-
gaid was used:

M"": gh-k’-(ﬁ +A(5"H“%.)) $
Nee

iy Fad
X /:{_+ 133;8_‘5” = x({-ﬁ /2 Be B Jf(EJ}V))
4 gh‘Fﬁ X‘f"l: 4 gn'i".- T :

Here )X = (4EI—HF"_}/HF Fe B« ~ branching ratio
of CP—’-E_'-P'E'J m = Tactor which is equal tn.d%z for
muong and to (-C;{z__}. (p?(ﬁnfzjyj;,) for pions, Fo - absolute
value of meson form-factor squared and A - its slope at
the P - mess point, (for muons F, = 1, A = 0), K -
- coefficient including the detection efficiencies and "emooth?

radiative corrections for mesons and electrons. The following
values of cf:- - parameters were used /7/:

[e = 44 MV
B,,e e Si !9“‘5

'

Radiative correction function 5‘? (E,¥) 1in the case of

muons wag calculated for Y = 0. For pions the optimal phase
Yo without this correction had beem first obtained. Then

the 5'?’ (E,¥,) was used.

Experimental results for pr/ﬁf,g and . MFT/MH are
given at fig. 2b) and 2¢) with the best fit curves. As an
example at fig. 2a shown is the P - meson excitation curve
uged for absolute calibration of the energy scale for one
scanning cycle. We stert the discussion of the regults with
the process

N o




In thie case we fixed [,=4 A 0 ¥-0 end Be which
is known with high accurascy

Boo= (3l 41 0

The parameters K and Bf. remained free through the fit.
Por the first one it was obtained

iy
Ko [ 4. 86 £ 02 )10
that is consistent with the value expected from Monte-Carlo

gimulation
K, = (1.38 = .0¢) 10"
g

The optimal value for p
-4

Bp =a(4S +1.0):10
does not contradict to the expected equality EI" = Ba s The
value of P(ﬁ"") for the curve at fig. 2b) is 7.9%.

In the fit for Nm/ﬁu we fixed

Be = 3.! . jp‘ -Fi &'ﬂﬂ.

Po = 2.5 from our previous
work /2/. The parameters Brr! ‘:”J A and K remained free.
The additional restriction was imposed on 4 from our previ-
ous work /8/ where | F;/® had been measured in a wide energy

region. Using |Fy|® values for the 2E = 980 - 1050 MeV
interval from /8/ we obtained for A

A = {—2,3 - - a"g)“?dz M!Vﬂi

This restriction was included in the likelihood functio-
for Nrr/,&fu .

Optimal K wvalue
’ 4
K= (129 +.03)./0
is consistent with that obtained in Monte~Carle gimulation

4
= K= (131 £.02). j0

2
At fig., 3 7" versus By with Y 4 ana K remained
free is plotted. The straight line shows a 68% confidence
interval. The optimal value for By .s

+. £ -4
B]I' = i.O__s- « =f 0

The minimum 2" is 20.5 for 15 degrees of freedom, that
gives P(Z’z) = 15%. Nonresonant fF,;"!‘ is shown at fig, 2¢)
as a solid straight line. If Bg is put to be zero, the A°
value becomes by 9 units larger than for optimal By . This
shows that optimel By is at the distance of three standard
deviations from zero. In the other words the probability of
such a fluctuation for By = 0 is of order 103, The latter
statement was checked by special Monte-Carlo simulation. The
optimal form-factor for B, = 0 is shown at fig. 2¢) by a
dashed line.

Optimal value for phase ¥ 1is equal
okl e g

The best upper limits on By existing before this experiment
are:

By 42.?-10“' (35% .4 ) 79/
B AN (0 S Younen JEV

In conclusgion the authors express their gincere gratitude to
A.I.Vainghtein and V.M.Budnev for the fruitful discussions
end useful remarks.
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In this paper we present the preliminary results on the
search of Prioze) » 1t decay. Experimentally thig decay had
not yet been observed. The meagurements were performed at the
end of 1977 - beginning 1978 with the "OLYA" detector at the
electron-positron storage ring VEPP-2M /1/. Aften our previoug
experiment /2/ on the gearsh of this decay in 1975 the second
stage of the detector "OLYA" wag completed. It includes a set
of shower-range spark chanbers allowing in particular mUon -
~-pion separation. On the other hand, the storage ring lumino-
Bity increased conslderably enabling us +o collect -~ 20 times

larger statistics. Up to the moment about 60% of data have
been analyzed,

Ihe "OLYA" detector described slse where /3/ consiste of
four identical quadrants surrounding the intersction region.
The useful golid angle of the detector is ,65.47 steradian,
Each quadrant containg:

= 8 set of scintillation counters for triggering ang
timing,

- four two-dimensional wire spark chambers for meagure-
ment of coordinates of charged particles tracks,

= sandwich of four scintillation counters ag & shower
detector,

- five twu-gap.:howerurangu spark chambers for meesure-
ment of charged particle ranges and J’- quanta coor-
dinates,

The readout is completely digitized with the "M-6000" mini-

~computer on-line. The detailed description of the detector
may be found in /4/,

The experiment was carried out as four completely indepen-
dent scanningg of the P -meson region with a total energy

step A(2E ) = .5 MeV, approximately equal to the c.m,s,
energy spread. The integrated luminiosity was 2= 900 nd "1*

total meapurement reriod - about a month ang a half, pure
measurement time - 1,26 » 106 sec, The iumincsity was de termi -
ned by Bhabha scattering at large angies, Runs with beams col~
liding in another interaction region were mads to study single
beam background. Cosmic ray background was meagured in the




speciel rung without any beams in the ring.

Data analyegig included the selection of two-track events
with particles being collinear

-]

Id‘PICE"' G.ﬂ'fg'g

Lharlan yEieN T
and coming out of the beam region

[OY] <bmm Gy 2 |

[DZ] € & mm Oop = | nn

Additional selection was done by the time-of-flight and the
standard beam bunch timing. Events thus selected came mainly
from the procegsges:

8" -  gte"

e JN*_JM'

-_— At

Charged ksons from
ete = KT K~

had in the 9 - region too small kinetic energy to trigger
the system.

The rough preliminary analysis showed the ratio of e+e',
ju*')u’" and JT N~ paire to be about
25 bk e ey G o
It also revealed the characteristic gignals from these
three processes in the detector allowing their final separa-
tion,

The main background to ete” = JF*IF~ in our case
came from ete” — P> K, K & » The pione from Ky
decaye gave at the < - maximum about 2.5% of the selected

T* N~ events. The characteristic feature of this back-
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