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The angular distribution or' 77 +-mesons with energies of 176, 200, 240, 270 and 307 mev 
scattered from liquid hydrogen has been studied with tlie help of scintillation counters. The 
total interaction cross section of rr+ -mesons and hydrogen has also been measured by the 
l!lcthod of attenuation of the beam. At all energies, except 307 mev, the data can be well 
described by a function of the fmm dal dil =a + b cos e + c cos2 e. 

INTRODUCTION 

A T this time there are comparatively little ac
curate data on the angular distribution of 

1T +-mesons elastically scattered from hydrogen. 
Most of the published results pertain to energies 
less than 200 mev. l- 5 This situation can be ex
plained by the difficulty involved in obtaining 
sufficiently intense and monoenergetic beams of 

an energy of approximately 660 mev and a density 
"-' 109 I cm 2 I sec. 8 

In the present communication the results of work 9 

on the study of the scattering of rr +-mesons from 
hydrogen at meson energies of 176, 200, 240, 270 
and 307 mev are presented in detail. The measure
ments were n.ade with the help of scintillation 
counters. 

+ 
BEAMS OF TT -MESONS 

positive rr-mesons of high energy from circular 
accelerators. The measurement carried out to an Beams of 1T + -mesons were obtained by the hom-
energy of 400 mev with a diffusion chamher6 is of bardment of a polyethylene target with a proton 
little accuracy because of the small number of beam extracted from the synchrocyclotron. Mesons, 
observtd interactions. The scattering of 310 mev formed in the reaction p + p --+rr+ + d at an angle of 
TT + -mesons from hydrogen has been studied recently 9 ° with the incident proton beam, were magneti-
by Grigor' ev and Mitin7 with photographic plates. cally deflected to an angle of 20 ° and, passing 

The possibility of obtaining intense beams of thr~ugh an ir~>n collimator four meters thick wi~h 
positive rr-mesons of high energy at the Institute for an mternal dtarnete.r of 5 ern, struck the detectmg 
Nuclear Problems of the Academy of Sciences of the equipment placed behind the principal shielding wall 
USSR appeared only after the extraction from the of the synchrocyclotron (Fig. l ). 
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For each desired meson energy, determined by between the intensity of the meson beam, <P , and 
the current in the deflecting magnet, I M • This the magnitude of the magnetic field of the deflecting 

magnet, the thickness of the polyethylene target 
was experimentally chosen in such a way as to can he explained by the fact that mesons created in 
obtain the maximum meson flux. The optimal the forward part of the target and stopping in the 
thicknesses of the polyethylene target for energies target have approximately the same energy as 
of 176, 200, 240, 270 and 307 mev were, respect- ~~eson~, created hr, a slowed-down beam of p.rotons 
ively, approximately 67, 53, 35, 19 and 4.6 gm/cm 2, In the backward part of the target, at their emerg-
1 th th ht . d fl f ence from the target. The accurate determination 
n ese cases e o aine uxes o mesons were 

approximately equal to 20 40 60 60 and 40 cm-2 of the energy in each case was carried out by 
sec -1 ' ' ' measuring the range of mesons in copper. A typical 

. • . . . absorption curve for 307 mev mesons is shown on 
It IS mterestmg to note that despite the ap- F' 3 Th f d f h h . . . Ig. . e range oun rom t e curve was t en 

precwhle thicknesses of the targets used In these d h f 10 f · h l . . . l f correcte as e ore or t e ca culated rrJulti'ple 
expenments there 1s a relative y narrow peak rom ' . ' . 
the reaction p + p _,77 + + d (Fig. 2) in the relation Coulomb scattenng of mesons In lead. For all 

· energies this correction was approximately 2.5 % of 

(J,G 
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FIG. 2. Dependence of the intensity of the meson 
beam on the current in the deflecting magnet I M for a 

polyethylene target thickness of 35 gm/cm2. £ 77 =240mev. 
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FIG. 3. Typical absorption curve ( £ 77 =307 mev ). 

the measured range and the energy essentially 
does not change due to the correction. To the 
"corrected" range was added 0.4 gm/cm 2 of copper, 
which is equivalent to the wall thickness of the 
photomultiplier container and the thickness of the 
plexiglass wall of the last scintillator. The final 
values of the energies, presented in Table l, take 
into account the slowing down of mesons in the 
walls of the Dewarand in the hydrogen and corre
spond to the energy of the mesons in the center 
of the target. The uncertainty in the energy is due 
to the fundamental inaccuracy in the range deter
mination, the initial inhomogeneity of the beam and 
also the inaccuracy in the calculation of the range
energy curve. 

From the absorption curves and from known data 
on the nuclear interaction of TT -mesons with copper, 
the admixture of wmesons, which is also shown 
in Table l, was determined. 

EXPERIMENTAL ARRANGEMENT 

A. ANGULAR DISTRIBUTION 

The geometry of the experiment for the measure
ment of angular distributions is given in Fig. 4. 
In the experiments a Cerenkov counter, 1, was used 
as well as liquid scintillation counters 2 and 3, 
set in coincidence for the registration of the num
ber of rr+ -mesons hitting the hydrogen target 
(monitor). The Cerenkov detector was chosen in 
view of the fact that the meson beam contains an 
appreciable number of slow protons. The scat
tering of mesons from hydrogen was detected by 
liquid scintillation counters 4 and 5, set in coin
cidence with counters l and 3. The block dia
gram of the electronic equipment is shown on Fig. 5 
The resolving time of the three-fold and four-fold 
coincidence schemes was equal to 1.5 x 10-8 sec. 
The stability of operation of the electronic equip
ment was systematically checked by the measure
ment of the ratio N 4 / N 3 , the number of four-fold 
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TABLE 1 

c I Energy of the 1T +-
------- ·--··---·-- ----~--~--~ ----
Uncertainty in .fhe Percent 

orrected range of . . h energy of the 1T -mes 
ons interacting with admixture + I mesons m t e cen 

1T -mesons i"2 ter of the hydrogen hydrogen, in mev of!l+-mesons 
opper~ in gm/ em j ous sc~tterer 1 in 

·- mev 
c 

90.4 
106.6 
134.1 
155.2 
180.·'1 

I 

-f:il--

176 ±4 4. 7±1.5 
200 ±5 4.0±1.0 
240 ±6 3. 7±1.0 
270 ±6 3.4±1.0 
307 ±fi 2.6±1.0 

,.~···f~ 
1 ~ Aluminum filter 

l J 
·-+--+-

1. Z!CM ,ll/lCM ./ 

e 

Liquid hydrogen 

FIG. 4. Arrangement of the equipment used during the angular 
distribution measurements. 1 -Cerenkov detector; 2,3,4,5 -scin
tillation counters. For 8 = 20 ° , L = 73.5 em. 

'I 5 

, 
I 

coincidences (1,3,4,5) and the number of three-fold 
coincidences (1,2,3) for which the counters 4 and 
5 were set in one line with the counters 1,2 and 

3. 
Counter 1--the Cerenkov radiation detector-

was built of plexiglass having dimensions of 5 
x 5 em and a thickness of 3.6 em and was connected 
by a plexiglass light pipe with a photomultiplier tube 
FEU-19. The scintillation counters 2 and 3 had 
dimensions 5 x 5 x 0.6 em and consisted of a thin
walled plexiglass vessel filled with a solution of 
terphenyl in phenylcyclohexane. Counters,4/and 
5 had a diameter and thickness of scintillating ma
terial (a solution of terphenyl in phenylcyclohexane) 
of 10 and 0.8 em, respectively. The scintillators 
were connected by light pipes to photomultiplier 
tubes FEU-19. 

A glass-walled Dewar with an internal diameter 
of about 14 em and a wall thickness of 1 gm/cm 2 

was used for the hydrogen target. For a Dewar ca-
FIG. 5. Block diagram of the electronic equipment. pacity of 3 liters and an average. evaporation of the 

S 1 =switch. Differential cross sections were measured hydrogen of about 0.25 l / hr, unmterrupted work 
with the switch at point A (four-fold coincidences 1,3,4,5); without additional filling of liquid hydrogen was 
total eros~ sections with ~e switch .a~ point B (f.our~ assured for a period of 8 hours. During the ex-. 
fold coincidences 1,2,3,5). i A-amphher, d.a.-d1stn- periments the Dewar was pumped out for back-
buting amplifier; /- 3-fold coincidence scheme "- 1.5 d d t' · t' ( 'th t h d ) _11 . . _8 groun e ermma wns WI ou y rogen . 
X 10 sec; II- 4-fold comc1dence scheme "- 1.5 X 10 It was assumed in determining the amount of 
sec; 1- Cerenkov counter; 2,3,4,5 - scintillation coun- h d th t th d 't f 1' · d h dr 
ters; m. c. -mechanical counter. Y rogen a 3 e e~si Y 0 Iqm Y ogen was 

0.0708 grn/ ern • Taking into account the fact that 
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the evaporation speed of the hydrogen was rela
tively small, the influence of bubbles on the density 
was neglected. The average amount of hydrogen 
in the path of the meson beam determined under the 
assumptions mentioned above was 0.984 gm/ em a 
with an uncertainty of about 1%. In order not to 
register charged particles from stars formed in 
the walls of the Dewar or recoil protons from (77 +,p) 
scattering, an aluminum filter was placed between 
scintillators 4 and 5. 

The angular distributions were obtained from the 
ratio N / N after calculation of the detection ef-

4 3 
ficiency of mesons under various angles and a num~ 
her of other corrections which will he discussed in 
the next section. 

B. TOTAL CROSS SECTION 

The total interaction cross section of 11 + -mesons 
with hydrogen was measured by the absorption of 
the beam of mesons passing through the hydrogen 
scatterer in the geometry shown in Fig. 6. 

I l 
-ffflt---·---

1/(/&1>1 lBc,w 

As in previous work on the determination of total 
cross sections, the distance between the center of 
the hydrogen scatterer and the last scintillator was 
equal to 35 em, which corresponds to an average 
detection angle for the last detector of about 8 °. 

The beam of mesons falling on the hydrogen target 
was defined by the system of three counters 1,2 and 
3 set in coincidence. Having passed through the 
scatterer the beam was registered through a four
fold coincidence (1,2,3,5). The block diagram of 
the electronic equipment for these experiments is 
also shown in Fig. 5. 

The scintillators 2 and 3 used in these experi
ments had a diameter of 3 em and a thickness of 
0.4 em and consisted of a thin-walled plexiglass 
container filled with a solution of terphenyl in 
phenylcyclohexane. The scintillator 5 had a dia
meter of 10 em as before. The same hydrogen tar
get was used as in the measurments of the angular 
distributions. 

J 

/SCM 

THE METHOD OF THE MEASUREMENT 
OF ANGULAR DISTIDBUTIONS 

111 

J5CM 

FIG. 6. Set-up of the equipment during the total cross· 
section measurements. 1-Cerenkov detector; 2,3,5- Scin
tillation counters; /!-Dewar with liquid hydrogen, Ill
CH 2 filter (Scm thick). 

The differential cross section for the elastic 
scattering of 11+ -mesons on hydrogen in the labo
ratory system was determined from the formula 

( :~ \ab = (/'M) ( J\'~EQ) ' 

where N is the number of registered four-fold 
4 

coincidences of 11+ -mesons scattered from hydrogen 
at a given angle (); N is the number of three-
fold coincidences; K fs a factor characteristic of 
the beam; N H is the number of hydrogen atoms per 

em 2; f is the detection efficiency for mesons at 
angle f3 ; D is the effective solid angle. A dis
cussion is presented below of experiments carried 
out to find the parameters entering in the formula 
shown above. The numerical values of the para
meters will he shown in tables in which are pre
sented the results of the measurements. 

A. DETERMINATION OF THE FLUX 

OF 11+ -MESONS 

Because of the fact that in the scattering experi
ments a "thick" hydrogen target was used, it was 
necessary to take into account the absorption of the 
mesons not only in scintillator 3 and in the front 
walls of the Dewar hut also in the hydrogen scat
terer itself. In the determination of the number of 
mesons hitting the hydrogen target, counting errors 
in the counting scheme were taken into account; 
these occurred for relatively high intensities used 
in meson flux experiments, particularly for energies 
of 240 and 270 mev. Finally, it was necessary to 
consider the admixture in the beam of ll-mesonswhich 
do not participate in nuclear interaction with hy
drogen. 

Taking into account the facts enumerated above, 
the average number of 11 +-mesons, N 77 = KN 3 ,which 
could participate in the scattering were determined 
in the following way: 
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Here 7J is a coefficient which ta~es in.to account 
errors in counting during the reg1stratwn of th~ num
ber of three-fold coincidences; u. is the fractiOn 

7T 

of 77-mesons in the beam; at is the total interaction 

cross section of TT + -mesons with hydrogen; {3 is 
the fraction of the beam absorbed in scintillator 3 
and in the front walls of the Dewar. 

B. DETECTION EFFICIENCY OF THE MESONS 

The efficiency of detection by four-fold coinci
dences (1,3,4,5) of mesons scattered in various 
directions is determined by two factors: 1) the pro
bability of the registration of mesons crossing the 
sensitive volume of scintillation counters 4 and 5, 
and 2), the probability of the absorption of mesons 
scattered at a given angle into scintillator 4 and the 
aluminum filter. Doth the absorption of scattered 
mesons and the probability of their detection were 
determined in separate experiments. The first 
factor was determined in experiments carried out 
with the arrangement of the scintillation counters 
shown in Fig. 7. 

I 
Mesonrfij 

4 or 5 
I J 

beam -t- I I 
Scintillator being 

investigated 

FIG. 7. Set-up of the experiment to determine the proba
bility of the detection of mesons in scintillators 4 and 5. 

It is found that the probability of detecting mesons 
in scintillators 4 and 5 € 4.''V 4(1,2,3,4)/ N 3 (1,2,3) 

and € 5 = N 4 (1,2,3,5) /N 3 ( 1,2,3} were equal to 

unity with an accuracy of better than one percent. 
The plateau of the system of the four counters 

1,3,4 and 5 set up in a straight beam had a slope 
of the order of 1% per 200-300 volts. 

To measure the absorption of scattered mesons in 
"equivalent filters" consisting of scintillator 
4 and aluminum filters, counters 1,2,3 and 5 were 

placed in a single line. The attenuation of meson 
beams in these equivalent filters was determinedfor 
a number of energies, using a variation of the elec-
tronic scheme (see Fig. 5) intended for the meas
urement of total cross sections. The geometry of 
the experiment is shown in Fig. 8. In these ex
periments the energy of the meson beam was set by 
the magnitude of the current in the deflecting mag
net. The control measurement carried out by 
measuring the range in copper showed that the 
divergence between the energy values determined in 
both ways was less than ± 2 mev. 

Equivalent filter ....._,..,_- ---, 
I 2 J 1/,1 I!L,J 

---4- I C I ·----1 
S._V~--------~-~-C#--+------~-~-C#-----+-l-~_CM~ 

FIG. 8. Arrangment by which the attenuation of the meson beam 
in the filter was measured. 

From the combined results, the measurements of 

€ <P = N 4 (with filter) as a function of energy, 
N 4 (without filter) 

taken for various thicknesses of the aluminum fil
ter, show that for energies near 200 mev, £ (E) 

<P 
has a minimum, which can be understood from the 
character of the energy dependence of the total 
interaction cross section of TT-mesons with complex 
nuclei. 12 

From the curves characterizing the absorption 
of mesons as a function of energy for various thick
nesses of aluminum filter (Fig. 9 ), the detection 
efficiency for scattered mesons of a given energy 
was directly found, since the probability of detect
ing mesons traversing scintillators 4 and 5 is equal 
to unity. As a small correction to the detection 
efficiency the absorption of scattered mesons in the 
walls of the hydrogen target was taken into account. 
In such a way the detection efficiency of scattered 
mesons was determined to be 
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where x. is the fraction of scattered mesons absorbed 
in the Dewar walls. 

''f! I 
fJ.JUU 

0,800 L-------'------'----~:---' 
tUU IJ(} t;,..(mev) 

FIG. 9. Detection efficiency of mesons (for an alumi
num filter thickness of 3 em) as a function of energy. 

C. DETERMINATION OF THE EFFECTIVE 

SOLID ANGLE 

The most substantial of the geometrical correc
tions depends on the fact that the dimensions of the 
scintillator 4 were less than the diameter of the 
hydrogen target. This leads to the fact that, de
pending on the angle, part of the hydrogen scat
terer is in a half shadow with respect to the counter 
telescope 4-5; Fig. 10 shows the dependence on 
angle e of the ratio n In where n is the solid 

av c c 

angle defined by scintillator 5 as seen from the cen
ter of the hydrogen target, and n is the solid 

av 
angle determined by the scintillation counter tele
scope4-5, averaged with respect to the volume of 
the scatterer. 

na;nc 

romr~ 
0 950 I . I I J I 

17 JO . 'YJ nn !t/l. !.file; 
VI, ol(l, - (lab system) 

FIG. 10. An~ular dependence of the 
quantity U I U av c 

In order to obtain the effective solid angle of de
tection of scattered mesons, U , it is nesessary 

to introduce a further correction to the quantity nav' 
taking into account the possibility of detecting 
scattered mesons in the light pipe of scintillation 
counter 5. The relatively large sensitivity of the 
plexiglass light pipe to high energy particles results 

from Cerenkov radiation and from "feeble" scintil
lations in the plexiglass. 

The increase of the average solid angle (U-Ua) 

xU was determined for mesons of known energy av 
scattered through two angles. The relative depend
ence of the sensitivity of the light pipe on energy 
was determined in the direct meson beam for various 
values of the current in the deflecting magnet. This 
gave the possibility of obtaining the magnitude of 
the effective solid angle ,U, essential to the deter
mination of the differential scattering cross section 
for mesons of various energies brought up in this 
work. The dependence of the increase of the aver
age solid angle on the meson energy is shown in 
Fig. 11. In the determination of the effective solid 
angle a correction was also introduced due to the 

fact that the scintillation counter telescope has 
a finite angular resolution. 

n-n ;n 
av av 

::r~ 
a" ~ w - •t(me0 

FIG. ll. Energy dependence of the quantity 
(fl-U av)/Uav• 

Processes of multiple nuclear scattering of 
mesons in hydrogen were not taken into account. 
Because of their small magnitude,corrections due to 
chance coincidence and rr -jl decay of scattered 
mesons were not taken into account. 

THE METHOD OF MEASUREMENT 
OF TOTAL CROSS SECTIONS 

Total interaction cross sections of rr +-mesons 
with hydrogen, measured by the method of attenua
tion of the beam traversing the scatterer, were de
termined from the formula 

i { N(no H) 'I) (no H) _ N(o) (O)et } 
at (7t+, p) = -In 4 4 1J 1'-

NH N(H)'IJ(H) -1\ (O)'Y\(0)()( 
4 4 ., 1'-

&, 

+} {(~~)lab+ (~~\Jdn. 
The following terms are used here: fl/ 4 (O), fll inoH) 

and fl/ 4 (H) are respective to the number (having 

nom1alized to unity the reading of the monitor) of 
four-fold coincidence counts corresponding to the 
hydrogen free Dewar (fl/ (0) ), pumped out Dewar 

4 
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(N (noH) ) and Dewar filled with liquid hydrogen 
4 

(N 4 (H)); 77(0), 77 (noll) and 77(II) are factors which 

take into account counting errors in the detecting 
apparatus, u. is the fraction of fl.-mesons in the 

J1 
beam; (da I dD.) is the angular distribution of 

77 lab 

rr-mesons in the laboratory system of coordinates; 
(dapl dD.) is the angular distribution of recoil 

lab 

protons in the laboratory system of coordinates; 
e = 8° l . 

Chance coincidences, determined in a separate 
experiment, were negligibly small (of the order of 
0.1% ) and were not taken into account. 

THE RESULTS OF THE MEASUREMENTS 

A. DIFFERENTIAL CROSS SECTIONS 

The results of the measurements are presented 
in Tables 2-6. Besides the final values of the 
differential cross sections in the laboratory sys-
tem (da I dD.) and in the center-of-mass system 

lab 

(daldD.), previously determined numerical values 
of the parameters K, D. and E are also given. One 
can obtain an idea of the magnitude of the back
ground at various angles in the absence of hydrogen 
from the fourth column of Tables 2-6 where the 
ratio N 4 (Dewar) IN 4 (Dewar +H), the number 

of four-fold coincidences normalized to unity on 
the monitor, is given. In the fifth column of these 
tables is shown the calculation [ N (Dewar +H) 

4 

- N (Dewar) ] of four-fold coincidences, depen-
4 6 

dent only upon hydrogen and normalized to 10 
counts of the monitor, that is three-fold coinciden
ces, N 3 • 

Errors in the final cross section results are 
standard deviations. They include errors in the 
determination of corrections and they have only a 
statistical nature in the final calculation. 

In regard to other supplemenatry errors of un
known origin, it is seen that it is unlikely that they 
are of appreciable magnitude because of the close
ness of the value of the total cross section at(rr+,p), 

determined independently by the attenuation of 
the meson beam, and the value of 

cr1 = ~ (dajdQ) dQ, 

obtained by integrating the differential cross sec
tions. However the presence of such errors indicate 
the magnitude of the deviation of the experimental 
points from the "best" curve computed by the 
method of least squares. 

At first, after considering the obtained results, 
a very much simplified phase analysis was made in 
the belief that only S-and P -waves participate in 
the scattering, that is that the angular distributions 
have the form 

The corresponding coefficients for various energies, 
found by the method of least squares, are presented 
in Table 7. For ease in comparing the results of 
this work with results of measurements of angular 
distributions at other energies, usually shown in 
the form da I an= a + b cos e + cos 2 e, the corre
sponding coefficients are given in Table 8. 

In the last column of Table 7 the values of 

are given where a (0. ) are the measured differential 
£ 

cross sections at an angle e. with an experimental 
error fia (e.) ·"(8.) is the v~lue of the function 

L '}' t 

a 0 +alp 1 (cos e ) + a2 p 2 (cos e) at an angle ei 
found by the method of least squares, In the next 
to the last column the expected value M 'of this 
quantity is given; it is equal to the difference be
tween the number of experimental points and the 
numbers of free parameters. 13 As can be seen 
from the Table, for energies of 176, 200 and 240 
mev, the value of M is close to the expected value. 

For an energy of 307 mev, M appreciably exceeds 
M'. This is illustrated in Figs.12-16 where, to
gether with the experimental cross sections, dis
tributions of the type 

are shown. 
Hence, for a meson energy of 307 mev there is 

definite sense in approximating the experimental 
data with a function having a larger number of free 
parameters, that is, a function of the type 

dcrjdQ = a0 + a 1P 1 (cos 6} 

+ a2P2 (cos 6) + a3P3 (cos 6) + a4P4 (cos 6). 

This may mean that for energies of""' 300 mevmeson
nucleon scattering processes are already difficult 
to describe by means of S- andP-waves alone. The 
importance of the D-wave contribution will be dis
cussed later. Table 9/ives the angular distribu
tion coefficients, foun by the method of least 



0 >
 

IJ:: 
0 u 

"" E-< 
z 0 0... 
C

l 
z <

 >
 

0 IJ:: 

"" N 0 z -::t:: ::.:: 
;:l 
:2': 

~ 

-
7

1
e
 

D
ista

n
c
e
 from

 
th

e cen
ter o

f 
(lah

 sy
stem

), th
e targ

et to
 th

e 
in

 d
eg

rees 
la

st sc
in

tilla
to

r 
in

 em
 

30 
63.5 

45 
63.5 

60 
63.5 

75 
63.5 

90 
63.5 

105 
63.5 

120 
63.5 

135 
63.5 

149 
63.5 

-·--"'' 

T
A

B
L

E
 2. 

A
n

g
u

la
r d

istrib
u

tio
n

 o
f 1T +

-m
e
s
o

n
s
 s

c
a
tte

re
d

 fro
m

 h
y

d
ro

g
e
n

, E
17 =

 176 ±
 4 m

e
v

. 

-
-

~ppronmate'n";':i'g.." "
C

le
a
n

"
 effec -

~
.
 

--
T

h
ic

k
n

e
ss o

f 
K

, 
0

, 
i
.
 

(d
a

/d
0

)la
h

' 
m

tu
d

e o
f th

e b
ack

-
f 

h 
dr 

b
eam

 ch arac-
effectiv

e so
lid

 
d

etectio
n

 effi-
th

e alum
inum

 
d 

rom
 

y 
o

g
en

 
d

ifferen
tial c

ro
ss 

filter 
N

 4 ~~:ar) 
(fo

r 10 6 co
u

n
t• te

ristic
 facto

r 
an

g
le in

 th
e 

cien
cy

 o
f th

e 
se

c
tio

n
in

th
e
la

h
 

la
h

 sy
stem

, 
sc

a
tte

re
d

 
in

 em
 

N
4
(D

e
w

a
r+

H
) 

o
fth

em
o

n
ito

r 
in

 stera
d

ia
n

s 
sy

stem
, in

 
m

e
s

o
n

s
 

10- 27 cm
2 sterad

 

3,8 
0.4 

308+
30 

0.915 
2.2C

\X
f0-2 

0.835 
3

1
.1

±
3

.1
 

3.0 
0.2 

221±
20 

0.915 
2

.1
6

x
1

o
- 2 

0.858 
22.1±

2.1 
3.0 

0.14 
129±

14 
0.915 

2.17X
10- 2 

0.867 
12. 7

±
1

.4
 

3.0 
"·0.17 

96±
11 

0.915 
2.13X

10- 2 
0.879 

9
.6

±
1

.1
 

0.8 
0.17 

105±
13 

0.915 
2.10x1o- 2 

0.912 
1

0
,2

±
1

.3
 

0.8 
0.13 

128±
14 

0.915 
2

.w
x

to
- 2 

0,904 
1

2
.5

±
1

.4
 

0.8 
0.16 

142±
15 

0.915 
2

.u
x

w
-2

 
0.900 

1
3

.9
±

1
.5

 
0.8 

0.22 
146±

15 
0.915 

2,13X
10- 2 

0.898 
1

4
.2

±
1

.5
 

0.8 
0.10 

175±
16 

0.915 
2.15X

10- 2 
0.898 

1
6

,8
±

1
.5

 

T
A

B
L

E
 3. 

A
n

g
u

la
r d

istrib
u

tio
n

 o
f 17 +

-m
e
s
o

n
s
 s

c
a
tte

re
d

 fro
m

 h
y

d
ro

g
e
n

, E
 

=
 

2
0

0
 ±

 5 
m

e
v

, 
17 

A
n

g
le e in

 
d

a
/d

O
 

d
ifferen

tial 
h

e cen
ter-o

f-
cro

ss sectio
n

 in
 

m
a

ss, in
 

th
e cen

ter-o
f-m

ass 

d
eg

rees 
sy

stem
, in

 10-27 
c
m

2
/ste

ra
d

 

38.5 
2

0
.0

±
2

.0
 

56.8 
15, 7

±
1

.5
 

74.2 
1

0
.2

±
1

.1
 

90,4 
8

.8
±

1
.0

 
105.6 

1
0

.8
±

1
.4

 
119.5 

1
5

.3
±

1
. 7 

132.9 
1

9
.3

±
2

.1
 

145.3 
21 :8

±
2

.3
 

157.2 
2

7
.9

±
2

.6
 

-
-
-
-
-

H
, 

(d
a

/d
0

)la
h

' 
I A

n
g

le e l ~a/dO_ 
A

n
g

le
 

D
ista

n
c
e
 from

 
T

h
ic

k
n

e
ss o

f 
A

p
p

ro
x

im
ate m

ag
-

"
C

le
a
n

"
 

K
, 

effectiv
e so

lid
 

i
' 

e 
th

e cen
ter o

f 
th

e alum
inum

 
n

itu
d

e o
f th

e b
ack

 
effect from

 
!beam

 ch
arac-

d
etectio

n
 

. 
. 

. 
-

d
ifferen

h
al 

an
g

le in
 th

e 
d

d
fe

re
n

h
a
l c

ro
ss lm

 th
e cen

ter-! 
. 

. 
h

e targ
et to th< 

filter, 
g

ro
u

n
d

 
h

y
d

ro
g

en
 (fo

r 
teristic fa

cto
r lah

 sy
stem

, 
efficien

cy
 o

f 
sectio

n
 in

 th
e l ah 

. 
~~ c

ro
ss sectlO

n
 I

n
 

(lah
 sy

stem
), 

a
st sc

in
tilla

to
r 

in
 em

 
N

 4 (D
ew

ar) 
10 6 co

u
n

ts o
f 

in
 ste

ra
d

ia
n

s 
th

e sc
a
tte

re
d

 
sy

stem
, in

 
o

f-m
a

ss, In 
th

e center-of~mass 
in

 d
eg

rees 
in

 em
 

N
 4 (D

e
w

a
r+

 H
) 

th
e m

o
n

ito
r) 

m
e

s
o

n
s

 
2

7
 

2 
d 

sy
stem

, m
 

10-
em

 j sterac 
eg

rees 
l0

-2
7

 cm
2

/ sterad
 

20 
73.5 

6.8 
0.6 

24.9±21 
0.930 

11.68X
10- 2 

0. 734 
3

6
.9

±
3

.2
 

26.3 
2

2
,1

±
1

.9
 

35 
63.5 

6.8 
0.3 

242±
16 

0.931 
2.23X

10- 2 
0.733 

2
7

.0
±

1
.9

 
45.3 

1
7

.5
±

1
.2

 
50 

63.5 
3,0 

0.2 
199±

12 
0.960 

2
.
2
~
X
1
0
-

2 
0.850 

18. 7
±

1
.2

 
63.5 

1
3

.6
±

0
.9

 
80 

63.5 
3.0 

0.2 
7

7
.6

±
6

.4
 

0.949 
2.18X

10- 2 
0.870 

7
.3

8
±

0
. 75 

96.5 
7.13±

0.73 
95 

63.5 
3

,0
 

0.1 
93±

11 
0.930 

2.13X
10-2 

0.883 
9

.0
±

1
.1

 
111.2 

1
0

.2
±

1
.2

 
110 

63,5 
3.0 

0.1 
117.1±

8.3 
0.964 

2.14X
10-

2 
0.893 

1
0

.8
±

0
.8

 
125,8 

14.1±
1.1 

150 
63.5 

3.0 
0.2 

141±
10 

0.940 
2A

8X
10-

2 
0,881 

1
3

.3
±

1
.0

 
157.4 

2
2

,8
±

1
. 7 

-
-



~ .....: 

z til 
(.!I 

0 ~ 
Q

 

>< 
=

 z 0 (fJ 

z 0 (fJ 

lil 
::2 I 

+
 1::: 

~
 

0 (.!I 

z ; til 
E-o 
E-o 
<

 
u (fJ 

A
n

g
le(:) (lab

 

sy
stem

), 

in
 d

e
g

re
e
s 

20 
35 
35 
50 
80 
95 

110 
1W

 

A
n

g
le e 

lab
 sy

ste
m

), 
in

 d
eg

rees 

20 
50 
80 
95 

110 
149 

T
A

B
L

E
 4. A

ngular d
istrib

u
tio

n
 o

f TT +
-m

e
so

n
s scattered

 from
 hydrogen, £

17 =
 240 ±

 6 m
ev, 

D
ista

n
c
e
 

T
h

ic
k

n
e
ss o

f 
A

p
p

ro
x

im
ate m

ag-
"
C

le
a
n

"
 ef-

K
, 

0
, 

(d
a

 I d
0

)la
b

' 
A

n
g

le 8 
d

a
ld

O
 

from
 th

e cen
ter 

n
itu

d
e o

fth
e
b

a
c
k

-
e
c
t from

 h
y

d
ro

 
f
.
 

o
fth

e
 targ

et to
 

h
e alum

inum
 

g
ro

u
n

d
 

g
en

 (fo
r 106 

b
eam

 
effectiv

e so
li 

d
etectio

n
 effi-

d
ifferen

tial c
ro

ss 
in

 th
e cen

ter-
d

ifferen
tial 

th
e la

st 
filter, in

 
N

4
(D

ew
ar) 

co
u

n
ts o

f th
e 

c
h

a
ra

c
te

ristic
 

an
g

le in
 th

e 
cien

cy
 o

f th
e 

sectio
n

 in
 th

e lab
 

o
f .. m

a
ss, in

 
cro

ss sectio
n

 

scin
tillato

r, in
 

em
 

m
o

n
ito

r 
facto

r 
lab

 sy
stem

, 
sc

a
tte

re
d

 
sy

stem
, in

 w
-2

7
 

d
eg

rees 
in

 th
e cen

ter-o
f-

em
 

N
 4 (D

e
w

a
r+

 H
) 

in
 ste

ra
d

ia
n

a
 

m
e

s
o

n
s

 
cm

2
/ sterad

 
~,~';~ sy~~~m, in

 

73,5 
9.0 

0,6 
267±25 

0.999 
1.69X

10- 2 
0.701 

38.4±
3. 7 

26.8 
22.0±

2.1 
73,5 

6.8 
0.2 

166±
12 

0.999 
1. 69)(' 10-2} 

0.749 
24.6±

1.6 
46.3 

15.4±
1.0 

63.5 
6,8 

0.3 
174±

18 
0,999 

2.25X
10-

2 

63.5 
3.0 

0.3 
155±

10 
1,074 

2,25)<10-2 
0,823 

1
3

.3
±

1
.0

 
64.7 

9.47±
0.68 

63.5 
3,0 

0,3 
59.9±

4.0 
1,074 

2,20X
10-

2 
0.862 

5,00±
0.36 

97.8 
4.92±

0.35 
63.5 

3,0 
0,2 

59. 7
±

4
.2

 
1.066 

2,16X
10-

2 
0.865 

5,10±
0.38 

112.4 
5.86±

0.44 
63.5 

3.0 
0,3 

60,4±
4.2 

1.067 
2.15)<10-

2 
0,877 

5,10±
0.38 

126.0 
6,80±

0.51 
63.5 

3,0 
0,2 

97,5±
5.1 

1.038 
2,19X

10-
2 

0,900 
8,12±

0.47 
158.1 

14.50±
0.84 

-
-
-
-

-
~
 

-
-

-
-
-
-
-
-
-
-
-
-
-
-
·
 

-------
-

--------
-

T
A

B
L

E
 5. A

ngular d
istrib

u
tio

n
 of TT +

-m
e
so

n
s scattered

 from
 hydrogen. E

 7
7

 =
 270 ±

 6 m
ev. 

D
ista

n
c
e
 

T
h

ic
k

n
e
ss 

A
p

p
ro

x
im

ate m
ag-

"
C

le
a
n

"
 ef-

K
, 

·n. 
f
.
 

(d
a

l d
0

)la
b

' 
A

n
g

le e 
d

a
 I d

0
d

if-
from

 th
e cen

ter 
o

f th
e 

n
itu

d
e 

o
fth

e
 b

ack
 

e
c
t from

 h
y

d
ro

 
b

eam
 ch

arac-
effectiv

e soli<
i 

d
etectio

n
 effi-

d
'ff 

. a! 
in

 th
e cen

ter-
fer en

tia! cro
ss 

o
f th

e targ
et to

 
A

lu
m

in
u

m
 

g
ro

u
n

d
 

g
en

 
te

ristic
 facto

r 
an

g
le in

 th
e 

cien
cy

 o
f th

e 
1 

e.ren~l 
cro

ss 
o

f·m
a

ss 
in

 
sectio

n
 in

 th
e 

th
e la

st 
filter, in

 
N

 4 (D
e
w

a
r) 

fo
r 106 co

u
n

t 
lab

 sy
stem

, 
sc

a
tte

re
d

 
sect1

o
n

 ~n th
e lab

 
d

e 
r:e

s
 

cen
ter-o

f-m
ass 

scin
tillato

r, 
N

 4 (D
e
w

a
r+

 H
) 

o
fth

e
 m

o
n

ito
r 

in
 ste

ra
d

ia
n

s 
sy

stem
, lD

 w
-2

7
 

g 
sy

stem
, in

 w
-2

7
 

em
 

m
e

s
o

n
s

 
c
m

2
/ste

ra
d

 
;"

 r• 
cm

2
/.,t .. u

..l 

73.5 
9.8 

0.6 
210±16 

1.042 
1. 69)(10-

2 
0,689 

29.4±
2.4 

27.5 
16.4±

1.3 
63.5 

3.8 
0.3 

104.6±
6.4 

1.025 
2,26X

10-
2 

0.827 
9
.
~
4
±
0
.
6
1
 

6.5. 7 
6,52±

0.43 
63,5 

3.0 
0,4 

29.3±
2.6 

1,026 
2 . 2:3')( 10-

2 
0.848 

2.57±
0.24 

98.8 
2.52±

0.23 
63,5 

3,0 
0.4 

21.9±
3.8 

1,032 
2 .15')(10-

2 
0.859 

1.94±
0.34 

113;3 
2,26±

0.40 
63,5 

3.0 
0,3 

37,1±
2.9 

1.028 
2.16)(10-

2 
0,871 

3.25±
0.26 

126.8 
4.46±

0.36 
63,5 

3.0 
0.4 

45,2±
3.2 

1.021 
2.19X

10-
2 

0.880 
3,90±

0.29 
157.7 

7 .22±
0,54 

I 
~
-
-
-
-
-
-
-
-
-

-
-

-
-
-
-
-
-
-



0 >
 

1%: 
0 u l'<l 
E-< 
z 0 0.. 
0 z <

 
>

 
0 1%: 
l'<l 
N

 
0 z .... :::z::: 
;:..: 
;:.J 
:;;; 

~ 

A
n

g
le e 

(I ab sy
stem

) 

in
 d

eg
rees 

20 
35 
50 
80 
95 

110 
130 
149 

E
n

e
rg

y
 o

f 
th

e m
eso

n
s, 

in
m

e
v

 

1
7

6
±

4
 

2
0

0
±

5
 

240±
() 

2
7

0
±

6
 

3
0

7
±

6
 

T
A

B
L

E
 6, A

n
g

u
la

r d
istrib

u
tio

n
 o

f 1T +
-m

e
s
o

n
s
 s

c
a
tte

re
d

 fro
m

 h
y

d
ro

g
e
n

, E
17 =

 307 ±
 6 m

e
v

, 

D
ista

n
c
e
 

T
h

ic
k

n
e
ss o

f 
A

p
p

ro
x

im
ate m

ag-
"
C

le
a
n

"
 ef-

K
 

n. 
(d

 a
/ d

Q
)la

b
' 

A
n

g
le e

in
 
~a/ dO

 d
iffer-

from
 th

e 
n

itu
d

e o
f th

e b
ack

-
feet from

 hydro-
b 

h 
€

, 
th

e alum
inum

 
effectiv

e so
li 

d
etectio

n
 effi-

th
e cen

ter-o
f-

en
tia

! c
r
o

ss se
c
-

c
e
n

te
ro

fth
e
 

filter, 
g

ro
u

n
d

 
g

en
 (fo

r 106 
t e ~

 ~ 
arac-

an
g

le in
 th

e 
cien

cy
 o

f th
e 

d
ifferen

tial cro
ss 

tio
n

 in th
e cen

ter-
targ

et to
 th

e 
N

4
(D

ew
ar) 

t 
f 

e
n

stlc
 

sectio
n

 in
 th

e lab
 

m
a

s
s

, 
in

 em
 

co
u

n
 ~ 0 

fa
cto

r 
I ab sy

stem
, in

 
sc

a
tte

re
d

 
in

 d
eg

rees 
fa£ m

a
ss sy

stem
, in

 
la

st scin
-

th
e m

o
m

to
r 

sy
stem

 in
 l0

-2
7

 
!till H

tn
r. in

 "
m

 
N

 A. (D
e
w

a
r+

 H
) 

ste
ra

d
ia

n
s 

m
e
so

n
s 

c
m

2
/ste

ra
d

 
w

-2
7

 cm
2

/ sterad
· 

73.5 
1

1
.0

 
0

.6
 

1
8

6
+

1
5

 
1.024 

1
,6

9
)(1

0
-

2 
0.672 

27 .2
±

2
.3

 
2

7
.9

 
1

4
.5

±
1

.2
 

63.5 
6

.0
 

0
,3

 
1

7
4

+
1

7
 

0.984 
2

.2
5

X
1

0
-

2 
0,804 

1
6

.6
±

1
. 7 

47.9 
9

,8
6

±
0

.9
9

 
63.5 

5
.0

 
0

.3
 

96. (f5
.1

 
1.021 

2
.2

6
X

1
0

-
2 

0.829 
8

,5
5

±
0

.4
8

 
67.1 

5. 9
1

±
0

.3
3

 
63.5 

2
.0

 
0

.5
 

2
1

.1
±

2
.2

 
1.021 

2
.2

5
X

1
0

-
2 

0.908 
1. 7

2
±

0
.1

9
 

100.0 
1

.5
5

±
0

.1
7

 
63.5 

3
.0

 
0

.4
 

2
2

.8
±

4
.5

 
0,992 

2 .18')(10-
2 

0,850 
2

.1
0

±
0

.4
1

 
114 .. 5 

2
.4

9
+

0
.4

9
 

63.5 
2

.0
 

0
.3

 
2

9
.1

±
2

.6
 

1,021 
2 .19')(10-

2 
0.906 

2
.4

4
±

0
.2

3
 

127.8 
3

.4
2

±
0

.3
2

 
63,5 

3
.0

 
0

.3
 

2
6

.0
±

4
.4

 
0.996 

2
.1

8
X

1
0

-
2 

0.875 
2

.3
3

±
0

.4
0

 
144.0 

3
.9

2
±

0
.6

7
 

63.5 
2

.0
 

0
.4

 
3

0
,1

±
3

.2
 

1.020 
2

.1
9

X
 10-

2 
0.915 

2
.5

0
±

0
.2

7
 

158.2 
4. 7

7
±

0
,5

2
 

-
-
-
-

-
-
-

T
A

B
L

E
 7. 

T
h

e
 s

c
a
tte

rin
g

 o
f 1T +

_
m

e
s
o

n
s
 fro

m
 h

y
d

ro
g

e
n

, 
T

h
e
 c

o
e
ffic

ie
n

ts o
f th

e
 a

n
g

u
la

r d
istrib

u
tio

n
, 

daJdO
. =

a
, +

 a,P
, (cos 6) +

 a, P
2 (cos e) 

t.-• daJdO
. =

A
,+

 A
, P

, (cos 6) +
 A

z P
2 (cos 6) 

I 
I 

E
x

p
ected

 
a

. 
a, 

a
, 

v
alu

e 
M

 
M

'=
n

-m
 

A
, 

A
, 

A
, 

10- 27 cm
2 I 

sterad
 

1
5

,8
6

±
0

.3
8

 
-0

.8
4

±
0

.7
6

 
1

3
,5

±
1

.1
 

1
.9

2
6

±
0

.0
4

7
 

-
0

, 1
0

2
±

0
.0

9
3

 
1

.6
3

±
0

.1
3

 
6 

1
.7

 
1.4 .1

5
±

0
. 29 

1
.0

4
±

0
.5

5
 

1
2

,'1
7

±
0

.8
2

 
1

.9
9

6
±

0
.0

4
1

 
0

,1
4

7
±

0
.0

7
8

 
1. 7

6
±

0
.1

1
 

4 
5

,7
 

1
0

.1
2

±
0

.2
9

 
4

.5
8

±
0

.5
7

 
9

.9
5

±
0

.6
3

 
1

,7
7

0
±

0
.0

5
0

 
0

.8
0

±
0

. 10 
1

.7
4

+
0

.1
1

 
4 

4
.4

 
G

.4
7

±
0

.2
5

 
4

. 7
3

±
0

.5
0

 
7

,0
7

±
0

.5
0

 
1

,3
0

0
±

0
.0

5
0

 
0

.9
5

±
0

.1
0

 
1

.4
2

±
0

.1
0

 
:~ 

5
.0

 
5

.4
5

±
0

.1
9

 
5

.1
2

±
0

.3
8

 
6

,1
8

±
0

.4
0

 
1

,2
7

5
±

0
.0

4
5

 
1

,1
9

9
±

0
.0

8
9

 
1

.4
5

±
0

.0
!) 

5 
11.:~ 



t


'<
l' 

C
'l 

.....: . z t:il 
'-' 
0 ~ 
C

i 
>-< 
::= z 0 rfl 
z 0 rfl 
t:il 
;:;: I 

+
 1::: 

.... 0 '-' 
:::: ~ t:il 
E-< 
E-< 
<

 
u rfl 

T
A

B
L

E
 

8
. T

h
e scatterin

g
 o

f 7T +
-m

e
so

n
s from

 h
y

d
ro

g
en

, 
T

h
e co

efficien
ts o

f th
e an

g
u

lar d
istrib

u
tio

n
, 

dafdO
. =

a
 +

 b cos 6 +
 c co

s' 8 
A

-' daf dO
. =

 
A

 +
 B

 cos e +
 C

 co
s' e 

E
n

erg
y

 o
f 

a 

I 
b 

I 
c 

th
e m

eso
n

s, 
in

m
ev

 
A

 
B

 
c 

10,- 27 em
 2 I ste

ra
d

 -• 

. 
176 

9
,1

4
±

0
.4

2
 

-0
.8

4
±

0
. 76 

2
0

.2
±

1
.6

 
1

·.1
1

±
0

.0
5

 
-0

.1
0

±
0

.0
9

 
2

.4
5

±
0

.1
9

 
200 

7
.9

2
±

0
.3

6
 

1 ,0
4

±
0

.5
5

 
18. 7

±
1

.2
 

1
.1

2
±

0
.0

5
 

0
.1

5
±

0
.0

8
 

2
.6

4
±

0
.1

7
 

240 
5

,1
5

±
0

.2
2

 
4

.5
8

±
0

.5
7

 
1

4
,9

3
±

0
.9

5
 

0
.9

0
±

0
.0

3
 

0
.8

0
±

0
.1

0
 

2
.6

1
±

0
.1

7
 

270 
2

.9
3

±
0

.1
5

 
4. 7

3
±

0
.5

0
 

1
0

.5
9

±
0

.7
5

 
0

.5
9

±
0

.0
3

 
0

.9
5

±
0

.1
0

 
2

,1
3

±
0

.1
5

 
307 

2
,3

6
±

0
.1

4
 

5
.1

2
±

0
.3

8
 

9
.2

6
±

0
.6

0
 

0
.5

5
±

0
.0

3
 

1
,2

0
±

0
.0

9
 

2
.1

7
±

0
.1

4
 

-
-
-
-
-
-
-
-
-
-
-
-
-
-

-
-

~
-
~
 

-
-
-

-
-
-
-

T
A

B
L

E
 

9
. T

h
e scatterin

g
 o

f 7T +
-m

e
so

n
s from

 h
y

d
ro

g
en

 ( E
77 =

 307 m
ev

 ), 
T

h
e an

g
u

lar d
istrib

u
tio

n
 co

efficien
ts. 

dafdO
. =

a
,+

 a
, P

, .(cos 8
) +

 a
2 P

2 (cos 6) +
a

, P
, (cos 6

) +
a

, P
, (cos 0) 

A
 -• da{dO

. =
A

,+
 A

, P
, (cos 0) +

A
, P

2 (cos 6) +
A

, P
, (cos 6) +

A
, P

, (cos 0) 

a
, 

I 
a, 

I 
a

, 
I 

a
, 

I 
a

, 
M

' 
M

 

A
, 

A
, 

A
, 

A
, 

A
, 

w-
2

7
 cm

2 I ste
ra

d
-' 

I 

5
,4

9
±

0
.2

1
 

5
.2

2
±

0
.4

9
 

6
.0

5
±

0
.6

1
 

0
,4

3
±

0
.5

8
 

-1
.3

4
±

0
.5

2
 1

.2
8

5
±

0
.0

4
9

 
1

.2
2

±
0

.1
1

 
1

.4
2

±
0

.1
4

 
0

,1
0

±
0

.1
4

 
-0

.3
1

±
0

.1
 

3 
1

.4
 

-
-
-
-
-
-
-
~
 



248 MUKHIN, OZEROV AND PONTECORVO 
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FIG. 12. Angular distribution of 176 mev 1T +-mesons 
scattered from hydrogen. Th,e full curve is for a distri
bution of the form da I dO= L 15.9-0.8 pI (cos 0 ) 
+ 13.5 P 2 (cos 0) ] X IQ-27 cm2 /sterad with coefficients 

derived by the method of least squares. 
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FIG. 13. Angular distributions of 200 mev TT+ -mesons 
scattered from hydrogen. The;: full curve is for a distri
bution of the form da/ dO= L 14.2 + 1.0 PI (cos 0) 
+ 12.5 p (cos 0)) X 10-27 cm2 /sterad with coeffi-

2 
cients derived by the method of least squares. 
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FIG. 14. Angular distribution of 240 mev 1T +-mesons 
scattered from hydrogen. T\}e full curve is for a distri
bution of the form da7 dfl= l10.1 +4.6 PI (cos 0) 
+ 9.9 p 2 (cos 0) ] X 10-27 cm2 I sterad with coefficients 

derived by the method of least square s. 
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FIG. 15. Angular distribution of 270 mev 1T + -mesons 
scattered from hydrogen. The full curve is for a distri
bution of the form da I d{l = [ 6.5 + 4. 7 pI (cos 0 ) 

+ 7.1 P (cos 0) ] X 10-27 cm2 /sterad with coefficients 
2 

derived by the method of least squares. 
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FIG. 16. Angular distribution of 307 mev TT +-mesons 
scattered from hydrogen. The full and the dashed curves 
correspond,respectively. to distributions of the form 2 da/ dll = 5.5 + 5.1 PI (cos 0) +6.2 P (cos 0) x 10- 7 

cm2 /sterad andda/d0=5.5 +5.2 PI ~cos 0) +6.1 P 2 
(cos 0) + 0.4 P 3 (cos 0) - 1.3 P 4 (cos 0) with coeffi

cients derived by the method of least squares • 

squares, of the approximate function with five free 
parameters. 

The dashed curve on Fig. 16 represents the dis
tribution 

dcrjdQ = [5.49 + 5.22P1 (cos 6) 

+ 6.05P2 (cos 6) +0.43P3(cos 6) 

B. TOTAL CROSS SECTIONS 

The magnitudes of the total cross sections are 
given in Table 10. The errors shown are standard 
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TABLE 10. Total interaction cross section of TT +-mesons with hydrogen, 

Meson 
crt (n+, p), J (dcrfd!l) d!1=4na 0 , I J (dcrfdQ) d!l = 

energy, 
inmev 

1 Q-2? C.M 2 1Q-27 CM2 = 47ta 0 , 10-27 c..u2 

176±4 193±6* 199.4±4.9 
200±5 177.9±3.7 
240±6 125.6±2,5 127 .2±3.6 
270±6 85.2±3,0 81.3±3.1 
307±6 65. 7±2,2 68.5±2.4 69.0±2.6 

* Measurement made earlier at an energy of 174 mev( see ReL ll ). 

deviations and include the uncertainty in the 
corrections, taking into account the finite solid 
angle subtended by the last counter, errors in 
counting in the registering equipment and the ad
mixture of JL-mesons. The contribution of the in
tegral 

e1 
~ {(dcrn I dQhab + (dcrp I d0)1ah} dQ 

to the total cross section constituted from 4 x 10-27 • 

to 6 x 10-27 cm 2 with an uncertainty of the order of 
1 x 10-2 7 cm 2 for all energies. The third and 
fourth column in the same table show the value of 
f (da / dO) dO determined by the integration of the 
functions 

ao+ a 1P 1 (cos B)+ a2P2 ~cos B) and 

~ + a~P1 (cos B)+ a~P2 (cos B)+ a;P3 (cos B) 

+ a~P4 (cos B) 

with coefficients which were given in Tables 8 
and 9. 

Together with the energy dependence of at ( 77 +,p) 

folll)d by the method of beam attenuation in this 

and in previous work, 11 Fig. 17 presents data found 
by integrating differential cross sections. As can 
he seen, the agreement of the magnitudes of the 
total cross sections appears good independently of 
the method used. There are some discrepancies only 
in the neighborhood of 200 mev. The comparison of 
these results with the data fr~m other experiments 14 

is carried out in the next paper which is devoted to 

discussion and interpretation of the results. 15 

The authors are pleased to thank B. S. Neganov 
who helped in obtaining the meson beam , and also 
V. V. Krotov for help with the work. 
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FIG. 17. Total interaction cross section of 1T +-mesons 
with hydrogen from: x -the method of attenuation of the 
meson beam; 0 -the integration of the angular distri
butions. The full curve shows the dependence of 81Tit 2 

on energy. 
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