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The differential cross section for photoproduction of 1r + mesons from protons at an energy 
Ey = 230 MeV has been measured for center-of-mass angles of 0, 38, 82, 90, 116, 138, 146, 
and 180°. A magnetic spectrometer and a meson-stopping detector were used to identify 
mesons from momentum and range. stopped 1r+ mesons were detected by means of the 1r- p. 
decay. The statistical accuracy of the results is ±(3-4)% on the average. From comparison 
of the experimental data with theoretical calculations based on dispersion relations, we have 
estimated the value of the y1rp coupling constant, Ay1rp = (0.63 ± O.ll)ef. 

THE study of photoproduction of 1r mesons from 
nucleons enables us to obtain information on the 
processes occurring in the meson-nucleon system. 
The principal features of the experimental results 
in the energy region near the photoproduction 
threshold and in the region of the first resonance 
are described by dispersion theory. Further in
vestigation of the weaker effects appearing in this 
phenomenon provides the possibility of incorporat
ing them in the theory and of obtaining accurate 
experimental data. One of these effects which has 
been frequently discussed recently is the resonance 
interaction of 1r mesons (the p and w mesons). The 
isotopic-spin structure of the photoproduction am
plitudes allows contributions of both the y1rp and 
y1rw interactions to appear in the case of 1r0-meson 
photoproduction, and only the first of these inter
actions in photoproduction of 1r +mesons. The 
differential cross sections at large meson angles 
turn out to be the most sensitive to this effect. 

Comparison of the experimental results with 
theoretical calculations taking into account the 
contribution of these effects to the photoproduction 
amplitudes affords a possibility of obtaining quan
titative estimates of the Ay1rp and Ay1rw coupling 
constants. 

The contemporary level of experimental tech
nique in principle permits establishment of the 
constant A with an uncertainty matching the degree 
of approximation of the theory. The present work 
is devoted to measurement of the angular distribu
tion of 1r+ mesons produced in the reaction 
y + p- 1r+ +nat a photon energy Ey = 230 MeV. 
The results of the few experiments performed at 

this energy up to the beginning of the present 
work [!, 2] were rather contradictory and did not 
have the necessary degree of accuracy. 

1. DESCRIPTION OF METHOD AND EXPERIMEN
TAL APPARATUS 

The experiment was performed in the brems
strahlung beam of the 265-MeV synchrotron at the 
Physics Institute of the Academy of Sciences. 

Determination of the photon energy was based 
on knowledge of the energy and angle of the 1r 
meson and the unique kinematics of the reaction. 
1r + mesons of a given energy were detected by a 
method involving identification of the particles 
from their momentum and range in matter. This 
was accomplished by a magnetic spectrometer and 
a detector of 1r+-meson stoppings-a scintillation 
counter telescope containing a copper absorber of 
a definite thickness. 7r+ mesons stopped in one of 
the counters were reliably identified from the 
1r- p. decay, which occurs with the characteristic 
time r1r = 2.55 x 10-8 sec. Momentum analysis of 
the particles was performed in the measurements 
at 0 and 180°; at the remaining angles only the 
stopping detector was used. 

Figure 1 shows schematically the arrangement 
of the apparatus for the 180° measurements. In the 
oo measurements the magnet and the target changed 
places. 

The work was performed with one of two spa
tially separated bremsstrahlung beams correspond
ing to two targets located at different points of the 
electron orbit of the accelerator. [3] This photon 
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FIG. 1. Schematic drawing of the experimen
~~~:::::::;:::::::;:::::::;~~;;~~~~r)F~9jffi--r tal apparatus: K - lead collimators, the first of 

beam after collimation had a cross section at the 
target location of 2.8 em diameter (for the 0° 
measurements the diameter was 2.0 em). After 
the lead collimators was placed a clearing magnet 
whose field was ~ 3500 G. 

The entire region in the path of the photon beam 
from the clearing magnet to the target, and also in 
the path of the 1r + mesons through the magnetic 
spectrometer, was evacuated by means of a single 
system of fore pumps. This system included the 
vacuum pipe and vacuum chamber of the magnetic 
spectrometer and was separated from the high
vacuum region of the target by a copper foil of 
thickness 0.05 mm. The side wall of the spectro
meter chamber consisted of vacuum rubber 6 mm 
thick, stretched between the pole tips and pressure
sealed to them along their perimeters; the top and 
bottom of this chamber were formed by the pole 
tips themselves. The rubber wall also sealed the 
flanged joints of the chamber to the vacuum pipe 
along the photon beam and to the 1r +-meson tube to 
the telescope. 

The experimental setup included a vacuum
insulated liquid-hydrogen target (Fig. 2) with 
liquid-nitrogen cooling. [4] The cylindrical appen
dix of the target with its flange was turned in one 
piece from a duraluminum bar. Its diameter was 
80 mm, its height 90 mm, and the wall thickness 
traversed by the x-ray beam was 0.065 mm. The 
appendix was joined to the hydrogen reservoir by 
an indium gasket. The total volume of the hydrogen 
reservoir and the appendix amounted to 10.6 liters. 
One filling of the target with a liquid mixture of 
ortho and para hydrogen (3:1) provided continuous 
measurements for a period of 120 hours. The 
liquid hydrogen level was controlled by two capaci
tance probes. The secondary particles emerged 
through 10 x 15 em 2 windows in the external jacket 
of the target, which were covered with stainless 
steel foil 0.1 mm thick. 

To measure the angular distribution between 0 
and 180°, we built a special frame which could be 
moved along a circular track of radius 1.5 m 
around an axis passing through the center of the 

which is of conical shape, CM - clearing mag
net, MS- magnetic spectrometer, LH -liquid 
hydrogen target, M,, M2 , M3 - monitor ionization 
chambers, T - scintillation counter telescope. 

FIG. 2. Design of the liquid hydrogen target (vertical sec
tion): 1 - appendix, 2 - hydrogen reservoir, 3 -heat shield, 
4 -external jacket, 5 - liquid-nitrogen reservoir, 6- ac
tivated charcoal, 7 - top plate, 8 - capacitive probe for 
hydrogen level. 

massive support for the target. The axis of the 
appendix coincided with the axis of rotation of the 
frame. On the frame was mounted a cart which 
could be moved radially. On the cart was located 
the telescope of scintillation counters, surrounded 
by lead shielding in the front wall of which there 
was a circular opening 4.5 em in diameter consti
tuting the entrance aperture of the telescope. 

Monitoring of the primary x-ray beam was ac
complished by means of three thin-walled differ
ential ionization chambers. The basis of the 
electronic part of the monitors was a circuit 
working on the principle of recharging the grid 
capacitance of a blocking-oscillator tube. [5] A 
check of the relative readings of the monitors 
showed that the stability of the readings was within 
0.5%. The absolute reading of the monitors through
out the whole experiment was determined from the 
readings of a quantameter [S,T] which was periodi-
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cally placed in the beam behind the double monitors 
M2, Ma. 

The counters of the telescope contained plastic 
scintillators (a solid solution of 3% p-terphenyl in 
polystyrene with addition of a wavelength shifter) 
in the form of discs joined to the photomultiplier 
cathode by conical Plexiglas light pipes. [a] The 
scintillator diameters were 100 mm, and the thick
ness 10 mm for counters 1 and 2, 20 mm for coun
ter 3, and 35 mm for counter 4. Counters 1, 2, 
an9- 4 used standard fast photomultipliers of type 
FEU -36 operating directly into a long, terminated 
RK-2 cable. However, these photomultipliers 
turned out to be unsuitable for use in the stopping 
counter (No. 3) because of the presence of after
pulses which simulated 7T- t.t decay events. For 
this reason counter 3 utilized a modified FEU -36 
in which decoupling capacitors were introduced 
inside the bulb in the circuits of the last two 
dynodes to suppress afterpulses. [g] Shielding of 
the photomultipliers from the stray magnetic field 
was provided by a common shield of several layers 
of soft iron. 

As we have already noted, in the o• and 180• 
measurements the positively charged secondary 
particles were deflected and simultaneously 
momentum -analyzed by a magnetic spectrometer. 
The pole tips had a sector shape and produced a 
magnetic field with double-focusing properties.[tO,tt] 
For a useful magnet gap of 6 em and a current of 
30 A in the coils the field in the central region 
reached 8000 G. Because of the strong nonuniform
ity of the spectrometer field, the trajectories of 
the charged particles passing through the magnetic 
field region were determined by the hot-wire 
method. [12] This trajectory tracing was carried 
out from different points of the target and to a 
rather large distance from the magnetic field 
region. We determined the projections of the ap
propriate trajectories on the horizontal and verti
cal planes before and after the magnetic spectro
meter. 

The hot-wire tracing utilized a copper wire 
0.1 mm in diameter carrying a current of 0.75 A. 
The current was maintained constant within 0.1 %. 
The wire tension was provided by balanced sus
pension of a weight from one of its ends and was 
determined with an accuracy of 0.2%. The momen
tum values and trajectory directions in space ob
tained from averaging the results of repeated 
tracings had an error of less than 1%. The magnet 
dispersion found from these data at the location of 
the telescope entrance aperture was 1.37 ± 0.05 
(MeV /c) em - 1 and 1.44 ± 0.07 (MeV /c) em - 1 

respectively for o• and 180°. For a given entrance 

aperture of the telescope we determined the en
trance aperture of the magnetic spectrometer, 
which allowed us to find the solid angle of the 
entire apparatus: 1.15 x 10-3 sr (for o•) and 
1.25 x 10-3 sr (for 180°). 

The o• measurements were characterized by 
heavy loading of the counters by positrons of the 
same momentum as the 7T+ mesons. Under our 
conditions, when the total amount of material in 
the photon beam was 0.014 radiation length (of this 
0.009 radiation length was in the liquid hydrogen), 
105 positrons passed through the telescope for 
each 7T+ meson stopping in it. This fact required 
increased reliability of 7T +-me son identification. 
Therefore we specially developed two versions of 
the detection apparatus, [13] one of which was inten
ded for measurements under conditions of high 
positron background, and the other for measure
ments with ordinary background. 

l A 2 3 q 

CCz 

Ng Nfi 

FIG. 3. Block diagram of detecting apparatus intended for 
operation in conditions of large positron background: 1-4 -
scintillation counters, A - bremsstrahlung absorber, CC, and 
CC2 - triple-coincidence circuits, BC - blocking circuit, 
DL - variable delay line, GSC - gate-shaping circuit, GC -
gate circuit for p-meson pulse, 0 3 - fast amplitude discrimi
nator, Ng- number of gate pulses counted, Np- number of 
delayed coincidences. 

Figure 3 shows a block diagram of the first 
version of the apparatus. The basis of this version 
(and also of the second version) is the detection of 
delayed coincidences between a gate pulse produced 
by a 7T+ meson and the pulse from decay of the p, + 

meson. Use of a long gate (1.2 x 10-7 sec) permits 
avoiding additional losses in counting decay events, 
and the uncertainty in the gate length introduces 
practically no error in the detection efficiency. 
However, because of the low resolving time of the 
delayed -coincidence circuit, we took measures to 
reduce the number of times the gate was triggered 
by positrons. 

The presence of an anticoincidence counter 
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(No. 4) in the telescope allows us to utilize the 
difference in ranges of n + mesons and positrons 
of the same momentum. For the case when an+ 
meson stops in counter No. 3, a pulse occurs at 
the output of the triple-coincidence circuit CC 1 

which is transmitted to the gate-shaping circuit 
GSC. A pulse from the similar coincidence circuit 
cc2 arises only when a positron hits the telescope; 
this pulse blocks passage of the pulse from CC1 to 
GSC. Since this blocking of the positrons cannot be 
complete because of bremsstrahlung in counter No. 
3, further discrimination against positrons was 
performed in counter channels 2 and 3 on the basis 
of the energy dissipated by the positrons. In coun
ter channel No. 2 this was achieved by reducing the 
photomultiplier gain so as to reduce the positron 
counting rate with practically no loss in 7T +-meson 
counting rate, which is illustrated in Fig. 4. In 
counter channel No. 3, a fast amplitude discrimin
ator D3 was introduced whose operation threshold 
corresponded to an energy loss by the fast positron 
1.5 times greater than the probable value. In Fig. 
5, curve 1 is a calibration curve of the discrimina
tor as a function of the energy dissipated and curve 
2 shows the number of delayed coincidences as a 
function of the discriminator level. 

In the second version of the apparatus, counter 
No. 4 is absent and correspondingly the circuits 
CC2 and DL. Instead of the triple-coincidence cir
cuit, a double-coincidence circuit for counters 1 
and 2 was used, and the pulse from counter 3 was 
fed only to the gate circuit. 

2. ANALYSIS OF RESULTS 

The measurement procedure consisted of taking 
a delayed-coincidence curve, i.e., the number of 
counts N JJ as a function of the delay in the gating 
channel. Figure 6 shows such a curve taken for 
8c.m. = 90°, which, after a certain delay, becomes 
a n - JJ decay curve. 

NFr~ 
2100 ZZOO ZWO Z500 

v,, v 
FIG. 4. Gate counting rate Ng and delayed coincidence 

counting rate N 11, as a function of photomultiplier voltage 
(counter No. 2). 
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FIG. 5. The experimental dependence of the efficiency of 
detection of a 11-meson pulse on the level of the discriminator 
D3, obtained in a measurement at one of the photoproduction 
angles - curve 2. Relation between the energy dissipated in 
counter 3 and the discriminator level, computed on the basis 
of curve 2 - curve 1. The threshold energy deposition of 
6 MeV (1.5 times the probable ionization loss of fast posi
trons) corresponds to E 11 = 0. 95. 

.rn' .o ZJ4,f§7 
T del. 10-8 sec 

FIG. 6. Delayed coincidence curve, measured at ec.m. = 90° 
and plotted on a semilogarithmic scale. The straight line cor
responds to a mean life of Trr = 2.55 x 10-• sec. 

Measurements were made at eight meson angles: 
0, 38, 82, 90, 116, 138, 146, and 180°. 

The energy resolution of the equipment in meas
urements with the telescope without the magnetic 
spectrometer is determined by the kinematic re
lation between En1 en, and Ey. For a constant tele
scope entrance aperture (A6n = const) and a con
stant stopping-counter thickness (.<lEn R: const), 
the width of the photon energy interval AEy pro
ducing detected events is a function of Bn. This 
can be seen from Fig. 7, which shows the kine
matic relation for the reaction studied. When the 
magnetic spectrometer is used, the energy resolu
tion of the apparatus is due to the dispersion of the 
magnet and the size of the telescope entrance 
aperture. 
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0 '----' 180° 
(.dl9n)z 8JZ", deg 

FIG. 7. Schematic illustration of the kinematic relation 
F(Err, Ey, Orr) = 0 for the reaction y + p -> rr+ + n for (~Err)1 
= (~Err)2 , (~Orr) 1 = (~Orr)2 , and (~Ey)2 > (~Ey) 1 • 

The series of values of NJ.L measured for differ
ent delays (for a standard monitor reading) were 
subjected to verification of their statistical com
patibility, after which mean values NJ.L were deter
mined for delays corresponding to the 7T - J.L decay 
curve. An accidental coincidence background was 
observed in the measurements at 0 and 180°, but 
was practically absent for the other angles. After 
separation of the background, the values of NJ.L 
were converted to the number of 1r+ mesons stopping 
in the telescope Nn· The determination of the con
version coefficients took into account the shape of 
the rise of the instantaneous coincidence curve, 
which was obtained in an experiment with a beam 
of monoenergetic positrons. From the values of 
Nn found from the experimental results for several 
delays, we determined a weighted mean value Nn. 
The empty-target contribution to this value was 
negligibly small. 

The values of N'lr (O'Ir) are related to the differ
ential cross sections for photoproduction of 1r + 

mesons for each of the measured angles by the 
formula 

N,(S,) =ex~~ Nv(Ev)Q(r, Ev, 8,.) da: (Ev, Sn) d!Jc.m. 
~'c.m. dQ lab 

dn 
X dvp(r)TJ(Ev, S,)c'l(Ev, S,)F(Ev, S,)dvdEv, (1) 

where E is the counting efficiency for decay J.L 
mesons, xis the effective thickness of the target 
in em, Ny(Ey) is the bremsstrahlung spectrum, 
Q(r, E'Y' O'lr) is the efficiency function of the ap
paratus for a point target, dQc.m./dQlab is the 
solid angle transformation from the center-of-mass 
to the laboratory system, dn/dv is the density of 
nuclei in the target in em-s, p(r) is the relative 
distribution of the photon beam intensity, 7J, 6, and 
F are corrections for decay in flight, nuclear ab
sorption, and multiple Coulomb scattering of 1r+ 

mesons, and do/dnc.m. (Ey, 01r) is the differential 

cross section in the center-of-mass system of the 
colliding particles. 

The efficiency functions, averaged over the 
target volume, 

Q (Ey, Sn) = ~ Q (r, Ey, 8") p (r) dv 

were calculated on the FIAN electronic computer 
on the basis of the experimental geometry, the 
kinematics of the reaction, the energy loss of n+ 
mesons in the target and in the telescope, t> and 
the dispersion of the magnetic spectrometer. The 
efficiency functions calculated for 90° and 180° are 
shown for illustration in Fig. 8. 
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FIG. 8. Efficiency function Q(Ey), calculated for the cases: 
a - Orab = 74° (Oc.m. = 90°), b - Oc.m. = 180° (in relative 
units). 

The spectrum Nr<Er) was computed on the basis 
of the Schiff integrated-over-angle spectrum, 
taking into account the duration of the x-ray burst. 

The corrections described above, within the 
limits of the energy resolution of the equipment, 
are weakly varying functions of the energy Er, 
and were therefore computed for an average 
energy Er ( T}, o, F), taking into account the slow
ing down of the 1r+ mesons in the telescope. 

Table I lists the main results of the experiment 
and a number of quantities entering into formula 
(1). The differential cross -section value for 180°, 
obtained from the experimental data for Er 
= 237.5 MeV, was converted to Ey = 230 MeV on 
the basis of the theoretical energy dependence of 
the cross section for this angle. The errors indi
cated in the table are statistical, including that for 
On = oo, where the error listed reflects the pres
ence of the large accidental-coincidence back
ground. The remaining results have a statistical 
accuracy on the average of ±(3-4)%. 

1 )In this calculation we used the mean ionization poten
tials for the various materials from the work of Sternheimer,['•] 
Bark as and Von Friesen, [ 151 and Sternheimer .[ 16] 
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Table I 

ecm• "l''y· 
Ll.Ey 

Ey .% 
- 3 F 1i sF' deg MeV ~ 

0 232.1 1.2 0. 66010.807 0.965 0.515 
38 231,5 2.6 0.88510.789 0.900 0.629 
82 230.1 3.5 0.876,0.881 0.938 0. 724 
90 228.9 3.8 0.870 0. 902 0.944 0.738 

116 230.1 5.2 0.849 0.961 0.971 0.791 
133 229.0 7.0 0.833 0.978 0.980 0,802 
146 230.0 7.4 0.822 0.983 0.982 0. 792 
180 237.5 5.0 0.572 0.999 0.989 0.565 

(230) 

The absolute cross sections may contain syste
matic errors, the main contribution to which is 
from the uncertainty in the quantameter constant 
(± 5%). In addition, introduction of the corrections 
7], o, and F involves an error of± 1.5%. The uncer
tainty in converting N11 to N7r amounts to± 2%; the 
error due to inaccurate values of the density of 
nuclei in the target, the geometrical constants of 
the apparatus, and the maximum energy of the 
bremsstrahlung spectrum amounts to ± 2%. In 
total, the mean-square systematic error of the 
differential cross section values listed does not 
exceed± 6%. 

3. DISCUSSION OF RESULTS 

Figure 9 shows the results of the present work 
on measurement of the angular distribution of 7r + 

mesons for Ey = 230 MeV, together with the data 
of Tollestrup et al., [1] Walker et al., [2] and 
Adamovich et al., [17] obtained at different times 
and by different methods. It is evident that, except 
for the data of Tollestrup et al. [1] in the forward 
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FIG. 9. Results of angular distribution measurements for 
the process y + p -> TT + + n for Ey = 230 MeV, obtained by 
different authors: 0- Tollestrup et ad•], ~-Walker et ad21, 
x- Adamovich et a1.[• 7 ], o- present work. 

SNyfldEy· I d0 lab I ~ 10-31 cm ·10-' • Nr. 
photons- d!lc.~. 

sr 
[d0c.m., 

1.49 0,51 0.5'35 5.7±2.5 7.35±3,25 
21.2 0.72 0.636 85.8±4;0 7.15±0.34 
34.2 0.95 0.845 163.5±4.9 11.30±0.33 
37.5 0.95 O.S07 177.7 +5.0 12,10±0.31 
49.6 0.95 1.177 232.0±8.1 12.75±0.45 
66.6 0.95 1.471 263.8±8,2 14.64+0.44 
63.7 0.95 1.580 214.7 ±5.3 13.66±0.33 
8.25 0.95 1.854 20.9+1.0 - 14.35±0.139 

(13.65±0.66) 

hemisphere, the remaining results are consistent; 
however, there are some differences in the large
angle region. 

Comparison of the results obtained by us with 
a calculation based on dispersion relations [!7] for 
different values of the y7rp coupling constant Ay7rp 
(see Fig. lOa) allows us to obtain an estimate of 
the value of this constant. For this purpose we 
plotted the likelihood function 

L(A) =II p(El,i, A), 
i=1 

where p(6~, A) is t~e probability that the experi
mental result for e~ is comparable with the theor
etical result with a certain value of A. From the 
position of the peak and the shape of the L(A) curve 
we obtained 2 l Ay7rp = (0.63 ± 0.11) ef. The spread 
of the experimental points relative to the theoreti
cal curve with this value of A corresponds to 
i = 11.09, which lies outside the critical region 
for the 16% level of significance. 

As we have already pointed out at the beginning, 
the reliability of evaluations of the quantity Ay7rp 
obtained from data on 1!'+ -meson photoproduction 
depend to a major extent not only on the accuracy 
of the experimental results but on the nature of 
the approximations on which the theoretical calcu
lations are based. The latter fact particularly is 
responsible in a considerable degree for the con
tradiction of the different values of the constant A 
reported in the literature. 

The opinions given in the literature on the value 
of Ay7rp can be somewhat arbitrarily broken down 
into three groups. According to the opinion of one 
group of authors (for example Hohler and Smidt [19J), 
comparison of theory with experiment does not in
dicate the existence of a p-meson contribution to 

2 )A similar analysis for six measured angles, excluding 0 
and 180°,[••] gave a value of the constant A agreeing within 
experimental error with that obtained using all eight experi
mental points. 
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Table II 

230 MeV 45 

11.98±0,.21 1-20.93±1.1319.04±1.3111.12±1.70 1-0,56±1.771(1.43±0.07)·10-•9 cm2 

0.53±0.01 -0.92±0.05 0,40±0.06 0.05±0.07 -0.02±0.03 2rt 

The values of a£4 ) are given in units of 10-30 cm2, and also in units corresponding to 
a normalization of the total cross section to 2rr. 

(dibjdSJ) 10-JO cm2 

IJ ·c.m.! 

10 

b 
2 

FIG. 10. a - Comparison of the ex
perimental data of the present work with 
theoretical calculations .for different val
ues of the constant Ayrrple£ (the numbers 
on the solid curves indicate the values of 
A/ef used in the calculation); b - the 
solid curve is the approximation of the 
experimental points by a fourth-degree 
polynomial in cos Oc.m.· The broken 
curve is a theoretical calculation for 
Ale£= 0.6. 

90 120 tirO !50 
ec.m.• deg 

o 20 40 50 90 roo 120 190 t5o too 
ec.m.• deg 

the pion photoproduction amplitude in the near
threshold region and, thus, Ay1rp = 0. According 
to the opinion of another group, the data existing 
at the present time support values of Ayrrp in the 
interval 0-1 (see for example Adamovich et al.[17J). 
Finally, results have appeared recently on the 
photoproduction of p0 mesons, from which the width 
f'p-1ry has been estimated to be~ 1.3 MeV. [2o] 

This estimate was based on use of the single-par
ticle model. [21] The values of the constant (width) 
given by different authors contain different normal
izing factors, which do not always allow direct 
comparison of the numerical data. Nevertheless, 
the value of the width r p-1T'Y cited above uncondi
tionally contradicts the value of Ay1rp obtained from 
photoproduction of single pions, including that of 
the present work. 31 The cause of such a discrep
ancy is not yet clear. It may lie in the failure of 
the theory to take into account "compensating 
factors," [22] which leads to a reduced value of 
Ay1rp when data on the reaction 'Y + p - 1r+ + n are 
used. However, it is not excluded [23] that the con-

3 )Meshcheryakov et al., [ 27 ] in their study of the reaction 
rrp ..., rrpy, separated the contribution of the single-particle 
diagram by means of the high-energy part of the y-ray spec
trum. As has been shown by Meshcheryakov et al.,[2 •] the 
estimate of the width f'p...,rry which follows from the results of 
this work should be an order of magnitude less than that ob
tained by Eisenberg et al. [20 J. 

tribution of the single-particle mechanism has 
been exaggerated in the work of Eisenberg et al. [20 J. 

In addition to determination of Ay1Tp• the results 
of the present work have been used to approximate 
the experimental angular distribution 
(1 - {3 cos ec.mida/dnc.m. by polynomials in 
powers of cos ec.m. The expansion was carried 
out up to the second, third, fourth, fifth, and sixth 
powers of cos ec.m.• inclusively. Unfortunately, 
the experimental results turned out to be insuffi
cient for a reliable determination of the number of 
terms of the expansion for which the approximation 
is best. 

The five-term expansion 

dcr ' . 
(1- ~cos 8:c.m.) 2 dQ,c.m. = ~ a;<''x' 

't=O 

(where x =cos ec.m.) corresponds to inclusion in 
the 1r+ -meson photoproduction of Sand P waves, [24] 

which evidently give the main contribution to the 
process being studied at Ey = 230 MeV. The values 
of the regression coefficients a{4' obtained in this 
case are listed in Table II along with the total
cross-section value computed from them. The 
errors shown for the regression coefficients and 
the total cross section were obtained on the basis 
of a combined estimate of the dispersion of the 
regression curve and of the error matrix. 

Figure lOb shows a comparison of the experi
mental results with the theoretical curve calcula
ted for Ay1rpl ef = 0.6 [17] and with the regression 
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curve corresponding to a fourth-degree polynomial 
in cos Oc.m. (here 'i = 6.12). 

From the results recently obtained at the Bonn 
synchrotron on measurement of differential cross 
sections for photoproduction of 1r+ mesons from 
protons for a wide range of angles and energies, [25] 

it is evident that the data for Ey = 230 MeV and 
the data of the present work are in good agreement. 
However, the combination of these two groups of 
experimental data turns out also to be insufficient 
for carrying out in complete measure a regression 
analysis of the angular distribution. 

The results listed in Table II, generally speak
ing, do not have sufficient accuracy for reliable 
determination of the coupling constant f2 by the 
extrapolation method, [26] as follows from analysis 
of the work of Taylor et al. [26]. The value of coup
ling constant computed by us 

(2) 

(the numerical coefficient was obtained from the 
kinematic characteristics of the photoproduction 
process and from the universal physical constants) 
turned out to be equal to f2 = 0.07 ± 0 .11. 

In conclusion the authors express their gratitude 
to P. A. Cerenkov for cooperation in carrying out 
this work, to A. I. Lebedev for discussion of a 
number of questions touched upon in the article, to 
R. A. Latypova and M. S. Kuchumova for formula
tion of the computer program, and also to A. N. 
Zinevich and K. I. Yablonin for assistance in the 
work. 

Note added in proof (May 31, 1965). From the report by K. 
Strauch at the School of Theoretical and Experimental Physics 
(Erevan, 1965), it follows that the interpretation of Eisenberg's 
results[•o 1 on the basis of the single-particle mechanism is in
correct, as is correspondingly the value of I' p-my obtained in 
this work. 
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