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b) by comparing our result with the value ob-
tained by the Columbia group [12] by a measure-

ment where the nuclear capiure of the p~ by a
proton was observed in a mesomolecular system,

it is possible to conclude the necessity of a {V—fﬁ}
type of interaction governing the process (1), with
no essential dependence on the values assumed
for the axial and vector coupling constants ga

and gy
c) afs‘irlmiﬂg for (ga/gv) and for gy the values
given by Wu [13] and Kabir [8], our result (3)
leads to the following determination of the in-
duced pseudoscalar coupling constant £,:

gp == (8.72 3.7) ga.

A very similar result is obtained analysing the
experiment performed at the Columbia Univers-

ity [12, 8].

We would like to thank Messrs. R, Schillsott,
G.Sicher and B. Smith for their technical assist-
ance, and Mr. G. Lido for helping us during the
measurements. We are particularly indebted to
Professors P. Bassi, B. Ferretti, G. Puppi and
P. Preiswerk for their suggestions, encourage-
ment and support.
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Preliminary results on the determination of the position and shape of the p-meson resonance with elec-

tron-positron colliding beams are presented.

When experiments with electron-positron col-
liding beams were planned [1, 2] investigation of
the process

e +e*— 7" +qt

e +et—= K £K'

was considered as one of the first problems to

be treated. At the energies up to 2 X 700 MeV
covered by the electron-positron storage ring
VEPP-2 at Novosibrisk the most interesting are
the region of the p-meson resonance (2 % 380 MeV)
for the former reaction and the region of @-meson
resonance {2 ¥ 510 MeV) for the second.

This letter presents preliminary results on
the determination of position and shape of p-me-
son resonance.

In comparasion with earlier experiments on
the observation of pion pair production [3] work-
ing conditions on the VEPP-2 machine were con-
siderable improved. At present each run lasts
ahout two hours. A third of this time is spent on
electron and positron storting. The initial posi-
tron current in an ordinary run is 20 mA, elec-
tron current - 50 mA. Beam life-time is more
than 3000 sec. The adjustment of optium condi-
tions of beam collision, and the continuous con-
trol over the preservation of these conditions, is
carried out with the help of a scintillation coun-
ter system recording small-angle e"-e™ scatter-

ing [4].

The spark chamber array consists of two iden-

tical parts (upper and lower) subtending the solid
angle 2 X 0.6 steradians near the vertical axis.
Fig. 1 shows the layout of spark chambers. Next
to the interaction region are thin-plate spark
chambers which determinate the angles of out-

coming particles and the coordinates of the in-
teraction point. The nature of the particles is
identified by their interaction with the material
of the plates in the "shower™ and "range" spark
chambers. The "shower” chamber has eleven
copper plates 6 mm thick, the "range" chamber
has 21 plates made of stainless steel 8 mm thick.
A rather complicated mirror system makes it
possible to have a single camera.

The whole array of spark chambers is trig-
gered on four scintillation counters (with dimen-
sions 40 X 40 X 1 cm3} put into coincidence with
resolution time 27 = 20 nsec. An anficoincidence
counter with dimensions 160 X 160 X 5 em?
viewed by the single photomultiplier FEU-63 is
used for cosmic ray vetoing. Between the counter
and the chambers a lead absorber 20 cm thick is
placed preventing the particles under investiga-
tion from penetrating into the anticoincidence
counter. The anticoincidence counter reduces the
cosmie particle trigger rate more than 100 times.
Additional reduction by the factor 5 was obtained
by counters gating at r.f. frequency.

In these conditions the trigger rate is 10
counts per hour due to cosmic rays and about one
count per 1 mA of electron or positron current
lost.

Experiments were carried out at seven energy
values from 2 ¥ 290 MeV up to 2 X 510 MeV.
About 650 runs were made in five months with a
total data taking time of 742 hours. From 44000
photographs 303 events were selected corres-
ponding to collinear tracks originated in the in-

teraction region. Identification of secondary
particles types resulied in separation of all
events into three groups: 186 events of elastic
e~-e" scattering, 109 pion pair production events
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Fig. 1. Spark chambers system:

1) Anticoincidence seintillation counter
2) Lead absorber 20 cm thick
3) "Range™ spark chamber
4) "Shower™ spark chamber
5) Duraluminium absorber 2 em thick
6) Thin-plate spark chambers
7) Window of outer vacuum chamber
8) Interaction region
9} Inner vacuum chamber

10} Storage ring magnet

11} Secintillation counters

and 8 muon pair production events. Control runs
proved that a single~-beam background is neglig-
ibly small. Runs with no beams made it possible
to detect a small number of cosmic rays back-
ground events {several times less than the effect
almost at each energy value) imitating pion pair
production.

The ratio of cross sections for pion production
and e~-e* elastic scattering measured by the
same detector may be written as

3
1 _"T g2 (p)
[}'E a

where 3;-velocity of the pions in units of light
velocity, a- constant determined by the experi-
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Fig, 2. Experimental values of F2 (E) approximated by
the Breit-Wigner formula,

ment geometry and F- modulus of the form factor
for pion pair production [1]. In the case of QED
with no other forces F=1. If the particles are
produced at the angle 90° with respect to the
beam axis then @=18. Integration over the solid
angle gives a=20.4.

Experimentally obtained values of the function
F2 (E) shown in fig. 2 clearly demonstrate its
resonanf character,

Approximation of the experimental results by
the Breit-Wigner formula

komd
F2 (B) = =
(4E2- mﬁ?ﬁ + mgfg

after maximum-likelihood routine gives the fol-
lowing best fits for the parameters

k= 0.59 + 0.15
my = 764 + 11 MeV
Tp= 93 +15 MeV.

The indicated errors correspond to one standard
deviation. Statistical errors and the precision of
primary energy determination (1%) are taken in-
to account. The value of criterion P(x2) turned
out to be equal fo 98%. Precise analysis of the

Volume 2568, number 6
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data treatment process allows us to allocate this
Jucky occasion to the benevolence of Pure Chance
It is evident that within the obtained statistica]
qecuracy the process may be treated by not tak-
ing into account its nonresonant channel,

The total cross section of electron-positron
annihilation into pion pairs at the maximum eop-
responding to the formation of an intermediate
p-meson 1s

Op = 1.2 +£ 0.2 uh,

At present on the VEPP-2 machine eXperi-
ments have begun on the observation of kaon
pair production at the energy of the ¢-meson
resonance. Experiments are planned to end this
Qctober in order to spend several months on
some improvements which would result in ap in-

PHYSICs LETTERS

2 October 1967

Crease of the data taking rate of an order of mag-
nitude,

The authors are indebted to many colleagues

who participated in data recording and data
treatment.
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In an effective sample of 6300 1° (549) mesons, no positively identified example of the TPefe~ decay mode
has been found. With 90% confidence the branching ratio for this mode is less than 3.7 X 1074 of all 7j©

decays.

The magnitude of the branching ratio for
n° = 7%+e~ decay is directly connected with
charge conjugation invariance in the electromag-
netic interactions of hadrons. Several autha_:rs
[1] have discussed the consequences of C viola-
tion on this decay mode. If C 1S umma_wved, the
decay can proceed only through two virtual gam-=
mas and the branching ratio is estimated i:‘D be
~ 0,4 X10-9 [2] gesuming a branchi{lg ratio of
0.2 {3] for the 70yy mode. Observation of a

z Présem; address: Brookhaven Wat, Lab., L.I.,

New York, USA. .
** Present address: CERN, Geneva, gwitzerland.

branching ratio much in excess of this would be
evidence for C violation. Previous determina-
tions have revealed no such evidence, the cur-
rent upper limit to the branching ratic being
0.9 X 10-3 [4].

Experimental conditions: An exposure of the
University College London/Rutheriord Labora-
tory Heavy Liquid Bubble Chamber to a 830
MeV /¢ 7t beam at the Nimrod proton synchroton
has yielded 2.23 X 106 s*-nucleon interactions in
the heavy freon CFgBr. The mean momentum of
the pions at interaction was approximately 830
MeV/c. The useful volume of the chamber has
dimensions 1.4 X 0.5 X0.45 metres® and is situ-
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