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Intreduction

The mesen theory comprehends all preblems concerning, on the

L]
one hand, the path of the meson as ebserved im cesmic rays, and an

M. ,the other hend, the meson theory of nuclear ferces., Both of these
‘4 divisions of the theory are far frem finished and sre still being

difficulties. It is therefore

worked out, in spite of great
made on this subject; our

)
natural that a £inel statement cannot be
(This article was

Y purpese is merely te elucidate its present state.

written:Sept 1946) «

4% present the mame meson ¢

U pPiros

+ mesetren is given not only te the

cosmic rays, but also to the mméerous

very heavy particles observed in
the masses of the proton

rticles whose masees 1ie between

hypothetical pa
rmeson” te specify when necessary

We shall use the term

and the elsctron.
what sort of particle (hypothetical or observed))is under discussicn.

red in cosmic rays in 1937 /I7; the hard com-

Mesons were discove

ow altitudes are basically com-

ponents of cosnic rays at sea level or 1
posed of just these particles. Moreover, at sea jevel the meson hard

11 the psrticles in cosmic radiatiom.

component, amounts to about 70% of &

Under laberas : [
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tory conditions, as far as lmown, meeomns have not yet ',
heen obtained. The study of the(propertm mes shmons V f
. in ecosmic rays is rendered difficult by many circumstances,

;{ the first of whieh is that any large quaktity of soft particles

is lacking in them, Oonsequently, in spite of intensive

¢ experimentel work, a whole series of basic cheracteristics

< I
¥ haffe not yet been estsblished for the meso¥ren. Moreover,

it is even impossgible to affirm that only one sort of very
| : heavy particle: can be observed bn cosmic rays pr to say. i

whether there are f very heavy particles with a single i

. ”myn/'ﬂtde !
velue of thesresk'mass;. The sise of the charge and, ¢ A /ar#mr/ y
auN-bhe-megre the value of the  spin “of the mesomn {4 ‘

E -fe
R cannot be considdred: asa&l«ﬁi}r/ stablished by experment

‘ : Nevertheless, without taking into consideration the

religbility of the data on hand, we cen meke the following
assections
atetements

1. There are mesomns with both positive and negative
Value
charges. The ﬁﬁn Zaf the oharge evidently equals:te,

7

where e is the charge of an- ﬁientron. In eny case the

charge of the meso—t-pon does not equal = 2e and so forth;

S-ﬁ—nw—be—eowmed-, however, ket the charge of the Teesss mauy be assumed
_9%46 nlose to e, but apart from this value, we hawe

no statting point,

| 200 electran masses; s Fhatrs,
/ 2, The mass of the mes@ is approximatel/y)@ = 200 More

where m, is the mass qf the electron. The most frequent

, values of m 1ie between 150 m, and 250 m,. hezme, in any
case the overwhelming number of very heavy particles of

[P cosmlic rays at sea level have a mass close to 200 m,; the

hypothesis that the majority of particles have only one value
for the mass does not seem contrary to exper iment,
decays
3, The mesohuu éaeempoZea pontaneously, and the lifet/me

el Y o Pew’?
_S.spar in the sytem of coordinates ee'nnwﬁ:ed with it equalﬁ Zomw.
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second, An electren (or positren) flies eut during

meson decay. The neﬁtrino, festest of all, is the second particle to fly
off. But this is net preven end it 4is impossible altegether to exclusle
the possibility ef the decay of the meson inte sn elsctren and photen.

If decay preceeds with the escupe of an electron and a neutrino, the srin
of the meson éqmls zers or one, since the spins of the electren and

neutrine equal one hglf and a full spin must be conserved during decay.

It is mere probiblﬁ' that the value of the spin equals zero (See ).

‘If the meson decays with the escape of an electron and a photen, the

spin of the meson equels one half. (The spin 1is expressed in'V\ units;
1. &., if we gay that the spin equals 4 or 1, ve mean thet it is equel
to 2H or N ).

of basic impertance in the study of meson preperties is the quanti-
tative comparison ef experimental data with theoreticel results from
assumptions as vo the preperties of the mesen. Thus, fer example, in
order to form an opinien as to the meson spin, the great ionization f)plses
observed in experiment %mpared with the pulses eslculated en the
hypethesis that the meson spin equals & or 1. /2/

To caleulate the various effects dependent on the interaction of
mesens with matter, 1t is ngéessary to know the eriginal properties of

a meson

d Copy Approved for Release 2012/04/06 : ClA-RDPE2-00035R000100020106.2
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(mass, spin) )and the nature of its intersction with the electromagnetie
field (phetons), light weight particles (electrens and neutrimos),

and heavy nuclear particles (protems and neutrons). At present no definite

assertions ean be made on either of ihese problems of the theery. But
if the examinstion be limited teo particles with definite values of |
spin and rest mass, the number of equations and exp_reaa:lons for the energy ;
of interaction possible from the viewpoint of the requirements of relati- '
spin and rest;
+  vyistic invariance will preve to be relatively smal}. (This statement E{Zﬁﬂ_—
mlen-!a_:x_:' that varients of the theory permitting change in the spin and mass
of pérticles (see [57) are not examined. The theory of particle?
with variable properties is relatively complicated and indefinite, Con-
sequently the limitetien at the start in all cases is perfectly natural.) ,
f//’ - Moreover, at least in the beginning, it is nstural te limit the exemina-
tion te perticles with a spin net exceeding unity. The reeson for this

assumption is that the theory of particles with a epin greater than 1

appears to be very complicated and the value of a spin less than or

equal to 1 is ‘clearly differentisted not only by its simplieity, but ;

also by certain essential peculisrities /Z/. Abeve, in spesking of the ‘ |
spin of mesens, we toek this circumstance into censideration by assuming

W + spin for a neutrine and meson spin not greater b}:»!wunity (if,

for instance, the spin of a neutrine equals 3/2, which is possible in

principle, the decay of the meson into an electren amd neutrine would

be cempatible with' the hypothesis that the spin of a mesen equals 23

;o similarly, the decky "= o

rz_/‘w’x‘- twaa'“mu@%' Pm. ab,w‘,
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of & mesqQbren into en electron and photon is compatible
oN - 40
with the Eodans ha&m;kre Yepin etssimemestwen equals 3/2).

Onrths. basiseof the above statements, the theory of
the mes¢esen and nuclear forces deals almost exclusively ‘

with particles mh spins«§f 0, % or 1,

The interaction of mes@s with the electromagnetic

. field ie the simplest, This interaction is determined in

3 the frrst place by the presence of an electrie charge in
the elentron, The electromagnetic interaction of kw2

mesons (dela,) )
2 , leading to the formation ofjycelectrons and “retardation

"
: " nald rediationsis essential in determining the spin of
[ H
E‘ the me@n end will be discussed in 8 1, '5
W | The most imm complicated and at the same time mexk
i \ important problem is the interastion of mesoh;ns with
|
‘ nuclear particles as wellh as with electrons and neutrinos.
: decwy)
i el
! Te—distntegtation-oé~the m mesou-on (1f into electrogs ahd

neuk_rinos) and nuclear disintef ration are ihm processes

dependent upon these interactions and essential to cosmie

. (see [R] for discussion) Furth/erﬁ,/ﬁxasmuch as
meso\t::}ls are unstable, they rannot come from au'/'ef'_
space but must be generated mainly in the upper layers
of the atmosphere; however, the formation of mes@ns

by primary ecosmiec particles which are probably always
i /

protons, obviously :is “nétiof: an electromagnetiec ne-

’ ture but depends on nuclear intersaction,

The importence of the problem of the bnteraction of Be8lm. yvizidov L
fh'mn- with nuclear particles, however, is connected not only

with cosmie rey processes but also, to a great extent, with

193
the problem of nuclear forc;s}z As we know,/)faﬁ?ri)the presen-
e1h-

tatlon of Fermi's theory of - H—)'l‘amm
relatine
developad. the theory of nuclear forces\whﬂmﬁw ‘the

appearance of these fornes with the fact that heavy particles

(ﬁ protons and neutrons) were interchanged witth light-wes J‘*ﬂ"

(ONF IDENTIAL s -
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parti€les (electrons, positrons end neutrinos). In this ex-

rhange the proton, for instance, gives off g plisi.tron,\:\l-.s-"1 the

neutrino being converfmﬁ into a neutron; then the ne}\t{on,

absorbing the lighf,:r@ggrticles, turns into a proton and so on,

Ag a result of a similar interchange of charges,

the proton
@it

and neutron , now at a certain distancéﬁon‘-&om-the-—e-shgr, m‘wtheu

stron
aw—m&m interact lons da-ftvenmiin:

The situation here is similar to the interaction of
two moving eleetrons ,.for example, whieh depends on photon

interchange. 1In the electromegnetic case it _is possible 't'o

‘C" azd "‘c!:c— odca.,,

proceed from theiides: of waves instead of w(of an éx+: :
change of photons, firomtthis:stendpoint each electron crestes
around itself g field whieh acts upon sother electronf Simi-

lar wave concepts ape used q?g) nuclear forrces, Thus it may

be sald that a neutron creates spound itself an olecton‘— neutrine

S~neubrinte field acting on a photon , ete,

)
In a quantitative relation the theory of ekmstromie~ clectron-neutrive

beta, A
deuirdnde nuclear forces (or so-called -foroes)-&m&- in-
adequate since, becapie of the weakness ff/\-interartion,

the forces proveg 1¢ &8 than necessary Ja factor of the
order of 1010~10x2(see 1.

Sbiia e beta
To-e-née the difficulties in the theory of p-forses, in

1935 Yukawa formed a hypothesis about the existence of a
Durd s
speclial field of nuclear forces, ~In quantization} this

fleld is sonnected with esertain particles analogous to

protons,

In the ab%nce of photons the new perticles, which we -jmue

COQ‘:P 'E i i‘.L
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shall now call mesobmens, me.;, generally qu%ﬁ chargelm/ |
. an; in additioy their max rest mass will not equel zere. It !
‘ m
i 1s easy to show (see B 2) that the mau(oprartloles‘ is di-
i related
rectly mthe radius r, of mise action of the forces
" . dependent on the exchﬁﬁge of these particles, as follows:

o w [pral

1t is known from experimental data that the radius of action

of nuclear forces is of the orderar ==210” 13/!cm anw
accordance;

w in(ugxnmu with (1), ma200 my. The mass of the K\

new particles thus sppears %o be -of exactly the same order as

el
the mass of a cosmic,\mesomn. It is therefore understandable

that after the discovery of very herd particles in 4 cosmic

| .
oo l rays, the mea@n. theory received a powerful stimulus to- .
! werds further development. l

According to this theory, these forces depend on the ex-

change of protons and neutrons with mes@s; -}wl;gg-e&w,‘)ifo}
the spin of the mesomn tp sutepred-end- equals fip O or 1, ‘
el — ‘ -
: the exchange can be by one meso\ﬁ,ﬁ, since the

spin of & proton (neutron) during ‘conversion to a neutron

beta
(proton) may change to O or 1. (But in the N-force theory

the exchange takes place through two particles, each with
\n
-fegoeﬂ 3.) The assumption that the spin of a meao-inn

{
i
]

is an integer is, therefoee, simpler. and ves accepted ‘by Yl«( kawa .

/ . @hﬂ%y “ive be{‘a-o\eccy lukawe. r
/ g }1*6“& To inelude in his own/ —és€= 1\ asaumed
decoy

into electrons and

that ihe mesu could

;d Copy Approved for Release 2012/04/06
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diaintegrationa, mesons are assumed to have charges of'goth signs,

Both these assumptions are in agreement with the preperties of mesons

a8 observed in cesmic rays. This fact gives additional correberation

to the whole coneept of the connection of nuclear forces with mesons.
However, the effort to construct a quantitative theory which would

agree with gll of the experimental data has not as yet been successful

and has met with serious difficulties. In this connection there 18 no

complete theory of nueclear ferces and, properly spesking, a relation between

mesons observed in cosmic rays and nuclear forces cannot be considered
definitely established. Nevertheless, the combingtion of qualitative
considerations mentioned above and the almost certain presence of the
nucleer reaction of mesonsﬁn cosmic ray showers sfford no serious
occasion to doubt the interrelation ef the whole group of preblems in
regard to mesons and nuclesr forces,

The mesen theory ef nuclear forces will be taken up in more
detail in § 2,

§ 1. Wave Equations for Mesons.
Interaction with Electremugnetic Fields
The form of equations which must be satisfied by the wave function Y
-t of a meson 1s determired by the value te be assumed by the spin of

this particle, Therefore, the equations must be relativistic invariants
and consequently the wave function becomes a spiner ‘of some rank or
other (or in the general ease, it becomes a combination: ef spinors). The

number

X

f;&k”‘f%d Fﬁf;a/)

ey
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of independent components of the wave function pef must obviously
be related to the mumber of possible projections of the spin in any
direction=--it is this that suggests the idea of describing pertieles by i
the ald of multicemponent functions., To a considerable extent what “‘
has been said abeve defines the character of the wave function and the
corresponding wave equation.

1f£ the meson gpin equsls zero, the wave function Jmt bas but one com-
ponent and 1s thus either a scalsr or & peeudoscalar. This, as we

knew, 1s equivalent to & cempletely antisymmetric teneor of the fourth

rank :() {kim with only one independent component, for example, the com=

ponent 23, * (A magnitude behaving like a temsor for all trens-

formations of coordinates reduced te rotations is called & pseudotenser.

wo When the sign of any spece ccordinate changes, the sign of the com- '

perents of the tenser and the sign of the components of the pseudotenser
may underge different changee. For example, & pseudotensor of zero

. ; rank,(that is, & pseudosealar) hes only component the sign of which

differs in the right and jeft systems or coordinates. & completely
ntisymmetrical tensor of the fourth rank ‘?iklm with only one independent W

I}

|

1

|

") - ; |
"5 C{"123L ‘f723110 %31 * ¢2134 +-- bas the same properties.) 1
The wave equation for a particle of zero spin is: %

!

¢

i

|

|

. 179 - ()
('f‘a p)

If the wave fumction is pseudoscalaT, it is necessary ‘to

|
|

GrirwsitiAL
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for P in equation (2).
substituted) | P 1in eq (2)
Equation (2) like other wave equgtiane dtscussed below is the

equation of some field--in the present case, the field of the scalsr
qo . The relatien betveen the classic field and the combination of
N particles corresponding to it is established by quantizing this field;
in quentizing, the field xf(in cage ‘2)the field of the scalar ,:F )
js comsidered an operator. Ve shall not linger here on the quantum theery
of veve fields (see /97 and Jid7) but 1imit ourselves to the
simplest method, mentiened above) of relatiuﬂ the mass of the particles
with the magnitude hmpymm K}/appearing in equation (2).
A horizontal wave, the solution of equation (2), takes the form:

@ 17? (3)

Moreover, in accordance with the basic assumption of quantum mecbani%}
nemely, de Broglie's relgtiop between the momentum of & pa:_'ticle P =¥
and the squere of the energy, we have:
f,‘-;:,___;, B = nlch 2w ( )2,

From this and from (3) it follews that equation (2) describes
iparticles with a rest mass m determined by the equation

£ 115? ()

One of the imrortant results of the qmﬁtmn theory of the field
1s the deduction that particles of integral spin_described by erdinary
tensors must conform to Bose-Einstein statistics; particles oflhalf

spin, described by sp}n\]}rs of edd rank, must satisfy Fermi=Dirac's

statistics @,_g:

e e w.qu—ﬁ—jﬂv’lr -

| P
! b
i |
|
| Vi
i |
i i i
i por
|
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yhe well-known uifference hetween the cases where the wave function

":'J‘ ig a scalar and a pseudoscalar appears if equation (2) be replaced
by a system of equations of the ;irst order. For a sceler we shall have:

é: 11?2}7 (5)

where, hersafter, i = 1,2,3,43 summation takes place, according to the

» usual rules of tensor amalysis, when indices are the same. -

In the pseudoscalar case

&9
o

Systems (5) and (6) are equivalent to equation (2) for P or

e o e A T T T

SASIREEE

s e

5

PR

© 1x1m? as may readily be shown by eliminating from (5) or (6) the

correspondingj}(‘ 10T | 1n’
mesons with the same spin, equaling zero,

The difference between scalar and pseudoscalar

4 and the same mass (if the conm-

stants T\ in (5) and (6) sre equal, appears only on examining their

With respect to inter-

interaction with particles of half spin (see g 2).

action with the éléctromagnetic field, both systems (scalar and pseudoscalar)

are absolutely equivalent., Hence, in this paresgraph we shall simply

speek about the meson (particle) of zero spin.

4 particle of spinl must be described by a wave function with

[ s

three independent components, as the projection ef the gpin in this {

case must teke the values 0 and Z* 1, Fext to the scalar, the simplest

n--a four-dimensional vector-=has four components.

tensor wave functio

Nevertheless, a particle of spin 1 is described by the vector wave func-

o i . tionQP which satisfies the equation:
i i e A NERERT. P e L g

- 18/
)

"_ SRR This equation has four golutions, not three, one of which

art - Sanitized Copy Approv
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‘Md‘- /
deals with a particle P?i_ﬂ_‘ zZero. To\@hn-h;rm this

adAdMANL )
superfluous solution it is necessary also to eppiyr=te—T the

equation ° '
41‘89' 0 ¢1,

%, — © (&)

The/ system of equations ('{) and (8) describes o particle with- a’%
4 8pin @ 1 and a mass determined (),

In meny cases, instead of éfjuations (7) and (8) it is
convenient to use-4he equi.Valent system of the first order:

ésgj %% 9¢/7 j Ry

)(/r

: (9) E
_?_EJ—J(C - — rjI) ‘«
XX ' ,

A particle spin £ 1 mey a_lso be dessribed 'by’:a.';‘paeudo-

W

vector, not a vector, wave function ory-we is equivalent--;
0 X R - - - =

by the wave function &4y, where </, \ = LPk;l = “$i1xe In

this case, instead of (9), we Alatls fge )

ﬁ%' P 2%12;“ /:Q j e
”%?"54 ok =

The differenee between the veetor and pseudovector vari-

|
!
H
!
b
i

(10)

ants of the theory is essential only in exemining the inter-

o
action with partlnlar helf spin (protons, neutrons,

electrons and neutrinoa) Hence infithis section, unless.
otherwise specified, iwave funetidn ofia particle with—e ﬂzl

spkn # 1 is considered a vector wave function.

(
Partieles spin 4% ¥ise the well-known

equation of Dirac.

‘181
{/
¢ wv {) o (1)

(ourDBTIAL
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Y Pord =
where ch danw matrlcel, Pis a biepianés (bispinor

ﬂ four components and where, as before, the mebebion rati’o

NOTE L
+ ,,/)

i.
|
|

2
4
e

|
|
A
|

e

3

}(_ m{k holdph gosd (for detalls see, for instance, /12/).

// The equation for ﬁqh pwtiolejw spin greater

observation/

But ,ﬁnxxni; of the# interartion of these partirles with the szcrme

\)—eu-‘eep field or other particles appears to be frought with the
vell-known difficulties /[, 13/ and 11t§;ié studied. Hence we
shall not concern oﬁrselves with th/i’g question here.

The interaction of partieles J spins of O, Landl
with an electromagnetie field deseribed by thle vector po-

: DN ‘
tential Ay is introduced byﬁ%{é&ﬂéﬁé in equations (2),

(5), (6), (9), (10) and (11)

689 2 b/ ?7.'"”' 9)( /9 AK (12)

Wwbq rbié‘(
where e is the charge atizibated to the partiecle.

It is clearly possible to substitute (12), espe;—ially

because the variance of d)( and A, is identical; hence,
‘®

after such a substituthon the equations remain relativisticals

ly invariant., It should be noted that in its appkication to
the system of equatior;s, the substvitution of (12) must be
carried out with precattion 80 that the system may not be-
) 4(;2) .were substinut‘:d“n«zrlksvstgm of, equa¥ions (7)-—(8)
bt not in (9).
Interaction with the electromagnetic f1ield by sub-

stituting (12) and also interaction with cther fhelds

CONFIDENTIAL
3
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(particles) are automatically introduced in employing the
the veriation prineiple, on which we sﬁall not linger (see,
for example, [3,i107)

'\{l"ranaition to[:él non-relatisistic approximation or
to an equation of the second order shows that particles ﬂf

2
. Mspms #8 L end 1,"’4&,‘( interaction wseeistet-vith.
the field is dett{miped only by the charge (substitution

, ot
of (12))'behave. ascif theyl slso-hed a magnetic moment

equal to Bohr's integral magneton /10, 137

[ N '
H’o — 2mC 013)

Thus, under the sbove conditions the -p-o-}etgon of the

S W&—WVQW\ILOM SF!V‘I
i o magnetic moment to the_mm-émﬁm

equals -;-E for particles wﬁtdwa—spin& -’; an'& —— for par-

ticles uu.\fg.a spin % 1.

But apart from “interaction with s charge" in the case

of spins” 1 and 1, it is also possible to introduce inter-
action wité']wtrue" magnetic momen‘c}tl. For example, in the
rase of Dirac's equation in the presence of such a moment

R PR A

-~ A
and},\gf a charge e@@, the equation of motion.eequires the

for

0(1&)

Loy

/)\/ %r
ST AA A .
where F 7 = - is the tensor of -the-intensityp-vf—tire
/OZ - 6114}; a-;f 8 e .ens 7

4
:

Blectromagnetice fiel%/. 1 wﬂ-‘?'v'téc"
:
1]

In a non—relativistij“approximation the magnetic moment

of o particle deseribed by equation (140 equals (see 16):

CONFIDENTIA!
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[182] rlo+ }‘L'l :W‘I’LD
+2L0 (15)

an o
The introduction of analogous ﬁﬁﬁation (1) con-
ﬁ(ning T is possible glso in the case of equation (9) for
a spin of 13 the _whel-e—lomer_xt in this case can also be put
in the form of (15).

Tinally, in both .(11‘) and (15) it is possible to intro-
duce a term containing Fq and derivativesofflt the wave fune-
tions, Here, however, the well-known complications arise,

In a m;n-relativistic approximstion g1l the above equa~
tions are conve‘rted into an equation of the Paull type® 773 q)
1 ‘ 2 oM
Led /ﬁgif:: {?-*%; [—all'}%\rz—f/\j 4’"% f} 45( (16)
wh:ere A end E? gre three-dimensional vector and scalar poten- '

' s+r¢/v\3+h
tigls; E is the nbonnibpuniubios magnetic field,and ® is the
spin operator. For »partiic]fes%:l&v zero spin 7:» 0. For an
electroﬁ;' when the constant /1., in (14) equels zero, the spin
germ takes the well-known form ’:LO(O‘H) ) wh‘éré,_}u‘&enbtei .-
Rw.il's two-';%‘:-i-al matrices and Yise fuﬂction two

components (Pauli's equation for'e particle wi—ta:ﬁma spin
i

@ 1; see, for instance, j_-ﬂ_ﬂ). The difference beyween par-
spins 48 O, 3 and 1 appesrs only in the form of

the last term of (16): disregarding this term, weflobviously

o‘ntainJSchrfpﬂing equation.

The simplest problem in which interaction is taken into
acoofint is the m of & perticle in a given fie1def

! a2
the Ooulomb field (e"?s -—’2;2) is the most interesting. The

N
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golution of this type of oroblem, based on the use of (16) i
forms the basie content of non-relativistic, quantum mechanies, 1
The relativiutic theory of the hydrogen atom is based on so(w'\j \

i

the-golution—es- the problem of W electron motion, WA'C/’

Ck Fs1res on 1
i @1337 Mﬁg—ﬁeﬂ E?.% nﬂ:A-Oand ef--uu-f? . i

(Bee [1-_27). Thek agreement of e theory with experiment !
whieh oecurs in this case 1s,af‘baeic argument fot the ape 4
plication of Dirac's equa?ionj.with’,il = O/to the electron.
The problem of the M of a particle‘waﬁi zero spin !

| in a Goulomb field [12] is likewise golved. In both these
: (Lek ,:nfpmt{'orl:’

o cases the proper functions]’\6\f the roblem form e complene
, 1 . orthogonal system and satisfu the obvious general require-~ |
obsdous

ments (they provide for the,\finiteneu of energy, ete), I
the sase of particles spin 4§ 1 with fz- 1 and ?/# 1
and also \particles.nﬁi—a spin g withY?& 1 (thatfis,

with pey 4= 0), on the contrary, the problem of tke-movembat

in a OCoulomb field has no solution 1.15, 167 in the sense

that the admissible solutions do not form complete sys*emf ;

wt Jel
of functions}__shgy_dog—m&-z”vﬁe solutions corre-

cupon & central) (o A2,

sponding to the fall of a particle:-ym @orce\legq-t(e!". The carsitl

the.
/o—pﬂs‘n-e%pie ofAfall i1s that for avepin ‘% when rz/:‘- 1 end far

/—i-n-the case of.g spin C 1 when ()/,..w 1 eds@r, the particle

T has a magnetic momen t .‘even in a relativistic approximation‘gy

"’flﬁirac's electron, for which iy in (14) equels zero, in ecnon-

relativistie approximation hes o magnetic moment E-me—;f; but in
¢

a highly relativistie approximation the electron behaves.like

a particle without a magnetic moment [13. 14, 15, 7}7)

(Q?*E TIDENTIAL
/b

ified in Part - Sanitized Copy Approved for Release 2012}64/06 : 6IA-RDP82-00659R600100620106




39R000100020106-2

Declassiied in Part - Sanitized Copy Approved for Release 2012/04/06 : CIA-RDP82-000

. “

. CONFID T

The energy of interaction of this moment with a field possessing a central !
Coulomb- forece takes the form:

Q; . 19.9
_ an)

In a field of the type,/fzg;, both in the classic and the quantum
theory, the motion is limited; that is, the fall of the particle takes

place tewards the center (for more detail see 8 2). The presence of a ﬂ
moment in a particle leads to difficulties alse in studying various
radiational processes (light scattering, "retardation",/ radiation, etc.).
The problem of the difficulties met in the theory will be discussed

in more detail in § 3. ' |

Let us now spend a few moments on the results of calculating the
effective cross sections for verious electromagnetic processes, carried

out for particles of various spins and values of }((summary of the results

borrowed chiefly from Paulifs outline jTQ7: (Some cross sections are
compared also in the article by Ressi and Greisen.)

All creoss sections are calculated in the first non-vanishing app-
roximation according to the theery of perturbations.

Table 1 gives the effective cross sections for the scattering of

mesons by a fixed Coulomb force center; Table 2, for the scattering

jg by an électron ( is-formation).

The spin is expressed throughout in units of-iﬁ , and the magnetic

moment in wnits eg{{. = gz% .

e
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. Table 1 P Tl
Seal 5"'4 s Ch
&m of Meso/h;ns by & Ooulomb’,‘center “

M e

E and m are the initial energy and mass of the mesol’!n' e

/S the engle o? &ﬂ;%-on @ J— (the energy B includes

the potential energy); d&%is ai solid engle; r, = -';-é .
me

!’

Magnetic ‘ Sealler Reference
Spin | Moment Oposs Section for -Diffuston’ to
I'(Vatue "B’ Bibliography

7)
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In both tables the cross sections for emeee III and IV are of
a higher order relative to the value 7 —?than for eceee I and
II. For esee V the cross section 1§[e'v"e’n higher 4& order, Here we no’ltcé
the prevlously%ed— role of :the magnetic moment ,hetively.gffect-

‘ onltire |
ing the dependence of shise cross-section 4ive energy, aelees—ibe
P TV PPUT YT ST mes@ectﬁﬁs"gﬁei for eeses-I1I, IV and V -at-far’

high energies are shown to 'beﬁwrongt[ée, 2}7. This is already

mo#1o17
manifest from Teble 1 berause the problem of tbem of
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a mes@:n in a Coulomb field (for cases III, IV and V),

strictly speaking, hasino solution and, therefore, the results

perturbations o ie qcast of
obtained by the method of S

-“to Ay congelililey
44 special research Mmeir W oo s

of application. Cross sections for ,eeses-1 and II are entire-

LS 1y possible in every case and there is no good reason to doubt

AL AL-
their jusbdees, '

- Teble 2 e i)
Elastic ({Bi—ﬁ‘-\trkﬂ of Meso¥mens en Electron ‘

)
£ -iu;!:u- the energy given off by an electron. Terms of

me2

i ¥ the order of I-nu-’- IE snd 1688 are discarded (my is the
[ ) - )
mass of an electron). E}mca. For other notations see T@ML I
PeTed-
;[01" CDQQ/W '
Magnetic Oross Section”eé one wetdmrendyer (in Reference
Moment a system of coordinates where the elec- to -
g .
.{Velue-of ) |tron is at rest at the ) Y h
R A il s | Brblioqraty

11 :

e

111

Ta

Teble 3 gives the differential and wcross sections for

(CHFIDENTIAL
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the scattering of light by a meson. The values appesring in the table
for the initisl and final energies of a photon are related to the well-

known expression

, gs’) k= R -
( ‘ °l+7§9°—z (l—-bas(})

The effective cross sections for “"retardation" radiation and the

" production of meson pairs from photons ere given in Tables 4 and 5.
, In it the nucleus is considered finite and of radius &
@0 ,1ef> RefzhEs .
The férmulae in /29 J for casdll are shown with the change corresponding
to this hypothesis.

The cross sections shown in Tables 3, 4, and 5 for cases I and II
occasion no doubts as to the energies being as high as desired. On the
contrary, for cases III and IV (Case V was not studied) cross sections
were obtained with an inadmissible increasse in energies. They were

therefore correct only for energies not too high (see@, 22, 23, E
and 8 3). ‘For instance, in the case of light scattering (Compton

effect) cross-sections III and IV of Table 3 held good only if
&9
or

(18)

Te cite the corresponding cross-sections mainly to serve as a

guide and to illustfate at a glance the effect of spin and magnetic

moment en various processes.

e
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Table 3
/5. 188/ Scattering of Light by Mesons

It is sssumed that the scattering meson ig at first at rest. K,
and k are the jnitial and finel energies of & photon. For other nota-
tions see Table 1.

4

Tpin gnetic L)ross Section of geattering for Complete dross section Reference to

Moment |angle =, Holds good for all |of scattering provided Bibliegraphy

‘;
|
|
N, (Value of energies(except case 111) that2
| ) kg 5> 1
|
| l.
| |
{‘
‘ I
| |
| | i
4 II { § 1 l
: % z |
l ) ! | i
! III | . |
i | . s 5E S
i . ‘. 7 2
%‘ ‘; k 1 \ |
N \ 1 1
| ! | !
| i . a
'! ' | g
I ; : | ; {
k\ 4 [} i
i Fxperimental research on the processes carried out by a cosmic
i»;"" ray meson may meke it possible, in principle) to determine its spin. Up
to the present the only effect which has been successfully used for
this purpose is the formetion of great ionization pulses under con-
) sidersble thicknesses of leed and iron. If the ionization effect is
assumed to be
) A
i ’/’ ’me_w‘:‘...,m_ — n.-.w...‘.mv...«»m“s‘...\\
B \ tv;;x,,q!r b T { / i) ;;L;J)
e f;»‘.‘m“é\\\“m—
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determined by the electremagnetic 1retardation" radiation of mesons

(the formation of .- -electrons seems wimportent), cerresponding cal-
culations cen be made and compareA with experiments E g + Moreover, i )}e

calculations are found in agreement with experiments if the spin of
the meson is assumed to equal O or é- (‘J/: 1). It is as yet impossible
» to distinguish between 0 and % spins since the accuracy of the experi-
L]

[-X]
ments and the theoretical computations o"ﬁ insufficient and do not %

exceed 100%, It is also impossible completely to exclude the possibility i
that the spin of & meson equals 1 (or * with?»## 1), The fact is that
in caleulations it is necessary to make use of effective cross sections

for "retardation" radiation in the high energy field, where it is not

strictly appliceble; furthermore, at & certain emergy it is actually

necessary to reduce this cross gection. Under such conditions, the

: i exclusion of spin value 1 may be conelusive only if the effective cross

section employed is the smallest possible for this spin and also

if excluding spin 1 leads to the formation of a considerably 1argef} :
number of pulses than experimentally observed. According to many authors
[2,.33], this is just what bas taken place. But in my opinion /357, the

cross section used [ 22713 not the minimum one, since it is based

on the use of the formula for a Compton effect up to an anergy of

2 .
*)7) yfyniq, which is contrary to condition (18)., Hence, the above-mentiened

comparison of theory with experiment, properly indicates only that there b

is p.. particular basis for the hypothesis of unity meson spin from the

viewpoint of experiments in cosmic ray studies.

Rt e et e

i ..

l»{ wn Ty q,g‘,‘i‘}! Ry
ap g

NI

QM Ln'é ““A‘- o
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Furthermore, if the spin of a meson is equal after all to unity, then
the calculations based on the perturbation theory are inapplicable in
the case of energies less than those generally assumed /2, 34d. Finally, )
it is possible to reach the conclusion that nretardation" radiation and
other processes dependent on nuclear, not electromagnetic, forces do not
have a great part to play, since alfendy the minimum possible electro-
magnetic "retardation" radiation of a particle of zero spin permits
an explanation of the observed ionization effects,
Table 4 .
"Retardation" Rediation of Mesons |

Initial energy of a meson E >>nc2;:.‘ E is the energy of an emitted

~ T
photen; Z is the atomic mumber of the substance; 4= 13.'_(_‘_'"_*')—. , A=,
' : Swiev, 218 ke

Spin |Magnetie Cross Section (in the system of coordi- Reference to i
Moment, nated where the nucleus is at rest) Bibliegraphy f
(Value of !
9 ' !
L1 ;
I ,
IIT | i
é i
o
|
l
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Teble 5
Fraduc tion
Lrt-pin of Mesonnb Pairs From Photons

E is the energy of a photcn (B> mc'?) £R is the ez};g of a positive

meao/h\n: % is the atomie number of the substance; B = 12e( 1 -°>
[Se : 5me2Z
] \
Spin| Magnetie Cross Seetion (in %% system of | Reference
Moment coordinates where the nucleus i$ to
(Value ofy) ab rest ) ' Bibliography
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Special nuclear forces act between the nuclear particles (prot-

Nuelear Forces

ons and neutrons); ln the nucleus these forces not only compen—

sate for the elegtr epmlsion between protons but,serve to sta-

A}
Scatterin by
The &iffusiofl of neuthons ep. protons and the

bilize the nucleus.
&'\ "l
Ahﬁumte Aﬂ,\\tﬁﬁervable m of protons by protons from tb‘ai %M
'r\)\Qfé expected ihuthe presence of only ome Coulomb interaction are ex-
-plained by the action of nuclear forces. 'I'hese forces have a \'U'-a
Nan gl ' ’ '
short -y.“jbvt of action, duping-widoh- their radius of action i /f(/wj p
of the order of ;°z1613 em, i

At short distences (order of ro)

the energy of interaction , corresponding %o the nuclear forces
(amounts to_/ o '
is very great and,(uu!ku MeV., PFurthermore, nuclear forces de-

pend on the reciprocal ‘-orientation of the spiﬁ of nuclear per-
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ticles and hagethe property of saturation. This means that the

energy connected with a large mumber A of nuclear particles increases

in proportion to A, not to A2 as happens, for instance, in the case of
Coulomb interaction in & system of charges, For this reason, the volume
of the nucleus is approximately proportional to 4, in contrast to the atom,
vhose dimensions are but slightly dependent upon Z.

The problem of the theory of nuclear forces obviously amounts to
explaining the above-mentioned qualitative properties of these forces and
to establishing the relation between the various nuclear dimensions
measured experimeng#\{ For quentitative preof of the theery, data may be
used which refer tg protons, neutrons, and deuterons (calculation of the
heavier nuclei, because of its extreme complexity, is not interesting
from this stendroint). The following points are known by experiment:
the energy associated with a deuetron equals 2,18 neV 5_637, the quadripole
moment of the deuteron Q =z« 2.7 * 10727 cn? (see, for example 5:27 )3
the constents characterising proton—neut;’on and proton-proton scatterings
(see [33, 197). Teken in a broader sense, the theory of nuclear forces
also includes problems referring to separate protons and neutrons end
their interaction with other particles. In this e:éperimental field,
values are known for the magnetic moment of a proton LZC] and a neutron
/217, respectively eqwa}l‘img p* 2,789/, and - = =1.93 /g5 where

o = g_‘E_ is the nuclear magneton and M is the mass of a proton. (The
. 2Me :

negative.sign’ ofva magnetic moment signifies that this moment is ima
direction contrary to that of the spin; that is, toc proper mechanical

moment of the neutren.) In addition, we knmow. the

i AR

(e

3
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constants of beta-decay in various nuclei, which permit one on the basis
of certain hypotheses (see, for exemple, [7/) approximately to ascertein
the 1lifetime of a free neutron, which must finally be converted into
a proton plus an electron plus a neutrinc. To this set of problems
must be referred the interaction of ruclear particles with mesons
(scattering, pair-production) and of mesons with 1light particles (decay 06
mesons) .

Inasmuch as nuclear forces also act hetween uncharged neutrons, it

is generally considered cbvious that these forces are absolutely separate

from electromegnetic forces. Such a viewpoint is not necessarily true,
aince it is conceivable that nuclear forces are explained by the specific
rroperties of the motion of particles of spin 1 in an electric field
122]2 However, the existence of non-electromagnetic reactions, evidenced
by the very fact of bete-decay and many other considerations, forces us
to think that nuclear forces cannet be reduced to electromagnetic

forces and that they are explaired by the meson theory, as indicated

in the introduction.

The classic form of the meson theory is especially simpie and
graphic, It utilizes the concept of & non-quentized meson field.
Moreever, the detailed classic scheme has not only an 1llustrative, bub
a completely real ‘importance, since in a static approximation, whers
the state of nuclear particles is assumed to be unchanged, the results
of ths classic and the qusntum theories coincide [Eﬁ, 537. The

situation here is the same as in electrodynamics where the Coulomb

C "z
imteraction - o2& TTE

r
B

( (w-vk o dd e @

i - i L ‘
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her .
can e teken obbleee ffom the classic theory, es 1s usually :
dano tained as a result of ozaminin% "fe:e‘;;nges Spuplpbers. |
,Lm_*/. The use of*s'batic interaction is justified when non- ‘ }

static teaction is disregarded, Th"/‘ v e, '

admissi't;le ,%(nythe deutﬁ‘on theory (inasmuch as the welocities

of thé proton and t¥e ne‘icron in the the deug\gion ere smell -a8 o CJW;;/‘ZKU‘M&'I(‘H
__Scompaped with the velocity of light), = Of course, for a more

complete and exact study oi‘ the problem of nuclear forces,

it is necessary to utilize the theory: of a quanb'. meso’&\nﬂ

field; dut this refels to ke calculations of mesoma'n Aot

S:‘Lﬁ“‘%ileu particles, ete.

Our intention in what follows is merely to explain ihx
special moments of the theorjcand ito‘disgufglw results. So

we shall only go into detail on +he eclassical theory mentioned

‘ i |
*} { (quantizing the mesoﬂn field as applied.to the theory of

nuclear forces, see /9, 45, U6[).
/ !
In clasﬁc[}\terminology,the explanation 6f nuclear forces
is connected with the faect that protons and neutrons are

AT
. the sources of certain fields (mesoWsente fields), which, p

annd Blira -
i : actw on other nuclear particles{\ provide an interaction of ‘
Ak §
forces, Lf the field is scalar,,in the absence of sources it

conforms
kxxmp%o equation (2). The presence of forces means

that on the right side of the equation there must be &
function whiech pleys the part of the density of a charge
or current in electrodynamics. In this latter case, for a

poht pertitle. the cu.rrent density equals e8 (r - r ol

where 5 i.s the: delta—function Sédr = 1 &= 0 when

tion of the charge.
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Jl’n the static case which interests us, equation (2) 1s converted

into/ V)“'X?‘ 0 snd the denaity of the "meson charge" equals g@ (r = To)y

where ro is the position of the nuclear particle, Hence the equation ; )

for the field takes the form:

Vi

(29)

Since the position of & nuclear perticle is considered fixed, 1t is

clear that it 18 considered sufficiently heavy and hence capable of

classical description. Let us note that in the quantum theory we hnve

for the general case of @ non-static scalar field:

Vil

(20)

@3
-~
n operator and where ok is a Dirac

N4

where wiaie must be regarded as &
The emergence of bﬁa 1g connected with the fact that Wwe :
in conformity with Dirac ts equation.

mﬂtrixo
consider nucleal particles to be

(Let us note thet on the right side of equation (20) one more term is 5
e ]

A
omitted which contains derivatives of dexba-functions and is proportional
to a constant factor independent of ge)

The solution of equation (19) is &s follows:
5 197 (21)

Utilizing the expression faor the energy of the field, we can

demonstrate 297 that two nuclear particles creating a fleld «(3 and
aond, Khade Uhntare Lvirtig] ng_.chm’m i CL‘L),)
fatic

are attracted(The scals? fleld 4 Ina &

tation, to which formal /.g;//,[”
: o

situated at a distence r,

approximation is similar to Newton's field of gravi

transition is made by setting ){ equelito zero. Hence it is clear that

also in the scalar theory of nuclear forces particles are attraz;;ed (see

remark below on the assumption that & scalar f1eld is not charged.))smd

e (R

Declassified i - iti ) or reloase 2
ified in Part - Sanitized Copy Approved for Release 2012/04/06 : CIA-RDP82-00039R000100020106-2



1

N | 1y R S PR
Declassified in an - Sanitized Copy Approved for Release 2012/04/06 : CIA-RDP82-OOO39R0010002016-2
) ] ! . 1 s

=

YAV

X . e r“L
LS VNNV |

The radius of the forcee, ur iz clear from (22), is of the order
1. Since in the quamtum theory7< = mc_ (see 8 1), we thus obtain
f relation (1) between the radius of the forces and the mass of the
meson. It should be noted that we did not draw any distinctions between
protons and neutrons. This ean be done only if the field(F%ia not
charged, and, consequently, the particles associated with it are not
charged (neutral mesons or neutrettos), This subject will be taken
up later,

The interaction of (22) does not depend on the reciprocal orientation
of the spins of nuclear particles; this is contrary to the result of
experiment. In order to clarify the problem of nuclesr forces' dependence
upon spin, let us examine the interaction of protons and neutrons with
a neutrel vector field, Every theory in this instence is very closely
allied with conventional electrodynamics and becomes electrodynamic
IiXKXlKﬁKXiKﬁXXXXK*ﬁXXXKXXEHXKEXﬁZXKXXKKXEKKKKIHHKXKKXXKXiﬂliﬂKXXIKXH
XXX T G ERER XK I Y KT KA XK XM XFAKAXIFHAXY theory if X is assumed
to equal zero. (The close relation mentioned is associated with the fact
that electrodynsmics is also a theory of & vector field (the potential of
AR TR X AR KX X R A0, KR E X XK ¥ Y XX XX XXX XEH XK X X FA M X RARDOOK
the field 4y is a four-dimensional vector)). To put this snalegy in a
more usual form, let us rewrite the equations for a vector field (9) im

another form, introducing the notation:

L. 1927 (23)

With this notation (23), equation (9) will take the following form:

51 (a8)
Whenj% = 0, equations (24) will be transformed into the usuasl Maxwell's
equations for a vacuum, This also helds true for equations (7) and (&),

which, in the new notatlon, become:

T CORFIDENTIAL
T ")

(25)
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Let us now assume that nuclear partirlespreate a vector

field, having a "mesohn& charge" g and a meso&n& ’?o/-

* " f
[ﬁ 1‘12] ment Now, in the general case of E\;e quan tum theory“ >
(_»nstead of (?5) | the following equations’ oceurs:

\ | [Tog]

1 . ' (26)

;f where/? ,({ and (T are matrices of the Dirac theory and (?9, L)l
| : a quantum field,

In the statins rpse wriech interests us, K,Dand A are claeﬁiital

mimnagnitudes . Moreover:

[T92/

/¥ 1

(27)

In (27) both the fields@? and A and the veitor of the spin o~
can be treated classically. The solutionp of system (27)
is as follows:
13937
(28)

In electrodynaminrs the energy of a partierle with-e 05
charge e and a magnetic moment ‘{u , sltuated in the field
(@; A), equals,ecil— ?lH.). The form is the same for the
oan i . 77
intera~tide energy inthe case of a vettor mesoWepn® field; apivon
.
e rorresponds-nfgh g and ’,Lcorresponds-w&h istf. Hence the

1nteractiw’energy of two identiecal nuclear partir"es bl

ArA e,a,Q u&a_ LT
spins T, and o':'z , as 4§ fol]}ws’:,from Mx%w,— )

CUirIDENTIAL

L0

/
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provq;:tov\ equal [}17 to:

18937 ” 2

- s (29)

] wHeré T 1s the radius-vector of one of tjeparticles imcsgighian, /K/(A"f?. e
| i & iously™
to the other., The ihteraction wad-éqe energies b(29)&edaees

+
to forces dependent on the reciprocal orientg;lon of the spin

8
d al tf/m/z—{e’nfrz%/ d dent th ientati ?
Tes on
] : and also o\:e?f-_-geﬁbe(r or ependent on the orientation o
& AT,

the spins én-feiaﬁon to r.

""“4\
The vectors ia"‘ and z o;_ are meso’“n‘ "quasi-magnetic®
moments of nuclear pqrtivles and in the quantum thaory the

q.bm Ay ﬁ
e veotors are operatorsgfthe well=known Pauli matrines (

ANAg I Mtawwr\jﬂ-v"‘b
is the proper meﬂo-nb—,&—tho—emm@-m of the partinle).

Considering the Yectors as operators makes no chenge in the

O

classickd solution of (29),

.

R R

Above we examined the interaction of nuelear particles
with scalar and vector fields, Two other cases, when the
are o t
fields/ﬁﬂa peseudosralar end pseadovector type (see §1‘)J
2ok (o
can be studied 4w-a similarjmmof and/\redur-ed. to the
energy of interaction}expressed by a linear ecombination of
/* the terms Uy, U, and 1’13 (see ﬁﬂ) Fhus, the general ex-
' W ' = on
pression of the mesofiyeniin theox} for interartiwh energy will
take the form:
/0' /93 . U= OlU -\—GU +G3U3 . (30)
where C., C_ and C., are derivatives.
1’ Cp and 0y . ~
Until now we have condidered the mesotmnfily field as et~
Ailacsrnr L
i Hom-charged; the differam ok, such a veetor field fxmem the electro-

negnetic field only a:nountj to saying thatw the restillye VWioAl a{_

“x?gtﬁﬂ L
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« "quantum meaoﬁ'bntb fileld"e-n meso J- is equal to m - /_c{’
sinre the rectieg mass of a photon equals zero. We are study-
ing the ventral field namomty barause of 1its greater simpliecity an ol
'
b%b—bcuaqv‘o-o-g deeper cjolz:e’iaér;t:éns-. f the field is charged
(in this rase, when 1t is quantized;"‘;;c;ﬁva‘wged meagilﬁ;;ns corre~
spond -wd;il"l 1t), an expression of type (30) is obtained also
for the forwes, but only in case of the interaction of pro-
tons and neutrons, BHt for the case of 1dentic‘al nuclear particles
(two protons and two neutrons) the interacti:; energy 1is equel
to zero in the approximation under consideration, This re-
sult is nompietely understandable from the viewpoint of the
quantum scheme operating on the roncept of an exchange of
mesé@}xs bétween numlear particles, since the proton is
H i mnix capable of emitting only a bositive meso’;;n‘n, whieh
cen be absorbed by a neutron but rannot be absorhed by other
. protons, ete ) Henve exohange by one charged mesoﬂnbn

L
{ho-t:aeen identical nuclear particlv;gannot or"cu%ut can

occur between different nuclesr particles, This explains
g( v_

the character ofjinteraotiu energy already mentioned,

Meanwhile, experimental data furnish evidence that

proton-poton and proton-neutron forres are of the same

order of magnitude. /387. Within the fremework of the

- seHeme developed here, this fact can only be explained by
i
Pt !
It assuming that a neutral mesoﬂpn (neutretto) exists, Tt  j-{fen. T .
wewe Chile R

» to avoid%ﬁh&e assumption that a neutretto exists,
only by theories vekdeh operat,a;“on the basis of an exchanpge
by pairs of partirles or excited char-od shoton Con 8o9)

ﬂln “FORePAT:, Lt mast be adwiti.od
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ot the ne. - . ; . e \ G odent of weishit,  bat

in experime:n:

nqﬁ>dwfinite

indications have as yob been obtained in favor of the presenee .t .l
if
e ‘ of neutrettos., If there is really a nsutretto and/it plays

o

[

an important part in nueclear forces, its mass must be of the
order of the mnss of a charged mesojmen (this follows from (1))
and its.interaction with a nurleus must be relatively strong,

the
Whence it follows that in/earth's atmosphere an appreciable

. r-:~‘\"4"'
A number of neutrettos mdst\b formed, just as' ¥ the nase UﬂluL”
e Lo ‘
charged mesqétwns). The reverse process should also be noted ythal 1o, o
i ' capliowe of, H.
. “/}—-the neutretto desdetained by the nucleus, whirh leads to

nunlear figsion. These statements forece us to assume that

the nuclear fissions ("stars") observed in cosmir rays may,

to s considerable extent be produced by neutrettos. Pre-

sent experimental data do not contradiet this assumption [ﬁg]. :
Clarification of the problem of the .existence of neutrsttos
is highly essential the nrimary interest from this viewpoint

obviously lieu in the stude of the "stars" in cosmie rays [HS/
‘ ' 4
Explaining nuclear forces through exchangesby certatn

. /
neutral mesoﬂﬂbns ("neutral" theory) is not satisfactory,

! since in this way the eeaﬁeet1on is lost between nuclear
: : I |
. forces and the behavior of charged mesovmyns in e ﬂosmic

@7 /1- A{(‘f?r,

rays,. as we]lﬁ as the ﬂénneotion with ﬂﬁ.&&a&n$egaa$&on‘

‘makes’itfposéible to show th Qéy to explain the anomelous mag-
netic moments of a proton and a neutron (as we saw above, these

moments are not equal to a nurlear magneton for a proton or to

“Z8F0 for i neutron. “This follows from Dirac's theory)[ﬁ67'j>
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" "Lf;/(&.,(( e
eanwhile, it is just this_mnaecm o which 18 one of the

most attnaa:flive features of the theoryx,h of nuclear

penenal
forees. For this reason wﬁmoé;m variants of
,(M,Ux

Q,c'\.vlt. QA (m-‘f"?‘ |~ )
a combinatlio h both oharged and neutral meec-
J—bre-m‘ figure, An eapecihlly populer type of the combination

theory is the so-called Weyrmetricel" theory 59, 9, 37f, in

which the proton—proton and proton-neutron nuclear forces
‘ with respect

are exactly equel (in a staéo; of smetry/tnxnkat_xm/to

a “charged coordinate" /3 /'_9]). :
In the general theory whu-h yokes into account both cha')ged
the staliie energy of intersction tekes
the form of (30) and the constants 01, Cos 03 1ikewise depend
on the wcharged s’oate“of the proton or the "state of the neutro\n.
The "exchange" charanter of #%he nuclear forces, wikswTs con=
?mected with contln\\xous charge exchange petween nuclear Par-
tinles (from which the term “exchange“forue comes))also pro-
vides for the saturation of t4e nuclear forces (see above end)
in more detail; in an.
W problems of nuclear i)hysics in a non-reé-
lativistic approxi.mation amounts to integtating Schx?,gdinger‘s
equations for protons and neutrons with potentisl enersy (30).
%The basic ‘$a§t;£e§:x here, of course, a;; ~\+:‘r\x;t:\g¥ \me» dnuuron
éné%‘;xamination of ke protom—proton and proton—neutron
G;uA

-(M:t”fus;\.o But research on these oroblems meets with a®
in :

AC ‘\-‘:‘5 N e
fmp&?krant d,qéé‘s..oulty Ak the very first stages., The fact is

that nuclear energy takes the form A:n (17), it is proportional
to-—l—,' and in this caseé Sehreedinger's equation has & in-

Tt preperd. ‘
admissible/\solutlons corresponding t0 the fall of particle;




N \ 0 i _ i ‘
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on one anozher . Gr we might put it}that%the potential has a -t

s & &, Q,n, .

e 4

; . (\“[1 .\L_ Zs . {(’“ 3
) higher © ge(ﬁmn ?,i\the problem of oél%a—b\h!the whole system 3

of stationary stafiégs has no solution, To a certain extent

this result is classical in ty.pe since in classical merhanics

the potentials —?—-—-( >0) slso @enduces to the fall of a par-

ticle on the center (see L‘L}) It ie easy to reach this con-

rlusion by quantum mechanics. A particle cannot fall on the ,&' ’
center if Its awerage kinetic energy in approgching the center_
increa'seijmore rapidly then tgg average potential energy dimﬁnisbes.
Moreover, the average kinetie energy of a partible/(situated in

reglon/ ./ 70 ende C s ' 02
a)fmkd m«aﬂ.&ua‘r from the center equals T = __m

He’mﬂr*bé’/’/» j Joter Ly necy éatie
slnn/e/ by virtue of\#hﬂ ggmmub&ﬂgi‘)}” 69?(02> ;L

Whence it is clear that, if the ~yverage potentlal energy ad rp«//wme/w.

const

»Q::——Jr—%'-e diminishes 'more slowly tha.n --,Mwbhe fall is im-

possible; but if UN - ;—5—4;5 (2.2 O),/\a Tower level will x‘:

not exist, sinc-,?e} whent the region fQXXRESEX in which the

particle is situated grows smalle‘x;, its energy converges Forond ﬁum\f\w% . |
0f course, this als; hz.'ét&;;w;me:.ﬁor the problem

\ar ,&,L,C_‘A
of two bodies, Ks e know, with relative coordinates)%bm@w

problem amounts to the wke problem of the motion of one par-

& Co Lm"ef‘ﬂf'k ﬂ»ufa -

tirle in fopees .,

j\.oll A
Thus, if in (30) €z #= O, the problem of the deutron p
! 3

..';mm It is also impossible to assume that Cz = O without
fiore’ ado, .since in all variar}ts of the theory with one type of h«,M/C‘%‘LA“‘)
}'?maao.tmm.&; the constant Cz is proportional to Cp Jus/. "‘ﬁence,in, V
. assuning thet C3 = 0, we leave in (30) only the term Uy, which '
e

o
é does not allow spin dependence of the forces’;\ this 1s contrary

to experiment. Te assume that Gz = O while simultsneously

R Ay
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\
retaining C -7-£0\i.e' possible only on the nypothesis that
VT ’

WO bypes of mesobrons, Such a varient

there are at least b
scalar MMW

whieh both veetor and pseudo

of the theory, in
f circulation _[E},

AL

were 1n,troduced, ax'hieved a certain amount o

}symmetrlcal" theory was employed f and, ==

esult of 1t allj four types of m.umu were intro- .

51/ . In it the

mxx as 8 T
(vector end pseudoscglur) and charged (vector,

.

duced: Heutral

The masses of vector and pseudoscalar

and. pseudoscale.r).
e from the fact that the 1ntro-

partir-les may d’tffer [5i]. Asid

.meoe-t-rem r-auees o feeling-of dis-—

duotion of various types of
leeads

satlsfantion, the thenry gx to difficulties 'hich make

its succeas excl_@“é;of the term with UN- ;}3 merely an illusion.

First sfxakX, the —3 type%erm is elimina‘aed only #n a static |
Evone |

approach lg{appear 8 with eor
b _/ Secondly,

responding complications npnm AN

the thepoy 1eads to a cer-

onstatic
amely, [

ain result %‘ direotzcontraiirt to experiment:

5 __/ Abhe Wé of neutrons.

1t follows from the theory 153,
«/ % than at an angle

|

"on protons mist be stronger at“-ﬁ;‘e angle’

cloe.e to zero (in the \,oordinate gysten, where the proton is
at first at rest). But «n exreﬁ'ﬁ.mentiné;dth ‘neutrons with

i .
energies higher than 10 MeV when the effect of»asymmetry‘he-‘

everse dependence is abserved ﬂsﬂ

even
Zif the 1ndtcated method o&' ekiminating

e oi the theory of nuclear

cpme@s ma;'ked, arT
Third end lastly,
the term with 1/ r énswered‘._j_}}g" ,,purpos

. e
forres , 1t would not permi (éliminat
nognected with the fhest one.

%ﬂ&e proton—neutron .
£l there'is W 5 ;

hg the other noﬂ/less ‘

important difficulty The truphris

tk\at ati/ldy of the diﬂff%i«ﬂ of

to the conclusion that i

v leads us

[
o

£
U

AR )
I

il » y
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& "quasimagnetic" moment f/'x (see above) in a heavy particle, the effective
crogs section for scattering would grow with energy without limit.e
Zzg, 357, vhich is inadmiasible. - (More accurately, unlimited growth of

cross section with energy contradicts the genersl position of the theory ‘%

only under certain sdditional conditions 1222; which, howsver, are

_satisfied in the cases of interest to us.)

This very real difficulty, which we shall consider further under

' § 3, is not eliminated‘tw introducing two types of mesons, because either !

type of meson may be scatiered independently of the other; and because

f:;&J%though C3 = 0), this scattering will 1ncrease without limit with

sy [T 0 energy. Hence,.the "combinationézzg;mmetrical" theory of oller“JL—/
o E . Rosenfeld_[Z?[, Schwinger/51/ and others is unsatisfactory for a number

of reasons.

i

 ' ‘ ~ Another group of variants of the theory of nuclear forces was based

Lol on "cutting” an iradmissible potential of type 1/r3. This means that

the expression for the potential Ujng»-l/%3 is considered true only up

i L to some scattering of ro. When r &r,, this potential is "cut"; that
&f: : i ; is, it is replaced‘by some other potential which does not: contain an
| i A : inedmissible feature, for example, by the potential U = & const. (
2 v‘y.' wﬁeﬁ Iﬁﬁgrb)‘; The "cubbing" operation has a formal character; it islnon-

relativistic and can be justified enly becasuse a complete and exact

theofy~leads automatieally to some chaﬁge, or cutting in the potential

(or even a deeper change in the entire ordinary system‘oﬁlthe intro-
Iduction of nuéléar forces) (see Z§i7and 8 3). Connected ﬁith'“cutting"

is the intreduction

s :
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of a new constant ry °F, mOTe accurately, a new function U {Pvhen
« E

\J‘<§

e

1 r < ro. At first glance 1t might seem that with an arbitrary choice

of U(r) any results might be obtained, However, this is not true, since
\ the value of rq should not exceed the radius of nuclear forces _ﬁ__
L and the form of the function U(r) on any reasonable hypotheses hazcno
‘very great effect on the results L??J. After the “cutting" and com- .

_parison of the celculations with experimentel date, it is possible te

exclude/{ertain theoretical possibilitiec. Thus the "syrmetrica]"

theory with certain vector (charged and neutral) mesons 517 proves

e RN

unsatisfactory, since to bbtain cerrectly the level of a deu*eron and \ !

the cross section for neutron—proton scattering it is necessary to ) '

B

assume that rez‘ﬂ_ and that the principal sign of the quadripole

moment of a deuteron proves incorrect, but ite value is apprcximately
/[# e {

. e i 10 times greater than the value obssrved, (The quadripole moment of a

] L deuteron has a p051t1ve sign [(], which corresponds to the elongated f
cigar-shaped form of the deuteron.) On the contrary, the "neutrel®
vector theory is in good agreemerit with data onldeuteronsﬁ'z]. However, ' it

as already indicated, utilization of some neutral mesons is unsatisfactory..

Besides, 1t is obviously entirely possible in this scheme to intreduce
|
L ' e ‘ . . addltional and relatively weak proton-neutron 1nteraction with a charged

= B

meson. 4 s:.milar variant of the "unuymmetrical" the’ﬁgy (vector neu‘brettos
I

plus charged mesons), although knmwn to us, wes not verified. . 4 similar,
but in some respects simpler and more attractive varient of the "un- - : g

symmetrical® theory

s Declassified in Part - Sanitized Copy Approved for Release 2012/04/06 : CIA-RDP82-00039R000106620106-2 i
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was recently]/ studled by Hulthén [F4], though not very trorough-
1ly. In this scheme the neutral mesoffipn 1e scalarand the com-

paratively weskly interactive, rharged mesotzon chosen ;a.,1>seudo—

scalar. The tyve 1/1‘55 term is present for the pseudoscalar Pl e

/mesebreﬂ.and Fhus "eutting" is necessary.
J i
WhiZgsdefs- the "svm.motric'al" theory, neutron-proton and
-{ the '

proton-proton forees Fn S [1) state are absolutely equal,/{'.:u:[ff-

in the ”unsymmetrical“ theory this equality is only approximate

in character; wm,h does not run contrarg to experiment (see
- B4, 38, 39/). Besides, in the sumetrical! théory with one

type of charged mesobwms @ifficulties arise in comparing

the data on-‘-—-é—i-e&n—tregrﬁéion in the nucleus and t&v—-&;s—
NEAss - Iy .
mia;tAegnabmva&mmir cosmic rays _[_51 ‘%1/ In

the "unsymmetrical' theory these diffieculties disapvesr. /54

Furthermore, the above—mentmned econclusion that the

ATl s ~ths
&i—ﬁfuﬂlon of neutrons pg/ protons must first be weaker vhed

| /éseﬁ-—f 1areer anvle is very general and/’\o]bvmusl% ,w.?‘». Qg
any theory in which the ma‘ln part of tJe nuclear forres are
| of en "exchange" type; O;Qg\y)?ndent on the Yexchange" of (‘hal‘ge;d
mesoi‘.‘mﬂns\ ‘7)_] The fact isthat in an e{:hange of interaction
the proton and neutron are changed' in plaoes in the act of

%‘\,L\\J
(afl'ffusioé,\ More acrurately, because of the exchange in the

charge,« « the vartirle, formerlyu a oroton turns into a neutron

and vice versa. During™ a small deflection of the

) I3
\«dﬂ. ERYEN
partic‘e 1% genersl ly -susekiog; mnst probable and s0 diffudion’

'

LAY

- peeurslhosts frequently at -small ;angles: the dﬁf-%aerw—ng particle

i;L__fgh case of a quickly falling particle generally: flies off

D

a?m angle’ %to the latter. But in exchanges the & fused

and . d‘l’f‘i’u'sir:\g)partirles 1'1 the ‘specified sense are changed here :

AT

and there. This explains the prevalence of neutron di—ff‘umonﬂ

L be.
/ % It is esaentialaq in this case that a proton s ob-
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served, after first being at rest, transmitting its ohgréa
to the falling neutron. This gemeral reasoning as well.as -
caleulations [:37 ghow that , if the expefﬁiments on diffyeton
huclear/
are corrent the basigﬁ}nteractlan fs-not-of an-"exchange" type.
The simplest theory of nuclear forces without exrhanges is
"based on the introdustion of the neutrettd which in itself .
bjﬁ to some extent an argument in favor of its own intro- ~
duetion and of invéstiéatioh of the "unsymmetrical! theory.
One of the basic problems confronting the "neutrsl" and” also
the"unsymmetrical® theories ron51st5in explaining the satura—
tion qf nuclear forces. It is very diffiecult to explain
saturation in these cases [37] end/ in the majority of -cases,
especially those cited by Hulthen 15h7 saturation does not
take place}. Howames, ft present, rﬁﬁf’é independently of
the problem of saturation, it is silll impossible to tell
whether the Wﬁgﬁymmetrical" theory with "cutting" will explain’
: all existing data. As-we have seen, in Spite of the intro-
duction of "eutting", it is not easy to satisfy allothese
data. ¥bssveryrdifficulty imparts a certaln interest to,
such efforts, A
I4 i1s also nercessary to bear in mind that im theorigs
whirh inelude "eutting" are'still faced by the @tf%icglty ©
connenbed with the unlimited growth of e Fection for ek
mesdbimn‘agéézgggﬁjwhicgj aoparentl%f of itself re;deré these
theories unsatisfactory. But here the same argument may be ad-
vanced as in the case of "ecutting" the 1/r3 poﬁential and ' W ooy

wnl

assume that a more oqiplete theoryAleadéfto "outting" the (nedss

o an kP o $RTERT W&M .

el

7ol we e SEiBELipna- on b iuneRbYEet .

e I )
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o [mes thet s, Tor one
This does not take plose in "ot
metrical' theories and the rross sectlon anceanso o ¢
Jarger than that o~ ved when Exme” J35, "&]. In Hul-
ac C o iy
then's "mféymmetr%al“ theory, in view of the comoarative

weakness of the interaction with charged particlesthe

difficulty under consideration obviously &ﬂ:\ﬁ;*out j_%h_—/

P (in j_F_juj fe//)vzo 01, but in the “symmetrical“ theory, for
- - : instance, f?/]‘Lr'\-O 1). In addition, of course, even the
réc-bprocally coordinated cutting of expresglons for the

calterrng

potentlal and bﬂ i-ffusilon is a very slight success and

.for the most part, only shifts the problem‘s center of

R

gravity to the field of the "cutting" operations. With in
5. —_

the general gram)z(vork of the theory of nuclear forces, Dre-

based on the study of non-shatic forces,’

viously discussed, there is amother tempting possibility [527

the relativistic

T e . d i
. effects. .This theory is Asrepmme trical" and in 1t 'es in /53] 5 -
[ p—— ' ’ NJ‘ o
. a neutral mesq¥sen is. considered scala.rﬁ a eharge > ; seudo-

snalar, The essential differenoe is that the interaction of
a pseudosr'alar mesoMn amt a proton—neutron is so W - - .
that it is absent in the uﬁrelatiwstic approximatlon {Sinre

fane
e 03 in (30) equals O#’\the wyfr3n. difficul‘f.y disappeam} - e

e AT s s
- .

In the relativistic approx:.mation, however the charged
mesonn nonditions arw 1nteraetion which appears to be very
important, In 1ts qualitative aspect Tamn's theory [jﬁ7 agrees

- e

w
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