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An analysis was made of 355 interactions between 7~ mesons and nucleons. The momentum
and angular distributions of the secondary charged particles were measured. Information on
7 mesons produced in the interactions has been obtained. The experimental data are com-
pared with the statistical theory. The results suggest that peripheral interactions may exist.
In events of low multiplicity (two-prong cases) ‘“one-meson’’ peripheral interactions play an
important role, while in events of large multiplicity an important role is played by interac-
tions not of the one-meson type, among which also central collisions are possible.

I. EXPERIMENTAL RESULTS

IN this experiment we used photographs obtained
with a 24-liter propane bubble chamber! placed
in a magnetic field of 13 700 oe. The arrangement
in which the chamber was located in a beam of
(6.8 + 0.6) Bev/c negative pions from the proton
synchrotron of the Joint Institute for Nuclear Re-
search has been described previously.[{| We
scanned 870 pictures, on which we found 777 inter-
actions of m~ mesons with hydrogen and carbon
nuclei. The pictures were scanned twice. The
overall efficiency of the scanning was close to
unity.

1. To measure the momenta and angles we
selected visually 456 interactions. The remaining
321 events were rejected on the basis of the fol-
lowing criteria: a) the sum of the charges of the
secondary particles was not equal to 0 or —1;

b) the presence of a short track of length £ 2 mm;
c) the number of slow-particle tracks stopping in
the chamber was = 2.

Moreover, we discarded 28 elastic ™" p scatter-
ings which were used i,

On stereoscopic pairs of pictures of the selected
events we measured under a microscope the co-
ordinates of 8—20 points of each track. From the
coordinates we calculated the momenta of the par-
ticles, the error of the momentum measurement,

*The value of M is equal to the nucleon mass for inter-
actions with a free nucleon. For interactions with quasi-free
nucleons, the value of M depends on the state of motion of
the target nucleon and lies within the limits 0.76—1.16 Bev.
The events were considered to be 7N interactions if ZA;
< 1,16 Bev.

and also the direction cosines of the track at the
point of interaction. The calculations were made
on an electronic computer. For tracks of primary
pions producing the interactions we obtain a mean
momentum py- = 6.9 + 0.4 Bev/c, which agrees,
within the limits of error, with the mean momen-
tum calculated from the data of'™ (6.7 + 0.2 Bev/c).

2. All secondary negative particles were as-
sumed to be 7~ mesons. For positive particle
tracks we measured the ionization by a gap-
counting method similar to that used in. For
each interaction we measured the ionization of the
primary pion, and the ionization of all secondary
particles was referred to this value. We separated
the protons and 7" mesons for the momenta up to
1.2 Bev/c. In addition, part of the particles were
also identified by their range. In all, it proved to
be possible to identify 99% of the positive particle
tracks of momentum =< 1.2 Bev/c.

3. As a result of the momentum and ionization
measurements, we discarded 37 cases not satisfy-
ing the foregoing criteria and also cases of
‘““scattering’’ by angles < 5°.

As was shown earlier in®®), for each 7N inter-
action the relation

ZA;EE(E;—])‘.COSQ,')<M

should be satisfied, where M is the nucleon mass.*
The summation is carried out over all secondary
particles of total energy Ej, momentum p;, and
angle 6; relative to the direction.of motion of the

*Similar interactions with neutrons are included in the
group of “*scattetings’’ by an angle < 5° and therefore were
also excluded from the final statistics.
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Table I
Primary ) _
Reference nr‘ en- %ot (TP,
ergy, Bev mb
[l 9.2 2544
Present 6.8 ~31
expt.
&) 5.2 29.142.9
] 4.7 28
|y 4.4 3045
] 4.3 3045

primary particle. The inequality sign refers to
cases in which not all neutral secondary particles
are known. We discarded another 24 cases as a
result of the application of this relation.

Moreover we discarded 12 two-prong events
whose kinematics corresponded to cases of elastic
interactions of a 7~ meson with a quasi-free pro-
ton.*

4. We ultimately selected 262 cases of inelastic
interactions of a 7~ meson with a proton and 93
cases of interaction with a neutron. We estimated
the inelastic 7"p interaction cross section and ob-
tained the value ojp (7 p) = 25 + 3 mb. In the cal-
culation of the cross section we assumed that the
interactions with quasi-free protons and quasi-free
neutrons are of the same frequency. The corre-
sponding value for inelastic interactions of a 7~
meson with a carbon nucleus turned out to be
Ojn (7°C) = 194 + 13 mb. The elastic 7" p cross
section obtained in'® was 5.5 mb. Hence the total
T~ p interaction cross section was oot (T7p)
= 31 mb. Tables I and II give a summary of the
data on the cross sections otot (7"p) and ojp (7C)
obtained in our and other experiments.

Table IT
Pri )
Reference | ”ri.me:r-y 0, @-C),
ergy, Bev mb
™ 1.5 219411
(=] 4,2 21847
) 2—4 21013
466 20817,
Present 6.8 194-4-13*
expt.

*Only the statistical error is shown.
No special estimate of possible sys-
tematic errors was made.

*We estimated only the statistical etror. No special esti-
mate of systematic errors was made,
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FIG. 1. Distribution of angles be- g
tween electron and positron tracks.

465 ‘

Tables III and IV show the distributions of the
observed cases for different values of the multi-
plicity n of charged particles and the values of
the mean multiplicity n of charged particles. Also
shown are the emulsion datal¥] and the results of
calculations made with the statistical theory in
which the isobaric states!!%:1¢] were taken into ac-
count.

As seen from these tables, the charged-particle
multiplicity distribution is in agreement with the
results obtained by the emulsion technique. The
calculations with the statistical theory give values
close to the experimental.

5. During the scanning, we recorded all elec-
tron-positron pairs which appeared to be emitted
from the point of interaction.* After the measure-
ments, we separated 74 v quanta (for a total num-
ber of 355 m"N interactions) which gave pairs
satisfying the condition

16, —6, | <200  (i=1,2).

Here 6., 6y, 6, are the angles between the direc-
tion of flight of the v quantum, electron, positron,
respectively, and the direction of the primary
track; A6 is the angle between the electron and
positron tracks. The quantity A6 characterizes
the accuracy in the measurement of the angles for
a given event; the distribution of these values is
shown in Fig. 1.

Fulfillment of this condition did not exclude the
possibility of recording v quanta from background
interactions. However, it was estimated that the
number of such y quanta cannot exceed 2%.

We determined for each y quantum the ‘‘poten-
tial’”’ range in the effective region of the chamber
and calculated the ‘‘statistical’’ weight

W, = (1 —exp [—Lp (E))"

Here 1; is the ‘“‘potential’’ range of the y quantum
in radiation lengths (100 cm for propane of den-
sity 0.43 g/cm®), W;j is the total probability for
the production of pairs per radiation length. The
sum of all values of W; is equal to the total num-

*A special check showed that the efficiency of detection
of pairs was close to 100%.
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Table III.
Present experiment ] St':g::;;al
Multiplicity, n
Number of N Number of o
interactions % interactions % %
0 7 2.7:1::1,0 13 4.41+1.2 3,7
2 119 45,414 .2 142 48,5+4.1 45,1
4 115 43.9+4.3 122 41.6+3.8 46.5
6 20 7.7¢1.7 14 4.8+1.3 4.7
8 1 0.4+0.4 2 0.7+0.5 0.05
0—8 262 293
n 3.45+0.09 2.98+0.08 3.05
Table IV.
Present experiment Q| Statistical
Multiplicity, n theory
' Number of . Number of !
interactions % interactions % %
1 16 17.2+4.6 56 23.1+3.1 18.5
3 53 57+9.8 143 59.1+4.9 59.5
5 21 22.6+5.4 36 14,912.,5 20
7 3 3.2+1.9 7 2.9+1 1 2.0
1—-7 93 242
n 3.241+0.15 2.95+0.09 3.0

ber of v quanta emitted i;{l4 the observed interac-
tions. It turned out that Z)i Wj =743 + 90 v quanta,
1=

i.e., the mean efficiency of recording Yy quanta
under our conditions was (10 + 1)%.

6. The most complete informationis obtained for
the properties of the secondary 7~ mesons. Figure
2 shows the c.m.s. angular distributionof 7~ mesons
from all 7”p and 7™n interactions. Itprovedto be
asymmetric with respect to the angle 6* = Y,m. The
forward-peaked anisotropic part of the angular
distribution is associated primarily with fast =~
mesons (P, = 2 Bev/c. Angular distributions of
such a nature are in sharp contradiction with the
statistical theory. It is natural to associate the
‘“‘anisotropic’’ ™~ mesons with peripheral interac-
tions (see, for example,'*'15)). The percentage of
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FIG. 2. C.m.s. angular
distribution of 7~ mesons
from all 7-p and 7 n in-
teractions.
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such ™™ mesons decreases with the multiplicity

(see Fig. 3).

Figure 4 shows the c.m.s. momentum distribu-
tion of 7~ mesons for different multiplicities and

¥ n=6and8
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FIG. 3. C.m.s. 7~-meson angular distribution for interac-
tions of even multiplicity; o = (N, —N,)njnt, where N, and

N, are the number of 7~ mesons emitted forward and back-

ward, n;,¢ is the number of interactions.
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Table V. Mean Value of p] (Bev/c)

Particles '

n=2 ' n=4 I

n==6, 8 n=2 4,6, 8
7~ mesons 0,38+£0,03 | 0.38+0.02 | 0.28+0,03 | 0.36+0.01
All positive particles 0.42x0.03 | 0.36+0.02 | 0.28+0.03 | 0.36+0.01
Identified 7* mesons 0.35+£0,04 | 0,26+0,01 | 0.19+0.02 | 0.26+0.04
Identified protons 0.26£0.03 | 0,37+0,04 | 0.28+0.07 | 0.31+0.04
7° mesons — — — 0.34+0.07
¥ are not in qualitative contradiction with the exper-
60 n:2.4.68 imental histogram.
50k Shown in Fig. 5 are the 1.s. momentum distri-
w butions of the 7~ mesons. The theoretical distri-
butions were obtained from tables of random
a0t stars. 8
20k The c.m.s y-quantum angular distribution
(from 7" p and 7 n interactions), which reflects
1o the angular distribution of 7 mesons is asymme-
’Z Ll tric (Fig. 6), i.e., it is apparently similar to the
L n=6¢ angular distribution of the charged 7~ mesons.
er The mean number of 7 mesons in 7~ p interac-
P D . 1 e W W .. | . . . .
or tions is 1.3 + 0.2 and agrees with the calculations
2 n=4 based on statistical theory.]
24+
L N
16 N J00+
¢ di
A e — o ‘ FI.G. 6. C.m.s. angular dis- 200k
I n=2 tribution of y quanta from all
12+ 7-n and 7~ p interactions.
s 100F
0 02 04 06 G8 10 1.2 14 16 18 L

Pr-» Bei/e
FIG. 4. C.m.s. m-meson momentum distribution for 7~ p
interactions of even multiplicity. The smooth curve was cal-
culated from statistical theory. 15]

the overall distribution together with the theoreti-

cal curve calculated from statistical theory.["’:| As
we see, the calculations based on statistical theory
s
70

201

|

101

H " 1
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Plab’ Bev/c

FIG. 5. L.s. 7#-meson momentum distribution for 7-p in-
teractions. The dotted-line histogram represents the statis-
tical theory distribution obtained with the aid of tables of
random stars. [®
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The observed 1.s. ¥ quantum energy distribu-
tion is shown in Fig. 7. The mean 7 energy for
one 7 p interaction is 1.12 + 0.15 Bev. This is
less than the mean energy of the 7~ mesons
Eq- =2.7 + 0.15 Bev.
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FIG. 7. L.s. energy distribution of y quanta from all 7~n
and 7-p interactions. The ordinate axis gives the number of
y quanta for intervals of Ejap,, = 0.10 Bev.
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" Table VI.
zr 7=2.4,6,8 Number | 5 ry

L 240 n £ 1ab’ 6,.,, deg
af c:ses Bev/c lab
16 I a0 2 26 0.41+0.05 5315
oL LI W T 4 26 0.62+0.05 | 42:4

- e~ 6; 8 7 |0.88+0.08 | 19x4
0 [ T T S S W S S i e S WY N | 28 59 0.56+0.04 44+3
20 ez
161 8. Figure 8 shows the experimental 1.s. energy
2b distribution of the identified protons and the dis-
ok tribution of protons of any momentum expected

i from statistical theory for the observed interac-
4 [ L it tions [(oglatained with the aid of tables of random

SR TE B ST N ST A A | 18 . . .
0 aa TR TR TR stars-%). A's sejen from the figure, a maj1x1mum in
Ey 1ab the proton distribution occurs for energies of

FIG. 8. L.s. energy distribution of protons in #~p inter-
actions; the histograms expected from statistical theory
(table of random stars[“]) are shown dotted.

7. Table V lists the mean values of the trans-
verse momenta calculated for particles produced
in 7 p interactions of different multiplicity. The
observed mean transverse momenta are close to
the mean transverse momenta of A% and K par-
ticles produced in 7" p interactions for.the same
primary 7 -meson energy.[”:I The value of the
transverse momenta for 7~ mesons, within the
limits of error, depends weakly on the multiplicity,
which, perhaps, reflects the approximate equality
of the interaction range

Ay > h/2 (p2 )'h = 3.2.107%¢
¥ T £g-o5bel
0_—| J_r—rL | WY .
5’_,‘ £ =14 Bev)
J_.

M) £p-=1BeV
0
201+

=
10

1 1 1
g 100 200 300 400 500 640 700
£ Mev
FIG. 9. L.s. proton energy distribution for 7~ p interac-
tions produced by n~ mesons of energy 1, 1.4, and 5.0 Bev.
The distributions were constructed from the data of[22%%

100—200 Mev, while in the case of statistical
theory hardly any such protons should occur.

The presence of a maximum indicates that there
is a definite group of interactions in which there is
a small energy transfer to the target nucleon. One
may suspect that these cases are connected mainly
with peripheral interactions of the incident 7~
mesons. Theoretical investigations of peripheral
interactions[m'ziI also predict the existence of
such a maximum in the region of low proton kinetic
energles Similar results were also obtained

int2~%] for primary 7 -meson energies of 1, 1.4,
and 5 Bev (see Fig. 9). The fraction of cases with
a very slow proton (Egx < 200 Mev ) at each of
these energies (1, 1.4, 5.0, 6.8 Bev) is approxi-
mately constant and equal to ~10% of the total
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FIG. 10. Distribution of the ‘‘target mass’’ M; for =~p
interactions in which an identified proton is among the sec-
ondary particles. The dotted-line histograms represent events
with an unknown positive particle, which is assumed to be a
proton.
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FIG. 11. Angular distribution of charged pions in the sys-
tem of two pions for 7~ p interactions with a ‘‘target mass’’
M < 0.3 Bev/c? calculated from the identified proton. The
dotted-line histogram represents the distribution of these
pions in the c.m.s. (pion-nucleon system),

m-nucleon cross section. This is also in qualita-
tive agreement with the picture of peripheral in-
teractions.

In the present experiment a maximum occurs
in the proton energy distribution from two-prong
interactions and is not evident in interactions of
large multiplicity. This can be connected with a
decrease in the fraction of peripheral interactions
as the multiplicity increases. Shown in Table VI
are the values of the mean momentum and mean
angle of emission of the protons in the 1.s. for
cases of different multiplicity. It is seen that both
the energy characteristics and the mean angle of
emission of the proton change with the multiplicity.

II. ANALYSIS OF EXPERIMENTAL DATA

N. G. BIRGER, Yu. V. KATYSHEV, D. K. KOPY-
LOVA, V. B. LYUBIMOV, A. V. NIKITIN, Yu. A.
SMORODIN, and Z. TRKA

THE data obtained on 7~ -meson interactions with
nucleons at 6.8 Bev and the data at lower energies
lead to the conclusion that the statistical theory
cannot explain a number of important characteris-
tics of the angular and momentum distributions of
the secondary particles. In this connection, one
can conclude that an appreciable role is played by
the so-called peripheral interactions.

We shall consider this question from a some-
what different viewpoint. We introduce the quan-

My =M — (Ep — ppcos B),

where M is the nucleon mass, Ep and pp are
total energy and momentum of the secondary pro-
ton in the l.s., Gp is its angle of emission. It is
known that, qualitatively, M; can be regarded as

N. G. BIRGER et al.
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FIG. 12. Angular distribution of charged pions in the sys-
tem of two-pions from 7~ p interactions in which the ‘“‘target
mass’’ M; calculated from the identified proton was greater
than 0.3 Bev/c?. The dotted-line histogram represents the
angular distribution of these pions in the pion-nucleon c.m.s.

the ““effective mass’’ of that part of the target
nucleon with which the primary meson collides.
Figure 10 shows the experimental distribution of
M; for 77p interactions of different multiplicity
and calculated for the group of interactions in
which there is either a secondary proton or an
unidentified positive particle of momentum

> 1.2 Bev/c, which we shall assume to be a proton.

As seen from Fig. 10, there is a maximum at
the mass M; close to the pion mass in the case of
two-prong interactions. One may therefore assume
that among the two-prong events is a sizable group
of so-called one-meson interactions corresponding
to the collision of a primary 7 meson with a
single virtual pion emitted by the target nucleon.
Interactions of this type associated with small
values of M; possibly occur also in events of large
multiplicity.

Figure 11 shows the angular distributions of
charged pions from interactions in which the mass
M; calculated from the identified proton was less
than 0.3 Bev/c?. The distributions are shown in
the c.m.s. of two pions (77 system) and in the pion-
nucleon c.m.s. The first angular distribution is
symmetric with respect to the angle 90° and the
second is asymmetric. This result appears to
agree with the suggestion that the primary 7~

Table VII.
Events Events
with with
M¢<0.3 M¢ > 0.3 | Total
Bev/c? Bev/c?
Number of cases 38 21 59
Number of cases with
Mean momentum of 7~
mesons in L.s., Bev/c 2.6+0.3 1.3+0.2 2.0£2.0
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meson interacts with a virtual pion of the nucleon.
In this connection, it is interesting to note that, in
cases with M; > 0.3 Bev/c?, the angular distribu-
tion of the secondary pions in the mm system is
strongly asymmetric, with a predominance of
angles greater than 90° (see Fig. 12).

There is also a clear correlation between the
value of M; and the number of high-momentum
secondary pions (see Table VII). It is possible that
the 7~ mesons are associated with elastic scatter-
ing of a primary 7~ meson on a virtual target
pion.

It is interesting to note that the ratio of the
number of 7~ mesons to the number of positive
particles changes rapidly with the momentum.
Thus, for example, among positive particles with
Plab = 2.0 Bev/c the ratio of the number of posi-
tive particles to the number of negative particles
is n,/n_ = 0.6 + 0.1, while for pja = 4.5 Bev/c
we have n,/n_ =0.2 + 0.1. The number of 7*
mesons apparently decreases still more rapidly.
Comparison of the energy characteristics of the
7=, m*, and 7 mesons leads to the same qualita-
tive result. In particular, the mean energy of the
7~ mesons in 7 p interactions is I_':lab a = 1.69
+ 0.08 Bev, while for ™ mesons this value is
Elap 0 = 0.90 + 0.12 Bev. For 7p interactions
in which slow protons are produced, the mean 7~
momentum is Pigp =2.04 + 0.19 Bev/c, while for
" mesons Py, =1.2 + 0.16 Bev/c. Thus the
secondary 7~ mesons stand out with respect to
the 7* and m° mesons. This circumstance cannot
be explained from the viewpoint of statistical
theory and is in good agreement with the views on
the important role of peripheral interactions. In
pp interactions no such difference among 7, P,
and 7" mesons is observed.*

In this connection, one might suppose that the
greater part of the high-momentum 7~ mesons
(say, for pyap > 4.0 Bev/c) is produced as a result
of mm diffraction scattering. Such a conclusion
appears to correspond fully with the general views
on the mechanism of elementary particle interac-
tions at high energies (seet® %)) If this is so,
then the cross sections for elastic and inelastic
mr interactions should not depend on the charge
state of the colliding pions. It thus follows that the
number of fast 7~ mesons in 7 p interactions
should, on the average, be the same as for m™™n
interactions. The experimental data does not con-

*Similar conclusions can be made on the basis of an anal-
ysis of the angular distribution of secondary protons, which
are emitted primarily backward in the c.m.s. (see, for ex-
ample, [””“"‘]).
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FIG. 13

tradict this statement. For example, for pj4,
= 4.0 Bev/c the corresponding ratio is

N (n)/n.— (@ p) = 0.9 +0.3.

The mean value of the transverse momentum
p, in diffraction scattering directly characterizes
the range of interaction. For 7~ mesons with
En- = 4 Bev produced in two-prong events, the
mean value of the transverse momentum is pj|
= 0.44 + 0.05 Bev/c. It should be borne in mind
here that the virtual pion, before the collision with
the primary pion, also has a transverse momentum
which is reasonably taken equal to the transverse
momentum of the recoil protons in the considered
group of interactions (~ 0.26 + 0.03 Bev/c). If we
take this into account, the interaction range in =r
diffraction scattering* proves to be (1—2i/mgc.

We shall now present some remarks with a
view to establishing more accurately the character
of the peripheral interactions. The possibility of
the existence of a group of interactions described
by the diagram of Fig. 13a has been indicated sev-
eral times. In this case we shall speak of ‘‘nu-
cleonic dissociation’’ of the target nucleon. On the
other hand, Gramenitskii, Dremin, and Chernav-
skii?l have indicated the important role played by
processes with the so-called ‘‘isobaric dissocia-
tion’’ of the nucleon (see Fig. 13b). For the follow-
ing analysis we shall consider only events in which
a fast 7~ meson is produced (pjap = 3.0 Bev/c),T
and assume that in these cases the upper vertex of
each diagram corresponds to nm diffraction scat-
tering. Under these conditions, there are, within
the framework of each of the schemes, single-
valued isotopic relations connecting the cross sec-
tions of these reactions. One may expect that a

*[t should be noted that the entire picture of 77 diffraction
'scattering has not been fully established. In particular, one
cannot exclude the possibility that part of the nm scattering
is accompanied by charge exchange. This can be connected
with the existence of a certain amount of fast 7° mesons as
well as #t mesons.

tSuch a choice is partly connected with the absence of
interactions with 5, 6, 7, and 8 prongs in which a 7~ meson
with pi1ap > 3.0 Bev/c is produced. The presence of such
interactions would be in contradiction with the scheme being
considered.



1050

N. G. BIRGER et al.

Table VIIL

X ﬁt, Bev/c2—calculated ﬁt, Bev/c2—calculated _
Multi- only from charged with allowance for the &
plicity secondary particles contribution from
n . 7° mesons
min max min I max |
2 0.18 0.41 0.30+0.06 | 0.44+0.06 | 0,32+0,06 | 0.47+0.06
4 0.38 0.53 0.54+0.12 | 0,59+0.09 | 0,57+0,13 | 0.63+0.09
6; 8 0.49 0.58 0,71£0.30 0.80t.0.30 0.76+0,32 | 0,85+0,32
2—8 0.30 0.48 0.44+0.06 | 0,54+0.05 | 0.47+0,07 | 0,57+0.05

comparison of these relations with the experimental
data will permit some conclusions on the relative
role of peripheral interactions with nucleonic and
isobaric dissociation (if, of course, we are dealing
with mr diffraction scattering).

It is readily shown that in the case of isobaric
dissociation the number of slow protons in 7™ p
interactions should be 3.5 times as great as in
7 n interactions; on the other hand, in the case of
nucleonic dissociation, slow protons should be en-
countered in 7" n interactions twice as often as in
7 p interactions. Experimentally, we observe in
51 two- and four-prong 7" p interactions contain-
ing 7~ mesons of momentum = 3.0 Bev/c a total
of 24 slow protons (with p = 1.2 Bev/c) and only
two slow protons in 17 three-prong 7 n interac-
tions.

The number of slow 7" mesons in 7™ n interac-
tions should be % of the number of slow 7* mesons
in m"p interactions if the dissociation is isobaric.
Experimentally, this ratio is 0.9 + 0.5 for =*
mesons of momentum =< 1.2 Bev/c, while for the
case of nucleonic dissociation in 7™n interactions,
the slow 7* mesons should be entirely absent. On
the other hand, for two-prong interactions in which
7~ mesons are produced with energy near the
upper limit, there is an appreciable mixture of
nucleonic dissociation. If fact, for isobaric disso-
ciation the ratio of the number of two-prong inter-
actions with fast 7~ mesons to the number of
analogous four-prong interactions should be 4/5.
Actually, this ratio turns out to be dependent on
the m~-meson energy, as is seen from the follow-
ing data:

E, ,Bev: 2.0 3.0 4,0
Np—o/No_yt 1,440.3  2.6+0.8  3,2+1.3

If the dissociation were to take place only by
the nucleonic scheme, then the ratio would be in-
finite, since the four-prong interactions cannot
oceur.*

*If “‘nucleonic dissociation’’ were to play the basic role
in peripheral interactions, then the foregoing conclusion on
the absence of slow protons in 7~ n interactions could be un-
derstood if it were assumed that o (7~ 7°) > o’(7 n~) and, con-
sequently, that charge-exchange scattering occurs in 77 in-
teractions.

Apart from the one-meson interactions con-
sidered above, an important role is apparently
played by interactions with a larger number of
virtual pions. As has already been noted, the mo-
mentum and angular distributions of the secondary
protons change with an increase in multiplicity.
Table VIII lists the estimates of the value of M¢
for 7" p interactions of different multiplicity. For
events in which there are no identified protons and
all positive particles are assumed to be 7" mesons,
the value of M; was calculated from the formula

My = 2 (E; — p, cos¥;).

Here the summation is carried out over all
charged pions and y quanta from the m’-meson
decay for a given event. The minimum and maxi-
mum estimates of M; are obtained under the as-
sumption that the unidentified positive particles
are ™ mesons or protons, respectively.* It is
known that the quantity Mt/ M is equal to the frac-
tion of energy k lost by a proton in a collision
with a 7~ meson if we consider the m"p interac-
tion in the S sEystem, in which the initial 7~ me-
son is at rest.') (The proton energy in this system
is ~46 Bev.) The values obtained for the mean
loss k are also shown in Table VIII. As seen from
this table, the quantities ﬁt and k evidently de-
pend on the multiplicity, which indicates the differ-
ent nature of the interaction (decrease in the
““degree of peripheralness’’ with an increase in
the multiplicity). For the m"p interactions con-
sidered as a whole, the quantity M;(k) proves to
be rather large. It thus apparently follows that
there is a large group of interactions which are
not of the one-meson type. In fact, it follows from
the consideration of a very rough model that for
one-meson interactions the energy losses in the

S system should be close to the value my/M = 0.15,

*The errors in Table VIII were calculated directly only
for the resultant mean numbers. From the values obtained
with allowance for the observed number of y quanta, we es-
tinated the errors of the quantities corresponding to each
multiplicity.
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while the experimental value is k = 0.47 — 0.57.*
As regards ‘“truly central’’ interactions accom-
panied by the production of a very high energy
secondary nucleon (in the 1.s.) we cannot, at pres-
ent, say anything definite about their relative role
and properties.

One may, however, estimate the 1.s. nucleon
energy from the mean energy loss in the S system
for all 77p interactions, apart from those for
which M; determined from the slow proton is
= 0.3 Bev/c? (i.e., for 87% of the interactions). In
this case k = 0.54—0.66, and for the mean 1.s. nu-
cleon energy we obtain the estimate Ejapp
=1.2—1.8 Bev if we assume that for nucleons p;
= 0.31—0.47 Bev/c. In this connection it is inter-
esting to note that the energy of the nucleon which,
after interaction, comes to rest in the c.m.s. is
Elap = 2.0 Bev.

It is known (see, for examplel3!34 that in the
interaction of a fast proton with a proton the en-
ergy loss is kpp ~ 0.4; in any case it does not ex-
ceed the value of the energy loss in collisions of a
fast proton with a 7~ meson (Ep = 0.47—0.57).
If we roughly represent each of the nucleons as
consisting of a ‘‘core’’ and a pion cloud, then the
above-mentioned circumstance can be considered
to mean that the basic role in pp interactions is
played by collisions of the ‘‘cloud’’-*‘core’’ type,
while there are practically no collisions of the
““core’’-‘‘core’’ type, which, of course, lead to a
large energy loss (see also[m). Further investi-
gations are necessary before a more accurate
picture can be formed.

In conclusion, the authors express their grati-
tude to V. I. Veksler for his interest in this work
and for helpful advice, to D. S. Chernavskii for
discussions of the results, to M. Danysz for taking
part in the development of the ionization measure-
ment method and for helpful discussions, to the
proton synchrotron crew for making the exposure,
and to the laboratory staff for performing meas-
urements and calculations.
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