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The angular distribution of neutral 1r mesons produced on hydrogen by y quanta with en
ergy between the threshold and 240 Mev have been investigated. The energy dependence 
of photoproduction was studied employing the method of a multichannel analysis of the 
data of the monitor and of the counters recording single decay y quanta during an ex
panded synchrotron pulse. The angular distribution of the 1r0 mesons in the c.m.s. has 
the form given by Eq. (2), which signifies that the photoproduction of neutral 1r mesons 
occurs not only in the P but also in the S state. The experimental data on the contribu
tion of the S state are in agreement with the results of the calculations based on Wat
son's16 and Feld's22 theories and makes it possible to estimate the contribution of the 
direct 1r0 meson photoproduction processes and the "intranucleon charge exchange" of 
1r+ mesons in the S state. 

1. INTRODUCTION 

THE photoproduction of 1r0 mesons on protons 
has recently been subject to a series of investiga
tions1-6 because of its importance for the theory 
of the meson-nucleon interaction. However, the 
majority of sufficiently accurate measurements4- 6 

were carried out for an energy of primary y 
quanta higher than 260 Mev, far from the threshold 
of 1r0 -meson photoproduction (145 Mev). In the 
cited experiments, it was found that the main con
tribution to the total cross section up of the re
action 

I + P --> or" + p (1) 

is due to the process associated with the produc
tion of an intermediate isobaric (excited) nucle
onic state %. % + with total and isotopic spins % 
and positive parity. The isobaric state %. % cor
responds to the production of the meson in the form 
of a P wave and principally to M1 absorption of y 
quanta in the photoproduction. The angular distri
bution of 1r0 mesons should then be described by 
the two-term formula du/d!J = 2 + 3 sin2 e, as 
has been found in reference 4. 

In the energy range close to the meson photo
production threshold, relatively accurate me as
urements were carried out essentially in one ex
periment only, that of Koester and Mills.2 In this 
experiment, the total cross sections up of proc
ess (1) were measured, and it was found that, near 

7 

the threshold (up to the energy of ~ 180 Mev ) , 
up varies as q3, where q is the c.m.s. momen
tum of the 1r0 meson. An analysis of the obtained 
data based on the theory of Chew and Low7 con
firmed the important role of the ( %. % +) state 
in reaction (1) also in this energy range. Koester 
and Mills also obtained information regarding the 
asymmetry in the S state of the angular distribu
tion of 1r mesons with respect to the direction of 
90° due to the photoproduction of 1r0 mesons at 
energies close to the threshold. 

A rather strong production of mesons in the S 
state takes place in the photoproduction of charged 
1r mesons, owing to a straight El interaction of y 
quanta with the meson cloud. Although an electro
magnetic interaction of y quanta with the 1r0p 
system should also take place (as was indicated 
by Fermi8 ), it is still markedly weaker than for 
1r+n and 1r-p systems, since, in the first case, the 
classical radius of the charge carrier, the proton, 
amounts to ~-tiM ~ 0.15 of the corresponding value 
for 7r± mesons. The contribution of photoproduc
tion in the S state for 1r0 mesons is therefore 
much weaker than for 7r± mesons. In the case of 
the 1r0 meson, the bulk of photoproduction in the 
S state is due not to the straight process of 1r0 

production but to the production of 7r± mesons 
with subsequent internal charge exchange. 

The effect of 1r0 production in the S state 
should be especially clearly observed in angular 
distributions near the production threshold. The 
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presence of a small S wave in the production of 
1r0 mesons should lead to an asymmetry of angu
lar distributions due to the interference between 
the S wave and the predominating P wave, so 
that the angular distribution for energies close 
to the threshold should be described by a three
term formula 

dcr;dQ =A+ Bcos B + Ccos2 B, (2) 

in which the coefficients A, B, and C are deter
mined by the contribution of the different variants 
(E1, M1, and E2) of the absorption of y quanta. 
It is the purpose of the present work to establish 
the energy dependence of the coefficient A, B, and 
C near the photoproduction threshold of 1r0 mesons, 
which will make possible to draw a series of con
clusions about the mechanism of photoproduction 
in this energy range. 

2. METHOD OF OBSERVATION OF ~ MESONS 

In principle, five methods of observation of the 
process (1) are possible: 

1) Detection of single y quanta from 1r0 meson 
decay. 

2) Detection of single recoil protons. 
3) Detection of coincidences of one of the decay 

y quanta and the recoil proton. 
4) Detection of coincidences of the two decay y 

quanta. 
5) Detection of coincidences of the two decay y 

quanta and the recoil proton. 
The small cross section for process (1) for en

ergies close to the 1r0 photoproduction threshold, 
and also the small magnitude of the energy of re
coil protons, have determined the choice of the 
first of the methods listed above for this work. If 
the cross section for the photoproduction of 1r0 

mesons in the c.m.s. for a given energy of the 
primary quantum is given by formula (2) (see Ap
pendix), then the counting rate of y quanta at an 
angle ey in the laboratory system (l.s.) per 
single proton and unit intensity of the incident 
flux of primary photons is given by the equation 

Emax 

N (By) = ~ N (By, Ey} 71 (Ey} dEy 
Emin 

(3) 

where Ey is the energy of the decay y quantum 
in the l.s.; 

-
Emin=(!-~) 2 (1 ~ 6)' Yc - ccos Y 

1J ( Ey) is the efficiency of detection of y quanta 
with energy Ey: 

[ ( cos 6 - ~ ) 2 1 J}} 
X 1-~:cos6: - 3 ; (4) 

f3c = hv/(hv + M) is the velocity of the c.m.s. in 
the l.s., and 

'E = (2Mhv + [J-2) /2 (2Mhv + M2)'1•, 

q = {;2- [J-2)'1., ~ = s /q 
are the energy, momentum, and velocity of the 1r0 

meson in the c.m.s. respectively. 
Thus, the measured counting rate of single pho

tons from 1r0 decay can be correlated with the an
gular coefficiems of Eq. (3). 

M. 

FIG. 1. Schematic diagram of the array. L. H. - Liquid 
hydrogen, L. N. - liquid nitrogen, I. C. - ionization chamber, 
D. M. - differential monitor, C,, C2 , C,, C4 - scintillation 
counters. 

3. METHOD OF MEASUREMENT 

The experiments were carried out using the 
265-Mev synchrotron of the Physics Institute of the 
U.S.S.R. Academy of Sciences, using the array 
shown in Fig. 1. Single y _quanta from the decay 
of 1r0 mesons were detected by two telescopes 
consisting of four scintillation counters (of the 
type described ear lier9 ). The telescopes were set 
up simultaneously at the angles 90° and 135° or 45° 
and 90° in the l.s. The length of the synchrotron 
pulses was stretched to 3000 !J.Sec by a gradual 
lowering of the amplitude of the accelerating high
frequency voltage, and, during that time, the value 
of the magnetic field around the position of the syn
chrotron target was considerably varied, corre
spondingly changing the maximum energy of the 
bremsstrahlung spectrum. During each such 
stretched synchrotron pulse, detector pulses due 
to the decay y quanta were fed, as described by 
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us in reference 10, to five channels of a time ana
lyzer, set and checked according to the intensity 
of the magnetic field through the use of this method. 
We determined in each measurement the yield of 
the decay y quanta for five maximum bremsstrahl
ung ene·rgies simultaneously at both angles. 

Apart from the counts of the telescopes that de
tected the decay y quanta, the counts of the differ
ential monitor (a single scintillation counter placed 
in the field of the scattered y quanta) were fed to 
a multichannel analyzer. The measurements were 
carried out for seven maximum bremsstrahlung 
energy values in various channels, 130, 150, 170, 
1go, 210, 230, and 250 Mev. 

The quantity measured in the experiments was 
the ratio of the observed numbers of decay y 
quanta and the number of counts of the differential 
monitor for three angles of 45•, go•, and 135• at 
the energies given above. To obtain from these 
data the energy dependence of the decay y quanta 
yield at any of the angles, the dependence of the 
counting rate of the differential monitors per unit 
photon flux on the maximum bremsstrahlung en
ergy was taken into account. The dependence of 
the monitor counting rate on the maximum brems
strahlung energy and on the pulse intensity was 
determined with a good ("' 1%) statistical accu
racy in special experiments discussed in refer
ence 10, which is specially devoted to the present 
experimental method. The corrections for this 
dependence are the same for measurements at 
any angle, and in practice do not influence the 
measured angular distribution of the decay y 
quanta. 

To obtain the angular distributions of decay 
y quanta from the experimental ratios of their 
counting rates at various angles, a correction 
was introduced for these angles for the differ
ence of the product of the effective target volume 
by the acceptance solid angle of the telescope. 
This difference was assessed by comparing the 
counting rate of decay y quanta during the irra
diation of a polysterene "point" source and of a 
continuous foamed polystyrene target having the 
dimensions of the hydrogen target. To obtain 
absolute values of the volume, a correction was 
applied for the difference of the mean flux of the 
y quanta on the surface of the target and on the 
"point" source. The correction for the not 100%
efficient detection of the anticoincidences by the 
y telescope amounted to a fraction of one percent. 
Also of the same order magnitude were the cor
rections due to the delayed detection by the differ
ential monitor of the slow neutrons. Both these 

corrections were neglected in view of their small 
magnitude. 

The liquid hydrogen used in the experiments 
was contained in a hydrogen target of foamed poly
styrene PS-4 (cooled by nitrogen) of cylindrical 
shape, 12 em in diameter and 30 em long. The y 
quanta beam from the cyclotron, 6 em in diameter, 
was incident upon the base of the cylinder. The 
background counting rate (from an empty target) 
amounted, on the average, to 30% (at 45° ), 8% 
(at go•), and 4% (at 135°) of the counting rate 
in the main experiments. 

The absolute flux of y quanta incident on the 
target was determined from the activation of spe
cially calibrated graphite detectors in the 
C12 (yn) c 11 reaction. 

4. RESULTS OF THE EXPERIMENTS 

The curves of the energy dependence of the rela
tive yield of decay y quanta at the angles of 45•, 
go•, and 135°, with all the above-mentioned correc
tions made, are shown in Fig. 2. 

N /Q, arbitrary units l 43• 

soo 

400 

FIG. 2. Energy depend-
ence of gamma yield of 17°- 300 

meson decay for 45°, 90°, 
and 135° ir. the l.s. 

200 

100 

100 220 ?60 
hY,Mev 

The cross sections for emission of decay y 
quanta in the l.s. were obtained from these curves 
by means of the photon difference method, and were 
then compared with the values of N ( ey) calcu
lated according to Eq. (4), for the determination of 
the coefficients A, B, and C in Eq. (2). As has 
been shown by a special analysis, even a rather 
strong variation of the form of the energy depend
ence of the detection efficiency of the telescope, 
77 ( Ey) influences N ( e y) very little at various 
angles for a given energy of the primary y quanta. 
In the calculations, we used an efficiency curve for 
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a telescope similar to the one used in the present 
experiment, as given in reference 1. 

where, in our experiment, Ethr = 35 Mev. 
The absolute value of a (a= 0.13) was ob

tained by comparing the yield of y quanta from 
the elastic yp scattering for hv = 130 Mev, ob
served at 90°, with a calculated value based on the 
formula of Powell, 11 which was confirmed by a 
series of experiments. At present, additional ex
periments are being carried out to determine the 
absolute efficiency of detection of y quanta of 
various energies by our telescope. The prelimi
nary results of these experiments are in agreement 
with the calculations. The values of the coefficients 
a (By). b (By). and c (By) in Eq. (3), calculated 
for the form of TJ ( Ey) given above for various 
photon energies, are shown in Fig. 3. 

a,b,c, arbitrary units 
0.4 ll(W} 

as ---------
1!(907 

at 
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FIG. 3. Dependence of 
the coefficients a(Oy), 
b(Oy), and c(Oy) in Eq. (3) 
on the photon energy. 

The obtained values of the coefficients A, B, and 
C, of the angular distribution, and also the values of 
the total cross section ap of process (1), are given 
in Table I. 

The dependence of the coefficients on the energy 
of the quanta is shown in Fig. 4. Values of the co
efficients obtained in other experiments3 - 4 are also 
given for comparison. 

The energy dependence of the total cross section 
of the photoproduction of 1r0 mesons on protons, as 

28 
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FIG. 4. Coefficients of the angular distribution of rr" mes
ons (A, B, and C). 0 -our data, •- data of reference 4, 
X - data of reference 3. 

obtained from the data of our experiments and from 
those given in the literature,2- 4 is shown in Fig. 5. 
It can be seen that the total cross sections obtained 
in this experiment are in a good agreement with 
earlier published data. With respect to the data 
on angular distribution, there is no point in com
paring them with the results of previous articles, 
since the only previously available data on the an-

25 

20 

15 

10-
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hv, Mev 

FIG. 5. Energy dependence of total cross sections for the 
photoproduction of 11° mesons on protons: 0 - our data, 
• - data of reference 4, L'l. - data of reference 2. 

TABLE I. The measured coefficients A, B, and C (in units of 
10-30 cm2/sterad) and <rp (in units of 10-29 cm2 ) 

hv, Mev A B c "P 

160 0.28±0.03 0.13±0.03 0.09±0.12 0. 31±0.06 
180 0.95±0.02 0.39±0.06 0.5 ±0.1 0.98±0.04 
200 2.10±0.05 0.56±0.07 1.3 ±0.2 2.08±0.08 
220 4.5 ±0.1 0.7 ±0.1 2.9 ±0.4 4.5 ±0.2 
240 8.4 ±0.2 0.9 ±0.2 6.0 ±0.6 8.1 ±0.3 
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gular distribution of 1r0 mesons in this energy 
range were obtained with a much lower accuracy. 

The data of the present experiment for higher 
energies, as well as those of McDonald, Peterson, 
and Corson,4 are represented in Fig. 6. 

FIG. 6. The form of the angular distribution of rr0 mesons 
for the reaction y + p ... rr0 + p for y-quanta energy from 160 
to 450 Mev. 

5. DISCUSSION OF RESULTS 

By way of comparison of the obtained data on 
the energy dependence and the absolute values of 
coefficients A, B, and C with the corresponding 
data for 7T+ mesons, 12 -t5 and to take into account 
the data available in the literature on the photopro
duction of 1r0 mesons at higher energies,4- 6 a cer
tain phenomenological analysis was carried out by 
the method of Watson.16 The basis of such an anal
ysis is the expression of the cross section of the 
meson -photon production through the matrix ele
ments of electric and magnetic multipole transi
tions obtained from general angular momentum 
and parity conservation considerations. In addition, 
in such an analysis one uses the assumption of the 
presence of an "amplified" contribution of the iso-

baric state <%, % +) in the photoproduction of me
sons. 

In the compilation of the photoproduction of 7T+ 
and 7T- mesons near the threshold, we compared 
the values of the coefficients of angular distribu
tions for various energies of primary y quanta, 
corresponding to identical momenta q of produced 
mesons in the c.m.s. We thus introduced a correc
tion for the difference of the masses of the 7T+ and 
1r0 mesons (based on the fact that the photoproduc
tion cross section is much less dependent on q 
than on the energy of the primary y quanta. The 
results of such a phenomenological analysis are 
given in Table II. 

The parameters in Table II have the following. 
meanings16: As is the contribution of the S wave 

to the cross section of photoproduction of 7T+ 
mesons, Ax0 is the contribution of the "ampli
fied" P wave that does not interfere with the S 
wave, AKo is the contribution of the "amplified" 
P wave interfering with the S wave, A,6.1 is the 
contribution of the "non-amplified" P wave not 
interfering with the S wave, and Ap+ is the con
tribution of the P state to the isotropic part (A+ ) 
of the angular distribution of the photoproduction 
of 7T+ mesons. The values of these parameters 
were then used for the calculation of the ratio of 
the coefficients B /A of the angular distribution 
of 1r0 mesons. 

According to reference 16, the coefficient B 
can be expressed by the formula 

B =- 4/ 3 (As AK,)'I• {[cos (oc3a- oc3)- cos (oca3 - oc1)] 

+ (r + V2 ro) [cos (ocaa- ota) + 1/2 cos (ocaa- oc1)] 

- (r + Jl2 r 0)(3/8AK,)[AK, + 4A~.]}. (5) 

The quantities AK1 and A,6.3 are small, and we 
can therefore neglect the last term in Eq. (5). In 
that energy range where a 1 and a 3 are also 
small, Eq. (5) reduces to 

TABLE II. Results of a phenomenological analysis of the photo
production of 1r0 and 7T+ mesons (parameters A givenin units 

of 10-30 cm2/sterad) 

hv, Mev AK, Ap+ Ax, 

160 4.6 ±2.4 0.09±0.10 0.4±2.3 0.3±2.5 0,3±0.8 
180 5.8 ±0.8 0.22±0.06 1.5±0.6 0.8±0.8 0.7±0.4 
200 7.4 ±1.2 0.39±0.07 2.3±1.1 1.6±1.3 1.2±0. 7 
220 8.0 ±1.1 0.8 ±0.2 5.0±1.0 3.0±1.2 1.8±0. 7 
240 8.9 ±1.1 1.2 ±0.3 7 .2±1.0 4.9±1.1 2.0±0.6 
260 7.1 ±1.4 2.4 ±0.9 9.9±1.3 7 .3±1.4 1.9±0.8 
300 7 .25±1.3 4.0 ±0.8 11.7±1.2 10.8±1.3 -0.2±0.8 
320 5.8 ±1.3 5.5 ±0. 7 12 .6±1.2 11.7±1.3 -0.5±0.7 
360 5.4 ±1.2 4.1 ±0.8 8.6±1.1 8.8±1.2 -1.3±0. 7 
400 4.9 ±1.1 2.5 ±0.6 3.8±1.0 5.4:t:1.1 -2.2±0.6 
450 4.5 ±1.0 1. 7 ±0.4 1.1±0.9 3.8±1.0 -2 ±0.6 
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B =- 4/ 3 (As AK,)'I• [(1X3 -1X1) sin IX33 

+ 3/ 2 (r + V2 ro) cos 1Xaal· (6) 

The first term in the square brackets in Eq. (6), 
which contains the scattering phases, can be in
terpreted as being connected with the production 
of 1r0 mesons in the S state due to "charge ex
change" scattering of 7T+ mesons in the nucleon 
field, and the second term is connected with the 
direct production of 7T+ mesons in the S state, 
due to the photoelectric effect caused by the pres
ence of an electrical dipole moment in the final 
state. 

On the basis of Eq. (6) we can first determine 
the sum ( r + {2 r 0 ) for that energy of primary 
y quanta for which B (or the ratio B I A) van
ishes (i.e., the contributions of the "direct" and 
the "charge-exchange" photoproduction of 1r0 

mesons in the S state are equal to each other). 
It is evident that the following equation is satis
fied for that energy: 

tanix33 =- 3/ 2 (r + V2 ro) / (oca- oc1). (7) 

As can be seen from the data on the ratio B/ A ob
tained in this work as well as in the experiment of 
McDonald, Peterson, and Corson,4 (see Fig. 7), 
B vanishes for a primary y -quanta energy of 
260~i~ Mev, which corresponds to ( r + /2 r 0 ) = 
0.140~U~~. if we assume Orear's values 17 of the 
phases of a 3 and of a 1 and Bruekner's values18 

of a 33• It should be noted that, using the values of 
B/A obtained in the work of Goldschmidt-Cler
mont, Osborn, and Scott, 3 for y quanta of energy 
close to threshold we obtain, for B/A' = 0, an 
energy of about 300 Mev; hence, (r + {2 r 0 ) = 0.45. 

From the dispersion relations19 one can con
clude that r 0 = 0 and r = Ji./M = 0.144 near the 
meson photoproduction threshold. In addition, the 
values r and r 0 should, as has been shown by 
Baldin,20 be constant in a wide energy range. Thus, 
the value of (r + {2 r 0 )B=o = 0.14 obtained above 
is in good agreement with the prediction of the 

B/11 

0.6 

0.4 -- I 0.2 ----:--I 
~I====::::! _____ , __ 

ol-------. ---~-~-'2_,-,,;::I T ;p-1 

:: }/~Ill 

field theory. It should be noted that the parameter 
r is directly related to the threshold ratio of the 
cross sections of photoproduction of 7T- and 7T+ 

mesons on nucleons, (a_/a+ hhr= (1 +r). Evidently, 

according to our data (a_ /a+ hhr = 1.30~U~. while 
the old data3 yield (a_ /a+ hhr ~ 2.1. The given 
value of (a_ I a+ hhr is in agreement with the 
value obtained in the experiments of the Adamo
vich group. 21 Assuming that ( r + {2 r 0 ) = Ji./M = 
const, we calculated the curve of the dependence of 
the ratio B/A on the energy of y quanta up to 
450 Mev, shown in Fig. 7. It is evident that all 
the collected experimental data are well described 
by this curve. 

In Fig. 7 are .also shown two curves of B/ A 
calculated by Feld22 on the basis of the semi
phenomenological "atomic" nucleon model. Feld 
calculated the photoproduction of 1r0 mesons in 
the S state by perturbation theory, but applied a 
small correction to take into account the final 
mass of the nucleon and the possibility of a "charge 
exchange" scattering of 7T+ mesons in the nucleon 
field. In the final expressions for the cross sec
tion only the contributions of transition amplitudes 
leading to the excited isobaric state and to the pho
toproduction of 1r0 mesons in S state were taken 
into account. The angular distribution of 1r0 mesons 
in the c.m.s. is then obtained in the following form 

_!_ da (6) = Ao + Bo 
ao dQ 

X 1- ~ 8~2 6 cos 6 + C0 cos2 6, [ 
~2 J 

2 (1- ~cosO) 
(8) 

where a0 ~ 25q microbarn/sterad. The value in 
Eq. (8) is proportional to the sum ( ~r cos 0!33 + 
~ i sin a 33 ), where ~r and ~i are respectively 
the real and imaginary parts of the electrical di
pole amplitude of 7T -meson photoproduction. The 
factor in the square brackets of the second term 
in Eq. (8) is due to the role of the higher multi
poles in the photoproduction of 7r± mesons (re
tarded effects ) . 

FIG. 7. Ratio of the coefficients 8/A. Experi
mental data: o - our data, •- data according to 
reference 4, X - data of reference 3; dash-dot 
line - calculated according to the method of 
Watson,16 solid and dotted lines - according to 
the theory of Fe ld, 22 taking into account and 
neglecting the "retardation" effects respectively. 

-o.a L-l...l4-=-o -,,-~,6o~,o~o=--=-;ol:-:o:-;-?.;:-c-:;c!-;.o:--::;o,~o::-,z.~'lj:-::'O-J~'OO:;:-:J2"*-=o:-::-J4;-;;0,-J:-!5.:;;-'0--;J;-;;80~4o.-;;;o~42;-;;o:-;,;-;4-;;-0 -;4:7oon
nv,Mev 
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After averaging over the angles of the factor 
due to "retarding," Feld obtained the relations of 
the coefficients of the usual three-term develop
ment in the form 

!!__ = Bo I- ~ [ 
~2 J 

A A0 4 (1-~2 1 2) ' 
(9) 

s:_ - _s_ - ~ '[33 
A A0 Ao 4 (1 -l2 I 2). 

(10) 

As can be seen from Fig. 7, our experimental data 
are in excellent agreement with the theoretical 
curves (solid curve corresponds to Bl A, dotted 
line to B0 I A0 obtained from Eq. (9)) , which tes
tifies in favor of the applicability of perturbation 
theory to calculations of the photoproduction of 
mesons in the S state near the threshold. The 
ratio of the real part (direct photoproduction) to 
the imaginary part (charge-exchange production) 
of the photoproduction amplitude of 1r0 mesons in 
the S state in the energy range under considera
tion is close to unity ~ r I~ i :;,; - 0. 8lq. 

In Fig. 8 we present experimental results, and 
calculated curves for the ratio Cl A according 
to Feld's theory. For a pure Ml transition, Cl A 
= - 0.6. However, as has been mentioned in ref
erence 22, the presence of a small electric-quad
rupole contribution ( E2) leads to a considerable 
variation of this ratio. The effects of "retarda
tion" affect this ratio very little up to 300 Mev. 
As can be seen from Fig. 8, the experimental ac
curacy of all results obtained is still insufficient 
to reach a conclusion about the contribution of E2 
absorption to meson -photon production. At pres
ent, a comparison of the obtained data with the 
predictions of dispersion relations19 is being car
ried out. The results of this analysis will be 
published in the future. 

The authors consider it their pleasant obliga
tion to thank V. V. Pavlovskaya, 0. A. Karpukhin, 
and A. V. Kutsenko, and also I. A. Erofeev for 

FIG. 8. Ratio of coefficients C/ A. 0- our 
data, X - data of reference 3, •- data of refer
ence 4; the upper solid curve corresponds to 
C/ A = - 0.6; lower curves - obtained from the 
theory of Feld. 
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great help in the experimental part of the work, 
and to A. M. Baldin for valuable advice in the 
discussion of the obtained results. The authors 
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APPENDIX 

KINEMATIC DISCUSSION OF THE REGISTRA
TION OF PROCESS (1) FROM THE OBSER
VATION OF A SINGLE DECAY PHOTON 

We shall write the angular distribution of the 
1r0 mesons in the photoproduction c.m.s. in the form 
F ( e 1f• E7r) dE7r. The number of mesons emitted as 
a result of reaction (1) at the angle e 7f with energy 
E1r into solid angle dQ7f is equal to 

F (8", E")dErt sin 8" d8" dtp". (11) 

If the decay 1r0 -2y is isotropic in the rest sys
tem of the 1r0 mesons, the number of decay y 
quanta emitted into the solid angle dQy at the 
angle e y to the direction of the mesons in the 
laboratory system is given by 

. 1 1-B2 

F (S",Ert)dE" Sin 8" dO" dcprt -2 ~ ' sin 80 d8 0 dtp. (12) 
7t 1- ~cos 6" 

The angles are identified in Fig. 9. 
Taking into account that y quanta emitted 

within the solid angle dQy can be produced by 
1r0 mesons going on the surface of a cone with 
opening angle ey, depending on the energy of 
the 1r0 mesons, we should integrate the expres
sion (12) over the angle cp and the meson energy 
E7r. Since the energy of the 1r0 mesons in the 
c.m.s. of photoproduction for a given energy of 
the primary y quantum (hv) should be ex
pressed by a 6 function, therefore we obtain 
by integrating (12) 

180 220 250 300 !40 38Q ~20 46{/ 
hu,Mev 
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The formulae for the transformation from the 
71"0 meson rest system to the c.m.s. of photopro
duction readily relate the angle 8y with the en
ergy of the 71"0 mesons and the decay y quantum: 

cos 6Y = (E,.- p,2 1 2Ey)! V E~- p.2 • (14) 

FIG. 9 

~=Lz0b 

Bn=<O'az 
(11=L0'0a 
tp =dO'c 

On the other hand, it is easy to obtain from Fig. 9 
the following relation between the angles 

cos 6,. =cos By cos 6n +sin 6Y sin 6n cos cp. (15) 

Going now over to the laboratory system of coordi
nates, we obtain Eq. (4). 
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