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It may he suggested that the change in the char­
acter of the temperature dependence of the viscosity 
of nitrogen at a density near 2 p is connected with 
a change in the mechanism of c the viscosity. For 
p > 2p c the mechanism (liquid-like) prevails, while 
a different (gas-like) mechanism prevails for p 
< 2pc. 

In conclusion, I regard it as a pleasant duty to 

thank B. I. Verkin and I. S. Rudenko for directing 
this work. 
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Using nuclear emulsions the energy spectra of positive (lions produced in the reaction 
p + p -+rr + + { d . at an energy of 657 ± 8 mev have been measured at angles, 

err equal to 60 °: 7~ ~, 90°, 105 ° and 120° in the laboratory system. The angular 
dependence of the cross section d a/ d(J) ( e* ) in the center-of-mass spte~ at the collid­
ing nucleons and the total cross section for the reactions: p + p -+ 1T + \ p + n and 
p + p-+ p + n + 1T + has been determined. The results are consistent with the assumption 
that the mesons are produced chiefly in p-states. In addition to transitions to the S-state 
of the final ( n - p ) system, it is found that an important contribution is made by transi­
tions in ~hich the final state is a P-state. 

l. INTRODUCTION (3) 

I N ( p- p ) collisions at an incident energy of 
660 mev there is a strong probability for meson 

production in addition to elastic scattering. Ex­
periments in which elastic proton-proton scattering 
has been studied 1 and measurements of the 

Experimental studies in which (l) has been in­
vestigated 1 yield an angular dependence* of the 
cross section in the form A + B cos 2 e *which 
remains substantially constant over the energy 
range E p 460-660 mev3 •4• Possible transitions 

total cross section for ( p- p ) interactions 2 

indicate that in this energy region the probability 
for meson production is only slightly smaller than 
that for elastic scattering. Meson production can 
occur via the three following reactions: 

p + p--"' d + ;;+; 

p + p ~ + p + n + "'+; 

(l) 

(2) 

to the 3 S 1 state of the final ( n- p ) system are 

1So~ 3slp0; 1D2~ 3slp2; apl~aslsl. 

( Here we are using the nomenclature given by 
Rosenfeld 5 in designatin~ the final state of the 
system and it is assumed that the mesons are . 
emitted only ins-states and p-skltes .) Analysis 

* The asterisk denotes quantities measured in the 
center-of-mass system (c.m.) of the colliding nucleons. 
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of the angular distribution and the energy depen­
dence of the meson yield shows that these are 
consistent with the assumption that in (1) the 
mesons are produced chiefly in the p-state and 
that the transition of most importance is 1 D 

3 2 
- 51 P 2 • 

In (2), at an incident proton energy E p = 660 mev, 
in addition to those indicated above, transitions 
to the P-state of the final nucleon system are 
energetically possible. The angular and energy 
distributions associated with the mesons will be 
determined to a considerable extent by the relative 
intensities of the cocresponding transitions. 

It is well known that the probability for neutral 
pion production in ( p- p ) collisions is small 
close to threshold; at 460 mev the cross section 
u ( p +p -rr 0 ) is as much as 3-4 times smaller 
than the cross section u ( p + p - d + rr + ). How­
ever, as the energy of the incident proton is dec­
creased 6 • 7 , .a sharp rise is observed in the 
quantity u ( p + p -rr 0 ). The extremely small 
cross section for the production of neutral pions 
close to threshold has been explained by the 
fact that the production of a pseudoscalar meson 
in an Sp -state is strictly forbidden. At the 
higher energies the Pp-state becomes available 
and this restriction no longer holds. 

Thus, in meson-production, processes in which 
the relative nucleon energy is small at the end 
of the reaction the nature of the reaction is deter­
mined to a large extent by the nucleon final states. 
The present paper is devoted to an experimental 
investigation, using nuclear emulsions, in which 
the energy spectra and angular distributions for 
positive pions produced in reactions (1) and (2) 
were examined. 

2. EXPERIMENTAL METHOD 

This work on the production of mesons in 
hydrogen by protons was carried out at the synchro­
cyclotron of the Institute for Nuclear Problems, 
Academy of Sciences, USSR. Because of the high 
intensity of the external proton beam it was possible 
to make the measurements behind a four-meter con­
crete shield at a considerable distance from the 
machine; this arrangement resulted in extremely 
favorable background conditions. The proton beam 
was passed through a three-meter steel collimator 
by means of which a beam 120 mm in diameter was 
defined. The proton energy was 657 ± 8 mev. 8 

A container filled with liquid hydrogen was placed 
in the beam. The diameter of the liquid hydro~en 
container was 12 em. The positive pions pro­
duced in the ( p - p ) collisions were emitted from 

the target through the glass walls of the container, 
which were 2 mm thick. Using a system of slit­
collimators 20 em long and 1 x 3 em in cross sectioq 
cut into the copper block, it was possible to select 
mesons emitted from given points of the target at 
angles, () , 60 ° , 75 ° , 90° , 105 ° , and 120° 
with resp:ct to the beam; these mesons were re­
corded in photographic emulsions. The detector 
angular resolution was 1.5 ° . The experimental 
arrangement is shown in Fig. l. The emulsions 
were disposed in a copper block at an angle of 
lO 0 with respect to the incident mesons. The 
meson energy was determined by the range in the 
emulsion. The path length in the copper block was 
measured from the end of the meson track. The 
developed emulsions were scanned under a micro­
scope with a magnification of 450 x. The positive 
pions stopped in the emulsion were identified by 
the character of the rr -IL decay. The background 
was determined by exposing the plates under these 
same geometrical conditions. 

FIG. 1. Experimental set-up: I -proton beam, 2-
container with liquid hydrogen, 3- monitor, 4- photo­
graphic emulsion, 5 -copper absorber. 

In plotting the positive pion spectra approxi­
mately 2000 ( TT -IL ) decays were studied at each 
angle. 

3. DETERMINATION OF THE CROSS SECTION 

The differential cross section for pion pro­
duction is given by the expression 
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where N is the number of protons which tra-
P 

verse the target, measured in the direction of the 
incident beam; N is the number of pions found in 
an area of the emulsion S ; r is the distance from 
the target to the emulsion surface; t is the thick­
ness of the emulsion; [ dE/ d R ] E is the energy 

lost in the emulsion by mesons having an energy E ; 
TJ 1 is a factor which takes into account mesons 
which are deflected from the beams by nuclear 
reactions; TJ 2 is a factor which denotes the 
mesons undergoing rr ->p. decay before stopping in 
the emulsion; TJ 3 is the scanning efficiency for 
rr- p. decay. 

The proton number N p was determined within an 
accmacy of 3 percent by means of a calibrated 
ionization chamber. The meson energy loss was 
determined from the expression 9 

which is derived from the range-energy relation 
for protons. The thickness of the emulsion 
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prior to development, t", was determined within an 
accmacy of 6 percent. In calculating the factor 

TJ 1 the mean -path-length foc mesons in copper 
was taken to be 104.4 gm I em 2. and its value 
varied within the limits 1.02 to 2.35 for meson 
energies ranging from 30 mev to 175 mev. The 
correction for the decay of positive pions in flight 
was small; the factor TJ 2 varied within the limits 
1.04 and 1.10. The scanning efficiency was esti­
mated by repeated scannings and found to be 
""'0.92. 

4. EXPERIMENTAL RESULTS 

In Fig. 2 are shown the meson energy distri­
butions at angles of 60 ° , 75 ° , 90 ° , 105 ° , 120 ° 
in the laboratory system (l.s.). For all angles, 
with the exception of 60° , the energy distributions 
have clearly defined maxima in the hard part of 
the spectrum. The locations of these maxima corre­
spond to values obtained from kinematic consid­
erations in the reaction p + p -+d + rr + • 

2.0 •10-11 

1.5 e; =t41• 

1.0 

------
u; ·t11• 

FIG. 2. Energy distributions for positive pions produced by 657 mev 
protons in hydrogen; () refers to the laboratory system, ()* refers to 

TT TT 
the c.m. system. 



VISCOSITY OF LIQUID NITROGEN 25 

In these cases the spread about a monoenergetic line 
appears as a result of the following: a) limited 
angular resolution of the detector, b) energy spread 
in the proton beam, c) multiple scattering of mesons, 
d ) spread due to fluctuations in the ionization 
losses. The calculated values for the energy spread 
are jn agreement with the experimental results. 

The smooth spectrum in the region of lower 
energy is attributed to mesons produced in the reaction 

p + p --->p + n + TT + • It was found possible at 
angles of 75 °, 90°, 105 ° and 120° ( in the 
laboratory system ) to separate out the contribution 
due to mesons produced in the reaction p + p 
--->d + TT + ; the remainder is taken to be the energy 
distribution for the mesons from the reaction 

+ p+p-p+n+TT. 

TABLE I 

~.1Q28 in cm2/ sterad 
0 

dw 

for there action 60 I 75 

I 
DO I 105 I 120 

pp -> 1t+ + { d . 
pn 14. 6±1. 6 8.9±0.9 6.4±0. 7 3.5±0,5 3.2±0.4 

pp-> d1t+ ... 1.4±0.1* 1. 7±0.4 1.8±0.3 1.4±0,3 1.2±0.2 
pp _. pn1t+ 13.2±1.6 7.2±1.3 4.6±1.0 2.1±0,8 2.0±0.6 

(da 1dw)pp-+ pnw 
9.4 4.2 

(dcr/dw) PP ..... dn+ 
2.6 1.5 1.7 

* The value (dcr/ dw)~o; _,. dtt+ = (1, 4 ± 0, 1) .1Q- 28 cm2 /sterad is taken from Ref. 4. 

In Table 1 are shown the cross sections for 
positive pion production at the indicated angles in 
the laboratory system. At 60 ° , because of the 
excessive energy spread, it was not possible 
to distinguish the contribution due to the reaction 
p + p -d + TT + and in the present experiment 
it was possible to measure only the combined cross 
section d a I d w ( p + p ___.TT + + { d ) 

at this angle. Combining the magnitJd/ J. the 
cross section d a I d w ( p + p -+rr + { d + ) 
at 60 ° with the results of Ref. 4 for re!etio~ (l) 
we find that the magnitude of the cross section 
d aId w ( p + p -+d + TT + ) is approximately 
10 percent of the cross section d a I d w 
x ( p + p -+17 + + { ; + n ). Hence, it may be 

assumed that the spectrum measured at 60 ° is 
determined chiefly by mesons produced in reaction 
(2). 

5. TRANSFORMATION OF TH'E ENERGY Dis­
TRIBUfiONS FROM THE LABORATORY 
SYSTEM TO THE CENTER-OF-MASS SYSTEM 

In order to make a theoretical interpretation 
of these results it is neccessary to find the meson 

energy distribution and the cross section in the 
center-of-mass system ( c. m. s. ) of the colliding 
nucleons. 

In converting the cross section from the labora­
tory system to the em system use is made of the 
relation 

d2cr* P* d2a 
dw*db* - P dwdE ' 

where d 2 a* I d CtJ * dE * ; P * and d 2 a I dwdE ;• 
P are the differential cross sections and the meson 
momenta in the c. m. system and laboratory sys­
tem respectively. The ratio P * I P is determined 
from the formula 

E = E*lc + p·~cic cos a•, 
where y c = l ( 1- {3 c 2 ) l/2 and cos () * are 

determined from the following relations 1 ~ 

cos 6* = 1 {-r1t sin26 + (I - B2) 
1 - (3~ cos2 6 • c 
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In Fig. 3a is shown the ratio D * I D as a function 
of meson anerg6 at angles. (J of 60° 75 °, 90°, 
105 ° and 120 forE P = 657 mev. 

The expression given for cos ()* indicates that 
mesons emitted at a given angle, which have 
different energies, correspond to mesons emitted at 
different angles. In Fig. 3h is shown the depen­
dence of the meson emission angle ()* on the 
kinetic energy E* for the experimental angles in 
the laboratory system. It is apparent from this 
curve that mesons with a kinetic energy E* in 
the region from 30 to 150 mev and emitted, for 
example , at an angle (J = 90 ° , correspond to 
mesons emitted in the region 125 ° < (J * < 135 ° 
in the center-of-mass system. Thus the angular 
spread in the c. m. system will cause a sub­
stantial distortion of the results in the conversion 
relation unless the mesons are concentrated in a 
narrow energy interval or the angular depen­
dence of d 2 a I d cu * ·dE * is close to iso­
tropic. Since the mesons have a broad energy dis­
tribution and the angular dependence at different 
energies is not known beforehand, the situation 
noted above had to he taken into account in trans­
forming the energy distributions into the center­
of-mass system. Forthis purpose the values 
d 2 a I d cu dE multiplied by the appropriate 
factor P * I P are plotted in Fig. 3h. The 

FIG. 3. a-the ratio P*/P as a function of meson 
energy for the following values of (J : I- 120°, 2-
105°, 3-90°, 4-75 ° and 5- 60!If b- dependence of 

the meson emission angle (J * on kinetic energy E* for 
7T 7T 

the same angles in the laboratory system. 

points corresponding to the same value of meson 
kinetic energy E* are connected by the smooth 
curves over the entire range of (J *. In plotting 

the spectra in the center-of-mass system the 
values used were for d a * I d cu * dE * at 
angles (J * of 5 ° , ll2 ° , 125 ° , 137 ° , and 
148 ° . These angles correspond to mesons produced 
in the reaction p + p __,d + 7T + with kinetic 
energies E * = 149 mev and emitted at corresponding 
angles (J of 60 ° , 75°, 90° , 105° and 120° in 
the laboratory system. 

6, MESON ANGULAR DISTIDBUTIONS IN THE 

CENTER·OF-MASS SYSTEM 

In Figs. 2 and 4 are shown energy spectra for 
mesons produced in reactions (l) and (2) for in­
cident proton energies E P = 657 mev at the c.m. 
angles indicated above. In Table II are shown the 
cross sections for positive pion production, ob­
tained by integrating the spectra, and the ratio for 
positive-pion yield produced in reactions (l) and 
(2). The total pion-production cross sections and 
the ratio of the total cross sections for reactions 
(1) and (2) are shown at the top. 

1,.5 </IJ-29 a 

~0 
/_,...--- / 

O.J // ~--1 
> /~-:=:~~ .. -<l.l s 
"" "' ... 

b <l.l t.J •10-zg 
00 
" "' 1,0 s 
tl 

~~~11.5 

FIG. 4. Energy distributions for positive pions pro­

duced in ( p-p) collisions at proton energy E = 657 

mev. a-fJ* = 137°; b-fJ* = 125°; c-fJ* =Pll2°. 
7T 7T 7T 

Curve 1 is a theoretical curve taken from Ref. 12; curve 
2 is a theoretical curve taken from Ref. 13; curve 3 is 
the experimental curve for the reaction p + p--> d + 7T +' 
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TABLE II 

da• 2 
dCi>* ·1021 in em /sterad 6* ,in degrees 

for the reaction £5 I 112 I 125 I 137 I 11.8 

pp _,. rt+ + { d 10.5±1.3 9.7±1.1 11.3±1.2 10. 7±1.6 11.0±1.3 pn 
pp.::... drt+ 1.0±0.07 1.9±0.5 3.0±0.5 3.5±0.7 4.2±0.() 
pp _,. pnrt+ 9.5±1.3 7.8±1.2 8.3±1.3 7.2±1. 7 6.8±1.1! 

(dcr* Jdw*)pp __,. pnn+ 
9.5 4.1 2.8 2.1 1.6 

(dcr"jdw*)PP->- dn+ 

The data obtained in the present work indicates 
that the angular distribution of positive pions pro­
duced in ( p-p) collisions at a proton energy E P 

= 657 mev is virtually isotropic in the angular 
region from 95° to 148° in the c.m. system. The 
dependence of da *I d w* ( p + p -+ 11 + + P ~ n) on the 

function cos 20 * is shown in Fig. S1 Expressing 
the experimental results in the form of an empiri-
cal relation of the form A ( 1 + B cos2 0* ), using 

a least-squares fit, we find the angular distribu­
tion is given by the expression 

(d:1" I dw*) ur d = (I 0.3 
pp--.rt 'lpn 

± 1.8) [1 + (0.1 + 0.2) cos2 &*] 

xi o-28 .em 2 I sterad. 

~I l f f f 

:~"~ 
~ 0.5 ------
~~~ 

o OJ 0.2 O.J o.t. u.s 0.5 0.1 aa ag .!D 
cos'S -._ 

FIG. 5. Angular distributions for positive pions pro-
duced in the following reactions: - p + p -+ TT + + { d ; 

+ n+p 
0-p+p-+p+n+TT+;e-p+p-+d+11. 

Using a least-squares fit for mesons produced in 
the reaction p + p -+ d + TT +, the following angular 
dependence is found: da* / dw* (p + p-+ d + 11+) 
=(4.7 ±1.3)[(0.23 ±0.13) + cos2 0*] · 10-28 

cm2 I sterad which is in agreement, within experi­
mental errors, with the results in Ref. 4 (the 
dotted line in Fig. 5 indicates the angular distri­
bution for mesons from the reaction p + p-+ d + 11+, 

as measured in Ref. 4 ). 
Subtracting the mesons due to reaction (l) from 

the above quantity we obtain the meson angular 
distribution due to reaction {2) 

(dh* I dw*)pp-+pnn+ 

= (9.2 ± I.8) [I - (0.4 ± 0.3) cos2 6*] 

X I o-28 em 2 I sterad 

In interpreting the results we shall consider the 
reaction p + p -+ p + n + TT + in detail. In the fol­
lowing we will assume that the important role is 
played by s and p meson states with respect to the 
two-nucleon system. Moreover, we will assume 
that at the energies being considered here both S 
and P nucleon states are involved at the end of the 
reaction. In this case the following are possible 
as final states for the system consisting of the two 
nucleons and the pion: 

l) 1So; asl (Ss); 

2) lSo; asl; ss2 (Ps); 

3) lPl; 3Po. 1, 2 (Sp); 

4) lPl; 3Po, 1, 2; 5P1. 2,a (Pp). 
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Here states 1) and 2) correspond to pions with 
orbital momentum l = 0, 3) and 4) orbital momentum 
l = l. The final nucleon and meson states (in the 
nomenclature of Ref. 5) are shown in brackets. 

where q 1 =cos( 1} l2)exp(-iol2), q2 

= sin ( t'J I 2) exp ( i o I 2 )( !'}, o are the polarization 

angles): X sf1 is the spin wave function and cpzm 

According to Ref. 11, if a polarized proton beam 
is incident on an unpolarized target, the initial 
state of the system is described by the wave func­
tions 

~1 = q1X11 ( <?10 + tfao + · · ·) 

+ (q2 I Vi) X10 (<p1o + tfao + · · ·) 

+ (q1 IV2) XlO (rplO + <?30 + ... ) 

is the spherical function. Combining the orbital 
and spin moments, we obtain the initial states 
for the system 

a pl. 2; ap2. a (M = + 1); 

apo, 2; 3p2 (M = 0); 

I So; ID2 (M = 0). 

Here we have given only those states of the initial 
system which can feed the final states being con­
sidered. The possible transitions in the reaction 
p + p--> p + n + 77+ are shown in Table III. 

The amplitude of the final state is given by the 
expression 

- (q1 I V2) Xoo (<?oo + <?20 + · · · ), f = ~AlsjMllsiM• 

TABLE III 

Initial state Final state 
Projection 

Type Transition of total of the system of the system 
momentum 

Sp I So 
Sp 1D2 
Ss spl 
Ss spo 
Ps I So 
Ps 1D2 
Pp spo 
Pp ~pl 

Pp apl 
Pp spl 
Pp sp2 
Pp 3p2 
Pp sp2 
Pp 3F2 
Pp 3Fs 

where the summation is carried out over all final 
states being considered, (A . is the transition 

lsJM 

probability, IlsjM are the spherical functions). 

The differential cross section d a* I d w * ( () * ) 
is expressed in terms of the amplitude of the final 
state by 

3SrPo 1So- 3Po 0 
3S1P2 1D2 ~ 3P2 0 
3Stsl spl -+ ssl ±1 
1S 0so spo- lSo 0 
spoSo 1So- 1So 0 
3P2s2 1D2 .... 5S2 0 
3P1Po spo .... spo 0 
3PtPt spt-+ spl ±1 
3P,,pt apt - tpl ±1 
3P2P1 apt -• spl ±1 
3 PtP2 sp2 _.,. sp2 ±1:0 
3P2P2 sp2 .... sp2 ±1;0 
3P1P2 3 F2-+ 3P2 ±1;0 
3P2P2 sp2-+ sp2 ±1 ;0 
3P2Ps 3Fs-+ 5Ps ±1 

Substituting the expression for fin Eq. (l) we ob­
tain the meson angular distribution 

dcr* 1 dw* =a' + b' cos2 a• + c' sin2 a·, 
where a: b' and c' are expressed in terms of 

A lsjM or 

dcr* 1 dw· = rt. (I) dcr*j dw* = a + b cos2 a·. 
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where a= a'+ c ~ b = b '- c '. 
We may note that terms containing sin 2 8* in the 

angular distribution arise from transitions of the PP 
class and from interference between the transitions 
1S 0 -> 3S 1p0 and 1D 2 -> 3S 1p 2 . The meson angular 

distribution in reaction (l) is almost the same as 
the theoretical distribution for the transition 1D 2 

-> 3S 1p 2 and indicates that the contribution of 

terms proportional to sin 28 * due to interference of 
the indicated transitions, is small. It is also pos­
sible that this applies in reaction (2) since at an 
energy E = 440 mev 12 there was no noticeable 
change irf the angular distribution with regard to 
an increase in the constant term for reactions ( 1) 
and (2) as compared :with reaction (l). 

Thus we see that the angular distributions for 
the reactions p + p -> d + 11 + ( Sp and Ss transitions) 
and p + p-> p + n + 11+ (Sp; Ss; Pp and Ps transi­
tions) can be given in the form a+ b cos 2 e; how­
ever, if transitions of the Pp type participate in 
th8 meson production process and their contribu­
tion cannot be neglected, the coefficient b = b' 
- c' in reaction (2) may be smaller. Under these 
conditions the value of the coefficient a in the 
same reactions may become larger; this increase, 
however, may be due to other causes as well as 

Pp transitions. 
The angular distributions for positive pions pro­

duced in reactions (1) and (2), measured in the 
present work, indicate that the coefficients b' and 
c' are approximately equal; hence, it would seem 
that a considerable contribution is made by transi­
tions of the Pp type in reaction (2) for proton 
energies of 657 mev. This effect is also found 
in the angular distributions in the reaction p + p 
-> p + n + 11 + in which the coefficient b becomes 

negative. 

7. ANALYSIS OF THE POSITIVE PION PRODUCTION 
IN THE REACTION p + p-> p + n + 17+ 

From kinematic considerations it follows that 
mesons produced in the reaction p + p -> p + n + 11 + 

have a continuous distribution in energy over the 
range from zero to 150 mev in the center-of-mass 
system. The experimental energy spectra, how­
ever ( cf. Figs. 2 and 4) extend to an energy of 175 
mev; this may be explained by errors in the de­
tector (some mesons may traverse only part of the 
path in the emulsion or in the wall). The energy 
distributions measured at angles of 95 °, ll2° and 

125° would seem to indicate the meson spectra 
assooiated with reaction (2) havemaxima in the region 
100-125 mev. An analysis of the energy distribu-­
tions in the measured regions of angle leads one 
to believe that mesons emitted an angles close to 
e * = 180° are concentrated in the higher energy 
region. Because of this deformation in the spectra, 
the angular distributions for different energy in­
tegrals have the form 

En= 75 --+-100 mev, dcr.jdw* = 1 - cos25•; 

E,, = 125 --+-150 .mev, dcr*jdw* = 0.2 + cos2 fJ•. 

This result is in agreement with the assumption of 
important contributions due to transitions of the Pp 
type in the production of positive pions at high 
energies. As a matter of fact, it was indicated 
above that Pp transitions tend to reduce the co­
efficient b in the expression for the angular de­
pendence of the meson yield and to increase the 
constant term. This effect should be more notice­
able for low meson energies which leave a con -
siderable energy in the relative motion of the 
nucleons. In the region of high meson energy, Pp 
transitions should play a diminishing role and the 
angular dependence in the meson yield should be 
determined chiefly by Sp transitions; hence, in this 
energy region we should have a more intense pro­
duction of mesons at angles close to 180° as 

compared with angles around 90°. 
Thus the shape of the positive-pion energy dis­

tributions at different angles in the center-of-mass 
system as well as the angular distributions leads 
us to the conclusion that transitions of the Pp 
type make a large contribution to the cross sec­
tion for meson production atE = 657 mev. 

p 
For comparison with the experimental results, 

Fig. 4 shows theoretical curves which describe the 
meson spectrum in reaction (2). Curves 1 and 2 
are taken from Ref. 13 and correspond to the case 
H "" const and H ""P*, where H is the matrix ele­
ment for the interaction. The statistical weight 
was computed for the case in which all particles 
appearing in the final state are relativistic. Com­
parison with the experimental data indicates that 
a better approximation results if the assumption is 
made that the matrix element depends linearly on 
meson momentum (curve 2 ). The dependence indi­
cated for the matrix element may indicate that in 
the reaction being considered mesons are produced 
with an angular momentum l = l. Better agreement 
for the theoretical curve 2, with the experimental 
data was observed at an angle e * = 125 o. At 
other angles there was a discrepancy which was 
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attributed to the deformation of the positive pion 
spectrum with changing angle. The change in the 
shape of the spectrum, as was indicated above, oc­
curs because in the final state the nucleons can 
have an angular momentum l = 0 or l = q and the 
relative contributions of the associated transitions 
are different at different angles. Consequently, one 
expects that satisfactory agreement between theory 
and experimental results can be found at all 
angles only when account is taken of the nucleon 
interaction in the final states. 

8, TOTAL CROSS SECTION FOR POSITIVE-PION 
PRODUCTION IN ( p - p) COLLISIONS 

The total cross section for positive pion pro­
duction in ( p - p) collisions at an energy of 675 
mev is 

Opp--."++{d =(13.4+2.2)· J0-27 cm 2 , 
pn 

It is apparent that among the inelastic processes 
which occur in proton collisions at energies of 660 
mev, an important part (80 percent) is played by 
the production of positive pions. Using the value 

a total = ( 41.4 ± 0.6) mb taken from Ref. 2 and 
pp 

a elas = ( 24.7 ± 1.2) mb from Ref. 14, we have for 
pp 

a inelas the value ( 16.7 ± 1.3 )mb. Hence, it may 
pp 

be considered that a(p +.p-> 77°) = (3.3 ±2.5 )mb 
which is in agreement with the value for this 
quantity as measured in Ref. 6. 

The value a(p + p-> p + n + 17+) = ( 10.1 ±2.3)rrh 
is corroborated by Refs. 1 and 2. For the ration of 
the cross sections of these reactions we find 

We wish to take this opportunity to express our 
gratitude to Professor M. G. Meshcheriakov for his 
guidance. We are also indebted to S. M. Bilen'kii 
and lu. A. lappa for assistance. 

1 Meshcheriakov, Bogachev and Neganov, lzv. Akad. 
N auk SSSR, Ser, Fiz. 19, 548 (1955). 

2 Dzhelepov, Moskalev and Medved', Dokl. Akad. 
N auk SSSR 104, 382 (1955). 

3 Meshcheriakov, Neganov, Bogachev and Sidorov, 
Dokl. Akad. Nauk SSSR 100, 673 (1955). 

4 M. G. Meshcheriakov and B. S. Neganov, Dokl. Akad, 
Nauk SSSR 100, 677 (1955). 

5 A. H. Rosenfeld, Phys. Rev.96, 139 ( 1954). 
6 Tiapkin, Kozodaev and Prokoshkin, Dokl, Akad. 

N auk SSSR 100, 689 (1955). 

7 L. M. Soroka, ]. Exptl. Theoret. Phys. (U.S.S.R.) 
30, 296 (1956); Soviet Phys. JETP 3, 184 (1956). 

8 V. P. Zrelov, Report ( Otchet) of the Inst. Nuclear 
Problems (1954). 

9 Bradner, Smith, Barkas and Bishop, Phys. Rev. 77, 
462 (1950). 

10 
J, Blat on, Det, Kgl. Danske Vidensk. Selsk. Matt-

fys. Medd. 24, No. 20 (1950). 

11 V. B. Berestetskii, Dokl. Akad, N auk SSSR 94, 130 
(1954). 

12 A. H. Rosenfeld, Phys. Rev. 96, 130 0954). 
13 Iu. A. Iappe, Report ( Otchet) Inst. Nuclear Prob­

lems (1955). 
14 

N. P. Bogachev, Dokl, Akad, Nauk SSSR 108, 806 
(1956). 

Translated by H. Lashinsky 
37 


