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Accelerator Energies
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(-Following is a translation of an article by Oleg
Czyzewski and Roman Holynski, Department VI, Insti-
tute of Nuclear Research (Zaklad VI Instytutu Badan
Jadrowych) Krakowp in PosteDy Fizyki, Vol XII, No 1,
1961, Warsaw; pp 71-87._/

The problem of multiple generation of mesons is closely connected
with our concepts of nucleons. At the time when it seemed that the
statistical theories started by the famous theory of Fermie explained
in a satisfactory manner the phenomenon of multiple generation one
could visualize a nucleon as a body without structure. However, in
the region of highest energies (ylo1 lev) there seems to appear an
outline of facts indicating that the process of multiple production
cannot be described with the aid of statistical-hydrodynamic theories. 1

Recently, studies of multiple Pw-o£oiatn in thb •serion of acceloamtor
energies also encou*ncer4 a seriao of difficulties in the interpreta-
tion of thip •uaomenon with the aid of the statistical theory and it
appens- that we must introduce to the new interpretation concepts
*ihe structure of the nucleon.

The limit of the generation of u mesons in the system of the
center of mass of two colliding nuclei constitutes 140 MeV, which
correponds in the laboratory system to 290 MeV. Below this energy
the collisions are only elastic. The active section for elastic
collisions e decreases with an increase of energy, while the
active section cior inelastic collisions :.. inel increases in the
region of 290 MeV to 1 ceV and here reaches a value which in the
boundary of energy to 10 GeV does not undergo any greater change.
Fig. 1 shows active elastic, inelastic and full sections as a
function of energy.

Studies concerning inelastic collisions n-n and 3Y -n are con-
ducted essentially in four centers: Brookhaven (cosmotron 2.75
GeV), Berkeley (bevatron 6.36 GeV), Dubna (synchrophasotron 9.2
On this subject compare the article: J. Bartke, R. Holynski,

Postepy Fizyki, 10, 309 (1959). Codes
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GeV) a well as in CE1RN ini Geneva (a 28 GeV accelerator recently
placed in opetration). Vie studies, which wilt. be disaussed bClow,
derive principally from Berkeley and Dubnma. The reults gottu.m in
this field iu CERN have not yet been published nnd certain Mev.ger
data• derive from pritate comm-gniquee. Studies concerning multiple
gene'ation in the'bounds of accelerator energies yield a series of
vaJl-able cbarnacteristics of these processes such as: number of tlie
generated mesons, their angular distribution and enerey distr.ba-
tioi,; they estinmte the coefficient of inelasticity of thesecollis-.ons, etc. The wavelength of d.e Brogle's nucleon in the

system of the qe er of mass for enerW' of' 2.24 Bey (Brookbavýr:)
1.$ 7, l.92-10- hil for 9 BeV m 0.96.10-1.4 i.e. con,.vid~er-

bsly 'es;, than the radius of action. , tihe nucleon; it can theze-
fore be expected that these expeximeetp will also yield, certain
info=,ation on the strucitre of the nu'cleon.
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rigure I, Active sections for p - p collision: elastic Ge5.
unelastic ell and full (6, as a function of
energy.

Experimental Data C )ncerning Protoq-Nucleon Collisions

We shall begin the review of experimental d;;a with the studies
mqde in the Laboratory of High Energies in DNbna.. In a number of
these studies very siailar results were obtained and one can
reach marqy common conclusionsregardiag them. Tn the work of
NX.. ?og.,.czelg and others, the angular and energy distributions
of second.vry particles generated in proton-nucleon collisions
were atudied. The work is made with the aid of the emulsion
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technique. A block of evralsion of the NII-P type was bombarded with
a cluster of protons accelerated in synchrophasotron to an energy of
9 BeV. Subsequently, in examining the plates alongside the traces of"
the privary protons a search was zide for nuclear interactious.
Along a length of 978 meters 2673 cases of this type were found and
a mean path of a fiee interacLion equal to 37.3 t 0..3 cenLimeters
was designated. A majority of these interactions are collisions
of protons with various type nuclei of the emulsion, and onlZt a few
cases are collisions of a proton with a free proton (nucleus of
hydrogen) or a proton with a quasi-free nucleon. The authors have
applied a series of criteria which would permit to select a rela-
tively tree sample of proton-nucleon collisions. There were
selected 170 cases with an even number of traces (proton-proton
collisions) as well as 110 cases with an odd number of traces
(proton-neutron collisions). The average number of loaded traces
was 3.22 * 0.12 for p-p collisions and 2.62 * 0.13 for p-n colli-
sions. Table 1 gives in percent the number of p-p and p-n colli-
sions depending on the number or loaded traces.

k, 1 I . ' I 1 '7 8I- 45,9 ±5021 447:L5'1 9,8± 2,3 ,O8

P.- , 1 33,0 [52,7k ±7,91 12,7L ±3,4 0,0± 0, ±

Table 1
a) number

In work the identification and designation of energy was con-
ducted only for slow particles, having an ionization higher than
1.4 times minimal ioniza!ton. There were designated energies of
53 protons and 9, mesonsi Win collisions p-p and 22 protons and 5
mesons .sj/ in collisions p-n.

These data permit certain conclusions to be advanced about the
angular distribution of protons in the system of the center of mass

* (C.M.) and to estimate ohe percent of energy of the primary nucleon
transferred for the generation of secondary particles. For p-p
collisions in the region of 1550-1800 in the C.M. system 53 protons

* were found. The assumption of their isotropic distribution in the
C.M. system is senseless, since then foxr 170 interactions under
study, we shall obtain 1230 protons. Hence the angular distribu-

ns*"
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tion of prctona in the C.M. system shoiuld be strongly anisotropic.
If we assume that after collision we have one or tvo protons among
the secondary ,particles, then the half-angle in the C .M. system for
the front as well as the rear hemisphere will b;e correspond;1ngly
2-0 or 30O. The average velocity of the identified protons i13
I80o 1"40 MeV/C in p-p collialons and 1250 t 50 MeVIC in p-n colli-
sions. Having this data ii is possible to evaluate the erpr'gy
transmitted by the primary particle to the nmaoas in the ..abozmtory

where E - energy of the proton in the C.M. system before collisionTp., -verage energy of .be proton afzer collision.
and to ev vj.lu ate -= s%.

This result is rather Lhe lower limit of this relation, since
protons were only identif.ied -In the region of azigles 1500 -180ý.
it can be expected, however, tnat the averge velocity of protons
flying at an jangle less than 1550 in the C.1/. aystem will not be
significantrI different and that the relation x< will not undergQ
any greastie change. This result permits to calcuhlte the w~an
energy of the .yr meson (on the assumption th,.L in one oollision
there is one proton among the secondary particles), which is, in
the .aboratory system, about 800 MeV. and in the CM. system, about
340 ,IeV.

In order to obtain the jngultar distributioas of secondary
particles in the C.M. syshem we transform the -. easurea Laboratory
angles, with the aid of the foratula:

•,•tg O, sin @
= fl ..... .. . -, (1)"I•+ Cos of

Where ye= I/I 1--5= ,c . speed of the center of was in the
laboratory 3ystem

S== #/Pi desiignatea the relation of •4e speed of the
sys &em of'-enter of mass to the laboratory system's relation
to the speed of the tmrn3formed particle.

Tn co2.1iions of a sufficiently high energy we ca&. assume that
mm = 1 Knd then

Symools wtLh a dash on top deseigna'ý,e "%gnitIde in C.M.
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Figures 2a, b, ca and 3a, b, c represent angular distributions of
secondary particles (on the assumption that m - 1) in p-p and p-rn
collisions for various numbers. It is seen that for n = 2 and
n a 3 the distribution is strongly anisotrcpi., but as the number
increases the anisotropy decreases. The arguments cited before
lead us to expect a strongly anisotropic angular distribution for
secondary protons, which is in accord with the obtained anplar
distributions and their unsteadiness with a variation of nuim.ber.

The work of Wan-Ssu-Fen and others is a repetition and continua-
tion of work. In work they conducted an identification and measure-
ment of energy only for slow particles (having an ionization greater
than 1.4 times the minimal ionization). In work with the aid of the
method of Coulomb dispersion and measurement of ionization, an
attempt was made to measure the energy and identify the fast particles
having an ionization smaller than 1.4 times the minimal ionization.
The identification of particles permitted to outline the separate
angular distribution of protons and mesons and to give their
energy distributions. The angular distribution of secondary
protons is strongly anusotropic (Fig 4a, b).

irhu angular distribution ofV mesons also shows a certain
anisotropy, although a considerably smaller one (Fig. 5). Figure
6 represents an energy distribution of protons in the rear
hemisphere.

The authors of work C17 have at their disposal the same type
of material from the statis•ical point of view as do the authors
of work Ell and confirm a number of its conclusions concerning
the percentage composition of stars with different numbers,
average energy of protons and •r mesons, and analogously as in
Ll they conclude that the primary proton transfers approxi-
mately 35 percent of its energy for the generation of lmesons,

* which gives a coefficient of inelasticity K = 0.5.

The work of Daniel and others, as well as Kalbach and others,
are devoted to analogous problems at an energy of 6.2 BeV. These
works are also executed with the aid of the emulsion technique, and
the block of emulsion of the Ilford-G5 type was bombarded by a
cluster of protons accelerated in a bevatron.

- 5*
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Figure 2s, b, a. Angular distributions of secondary particles
in the C.M. system for p-p collisions for different
numbers -12
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F igure 3s, bp c. Angular distributions of secondar particle$
In the C.M. system for p-n collisions for different0number
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Figure 4 a, b. Angular distributions Cn Mhbe CN. •yut ez
of secondary protons in p-p and p-n coius., • '. 7

Figur'e 5 AnuM.ar distribution of n-mesons in the C.M. s's5tai
(bsyh halves in the C.M. systew are, tcmbined on the
assumption of synmetry)
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Figure 6. AnguWar distribution of proton velocities in the rear
hemisphere in the C.M. system

Tn work r-i 1  with the aid of the method of sanning of the
traces or primary protons, 491 inelastic collisions were found.
Applying generally accepted criteria, 196 of them were r€conized
as collisions of the proton with a free or quasi-free r'cleon.
With the aid of the method ot' ionization, measurement and Coulomb
dispersion secondary pr.ticles were identified and their energies
designated. The results of this work can be collected in the
following points: the average number of loaded weaons in the
protoj-nucleon collision is 1.5 t 0.18. The angular distribution
of mt mesons in the C.M. system show a certain, it seems, signifi-
cant aniSotl'opy (Fig 7).

40

C O 0 -.

.'igure 7. Angular distribution of' mesons in the C.M.

system •-J
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TV average energy of Tr mesons in the C.M. system is eq.ual to
290 - 45 M.y. Secondary protons are strongly collimated Iti the
front-rear direction. Identification of particles lead'3 to the
conclusion that in the laboratory system at an angle smaller than
iO° approximnately 70% of the particles are protons and the remainder
are mesons, while at an angle greater than 10% only approximately 30%
of particles are protons and the remainder are mesons. The coeffi-
cient of inelasticity as a ratio of the energy transferred for the
generation of mesons to the total energy in C.M. was evaluated by
two independent methods: a) from the mean energy and number of,71
mesons in C.M.; b) from the mean energy of protons after collision.
Both these methods give a value of around 0.43 which appears to be
independent of the number. These results are in full agreement with
those obtained in the work of Kalbach and others, in which 315 cases
were selected for an analysis of inelastic p-p collisions. Figures
8a, b, and c represent the angular distribution of protons in stars
with numbers 2, 4 and 6.

4
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Figure 8a, b, c. Angular distribu•tione of secondary protons
from p-p collisions in stars with varying numbers
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Figure 9, b, c. Angular distributions of mesons from
p-p collisions in stars with varying number

Figure 9a,b, and c represent the angular distribution of mesons
for these nunmbers.

Graphs 8 and 9 are made on the assumption of idoal symmetry in
the C.M. (each particle is counted twice).

Fi.ures lOa,bc and 11 a, b, c represent 'velocity distributions
of ;-' mesons and protons in -the C.M. system. Continuous curves
correspond to the expectations of the statistical theory.

The above collected experimental facts con(cerning inelasti.c-
collisions of protons with nucleons were compared, maninly with
the results of two theories. One of them was tLe statistical

. theory of Fermi, the second theoretical concept, whcl was pro-
posed indeed in connection with the above experiments is the model

* 0o excited nucleons or so-called isobars. For the stati, '.cal
theory cannot explain a number of the above-cited experienevital
effects, such as the strong anisotropy in the angular dislkXbution.i
of secondary nucleons, which attempt to preserve their original
direcLion, of velocity distributions of ziiesono and protons, etc.
These facts point to the real part played by the ;eripheral colli,-
sions i e. such in which we have a relatively small exchange of
energy and velocity, and where the colliding nucleons deviate
slightly fro,. their original direction. The isobar model attempts
to describe such collisions. According to this model, at the

-- 1i --



moment of collision, one or both of the colliding nuclei are
excited to isobar, short duration states, which later disintegrate
independently, with an emission of 7•' mesons. This resonance comes
out just for those energies, for which the energy in the system of
the center of mass is sufficient for the formation of the rest state
mass of the '7 mesone Thus certain experimental facts, at least
in the case of small numbers of the formed mesons, seem to testify
in favor of the isobar model. This model encounters, however, a
series of difficulties in the interpretation of cases with large
numbers.

n.2

0o

0I-,

°o L./

Figure la, b, c. Velocity distributions of i mesons from
stars with varying numbers in the C.M. system
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Figure IIa, b, c. Velocity distributions of secondary protons
from stars with differing numbers in the C.M. system

Ii-meson-Nucleon Reaction

An analogous process for the IT-meson.,nucleon reaction to the
production of two mesons in a nucleon-nucleon collision is the pro-
duction of one meson. For low energies, of the order of 1 BeV, it
can be well described by an isobar model, given by Lindenbaum and
Sternheimer, which in this case agrees very well with the test
(Alles-Borelli et al.).

The process of production of a greater number of mesons becomes
applicable only at an energy of several BeV, e.g. for an energy.
1.3 BeV, Fowler et al. found very few such cases. Table II gives
the number of stars with a different number of sides formed in the

* reactions of jr-meson-proton and 'tr'-meson-neutron for various
* energies.

13



Tabl.e I~
Reaction PTon

010i1111 wamion I.I
wgwieddteif 1 8

IcEu~ga 7 x pracy tCEnalgis
(BEY) j

.8 88.7 11,3 - - (168
(85) (7)

4. 43,8 4,S 11,9 -a10]
(29) (30) (8)

7 28.1 9.1 14.9 2,O [14]I
(56) (143) (M) (7)

Reaction v -p
Number of stars are in percent, in brackets are absolute numbers

mules 2 4 6 6 10 12 14 MpaYs

_______ )__I___•_____. ..._____

1,4 958 4.1 -- . - - (2]
(91) (4)

1.6 9N,7 4,3 - - - - (18
(22) (1)

4,6 00,3 28,6 ,1-- (10
(86) (28) (5)

a 00,436,8 2,8 -- [11l
(04) (89) (3)

7 50.8 48,6 8,0 0,6 (14]
(142) (122) (14) (2)

16 9,2 51.5 28.5 9,2 0.8 - 0,8 (17]
(12) (07) (87) (12) (1) 0 (1)

/ Key to Table II: / a) Number of sides in the star; b) From work;
c) Energy (BeV) d) inelastic

14_ .



Despite such a pronounced. change in the character of the process
in the energy region of interest to us, the entire section active in
the Y -meson-nucleon reaction changes slowly with energy; the section
active in elastic collisions decreases, while the section active in
inelastic reactions is practically unchanged (Table II).

Walker's work is-devoted bo the problem of the interaction of f"
mesons having an energy of 4.5 BeV with nucleons. He searched for
interactions of this type in a packet of nuclear emulsionrw, born-

barded with a cluster of V- mesons from a Bevatron. He found 128
collisions, recognized as an interaction YJ =-p, as well as 68
interactions, recognized as Y"--n. Naturally, all interactions
of this latter type, as well as also a portion of the proton inter-
actions, apply to quasi-free nucleons. Walker measured the angles
of secondary particles, the ionization and Coulomb dispersion. This
made it possible to establish the energy and to identify a certain
number of secondary particles. The results of Walker do not differ
much from the results obtained by Me.enchen et al.

Table III

E (BeV) ag mb #,01mb ,s prney:

1,3 I 26.4±2,2 7,4-4- 1,0 (7], [13]

1,4 29* 3 7,0+.1,0 [8], 9]1

4,5 28,0 * 2,6 6,0 * 1, (10]

5 22,8+2,4 4,7.+1.0 [11]

6,8 30+*5 5,510,5 [12]

Cloy to Table III: /a) From work

The authors of this work analyzed 15,000 pictures taken from a
hydrogen diffusion chamber lighted by a cluster of eVj'" mesons
with an energy of approximately 5 BeV. The chamber was pluced in

. a magnetic field. Altogether 135 collisions of mesons vith protons
were founc!. The angles of the secondary particles, the cuxvaturee
of the tracts and the ionisation were measured; this last measure-
ment permitted the identification of a considerable Wart of the
positive particles; all the negative particles were recognized as

"FIYO - mesons. Each case was transformed to the system of the
center ofr mass of the 7r-nucleon, making a balance of velocity
and energy; this permitted to establish angles, energies and masses
of the possible neutral particles. The angular distributions and
velocity distributions, obtained in the works of Walker and

-- .15 -



COonclusions frora beth of the abový. works appear as follows:
for two-sided., inelastic stars, in whibh at most one charged meson
in produced, there is visible a strong spearheading f"rnntwVrcs in
the system c.41 the center of mass of mesons, while in the case GV
protons, it is backwards.

The velocities of the particles produced in these collisions aret
higher than of the particles produced in multisided stars. Thl.o
concept is in clear contradlction with the isobar model, at any
rate, with model 3/2, for which the supplementary meson should
fly rather together with the nucleon, and therefore in our c-.,ie iT
should fly to the rear in the system of the center &f mass '4' -N.
Tis i.• also apparent clearly for a certain number of interactionL

"7-+n÷2 I) -+p in which the produced meson flies together with
the primary meson In a direction opposite to the flight of the
proton. Walker suggests tnat this is a result of the interaction
or rather of the collision of the f meson with the 'fr' meson from
the weson;. cloud of the nucleon (model of Dyson and Tuke-da for lBeV).

10

10

Fig., re 12. Angular diutribu'tior. of protons and ')Y r.enons from
the reaction: 1- + p -- ) 1-- + p + ? (in the C.M.
sy..te~m). The protons ,,ere cross-hatched

10

FigLre !3. Att.dalUr distributiAon of mesons from the reaction:

1-+P'a-+x-±+tV (in the. C.M. systom)

16 __



Figure 14. 'The angular distribution of the identified protons
from two-sided stars (in the C.M. system)

Of 0

Figure 15. Angular distribution of m7 " mesons from two-iided
stars (in the C.M. system)

0,s

Figure 16. Distribution of' proton velocities from reactionX-+p -o--+PF"t

Figure 17. Distribution of velocities of r " mesons from
two-sided stars.
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Figure 18. Angular distribution of prozona from four-sided start
(in the C.M. system)

0 -

ff# G¢.M'

Figure 19. Agu.r distribution of "r mesons from fou-r
&sied stars in the C.M. system)

0 a-

-1 0 19

Figure 20. Angular distribution of the identified protons
from four-aided and six-aided stars (in the C.M.
system

-t' 0

Figare 21. Angular distribution of II mesons from four-aided
and six-sided stars (in thq (XM. systam)

: - •..... ... ..
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S~e.V/c

Figure 22. Velocity distribution of 1'" mesons from four-sided
and six-sided stars (in the C.M. system)

•oo 1•

i,,. IeV/C
Figure 23. Velocity distribution in the C.M. system oz

identified protons from four-sided and six-sided stars

4ualitatively, this model well explains the production of one or
two mesons through the Y'- W interaction.

For many-sided stars Maenchen, as well as Walker, observe a
strong asymmetry of protons, which, as before, exhibit a tendency
tovards the preservation of the direction of flight in the system
of thi center of mass. The mesons show small deviations from
symmetry and isotropy, and the velocity of mesons flying frontwards
is somevhat greater than those flying backwards. In figures 24 and
25 are represented angular distributions of mesons from four-sided
and six-sided stars after dividing them into groups with a velocity
greater arnd sarler than 600 MeV/c.

-18 0"

Figure 24. Angula distribution of 'iT" mesons with velocities
X 6 MoVic from four-sided and six-sided stars (in the

C.M. system)

-19r-



Figuze 25. Angular distribution of ± " mesons vith veloc:tties
.4. 600 M.V/c from four-sided and six-aided r"tv--r8 (in the

C.M. system)

B b,4 n-i,,;t
1000

500

7' 0 -1 0 ..

Figure 26a, bý c, d. Angular distributions of I mesons from
stars with different nu~bers (in the C.M. sys•em)

--- 20 ---
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Figure 27. Angular distribution of secondary protons from all
setrs (in the C.M. system)

Too

50

*o
COS OC.M t.

Figure 28. Angular distribution of mesons with velocities
. o. eV/c in the system of the center of mass

lid



The production of a ipsater number of mesons in a phentP,4non more
difficult to interpret, even qualitatively, than individual produc-
tion; at any rate, the statistical theory of rermi, which anticipates
a sye etry of angular distributions, fails here. WrAI*er suggests the
following Interpretation of the phenomenon: -he meson, interacting
with the nucleon "inocks .out" from its meson cloud one or two mesons,
simulte.neously exciting the nucleon, which on disintegrating sends
out further mesone The knocked-out meons fly to the front, those
sent out by the nucleon fiy together with it to the back, the totality
gives an approximate symmetry and isotropy. Such a picture does not,
of course, pretend to be precise.

For an energ of 6.8 BeV, the W -n Interaction was studied by the
method of nuclear plates by Dialakow et al In Dabra. They found 293
interactions of mesons with protons and 242 with neutrons. The
picture which they obtained does not differ qualitatively fror. the
picture for 7 3eV. The protons preserve their direction of flight
in the system of the center of maes, while the meoons in low-
numbered stare are spearheadad to the front and in high-numbered
ones are close to isotropy (Figs 26-27). If all mesons were divided
into two groups -- those with velocities lower and higher than 0.5
3eV/a -- and then the latter were to be placed in the system of he
center of msos 01)" - Fr' (this second ¶Imeson is a "virtual" r
meson of the meson cloud of the nucleon), then in this system we
shall obtain a synietrical and an anisotropic dIstr:Lbution (Fig W8).
The authors consider that this fact testifies to it that at least
a part of the mesons is produced by an interaction of j - fe'.

30,

to

.1 9 -1

Figure 31. Angular distribution of all '" mesons from the
in1eraction fj'-p for the primary energy '• 16 Bev

22,
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lgu'e 32. Angul•r distribution of masons with velociteS o
0.6 BeV/, in the system of the center of imass -

Also for considerably higher elergles, namely for iMsons
with a velnd ty of 16 OV/c int~ractlng with protons in a hydrogen
bubble chamber (Pigs 29 and ý0) , the phenomenon of geenerati,..uar
of masons appears similar. On Figure 51 there "is given tL3 angular
distribution of mesons from 70 of this type stars obtained by
Bartke. If mesons are selected in the center of mags -p with
a velocity greater than 0.6 BeV/c, and then transformsed to the
system, then the distribution given on Figure 52 is obtained. The
symmetry of this distribution testifies, in the opini,m of the;
authors, in avor of jr - P' interaction.

k.-me soa-Nuc leuas Int• racti ox,

The interaction of qt-%mason-nucleus was studied for c:, energy
of 4.5 BeV by H. H. Aly et a!. The packet of nuclear eyrrLwona was
exposed to a cluster of '" mesons from the Bevatron. I'Nc hundred
interactlons of mesons wltha emulsion nuclei, were Tohnd. 7b.e
authors nmean,,ud 'the relstivistic angles of the secondary partici.es
and where the position of the track in the plate permitted it, ,Lso
the Iontzation and Coulomib dtspersa.on. All the Ftars were classified
according to the number of "blac'1" and "gray" tracks (NI ) anz tracks
wi Lh a mini m•w ionization (n5 ).

The authors divide the editire material into two groups: stars
with a Nh.:. T which corresponds to collisions with protons,,' ligbt
nuc~e- and peripheral collisions with heavy nuclei and starb wih

* NK>T wi•'h correszponds to collisions with heavy nuclei. 'These
groups clearly differ in the laboratory sagular dlstrtbutlons.
Thte. half-angle, for N ýi> - (43.2±4.2)0, while for the

colhisiorts'a ,o N1 (K4 r 32.-c As can be seen, the
difference is significant. The authors, snalyv:i ng this fact,

* suggest tnat the second case concerns a collision w1t.h a "heavier
partner": the number of nucleons Interacting witch the aneson x would
In this case have been greater. Assuming symmetry in the system of

4-
The authors thank Magister J. Bartke of CERN for tU:e Pransmittt
of photographs.
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Figures ý. and 30, Stars from it-p interaction ina a hydrogen
buibble chamber (CERN) E~nergy of primary mneuous
216 BeGv
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the center of mass, the authors establish the mean mass of the
partner in the collision for both groups. The results appear as
follows (in units of proton mass):

Nh > 7 'If ( 2,88 t 0, ,i
Nh > 7 M=.2,8t4)n

N ,e 7 -,° 17 7 t n

The angular distribution in a thus obtained center of mass is, of
course, symmetrical, and is noted for.a clear anisotropy (Fig 53).
The authors, unfortunately, do not give -the angular distributions
for various number, hence 4ýheir comparison is not possible.

Figure 33. Angular distribution of secondary particles from
the interaction %--nucleus for an energy of 4.5 BeV
(in the system of center of mass)

The fact that the "mass of thr partner" for coJl isions with a
heavy nucleus is greater than for the remaining collisions does
not have to testify to this being a collision with more than one
nucleon, at a time .as it is suggested by the hydrodynamic theory*
If the collision mechanism is of a "cascade" type, the result
will be the same.

Conclusions

As it seems, the following characteristics are common for the
interactions it-nucleon and nucleon-nucleon in the region of energy

, of 5-I0 BeV: nucleons, independently of the number of mesons pro-
duced, preserve their direction of flight, while the velocities of
nucleons and mesons are the greater as less mesons are produced,

* Mesons are pioduced more isotropically in the system of the center
of mass, and the anisotropy decreases with the quantity of mesons.
Statistics, which are free of doubt, are not too extensive. Angu-
lar distributions) as well as velocity distributions, are inexact,
and the picture of .the changes of these distributions dith energy
is incomplete..
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The theoretical interpretation of the above discussed results is not
in the least satisfactory. The statistical theory surely does not
explain them, the most important divergence with it being the fact
of asymmetry in the interactions a-nucleon andprvton-neutron. Whether
the isobar model can explain these phenomena it cannot yet be said;
certain attempts of this nature (Tam, Czerniawski) seem to testify
that this is possible. A second possibility is the search for a solu-
tion by way of introduction of the structure of a nucleon, which is
surely engaged in some manner in the process of a multiple generation
of mesons. If the preservation of the direction of flight of nucleons
is a characteristic propepty of the peripheral collisions of nucleon-
nucleon or a-nucleon, theh the faot alone that there are many such
collisions - that they 6a in a majority - is in itself very interesting.
If we assum6 that the peripheral collision is a collision with the
'heson cloud" of the nucleon, we must arrive at the conclusion that the
dimensions of the root of the nucleon, the "core", are small in compa-
rison with the dimensions of the nucleon.

Also, though indirectly, Information on the structure of the nucleon
can be furnished by the study of the interactions of nucleons or
mesons with nuclei. Up to now the matter of mechanism of interaction
with the nucleus has not been resolved, especially the interaction
with the heavy nucleus, for the energy range of interest to us.
Entering into plsV here could be a mechanism of the cascade type,
successive collisions with increasingly lower energies inside the
nucleus or some mechanism of simultaneous interaction with a greater
quantity of nucleons. In the first, as well as in the second case,
the results must depend on the type of the assumed interaction with
the individual nucleon, and hence on the assumption of some nucleon
structure.

The problem of multiple generation at accelerator energies is
therefore an open problem. A series of studies are conducted in
this field, primarily at the Institute for Nuclear Studies in Dubna,
which has at its disposal protons of an energy of 9 BeV and a mesons
of an energy of 8 BeV. Recently studies in this subject were
started in CERN where, thanks to protons of an energy of 30 BeV
and mesons of 16 3eV, the region of energy included in the studies
has widened considerably. Information received up to now in this
field from cosmic radiation which will remain for a long time, if
not forever, the only source of information about the highest
energies, are not by the nature of the thing complete due to a lack
of precise data about the energy of the primary particle, and in the
interval of accelerator energies phenomena are outlined which were
-reviously seen only for energies higher than 10leV, e.g. the aniso-
tropy of angular distributions or the small coefficient of inelasti-
city in n.n collisions.
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In the USSR there is currently an accelerator being built which will
accelerate the protons to an energy of 50 BeV, which will again widen
the region of energy for which a precise study of the process of
multiple production of mesons is possible., !his does not at all mean
that the lower energies do not continue to be interesting. As we
mentioned already., statistics are far from satisfactory even for low
energies and repetition of these studies with a collection of
wealthier material would be very desirable.
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