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The present thesis gconsists of an introduction

né three chaspters.

[t}

The intrcduciion contains the elementery properties

of/u* mesons and a short paragraph sbout the elementary

particles in quantum mechsnics.
mh £

The firsv laptcr conteins the rearrangsment collisions

and the resction of u nrnesons with hydrogen molecules.

The secend chapte c¢nvzins the bssic wave functions

*r Es F! 2

The wave eguations of ths lgst twe functions has been

Q

solved numericslly for exciteld stetzs of tne two molecules.

This chéoter contzins z2lso the czliculesicn 27 the cross-
sections for excitef vibrseiionzl snd rotastionsl states for

ter, the caleculstions of the
cross— secticns in terms of the phAsse shifts will teke

GCCT »

'._l

83

p

In The later hes been ecsiculsted using Shwinger's method
for-{ =, n=20,1, 2, 3.

It is found tnat the celculated vzlues are compsrable

with the menticned above in the tforgoing chapter and with the

theoreticasl mexinmum oncs.
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We know that cosmic redistion is complex in composition
and that it is common prectic to divide cosomic reys into two
components, the soft component and the hard component. ™ The
soft component of cosmic reys is absorbed compasretively regsdily gf
matter, from 5 to 10 cm. of lead being enough to abgoph it
entirely. The haré component, on the contrary, is very slightly
absorbed by matter. 4 percertible part of this radietion passes
through layers of lesd g metre and nore in thickness. Recsll
that the complex nsture of Becquerel radiition wes discolesed
due tc the different chzsracter eof absorption of alpha, bets
end gamma reys tha% comprise it, However, afier the experiments
of both. Kothorster and fkobeltsyn, osmic rays were regarded
as 2 stream of electirons snd it wes though thst the nature
of the two components is the same. It is true that Anderson's
discovery modified these views somewhat, It turned out that
positrons are also found in the cosmic radistion registered
gt the earih's surface, Insofar a8 it wes believed that
ine hard and soft components of cosmic racdiation zre of the
same type, their different a2bsorpiion in matier hsd fo be
explaimed by differences in tiheir energies. To explsin the
tepacity of cosmic electrons to traverse tig thickness of

Detter, 1t was sssumed thet these electrons (end positrons)

+3

POssess stupendous kinetic ersrgies. he soft components
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of coszic radistion i1s & flow of electrons =né posiirons,
whese Xinetic esnergy rescifies =2 value ¢f the order of 100

ion eleciron-volts, Wwhile the znard component comsists
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on was an cutsisnéing even

The Ciselrery ol tTne mes
thet extended the Zist ¢f elermentery particles. It was also

found thst mescrs pley ern imporisrt pert in the inferaciion of

\ . .

ruclea r parsicles. Tnis wss the rescn wihy en intensive study
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of the newly discovered particles begen. 4&lreedy the first
observation with cloud chambers placed in magnetic fields
showed that there sre mesons charged posgitively ané negetively,
The magnitude of the meson charge has not been-wwusured directly,
from indirect dsta, hewever, it wus found to be equsl to that
of an electren. kescns turnsd out to be unstadle particles,
They live only s short Time encd then decay. The decay time

of a meson depends on i1s energy. When a meson decays, the
enerzy associated with its mass i1s converted into the kinetic
energy of cther, lighter pariicles that arise from the decay.
This is whet uncerlies the metnod of meesuring the helf-lives
of mesons. To mexe the esserce of this method clzer, the
reafer's attention is directed to 2 procedure used 2t present
te determine tie direction of motion of high-energy ionizing

periicles.

Begvy lMesonsg:=-

Tne investigstion ol powsll enéd cechielini, Alikhasnov,
end 4likhanyen, sné many others heve Show thst in addition
to the pi~ and mu-mesons, there exist other, heavier mesons
and also particies of msss inftermediate between thet of a

proton =2nd s deuteron. 41l inese particles are unstsble,

They decay after s very short iifetime intc eother familiar
particles such as pi-zné zu-mescns, electrons and positrons,

41 present, we may regarc ani esitablisa the existence of

mESOnSs possessing the feollowing vslues of mass:
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a- lesons of msssclose to 500 =, The mass o these mesons
azs not been establisied very accuretely. Thess mesons are nLe—
lear in =zctive just as mu-mesons. ﬁumng the perticles at
originate in nuclesar explosions, mesons of mass 500 m are
not observed., They ere spparenily the decay product of
hesvier mesons.

. ~O
b} Thete- mesons (8 snd 8- mesons), These are neutrsl

~0 + -
e T T
+ + )
© = =7
¢, K-mesons are cherged mesons of mass close to 1,25 m

€) Tau-mesons | Tf-meson

mn
b
i

r
)} hzve 2 mass of 470 T Taun~

mesens have been encourtered with positive and negetive

e) Xeppz-mesons, (W~1esorns) nave an approximate mass of

, | ]
X ———> % + 2 meutrsl pariieles
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Clsssification of elementary perticles:

411l medter areund us'is made of elementary particles,
411 kncwn processes znd interactions in nature are due to
the Intersction between elementary particles. The present
xnown elemenisry psriicles csn be divided inte four classes.
The first clgss contsins only ons psriici:- the photon
The sccond consists of leplons: electren, mﬁon, neetring,

nelr sntiparticlies. The third one comprises the mesons:

Q)
=
u
-k

three 7/ -uesons snd Toeur -K-mesons., The fourth cone contsins
beryons and eniibaryons. 411 these particles zre enumersted
in table(l]. Besidesthe mesorns an€ baryasns enumerated in
teble 1 other particles sre known whieh sre not included in
tne table because of their extremely short 1ifeiires. These

"particles” live for such g shert time that they menifest

themselves only in the form .of resonsnces ir rescticns =%

There are four types of elementary -particle
intergcticns, shsrply differinc from one snother: the
gravitstional, the electromagnetic, the sirong anf the weak.

The grsvitstional intersction nas & very sm2ll couplin

constant (it is very wesk), and, if its charscter does not

change sherply a2t smell distznce, its role is insignificant
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for the phenomena that we are going to consider. Indeed,
the energy of gravitstional interation of two protons set
epert =zt 2z distence = is eguzl to
2
e
AT
whers u is the Hewtonisn constsat, while m is the proton mass.
Class rerticle Kees [feV) Megn life {sgec)
—_ | -
racton EI C oL
| )
; ' ;
Zeptons ! V_ L2z 1077 0D
{
i v ‘(4 G
I T
bog 0.311006+0,000002 oG
e T U azn g me s = \ -6
| fesons 7T - 135,600 08 (2.551+0.026)x10C
1 ! i = -
et © 5 <= A , ~ LA 2an -16€
77 1 135.01+0.05 1.83 +0.2%) x10
i ! - -
H i
} ! - .
250 L 548.7 + 0.5 {10 e
Beryons , ¥ | 338.256-0.0C5 OO
! o= | $39.550+0.005  (1.0120.C3)x 107
Table 1 ilzsees ané

mgan lives of steble clementary particles.
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3

he eleciromagnetic interaction, i.s. interaction of charged

particles with photons and {in consescuence of photon exchange )
with each other, is characterized by the value of electric
cherge e. the energy of fthe coulomb interaction of two

proions set munpert st & distsnce vis egusl to ON/r where

K = e2 = T%?-’ while e is the proton chsrge, TFor distesnces

r~ m betwegen perticles the exnergy of eleciromagnstic

interscticn zmounts $o &'m and is smell in comparsion
with trne proper energy = of “the pariticles., The relative

weskness of electromegnetic interzsction wes used in construec-

ting cuantum clectrcdynamics, i.e. theory of interaetion of

[

lectrons wita photons. The smsllness of the constant ™

allows ene 10 consicer elgcircmegnetic intersction 3s a
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0p in quantum eleetrcdynamies
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ev
the methods of perturbstion theory. The methematicel

methods of cusntum eleetrodynsmics enable csloulations to

be carriec out with an accursey exceedin

18]

experiments.

The strong interszction, i.s. the interaction bziween

-+

mesons and baryons, in contrest fo tne gravitionsl or eleg-

tromezgretic, is short rznge. TIhs energy of the strong intersc-

C s . 4 .- ‘ . . . -1
Tieon DeTwesn TWO particles at & distarnce larger than 1C 3

strong intersction beccmes of the sams order of
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megnitude as the mass of the strongly irtersciing particles.
If the photon emission by the electron is cherscterizea by the
Gimensioneless constant ©¢, the pion emission by the nucleon

cen be carecterized bty the constant g2£::l4.

The weak interaction, respongible, in main, for elementary-

particie deceys, is very shori-range, its effective radius is

parently substantially smeller then thet of the strong
17

it amounis %o abouzt 107" ecz=. The radius of the
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ction sné, consequently, its dependence on the

',J-

wenk inter

m

momentum of the interseting pertvicles, arc oniy beginning to

be investigated. We shall return to this later on. 4t low

momenta the week interzction can be charzcterized by the wesk

ny

intcrastion constant & = 107°/z%, The correspaending energy
of thz wesk interaction of two protons set agpart at a
distance 1/5 smounts to zbout 107%n,  This allows one to
consider *the wesk intersciion, ir s number of cases, g8

to cgloulste slow processes due to
it ir the first order of s perturbztion theory in the
constant G. 4re elementary psrticles sctually elementery ?
This is cquite nstural when one tskes into sccount the number
of elementary psrticles thst seam fto exist 2% present. T,
in sédition, the number of exfremely unstavls excited staies
ig acdced in, the sum is not lower than thet of elements

denceleyer k¥now®. It 1s therefore anderstendable why numerous
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