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This investigation was performed with a 24-liter propane bubble chamber [i] and is a continuation of our previous work on the production of strange particles by 7-8-BeV 1r- mesons on
hydrogen and carbon. [ 2- 5] The properties of 1r0 mesons inferred from the y quanta accompanying A and K0 production are given, and are compared with the properties of 1r+ and 7rmesons emitted in A and K0 production processes. The possibility of a resonance with radiative decay is noted.
SELECTION OF EVENTS

2) asymmetry of the incident beam relative to the
longitudinal axis of the chamber. The total correction factor was 1.51 ± 0.40. We studied 1r 0 mesons
from the reactions

THE experimental procedure, the characteristics
of the beam, the procedure used in scanning and
analyzing the photographs, and the criteria used
in selecting 1r- -p and 1r- -C events have been described in [ 2• 6]. From among the events used
in [ 5] we selected 188 instances in which A and
K 0 production are accompanied by at least one
electron-positron pair from y conversion (Table I).
The assignment of a y quantum to a given star
was based on its direction from the point of collision. Events were considered to be collinear when
the deviation from collinearity did not exceed 1.5°.
The probability of y conversion into an electron-positron pair in the 55 x 28 x 14-cm chamber
was very small because of the 1.1-m radiation
length in propane. The statistical weight of each
y quantum was calculated from the formula

+ p---> A p:: + K (K+) + [n+ + mn- + nn°,
n- -+- p---> K (K + J<o (K+) + [n+ + m:rc + nn° + N.
0

!)The potential range is the distance from the production
point to the boundary of the effective region of the chamber in
which y conversion can be observed. The effective region
for y registration is the same as for A and K0 registration.

0

0)

The production of 1r 0 mesons on carbon nuclei proceeds via the same channels. It is known that the
great majority of 1r 0 mesons decay according to
no __,.y

+ y.

All events involving y quanta were divided into
two groups according to the types of accompanying
strange particles:
[A(~ 0 )y]n-p

for

1r- -p

and [K 0 (K 0 )y]n-p

interactions and
[A (~ 0 ) y J n-c and [K 0 (K0 ) rl n-c

W; = {1- exp [-Ly!l (Ey)]}- 1 ,

where Ly is the potential range of a y quantum in
radiation units, 1) and !-'( Ey) is the probability of
e + e- pair produdion in the radiation length.
The mean y registration efficiency determined
from the relation Pi= 1/Wz was 0.09 ± 0.01 for
our chamber. In calculating the total number of
y quanta we introduced corrections for 1) the loss
of y quanta emitted at large azimuthal angles and

0)

:rC

for interactions on carbon. Both groups included
y quanta registered with a AK 0 pair.
ANALYSIS OF EXPERIMENTAL DATA
1. Average number of 1r 0 mesons. If it is assumed that all y quanta result from 1r 0 decay, the
average number of 1r 0 mesons can be calculated
from
n~·= 1.51_2; W;j2N,
i

where Wi is the statistical weight of a y quantum,
1.51 is a geometric correction, and N is the total
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Table I. Distribution of events in which strange particles
and y quanta are produced
Types of events

I

Interaction

I

A+Y A+2Y A+3y! K'+Y K'+2Y,K'+3y I K'K'+Y IAK'+YI AK•+2Y
x-+p
n-+C

52
20

-

6
5

1

46
24

2
4

0
1

5
0

7
9

3
3

I

Total

121
67

Table ll. Average number of 1r0 mesons for stars with
different charged particle multiplicities
n,
flit•

rl{.<\li)
rl(K 0r)

0

2

1.56±0.40
1.42±0.39

1.37±0.20
0.88±0.15

4

H

6

0.80±0.20
0.68±0.17

Note. The first line represents the aver-age number of 1r 0 mesons
accompanying A production; the second line represents the average
number accompanying K0 production

Table Ill. Average numbers of 1r0 mesons produced
in different reactions.
Reactions with strange-particle production

------~------~------~~----~~---------1

T{J;r~f 1-[A(I:!).-rl "_~p-1

IK'

<K'> yJn-p

I[A (E') y]n-C

I [K' <R'>

1

1

_ actlon

.n".

1

1.23±0.17

1

0.92±0.13

number of events involving A or K0 production
(with or without y quanta). The formula was used
to calculate the average number of 1r 0 mesons accompanying A and K0 production in 1r- -p interactions for stars with 0, 2, and 4 or 6 charged particles (Table II). The average number of 1r 0 mesons
decreases with increasing charged particle multiplicity, although the errors are quite large.
In Table Ill the average number of 1r 0 mesons
N

200

a

b
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FIG. 1. Angular distributions of gamma quanta from rr--p
interactions in the pion-nucleon c.m.s. and normalized
17"-meson distributions (dashed lines) for: a-[A(~"}y] 17-p,
and b- [K° K0} y] 1rp.

1.24±0.20

yJn-C

1.40±0.29

Without strange particles
[NyJn-p

I

[NyJn-c

11.48±0.1811.50±0.32

accompanying strange particles is compared with
the average number produced without strange particles. [BJ The average number of 1r0 mesons. is
seen to depend slightly on the existence and types
of strange particles, as well as on the target in
which the interactions occur.
2. Angular distributions of y quanta. Figure 1
shows the angular distributions of y quanta in the
pion-nucleon c.m.s. for [ A(~ 0 )y ]1r-p, and
[ K0 (:K0 )y ]7r-p, denoted by a and b, respectively.
The normalized 1r- distributions are represented
by the dashed lines. The angular distributions of
y quanta and 1r- mesons are seen to be practically
identical for our statistics. 2 > The angular distribution of y quanta from [ K0 ( K0 )y ]7r-p is isotropic,
while that from [A(~ 0 )y]7r-p is peaked forward
like the distribution of negative pions from the
same interactions.
Figure 2 shows the angular distributions of y
2>The angular distribution of y quanta reflects that of
mesons with some spreading. However, for our 17 energies
there is little change in the distribution, since the angle between the rr 0 and y directions in ~80% of the events lies
within our selected interval ~(cosO)= 0.2.

17°
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FIG. 2. Angular distributions of y quanta from rr--c interactions (continuous lines) and from rr--p interactions (dashed
lines) normalized to the same area. a- distributions for
[A(~0 )y]rr-C; b- for [K 0 (K 0 )y ]rr-C.

b

ISO

quanta from [A(~ 0 )y]7T-C and [K 0(K 0 )y]7T-C.
For comparison, the figure includes dashed lines
representing the analogous distributions for reactions with protons, normalized to the same area.
Both distributions are given in the pion-nucleon
c.m.s. Differences are observed, especially for
the distribution of y quanta produced together
with A hyperons on carbon and on hydrogen. The
distributions for interactions with carbon are more
isotropic.
3. Average number of n° mesons. The average
energy of 7ro mesons was assumed to be twice the
average energy of y quanta. [ 9] The average energy of 1r0 mesons produced with strange particles
was compared with the average energy of charged
pions, and also with the average energy of pions
produced without strange particles. [B] Table IV
shows the close values of the average energies of
all pions produced with strange particles when
multiplicity is disregarded. However, the average
energy of 7T- mesons produced with strange particles is smaller than that without strange particles.

100

FIG. 3. Energy distributions of y quanta for a-[A(~0 )y]
rr-p and b- [~(K0 )y ]rr--p. The smooth curve in a represents the rr-(yr 0 ) spectrum converted into the y spectrum normalized to the same area The cross-hatched y spectrum pertains to the reaction p 0 (w 0 ) -> rr + + rr- + y.

4. Energy spectrum of y quanta in laboratory
system. The experimental energy spectrum of y
quanta from interactions leading to A production
is shown in Fig. 3a, and that with K0 production in
Fig. 3b. As already mentioned, it is possible that
not all y quanta result from 1r 0 decay. In order
to distinguish the part of the y spectrum pertaining to 1r 0 mesons we assume that the 1r 0 momentum distribution coincides with the 7T- momentum

Table IV. Average energy of 7T mesons for different
reactions and pion multiplicities
I
Reaction

I
I

[A (l': 0 ) rl n-p

[K 0 (K0 ) i] n-p

(Nr) n-p [ 8 ]

Multiplicity
Average
71

energy,

BeV

0

E,.,
E,.E,.+

1.38±0.19

E",
E"_
E,+

1.66±0.30

En'
E,_
E,.,.

2.04±0.12
-

-

-

I

2

I

1£~

Disregarding multiplicity

1.34±0.14
1.56±0.10
1. 73±0,10

1.54±0.32
0.99±0.05
1.25±0.00

1.38±0.1:2
1.28±0.06
1.49±0.06

0.97±0.16
1.46±0.08
1.04±0.05

1.07±0.20
1.05±0.05
1.13±0.05

1.10±0.25
1.24±0.05
1.08±0.04

1.29±0.30
2.60±0.19
1.23±0.07

0.77±0.12
1.40±0.09
1.23±0.07

1.08±0.08
1.64±0.08
1.23±0 06

*At our energies a positive particle could not be identified reliably as either 7T +,
K +, or p. Positive-particle energies were calculated in all events from the average
momentum of all positive particles and the pion mass.
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distribution for the same reactions. The 7r- mo.
.
. [10]
mentum spectrum IS
given
m
.
It is known that the relation between y energy
and 1r 0 velocity {3 is given by
E,,_

m,.,

2(1-(3cos6)

VI

'

where m7ro is the 1r 0 mass and () is the angle between the 1r 0 meson and y quantum. This relation
can be used to determine the maximum ( Ey max)
and minimum ( Ey min) energies arising from a
1r 0 meson with the velocity {3:
Eymax

=

+

Bmn' (I

+ ~),

EYmin

=

f

a

5

_R2

t'

l¥

/Ol

!750 MeV

b

0

One event

Bm,o (1- ~),

where
B

= 11 VI-=- ~ 2 •

It has been shown in [H] that for constant f3 the
y distribution is uniform between Ey min and
Ey max; therefore each energy interval in the 7rdistribution is converted in the y distribution into
a rectangle having the width Ey max - Ey min and
height determined from the equality of the areas.
The normalized converted spectrum of y quanta
from 1r 0 ( 1r-) mesons is represented with the experimental y spectrum by a smooth curve drawn
through the midpoints of the intervals.
Figure 3 shows that the experimental y energy
distribution in the laboratory system differs from
the converted spectrum {of y quanta from 1r 0 decay) in the range 300-700 MeV. We do not believe that this difference can be accounted for by
statistical fluctuations alone, but that it results
most probably from the existence of y sources
other than 1r 0 mesons. 3 > The nonmonotonic character of the spectrum cannot be accounted for by
y quanta from the reaction L: 0 - A + y because,
as shown in [S], the same nonmonotonic result is
also observed in ordinary 1r production processes.
5. Search for resonances with radiative decay.
The effective-mass distribution for M ( 1r+ + 1r- + Y)
exhibits a peak at about 760 MeV (Fig. 4). Therefore our result indicates the possibility of w 0 or
p 0 decay via the channel w0 (p 0 ) - 1r+ + 7r- + Y· [ 12 ]
In conclusion the authors wish to thank Academician V. I. Veksler, Professor Chang Weng-yu,
M. I. Podgoretski1, A. M. Baldin, A. V. Nikitin,
V. B. Lyubimov, and Yen Wu-kuang for useful suggestions and a number of valuable comments; also
the staff of the calculating center, and the laboratory staff who performed the measurements.
3)The y energy spectrum should have a single maximum
at E = 1,m 77 ° if 77° mesons are the only source of y quanta.

oL--L~~~~~~J=zYi.o~~
1111 • 11 .,. BeV

FIG. 4. a- histogram; b- ideogram of effective masses
for 77+77-y combinations from two-prong stars with a A hyperon
and y quantum.

1wang, Solov'ev, and Shkobin, PTE No. 1, 41
(1959).
2 Wang, Wang, Veksler, Vrana, Ting, Ivanov,
Kladnitskaya, Kuznetsov, Nguyen Dinh Ty, Nikitin,
Solov'ev, and Ch'eng, JETP 40, 464 (1961), Soviet
Phys. JETP 13, 323 (1961).
.
3 Veksler, Vrana, Kladnitskaya, Kuznetsov,
Mikhul, Mikhul, Nguyen Dinh Ty, Penev, Solov'ev,
Khofmokl', and Ch'eng, Preprint, Joint Inst. Nucl.
Research D-806.
4Wang, Wang, Viryasov, Ting, Kim, Kladnitskaya, Kuznetsov, Mikhul, Nguyen Dinh Ty, Nikitin,
and Solov'ev, JETP 40, 734 (1961), Soviet Phys.
JETP 13, 512 (1961).
5 Belyakov, Wang, Veksler, Viryasov, Vrana,
Du, Kim, Kladnitskaya, Kuznetsov, Mikhul, Mikhul,
Nguyen Dinh Tu, Patera, Penev, Sokolova, Soloviev,
Hofmokl, Cheng, and Schneeberger, Proc. Intern.
Conf. on High-Energy Physics at CERN, 1962,
p. 252.
6 wang, Wang, Ting, Ivanov, Katyshev, Kladnitskaya, Kulyukina, Nguyen Dinh Ty, Nikitin, Otvinovskii, Solov'ev, Sosnovski1, and Shafranov, JETP
38, 426 (1960), Soviet Phys. 11, 313 (1960).
7 Birger, Wang, Wang, Ting, Katyshev, Lyubimov,
Nguyen Dinh Ty, Nikitin, Podgoretski1, Solov'ev,
and Trka, Preprint, Joint Inst. Nucl. Research
P-789.
8 Lyubimov, Nikitin, and Trka, Preprint, J. Inst.
Nucl. Research P-974.
9 B. B. Rossi, High-Energy Particles (PrenticeHall, New York, 1952).

PROPERTIES OF

1r

0

MESONS

995

12 B. Maglic, Proc. Intern. Conf. on High-Energy
Wang, Viryasov, Tu, Kim, Kladnitskaya, Kuznetsov, Nguyen Dinh Ty, Penev, Sokolova, Physics at CERN, 1962, p. 725.
and Solov'ev, Preprint, Joint. Inst. Nucl. Research

10 Belyakov,

P-1138, 1962.
11

Carlson, Hooper, and King, Phil. Mag. 41, 701

(1950).

Translated by I. Emin
237

