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Preface

This survey‘is essentially coﬁfined Yo meutrino flux
proceséeQ.Some.problems of weak interacfiona involving neu-
trino physics are also dealt with.

There has been growing evidence of the importance of
neutrino processes in nsture.Bew and varied reutrino effects
are being discovered. _ | ' |

There are good grounds to believe that the solution

~ of many astrophysical problems depends'on the advance of
neutrino physics,. It is.not impossible that neutrino_proceases
are of essential lmportance in cosmology and cosmogony. '
© Neutrino astronomy 1s not perhaps a matter of a
far-away future. | -

Experimental results in high energy neutrino pﬁysicsr
may prove decisive in comstructing the future theory of elem-
entary particlga.This will reqpire adequate data én the be-
haviour of neutrino processes at very high energies.

Some of these data can in principle be obtainqd-on_ ‘
acceleratois and in cosmic ray expeéiments.Finally,the acceler~
ators of the decade to come--colliding beams and éompéting
accelerators of enormous intensities affording very high
experimental accuracies~-will probably culminate the prb-

- grammes and accomplish fhe targets of neutrino physics
holding oﬁr_imagination today. _
‘ . o The Author ,
Acknowledgements. The author is indebted to i.;a.zne_- |
leznykh, G.T. Zatsepin, A.A.Komar, V. A.Kuznin and Nguen Van Hiew
for stimulating remarks and R.Asanov fer the preparation

~of the Dreorlnt
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Introduction

The discovery of the neutrino,a particle so striking
in many respects,was neither spectacular nor dramsbic.As &
matter of fact,it cannot even be associated with any defin-
ite date. |
= : The neutrino was being discovered on and off for

nearly a quarter of a century. |
‘ Contemporary reminisecences seem to show that the

peutrino was first introduced as a hypothetical particle by

W.Pau1il) (1931).

The bypothesis originated from the consideration

of conservation laws in the amalysis of ‘/G -decay effects

of different complex nucleia). .

‘ It was with cautioneand heéitétion that the neutrino
was admitted to the holy precincts of the elementary particles:
there wére years of doubt as to whether it was a real particle
or a quantitatively conceptualized disappearance of energy
and angular momentum in different reactions,

Finally,Reines énd'Cowani) showed that the neutrino

can be absorbed and not only emitted.Thus,once a “semihpabticlg
‘ (capsble of only being "emitted") the neutrino became a fulld
fledged member of the community of "elementary" particles.

» In other words,just like all "elementary" particles

the heﬁtrino is described by the four-dimeﬁsional vector of '

Declassified in Part - Sanitized Copy Approved for Release 2013/09/16 :
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energy momentum and angular momenta.Poséesaing semi-integral
spin momeﬁtum,the neutrino belongs to the class of fermions
along with the electron,mion an& baryons,

The consensus of opinion ténds to fegard the rest
massg of the neutrino as vaﬁishing:i |

At eny rate the experimenfal value of the neutrino -
eigen mass is given by the quantity rn;<1/2500xrnb where
M, is the vele_ctron mass.

The theory of‘)B -decay and the theory of wesk in-
teractions was in general pioneered by Fernﬁs) (1934 ).The
theory of weak interactions was constructed as a theory of
interactions between electron-~neutrino and.protonpneutron
fields on the pattern of electrodynamics. Y

The four-~vector,a mathematical analogue of the
vector field of electrédynamics,was constructed out of
electron~nertrino functions while a new constant (é} ) in-
dicated the smallness of the interaction of the new field
with the nucleoﬁsf | _ : |

ihe theary underwent a long process of immanent de-
velopment. Initially,a more thorough study of the inherent
possibilities of the theory led to deviations from the
el ectromagnetic patteru. o |

There were attempts,for example,to bring into play |
higher field derivatives,on the one hand,and electron-neutrino

fields in the non-vector form,on the other.It appeared that

Declassified in Part - Sanitized Copy Approved for Release 2013/09/16 :
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not only the vector f£ield ( Y/ ),but also the scalar ( & ),
pseudoscalar ( § ),pseudovector ( A ) or tensor ( T )
f£ields could be constructed out of electron-neutrino spinor
functions.

The deamon of physics rebelled against the imeginary
narrowness of the electrodynamic pi'ototype and it was hoped
that nature would eccept the new slternatives.Nature,however,

'proved to be less imaginative or perhaps harder to please,

The higher derivatives in weak interactions were
soon abandoped. {(1937) on the insistence of experiments.

As for the other non-vector variants of the theory,
it seemed for 2 while that the nature had been coaxed by
theorists into a’ccepfing the tensor and scalar veriants
of interaction. _

Yet quite recently (1957) the theory of ﬁ ~decay
returned to its electrodynamic prototype®s?).

The comeback was 80 sweeping that it gave ﬁse to
the suspicion that vector intéract;ioné were at work in nature
in génerél and hence .to the trend to "vectorize" physicsS).

For all its affinity to electrodynamics the theory
of weak ihtaréctions has so far presérved that peculiarity

" which it received at Fermi's hands: the postulatinog of the

interaction of four fermons localized at,'a.ny one space~time
point.Thus there arises an essentially new cless of interac-
tions quite unlike anything known in el ectrodypamics or
meson fieid theo:w‘ (the problems of renormalization, the

Decla55|f|ed in Part - Sanitized Copy Approved for Release 2013/09/16 :
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character of divergences,the character of the cross section
energy depenﬁences,etc.). |

Some physicists,dissatisflied with this peculisrity,
are warking for the unification of all types of interactions
(the idea of an intermediate vector mesoﬁj.Othgrs expect |
that it is pr_ecis__ely thia peculiarity that will help them

40 surmount the notorious fundamen#al difficulties of the
- current field theory by imparting a fundamental meanibg to
"~ the four~-fermion interaction. A .

It is to be hoped that the dilemma will be solved
within a few years and the theoreticians will thus have
less ambiguous experimental indications of hew-pdasibili-
ties for constfuctins the elementary particle theory.

" Beutrino experimenmts locm prominently in the’ expected 80~

lution of the problem.=

© 1. Peculiarity of Four-Fermion Interactions

In accordence with the well-known neutron /-5 -decay
processes,the interaction Lagrangian describing the decay,

can be written as the products of nucleon and lepton cur-

rents6’7)

' @ D -- |
LmEw)Sye @
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where

J = ¥ & ”/) (2)

'a/;ce =% (1+4;) &, >

; is the operator of the production of s particle or the
L annihilation of an antiparticle, Y 1ia that of ths annihi-
lation of a particla or the production of the antiparticle,

jﬂ/) ‘fjl]’ is a vectonr,

/.a)z ‘,0 is a pseudavector,
o,

G = @.20 % 0.01) 107 erg ca’, (&)

and ( is a specific constant governing the wesk interec-

$1ions.

If we introduce the muon current

/r”%:&/“‘d})% ®)

’ . \ .
! the Lagrangian in the same form (1) with the same interaction

_constant -

- ‘f (4L) e ®

50X1-HUM
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+

describes well the muon decay (/ﬂ — eV +LJ ).
+ _ time -
The life/of the muon is here meants C =

theor

(2.26 * 0.04) 10°® gec, T~ =(2.22 * 0.02) 10~° sec.
exp

Hence the natural impulse to write the Lagrangian

E o \e . .
fr,y}f@)/f. o ?)

describing the weak muon-nucleon interaction and in general

universalize the weak interaction of four fermions

& - :
—V—i/d{:}f'd# : @)

where ), and }’ are the currents of the form (2), (5),
Y

(5),etc. composed of Fermion functions.

However,the attempt to universalize the interaction
in the general form (8) proves to be too aﬁbitious.ln this
form it eppears to include many poséibilities which are not
effected in reality (decays of the type Ju"'a e-+etse— ,
decays with a change of the strange number more than by unity,
etec. ).

Hence the peed,in a sense unpleasant,for devising
different forms of fombiddenneas which are not justified in-

trinsically and quite often are sheer acts of violence with

10
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respect to formaliasm.The situation is made none the better
. by scientific opinion having in recent years recognized and
accepted the universal application of some rules which can
by no means be claimed to have originated as a result of
exhaustive experimental research.Sometimes these rules

o, . +
sound rather like invocations «

)
+ ‘ - ’ -
Y _ The rule [A,S‘f = 1: in the decay of particles the strange-
| ness cannot change by more than u'ni'by.
The rule ,A@=,% : this rule regulates the variation
of the electrical charge and strange number. '
The rule AT 1/2: this rule regulates the variation of
isobaric spin in wesk decays.

In other words,a broad universal theory of weak inter-
actiobs is only in the making now.

Returning to the analysise of the peculiarities of
four~fermion interactions,the dimension of the weak interac-
tion constant is worth noticing,viz.,

Vf;f c = 7,107 cn (9)

o he o )/ ,

. The difficulties of the curreat theory of the elem-

entary particles are often associated with the absence in

the theory of the fundsmenmtal length which would essentially

11
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modify interactions at small distances.

- Inside the current theory (electrodynamics,meson
field theory) there are no intrinsic ‘1i.mitat;_ions of the
applicebility of the space-time description: Athe theory is
of meaning for any parameters of the collision of elementary
particl es, '

In this respect four~fermion interactions exemplify
a theory incorporating a new world constant of the dimension
of‘length: the fundamental length ‘{3@ regulating the in-
teraction. ' )

The formalism of four-fermion interasctions itself
contains a restriction of its applicabiliiy.FNamely,for Ithe
collision parameters @S ezg the theory in its current
form proves inacceptable and has to be essentially modified.

Weak four-fermion interactions are known to lead to
the cross sections for effects with quadratic energy depend-

ence in the centre-~of-mass system of the colliding particles

' 2
6T =¢£; 10)

Viewed in terme of the current theory,the cross sec-—
: + .
tion (10) is correct up to 10'! &V in the com.s. .Ib is

+
The uniterity condition is fulfilled only if [ £ (‘If")/

2
i.e.,if G E 4(’;,;
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The conventional perturbation theory is kmown to be
unitary only accurately to higher approximations.In electro-
| dynamics this circumstance leads ﬁo no difficulties since
the cross sections-thémselvés’ as a rule deerease or I;i-ac- 3
tically do not (hcrease witk energy.In the £our-fermion
intersction the cross sections rapidfla‘ increase with energy
A and therefore the conventional perturbation i;heory,non—uni-
| f;a;cia.n in each given order does not ap}ply. |
. . Gonsequent(%‘ at higher energies it is necessary to

W(‘—-e_/
use the A -matrix /ﬁ_th\etfawley form

Rt - S
I+ gk . or
| .J'= /- iR
where 'E:f—f‘;?’e —. | {‘jand i.-g,f,,

The form of K is g:wen by Schwinger (Phys.Rev. 74(1948)439).
In thie fom,for each Kn' he AP -matrix is unltary.

The covariant radiation damping theory was then
elaborated by d.Pirenne (Phys.Rev. 86 (1952) 395).

Calculated by means of the univary A -metriz,the

. : cross sectiops of the four-femon interactions prove to
_ be decreasing with energy at hi.ghexfthan-critical energiee
* (Gx*> 1 ).The problem reduces to the following:are there

13
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other circumstances which would decrease the cross sections
of the four-fermion interactions at lower energies (when
Gik* < 1) when the radiation damping effect is still in-
essential,and what is the nature of these factors if they
do not arise naturally in tﬁe framework of cnl,y- the

theory of weak interactions?

: 14 \
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implied that perturbation theory via which the cross section
(10) is obtained does not hold for £, > 10 ev since the
crogs gections given by the higher approximations of the
theory begin to compare with,and for high energies be larger
than, the cross aections described by the lower approxima-
tions of perturbation theory.The critical energy value in
question lies somewhere near the value E& =3.101} eV,
This circumstance is connected with ﬁhe fact that the form-
alism of the four~-fermion interactioh theory contains the
fundamertal length dimension constant, and the dimensionless
expansion parameter in the series obtained by perturbation
theory is,roughly spesking,the ratio of the impact parameter
to the given fundamenbal length (1&) .

The increase of effectiven;;s of weak interactions
with the energy.of coliiding particles has been experiment-
8lly confirmed ip various decay effects up to the energies
of the arder of tens of millions eV. | |

The study of the effects of direct inteiﬁctions of
high energy neutrinos with nucleons confirms the further inw
‘crease of the corresponding cross sections with the neutrino
energy;ihe latest experimental data61) have been brought to
energies ~/ 1 GeV.

- : There are many important considerations which impel
us to seek an énswex to the question of how wesk interactions

behave at still higher energies of the particles.

' 15
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At very high energies the intensity of wesk interac-
o tions could in principle compare with that of strong inter-
N actions,which woxilvi result in a quite peculiar situation in
| ‘this field. | I
At extremely high (from the viewpoint of modern con-
cepta) energies weak interactions could become comparable
with electromagnetic,and,for. example, the conversion of a
pboton and electron into:a mon and two neutrinos could
compete with the Compton eﬁect.g)
By the estimates of an extremely relativistic case
" the crose section of the effect er - M + + 1‘7 is |

of the 'fomlo) :

€. = [ /@72-@- -03%) a2)
e .

where E' is'the photon energy in the c.m.s.
It is clear from eq.(12) that the cross section

increases somewhat more rapiclly than E’
On the other hand, the compton effect cross section

decreases agprox:lmately a8 / X,

(13)

' ﬁza ;ne . zoz-e

For energies £ ~ 250 GeV we have in the c.m.s.

G

. ' - 16 . .
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" hyperons and antinucleons

Way back at the dawn of physic:s of weak interactions
¥.Heizenberg drew attention in several papers ) %o the
special role of the length parameter ( Eo ) in the four-~
fermion interaction and to the possible peculiarity of
physics of weak interactions at very h:i:gh energies.In par-
ticular he pointed to the possibility of a peculiajc situa-

. t%ion at very high energies in the mltiple particle produc—
tion effet;ts.,

Four~-fermion interactions are known to lead to inter-
particle forces for which & strong dependence on the distance
is characteristic. |

Thus the IS ~field (electron-neutrino field) gives
the potential between nucleons at rest (eg.,a proton and

12)
@

neutron) in the form

-

At distances ~ 10'156111 these forces are very weak
because of the smallness of the weak interaction constant

in the coefficient of eq.(l4),but at shorter distances close

0"16

to the weak interaction range ( ~0.7.1 cm ) these forces

could be enormous on the scale of the known forces.
There have been proposals to regard bosonsl? ),for
site
example,aa compound particles,pions as systems of a nucleon

and antinucleon and K ~mesons as systems of nucleons,anti-

. 17
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The formation of systems with such enormous mass

defec‘bs requires very strong forces act:mg at mall inter~.
particle distances.]?our—fermion interactions meet these
requirementso It is precisely fourf-fermon wesk interections
hiave been used in the concrete attempts to construct the
models of compo&xjigepaz{tfnclesls ’17°1?).

3 The success or failure of such attempts again dependa
on our knowlédge of the behaviour of weak interactions at
emall distances,at distances close to the fundamental length
of weak mteractions.ln the concrete calculations of compound
partlcl es it was assumed that weak four~fermion interactions
cut off Juat' at th9 digtances -~0.7.10" ~16 cm.Under this
assumption it 1s possi‘oie to obtain,in what is known as
chain approximation sunning a class of Feyoman graphs,a num—
ver of results showing that such suggestions are not unreason-

- gble and deserve a further more ri_go’rm_zs anglysis.

Not only bosons ,pions and [ -mesons could in prin-
ciple prove compchjigep articles,but such fermions like muons
and elect'réna‘could als¢ represent systems msde up of an odd
mmber of baryons and -autibsryons2’?2l) bound by four-fermion
intersctions increasing so powerfully at small disfances.

Tt is well ¥mown,for example,that the nuclear forces
give the largest mass defect in the system of four nucleons
(' o -particle). ' |

It is not impossible that such systems,more condensed

in this sense are muons,electrons and even photong and

18
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neutrinosao’al).

Teqpative estimates show that,obtained with the aid
of weak interactions,the plions as systems of nucleons and
antinucleons interact,in turn,with nucleons whose effective
constant is of the order of unity.In'other words, strong in-
tersctions (nuclear fields) can,from this point of view,be
A interpreted as the result of "weak interactions".
| This curious outcome deserves in itself more thorough
1 studies by more elaborate methods.However, this unquestionably

" attractive possibility can be realized only if the above en-
ergy depehdence in the WEak interaction cross sections per-

sigts nearly up to the criticel value ~ 3,100

eV in the c.m.8.

In other words,the development and substantiation of
fhis set of interesting problems also require data on the
behaviour of four-fermion interactions ip the region of very
high energies. ,

Ope ¢an well extend the list of fundameptal problems
the solution of which depepds on the answer to this question:
how far does the growth of weak interactions with energy go?

The electromagnetic part of the proper electron en-
ergy,for example,is known to diverge lpgariﬁhmically.lt is
: only for length far smsller than the electron gravitation
radius ﬂ 759¢~10'58 cm) that the electromagnetic proper mass
’ of the electron becomes equal to its experimental value.

On the other hand,weak four-fermion interactions,

'e.g.,interactions jnvolved in the transition of an electrom

19
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into a muon and back @ ->J4+u+; - € yYield the exper-
imental value of the electron mass already at distances close
to ég . . |

Thu s, four-fermion interactions involving, in particular,
neutrinos c¢ould be fundamental in the theory of the elementary
particles themselves. '

Finally,the entire range of these'problems could be
formlated in more general terms.

The main fundamental difficulty of modern field theoxy
concists in that for seversl major quantities such as the
proper particle mass or particle charges the ﬁheory leads
to expressions given by divergent integrals in the region of
high energies (or small lengths).

One gets therimpression that the appearance in the
theory of any fundamental length at which the interactions
would cut off might lead to the bona fide theory of elementary
particles.One of the candidatures to the role of this universal
length is the length of weak interactions.

The competing length has so far been assumed to be
the length connected with the proper energy of the nucleon:

N LIV %)
Vo ﬁi,e-

At first glance there seems to exist a decisive argum-~
ent in favour of the nucleon length.The fact is that for lengths
smaller than %? the above integrals to which strong interac-

tions lead would give unreasonably large values for the masses

20
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of baryons and their specific charges.
It should be borme in mind,however,that the last

argument is meaningful only when the strong field quanta
( 9 - snd K -mesons) are treated as elementary,point ones.
If,however,the matter is viewed in terms of the complex struc-

ture of these particles,the sizes of the systems representing

y % - and K -mesons could figure as lengths natural for the
given class of interactions and cut:tihg off the corresponding
+ ‘ :
¢ divergent integrals where necessary .

It should be emphasised that a universal length close in
its value to the nucleon length would cut off all the diverg-
ent integrals of weak and electromagnetic interactions at too
large distences.What is meant here is that the corresponding
contributions to, say,the proper energy of particlies would prove
insignificant as compared with the experimentsl masses: this
would mean that the electron and muon masses would have no

field origin,for example.

_ The above considerations also intensify the interest
) in high energy neutrino physics characteristic of physics
] today in general.
' | Unfortunately,the energies of the order 1011' eV (in
the c.ms.) will not be accessible at least in the next few

years.Such energies could be obtained with colliding electron-

50X1-HUM
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eleceron and electron-positron beams with particle energies
~10' eV in each bean.

This possibility is unlikely to become a reality
in the near future.Therefore it is worthwhile for the time
being to try to get answers to these questions in a less
direct waj.

Qne of such indirect ways is connected with the.
consideration of the higher effects of the perturbation
theory for weak interactions.In the calculation of these
effects in intermediate state the modern mathematical form-
alism allows the possibility of‘any large momenta close %o
the critical (' K, o= t@ R

The magnitudes ;f many of these effects essentially
depend on the maximum momenta allowed in the intermediate
stafe.mhus,coméarison of the theoretical and experimental
values for the effects of this kind can in principle yield
vsaluable data on the allowable magnitudes of the limiting
momentﬁm? ‘

Several effecteaE"as) have been Enalyzed from this
point of viewo2),The anglysis leads to several new fundamental
problems of the theory of weak interactions which also await
their experimentel verifieation. ’

One of the effects of this kind is the conversion
of a muon into an electron in muon-proton scattering,This

process is described by a Feynman grapb of the type
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Fig.1

The ratio of the probability of this effect to that
of the lower gpproximation (jt 1-[3 >V o+ V ) is given by
the express:wnaq')

/

_//“‘70 "e;) G k O K max (‘6)
—— | ,
67 éa,p - ny) | 165F
At present ratio (l6) is limited,according to experim-
ental data,by the value=®) |
Sz < 2.4.1077, (1%)
= |

In the gross estimate ( [b ) the effects of the £irst
~and second orders begin to compare ( I,._B'i )} approximately
-for momenta ~~ 1000 MJ,~K¢_ .

| The experimenmtal ratio of these cross sect lons,consid-
erably less than unity (/% ) indicates that the intermediate
momenta in the effect 4P —» €+ P cut off at the maximum
.momenta which .are perhaps fractions of the critical ones,

' ' Unfortunately, the effect under discussion hes not

23
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been detected experimentally and so far only its upper limit
is experimentally given. |

‘ It is desirsble to make ratio (/¥ ) more accurate
in further experimemts.It should be borne in mind,however,
that ratio (6 ) depends on the momemtum ( J ) in fourth
power and the experiment should be improved in accuracy at
least by two orders in order to decrease the quantity K max
only by a factor of 3.

Cbviously,in the future theory there must arise certain
circumstances cutting off the growth of four-fermion interac-—
tions at some maximum momenta,but the physics of the nearest
future will have to determine within whet limits the magni-

tude of this lies and what mechanism is responsible

K mex
for the weakening of the interactions when this energy region
is approached.

The anglysis of expérimental and theoreticsl data
on the cross sections = 6p and & would warrast the con-

- clusion that | .. < Kgpjp 1If it were certain that the
process jf'+ P - pte” is pot forbidden in general by some
sttendant circumstances.

Such circumstances mgy arise in a theory assuming

" the existence of,say,two kinds of neutrinos,the existence
of an intermediate boson, and,specially for the given effect,
the possible role of the formfactors of strong interactions.

A1l aspects of these possibilities require wide exper-

24 '
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imental resgaréh in high energy neutrino phyéics.Of-cpurge,
weak interactiohs can in pﬁﬁciplé be investig'ated in ﬁlp
and,Jf‘e. c011181ons as well. But the participatlon of these
partlcles in the pattern of other stronger interactions gives}
rise to a great variety of effects,and against the background
 of‘ﬁhése it is difficult to isolate the rare events due to
weak interactions. . N |
Thé néutriné is a unique particle in this sense--it
intermcts with other particles via weak interactions‘ohly.
Therefore, the high'pénetrating power of the neutriho makesv
it possible to absord in large shleldlng layers the admlxtures
of all other kinds of radiation in the neutrlno flux and ellm—
inate in toto the undeslrable background of the effects due’

to other kinds of interactions.

2a Dynamically Deformable Formf acters

At present there are certain groundsa to. believe that
o + .
the'neutrlno—nucleon interaction cuta off at the electro—

Or rather the process V'HV — WV ““/" corresponding to
the first nonyvanlshlng approxnmatlon of perturbation theony

) “wfor>the weak interaction.
S

. magnetic nucleon radlus,l.e.,at a con51derably larger dlstance
£

thap the critical weak 1nteractlon length.But this is Stlll

Y
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a hypothesis to be checked experimentally.

It can be visuaiized how strong interactions are
at all capable of smearing out the source of weak interac- -
tions.For the vector part of the Hamiltonian of weak interac-
tions the saﬁe picture caﬁ‘be drawn more convincingly.

Indeed,the electromagnetic formfactor of the nucleon
(Hofstadter3o)) weakens correspondingly the interactions of
electromagnetic fields with nucleons.The weak vector interac-
tion can formally be treated as a kind of "weak electromagne-
tism",Assuming that the equation of continuity for the corre-
sponding cu;rents is fulfilled we can conclude that the Hof-
gstadter formfactor,which gives the distribution of the elec;
trical charge of the nucleon,is also a formfactor at least
for the vector part of the week interactions,

The situation with the A -interaction (axial~vector
interaction) is much more complicated.The gbove analogies do
not hold here.True,ih this case as well théfe are considera-
tiqns gccording t0 which the behaviour of the matrix elements
of the A —interacfion becomes, in the limit of very high
enefgies;identical,in a sense,with the V -interaction.
However,it is unknown at what energies the differences be-
tween the V -and A -interactions are actually (in this
sense) erased.

Finally,it is possible that what we have in reality
is a more cowplicated case.Perhaps,the vector interaction

is indeed cut off by the Hofstadter formfactor,while the

' 26
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axial-vector intersction still continues its ‘increase over
a considerable enei;_gsr’ interval.This possibility has its
at tractive aspects.But in this case the effects of the
'/‘f-%P'—) Pt €7 type must be suppressed by some other mech-
 anism. | | ' |
The idea of the cut-off of weak interactions by the
‘fomﬁfactors of baryons >produced as a ijesplt of st;ong inter-
L acfione hag gained wide recognition very easilyz?"zg).lts
populerii;y,ho'wever,@es x;ot correspond to its tenability.
If the experimental data on the existence of the Hofstadter _
| formfactor are used in the argument,it should be borne in
mind that the experimental data refer to relatively small
‘ mome xt um transfersso),viz., q,z' = Lff‘ (m, c) »i.e.,the cor-
‘responding 1engths are no smaller then the nucleon length
( 5', j;,_c ~2.107% cm).It is not impossible that farther
At any rate the extrapolation of the experimental |
Hofstadter formfactor expression for arbitrarily small
lengths is still unﬁax;ranted.
I% is worthwhile to eﬁphasise the fact that the
popular contention a‘pout the cutting-ogt‘f role of Eti‘ong in-
teractions in elestic nucleon—neutrino processes tend.s to .

a kind of universallty w:.thout welghty theoretlcal and

¥ ) 4 1

I.e.,fo the spread onto inelastic processes,virtual

. . 2 - 2 a
-gtates for whlch‘E ~ P Fm* .

+
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experimental grounds.If the problem is discussed in a purely
theoretical aspect,taking into account the role of strong
interactions in electromagnetic processes and weak effects
actually leads to the appearance in the matrix elements of
some factors dependant on the momenta transferred to the
nucleon‘ab).lf these factors could always play the role

of formfactors suppressing large momentum transfersa,in
\particular the large momenta of the virﬁual states,this
would mean the absence of the notorious difficulties with
divergences in electromsgnetic and weak fields.That would
be an inference of fundamental importance if it were just.

Some vague grounds.(pr rather hopes) for such a
possibility hsave been discussed in-literatureal).

It is well known that the phenomenological ("rigid")
formfactor cannot be introduced in modern theory withoue
violating such fundamental properties as causality and
unitarity. | _

Actuslly,however,this is the question of formfactors
which arise automaticelly in relativistically invarient and
unitary theory: by definition they must be free from the
defects of the rigid phenomenological formfactor.

In other words,these "natural” formfactors mst,in
contrast to the "rigid® ones,be deformsble so that the
fipiteness of the propagation of the sgignal over ﬁhe'form-

factor region be conserved and thus the causal description

of modern theoxy be conserved as well.

&
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A special term: "dynamically deformable formfactor"
i has been introducedal) to distinguish such a desirable |

natural formfactor from its defective rigid counterpart.
But so far the dynamically deformable fomfactor is merely
a terminological expression of hopes.

No case of the dynemically deformeble formfactor
has been constructed phenomenologically.Such a “non—rigid"‘
system of charges acts as cutting-off formfactor onlj for
small ﬁomentum transfers,or rather when elastic scattering
cases are specially selecfad,lt has become habitual to con~
‘nect the visializable concepts of the nucleon structure with
the formfacters of nucleons arising in elastic electron-
‘nucleon scattering.In this case as well it is pérhaps more
correct to_stress merely the peculiarity of the .given kind

- of elastic process .

. Y p i ; |supglre

that

ith [elas

. gun . e " Q .
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Rather,the visualizable concepts of the origin of
the particle sizes because of the '"smearing-out" of nucleons
dge to strong interactions are Jjustified in the non-relativ-
istic region when the formfactor in the P ~representation
depends on the spatial part of the momentum vector. -

The electron cloud of the hydrogen atom furnishes
a certéin illustration of the dynamically deformable.formp
factor.In the non-relativistic region for very slow electrons
incident on'the hydrogen stom,the electron cloud of the atom,
becomingsomewhat deformed,acts as an actually distributed
charge. |

Furthermore,the electromagnetic proper energy of the

_bound electron can be calculated,taking into account the
possibilities for its transition to any discrete levels,
and this energy will even prove finite.However,taking into
account any possible deformation of the electran cloud,viz.,
teking into account the possibility of the transition to the
continuous spectrum (inelastic process),réturns the problem
to the divergent integrals. |

Thé sbsence of the observed effect jr' +P > P+e”
would seem a strong argument in favour of the existence of
the pucleon formfactor capable of cutting off the momenta
of virtual states as well.At this stege it is perhaps not
even vézy essential whether the formfactor appears naturally,
as a result of strong interactions,or a new,essentially dif-
ferent theory wiil be réquired for the introduction of such
formfactors.In the light of what has been saidJabové,this

30
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amounts to the same.Or rather we cannot in the frame of the
conventional theory describe consistently such a situation
even if it exists.

Thus the problem is whether we should believe that.
precisely thig situation has already arisen in the experim-
ent /‘l".f P —> P + €7 or the interpretation of 11: cannot
¢ be regarded unambiguous.

Unfortunately, it must be admittéd.that the latter
. is the case.No unambigudus inference on the existence of
the foimfactor can be drawn only‘ on the>basi's of the absence

+
of the effect .

+ b —
If the effect/-l +P > pt e did exist,but with

| small probability on the basis of which the corresponding
K pax could be calculated,this would essentially na:;;‘row
the arbit;rarinesa of the interpretation.Especially if kmax
.coincided with the corresponding quantity for the Hofstadter
nucleon.Unf ortunately, the accuracy of the experimentze) has
to be inci'eased by 5 or 6 orders to have thg pds'sibility of

registering the latter effect if it exists.

The fact is that it is not only 't:he/l_"-e—P - P + e~
- ‘ .effect proves to be forbidden.For some reason or other a
whole string of effects is not realized though each of thenm
should have been ob’sevrved if the formulation of weak inter-

actions in the form (£ ) has any general meaning.
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Some of the forbidden reactions do not contain
strongly interacting particles at all.Thus,the reactions
/‘44—%9*1‘3/ and /u+->e++e“+e+ which can by
no means be suppressed by the formfactors due tb strong inter-
actions are not observed.The idea of looking for some common

¢ causes for the entire set of the known cases of forbiddenness
might seem more natural.

The conversion of a muon inte electrons (M .y 3€
can be forbidden in the first order of perturbation theory
by asssumirg that there are no "neutral" currents in Lagrangian
( § ).This hypothesis was put forward in refs.6’7) as a cer-
.tain contention generalizing the experimental data on weak in-
teractions without any thorough theoretical grounds.

But even these vioiations over the theory of weak
interactions prove _insufficient.rEffects of the type /U - 3e
‘may,bypassing the forbiddenness thus establisbed,arise in
the higher approximations of the perturbation theoryaa).

In the lowest non-vanishing approximation the graph

of the/,_)ge process i’s of the fegrm

Fig.2

- 32 .
Declassified in Part - Sanitized Copy Approved for Release 2013/09/16 :
CIA-RDP80T00246A025300270001-1 ' :

)



| Eav1_HUM
Declassified in Part - Sanltlzed Copy Approved for Release 2013/09/16 :

CIA-RDP80T00246A025300270001-1 |

PRRINOY ~ DU
-um--;w-u.w-..n L, e e -

Fige3

: h
A ggg%s estimate of the probability for the effect
by the graphaq')_ of fig.2 yields for the ratio of the effects

of the second and first order an expression of the same type
as (16 )

W (re + 3¢ ) gz. k:“
W (g »evv) 1657

A more detailed estimate of the effect32) leads to

the relation
Z ¢ -fo (12)
36 K max - 10 K max 4
26 5 ps5g? m/,)

The experimemtal value of this relation is known accurately

to withind?)

33
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Comparing eq.( 18 ) and eq.( 19 ) we ought to tee

Kpex <90 GeV. (20)

From the same point of view the conceivable possi-
bility for the decay of a muon into an electron and X -

X .

< ' quantum given by the graphs of fig.4

¥

Fig.4

- sgeems also interesting.The estimate of the contribution of

these graphs to the probability for the Vol e+y decay

leads to the expressiohzb')

ol 2 @‘/z’ 2
~ (4%)" /G)“z) / z/;;_x Vad (1)

where ol 1is the fine structure constant and /4 is the
mion mass.A more accurate estimate of the same éffect given |
by Toffes ) (if his arguments about the a priori smallness
| of the contribution of some grephs ere accepted) is expressed
' by the relation
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Wef-)' 2z 2,.% ¢ . 4 po o '
= = — g 6 g’? mq,:/
o Wervey JI5° . Kmx [ m* (22)
_ /ﬁb _
Thre latest experimental data give34')
R £ 4.3 x1078, (23)

- This means that from eq.( 22 ) and ( 23 ) follows the upper
limit for the cut-off interaction of the momentum

Kpaxy <25 GeV . | {24)

A common feature of all the effects M 1p—y P+ e~ |
Ja3e | -y ery )jc‘}e“—y.."., et 23y etc. under
congideration is that none of them has been observed.

Of course,more sasccurate experimental data may well
lead to the effect under study and hence to the establishment

of the true value of [ .  in wesk interactions.
The list of unreaslizable reactions may be extended,

Thus a question arises why there are no decays of the form

K* -'*-'!’/‘:..L'B:-f-.ﬁr: (24)

A° —-9_"%/':_-}-9: ' (2¢)
- . . k.‘.’__,’/l.*"f—fﬁ-: a{yj

ete.
Therefore the idea that a certain common rule of

forbiddenness is operative in all these cases is also natural.
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The search for this forbiddenness has led to the idea of

two kinds of neutrinpos.

\

35, V. Z£)VY ? (Two Types of Dirac Fields)
v #Y

Thg n—pt ©+) decay yields an i];ectron
and neutrino (antineutrinc).The W—y‘—-ﬂ) decay yields
a /t"' -meson and neutrino (antineutrino).

Query: is the neutrino associasted with an electron
identical with that associated with a muon,or are these
neutral particles different by nature?

Though the latter contention does not trespass
a'éainat the laws of logic and there are no a priori grounds
for identifying the particles produced in different procesées
our mind is unwilling to accept this possibility and merely
yields to a sheer neceaéity.lf these particles prove to be
different in their manifestiations,the theorists will attach
different symbols to them and then will impart the correspond-
ing meanings to these symbols.

If the particles are actually different the decays
of a neutron and pion should be written,for example, like
this .

-~
n — P-i-e' -L_Ve _ (‘3-3)

?‘-"—_’/— +lj4 (t?)

Ria)
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it can readily b.e seen that in the ease of different
muon and electron neutrinos all the effects described by
graphs 1,2,3% and 4 are actually forbidden.
. _ The possible existence of two different kinds of
neutrinos has been considered theoretically by several
anthers.

- ~ The earliest papers date from 195735'37).In a large
group of papers following these investigatiens of Schwinger35)
and Kishlalma ) the difference of neutrinos follows from
certain postulated conservation laws.Under this assumption
the left-handed and right-handed polarized neutrinos lead,
by combining with.a muen and electron,to seve:al forms of
desirable forbiddenness.

In ref.zl),in accordance with the concept of the
baryon structure of Uthe non-baryon.particleszo'al) leptons
proved to possess strange pumbers.The need of ascribing dif-
ferent strange pumbers to the muon and electron as a result
of the‘different systems of baryons representing these par-
ticles led to the need of ascribing different strange numbers
to the ﬁuon and electron neutrinos.

Zeldovich58) introduces the doublet structure of
the lepton groups (€V ) and (}HJ) whepce it is only ome
step to two kinds of neutrinos.

| It should be emphasized that the forbiddenness of

: the reactions M.y e +e*+e / “>e "J/ Yy +P_’P+e-and.
/u .ﬂ.eajl "+ @+¥ can be obtained at a cheaper price,so to speak
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by returning to the o0ld idea put forward by Konopinsky and
Mahmoud>?). According to this idea,the /‘f ~meeon is,in con-
trast to the @ (electron),an antipartlcle In the family of
mions (J"‘;)}C_ J,unlike the femily of electrons (€~ i @* ),the
particle is /"' .1t can readily be seen that all the reactions
of the type (p'ye’+e+ et | uTiprpie=  ete.) are
forbidden by the conservation law of the pumber L" represent=
ing the difference of the pumber of particles and that of
antiparticles. ‘
The idea of treating M¥ and e~ as particles and
M ana et as entiparticles is in itself interesting.We
bave long been used to the thought thet the concept of the
particle ‘and antiparticle is not connected uniquely with the
sign of the charge.The proton ( P" ) has always been consid-
ered a particle and the antiproton ( P~ ) an antiparticle.
The most salient example of the absence of the unique connec-
tion between the concept of a particle and the sign of the
electrical charge is furnished by the existence of f ¢ and £~
particles.The argument can be sustsined by the example of the
cascade hyperon whose charge is negative.

Begides,there are cases when the concept of a particle
and antiparticle is not coﬁne;:ted with any elecjrical charge
et a1l ( peutrinos,antineutrinos, Ko- and K‘ ~mesons ).

The Konopinsky-Mahmoud hypothesis is slso attractive
because for the first time a certain attempt is made by it
to find a real difference between the muon and electron which

38
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would show up in several observed effects.The muon is for
the first time considered not simply as a ﬁewy electron”,
and this is perhaps the beginning of the path on which the
enigmatic inequality of the masses of these particleé will
be explained.

In a subsequent formulation of the theory of weak
intera.ctionse'?),ivide—spread at this writing,the EKonopinsky-
Mahmoud idea was ‘abandoned since it confradicts,in its direct
form, the expefimental value of the Michel parsmeter. The
latter vanishes in this theory’) ingtesd of being close to
3/4. . , '

However,a more elaborate analysis of the problem
has shown that in the framework of the theory of two non-
identical neutrinos it is possible,while preserving the Kono-
pinsky-Mahmoud hypothesis,to avoid the contradiction with
the experimental value of the Michel = psarameter as well.

The most elaborate exposition of the idea of two
neutrinos differing in right- and left-handed polarizstion
can be found in s paper by Kawakamiq'o)._

Proceeding from the four-component '-'r' ~function
satisfying the Dirac equation,the wave functions of the "right-
hapded”™ and "left-handed™ neutrino are given by the expressions

' Ye =2 ( 45 ) ¥ ; (30)
‘ . &"Jfé{yd’y

B = [ 1+5) ¥, : e

. 39 : ‘
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" with the aid of charge conjugation the fields \Pvn. and 'tb
transform into the anti- R -neutrino ( +:& ) and anti- L -
c
neutri field
utrino ( ‘hb J, ields

(32 )
Ve T = g1 ) ¥

: -~ T
where €C=~-CC =41 ,py ‘f"c'::'C.“l’

Thus the P -neutrino and anti- L -peutrinc are
right-handed polarized particles and the b -neutrino and
anti- R -neutrino left-handed polarized neutrinos.

The subsequent assumptions are:

(a) lepton number conservation law in the form
A = n(/a"}_n&[)+n/e'/-n/e’y # (33)
g "(VR)—!?/VRC )+ n[x/.:,/- n/}zc)

The quantity L congerves in all processes involving
leptons; h(&)-is a number relating to the particle of the
type oL

In this formlation of the lepton number conservation
law it is assumed that the pm:tlc.l.es are/“) ) " Va ) Y, eand
antlpartlcles/ ) VR_ y Vb .In other words,the
formulation of the law incorporates the idea of Konopinsky
and Mahmoud retferred to above.
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Furthermore %o explain the largest number of the

. observed cases of forbiddenness another conservation law
is lntroduced viz., _

(b) conservation law of the neutrino charge N

N = n//¢c7—n//4'}~[n/e‘j-;7/e7] #
*n()-n(V) -—[n//,,) -n/;/;_y

+
Becsuge of the conservation law for the lepton number _)i

(31)

cannot transform into et or jf‘ into @™ and visa versa.
Thus the sasme forms of fofbiddenness as in the XKonopinsky-
‘ Kahmoud theory are preserved.The neutrino charge conservation
law forbids the transa.tlons/u to e, )l and @' ’
/!" and & cannot arise or vanish in paira 1.e.,proc-

esses of the type

+ d : ..--; {9;)
K“-’-—a)" +e +¥

are forbidden.
The adbpted conservation laws (a) apd (b) allow the

processes

7 "'}‘ +, 1o 9*"’] [36)'

- f*-—»e*wn%-ﬂ‘—’e"**’i*’ﬁ‘ o)
V*P""*j‘ , Vgrna Prp

A7
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Processes of the type \ﬂ%*'F)'7 h + e+', are forbidden.
Thus,the field lﬂL is always connected in this
theory with M -field and ,1{ with electron field.
The decay of muons in form ( 3% ) leading to the
“production of two neutriros (decay ofd/u* ) or two anti-
neutrinos (decay of‘/H ) is characterized according to
ref 40) by the correct value of the Michel parameter.
The theory proves in this sense perfectly equivalent to the
theory of Sudarshan and Marshak®) and Feynman and Gell-Mann’)
in which the decay of muons yields'a neutrino and a corregp=
onding antineutrino:in both thecries the polarization of these
particles is the same.From a more general viewpoint it can be
said that in the case??129) amd in the case37) new "quantum
numbers" are introduced for 1eptqns,and the the wanted for-

+
biddemmess can be obtained using these numbers .

+

Ascribing the numbers Lr= +1 to the partlclei}; - ,%{
L, = =1 ¥ M e*, V:
¥ o=l " M et ﬂa,vh
N = -l " '/“a:e_, N

and assuming the conservation of numbers L and N in the
reac®ions all types of allowed and forbidden processes can

readily be written ouk.

Tt is perhaps no accident that in the formalism of

modern theory there is room for the Konop insky-Mahmoud

42
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bhypothesis and the idea of two heutrinos.

< ‘The second order equation for spinor fieid is meant.
As epplied to electrons this equation was discuséed many
years ago A1y

The corresponding Lagrangian was written as

: L - - ’9¢rfﬂ‘>¢ Cm (31)
: ‘zsi 3*’ 9%?” ;Z 92'§é

Such a theory proves capable of describing the electron
» N
a8 a particle of positive energy and negative electrical
cherge @7 and the positron as a hole in the occupied

!

electron states of negative energies.

The same theory,however,has also room for another Qar-
ticle of positive charge and positive energy and for its
antiparticle,a hole in the distribution of the levels
occupled by particles of positive charge and negative en~
ergies. | 4

The electron can annihiiate with the positron (hole), s
but not with the other positively charged particle,

According to this equation,there would have to exist
a "second electron".Its properties must,in a sense,be lnverse
to the electron: the particle is a field quantum,charged po-
gitively,while the antiparticle is charged negatively.

Since there is no "second electron™ in nature,it seems,

¢ it is attractive to regard the /)W'-meson_as the second par-

3
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ticle in this theory.This viéw is possible if the second
order equations are treated as equations for bare particles
with equal masses ( Me= m),=h‘)) and if it is assumed that
the degeneracy with respect to the masses is rgmovga by the
interaction. | |

The new possibility in the second order equation
arises becasuse the equation ié equivalent in the case under
study to the Dirac first order equation,except that the former

is for eight-component functions.The transformation of this

equation can lead to the two independent Dirac equation54l)
. -
(P rm)¥; =0 | (+0)
/ L@
A P =" 5y
(cp-m) ¥ -0 ad (41)
Theée equations can be united as
4 1
e - WS S (1)
/+m}¢o,¢%,/,;;4,_ |
where ]- is the eight-row matrix
' J, 0 /_ // // (93)
/" 0 / /" 23‘/ hly -/
The Lagranglan of this equation can be written as
L/z 2% _ ¥ _
af-,e,/m;;;-;,,/&!ﬂ-mw &

44
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We can readily obtain the current conservation law
D i -l
o, Vb0 pse¥y 4y

and charge density in the form

_ * * / — ("“)
PGl ) TPy
The above Lagrangian is also invariant with respect

to the transformations
+ el .
Yoe . p¥, g - (4%]
This property of the Legranglan involves the second conserva-

tion law
2 Frf-o ; N-Fr¥ (2)
The second law allows thé interpretation of the ex-
pression j,:’:‘_}—/[:‘f’ as the density of the number of particles

7% ¥ ¥ % (rs)

After the quantization according to the positive metric’sf)thg

conservation laws are re-written in the form similar %o

egs.( 33 ) and ( 34 ).It can be said that there are "two
- Dirac equations": one for the electron (iﬁ+m )‘f’e =0 and
the other for the muon {%ﬁ-—m )‘{}, -0 .

We shall call the Fermi fields satisfying eq.‘iﬁfield.s'll

and the fields obeying eq.II fields II.

- Phese fields are conjugate in the sense of the Kono-

pinski-Mshmoud hypothesis.

N Cq’e(ﬂ-), ‘?&Cv)_]+ = (::ﬁ — 1 )ﬂ;’é’)
L) F6R, =P « im)d (k1)
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In this respect the difference between the fields +I
and ‘-!’I can more clearly be illustrated as follows.
The Lagrangian of the second order equatiod for spinor

functions leads to this expression for the charge density

(50)
.ch/z //f V¢ é/yff ¢

| Egs.4i%and II differ in thatt) eq.¥} for example,selects
‘f} for which /P is negative (electron solutions,
--Z'Y""" :m\{i).Eq.&lI selects ‘f], for which 5’ is positive
( /@, - meson fields, — ix’lg% =~ m‘f’n- ).Only in this in-
terrelation of the fields of eqs.Iﬁa.nd 41 is it expedient to
discern the fields ‘f’r and ‘f‘I cornjugate in this sense.
: Dirac derived his equation by expanding into factors
the operator ' ,
B - = (if+m)(ip-m)
and taking only one factor as the operator of his equation.
The symmetries of the Dn.rac equation for the eight-
component ‘-f/-function. are analogous in many respects to
those of the Dirac equation for the four-component function
if it is assumed in the latter case that MM =0.

Indeed,in the transformations

il N 7 1)

A i

/
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eqg. (40) takes on the form of eq.(41) and vice versa.

In this sense the four-spinor (bi—bispinor) of eq.(42)
igs as much an integral whole as the bispinor of the Dirac eguas
tion in the case m =0,

Either of egs.(40) and (41) is invariant with respect
to the Lorentz transformations,;but ons bispinor passes into
the other in the tranaformations Y > ¥ ¥ .

These pew properties of symmetry arise because and
oply becanse the masses in eqe.{(40) and (41) are put to be
equal. '

Naturally,only such kinds of interactions can remove
the degeneracy with respect to the masses of the bare particles
which will be not invariant with respect to the transformations

Yy, '
There are no general congiderations on the basis of
" which we could discriminate one of eqs.{40) apd (41) for
electrically neutral Fermi fields,
It is natural to assume that for the neutrino as well

we can write two analogous equations

4 ‘/31 + my) %e =0 : (52)

A o
[cp-my) ¥, =o o (53)

¢ For the sake of ge'nerality m}{' and mj are not put equal
to zero in this case.
The conservation iaws arising for the neutrino (52)(¥3)
fields have in general the same meam.ng as the electron—muon

fields, ‘{’ F*{' = 7 still characterize the density of

&
the particles g// L V/S + gpy/‘- ;//'//u

47
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The fourth component of the vector '] ‘-l’ l’ [ ‘K) has the
meaning of the weak charge density

~

Different neutrino cha.rgés for the electron and muoxn have

been introduced by -Zeldovich137) and Ha.rf"z'e).'rhe purpose of

+

introducing neutrino charges is to forbid effects like

/0 - 8 +a/ etc.
- G4 ¥ - K*’“_/&fj (54)
for neutrino fields
G- 1) o

for electran-muon field.

If it is held that all leptons make up an isolated
Bysﬁem of fermions,that the general lepton Lagrangian is in-
variant with respect to the transformations of the same form
for all lepton functioﬁs

‘ : e g (s¢)
Wb_’eéo{pb ) 4‘”&%%;&(:‘ e-‘oé

?
then the generalized conservation law of the lepton number
will be written just in the form (33 ).

Assuming that t‘pe transformetions of the type
. =epl r L,
+epl”

/

48
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also leave the general lepton Legrangian unchanged we obtain

the generalized conservation law of weak charge (& ) pre-
clsely in the form ( 3Y ).

If the neutrino masses m,=0 ~ then for the
neutrino functions the role of the matrix " is played by

the matrix ¥_ ip diagonal representation l) and the entire

¥
. situation with two types of neutrinos tallles with that de-
scribed above by the work of Kawakami. :
In terms of two types of Tields the case M = mj:mfzo

can also be presented in Jthis way .

For the two~component functions if’r"' and ‘f;’ we

can write such two equations

L. ' 5%)
?;_‘:J-. + € 5/’ %V =0 {
? N
Y _iem ey - )
where 1'; and "f’; are two fields with different transform—
ation properties |
4 L v A (60}
;0.[ - € 'ﬂ ¢I N /-,- - & ﬁp__{

These fields differ in the same sense as the fields
‘Ii,. and ~f described by the four-component functions.
In the representatlon in which the equations for neutrino (57)(3¢)
functions are written the matrix YJ" is diagonal
o Y /2‘ o / | (é1)
$/o -7 )
In deriving the conservation laws the matrix. XS' plays,for
*  the neutrino field in the given case,the same role as the
matrix [ for the electron-muon field.From this point of

view two types of neutrinos ( Va and )/, ) constitute a

%

50X1-HUM
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particular case of two types of Dirac fieidsconjugate:in
-the sense of the Kbnop inski-Mahmoud hypothesis.
| In the problem m # me_:.t is the identity of all
lmown interactiona for the electron and muon that is en:l.e;ma:bic.
If the bare electron and bare muon are described by
't_he‘aame equation, fhen,given the identi{:y' of 8ll interactions
of the mion and electron, it is il_npossibie to interpret the
‘ differences in the ﬁasses of these particles in terms of field
theory. - ' |
In the above formalifm we have a somewhat different
'Bituatlon which requires further analysls.
When writing the equatlons in the form ( tp+m )"f’e =0
ana (L[5 =m )4, =01t 16 required that the additions to s
| in these 'eQuationB due to the interaction,infroduced

. . +
should be of the same s8ign = €.g.,

o | S |
‘Yor details see preprint ).

me_-m-fm C —my, =-m -dm (6‘*‘-),
) M
W:Lth a bare particle mass equal’ to,sa,y,roughly half the real
muon mass snd &M  close tog this value,we could in principle
expl_ain the difference in the‘ mion and electron massea;mis
¢ ' ‘poasi‘bili.w is apalyzed more elaboratelj in sect.9.
| | Thus it seems more expedinnt to interpret the problem

\% ;‘)/ from a wider point of vieir,as a problem_ connected
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with the existence of two different types of Dirac fields.
The existence of these two types is not restricted
to the lepton cases.Probsebly,there are similar baryon doublets
+ . —— - — )
(P ) (==z°)
) ) /
N which can be correlated with the lepton doublets
+ . f—
V) (e, Ve )
Perhapa,the baryons 2’ + $ = should be correlated (?)
) .
with the neutral components
0 (o] y O
Y A°-£ 7 - A%+ %
Va. Va_

But the discussion of these points is beyond the scope of

the survey.

Search for the solution of the problem in other pos-
sible directions is also of interest. |
Though the hypothesig of the complex structure of’
leptons expressed graphically in ref.zo) has elements of over-
simplification,it corresponds in spirit,] daresay,to the trends
in the contemporary theory of elementary particles.
* ’ There has been a growing conviction that in the region
of strong interactions the picture of any of the so-called

. elementary particles receives essential contributions from

51
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all other elementary particles.The concept of the neutron,

for example,is unthinkeble without the pion field which essen-
tially determines the structure of the neutron and its major
properties.The pion cloud determines the properties of thé
proton and meutron tc such an extent that -the pions enter
"structurally" into the protoﬁ and peutron.The same apparently
applies to the K -meson field and the copnected field of
hyperons, the field of (- and j? ~mesons, etc,

In other words,as particles axe discovered,they are
styled elementary,c¢lassified and duly labelled,but then it
appears that the relations among them are so close that each
"elementary" particle begins to be conceived as a qomplex com-

: +
position of all "elementary" particles .

There is an extremist point of view according to which
it is of no importance what material has been used to build
the elememtary particles in strong interactions.The result
mist be the same.In its very general form the valzdity of

this idea is well-nigh self-evident.

For example,the possibility of different mode;s of
.baryons and' K -mesons can illustrate this idea.

1.In many propositions the | K -meson is known to be

regarded as a complex particle

Ke= m+pe 1

22
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2. ‘'he hyperon is regarded as a complex.particleqe)

o “A°= n +Ke i

3. The pucleon is supposed to be @ complex particle’>)
n=/N1°+K "~ 1§

The fact is,however,that in its general form the idea
can be‘of no heuristic value.A certain analogy can be drawn
with the possibility of using different systems of coordinates
for describing physical phenomena.Such a possibility does exist.
But it is also correct that the heliocentric system is more
natural for the description of,say,the motion of Mercury than

the geocentric system.

For example,the Heisenberg programme is known to be aimed
at obtaining the "elementary"™ particles as complex effects of
& certain universal Fermi field as a result of strong (non-
lieear) interactions. An aﬁtempt along the same lines to take
as the basis the four-fermion interaction of baryons treated
as excited states of nucleons ﬂas also been cOBSideredao).

The production of new particles in this interaction
(off; K —particles) is manifest as the origin of poles in ‘Eshe
corresponding ¥ ~matrizt?).

- The programmé of treating particles as The corresponding
Regge poles is,in a sense,an attempt to realize in the-given
concrete formalism the same idea of the non~elementariness

of elementary particles.
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Unfortunately,leptons do not yet fit this programme.

+
Strong interactions are needed for its realization .

. A .
Evidently,the construction of elementary particles and

leptons in partiqular,is only possible on the baesis of strong
interactions.Weak interactions can,if they remsin weak in all
cases,yield only "weak" corrections to the parameters charac-

terizing a particle (its mass,etc,.).

In this sense it is worthwhile to hope to find for
leptons as well the corresponding strong interaction in the
“weak" four-fermion ome which becomes strong for high energies
or small Collision parameters. '

Perhaps the new approasch to the concept "elementary
particles" which takes shape as the matter ig viewed from
various concrete vantage points is the mostvessential accom-
plishment of physics in the last decades.

From this point of view theridea of two types of
neutrinos permits so far to assume,withoutvcontradicting ex-—
pefimental data,the correctness of the theory of four-fermion
interactions up to energies c¢lose to the critical ( ~ 300 GeV).

However,a seriocus (so far purely theoretical) danger
to the idea of the four-fermion interaction has arisen in

recent years from the idea of the intermediate boson.

24
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4, Intermediate Boson ’

Many years ago Yukawat ' ) suggested regarding the weak
interaction as a more'complex process then the direct 4-fermion
interaction.According to this idea,there is an intermediate

| boson (ssy W ) which emits,for example,mucleons and then
. decays into leptons

: - _
n-—»P-rW"‘ ) W > e +V
The idea has been revived in connection with the
latest stage in the theory of weak interactions.To a certain
extent it universalizes all known interactions: fermions in- '
teract with bosons.The field theory is patterned on iﬁs his-
torical prototype: elecfrodynamics.ﬁhe vector boson is thought
to have some advantages in nature and there asppears the natural
trend to upderstand the hidden causes of the universality of
vector field;
New vistes thus open for theoretical speculations which
. can point to further ways in the fundemental research of the
near future. ' |
The intermediate vector boson naturelly explains the
select naﬁure of the vector variant of the four-fermion formalism
. of weak interactions,and the charged intermediste boson clould'

nsbturally explain the fact that the "eurrents" in the weak in-

teraction Lagrangisn have to be written a5 charged.

55
Declassified in Part - Sanitized Copy Approved for Release 2013/09/16 :
CIA-RDP80T00246A025300270001-1



Declassified in Part - Saniti}_ed Copy Approved for Release 2013/09/16 -
CIA-RDP80T00246A025300270001-1

On the other hand,there are arguments which make
the introduction of the weak interactions ef the intermediate
vector meson by no means so attractive.Indeed,a too close
analogy in constructing the theory of strong and weak inter-
actions would seem to give no possibilities to understand the
peculiarity of weak interactions.Why is the parity violated
in weak in contrast to strong interacticns if the strucfure
of strong and weak interactions of the vector bosons with
the nucleons(of the uu’ ‘M/'field) must, it would appear,
differ only in the numerical values of the interaction con-
stant? |

Moreover, since the mathematical fact that a vector  °
cao be built of two spinors has become known fhe idea,attract-
ive enough, that fermions'are the basi¢ material in construct-
ing elementary particles hess been vigorously alive.

But regerdless of our tastes,the problem of the exist-
ence of an intermediate boson in weak interactions is an ex-
perimental problem of fundsmental importance,and its solution
will affect the development of the theory of field and elem~

entsry particles.

= N .
I, TOTOEaRp 1 C ho st-ermedis

he Wheory 6f elemeptary pAI icles.Id this case the fole of

geak|interactions will péduce to yiellding weak corrections

Lo th¥ parameters of glementary particles (their massgs, |
: 5

ar
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@ifective chargesyetew
' - At present there are several variants of the inter-
mediate-meson-in-weak-interaction theory.

Unfortunately,in ite present state,the theory,burdened
as it is with a number of empirical rules of unproved, speaking
strictly,validity,does not allow the unambiguous selection of .

e a weak interaction scheme based on the intermediate meson, .
S | Thus, in the theory of weak interactions formulated -
by Lee and Yang 43) several requirements are taken into con-

sideration .

(a) Absence of weak interactions as tk_le strange .number
changes by 2 (AS' % 2), |

(b) The lA'[‘ =1/2 rule holds for the strangeness non-con-—
gserving decey particles ( I is the total isobaric spin of

strong interaction particles).

®o satisfy these requirements,the authors had; to
construct a rather intricate theoretical scheme_inco_rpqra_tipg
four typea of intermediate vector bosons.Two of them are
: electrically charged W* W = and two are neutral.Thus,
four new particles are 1ntroduced- a whole s€t of part:.cles
analogous in a sense to the well-known set of [ -particles
(K K- : Ki ) K °  3.In isobaric spin these fields

are duel- the W-fleld behaves as isospinor when it is

50X1-HUM
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connected with strangeness non;conserving current and
possesses the properties of isoscalar and isovector when it
is connected with strangeness conserving current.This isospin
duality of the intermediate meson has earned these still hypo-
thetical particles the name of schizons.

In the intermediate meson theory evolved_ by D'Espagnat
it is possible to avoid the above form of schizony and intro-
duce two new sorts of particles represented as charged mesons.

In this variant the weak decay -
— - _
=, —r N+e” +y
_i.e.ya decay with change of strangeness by 2 units ( A.":?.;,
is allowed.This decay is forbidden in the Lee and Yang theory.
Strictly speaking,experimental evidence is not yet sufficient
to warranf 'phe IA‘S“ =2 decay forbiddepness,though in litera-
tu.re47) there are indirect indications in its favour.On the
other hand,a more elaborate analysis of the problem
1 (Glashaw'’ )) weakens somewhat the arguments in favour of
i the forbiddenness of the reaction under discussion.In general
| it should be noted that at present it is unjustifiable to
refer to any finished theory of the intermediate meson: there
is no sufficient subgtantiation as yet of many rules of the
decay of strange partlcles,much as we are used to these rules.
Thus, there has been a reportu’a) that the rule % is
violated and a report’’) that the decay F* _y 4 A +)/ |
which is forbidden in particular by the Lee and Yang theory

5R
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} _ does exist.Incidentally,the Lee-Yang theory is essentially
| _ constructed in a way forbidding such effects by following
the rule jJ'- +4

These criticisms are by no means intended to underrate

~ the importance of the intermediate meson problem if even in
its original sense,in the sense of Yukawa,in the sense of
. the posaibility of denying the direct four-fermion interac—
’ tion. '
Ft Without going into the details of the intermediate

0p

boson theorlies,it can be noted that the intermediate boson
mass must be larger than the masses of the exisgting relative-~
ly long-lived bosons in order to avoid the undbsérvable de-
cays such as
K —»w Y
Unfortunately,even a possible experimental discovery
of two kinds of neutrinos will not be an essential argument
in favour of the true four-fermion interaction.The two-neutrino
hypothesis proves necessary for the theory of weak interactions
based on the intermediate meson idea.
As G.Feinberg5°) has noted,in such a theory there must
_be observed,with probabilities contradicting experiment,the
seme effects /‘ » e +X and / - 3@ which give so much
’ unpleasantness when discussing the true four-fermion inter-

actions.

* Here the situation is more tense since the coupling
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Declassified in Part - Sanitized Copy Approved for Release 2013/09/16 :
CIA-RDP80T00246A025300270001-1



DecIaSS|f|ed in Part - Sanitized Copy Approved for Release 2013/09/16 :
CIA-RDP80T00246A025300270001-1

* constant .of the intermediate vector boson with fermion field
is roughbly the square root of the wesk four-fermion inter—
action constant.Large magnitude of the coupling constant .
aggravates the situata.on.‘l’he two-neutrino. hypo'chesis is
called into play for obtaining the corresponding cases of
:Eorblddenness..

Thus it eppears from different angles that the:exper—
imental solution of the \j,. - \/ problem is something that
physice has to attain w:Lthin a few years. Drie-experiment—has-

- . oy, Under
the condition: 7—é L, s reaction like )j“ +n-—>pP+ e
mst be’ forbidden,and in the )j,‘ beam (for example,in accel-

erators A —-)/4 + J)/u ) only muons must _‘be observed.
Interesting concrete suggestions on the V/«r"’ Ve
problem experimentatlon can be found in papers of B.Ponte-~ _
corv052 53) In partlcular, attention is drawn to p. pos:.uble
use of monoenergy neutr:.no radJ. ation. Indeed,monoenergy .

+
neutrinas or:.ginate in stoppages in a substance of ?T"' l( and

P + ' e o
T4 yields  E, = 29.8 Ne¥
K __,}. +V . yields E‘v = 235.7 MeV
/ +A .;1}‘4- . Yyields E, =71060 MeV. -

As sn example of checking the identity of Ve. “and \f/. ’

it is suggested that the cross sectlons of the reaction

V/‘+C —_— e +J«/

60
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should be measured. .
+ The enrgy of the emitted electrons induced by the
- incident momoenergetic \é_. is known.The delayed positrons
from the decay of le have to be registered in the process,
The experiment is -pchpose'd to be made with electron methods
of detecting particies a8 well as with the aid of a large
’ bubble chamber.: .- '
- The idea of using monoenergetic neutrinos is attract-
_d ive because the 'exﬁerimén‘b' allows the neutrino-induced events
to be interpreted kinematically. - : )
protons
‘ With beam inbensibies of acceléerated parvieles capablev
of producing pion beams (i.e., E £ 1 GeV) the count,in the
author's estimatesz),makes the proposed experiment feasible
in pmnciple on the strozg-current accelerators 1n the nearest
future,With approximately the sane count another experlment
proposed by Pontecorvo is feasible In the latter experiment
. use is made not of heutrinos,as in the former,but of anti-
neutnnos from the decay of the stopped /U —mesons
o e *Ve +V ), E;wasuev ‘
I£ lj.. and V are identical the reaction

\7+ -» et 4+ N
:/‘P ,

is possible.

¥ ) -
4 ‘ I V ﬁ" Y e ‘there is no such reaction.The num-
ber V igs estimated to be roughly ].01'2 sec,i.e.,assumed

equal to the number of pions produced in the present—dacy

. L
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synchrocyclotrons, If a Reines~Cowen type scintillation counter
( 1 to 2 m ) is used the number of events (if V) EE%},) is
estimated to 5e rpughlj-l pef hour. ' '
Relatively low energies are characteristic of the
neutrino experiments under discussidnEa’sé).In.principleheu—l
trino beams'of considerably higher energies are better to
be usedvsince the neutrino~nucleon interaction- cross sections
increase quadratically with energy,at least in the region
E,/ { 1 GeV,But on the other hand,synchrocycldtrons with
Ep~-700 MeV can yield larger intensities,the reason which
has prompfgd"PonteCorvo to seak the solution of the problem

in the low-energy neutrino region.

5. Possibilities for Neutrino Experiments on
High-Energy Accelerators

‘The histof& of neutrino accelerator experiments is
quite instructive in the sense that it exemplifies the
astounding possibilities of:modern experiment outstripping
our imagination. o o

' Neutrino étpérimentsiﬁh accelerators have been con-
templated for quite a time at many institutions of maﬁy

countries.The relevant discussions (1956) are mentioned by

Cowen in Los Alamos.

-

‘ &s R '
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Reineslag) and about the same time these possibilities were
. discussed in Dubna (by Valuyev and the suthor).But the cross
sections 10’58 cm2 seemed to be so remﬁte a8 prospect that |
no one would propose the experiment in good earnest.
In 1958 P.G.Fakirov?') presented his degree B.S. theses
at Moscow University "Concerning the Possibility of Investi—r
o gating the Intersction af a High;Energy Neutrino With Sub-

stance on Accelerators" .

+ .
BEvidently at this time the neutrino experiments on high-

energy accelerators were discussed by CERN theoreticians,

as is reported by Yamaguchi,a CERN preprint,6l-2.

~Given in this psper were the calculations of neutrino
. accelerator beams,the optimum distances of the detecting
devices from the targg? yielding a pion beam,the machine and
cosmic radiation bﬁckg}ounds,adequate_shielding as well as
estimates of the heééssany neutrino target mass (a1l m’ of
lead ).Despite somewhat overestimated values of neutrino fluxes

, + .
(almost by an order since there were no refdliable data on the

-+

. These estimstes of Fakirov were specified by Polubarinovsl),

intensities of pion beaus cbrrespondipg to the Dubna acceler-

ator conditions and possible pion beams were estimated theoreti-
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+
cally) and despite an optimistic conelusion of the author -

S v

"In other words,the dlscussion of an actual ph,ys:.cal exper-
iment with h:l.gh—energy neutrinos on accelerators becomes ex~

| pedient Preliminary estmactes show that given an adequate
shielding sgainst installat:.on neutrone and. cosmic radlation
the background can be lower than the effect in question" 5"’)

the experiment did not seem to us a matter of a very near
.. +
Finally,at the Kiev Conference for High Eneries

. The report "On High Energy Neutrino Physics" tabled by

a group of Dubna's theoreticians (Asanov,?aluyev,l&arkov and
Polubarinov) was cancelled by the authors as “somewhat untimely"
Ilater the materials of this report were published as a preprint
(D-577, Dubna,l960) and reported by the anthor at the next, |
Bcchester Conference for High Energiee (1960) The summaries

of these papers united by the underlying basic ideaa of high-
energy neutrino rhysics had been published somewhat earliera)
'l‘he content of this survey is in its eesentlal part a detailed.

elaboration of that short noticeaa). B

B.Pontecorvo’2) declsared before an authoritative sudience that

the neﬁtriho accelerator experiments were possible in principile.

64 ‘
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Characteristically, even Pontecorvo whose boldness and
allegiance to the meutrino is beyond cavil,believed that
peutrino experiment would be realistic when the intensities
. of accelerators hed incressed by three orders or so0.

Pontecorvo concluded his paper “Electron apd Muon
Neutrino" with these words:

"Po sum up,the experiment to see whether |/ and Lﬁw
are ideptical must,difficult as it may seem,be seriously
contemplated in the designing of new accelerators".Medium
energy accelerators (EP:’;l GeV) were meant. |

‘In 1960 M.Shwartz published a paper””) in which this
experimentator gave,with what might have seemed a theorist's
appealing detachment,the fantastic parameters of a fantastic
neutrino experiment on a high-energy accelerator.Many physi-
cists just shrugged as they read the item.The thing is that
despite the matter—of-fact and concrete tone of Shwartz's
proposal,it sounded anything but optimiatic,gspeciaily in
its concluding part: "These estimates place the experiment
outside the éapability of the existing machines by one or
two orders of magnitude". ‘ ‘

Incidentalxy,neither the CERN machine in the state
of commisioning nor the Brookhaven accelerator about %o go

~ into operation figured in the item as accelerators suitsble
for the experlment The item pointed to the poss1b111ties of
. future accelerators with high intensities up to 1015 protons.

This innocent excursion in the field of accelerators seemed

g . PR 65
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to have neutralized the general effect of the itém,aomehow.
deflsiiag. The same issue,however,carried an item by Iee and
'Yanges) who insisted on the fuﬁdamental_importance of the
neutrino experiment.The item was a spur for further efforts
of theorists and experimenters in high-energy neutrino physics.
In the autumn of the same year s detailed project of peutrino
experiments on the CERN accelefator could be heard at the
Rochester Conference for High Energy Phyeica.'

Bernardini”®) described the unique installstion with
the verve of a true Florentine. |

At Columbia University the Brookhaven neutrino project
was canvassed. |

In his characteristic flegmatic manner,which carried
special conviction,Lederman described the experiment.

Means of observation adequate'to‘tﬁe problem seemed
to have been found in the spark chambers.

Now the experiment has been carried through its ini-
tial stage under conditions wopse than those contemplated by
Shwartz's estimates,It has been made with a proton besm in-
tensity by an order less than those ﬁinimnm intensities with
which the discussion of the experiment began.In other words,
it has been made without awaiting strong current‘acceleraporb
and even without maegnetic focussings.It has been made with
high-energy neutrinos——in the teeth of logic as might seem.

The first elaborate calculations of the neutrino ex-
periment on accelerators (Fakirov54) Polubarinovsl)) were

adjusted to the Dubna accelerator parameters. Unfortunately,
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the intepsity of this machine ruled out the treatment of
’ the experiment as real.To increase the count of the events
undex" study recourse had to be made to a focussing magnetic
field installation’l).
The decay of a pion ( Jj = jv +V ) yields peutrinos
of the energy (h=e=1 )

_ m;._ ’”/f | f63)
. ', =
’ ' ‘z/é;;‘ - /?7. cosb)

where M _ and m}, are the rest masses of the pion apd M
meson, Efﬂ_ and P are the epergy and momentum of the
pion, # is the angle between the original direction of
thé pion and the direction of movement of the neutrino.
The maximum values of the neutrino emergy ( & ;ax) from
the decay of the pion of the given ( 6',;., ) energy are

listed in table 1.

L3

Tsble 1
! 1 ‘ ' : n
1 2 2 4 5 6 7 8 9 : 10
£ To.43 0.86 1.28 1.71 2.14 2.57 3.00 3.82 3.86 4.28 |
) | "‘\7‘ _
(Gev))
1]
h The probability of the decay of a picn of momentum

[2. per time upit with the emission of a neutrino of

. . : i

~ =% e
mpmentum between f:’/ and Pv +d PV

50X 1-HUM
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(7,7 f(e.,e)a/,a’ wiid )' ;//-y),.,,, 769
| /"’

72l

where [:' and ﬁ, are the 4f-momenta of the pion and peutrino,
p’r* _mﬂ_ P =0 sand t’[é ) is the lifetime of the
pion of energy €& .

f/
The effects | (“_}
y+in > e+pP
(%)

| yte 2 Nn+p
were calculated by I,Pblu‘barinov51) proceeding from the Lag-

rengian

)= o [Py (1+5) (e (i) V)] he. )

" with the value

G = l.41 x 10'49 erg.cma.

The cross sections in this investigation were calcu-

lated without taking into account a possible nucleon form- -
: - .
factor since it had been found esrlier that the role of the

* The cross sect ions with mucleon formfactars had been cal~

culated and the possible role of the formfactor in the region
of very high energies estimated still earlier by Zheleznykh57).
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formfactor in the region E: £ 1 GeV is not decisive and for
. extremelgeréghs the formfactor is unknown.Furthermore,since
the effect of the formfactors under discussion on the weak
interaction cross sections is an experimental problem as yet,
it is undesirgble to invest in the expreésiong for the cross
sections any hypothetical elementse on tﬁe formfactors.At any
rate it is desirsble to have the estimates of the effects in
their pure form for comparison with the future experimental
data. .
The total cross sections are obtained in the form

&* m' f .
6, %@wwd (5 mt)*
Von-iefp lffﬁ é.n Ey ﬁa / M& Yol M’:’e ) *

z .
(4

x(1- ’"”“”’ )/ 7- mp”um =) )

_ & M”
6" yé;—.efhbn-fnv > ) (m, _,n$.~&

2
xX{_ m, +m/,+m,; Hn,v (- )+ﬁn,-m,) 2(m, *”E"}/”aom?/

LME 2 mY -
_ fm,,+m j(m —m~)+/mp+m~}/m/o m-—j
- /m,,-me)/mp-m;'/})
¥

)
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2

¢ ¢ '
& u Me /.2/07,,40%-) /m.. 10}

e =
veean+p /_gjfﬁv {e 5[7/51: M2 : MY A

e 2
. / /_ m:+m;+m;' Hnj—— (- })/m:mf;'—)-.e,/ s )/n om }

2
(bt st ) )

A€

o (rnem "N'”e- )} )

Thése cross sections are written in an arbitrary system of
units and arbitrary system of coordinates; ﬁ‘ is the rela~
tive velocity of the colliding barticles divided by that of
light;the masses [ and energies £ are marked by sub-
s;:ripts H M is the mass of the system expressed
through the energies amd momenta of colliding particles

1 (V or ;' ) and 2 (P) n’ € ) according to the for-

mula

oyt (64 E)5 A R)T gy
M c? T et ’
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In the system of coordinates where particle 2 is at rest,

while the neutrino and antineutrino have a momentum Pl

* ML= mz+£mzpf/c , 7, =0 o (?3)

For the processes
' Vie > V+E
fre wv+e

if they exist and are governed by the universal Fermi inter-

action we have

e = 6" Mm%’ ;. Lmiems) /mf}-—m:)&
wesree Y5 Y Euk, o | mT T T g7 X

me' rr;'z' 2
-+
X//_ € V)

M2 - (¥4)
@ ¢ M%? 2 z A 2 a '
6|r"'1e47+e= ¥ ﬁ- 2/my+ e + /m‘;_me}
/12H A Ee £y/00 M2 M‘f X
\ me m-z— Y 2 |
x/{_ e, Te My
M MY
2 2 2
_ mermy)imemy)* imtmg) /
€ .
M M (75)
! For energies f:,;l GeV in the laboratory system
&* yz)
-3 e 2
. my Py =048 Y em (76}
V*,O.,e,,, SFL T Iy x10 me

There are simple approximate relations between the

cross sections
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' G;f'n"ef/o z‘?s;fp-jl)f.e ‘ | | (77)
. 6= ~ o Mo
eram-F ~ 5; 6_;—*)0_’”*2— (78]
‘ ‘ ) “gl;f-e-iy*e --3 /,, 6‘;}’*/’_’.”*; (7")
| \ - 6ea vee = e 6 o (%0)

m}o Vepdn+te

| In Polubarinov's estimates it is put ,G- l ‘Gv‘aa
‘ | is clear from w43~ eq.(68).
| In the estimates of Yamaguchi’®),Cabibbo and Gatto2?)
} : use is made of more latest data,according to which lG-AI # |le
| viz. ),—-— —gﬁ 1.25.
Unl:.ke Polubarinov's estimates these calculatlons are
camplicated by the introduction of formfactors and the crosgs

: S+
sections are given in the laboratory system .

It should be emphasized that the cross sections for the
processeg under consideration are given in Polubarinov's work
for m,,;t O .The cross sections for two-component neutrinos
( m -0) are twice as large (T.D Lee and C, N.Yang,Phys Rev,
105 (1957) 1671) than the cross sections for m, #0 in a

flux of unpolarized neutrinos.
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These estimates are quite instructive and the hypo-
. theses relating to the role of formfactors in weak interac-
tions will doubtless becdme the- object of experimental re-
search.
C.abibbo and Gat;t027) universalize the formfactors
of pucleons of the Stanford type obtained from electron-

nucleon scattering experiments

‘ F %) = //j.ﬁ:f)z' ) &= 37.5m> &)
a?l
This expression is extrapolated to arbitrarily large K .
Practiically,with gelected formfactors,the cross sectiogs
cor the effects Ve —»e~+P amd V4P > & +N (unlike
egs.( 7y ~ %8 )) become comparable and furn to a constant
~ 0.75.10~58 cu? already in the region Erh! A 10.Tt iB
precisely up to these values Er_rtlf "t:ha‘t the?calculations
of the cross sections under study are given in ref.27).!l:he
results are presented in the form of curves 5 and 6.

More elaborsate calculations performed by Yamaguchiss)
are fitted to the paraméters_ of the CERN machine where the
average heutrino énergy 1ies close to 1 GeV.In this study
concfete calculations are dbrought up to EV = 2 GeV.The

' analytical expression for the differential cross sect ions,

teking into account the formfactors in the laboratory systen

o
s is_of the form’S) LES »e P
7-*'{. o+ & .7"-10 em .
6.10Hem? ' T T== »
,_.50? _ F‘}G
25t '
e a3 R IR 2

73

Declassified in Part - Sanitized Copy Approved for Release 2013/09/16
CIA-RDP80T00246A025300270001-1 hs



Declassified in Part - Sanitized Copy Approved for Release 2013/09/16 :
CIA-RDP80T00246A025300270001-1

/Cose <

[ 1422 (o, 27 i
) [//-@v/ Z, (2R 39k ) L

Bty freatenf)’s s feanf) ]«

a’5' V+n->p+e @:'

2
AR( T epsnees 25,-2.5"

z ',3&//5/7/7*/4/2/7/7/*;{ A, /7,%*

X _ 4 o 2
e af )]
| » ; (8

- where M is the nucleon mass.

2)

The calculations are made for A =1.25 énd _/q =3.71 (the
difference of the ,anomaléus magnetic moments of the proton

and neutron).

All the formfactors are arbitraryly put identical

P-’—'P:P: /
LT T A
Ym e

gt (2E, sin )*
| /f -8511/: 2)

where @ is the four-dimensional momentum transferred to

't:he nucleon, The tables of d:.fferentn.al cross sections in
the lab. (II) and (III) have been taken from a paper of
Yamaguchi58). ' '
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Table I

Differential cross section in the lab. gystem

s (dn?ﬁﬂ%/(@ﬁ?ﬂﬁ/@wz) for v+n-p+ae

E, = neutrino energy in lab. system

R ® = lab. angle between v and e
E, /N T
: 0. . .
-.- © 5 25 1 0.50 ! 0.75 | 4.00 1,50 2,00
0 0.16016» 0.6406 | 1.441 | 2.563 5.766 10.250
2 0.16016 : 0.6L03 . 1.439 | 2.554 | 5.717 | 10.089
4 0.16018 | 0.6392 | 1.432 | 2.528 | 5.573 9.626
6. |0.16020 | 0.637% i 1.419 i 2.485 | 5,343 8.910
8 0.16023  0.6348 = 1.402 | 2.425 | 5.039 8.017

10 [0.16026 : 0.6314 : 1.380 | 2,351 | L.,678 7.030
12 0.16028 : 0,6272 : 1.353 2.263 | k.279 6.027
14 0.16031 & 0.6221 | 1.322 | 2.464 = 3.861 5.070
16 0.16032 : 0.6162 | 1,286 @ 2,055 @ 3.4u42 4.202
18 0.16031 | 0.609% | 1.247 | 1.939 | 3.036 | 3.4
20 0.16027 | 0.6016 : 1.204 @ 1.819 | 2,654 2.800
122 - 10.16021 1 0.5930 | 1.159 | 1.696 | 2.304 | 2.266
2, | 0.46011 : 0.5835 : 1.411 | 1,574, | 1,989 1.829
26 10.15997 | 0.5731  1.061 | 1453 | 1.710 | 1.476
28 | 0.15978 | 0.5620 | 1.011 | 1.337 | 1.466 | 1.192
30 0.15954 = 0.5501 @ 0,9596! 1.225 | 1,255 -+ 0.9661
. 32 [0.1592% | 0.5375 | 0.9086) 1.120 | 1.07h | 0.7856
b 10.15887 | 0.5244 | 0.8581) 1.0212 @ 0.9192 | 0.6447

o 36 0.15844 | 0.5107 | 0.8086! 0.9293 .0.7875 = 0.5267
38 0.1579%  0,4966 | 0.7604 0.8446 & 0.6759 @ 0.4346

40 0.15736 | 0.4823 | 0.7139 0.7668 0.5813 | 0.3606

s 42 0.15672 © 0.4677 | 0.6693 0.6958 | 0.5012 | 0.3008
I 0.15600 | 0.4529 & 0.6268 0.6312 | 0.433% | 0.252

46 0.15520 | 0.4381 | 0.5863 0.5727 & 0.3758 | 0.2130

48 0.15434 | 0.4233 0.5481: 0.5199 : 0.3270 ! 0.1808

‘ ' (cont.)
50X1-HUM

| ™ |
Declassified in Part - Sanitized Copy Approved for Release 2013/09/16 :
CIA-RDP80T00246A025300270001-1




Declassified in Part - Sanitized Copy Approved for Release 2013/09/16 :
CIA-RDP80T00246A025300270001-1

Table II (cont, )

7/ R ——

c 0.25 0.50 0.75 1.00 1.50 2,00

in de
50 0.155,0 | 0.4087 | 0.5122 0.4722  0.2855 | 0.1543 .
52 0.15239 | 0.3942  0.478h 0.4292 | 0.2501 | 0.1323
5L 0.151%1 © 0.3799 | 0::468 | 0.3905 & 0.2198 | 0,114
56 0.15017 = 0.3659 | 0.4A7% | 0.3559 ; 0.1939 | 0.0989
58 |0.14897  0.3522 | 0.3899 |- 0.3246 0.1716  0.0862
60 0.14774 | 0.3388 .. 0.36L4 | 0.2966.1 0.152L | 0.0754
6 044639 | 0.3259  .0.3407 | 0.271& @ 0.1359 @ 0.0663
6l 0,14503 | 0.3133 .. 0.3187 | 0.2,88 . 0.1215  0.0586
6é | 0.14363 1+ 0.3012 0.2984 | 0,228k . 0.1090 ; 0.0519
68 0.44218 | ©0.289% | .0.2795  0.2100 0.0981 | 0.0463
70 | 0.14071 = 0.2782 | 0.2621 = 0.1935 | 0.0886 : 0.041k
75 10.13920 ; 0.267% | 0.2460 | 0.1786 . 0.0802. -0;0371
2 | 0.13766  0.2571 | 0.,2311 : 0.1652 @ 0.,0729 | 0.0335
76 . | 0.13611  0.2472 ¢ 052173 3 0.1530 | 0.0664 | 0.0303
78 0.13454 | 0.2377 | 0,206 | 0,1420.1 0.0607 | 0.0275
80 10.43296 | ©0.2287  0;1528.1 0.1320 0.0556 @ 0.0250
g2 10.13137 1 0.2200 ° ©,1819. | 0.1230 ' 0.0511 | 0.0228
8l 0.12979 © 0.2118 | ;1718 | 0,118 ; 0.0471 0.0209
86  |o.12820 i -e.2040 | (.1625 @ 0.1073 i 0.0435 : 0.0192
88 0.12661 . 0.1965 - 0:1539 : o.1p05 0.0403 | 0.0177
90 0.12504 = ©.1895 | 0.1459 & 0.0943 | 0.0374 = 0.0164

76
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Table III (cont.)r

Ev/M | : S :
8 | ©0.25 | 0.5 | 0.75 | 1.00 | 1.50 @ 2.00
. in deg: : .

52 0.06942 | 0.0995 | 0.0878 | 0.0725 | 0.0486  0.0313
5 0.06545 0.0883 | 0.0753 & 0.0617 | 0.0413 : 0.026k

: 56 0.06161 | 0.0781 . 0.0648 = 0.0528 | 0.0353 | 0.0225
58 0.05793 | 0.0691 = 0.0557 | 0.0b54 : 0.030h : 0.0192
60 - | 0.0540 0.0610 = 0.0481 & 0.0392 . 0.0263 & 0.0166

‘ | ez 0.05103 = 0.0538 | 0.0416 = 0.0341 = 0.0230 = 0.0144
& 0.04782 = 0.047% | 0.0361 : 0.0298 | 0.0201 | 0.0125
66 0.04476 | 0.0417 . 0.03t4 : 0.0261 : 0.0177 i 0.0109
68 0.04186 = 0.0367 = 0.027h : 0,0231 i 0,0157 | 0,00966
70 0.03912 | 0.0323 . 0.0240 : 0.0205 © 0,0140 | 0,00855:
72 | 0.03652 | 0,0284 = 0.0211 : 0.0183 § 0.0125 | 0.00761
74 | 0.03407 | 0.0250 | 0.0186 | 0.0164 | 0.0112 = 0.00680
76 | 0.03177. 0.0219 | 0.0165  0.0148 . 0.01014  0.00610
78 0.02960 | 0.0193 | 0.0147 | 0.0434 | 0.00914 0.00550
80 0,02756 | 0.0170 | 0.0132 0.0122 | 0.00837 0.00497
82 .| 0.02565°0 0.C149 = 0.0119 : 0.0112 . 0.00764 0.00451
8 0.02367  0.0131 = 0.0108 | 0.01025 0.00700; 0.00411 .
86 - | 6.02219 | 0.0116 = 0.00978 | 0.009%45 0.006ks: 0,00376
88 0.02063 . 0.0102 | 0.00893 0.00876 0.00594 0.00345
90 0.01918 | 0:0090  0.00820 | 0.0081i! 0.00550: 0.00318 '
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Differential eross-section in the lab.

Table IIT

system

(do‘/dQ)/(G-szz/ﬁrz) for J + pon+e’

E,/0 z T A
8 N 0.25 | 0,50 | 0.75 . 1.00 | 1.50 @ 2.00
in degh )
O | 0.16016 : 0.6506  1.441 | 2.563 | 5.766  10.250
2 0.159% | 0.6385 | 1.433 2.5,0 | 5.669 . 9.978
b | 0.15928 | 0.6321 | 1.408 | 2.472 | 5.392 | 9.216
6 0.15820 | 0.6216 | 1.367 | 2.365 | 4.968 | 8.106
8 0.15670 | 0.6073 | 1.313 | 2,224 | 4443 | 6.827
10 | 0.15479  0.58% | 1.247 | 2,058 | 3.868 | 5.543
12 0.15250 ~ 0.5685 . 1.171 | 1.876 | 3.289 | 14.369
U | 0.14985 : 0.5449 | 1.089 | 1.686 | 2.7%1 | 3.368
16 0.14686 | 0.5191 | 1,0032 | 1,496 | 2.247 | 2,556
18 0.14356 | 0.4917 | 0.9156 | 1.312 1.817 1,920
20 1 0.13998  0.4630  0.8286 | 1.1385 | 1.455 | 1.435
22 - | 0.13615 | 0.4337 | 0.7440 © 0.9793 | 1.1572  1.0716
24 0.13210 | 0.4041 | 0,6633 | 0.8359 | 0.9161 | 0.8017
26 | 012787  0.3%7 | 0.5875  0.7088  0.7238 | 0.602%
28 0.12349  0.3457 = 0.5172 = 0.5979 : 0.5717 | 0.4556
30 0.11899 | 03176 | 0.4530 . 0.5023 = 0.4523 = 0, 3471
32 0.11440 | 0.2905 @ 0.3949 & 0.4207 | 0.3588 @ 0,2667
3 0.10975 | 0.2647 | 0.3429 | 0.3516 | 0.2858 | 0.2067
36 0.10507 = 0,2403 | 0.2967 . 0.2935 ; 0.2288 @ 0.1647
38 0.10040 : 0.2173 | 0,2560 | 0.2449 | 0.18,2 | 0.1277
40 0.09574 : 0.1959 | 0,2204 . 0.2045 = 0.1492 : 0.1017
42 0.09113 | 0.1761 | 0.18%% | 0.1709 0.1216 | 0,0818
Iy 0.08659 | 0.1579 = 0.1625 & 0.1431 | 0.0998 @ 0.066%
L6 0.08213 | 0.1412 | 0.1393 = 0.1201 | 0.0825 | 0,0543
48 0.07778 | 0.1259 = 0.11%h | 0.101%  0.0687 0.0448
50 0.0735h | 0.1121. © 0,102k . 0.0854 = 0.0576 | 0.0373
‘ (cont. )
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These tables show that the angular .distributiozfs

¢ in the effects V-l- P-% et+n and)-’-l-l’l-‘-a pP+e  are essen~
tially different.The total cross sectlon for Y+n o P+a
is larger than the cross section for u+P ~9 e -{-Y‘I due to
a slower decrease vs. the angle (V€ ).These cross sections
become ‘compa:cable”at higher energies E y with taking into.
account the formfactors of nucleons which suppress the effects
for large angles (large momentum transfers) Fig.7 illustrates
the angular dependence of the effect for the case E‘.Vm =1
under three different assumptiomns concerning the formfactors.

'Curve T corresponds to the assumption of a point form-
factor of the axial interaction |.‘1V= £ V' F,= 4 .Curve II
shows the effect of the formfactor chosen for the axial inter-
action as well.Curvel III tekes into account the role of &
‘possi‘ole intermediate bosdn of mess m,, =840 MeV. Férmally,
its role is equivalent to a certain change in the formfactors
This case possesses no well-pronounced-peculiarity on the
basis of whiech we could judge about the presence of an inter-
mediate meson with a certain degree of confidence.

The later data on proton formfactors ) ghowed that
while the magnetic formfactor falls off to zero more rapidly
in the region of high momentum transfers,the charge formfactor

o+
emerges on to a platesu with a value close to ~ 0.42.

+
Strlctly speak:mg,we can as yet only state as a certain

slow-down in the decrease of the corresponding experimental
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v-alues,_though the appearance later on of a platesu in the

region of large momentum transfers is not ruled out.

N.Cabibbo”?) recalculated the cross sections for the-efiects
u.ndee study (\A;;]-P-i n+et ;y-m_,P-re:‘ ), taking into
account the existence of such a core in the proton, extrapolat-
ing the results of measurements in the région of high energies.

Table IV listva the results of thege calculations.

Table IV

ey |— & __~

D §ao%8 G20%® | 610%8 652078
0.43 0.60 015 0.60 | 0.15
0.62 0.75 |  0.22 0.75 . 0.2z
0.89 |  0.925 . 0.29  0.865 0.31
.28 0.845 0.38 Lox 0.
.84 0.832 0.46 131 0.60
P.66 0.81 - 0.53 1.68 _ 0.81
5.83 - 0.79 0.56 2.48 | 0.97
5.52 | . 0.76 0.59 3.69 | .72

Already in the first estimates made by Fakirov of the
effectiveness of pion beams originating on accelerators in

the production of a neutrino flux,it appeared that the geom-

+ - |
oL Whes the formfactor (56) and /5 the formfactor canstant
for a high value of g’& . :
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etrical factors (angular distribution of pions) made it worth-
K while to locate the detecting peutrino target in direct Prox-
imity of the pion source.The neutrino-scattering "geometrical
factor" proves to be stronger than the decrease of the number
of neutrinos becsuse only part of the pion beam has time to
decay at close distancés from the pion source.'ﬂhis is why re-
h course had to be made to the possibilities of the magnetic
focussing of the pion beam. "
It was supposed that a beam of monochromatic pions )
could be created with the aid of magnetic l_enses.
The oumber of events \7 + P - N+e™ was calculated
for the cases of (a) linear monochromatic pion beam and (b)
wide pion beam,
In the latter case such a beam was described by the

phase density of decaying pions given by the fornmla

/P,x/ o
;(g,/,)e emm,,./ in U

outside - Vﬁ'

where J is the pr:unary flux per surface unit, v is a

., | cyllindrical region of a radius 8 with the axis para.llel
to F (flg.a) and the detector being represented by a
aisc ¥ d& thick and of a radius Q_,the axes of the disc
and the flux coinciding. |

. R1 7 - \
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If we put Q ¢ =0.5 m, I= ﬂif'fb"zloa pions/sec,

£ 4.2 Ge¥ = ,the debector volume WV ,=0.52 o and

+ R
In the collision of a 10 GeV proton and a pucleon
0.05 pions are produced,by an estlmateeo),in the energy

interval of 3.7 to 5. 1 GeV ( £ 4.2 GeV) so that the above
flux of p:.ons of these energies originates from a flux (
, "~’.‘2..101:L protons/sec when O.1 of it has been absorbed in
the target,with the prod_uction_ of pionmns.

J; =1,2 X 1024 protons/cm3 the number of eventa J&p ..>n+e*

" per day is given by

‘ ‘ N -0.075 events/day

if the detector is situated at a distance of 50 m from the
pion source and the latter at a distance of 25 m from the
pion absorblng shielding.

Bearing in mind the idealized character of magnetic
focussing, the values obtained did not look too enqouraglng
and did not evoke any desire to recommend strongly enough
this experiﬁent for the experimenters'_concrete'discussion.
Besides, it had become known by that time (spring 1959) that
for the experimental solution of the Ejr—)éb -pneutrino prob-
lem Pontecorvo propoéed an exberiment with a low-energy neu-

trinos ( ~-35 MeV) on medium energy machines (under 700 MeV)

84
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whlch can ensure more easily a high intensity of the pion
beam. The advantages of Pontecorvo's suggestions were evident. -
But actually the thing was done the hard way: the ex-

. periment was made on a high energy acceleratorSIJ.The proton

il protons in pulaé

10 11

beam inteneity was at a level of 2.4 x 10
with 3000 pulses an hour which roughly corresponds to 2.
to & .10;1 protons/sec.

It is noteworthy that the minimum proton beam intens-
ity from which the estimates of Shwartz started was assumed
equal to 5.10%% protons/sec.This is by an order larger then
the intensity inﬁolved in the experiment.

The results are interpreted 8¢ that what we have are
precisely reactions of the type '

¥’+lq -y F>i:/‘

V+P - h+/d

i.e.,reactionﬁ with thé production of a muon,and not an

electron from a neutrino prodaced from the decay of pions.
Veh 3y pre’”

y+p-vn+e"

~ the conclusion that the hypothesis ;f LEL is copfirmed

The absence of electron events( ) warrants
by the'experiment in question.

| The main accomplishment of this experiment was that
_thé cross section ~-10"28 cm® was measured for the first
time on an accelerator.
. 4 The sensational result testlfylng in favour of the

hypothesis of two kinds of neutrinos goes to the credit of

: /%
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Laiure as much as of the experiments.Though this author is

ir sympathy with the two-peutrino hypothesis,the final
: +
verdict would be premature ¢ statistics in the experiment

For example,YhmaguchisB) pointed out that the induced
pseudoscalar interaction (M.L.Goldberger and S.B.Treiman,
Phys.Rev.III (1958) 354) which is charécterized by an effect-
ive pseudoscalar constant proportional to the charged lepton
mass leads to an appreciable contribution to the cross sec-

,tionsgwith the production ofrprecisely a muoxr from a neutrino.

The contribution of this interaction which is usually

"

discounted comes up tosa) ~~ 0.17.10728 cn® for M =1

P

3cha for

and then decreases with neutrino energy (to 0.05.10"
5%4' =3).True,according to these estimates,the induced

pseuilscalar interaction cannct explain the pre-eminent
appearance of muons in theé Brookhaven experiments.

For the time being it is still possible by exercising
a certain effort (hypothetically increasing the bseudoscalar
interaction constant) to pull the estimates towaids the pre-~
eminent production in the reaction under study of muons in
the theory with one type of neutrinos as well (L.I.Lapidus’
"On the Interpretation of ﬁigh Energy Neutrino Experiments®,
prepf}gt,Dubna,1962).

Recently there has appeared an item;59) which gives
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arguments somewhat strengthening the interpretation of ﬁhe
Brookhaven experimemnts in favour: of the existence of two
types of neutrinos.fhe item gives the lower limit of the
’ expected number of electron events which ¢ould arise only
from the vector part of the interaction if oniy one type
of neutrinos existed.Under the conditions of the Brookhaven
experiment JV;'> 12,which is considersbly larger than the
observed number given the most liberal selection of cases.
Of course, surprises are not ruled out.
The incrgase of statistics and the transition to
higher neutrino energies for which the induced pseudoscalar
1 iriteraction effect becomes smaller can in particular clarify
‘ the situation under discussion.
| - In this connection Pontecorvo's suggestion: neutrino
experiment in the low neutrino energy region,i,e.,experiment
'in a muon neutrino beam with an energy below the muon pro-

duction threshold,has not yet lost its validity either.

sre oo poor and any surprises in its interpretation are
possible,Besides,weak interactidns seem to be especially

lucky in peduliar situations: once the presence of deriva-

tives in the four-fermion interactions was thought to have
' ~ been confirmed experimentally, and stowed on our bookshelves
is a book®2) expounding the theory of ’/B-Aiecay from the
angle.of the Uhleﬁbeckexonopinsky ideas.Latep expariment
is known to have éonfirmed the four-fermion interastiop

- ~ B50X1-HUM
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theory in its original Fermi form.

There was a time when experiment was Believed to
have confirmed the &, '[! -variant of the theory of _!z-decay
and scientific oplnion long clung to the §*, " concept of

weak interactions.

God grant that this time the interpretation of the

Brookhaven experiment may prove sufficiently unambiguous.
| - Further neutrino experiments are to solve,first and
foremost, the problem of the existence of the intefmediate
meson. Trends in the further development of the elementary
particle theorxry depend on the question: are there direct
four-fermion interactions? .
,Unfortunately?the experimental possibilities for the
solution of this problem also depend on where (enérgetically)
lies the mass value of this as yet hjpothefical intermediate
meson ( W ). _ o - -
‘If M, lies near the pucleon mass value another
Stage }in the neutrino experiment on the Brookhaven acceler—

ator will be enough to settle the matter.
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The immediate target of this experiment is the in-
gquiry into the nature of the already observable events which
are consistent with the Vintermediata meson _hypothesis,at:cord—
ing to the authors. - B

In this sense the authors have already altered sci-

. entific opinion by reporting five cases which can be interp-
reted as events pointing to the decay of the intermediate
’ _-meson. : , _
| T™wo of these admit the interpretation W+——a /++V ’
one can be treated as the decay W *.—3 ¥4 —4IT + ,another
allows its treatment as the electron decay of the intermediate
meson ( W+ — %+l ) and the fifth is possibly W * P +¥ o,
_ According to the estimates of ref.53 ), the experiment
should have revealed 20 cases of the type )/ + p. —?W"-y-t-f'[:
it m,, =0.6 \mP and two cases if m, = mP .
- If all the five cases are actually W/ -meson cases,
it is most probable that M <M, { M P -
' Unfortunately,the interpretation of W cases of
the above type is by no mesns unambiguous.The role of other
p:c:ocesses under the conditions of the experiment,and in par-
¢ ticular the spark chamber conditions which could simulate
the sppearance of a WA/ -meson,has not been clear so far.

Here we héve for example,processes like

V.t 2 'se” +/~ +Ve (Figt%)

V*P—»} +rm P
Y+P ,5/444-370-&” ”?V“l'n -?)‘4 ‘rw 1

venapteren Poap
' 17"*,'”"')/"”*7_% P etc.
o ::*}‘**f""

PR ™ e
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Recently effects of the type

VEPIEHT 4P S Venyetertin
Vinge-sioep 5 Pep>et+m0+ N (23)
V+h2e+T P } U+P_—)e"'+7l"+ P

have been evaluated proceeding from the peripheral modelsa).

Here account is taken of only some graphs in the vector

iant of weak interactions like )
variant o e (r

Fig.9

The graphs of the Type

v

Fig.10

90
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were neglected.,

. The results of numerical calculations are given in

fig.1ll

6 .
”039 ]

wpaequﬁ

M

Fig.1ll1

A1l cross sections of the processes under study ( £3 )
are close to each other.

In their calculations the authors introduced for the
corresponding gzgﬁgfgn;nt the electromagnetic formfactor of
a pion according tO»ref.65).

Of course,the use of the speculative electromagnetic.
pion formfactor in the concretevform65) and its extrapolation
to arbitrarily large momenta are no less risky than,for example,
the use in the asymptotic region of the Hofstadter formfactor
for the re}action y+.p e 4 +}& .5till, some idea of the

4 order of magnitude of the cross sections,not too far rémoved

gl
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from the.truth,can be gained along these iines.as weli{
A large pumber of channels of a reaction of type (.83 )

and several graphs left out of consideration,in particular

the gr-aphs
\%d
s
78
T
t
N "4
a)

F. s lL
should be taken into account in the discusslon of the level

of background of the events due to different inelastic proc-~
essease) Despite the grossness of the estimates of the in-
elastlc effects it is probable that several ‘events of this
type could have been observed under the conditions of the
Brookhaven neutrino e@eriment Under the same’ conditions

the cross section of the \)'PP "’/;: "'/"r process may
come up to ~10"2%cn? 140) Furthermore,it is shown by the
esti‘mates”o-f the multiple ‘production of pions in neutrino-
nucleon colllsiona&) (reactions of the type VAN 3T+esNaf)
even among the observed cases of neutrino-nucleon interactions
Hit :Ls impossible to rule out s:mgle cases of ‘pair pion pro-
duction effects (—-'9/' + F w3 ).iccording to the curves
of fig.l} these cross sections "account for a fract:.on of ope -

percent of the main cross section obs'erved.
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The estimate given by Nguyen van Hleu ) for the pole

graphs of the multiple pion~nucleon p'i-oduction accompanying
. _ the appearance of a - snd K -meson (f£ig.l2a and fig.

12b) proves to be of the same order as in ref.&).

For the multipl§ production of pions on a nucleon
from a neutrino of emergy £, =1 GeV and = [ L =5 GeV the
cross sections (fig.12a) are 2.10~Ocm® and 5.10'59\’ cm® re-
‘spYective'ly. ' | 7

For thé_multiple production of pions together with
a K -meson (fig.12b) the cross sectidns .are estimated as
104%n? for £, =2 GeV and 5.10'4°cm2 for £, =5 GeV.

The conspicuously high energy-dependence of the cross
sections for inelastic processes in the asymptotic region
( 87~ E 2 )64) is moat likely due to the m of
the estimates. . ‘ )

It is possible that for high neutrino energiea the
inelastic process cross sections are actually larger than

the cross section V+ N J/-fj" .

1Sr6 g0 2

(o em)

10

oSt

* ’ Fis.l}
Curve I represents the cross sections Y+ and V+n .

Curve 2 corresponds to the ci.-oss sections \7 P and y+h.
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Perhaps more statistics and a better resolving power
of means of observation will be able ﬁo furnish an unambiguous
interpretation of \&/ events in the Brookhaven éxperiment
as well, _
| It should be noted that the observation of the pro-

duction of VV*}MV""pairs.frpm photons67) under the conditions
of the Boston electron accelerator msy prove more effective
- in the solution of the problem if Wl,  does not exceed 2 WTP;
Here.the selection of W cases by fast *}4 and €
particles flying backward is all the more efiective the higher
' the mass of the intermediate boson.Of course,in the observa-
tion of the electromagnetic production of W -mesons disin-
tegrating over the channels M+ and @ +)) there will occur
essential difficulties in the form of a strong background of
/“+;/4_ pairs.But it is vnot clear to what
extent these difficulties are unsurmountable if the yv’—meson
decgy products are observed in the back halfsﬁhere;in the back-
ward direétion.These problems require more thorough studies |
and estlmates. |
Unfortunately,the experlment in which a M/ -mes an
is préduced by Q. z;eutrino ( V+Z Y .,./4 W ‘ ) is
not free either from the background making the identification
difficult.These'difficultiesimoﬁnt for larger maesses of the
contemnlated - W -neson. o |
Another maaor problem of neutrino exper:ments on large
accelerators is copcerned with the possible formfactors Bup-
pressing the growth of the weak interaction cross sections

‘with energy.

g . e QA |
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The Brookhaven exparimental data do not as yet answer

* this question.
Neutrinos with [ ~1 GeV play the main role in a
+

neutrino flux from 15 Ge¥ protons « Yot with these energien

s A peutrino flux from 15 GeV protons was used in the

Brookhaven exp eriment®l e

the expected effect of the formfactor on the total cross sec—
tion is still not very significanthhe selection of cases

Ven - p +).“" with large ( V/4 ) angles would be
more indicative.,

Por example,according to table I1II for E,=1 Gev
and 50° the cross section of the process is 0,47x10°Ccm?, and
for the same angle,but for EV =2 GgV the cross section de-
creaées by a factor of 3: O.iS.lO'chmz.

As follows from the curves of fig,7 this -nearly two
third decrease of the cross sections occurs mainly due to the
formfact ar accepted. a

Unfortunately, the pumber of neutrinos'orjginatmg in

- a flux of protons of 't-;vhe givén energy decreases rapidly with
\  energy. ' |

As is clear fram the curves of fig.l4,

» + .

Measurement of the sbsolute value of the cross section for
one given value of neutrino enmergy will not clarify the situ-
ation essemtially if F£,~ 1 GeV.To be able to judge reliably
about the role of a possible formfactor in the region E,>,1 GaVv
it is necessary to track the variation of the cross section

with energy E» -It is desirable to have relatively accurate

| QR
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ﬁate. gt least for two values of energiee E sfor example,
= 1 GeV and E,= 3 or 5 GeV. True,knouledge of the
croge section in the region - F, » 10 Ge¥ where it becomes
a canstant for many formfactors under discussion would be
quite essential for the problem under consideration.
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the energy neutrlno snectrum expected under the Brookhaven
experimental condltlons from a 15 GeV proton flux actually
decreases rapldly w1th the neutrino energy. .

The pumber of neutrlnos wlth E’ -2.Gev decreases by
more than a factor 10 as compared with the number of neutrinos
‘with £, =1 GeV if the neutrinos from the decay of plons_

" is meant.In the region _E' =2 GeV a somewhat larger contri-
bution to the neutrlno inten31ty comes from the kaons.

A Judglng by the curves of flg.l4 1t might be supposed
that in the future hlgh—energy accelerators hlgh-energy neutrinot
will be ‘supplied mainly by kaons This conclusion is perhaps
somewhat hasty‘81pce the expegimental data on the production of
papticles;by'high—energy protons (cosmic‘raysj"are very poor
as yet and rather point to the fact that the energy of the
primaries is spent in its essential part on the production in
'a separate event of pions.Perhaps fhe existence of a large

number of resonance states rapidly disintegrating into pions
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strongly suppresses the kaon channel.The estimates of the -
neutrino intensity in the pion channel for different proton
beam energies exceeding the limiting energies of the acceler-
ators now in operation 8) are given in fig.l5.

These estimates are based on the relative magnitude
of the corresponding phase velumes,.Here "  is the pfoton
energy, K is the neutrino energ;; (GeV) and )V . is the
number of neutrinos per proton colu.sifv.yhe es.f.mates are
given for three different distances from the target.

'The curves of f£ig.l5 are interesting in the sense that
neutrino energies equal to 3,10 and 20 GeV in 70,250 and 1000
GeV accelerators correspond to' the neutron beam intensity with

Ev _1 GeV in a 15 GeV proton accelerator.

In other words,the cross section of a neutrino-nueleon
interaction where it approachee the asymptotic value for the
formfactors .of ref .27)_ can only be measured on 250 to 1000 GeV
accelerators. '

If physics is out of luck and the intermediate boson
mass proves to be of the order of dozens of GeV,the neutrino
experiments for detectingv'intermediate mesons on ultra high
energy accelerators will be increasingly difficult because of
the ‘origin of new channels simulating W _evernts.On the other
hand,the electromagnetic method of the production of W W
pairs becomes in this case all the more convenient the hlgher :

W -meson mase.In other words,the role of the simulating

( /g"; /t" (et €7 effects diminishes in this case when the
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products of WA/ -meson decay (‘)K ‘ﬁl' ) are observed in the
' direction inverse with respect to the incident af =quantum

bean.

t
6. Possibilities for Neutrino Experimemts
* in Cosmic Rays

’ Of considerable interest are the neutrino experiments
for neutrino energiels from'rvlolo to 10]"2 oV.

Accelerstors will not offer such opportunities too
soon.

Estimates (fig.15) show thet with the proton beam in-
tensity n,»1011 proton/sec,only in 250 GeV proton accelerators
does the neutrintbeam intensity with F, =10 GeV roughly
correspond to the neutringbean intePsity with f}vﬂ’l GeV
under the conditions of the Brookhsven experiment.A 1000 GeV
proton accelerator increases the-neutrinpbeam‘energy to no
more than 20 BeV,

To obtain the intensity under discussion for a neutrino
beam with an energy of 4-5.10"C eV from a 1000 GeV proton ac-

o celerator it is necessary to ralse the prdton‘beam intensity
by two orders cr so (up to 1012 proton/sec).These estimatesA
show that when designing the future proton accelerators of the
highest energies attaingble it is worthwhile to put in much

. . 1
time apd effort to reach a proton beam intensity of 10 > protaon/

. 99
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sec.The accelerator experiment with neutrinos of the energy
and intensity under discussion will hardly be feasible earlier.
than in a decade.

It should also be emphasized that the difficulties
of the neutrino experiment become more formidable as we move
into the region of high neutrino energies ( E&J;ZfIO GeV):
high.energy pions decay more slowly and the larger distances
to the neutrino detectors lead to higher neutrino beam intens-
ity losses per detector surface unit.The energy spectrum of
the pion beam is intensity-deficignt in the region of very
high energies.

An important advantage of the current neutrino experim-
ent for studying weak interactions is the purity of the mneutrino
beam behind a shielding absorbing 3ll other kinds of radiation.

, However,a.lo"ll eV/)mé:sons can pass a layer of water
1 km thick,In other words,for sﬁch an energy the muon back-
ground will present formidable difficulties.

S thé intermedigte meson mass proves to be much larger
than the pucleon mass (Say, m,, =10 '}’IP or 100 mP ) the
neutrino method of detecting the intermediate meson will be
complidated by many factors.Besides,the cross section for
the production of the intermediéte meson from the neutrino
decreases rather rapidly as- the VV/-méson Lass increaséé.

A high energy neutrino flux originating from the

decays of % and }( -mesons generated in the atmosphere by

100
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cosmic radiation protons reaches the surface of the earth.

‘ The energy spectrum of this neutrino flux can be de-

termined by the corresponding experimental muon spectrum under

the assumption that all‘muons observed in the cosmic rays
originate in the pion.decay,An error due to that part of the
mion flux which originates from the K -meson decays is

“ neglected in these estimates.The assumption underestimates
somewhat the high-energy part of the neutrino spectrumn,

! In the iT-eyy‘+L) decay in the eigen system of coor—
dinates the neutrino carries away roughly 30 percent of the
proper pion enmergy.In the K -meson decay this proportion
increases up to 90 percent.

Anyway,we do not overestimate high-energy neutrino
fluxes by regarding pions as the sole source of muons,

The energy spectrum of the ilux has practically its
own upper liﬁit;veny rapid pions originating in the terrestrial
atmosphere have no time to decay becsuge of the relativistic
increase of 1£?$?is they reach the dense terrestrial strata

, and
they lose their energy as a result of strong/electromagnetic

12

interactions.This natural limit lies somewhere near ~ 10 "eV

(the free path being ~~ 30 km).
The unique possibilities for a neutfino experiment
* in cosmic rays stem from the fact that the small cross section
for the neutrino~substance interaction allows the experiment

to be made deep underground, separating the muon-producing

' 101
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(and perhaps electron—produc1ng) reactions from the neutrinos
comlng from the lower half-sphere,i. e.,pa351ng through the
earth. .

Such conditions may in principle exclude the cosmic
ray baé@ground completely.

In cosmic rays all known particles except neutrinos
are absorbed by dosens of miles of substance and thus comple-
tely screened by the planet provided the depth of the detect-
ing installation is sufficiently large to neglect a rather
improbable high-energy maon scattering backward,which can in
principle 81mulate the eftect under study.

Another and perhaps the most ezsential pecullarlty
of them§§§§§§t3§1%ﬁe concrete effect \)J-J/’~;¢V't)u under
the conditions of cosmic experiment is that the detecting in-
stallation collects the effect from a vast mass of subitance
undernéath. |

The muons lose,indeed,their kinetic energy only in
the ionisation of the subéta;ceGMnons with the primary energy
of 101t ev pass the layers of substance equivalent in absorb-
ing capacity to roughly 50 aim or half a kilometer of ﬁatqr.
It is from a térget represented by such layers under the nmuon-
detecting installation that the effect under discussion must
accumulate, '

‘Though the energy neutrino spectrum rapidly decreases

with energy,the above muon accumilation effect leads (under

102
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the assumption of the linear increase of the cross section
: vs. energy) o the count of events being sensitive Yo the upper
limit of the energy neutrino spectrum.It is precisely this pe-
culiarity of observation of the production of mions from neu-
trino-substance interactions that makes-it very convenient for
checking the assumption of the linear increase of the cross
section with energy.

A third essential peculiarity of the cosmic experiment
is the possibility of using,under goed screening condit ions,

a subterranian installation with large areas of detecting de-

| vises,viz.,of the order of hundreds of square metres.

| It is shown by elaborate estimates that these peculi-
arities of the cosmic experiment mske it poasible dn principle,
thaugh difficult of realization;

The difficulty is rather on a psychological plane,The
fact is that the physicists desling with accelerators are well
L A used to the industrial tepor of modern experimentation,while

cosmic ray experiment is only in &he first stage of its indus-
trislization.The cosmic ray experimenter's psychology is still
| constrained in more respects than one by the outdated scgle of
E experiment.Cosmic rays may yet contribute heavily to the
physics of elementary particles if the experiment in this field
: has been revolutionized on the scale of modern accelerator

techniques.

’ In some of the first papers concerned with this prob-

103 50X1-HUM
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1em29’5?’69) the neutrino spectrum was devermined by the ex-

70

perimental ruon spectrum’ ”),The analytical form of the neutrino

spectrum was approximated by the following expressions

-3 A€y |
%/fw)ﬂ/fv' 5-5x/0 L5 16V < E, £ 30Gev)
1 4
(84)
-2 A€
= gx/azé_ _,.; (30 Gev £ E,, <300 Gev)
) :

where the energy is in GeV,
| The path ( K. ) of a muon in the ground ( 2 =10,
A =20 and density _f-’ =2) can be taken to be

R =23x 5,, 102 ca. (¢s)

The count of mucns in the installation is proportional
to the muon path in the ground or,on the basis of eq.( 8¢ ),
to its energy. | °

Unlike the muon,the‘ electron is absorbed rapidly by
the grcunci due to its low penetrating capacity.This means
that the count of the )} + A > e+ N effect depends,.
unlike that of the y).‘, + N > ,/V.yu effect,on an extra
degree of E .

M

Cbservation of the %-HV -~y N + M effect proves
more expedient than L. +W -3 N + € even if 17'. = W -
Ir = ;)e the possibility of registering high-energy

104
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electrons will prove still poorer since high-energy neutrinos

| they must be in the main muon neutrmos.

| Tn the framework of the available experimental facts

|

1 and theoretical concepts the following reactions for neutrinos

and antineutrinos produlcéd from pion decays can be supposed:

3. ):{‘ h _?Pi-/a«"
ﬁ o ftp T
z - (%)
c.’ %+h‘ai'9‘
d. W*.P _%,ZD_*)‘
| R
o T ep > N p :
; V*P ,f | .

The notations b}‘ and l)f_. have a relative meaning
here: it is inesseptial as yet which is a particle ard which

is an antiparticle "in point of fact.

These reasctions can be accompanied by the production of one

pion or meny pions.Thus

‘ : - vl (87)

B | gy+:1-;[°1>k + Ng

where N is an integer.
" T _

105

Declassifie'd in Part - Sanitizéd Copy Approved for Release 2013/09/16 :
CIA-RDP80T00246A025300270001-1

( E >) GeV) originate from the decays of pions (kaons) i.e.,




Declassified in Part - Sanitized Copy Approved for Release 2013/09/16 :
CIA-RDP80T00246A025300270001-1 .

Besides,kaons may be produced if the corresponding
selection rulea with respect to the strange number are ful-
filled.

" +
+h — -+ /' + K°
 — i
| (23)

= S
E;..+-n - fb-t/‘- + k:o

ete,

We can estimate the possibilities' of the cosmic ray
experiment for checking the energy deépendence of effects like
( 86 ) in the energy region E,» 1 G‘e\f.'

The cross section of reaction (a) when Ell' 2) 1 GeV

can be taken in the form

For reaction (g)« €~ is less by a factor of 3
6 =0.5x1078 E, . (90)

»

" For the other reactions (c){d ) and ( € ) the cross
section also equal to ( §0 ) is taken.’]}lis‘a's-sumption nay
prove to be wrong and the cross sections for ‘thes_e reactions
nay turn out to be smaller,but this circumstance will not
change essentially the final result,It should be borne in
mind that a large vnumber of other channels of s reaction like

(83 ),( 88 ) etec. is neglected in this case,and these com-

'
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pensate,presumably,this error ("1/2 effect") if it really
exists.,
The muon epergy spectrum in neutrino-—induéed reactions

is homogeneous and in the reactions with antineutrinos . E .

) or rather ‘ /
‘ , V4
£ l(E- L) e (¢)
v ,
- ' | The paths of the mions produced in these effect_s can

be respectively taken
2

éééa |
a2 @)
2 Ey/ /0 cm l

. /e/ =£’3/24£V-££Azf

4

) 3 £, | G3)
Kz = ‘2'3/5’ £5 ‘%Azf é”j / /Ozcm 3)

‘3

Here E £ho is the threshold energy,and only muons

with energies E
Ve

background from the scabttered cosmic ray muons E thy, capnot

> Ethr sre registered.Because of a possible

be taken small.The lower allowable value of [ thp, can be
obtained from the background estimates for different depths

' of underground experimental installations.Further calculations

are given for tv_go values of E thr. €qual to 0.5 and 5 GeV

M respectively.
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The number of events—~the flux of muons ( N . )
through a surface ,Sv in a solid angle J (120° cone) is

 ~ £, Ave j
/i”//u,-'-‘f /6’;/3,4-‘/6}7/?4)2{_/2_24/51/‘/) MZQJ (‘“‘3

where 6;, and G-g’ sre given by egs.( 89 ) amd ( 90 ) K.

end K, by eqs.( 9. ) and ( 9% ), F(E") by the neutrino

spectrum according to eq.( 89 ) and f is the ground dens-
ity assume.d to be equal to 2 when counting the events.The fac-
tor 1/4 in eq;(qq ) arises because the number of V)‘ and l'f;,
in the spectrum ( EV ) is,assumgd equal.The number of neutrons
and protons in the ground is also roughly equal.

TIf the muon registration energy thréshold is assumed
to be 0.5 GeV one meson per three days will pass through an
ares of 1000 n° (undér the sbove assumptions).If the threshold
is 5 Ge¥ (i.e.,10 times as Jarge)the count decreases to no less
than 1 meson per 5 days .These estimates show that the effect
upder study (i.e.,the count of events) proves actually sensi-
tive to the upper limit of the neutrino spectrum ('8‘{ ) and
ig suiteble in principle for detecting the growth of weak in-
tersction cross sections in the region of Funfloll eV if this
growth actually exists. |

Several a:pguzixents are known to exist in favour of the

fact that cross sections ( 97 ) must cut off at some energies.

Obviously,these cross sections cannot increase infinitely with
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question remains: dt what emergies [ p‘< 300 GeV the energy

dependence of cross sections begins changing essentially?

: The extrapolation of the experimental data with respect
to the Hofstadter formfactor, its use as the formfactaor for '
weak interactions as well leads, according to-ref.27),to a
constant (neutrino energyhindependent)‘crossisection
(1@'58 e approX. ).

With such a formfactor,large momentum transfers to
the nucleon will be suppressed and muons in the c.m.s. will
be produced in a cone directed forward (in the direction of
the incident Grf or 'y' ) and narrowing with thergrowth of
energy. ' '

In this case the muon energ&‘in the laboratory syatem-'
'is close to thé neutrine and antineutrino emergies and their

path can be estimated as.

/2,-=/ezA==a2u3 x(/éﬂ/ ﬁhzv) :ﬂ? crr

By a formula similar to eq.( 4¥ ) we find that in

Css).

the case of such an essential change of ‘the interactions on
the nucleon length one event (production of a mion) can be

detected by the installation (with the same parameters as

) above) for 30 days.ln other words,with a continuous growth

109
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of the cross section wij:h energy, the muon flux through the
detector surface is aspproximately 10 times as large. |
Strictly speaking,in the cosmic neutrino experiment
‘under discussion it is not the "elastic" process effect
t
?;'-rJV/ *?-ﬁf'flf‘

that is measured but actually the measurement is made of the

total cross séction
)}, + .A/ - N + / + everything that may occur.

It is not :'mebssible that the large number of the
cha.nneis of new reactions originating with the growth of
neutrino energy make so essential a contribution to the total
crbss gection that this effect may on the whole increase lin~
erarly with energy up to close~to-critical values even taking
into acecount all natural dynamically deformable formfactars

in each of these channels.

Intermediate Boson
If weak interactions actually occur via the hypotheti-
cal intérmediate boson W of mass My ) mK decaying in
. particular by the scheme

‘ + -
wi _a/li-fl/(lg‘))' w _.._) Qi +V(V)

probably the most suitable effect for detecting the. W _mescn
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would be the production of the W ~meson from the neutrino
~ in the Coulomb £ield®®) | |

See also B.Pontecorvo and R.Ryndin,The High-Energy Conf-

erence in Kiev,1959,

- . a

/
Ve o W?/w/e7+z -a/u",?u’/ejf-yfﬁz: o2, €lvizfe) v’ !
| | @4¢)
V+Z+Ww/e/+z—;/u+ f/ey,«.wz 02. e +/f/€/+V +z

where 2 designates the nucleus of charge Zz . ,
The part of the effect due to the Z* -dependence

of the cross section is given by the expression

7 z* as)
REyZ, \3 .
s (/3?)2 é“y /éﬂ ';;g') when

2
n
w27 E—{’DQZGQ‘K

For the intermediate boson the value of its mass equal to
the ka'o'n' mass is accepted here.In other words,the lowest
allowed value of the hypothetical intermediate boson mass
is taken for the estimates.

It can be considered that eq.( 9% ) estimates the

e effect from the spectmm of a neutrino with EPP) 10 GeV.
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Putting } -10 we can write cross section (q; ),with para-

o meters accepted,in the form
- -3 3
6 =10 X (&. %.'Ep) @g.')

The flux of muons from the ground layers under the
installation produced by the neutrino Spectfum section with

Eyz/ 10 GeV can be given by the formila

Joo

. 2
Navo 2 £ g :
V=365 22 p2.300's [ ok, ¢ 2 ) ) 46, B9)

/0

12 100 n® and the detected muon energy E/> 1 GeV
' (Ethr -1 GeV) the mumber of counts proves,according to eq.(99 >
equal to 2 per day. /
The peculiarity of the V+N ""’/“ +¥  effect
should be emphasize-d once again with respect to the cosmic.
ray experiment.
If the same efiect from the same neutrino spectrum
nad been collected from a target 1 m thick and of the same
area the numbef of counts would prove in the case of an inter-

: +
mediate boson by a factor of 30 .

* ' i
In the case of the direct Y+ N -7/“ + N inter-

action less by a factor of 15 to 20.
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‘In other words,the accumulation of muons in the cushion
under the iﬁstallatioq ylelds in this case a roughly 3C-time
increase of the effect.Naturally,for V+wW —» JV"!'e electrons
with their small path the count of events essentially decreases.

Estimates show that if there is an intermediate meson
1 ) of a2 mass less than the nucleon or linear growth of the cross.

- sections VJ/ with energy the count of the number of events
(mons) can be the same.Still,these two effects can bé dis-
¢ tlngulshable Qualitatively,these effects differ in that 1n the
first case one muon is produced in the VX 2N +/‘ reaction
~ and in the second case ® pair of muons is produced (Y+Z2 >
SWHKTHE S V),

Thus, the registration of mon pairs in the experiment
under discussion may point to the course of the process through
the intermediste W -meson.The dependence of the number of
events on the energy threshold of the registered muons also
differs from effect to effect.The investigation of this depend—
ence may also be a method for d1fferen’ci‘ating the effects.

The study of the g -_depgndenée of the effects is
likewise a way,in principle,of difi’erehtiatihg them.

Cross section ( 9F ) decreases rather rapidly as the
mass M, of the intermediate méson‘increases.

. - In the estimabes of the neutrino_flu;:es in the cosmic
experiment the neutrinos which originated in the terrestrial

atmosphere from muon decays were not taken into account.
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The most detailed calculations of the neutrino fluxes
in the terrestrial atmosphere are given by Zatsepin and Kuz-
min’l),The authors have shown that comp arable neutrino fluxes
are produced as a result of Fo M+ and p-re +V + v
decays.The astimate of the muon eneréy losses prior to the
mion decay chenges little the intensity of the neutrino flux
from the M — e+v + e decay.The neutrino fluxes in the
atmosphere are distributed anisotropically.The extent of ani-

-’-
sotropy

©= 0: vertical fail.

Pl %) /.
' P [E)O)
increase with the neutrino emergy growth up to 1012 eV, tend ing
to approximately 10 for the 5‘-9/4 +/  decay.
For the M- e+V 4% decsy neutrinos the anisotropy
comes up to ~300 for these energies,
In other words,a higher energy muon may decay on a.
longer muon path in the atmosphere (slanting fall).
This also means that electron (/l 46"‘ +/¢) neu-
" _trinos of high ensrgies should be expected "running from the

horiz on"

Fig 16 represents the neutrino energy soectra in ver-
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tical and horizontal fluxes72).
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Differential neutrino energy spectra for ?r.,.;./wu
- ‘ y . l
decay (curve 1),/4-,34-1) + ) decgy (curve 2) and the

summary one (curve 3) for the anglés & -0 and 6 - %2.

Fig.16

‘The calculations of ref.7l) increase,as against the
estimates of ref.59),the vertical neutring flux of energies
a | Eyz 1 GeV approximately 5 times.Probably,the largest error
. in the estimate of the peutrino flux originating in the ter-
rers"brial atmosphere comes fram neglecting the rale of kaons,
but this error decreases the intensity of the h;gh-energj* part

of the.neutrino spectrum.As for high-energy neutrinos

1186
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( é; 2.1 GeV) conming frbm the depth of the universe,the cosmic
peutrinos proper,the isotropic part of this possible radiation
is probably considerablyrweaker in intensity than the neutrino
gspectrum originating in the atmosphere;Probably,there;are
grounds to believe that the cosmic rays are produced in the
shells of new and supernew stars75).

According to radloastronomlc data,there are many rel-
ativistic electrons in the expanpding shells of these stars.
In the Crab Nebula the electron energy in the envelope is es-
cimated to be 1090 to 1077 GeV ( £, Z 0.25 GeV),the electran
spectrum decreasing as ,4; - )’*9 JIf the electrons are
produced as a result of nuclear colllslons,%here are three
neutrinos of approxmately the same energy for each electron.
According to the estimates by meximum data (and assuming that
the electrons have been accumulating for 900 years, R -5.102%
and E;nl —105 GeV it can be found that the high-energy neu-
trino flux from the Crab to the Earth may have the spectrum

3 10 #ec Con‘b

The presence of high-energy photons beyond the atmo=~
sphere might be an argument in favour of the e11stence of at
leaét other such fluxes of bona fide cosmic neutrinos.

A peculiarity of the neutrino eipefimehf in cosmic
rays is the possibility of using giant "targets" Thué,in Reines!
installation now de81gned 1d9 g of wat%i%is used as the "target"

Since the muon detector recexves a considerable part of muons

from the deep layers under the detecting installation, the
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scheme represented in fig.l?7
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Pig.17

seems more expedient.

Here 1,2 and 3 are the mosaic layers of scintillation
counters.These layers are situated sufficiently far from one
another and with their aid the trajectory of a muon passing
through the installation is determined and the relative delay

. times are measured,which makes it possible to isolate mesona
going from the lower hemisphere.located between the scintilla-
tors is an absorber whose total thickness determines the mion
registration energy(ﬂﬁmt).

One of the main difficulties of the neutrino éxperiment
in cosmic rays is the muon cosmic radiation background.The ex-
periment requires large areas and volumes of underground
struqtures.Salt mines or vécancies in this minersl aré pro-

| 'bablj the most convenient sites for this ﬁurpése.Reines has

| e begun his experiment in a salt mine and it is there where its

: | 117
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development is contemplated.

Unfortunately, there are no suitable deep lying vacui=-
tles that we know of.Therefore it is desirable to have the
estimates of the muon background at depths of the order of
hundreds of meters. N
| The _estimates of the muon background for the under-
grox_md neutrino exyeriment have been made by Zastavenko and
Chilok”™).At a depth 4.10* gr the muon flux is 4.5 x 10~
particles through 1 cm® per :.aeo::.,:‘.-.e.,,lO8 particlés through
100 m2 per month.Taken as such this number is by 7 to 8 or-
defs of msgnitude larger than the expected pumber of muons
from the neutrino.It is assumed that the installation (£fig.17)
selects muons going "upwarda".Therefore an estimate should
only be made of the backgfound produced by those mions which
can, scattéring in the ground,change their directions so that
they can yield a spurious count in an installation like that
of fig.17. o

The effects of single as well as xinltiple scattering
of muons leading to a change in the primary direction of a
muon for a large angle 8  are considered in ref.‘?q'-)

- The angular and energy dlstmbutlon of high~energy

muons coming "from above" is assumed in the form

| -1 5 -
=, __F ' fico)
| + ECo18, |
£y
E. = 006N
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6{6’-:6”?9 if (f6 > 0.125
Gf6e 0,125 it" (6 =0.125:
J'{: = 0-053-cni"aseo'lstr'l(sev)l-f’_

The function
Clxx, o)

giving the number of muons in the “back™ cone ﬁn-o {T at
a depth X with energy passing through 1 _cm2 in

1l sec is expressed in the form

*f’(x K,T) = Hﬁ'u\/ X 5}((!()?:) (101)

where K is a certain function the values of ivhich for
K =0.7,1,2,3 GeV for T from -0.4 to =0.9 are given
in table V. |

The value X in eq.( @] ) is given in GeV; X are
the ionisation losses of the muon on the vertical length of
the path to a given point of the ground.

Radiation losses are essentlal for mesons of energies

) 1000 GeV,

The effect proﬁee in the main to be determined by
single scatter,ing,-wifh a oertain correction due to multiple
scattering. ) ' _ _ |

At a depth '-I-.].-O4 gr/cm”,’i.e.,for X =80 and y?f%i‘f.-:

=7.2 .10°® cm™? sec™!,for K. (threshold erersy)= 1 GeV and

T1a
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T

or 5.10"2 muons per month through 100 m®.

=-0.7 we have

'-f =3.l_0'14 muons per sec. through 1 cxf

Teble V

2

Fupction K(K)‘C")

2

Nc

4/3 1. - 1/2 1/3
—o.4  8.29 107  3.65 107 2.9 1008  a.61107
_0.5 2.52107 047108 4,282077  3.20 120710
-C.6 . 7.13 1078 2.21 1078 4,96 1002°  1.16 10711
0.7 1.7810%  a.22102 352107 1711070
-0.8 3491020  5.39101° 95 102 - s.e5207'8
-0.9 -0 16108 3,23 10716

2,90 10

Resonante Antineutrino Scattering

The intermediste meson hypothesis leads to a peculiar

resonancé éfféct75 ) capabie of in:reasing the weak interaction

cross sections by many orders of megnitude,

scattering |

The cross section of inelastic antineutrino~electran

Rte >V

estimated according to the conventional theory of the four-

fermion wesk interaction cen be written as

. 120
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-45 ‘
i | 6, = (Ti.vi) 0 com* (102.)

where Ey ig the energy of an antineutrino incident on an
| ~ electron in the laboratory system.

| The treatment of the same process.via the intermediate

- meson

v - ""4 -
vV +e -)W-))}./~

for certain antineutrino energies changes drastically the es-

| timate of the cross section.The cross section increases by
5 to 8 orders depending on the value of the intermediate meson
mess. Indeed, the cross section in this case takes on 2 typical

resonance chargcter
= ‘
= 65 2 - - {le3)
| {Ev"Eo) _,,/-'2_l

where Eo is the resonance value of the incident neutrino

enef ' a
Y N ’ a' me-

) [ — designates the resonance width

r_. _.—-

me Tw
time

tw is the l:Lfe/of the inte mediate meson, mwl’cs supposed

121
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mas Sy

o= ::x) 10 m—i (ﬁc fec (lo4)

and the averaged cross section near the resonance is estimated

in the form

Ey+4 .
A (5)45 - T /E.»){&)r (105)
24 ,
E-4
It depends on the square of the coupling constant between the
W -mesoh field and lepton field which is assumed identical
in the case of electrons and mions (the hypothesis of univer-
sality of weak interactians).
B Assuming ' M, = M) vhere My is the kaon
- mass for resonance emergy we obtain the value 2,3 x 1011 eV
-.a.nd width f‘ =1.5 x 105 eV.The cbrresponding values”of the
quantlties for My=M,( My, is the nucleon mass) are
E,=9.20 eV ana - ["=2.10% ev
The patural width of the resonance is very small but
.the.resonance widens substant 1al],y because of the distribu-
tlon of the target electron velocities.For the electrons w:.th
velocities equal to /36, in the direction of the inc?ident

antineutrino beam the resonance energy value shifts to

"= (/f'ﬁ}"'v Eo
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Thus the experimental value of the resonance width

is estimated approximately by the expression

Z F,
13

* where % is the average atomic charge of the target sub-
stance,
In the region of resonance epergies the cross section,
by Glashaw's estimates,increases by eighf orders of magnitude
. from 1070 cu? to 10732 cp2.
| Assuming an antineutrino flux of energy 9.10ll ev
reaching the Larth's surface (antineutrinos from pion decays)
1071 ¢n2 gec™2 Gevl gpa E, = 2.3 x 10"V as
10"9cm_asec'lGeV'l the author points out that from one m°
of an underground area (shielding against background) the ex-
perimentei- ¢an register two mesons (M, =M,) or 0.1 mesons
(rn =M/) a day.

J.C. Barton76) reports about the results of meson flux
measurementa which were made at a depth equivalent to 5500 m
of water for 21 days off a geomentric area equal to 0,08 n®.
The high-énergy ﬁmdn flux proved to be less than 0.5 o2 per
day.The author concludes that the mass of the intermediste
meson if the latter exists is larger than the mass of the

kaon. |
v It should be noted of course that statistics in this

- | 123
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‘ex"periment are still very poor and it is premature as yef
to pass any final judgements even on the intermediate meson
mass equal to the kaon mass.

Moreover,estimates are given of the expected quanti-
ties based on the assumption of the identity of the muon
and eJTectron ﬁeutrino. o

Otherwige (i.e.,if Vi # V., ) the estimates of
the ‘neutrino fluxes involved in the'i\'/:_-r e .af“-r%. - re—
action lead,in the energy region of the resonance un(_ler con=-
sideration (1011 to 10123‘1),1;0 quantities by three orders

or so less since in this case only V, -neutrinos (or rather

e
antineutrinos) produced in the atmosphere from muon decays
( f‘-——) e."r;;’;_ + V}. ) are involved in the re-
action.

. In other words,if })/1 + ue_ the expected effegt
(production of an intermed iate meson) in the case M = My
falls to 0.002 mesons a day off one m2 of target area and
in the case M, =M, to 0.0001 mesons.Bven if it is
assumed - that the neutrino flux estimates given by Glashaw
are underrated by approximately by an order of magnitﬁde'n)

all the same Barton's éxperiments‘dc_) not yet furnish grounds
for the conclusion that mw ) Mg .
The further search for the resonance effect in the
\,/Z +e7 9 1'); +H ~  reaction is highly desirable.At installa-

tions with large target areas (1000 n2) sbout 2 events a day

124
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(when M, = My ) and 0,1 events a day (when M = M)
can be expected.If it is borme in mind that Glashaw's flux
neutrine estimates are underrated by an order of magritude

+
. the importance of this experiment becomes self-evident .

More thorough estimates of the effect in general are
necessary for comparison with the experimeht and even for
plapning such an experiment.In his interesting item Glashaw75)

gives in fact qualitative estimates.

The peculiarity of this effect consists in that half
of all muons which will originate from the intemediate boson
decay will have energies > 10 GeV.The need of neutrinos of
energies 2 10MeV for the realization of the resonance €f-
foct V. +2~ -3 4 ). makes this experiment intended by
pature itself specially for cosmic rays® For another decade

The data of ref.ss) improve the result of ref.‘76)
approximately by an order.

or so this experiment will remain unfeasible on accelerators.

L
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Perheps,it is worthwhile to mention another possibility
for the intermediate boson when the latter can be characterized
by a baryon pumber.

For exsmple,

Vih == p 2 e tp

Though the baryon boson has repeatedly been discussed in‘liter- _
: aturel j“'5‘) it remains a.stepchild. of scientific opinion.At any
rate,of the lepton intermediate boson discussed above and the
baryon boson the former is a definite favourite. |
A very difficult experiment is undertaken for the search
of the lepton intermediate boaon.Though to confirm or refute
the existence of the baryon boson is & problem easiexr by five
orders or so,no special experiment seems to have been made on
any existing accelerator.The ways of scientific opinion aré
unscrutinable.In this survey the intermediate baryon boson
igs in fact mentioned only in passing.
The production of an intermediate baryon boson under
the resonance conditions has been considered by T.Kinoshita Hé).
Assuming the boson mass V)’)B =2500me we ¢an obtain

the cross section for the process
Vien - 3 —«7} * P

in the resonance A 7.10 ~27¢m°. The resonance energy

2 )
£ zma"m" = 265 keV,
o .2”7’,
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/m ‘ ) -
: [0 =2 azoev - [, =088/
m,c, J) S |
Taking into account the motion of neutrdns in a real
> target we can come to the conclusion that the resonance con-—

ditions will be realized in a neutrino beam at 210 to 330 MeV.

Thus the'effectiva cross section is estimated

~ 2,10™22cn?,

This relatively simple experiment did not attract the
- experimenters' attention,.

rThe decay of the baryon intermedjate boson under dis-
cussion might yield slow muons,mons with energies of several
tens of MeV,The argument that'such effects have not been ob-
served in Brookhaven type neutrino experiments is not always
conclusive.The experiment must be specislized to detect such
slow muons,

True,there are arguments which may,in the analysis
.of Brookhaven type experiments,bear serious evidence against
the baryon intermediate boson.

The fact is that far from the resonance as well,at
high energies of a rxuc:lao171(-:-'(1)2:':3:]'&rj'ind-::::‘!;;-g neutrino,there may be
numerous easily detectable inelastic processes,i.e.,the pro-
duction of an intermediate baryon boson with the emission
of a pion, a’-quantum or,say,antinucleon is meant. ‘

. : If the specific constant characterizing the interaction
of a nucleon with a baryon,boson, and neutrino equals the

square root of the weak interaction constant the enumerated
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cross sections for the effects will contailn the weak constant
in first power,-and not squared,as is characteristic of the
crosg sections for the effects of the true faur-fermion in~
teractions.
‘Therefore,the cross sections for the inelastic pro-

duction of an intermediate baryon boson (with the emission
" of a pion, X -quantum) may be by five or three ofders re-
spectively larger than the effect detected in the BErookhaven
experiment,
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Returning to the intermediate meson idea it should be
+ -  noted that in principle there may exist a situation which is
scmething of nature's practical joke at the theorist's expence.
What is nmespt is the possibility of the existence of a bomxl
state between,say,a suon and neutrino,s micleon and neutrino

+
in the form of a short-living vector meson,for example.

The reference is to the bound states between two spinor
perticles one of which mgy possess a very small or even zero

rest mass.
The four-fermion interar.t:l.on' in the chain approxinafion

is graphically represented by a graph of the form

//" /‘ /‘d /a B
VLD R T

and is in geperal capable of leading to sach pseudoscalar asnd

vector states !7).The mass of such a boson may be considerable

if the interaction of bare particles with large initial masses

is involved

N ) . : Eﬁ -
e

It should be noted thet in the chain spproximation the mase of

such a vector boson proves considei-ably larger than that of the

pseudoscalar boson '9).

- 126 50X1-HUM
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In other words, just as the effective interaction of
nucleons with f° and &) fields exists in strong interac-
tions slong with the interaction of nucleons with pion field,
80,100, there might exist effective interactions with such a
result as the "intermediate" meson in weak interactions along
with the true four-fermion intersction.

Naturally,the intermediate-boson-minded theorists
will take the path of creating a theory excluding the pOBBlbil-
ity of direct four-fermion interactlcns.

Many experimenters,well prepared for close cooperation

i with theorists,will find some further convineing evidence in
favour of such a concept. '

It will take years of further theoretical and experi-

-mental research to disentangle the weak interaction situation
undexr foreseeable conditions.

Perhaps,the experiments in the region of neutrino en-
ergies of considerably larger masses of the "intermediate™
mesons under discussion may-furn;ah conclusive arguments for

. or agalinst the existence of the true four-fermion interaction.

Nature has shown herself to be fond of untrivigl com-

binatioﬁs of what might seem at first glance to be mutually

inconsistent concepts.
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7+ Neutrino-Iepton Interactions

For lepton-lepton interactions of the type V+e M +)
the expressions for the cross section in the c.m,8. has the
same form (10 ).

If there are certain considerations connected with
the "structure" of the nucleon concerning the restriction
of the emergy growth of the four-fermion lepton-baryon inter-
action cross sections,such consgiderations do not hp'ld for
lepton-lerton interactions.So far there are no experimental
indications of the existence of any el'ectromagnetié formfactor
for the electron.A point electron is still used for interpre-
ting the resalts of the Hofstadter type experiments.

Whereas neutrino-electron interactions areé not cut
off by any unknown causes at distances of the order of nucleon

lengths, a peculiar formmfactor smearing out the electrical

'charge9) originates at smaller distances because of the weak

(ve )X V)1 ) ipteraction.

A charged muon field appears around the electron and
this field distributes the electron electric charge density
just as the pion field of the nucleon smears cut its electro-

magnetic charge.

Four-fermion interactions give for the potential of

such a field an expression of the type77) |

V ~ {"} he o7 [ﬂ ’“ﬁ (9

111
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' - .
where / s )EI/C and m/,, is the muon mass.The muon length

[
r
tively large distances where the field is weak as it is on

account of the smallness of the critical length ﬂo .The

devermines only a rapid decrease of the field ab rela-

charged field and the c_orreéponding electrical charge density
is distributed in the main over the region [ ~ ﬂo JIf
strong interéctions do not suppress weak electron-baryon in-
teractions the electron must acquire a formfactor connected
with 1‘:he a.ntiproton-néutron field and charged baryon field
in general. _

A characteristic of four-fermion interactions is the
region of the extension of these essentially different charge
clouds being the same,viz. eo .

An inessential difference between them is only the
rate of decrease in that region where the charge density is
of vanishing value.This difference reduces to the difference
" of the quantum masses of the charged field forming the cloud
around the electron,in the manifestation in eq.( 06 ) of the
fexponentlal factor 6- A containing the mass of the rn. Lth
particle (/ %c>7g ).Since what is meant in this case
are the virtual processes of the graphs of ‘the type of prop-
erLy erierg_etical grsphs there are no grounds as y_et 40 assume
that the contributions of these graphs to the lepton~baryon
interaction are paturally suppressed by. s.trong‘interactionﬂ

already in the frame work of the existing formalism.
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Abstracting ourselves from this optimistie view of
the dif_ficnities of the modern field theory,we camn sum up
the sbove considerations as follows.

i In the regionL~-10 oy, the electron can be expected
' 'tol acquire a special fomfa:.;tor of the mucleon (Hofstadter)
type with a highly complex stmctnreof the charge cloud.
| If these concepts are correct the plnrsicﬁ inage of
a particle like an electron receives essemtial comtributions
from all other charged particles of all masses.

Tt is easy to understand the temse interest of the
expectation of the results of the current experiment (
Pa,uofw.x! ) in which the electrodynsmics in the scabtering
'of colliding electron besms is checked up to the lemgths
3.10 lscn.If the elect:mdynamics is essemlally violated
ip this region of lengths (i.e.,}.lﬂ cm} mat isg some factam
smearing out considerably the electrical charge of the elec—

i , +ron originete already in this xegim,then wezgk-lepton inter—
% antions fg:ng;ﬂ play an essential mle in me structure of the
) 'elementary particles in geperal either. |
| '~ I£ on the other band the electron formfactor proves
actually essentisl orly in the regiom of the critical lemgths
) ' of weak interactioms,this result will at the same time mesm
. that weak or st least weak-lepton lepton imteractions actu—
= mmmdmleﬁmatmrm“pmmd@m_
criticel energies &ni that weak intersctions ey be stragg
and take part in the formstion of the structures of elementary

-,
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particleé.

Thus, a purely eleétrodynamic_ experiment (electron-
electron scattering) in the high-energy region may have a
decisive influe_ﬁce on the developmeht of the theory of weak
inter_actions. . |

The latter is not meant to underrate the i’umvia'mntal
importgnce of direct neutrino-lepton interaction experiments
at me:&gt:r energies. |

Unfortunatcl:},observation of neutrino-lepton interac-

- tions at high energies is still outside the capacity of the
currently operatlng accelerators. | |

Indeed, cross section (40 ) 1n the laboratory sy stem

is of the form

Consequently,for the neutrino energy in question the
cross section of the (Ve ) interaction is less'fhan the cor-
responding neutrino-micleon cross sections spproximately by
a factor 107 ( m//me_ d.

It the detection of thé neutrino—nuclevovn crogs sect ions
hovers on the margin of the experimental capacity of the most
powerful accelerators of today,the cross sections smaller by
three orders of magnitude require accelerat ors with proton
1nt:ens:|.t1es 1ncreased by the same three orders at least.

In detectlng neutrino-electron interactions there are

‘also specific difficulties.These interactions must be detected
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against the background of neutrino-nucleon effects with cross
sections three orders larger than the electron-neutrino eross
sections. |

Only one kind of weak lepton-lepton interactions viz.
/u > e.;.y'-f-d is known at present.

The existence of ( ey )( ey) interactlons ‘involves
a hypothesis which deserves special discussion.The lepton-
lepton interaction in its known form leads to only one type

of effects: the production of a muen from a neutrino
VieT M+
This effect does not depend on whether electron snd muon

neutrinos are identical,whether the intermediate boson hypo-

thesis is accepted or rejected.

However,mions will originate in tioe targét a thousand
times more often from the reaction of the ( YV h J( pM )
type.Besides, and this is the main thing,the threshold of the

reaction

y re- _-9/4"_4%'/)

lies outside the energy capacity of the present day accelera-

tors

th
E, Tec 11 Gev (103}

The working neutrino fluxes of such energies can per-

haps be obtaiﬁed68)'On proton accelerators of 250 GeV energy

L4
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with “wl(lM protons/sec of proton beam intensity.

The latter remarks re-emphasize the importance of
coémic experiments in search of a possible resonance reactions.
However,there are examples of lepton~lepton effects decreasing
strongly the threshold enérgy of the reaction under specific

" conditions.For exemple,a neutrino can,while scattering on the

puclear Coulomb field,produce pairs of e™ /q"’ particles

Vel = 2’4 e"+/*+v' (‘0‘?)
The graph illustrating process ( |@g ) is given in

fig.18 i

1

Fig.18

Participation in-reaction ( 109 ) of a heavy nucleus receiving

the recoil momentum decreases the energy threshold of the re-

aution as compared with ()08 ) pra.ctically up to *
¥ .#w' m +me.)
)< myem 4 (mpemg ) ( e
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the = - | |
Ewtxmf‘+m&~lOOMeV. | () |

At a point Coulomb centre the cross section of the

-

corresponding effect would contain in a formula of_type‘

( {0} ) the mass of the heavy nucleus instead of that of

the electron.
The specific role of the nucleus essentially changing
the character of the effect drew attention to this effect’’).
| Unfortunately,the estimation of the real sizes of the
nucleus strongly cuts the cross séctipn78).But the advantage
of process (|04 ) as compared with the production of a muon~
. on a free electron i.e.;a sharp feduction of the energy thre-
shold, remains essential,Bearing in mind,the above remarks
this circumstance is quite important,making as it does possi-
‘ble in principle the observation of the efféét bn the strong
current accelerators of the nearest future.Furthermore,a
characferistic of this effect--p:oduction.of specificjﬁ*é'i-
pairs--makes possible in principle to isclate the effect
against the background of single muons produced in the ( ¥W )
(/fiJV/ ) interactions.
Not the effect ( )09 ) but the kindred effect
1 - - ’ )
L \).4-5.L -3 2;+e++e + (1) (111)
: V+E D2+ ! (2]

’ * The appearance of A @ -pairs in effect (109) can easily be
misinterpreted as resulting from the intermediate boson decay.
Therefore,single cases ofyﬂ; p€-pairs cannot be considered as
proof of the existence of ﬂe intermediate boson,
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is calculated in ref.78).

This effect implies the reslization in nature of in-
teractions of the (e )( eV ) type the existence of which
has not so far been evidenced by experimentﬁl data.

However, among graphs (1) estimated in ref.78) there
18 a graph of the form of fig.18 for the case when the nuclear
momentum is transferred by the electron produced.

Assuming that for energies > 1 GeV the cross sec-
tions of the production of }'tf‘—) e_': e pairs do not differ
strongly from.the production of /4"‘, e¢= pairs (which must,of
course,be specified by a detailed calculation),for lead the
cross section of effect ( 109 ) may take a value close to
lﬂ'm'cm2 to 10'43cm?. _ _

Though this effect is too smell as compared with the

- (VYM )( /u/ ) effect it should be borne in mind that at
neutrinc energies lower than 11 GeV there is no V+ e -)jw-&v’
effect at all.

. Some information on neutrino-lepton interactions at
mobs;ﬂ;hun energies can be obtained, just as on neutrino-nucleon |
interactions,from a further analysis of the effects of higher
approximation.B.Pontecorv023) drew abtention to an interesting
effedt: in a‘aystéh of a muon and electron (muonium) a muonium

may,uhless the process is forbidd.e‘n, turn to an antimuonium
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Y

»

/1?‘

Fig.19

With the momenta of virtual states ( ¥ and V' )
cutting off at the critical value ~ 1CO0 MeV the probability
for this process with respect to the probability of the /1

meson decay is given by the quantlty%)

W{Ee‘—)/fe;" ) N w"é" ' (i)
W(H" = erwi ) | .

In principle thj.s experiment is possible though there
are some specific difficulties invblved in the 'movement,of
the muonium in substance. _ |

Any experimental limits for ratio ( 7112 ) cannot be
1nd1cated at present since there have been no relevant exper-
imental attempts.If we really have / #}é' the trapsition

f_'- - /("3_1" is strietly forbidden.
_ In the light of the above the processes of higher
orders (with‘ respect to the weak constant)_ unf orbidden by the

- possible existence of two kinds of heutrihos would be of

A
139

Declassified in Part - Sanitized Copy Approved for Release 2013/09/16 :

CIA-RDP80T00246A025300270001-1



Declassified in Part - Sanitized Copy Approved for Release 2013/09/16 :
ClA- RDP8OT00246A025300270001 1
The weak interaction vector constant determined
from OY and the constant determined from the /-v -)eVJT decay
are known to differ somewhat 7). | '
This difference (2%) has not beeﬁ explained by a
rather thorough analysis of possible corrections either79). ‘
As Ya.A.Smorodinski 80) has noted,taking into account
the higher approximatiens with respect to weak interactions
could ;nfluence the diffefence of effective congtants if the
streﬁg interactions are actually able fo suppress the corre-— .
sponding contributions to the effects from the high momenta
of the interacting particles in the intermediate states.
It is then indeed would there arise a differénce in
the role of highex: approximatiens in the h .9f>+e‘+;7 and
/4 Ty e’ +V +V processes. |
"In the N — P +e” -HJ process the role of the
higher approximations with respect to the weak constant would
be,say,negligible and taking into account the correeponding
Feynman grsphs (£ig.20) in the M~ -? e +V +}’ process
would explain the observed differences in the values of the

constants.
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Unfontunately,the difference in the consfants~is 50
small thet even assuming that it is entirely due to the role
of strong 1nueractlons as it appears from ref.2 )y the G on-

’ clusion is that the 1ntermed1ate momenta 1n the nr-ap-fe +}J
 effect must cut off et_values fer removed from K . it= '
=300 GeV. '
. - It should be emphasized once again that with nespect |
to the four-fermion interact:.ons (np Y( e¥ ) there
are no experimental grounds elther to assume that the momenta'
of the 1ntermed1ate states ( f’ ;é n? ) mst be cut off -
ot the values K pox << Kcrit_soo Gev.
- This pr09051t10n is essentlally connected with assum-

p‘bion V/_. ;':" Ve_ .
For the time being it 1eaves room for speculat:.ons
about the existence of true four-fermion interactions up to
_the momenta of colliding fermions close to K. 342300 GeV

~in the .é‘.m.s._:,at least in _the virtual--states.

8. Weak Interactiqns of the Type W) (4B ); (L)L)
P A1) kn_onn ,w-e'__al-: feur;-fermion interacbionsi change es- |
8 sentially the nature of the primaries. “ |
- At present not a single ¢ase of weak interaction
known can reduce to a mere scattering or colliding partlcles

without any essent:.al change of them. I : X

Unless forbid.den by conservation laws, all k;nown cases
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of weak interactions are interpreted as the decsy of the
largest mass particle involved in the interaction.

Perhaps this property 18 a characteristic of weak
interactions.Perhaps there are deeper reasons why such changes
in the inner structures of particles canpot occur rapidly.Or
perhaps the natural selection of weak interactions has so far
restricted the range of the events observed.

Weak interactions irreducible to a decay of particles
can,indeed,only be observed in weak scattering effects.Phys-
ics has merely tapped this field.

A natural question is whether there aré interactions
of the type (olp )(d [5 ) which reduce to the "wesk" scatter-
ing of two particles of the type . and J} into particles
of the same type.In principle there may exist effects.of weak
neutron-proton ( 1P )(hpP ),protc;n-proton (PP XCPP )
neutrino-proton ( ¥ )( VP ),neutrino-electron (Ve (Ve ),
electron-electron ( €€ )( € € ) etc,acattering.For the time
being these questions have to be addressed to nature,snd not
to the theory of weak interactions which does not yet exist,
strictly speaking.v

However,the theoretical stock contains many schemes
of weak interactions of a varying heuristic value which should
be scanned from time to time and compared with experiment,to
test their worth under different conditions.In this respect

a scheme proposed by S.A.Bludmanel'sz) a few years ago de-
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serves notlce under the assumption V)‘ =V, "".It appears
that by expandmg the Ji.f' () _and F@ (2) scheme it is pos-
sible to 1ntroduce symmetrical neutral. currents llke vy, ee
I'llr],etc. and,which is the main thing,make them work against
the effects of the type (ev ) ev) leadlns/ln the graphs
(figs.2,4) to the appearance of what has 1ong been known as
'undesirable processes (/‘ 2> e+y M 53€ J.

Indeed, in the graphs like in f-igs.2,4 it is precisely
the ( eV )( e ) interaction allowed by the donceptmn-
of Jle (6) FG' (7) jeads to a low limiting velue of the jnter-
mediate momentum. - S -

) In #ludman's scheime ellowins,unlike the sqheme(b)(7),
neutral currents (ee ) vV ) along with cha;fged currents
(e.g., €}/ ),the x-eciprocal effect a:ppearasz) to cancel the
effects of the (e )( &) type. .

" In other words,in this theory there are mo effects
/ﬁ-?e*df lu-'ojedescribed by the graphs of type 2 or ¥ correspond-
ing to the second approximation of perturbation theory w:.th

respect to the weak constant. '

True enough,this does not 5 £orbid2>) the effect M-3R
occurring, according to graph 3,via the known (v )( e? ) '
interactions.but this effect is of a higher order.

Thus, the neutral currents were banished from the
theory to avoid the undesirable decsys ( /l S Q-#"‘)/ atc. ).

- , Then the neutral currents were re-introduced to avoid

the same updesirable processes precisely in the theory with

143 - |
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one kind of neutrinos.

Paradoxically,this interpretation of weak interac-
tionsse) had sprung up juét before the experimental results
testifying in favour of two neutrinos appeared.

But then perhaps such vagaries are typical of the

‘theory of weak interactions.

‘Eeutral'Currents

It goes without saying thet it would be highly desi-
~ rablefo extend the experimental facilities before any Jjudge-
ments on the role of neutral currents in the weak interacﬁion
effects are passed.

Under the existing experimental conditions (accelera-
tors) tie largest cross sections for.possible weak interactions
must be expected in different nucleon—involving effects.

Thus under the assumption of neutral baryon currents
in the four-ferﬁion interaction Lagrangian (with the same
value of the universal constant) cross sections equal to

~ 10“3§cm2 ought to be expected with the energy of the particle
incident on the nucleon llGeV.Thﬁs if the interaction
leading to the P+P 5 P +3I* and N+ N 5nN+A%effects
is introduaéd the first order of perturbetion theory yields
253)

for these processes the cross sectio

6 ~ 14.1028cn2, (t13)
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‘ I:E the Lagrangign does nof contain direct interactions
| between the neut;na.fl\ baryon currents the h -(-Vl -)-) h +N1% proc-.
esses can oceur through different intermediate: .stéates' In such
casaes lower values of the cross sect:.ona are highly probable.
A very rough estimate85 ) of such an indirect transition gives
a eross section valua by two orders smaller.At any rate should
the cross section or its upper limit for,say, - n +N-an+A°
_ prove confidently lower than ( /13 ),this result would be
teetimony in favour of the forbiddenness often .inq)osed in the .
theory of weak interactions on the introduction in the Leg-
rangian o:?hthe neutral currents of the given type.The preseni:-
day accelerators producing proton beams with * EF’ < 1 Gev
furpish sufficient intensities for obtaining a reasonable
count of events in P+pP - P+Z orh+hn N +A° effecta.
Unfortunately,the background difficulties complicate a great
deal the practical possibilities of such an experipent.
| Of special interest is the search for a possible |
(var ) ) :.ntera.ction).
- If terms of the type _
y,
. L o= VE, /4*/5)‘/4/ /’*d’)c A/+Ac(m
are introduced in the interaction Lagrangian,as is done,for
example, by Bludmanal) and Zeldovich 85 ) one can expect effects

* of the type

V+W --?»‘JV -fo-

50X1-HUM
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with cross sec_:tions A 10728cn® for A~ 1 GeV of peutrino
energye. o |

If interactions of type (1Y ) actuaily occur in
nature stars without cha-rge‘d‘leptons couid be obse'rved in
the neutrino beam. o o

The authors&) also proposed a low energy nex.ﬁ;rino
(antineutrino) experiment.An antineutrino of rather low
energies (from a reactor,for example ) could excite the

mecleus

yer — v +g" ()

and lead to the characteristic radiation '

z° 2Ly o .(“6J-

: ‘ , + ‘
For a concrete case,viz. the neutrino excitation of

| ¥ - _ =
First excited level b - 3"%"’ :’" [2.

AE = 480 kev.

? -
L- ,the authors give the cross sectzons

£
42 2
6;; 2 2.107 “enm”,
§ ¢ :
The effect can in principle be isolated from the

background via,for example,the specific properties of the

‘146
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given Y -radiation (energy,polarization).

s By the data reported by Indian ph,/s:Lc:.sts ) on the
intensity of charged particles at large depths it is eagy to
make the upper estimate of the possiblé neutrino-nucleon
scattering effectlls) Assum:.ng that all charged partlcles
observed at a depth of 6388 n of water equlvalent are recoil
- , protons in the neutr;no-proton scattering effect ( Eu >1 Gev)
and taking for the neutrino the spectrum and angular distribu-
tion by a paper of Zatsepin and Kuzmin’l) we can obtain the
estimate !

' 16, ¥R, < 1.6 x 20720, 55, sf{’ (m]_

where I =2. 10"2cm"2sec'1

ar~1 is the vertical intensity of
‘neutrlnos produced in the terrestrial atmosphere 1), ﬁ. mcl
abgorption mean-free-path
ig the proton absombability (~~ 150 gr/cm) and 4 is the

nnmber of nucleons in 1 g oi‘ substance.Hence we have

VJ/ < 10™ 3"’c.ma. S (“8')

Thus we obtain the estimate.of the upper limit for the effect-

ive constant of vfour-fermion interactions of the given type
| oFe 2 (113)

which is only by two orders of magnitude larger than the

wesk interaction constant.
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It is noteworthy that cosmic ray data compete effect-
ively here with the resPectJ.ve accelerator d.ata 7) where the
upper limit for the same cross section is by two orders highu'.'
If we ‘b'ear in mind relatively primitive orgénization of
cosmic research as combared with its accelerator counﬁerpart
it will beconme evident that cosmic rays still hold consider-
sble possibilities.

As for stronger hypothetical interactions of muon
neutrinos wi“ah'nucleonsaa) which could in principle explain
the difference between the muon and electron masses,this pos—
sibility sbems to be closed by underground experimentsS®)
which already give a difference smaller than by two orders
between the weak and hypothetiéal interaction constant,

- But, of ¢ourse,the existence of V& scattering |

(Vaeol 3V a4 N ! ) with a weak interaction constant
remains an open question and an experiment registering neu-;
trino interactions 'by. recoil nucleons in the cross section
regioh-a.o"38cm2 is certainly very desirable.

It is” also desirable to study the Vv .V __‘yl”
.proceas for still smaller cross sections.If there are no

direct (VW )( V.A/ ) interactions it must exist as a second

order effect,according to these graphs,for example
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' Unlike all the second approximat;on effects we hava
discussed, this effect cannot be forbidden by anything except
a low upper value of the intemediate momentum.

A rough estimate of the ratio of the cross section
for ‘the first and second-order effects is given by the same

A

relation -
(o ) o8 K e

S — T

S S T T

In the next few years it will evidently become pPosS=~

sible to ‘check the cross sections under ‘discussion in the
region ~ 1b400m2 and perhaps lower.It is not impossib;a ‘
* that precisely this experiment will answer many questions
we are discussing here. '
The possibility of weak interactions of' the (hn )
(nn ') and (€€ )(€ee ) type is not ruled out in principle,
but the meed .of detecting these effects against the background
of ‘strong apd electromasgnetic interactions relegates tnese '
expermental problems to a not too. near future.
; ‘The existence or absence of lepton interactions of
. the (ev’«)( e\ ) type is perhaps one of the most interesting

pro‘biems in the field of weak interactions and it deserves

s special treatment. B

Rather the process' is not forbidden in the case ‘j“ %V&_
either.
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9. Is the ireutrino Aspect of Weak Interactions
prelesa?

At present there are some grounds to suppose that
the current formulation of the theory of weak interactions
may undergo essential evolution.The development of the theory
of weak interactions may take several courses (incorporation
of neutral currents,up to ten intermediate mesons,etc.) but
an answer must ultimately be obtained to the fundamental
question: why is non-parity conservation characteristic of
Mlnteraction 8o Wesk in cemparisen with the sror onis® ook

It would be very attractive to connect the peculiarity
of weak interactions with the participation in them of such
a peculiar particle like the neutrino and to try in this di-

rection to find a clue to understanding the place of weak in-~

tersctions among strong ones ("Why is God a weak left-hander?")

The phénomenological description of weak interactions
as a_contéct interaction between four-fermions proves in its
general form tép broad: it allows seﬁeral possibilities.which
do not all occui in haturé for some unknown reasons.Therefore
the'four4fermio§lfo£mulafion of the theory is restricted by
several pbétulétdry requirements.(ne of these is the expres-
sion of tﬁe.in$eraCtion.Lagrangian through charged currents
This idealms proved valusble heuristically.At éﬁy rate the
attempt to impart aﬁphysicéi meaning to,this_restriction

150 -
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led to the idea of a charged intermediate meson and the

. corresponding interesting experiments.Analysis of the possi-
bilities for other postulatory restrictions on foui—fermion
interactions may prove heuristically valuable as well.

Let us consider one of such possibilitiesa9).Experi—
mental data on the weak interactions between fermions 6an 50
’ far be fitted into the following restrictive definitions.

1. The Lagrangian of weak four-fermion interactions

is made up of faur different functions

L, - ,_,;1...%...@5...14% +heC (lzo)

In the langusge of particles this means that four
essentially different particles take part in the interaction.,
In the language of Feynman graphs the corresponding vertex

is represented by four different lines,e.g.

FE vV . Fg.2l
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Particles and antiparticles are represented by lden-
tical lines.
Coxollarieg

(a) Definition 1 forbids decays of the type

A°P>neet+e”

/‘4‘ yet+e-tet (121)

/—f —»e"+y
(b) Definition 1 requires the non—identity of the

mmon and. electron neutrinoa

\j..;!)/,_ /A-av,_ + +v’,. (u,z.)

(¢) Interactions of the type

(e)(ev); (i) (omi(en) ; () P) 23)
allowed in M.S.©) and F.G.7) by the formulations of weak
'interactions are forbidden. ‘

The second restrigtive definition can be written in

the form:
2, Either maon or electron pumbers conserve.

By the two definitione the interaction Lagrangian
mst incorporate only charged electron apd muon currents

}i‘*ﬂ Y("*Xs”’:) j;:‘g.y(uxs.)%; (12%)
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The second definition forbids decay of the type
A°— n+p”+e? - fas)

Strong Interactions

The question is whether there is smy hope or a gieam
of hope to understand the vast difference in the values of
the strong and weak interaction constants.

.In nature there is one specific process capable of
increasing the effects by many orders,and this process occurs
when resonance situations are realized.

There are some considerations which hold out a certain
hope for the emergence of such resonance situations in four-

.fermion interactions so that the latter could show effectively
a8 the usual strong intersetions. |

If,indeed,we taske as an example the four-fermion in-
teraction as a contact interaction of two fields with the

Lagrangian

k)= 6 ¢';9,%c?a;cp + h.c. (126)

and calculate the scattering c¢ross section by solving the
corresponding the Bethe- SMPOAE)L equation in the chain

Y approximatiohlg),in the cross section obtained there actually
arise resonance-type denominators in fhe expression for the

effective interaction constant.
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The scattering crogs section due to the four~fermion
:i.ﬁteraction has an intricate pattern iﬁ this approximation.
Apé:ct from the momentum dependence of the incident particle
( P ) the cross section contains factors depending on the
taximim momehta.o.f virtual states (. ,'Kmax).fthe stmcture of
‘the characteristic term of the cross section is given in

eq.{ 12%)

de  ~

f(r;?-) | [12%)

' | — 8K ﬁ’/‘ + small terms

The denominator of eq.( ll? ) has a typical resonance struc-
ture.

Two circumstances are noteworthy.

1) With close-to~-critical values of the maximum mom-
entum of intermediate states in the case of a vector interac-
tion,cross section ( 122) is 'bjr eight orders larger than
the cross sections calculated by perturbation theory.Thus

+
a strong interaction originates from a ‘?v_reak“_one .

+ a - g
I.e,,with a weak initial constant.

2) In the V=A variant of the interaction the '

expression that appears in the denominator ;Eo;- the corre-~
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sponding cross section (Polubari.noir) is such that the main

dependence on falls out,only the logarithmic term

. K pax
( én ..K..Lz"':" ) remains,and the denominator vanishes (resonance)
only whi?en K pax %S I epgt = 300 GeV.In other words, the
four-fermion \/—A -interaction of type ( FEA ) leads,

with the cut-off parameters [ € Kcepit sb0 scattering

max
. | cross sections'which do not differ from the first aepproxime-
tion of perturbation theory with respect to the weak constant.
¥ Thus it is not impossible that even with the same
initial constant & and with the same maximim momentum
of the intermediate states ( I nax) the comtact interaction
of four fermions, taking info account the infinite chains of
high approximations,becomes egsentially stronger if there is
no neutrino among these fermions;or rather if instead of the
V ~A variant of interactions there remains only, say,the
A -variant,or any other variant (T', f.V), or ﬁheir combina~
tion ensuring spatial parity con-servationc.Another circumstance
may also Vprove essential: some baryons involved - in a four-
fermion inigeraction leading to an effective strong' interaction
may (say,in contrast to weak interactions) be identical.
From this voint of view the scheme of four-fermion
' interactions is more natural if it is close to the sludman
’ scheme7l).Close in the sense that in it, just as in the Blud-
man scheme, (Pp )(hn),(€e )(ee ), (e )(fq/-f),etc. inter-
actions with the same initial constant (G  are assumed.In

the neutrino aspect of weak interactions,four-fermion inter—
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actions of such a type need not show up as weak interactions,

i.e.,they may lead to strong and electromagnetic interactioms.

Unf ortunately,the existence of non-lepton decays is & weighty
argument sgainst this viewpoint.

bearipg in mind,however,the at iractiveness of the
neutrino hypothesis for weak interactions it is hardly ex-
pedient to jump to negative conelusions without discussing
other possibilities slight as they may seem.

Let us consider the non-lepton decay situation more

closely.

Wesk Non-Lepton Decays
Weak non-lepton decays could,it may seem,be natur
. v ; ‘alhf
explained by the interaction of the baryon currents )E‘ }50
N : N ) - .

where

}i:‘f:;Y(l+¥:)*n ) };.—.@Py(uy‘,)«{f, (i13)

. and the decay of,for example,& ﬂo -particle be represernted
by graph 22. vl '

Fig.22
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byt strictly speaking we have no theory of non-lepton decays
since graph 22 is purely illustrative as yet.The point ia_
not even that strong interactions preclude concrete calcula-
tions. | : ,

Tt is precisely graphs like that in £ig.22 that ave
discussed in connectioh with the idea of reduciné strong ip-
teractions to an infinite chain of weak interastions;suzo'go
This idea has not yet been exhsusted.It seems desiredle %o

| reserve graphs like that of fig.23 for the future theory of

strong interactions.

Fig.23

At present it cannot be said with certainty that
graphs like 24 or 25,complicated by strong intezactigna,

camot iﬁterpret non-lepton weak decays:
: o

Fig.24

i57
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The summation of infinite chains of type 24 and 25
also leads to expressions like ( |2 '%),to the sppearance of
an effective constant in the function Kmax’ '

With a universal Kmax’the effective constant
essegtially' depends on the character of the graph chains sum-
mated.It is not impossible that the summation of infinite
interaction chains of type 24 and 25,modified by the incor-?
porated strong int.eraction,will change the denominator of an
expression of type (/1% ) to such an extent that all the ex-

. pression wiil prove essentially different frdm 'the first ap=-
proximation of perturbation the ory,though not 80 drast:.cal]y
different as to lead to strong. interactions. _

The follown_ng analogy can be drawn between the strong
interaction of baryons with pions aqd weak inte‘xjaction of
pions with the same baryons. | |

According to the Fermi-Yang theory,the strong pion-

baryon interaction can be interpreted as a four—fermion in-

teraction leading to the emission of,say,a nucleon—-ant:;nuq:leon
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pair by a nucleon.These make up a pion according to grash 22.

. However,graph 22 can also be drawn in this form 2.2

v

P

o
A Fig.,22'

In other words, /1° emits a pair: _)4 -nmeson and neutrino

which make up a pion.Owing to a strong nucleon-antinucleon
o+

interaction which may lead to the production of a pion

+ . o .
- The bare particlgs whose masses may differ from physical

particles are here meant.

it is precisély a ﬁion origiﬁates‘in graphs qf type 22.
It can also be said that for‘thé Same reason Q/4-meson-
neﬁfrino interaction) graph 22! leads as a rule to a week pion -
decay. | |
. In this presentation of the possible situation

thebe is even a certain gleam of explanation of the'difference

| 159 :
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between strong and wesk pion-baryon interactions.

In the interpretation of graphs of type 24 and 25
there arise problems which cannot as yet be solved in the
:framewcrkief the present-day theory.lMagnitudes of the allowed
momenta of the intermediate states in'#hese processee (factars

~ like @?K:;x).are'still unknown;there ere no methods of cal-
culating the probabilities of the effects for high vslues of
these factors when perturbation theory does not apply any
longer;nor are;clear the problems of the initial-charge con—
stants of weak interactions,i.e.,nop-renormalizable theories.

It is still possible that the question "why is God a
weak 1eft-hander?" will be answered in the aspect of four-

fermion interactions

Another consideration in favour of neutral currents
in‘feur—fermion interactions can be pointed out.
| Probably the only theoretical possibility so far
to understand the difference in the muon and electron masses
(sect.3) on the basis of‘experiment-allowed interactions is
the introduction of peutral curremts leading to (Jﬁjk )(/ryk )
or ‘(_’e € )(e e ) interactions. T

Indeed, the weak.interaétion‘written ih the form

V" =-¢(%hte wh bt B t) (129)
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is pon-inveriant with respect to the transformation

We%ysi} ) +a">’—\b‘xf
Therefore,according to the considerations expounded
in sect.3,this interacﬁion muist lead to different contribu-
tions to the equal masses of bare muons and electronms.
. It can,indeed,readily be seen thet suck opposite-sign
additions to the electron and muon masses arise in the graphs

of odd powers in the weak constant.¥hat is meant are the graphs

of the formtt)
! ? 0‘\ . m etc.
‘ -
) I II ' I1I ‘
...... .photon line.

True,the simplest graph of type I can be eliminated
by the selection of certain form of the normal product of the

interaction term.

' The graphs even in the powers of G (type IV)
Iv

- -
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give the same contribution to the masses of bare particles,
as is shown by calculations, and decrease thair bare
masse

Thus the bare mass of an electron or muon can exceed

considerably the real muon mass *.

. | v
Estimates 41) show that the contribution to the

magnetic moment can be compatible with experimental

data.

Of course, what is meant here is the possibility
to understand in principle the difference in the muon
apd electron masses, The state of theory being what it
is ( divergence, absence of the method of summation
of graph chains if GK%,',.;«-_{_I y etc. ) it does not

appear possible t'o obtain any concrete values.
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The existence of weak interactions provokes what
.  might seem at first glance a childish question: why does
natufe need weak interactions? On first thought it appears
that the existemce of weak interactions is an absolutely
unjusti'fied luxury. It appears that nature would be none
the worse if it had confiped herself to strong and
- electron-megnetic interactions.

Consummately perfect constructioms are realized

in nature as a rulé. It can be thought therefore that
our comprehension of the hierarchies of interactions
is very superficial as yet and the dispensation with
weak interactiona' wuld make a consistent picture of

world impossible .

The above ¢ onsiderations in favour of a single

picture of wegk and strong interactions are not at all

decisive or even convincing. They merely indicate that

in the framework of four-fermion interactions there

is some scope for further theoretical research, and

it is ip this direction, perhaps, that essential results

will be obtained for understanding the correlationm

of strorg and weak interactions.

In a more specific aspect the above considerations
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focus atiention on the possibility of checking experimentally
the existence of truly weak interactions of the type
(np)Cnpycey yev),

Of decisive importance in the neutrino concept
of weak interactions would be the establishment of non-
parity—consei-ving (hp Y(A°P ) or (NP )(NP) weak
interaction.Now that the (v )(H #') effect detection
experiment has been_ successful the point is the search
for the effect of the same order of a possible (VW )(VLV_)
interaction, _

Alresdy now the experimenters must seriously
discuss and seek the most ffective methods of detecting
a poesible non-parity comserving ( np )( h P ) interaction,

The most natural trend of this search is an attempt
.at detecting longitudinal polarization in ruclecn-nuclgon
gcattering ' '' ).Longitudinal polarization is caused by the
term due to the interference of strong interactions with
that part of .weak interactions which violates parity,With
micleon energies ~- 200 to 300 MeV the effect proveé equal
to 1078 %0 10°7 of the main effect ¥ ).at presems
the experimental possibilities of detecting the effect are
by three orders or sgo lower than the expected effect in

thig energy region.
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Howéver,with the advent of strong current accelerators
. the situation may improve radically and the effect may appear
detectable,
In the high-energy region the situation may prove
more favourasble,
Obviously,purposeful efforts should be taken in
- this direction.The prize is worth it,

10, ( 2v ){ 2% )-Interaction

Of all the "still undiscovered" weak interactions
the ( €V )( @)’ )-interaction enjoys the greatest popularity.
Numerousr effects possible with _this interaction are discussed
80 often and in 80 many ways thet one is almost convinced that '
the (ey )(e V‘)-interaction exists in reality.The popularity
of this interaction can be traced tb the fact that it is not
forbidden by the M.S.®) F.G.”) theory.Besides,this interaction
acquires additionsal prominence due to the fact that the
(VP )(VP )-interaction proves to be forbidden in this theory.

But the main reason is that the (&V )(eV )-interac-~
tion remirds one strongly of the much-used-to electrodyrnamics:
electrons interact with a certain vector (pseudovector) field
made up of neutrino-antineutrino fields,

; | | 50X1-HUM
1A5
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The set of processes that ariges is analogous bto
the processes of electrodynamics, _

Scattering on sn electron,a neutrino may yleld a
"Compton electron” of & kind.In an excited atom the electron
mey jump to another orbit,with the émission of a neutrino-
antineutrino pair instead of a photon.The ueutrino is capable
of excitihg the c¢ircult,

| - Slowing down in the Coulomb field,the electron is
capable of emitting neutrino-antineutrino bremsstrahlung.
J 'This peculiar interaction might have a decisive effect
on many astrophysical processes.

Though an elaborate analysig of the possibilitie‘s
opened by the existence of the (€V )( €V )-interaction is
a kigd of counting chickens before they are hatched, the dis-
cussiorn of various effects induced by the interaction is
quite valuable heuristically.This discussion may bring into
existence ap essential experimental idea which could eventu-
ally help confirm or reject the existence of the direct elec-
trop-neutrino intersction. | '
| In the general aspect of the theory of weak interac-
tigna this possible interaction nas proved to be so peculiar
and importenmt that an experimental analysis of the situsation
is a direct must.

Regardless of our attitudes,the trends in the develop-
ment of weak interaction physics has made the detection of the
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a5 yet purely spec,ﬁlative (ey )(ey )-inyeraction an experim-—
ental problem of fundamental importamnce,

Elementary (€V )(eV )-Interaction Effects
. Neutrino-Electron Scsd:téring

The neutrino-electron-scattering cross section has
been given in the most géneral form by I.Polubarincvsl).It is
valid in any energy région,in any system of coordinates and
also for a non-zero mase neutrino.

The latter circumstance can be essential for the
mion neutrino whose experimental mess upper limit is étill
high ( ~ 1 MeV), |

For extremely high energies cross sectioms ( %% )

"and ( 7§ ) assume the same amalytical form (/02 ) and (/6% )
with the concrete value of the coefficient given by (130)

2 , -
' e & e s ~ 4. /D—Vf—--—-py cm 2 - 30)
V+é ayre ﬁf; 4 . mec mec
b 3

For low neutrino energles,in case M), =0,the ex-
pressioms for cross section ( %4 ) &lso become much sim~

pler

| 167 | .
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26 m> Pt

- m,

6;/}9-»;1}3" 5?#3: '/mvc)L ~p.06% ) (131)
(]

Unlike the photon-electron scattering effect here
there is no specific Thompson limit: when P - o cross sec-
tion ( 13! ) tends to zero,and not to a constant.The quadratic
depw@enee on neutrino erergy - { 'iﬁ!‘é ,’)L makes unjusti-
fied the attempt to seek the effect in the region of neutrinos
of very low energies even if (as will be clear from the follow-
ing) neutrino fluxes of considerable densities are realized,

The situation i's somewhat different if the neutrino

mass does not vanish
_ 2 ¢ 7 m,, /Dy

Veesvee ?ﬁ?ﬁo myemy /me+my}¢

. B<m,e (32)

3

Singe =1-"—"=
/30 c mec

becomes a constant

,cross section ( 18X )

2 2 2 |

(rm +m)

If the neutrino muon possesses a mass MP} Wle and

can be scattered on an electron (?) the cross section proves

equal to
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A IR S
kY

| regardless of the neutrino energy in the region P\?‘ <iIm.c

Neutrino~Atom Interaction
The excitation of a hydrogen-like atom by nemtrino -
of an energy E_, ! '

M E, DD 'lf{l"f&l |

where # and U are the finel and initial states of
the electron in the atom for the K and L transitions is
‘desceribed, according to A.Komar,by the cross section

-3
e . 210 £, |°¢
= TS P’ ~ ) @azs) -
. . |

The neutrino-atom scattering with the tramsition
of the electron intc a continuous spectrum is given for low-

neutrino energies by the expression (A.Komar)

-3¢ 2 - ' _
5: 0 - . z 35' ‘
‘ 2’7 me - Me L/Ey J’E,,z' |

TAQ
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where E‘, 2 € ‘ (ionisation energy).

In this case the electron momenbum
B« FdMe

@ross section ( |35 ) is written for transitions from K -

shells.When Eyﬁlf- , Z={ we have

§
€ ~ 3.5 x 107782, : (13%)

For high neutrino energies the corresponding cross
section tends naturally to eg.(-130 ).

In other words,bthe neutrinc-atom interaction cross
"section decreases catastrophically in the low-energy region.

The structure of the formulae cited is such that,in
addition to those troubles which the smallneas of the weak
intersction constants entails, there appear _high powers
¢ EVm e. ) vhich decrease sharply the cross sections
for small enmergies ( £, <{ Mg ) and even Z in high
power departs into the denominator....

It can be recalled that the cross section of ionisa-
tion of an atom by a photon (photoeffect) contains high-power
photon energy precisely in the denominator

74
$= 2 (7

while in the pumerator - ,Z is in the fifth power.
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nature seems to guard jealously the nwstery of weak
interactions.

Furthermore,when the cross section has a favourable
structure,a high power of 42 appears in the numerator and
the creation of special conditions increasing the count of

events by many orders proves possible-~the evepts turn out

- ta be such that they are not in fact detectible as yet.The
‘irradiation of the resonance excited stom by a VV pair

is meant.

The crose section is here expressed (A.Komar) in the

form

G'[E,) = 21077 2% o, (138)

The formila is derived under the assumption 24 £ 1 for
1$-2pP transitions.

Here the cross section increases-with % ,the
pumber of .excited atoms under the conditions of lazars is
immense.The number of events per time unit increases by
dozens, of orders as compared with other neutrino effects.

But how can the radiation by the atom of a neutrino-anti-

"neutrino pair be detected?

If it were possible to reverse the effect: to observe
the resonance absqrption of neutrino-antineutrino pairs with
the subsequent emission of a photon.sut such random correla-

p— . .
tions of Vp are improbable even in a very dense neutrino-
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antineutrino flux,. .
Such an effect will prove possible if there exists

8 strong correlation of the VV pair when they are emitted
by an elec'i:ron in slowing down at the Coulomb cen'tre.“mera are
no realistic indications in favour of such a possibility ex-
cept general considerations concerning the obtaining of bound
states on the bssis of four~fermion interactions in the spirit
of the Fermi-Yang ideas.If one cén in the éaae of nucleons ex-

pect the prodt_xct lon of pione as the bound states of nucleons,
o-pt _

;‘e"and S{* vze particles\ / k

one car then expect also strong correlationg or "scalar light"
(pseudesccdar)
/ifrthe case of vy pairs.
rs «
Spesaking of Mcalar light,it is perhaps in place to

complein ageinst pature or our knowledge of it: there is a

zero magsg particle vith spin ].",with‘ spin 1/2 and there are
their analogues with non-zero masses,But among the lafter
there are also pseudoscalar pa’.:_:ticles,bom charged and‘neu-
trel (¥ -meson). | |

The question is whether there does not éxist a pseud o~
scalar neutral particle of zerc mass or there is & serious
gsp in our kmowledge? In the spirit of Dirac's mexim it can
be said that it will be stramge if nature had not used this
possibility. | | -

Incidentally, there have been several considerations
in literature in recent years in favour of the exiatemé of
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| pseudoscalar lightgl).
It is not impossibie that the consistent .e‘l;aboration
of the idea of t'he prbduction of particles out of Y -field
wtn e W
only when,along with the production of particles with

invariant initial Lagrangian is feasible

violating this invaria.nce,there arises pseudoscalar light

. comp ensating this violatien91’92).

The effective constant of the interaction between

this light apd the substance need not lead to appreciable
+

- effects on the cosmic scale .

If it is assumed that the calqulation of the effective -
interaction constant for the complex Fermi-Yang field in lthe
‘chain approximation of the Bethe-Salpeter has any suggestive ..
implication,it must be said that the effective constant thus
calculated contains in its approximate expreésion the mass
of the quanta of the fields forming this particle so -'i:hat
when this mass tends to zero (e.g., V 'J' ) the effective

interaction constant of the complex field tends to zero.as

11.Th '2)
- ﬂ- _—

.
(log 4% -2 ) /%
L
r where A is the limitiag momentum value in the four-fermion

interactions £ ® = m‘/ .These considerations are no proof

'.
* but they make it possible to contioue the discussion of the.

~.
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possible existence of pseudoscalar (scalar) light with a

small interaction constant.

11, Can VWeak Interasctions Show Macroscopiecally?

The ( V¥ )( VY )-interaction hypothesized according
- to the universal interaction theory may prove essentisl in
astrophysics,as was first noted by E.Pontecorv095).Tha neutri-
no bremastrahlung

.
R+ de+? 4+ +F

i.e.,the emission of a neutrino-antineutrino pair by an elec-
tron in the Coulomb field of the pucleus,with charge 2
is in its absolute value small as compared with the photon
bremsstrahlung

e+Z > R+

which is at any rate the case if we have electrons with en-
ergies considerably lower than the critical energy 6: weak

interactions ( £ € 300 GeV in the c.m.s.).
A rough estimate of the correspondiné probabilitiea

leads to the expression

v A
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W _ (e ’“) . 2 (139)
Wy o z 2 2, £ ¥
27 (e 'ﬁc) & meC) A

tt
\

Imie :
where Cr = ""f.s is a dimensionless weak interaction

constant, 9=1l.4 x 10'49erg '::.m3 and me is the electron
. masse.
| For the astral témperatures dealt with in astrophysics
the parameter A wunder consideration is very small.out a
considerable difference in the penetrating capacity of the
neutrino as compared with that of a photon may under certain
rconditions lead to situations when neutrino radiation will
account for an esséntial part of the emanation of astroenergy.
These considerations have been confirmed via quantitative cal-
culations by G.M,Gandelman and V.S.Pinayevgg).They showed that '
in the region of temperatures 'K1'> 30 keV and with the dens~
ity of a star > 10 g/pn? the energy carried by neutrinos
f‘rox‘n the star ( % ~ 10) may exceed the energy irradiated in
- the form of Y -quanta.
The neutrino radiation of stars had been discussed
before.Many years ago Gamow and Schaenberg95) pointed to a
' possibility for neutrimoradiation which can matverialize via
muclear reactions in the depths of stars given higl; densities

and temperatures.
It is upnder suitable conditions that electrona can be

captui'ed by muclei with the subsequent decay of the latter.
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A _ \
Bhem s wtoy o wh aug e (p)

Of course the cross section of thié process 1is very
small.Nevertheless,it can be essential in the energy losses
of stars.Furthermore,in certain conditions the energy’loéses

- in the form of neutrino radiation sccompanylng the nuclear
reactions under consideration may exceed photon radiation
since photons have short paths in astrosubstance and are
actually radiated by the outer envelope of a star.However,
the neutrino radiation mechanism indicated by Pontecorvo
differs essentially from the process gonsidered by Gamow and
Schoenberg in that the electron neutrino bremsstrahlung is

+
8 non~-threshold process .

+ i . .
The (;/3 ) process depends on the presence of nuclei

- with a low energy threshold.

True,the Gamow~-Schoenberg effect 1s based on the
established interaction while the existence of the (ev )(eV )-

interaction "is still to be discoﬁeredﬂ.

V.I.Ritusgs) has recently indicated anothervimportant
mechsnism for neutrino astral radiation: photoproduction of

a peutrino on an electron

~
yee - e's vV
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The latter is a first order process with respect to the weak
interaction and electromagnetic interaction constants.
The‘cross section for the photoproduction of a neutrino-

antineufrino pair on an electron and the powér of the photo~
neutrino radiation of electron gas (degenerate as well as non-
degenerate) are calculated in re£.9§) against temperature and
density.It is shown that the power of the photoneutrino radia-
tion of electron gas at temperatures KT 2 40 keV is by
two orders larger than that of neutrino bremsstrahlung under‘
the ssme conditions.This sharp difference is due in particular
to the factvthat the cross section of the photoproduction of
néutrino pairs increases more strongly with photon energy as
compared with the growth of the neutrino bremsstrahlung Cross
section vs.agg;;ggigqggectron energy.lt is essential yhat the
photon energy spectrum is shifted towerds higher enéfgies-as
compared with the electron spectrum at the same temﬁe;atuxe.

" The author expresses the power of the photoneutrino
radistion of electron gas when there ie no degeneracy'in the

form

| Q =3.32 x 1078 'r'g £ erg sec tem™> o (Hm)

A o - v -

-t

ihere.> T 4is the temperature of the substance (keV) and
S‘ is the density of the substance.The latter is assumed
to be completely ionised so thet the electron density is con-

pected with the demsity of the substance by the relation
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n, = 6.10% P,

Here we have

C’; is the weight concentration of an element with atomic
nunber /f;_ and charge Z . ®
For strongly degenerate electron gas eq.( /¥0 ) takes

on the form

v

l R
q 3
@ =1.5x 107 T ()_,e\ erg sec Lem3, ("”)
e

Table VI lists the powers GV of the photoneutrino radiation
of d_égenerate and non-degenerate electron gas vs. temperature
for a given density _f) =107 g cn™ in erg 7.*.=,et:"lcn1'_'3 . The
last column of the table lists the corresponding powers q,y
of neutrino bremsstrahlung calculated by the formulae given
by Gandelman snd Pinayevo').

Estimates of photoneutrino and photon radiation under
the conditions close to the real conditions of the state of
substance in new sters and stars transforming into white
dwarfs confirms the essential importance of the photoneutrino
mechanism of energy losses in the energy balance of stars.

Eqs.( 191 ) and ( /Y0 ) ellow the neutrino-carried

energy be estimated if,of course,the density and temperature

7R
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distributions vs. the radius of the stai- are known.

Teble VI

T (eov) q, Y
2.08.,107% 1.41,1072
‘ Degenerate | 5 4.06.10° 1.17.10°
ges 10 2,08.10° 4.66,10"
20 1.06.108 1.20.10°
30 . 1.09.10° 3,05.10
son-degen— 40 1.08,10%°. 1.10.108
erste gas  gg 6.50.10%° - 3.05.10°
70 9.55.L0t1 1.38.107
180 1.66.10%2 6.87.10°

In the case of the non-degenerate state of electron
gas in a Astar the photon luminosity (‘Lf ) can be connected
_ with its temperature 7; and density fc at the centre of
P i the star by the relation?®)

o ZJ'—'-'C/* r-ug
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£ is the constant in the Kramer's  formula for the photon
path

£ gf—!.praf
e ge (2 1)/A

The value of the constant C; and the temperature
and density distributions in a star can be oblained,for exam-
ple,by the numerical integration of the equilibrium equation
under the asgumptio_n of some model of distribution of the en-
ergy-releasing sources.

For the point energy source model when it is assumed
that the entire energy of a star is released at its centre
Cowlinggg) has found the distributions of the temperature

T('t.) and density f(‘lv) |
Since the temp eratures and densities change rapidly
vs. the distance from the centre of the star it is worthwhile
to introduce their averages for.fu'rther estimates since these
averaées characterize the temperature and density of the

main mase of the star better than their values at the centre.

T fYT“” 5’ st“’“’

Using the expressions for j'-‘ ( ’L) and T( &% ) calcula-
- ted by Cowlipg one can obtainge) the relations between the
values of the density at the centre of the star and its
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average density as well as express the value of this quantity
- through the redius ¥  and mass Y4  of the star

— ' - v
e 23305 - £evur™ ()
Similar relations exist for T as well
’ — -23 '
7;_ =/ PET = 5'.2,0"-/0/“0“’8'/ 7 (I‘IB,)

where the densities are expressed in g cm™ units and the
temperatures in keV.
| Using the values found by Cowling for the constants
the authoi' expresses J/ & as

05 -2.5 # 3 o5 25 —¢ (1Y)

L -722/0/,(, /D A //y/p/g ‘/0

Integrating 0., " over the volume of the star and
using j’(‘l) and 'T'{!) for the same model and eqs.( /Y3 )
the author obtalns | )
| -15 -05 35

25 oo
Lyz-l,‘lfxlo/qe/u P Y/
27 . |
—Mzz,x/o/ue /u-/io'%'r% (145)

The ratio o;f photopeutrino and photon luminosities

. is given by the expression

by, gp1x00 0" o cavdD 7‘-’5 (46)
L, 3.0 x{0 Z'@/éat/u 0.69 /0/%/«

ToM
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For stars with parameters 'T;'_::- 40 keV and
Pc = 5,1¢* g cn™” we have LV/L =10 .These parameters are
evidently characteristic of stsrs transforming into white
dawarrtat©0),

The ratio A approaches unity when S’ =

3.].0‘2 g cm and 'T' =10 keV: these parameters correspond
to subdwarfs which flare up sometimes as new stars 01)
In the case of the degenerate state of the electron .

zas of a star,its photoneutrino luminosity is estimated by

(G

the author as ‘ .
= /.89 1o %% 3
éy g | AT ) /a-

The photon 1um1nosity in this case is wrltten,accord:.ng to

Schatzmanloa) o
| | -2 4 iys
/JJ, = 4.PF 10 _ Ae7 ( )
Hence |
5.5 | -
/a' ZY s ygpq0 'r % ./0'/3 (3)
e
For F :;105 g e’ and T =20 kev this relation .

becomes of the order of unity

rig.26 1llustarates the dependence of P on tempera-

ture and density

ﬁﬂ’)
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'a
0

W

In fig.26 line 1;; divides the regions of degenerate
gas (below the line T} ) and the regions of non-degener-
ate gas (above Te ).Lines T4 in the degenerate as
well as non-degenerate regions correspond to those average

_ temperatures and densities for which the photoneutrino lumi-
nosity equals the photon luminosity.Lines Ty in this greph

~ correspond to the temperaturées and densities for which tﬁe

' bremgstrahlung neutrino and photon luminosities are equal.,

. Arrows on lines T$ and T indicate the directions
of the growth of the ratios Lythet. and ':’l_;:_‘.".&'-"' 'i.e.,the
regions of temperatures and d;;}ﬁties in whiéi these ratios
are larger than unity.

" - : Tt can be seen from fig.26 that the region of astrel
temperatures and densities for which photoneutrino luminosity

'+ exceeds photon luminosity or is equal to it is substenvially

|

A 183 |
Declassified in Part - Sanitized Copy Approved for Release 2013/09/16 :

CIA-RDP80T00246A025300270001-1 '



Declassified in Part - Sanitized Copy Approved for Release 2013/09/16
CIA- RDP80T00246A025300270001 1

larger than the region in which bremsstrahlung neutrino lumi-
nosity is larger than photon luminosity.

Probably,the mechanism of neutrino radiation is of
the greatest interest in the study of the energy balance of
new stars.The values of densities close to-P‘v'B.loa g i’
and temperafures 1‘«1 10 keV probably correspond to them.

Estimates show that in the flares of supernew stars
neutron radiation attains in absolute value the largest neu-
trino luminosities,but in the total balance of a star's en-
ergy losses,the losses in the neutrino radiation channel pro~-

bably account for a fraction of one percent of the total en-

ergy losses.
‘ g | mEY
Another sourcef of neutrino-antineutrino pairs

+ - 3 L3
Strongly overrated estimates of the effect are given 1in

- ]
re£.19%) (see ref.19"%)), According -to ref.103 ) this process

cannot be essential in neutrino astral radiation.

103,

be the process

Y+Y ->Y+1J+5-

The process

r-“
Y+y Y ¥

now _ _
proves forbidden in the/received (V=A ) variant of weak

(ev ) eV )—ir_lteractionslm).}?or very high temperatures
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the process

oo’
e-+et ¥V +V¥

is easential.lt should be recalled once sgain that the neutrino
radiation losses consideréd above imply the existence of the
(eY )(ev )-interasction.There is not a single expei-imental
fact as yet which would testify in favour of the existepce
9 of such an interaction. '
It appears extremely jmportant therefore to discuss .
various possibilities for detecting experimentally such an in=-

- teractiop and later undertaking concrete experimentsl investi-

gations.

12. Batural Heutrino Fluxes

" GCelestial Bodies as fieutrino Radiation Sources
The Sun

There is a widespread opinion that the energy balance
of the Sun-type stars is sustained by nuclear reactions at
8 work in the depths of these celestial bodies.Though the
hypothesis seems plausible.enough,the existence of sgch proc-
' esses in the Sun has not been confirmed experimentally and
surprises with far-reaching conseguences are poasible. The ex-

perimental attempt to check this hypothesis and even the type

50X1 HUM
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of possible nuclear reactions here on Earth becomes fessible
at present.

Various thermonuclear reacti.ons suggested by many
authors as possible sourses of the intra-stellar epergy of
the Sun-type stars have unique peculiarity: they all are
-accompanied by neutrino,and not antipeutrino radiation, This
circumstance follows fram the fact that the production of
heavy elements of nuclei which contain neutrons arising from
hydrogen is possible only with the e'missidn. of neutrinos,

Such a property is ivherent to the (> - cycle pro-
posed by Bethel0? ) |

/2 /3 /3
C +p =NV = €+ y

C /3+/D — AN Y | : [C-JV)

/V/Y+/o - 0,!—a A/,ié’:;)

AY
/‘/ -l‘/o"‘ C /2,1"/[{3?

the H-D synthesis discussed by Salpeterl®®)
pep —» Dretey
Dip > H (-0)
'Hef+/_/e3 -—>He(/+/)+/o_ |

1oz
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very interesting possibilities indicated by Fowlerlo’?)
PtpP > De+e %
3
D¢ P He
3 ¥ 7 -
He'se He' — Be = Ly -~e +p

7
L P = Bef-/- .Z/‘/e(/

* and finally the reactions
Pep = Deetey
3
D +/o - /-/e

//eg+/'/ey—-> 6251 (H=-B)
r
Be;+/) - 8‘f = Be ve *4-)/

@éf‘? a_?/fe(/_

H, Tyren aﬁd P.Tbvelos) reported experimental data on the p
sible existence of an unstable isotope L:‘L4 with lifetime

0.4 sec. Reeveslog) drew attention to the importance od th
reaction for the energy balance of stars,for energy 20 M
would be released in the decay b‘: (e*+) He!

°

Declassified in Part - Sanitize:d CSE;/ Approved for Release 2013/09/16 :
CIA-RDP80T00246A025300270001-1




Declassified in Part - Sanitized Copy Approved for Release 2013/09/16 :
CIA-RDP80T00246A025300270001-1

+ .
Bvidently the latter reaction,if it exists, yields neutrinos

It would be desirable to extend the reliability of this
reaction.Theoreticall},the existence (0.4 sec!) of L:Lq' seens
even less probéble than the existence of, sa;y,H“ (Coulomb re-—
pulsion).

of the highest energies out of all nucléar reactions known.

' Given below is a table of the Sun's peutrino activity
(table VII) drawn up by V.A.Knzmin.The third column of the
table lists the maximum neutrino energié for the reactions
under consideration.'!hé maximum energies for the contemplated

solar neubtrinos lie within

_ may |
o2 Mev € E,. < 1.73 MeV.

Only in the case of the H"B cycle does there arise neutrinos
of energy E,,ma:’:‘a 14,1 lleVv,

Detectors with a very low energy threshold are necessas~
ry for the registration of solar neutrinos.In this connection

'~ the reaction suggested by "B.Pontecorvollz) ig usually dis-
cussed | 38 %
V+Cl — A "'/9 B

The reaction threshold - &y=0.8 MeV.Unfortunately,even this

reaction with its relatively low epergy threshcld proves

188 :
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- useles for the registration of neutrinos from the H-D
and H" Re cycles.
Kuzmin has indicated a detecting reaction with a

still lower threshold ( Eo = 0.24 MeV)

Ga’l Ly Ge’l,

* It is unknown,however,how "technological" this reac-
"tion is,how realistic its use is for an experiment with
enormous detecting masses ( 1000 toms).

Table VII lists estimates of the average Cross sec—
tions for the regions in which the detecting reaci_:ions apply.
The_.average crogs sections 6 of neutrinos from the cor-
respording c¢ycles are almost all close to ~ 10"4601:12

The H-B cycle ¢ 1.4 x 107%3¢n?) 1s a rare exception. But

+
then in the latter case the expected neutrino flux is

It is not clear how reliable are the extrapolations

¥ H
for very low energies of c¢ross sections like Be P - B

estimated by a qu.an#ity by three orders smaller.

The estimates of 'the possible neutrino fluxes from
st‘efs are somewhat arbitrary.But apparenmtly they are suffi-
clently reliable by the order of msgnitude.

. The neutrlnc actlvlty of the Sun may,by various esti-

189
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mates,attain on the surface of the Earth the valuesllo)

100 to 10! neutrinos per cn® sec™t,

Zeldovich;lnkyanov ahd Smorodinskyllg) estinate solar
neutrine fluxes on the Earth's surface with an averege energy
2.10'6 erg to contain 5.101°;part1cles per cm? in one second,

The number of neutrinos emitted by the Sun per sec
is set down in ref.*13) at 10°° particles,

The estimates of solar neutrinc radiation are obtained
on the basig of the following considerations. |

It is assumed that thermonulear reactions essentislly
regulate the Sun's energy balance.All suggested reactions of
this kind (table VII) reduce in the last analysis to energy
release in the production of four protons in 'f[;'i-’)“e? +2e+2

The energy released in this reaction (27.7 MeV) is
distributed between the particles involved in the reaction
apd two neutrinos.The totael énergy lost by the Sun on radie-
tion is divided by the energy released in the Yp »He reac—
tion.Thus,a rough estimate is made of the pumber of He nuclei
originatinnger gsecond and the double number of these gives
the wanted number of neutrinoa ( &7 ).

A more detailed characteristic of the number of neu-
trinos must include the estimates of the portion of the number
of neutrinos due to this or that cyclef (J; in table VIi).

The Sun's pneutrino activity on the Earth's surface

is given by the expression
= .

The energy carried by neutrinos makes no contribution to

the Sun's luminary activity.
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61T

Table VII
e . L R __ -
- BEEX MeV - 'S80l tri | Detect Average Boc
Oyele ﬁ process v ! ¢ fl\gxafrgggsf;eggd: ‘ erector Cross sec— Fe
in pargns, o tion ¢ ,
. em2gec—1 em
D ENP eW)? . o2 5.26,10° Ga?l — Ge’t | B.5x107% 1.5x1072%
: (4.3x:100) ' ( Eo= 0.237MeV )
ut(pe’ v/ )p? L ~ 3.10° 10137 o, ard? |24x107%0 72.10737
| (£, = 0.816 MeV)
’ ' x
B-Be  Be’(e,1 )i’ : 0.861(87.73) 1.0,10%° 137 —» A7 (m2naoH6 4,2x10756
| 0.383(12.3%)  1.4x109 e — g7t [4.6x107*C 6.4x10757
" BB B(et ) )Be® | 1.1 3.6x107 a®? ., 37 [raomo®? 4,0x10736
1 1 10 . 31075 | 1010735
w3 etV 3 1.185 3,410 § ~1.3x10 1.7x10
1 Q.00 .
cNO A5 (et )R> 1.733 3.4x1010 e1’? — ard?  3.exa0™*0 | L9.0x1075
' (2.4x1010) « <
M7 et) yol? 1.750 . |1.x107 o«

i

*®

According to data of Ba_.hcall,J.N.,et al,,Astrophysigsal J. 137(1963) 394

¢cvois the portion of energy,released by the CNO cycle,with respect to
the total energy yield., :
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h = Y op=2gec~l
YFR

where H. is the Barth-Sun distance.

The Barth

According to the estimates of G.Marx and Nors Meny-
nara!ll), the Earth's antineutrino activity is determined by
the radiocactive elements 0238 Th252 and y23> o their decay prod-
ucte in equilibrium with them and such long~living radiocactive
isotopes like Ka*C,Rv87, 14138 apng 1176, _

it is noteworthy that i_n all the above cases anti-
neutrinos and not neutrinos,ss is the case in the production
of heavier elements in the posasible processes inside the Sun-
like stars,are emitted, |

This difference is due to the fact that nefitrinos
are produced in all syntheeié reactions,while in tﬁe above
radioactive decays it is neutrons decay and radiate e-
along with antineutrinos ( N 4 P+ e~ + }f:f _ )e

The authorsnl) estimate the antineutrino activity
of the Earth's surface layer to be 1.7 x 10° particles
per ton of substance in one sec,This number is made up of

the activities listed in table YIII,
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TPgble VIII
Antineutrino Activity of the Earth's Surface Layer

Concentration Activity
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‘Isotope Halflife Maximum one ton ~
® (sec) (MeV) 1‘83 4 Y/sec ton
- 7238 1.81x1016 o ~radiation 3,97 .
Th:y" 2,08x10° 019 '5.0x10*
. Pas>t 6.96x10F 2.32 equilibr. #4,9x.0"
ppH 1.61x10° 0.65 " - g.5ndt
31211: 1.181122 2.03 " 4:5x1$
v 7.92x1 1.95 " 10”
Pp210 6.93x10° 0,02 " 5,53107%
31232 4.32:.1252 1.17 " a,5x10™%
™M 2.54x1 1,65 " 0.05
pye32 4.38:1017 ' J.-radiation l1.28 -
Ra20 . 2,11:10° 0,05 equilibrium  7.4x10"
Acii': | 2.2111040'* 1.55 n 7.4:10::
Pb 3,82xl 0.59 " 7.0x10
pi2le 3,63x10° 2,5 " 6.9x10"
mn2%® 1.86x10° 1.79 " '~ 2,3md*
% - 2,2ax1018 4 -radiation 0.03 -
251 9.18x1 " 0.20 equilibrium  3.7xad"
Ac227 6.84x10° . 0.08 "  3.7ad
pre2d 1.26x10° 1.2 " 4.4x10"%
Pp2Ll 2.17x10° 1.2 " 3.4x10"
m207 2.86x10° 1,47 " 3.3x10%
g0 4,1x10%6 1.33 3,08 7.8x10°
mp7 1.57x10%8 0.27 97.48 3,0x107
1at38 3.15x10%8 0.21 0.02 2.0x10
al76 7.6x1017 0.43 0.02 6.0x10%
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The radiosctivity of the Earth's internal strata is
unknown.From the assumption that table VIII reflects adequate~
ly the distributionvof radioactive elementé in thé Barth 's
surface layer 15 km deep, M= 2.10'2 tons spprox.,the authors
obtain the following estimate of the Earth's antineutrino s¢-
tivity o

I = E-Ji' = 6.7 x 108 ;' cn2gect particles
"0 YFn L , *

Reactions with a very low energy threshold are needed
for detecting the antineutrinos listed in table VIII.Por the

reaction ~
ptp > n+ e

‘the energy threshold E, =1.8 MeV.In this case the number of

active neutrinos decreases to 105 ‘particles per cm 2

in one
sec.,

If it is assumed that table VIII characterizes the dis-
tribution of radicactive substaences at any depths,the correspond.
ing sntineutrino activity on the Earth's surface is estimated
in the form | | ‘

I; - 2 x 10° em~%sec™L,

The experimemt specifying the ﬁpper limit of the Earth's
antineutrino activity may be expedient in terms of long-range

+
planning .This is evidently the only possibility of obtaining

+
According to the data of neutrino experiments near a

-~
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reactoril®) the upper estimate of the Earth's antineutrino
radiation is < 107 particles cm™?
conditions of the Earth the upper estimate of the Earth's

sec™L,By the temperature

‘antineutrino activity decreases considerably.

the correpponding information on the composition of the
substance in the depth of the Earth.It should be emphsasized
v that the Bun's strong neutrino background doea not interfere
in principle with these meaéurements since neutrinos lead to
other reactions than antineutrinos.
Bvidently,the detection of the intensities of 100 to
1611 neutrinos per cm 2593 in the 1 MeV energy region hovers
now on the fringe of possible experiment.
The solar neutrino detection experiment is actuelly
being discussed by many authors.
| We witness the origins of experimental neutrino astro-
physics.Evidently, the study of possible thermomiclear reactions
in the Sun with detact:lnso nthe Earth'g'gnﬁagzlar neutrino flux
is the first priority experimental work of the astrophysical
neutrino cycle. | ’
The attempt to establish the existence of neutrino
fluxes coming from the Sun and capsble of causing certain
+ ' puclear reactions with a low energy threshold will probably

+
be undertaken within the next few years.Then the existence

+ | [ ]
This sequence of the experiments is purely speculative:

50X1-HUM
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registration of a smaller neutrino streem (table VII),but with
energy l4.1 MeV may prove more feasible experimentally.

in the Sﬁn of the H-D reaction (Fowler) can be confirmed or
refuted by choosing detecting féactions with a higher energy
\ tbreshold?mm,for example,neutrino rediation in the
region of 10 to 14 Me¥.Detection of neutrinos in solar radia-
tion in the region of erpergies close to 1.7 MeV would testify
to the occurrence of the known e-J/ cycle under the solar coms
ditions. _ | :
It should be recalled that in the region of low neutrino
energies the croas _secﬁions Y+N-pP+e~ increase quadra-
ticelly with neutrino energy.From this point of view detecting
the neutrinos of the I4 reaction ( E, ~— 15 MeV) would be
100 times more effective than detecting the neutrinos of the
C-N cycle (Ey, =1.7 MeVi. '
It is pot impossible that adequate and therefore more
effective methods of detection specific for these relatively
high epeigies can be found in the neutrino energy regiom of

+
10 to 20 MeV .

+ B
It ,for example,V.B.Bellayev's idea of the possibility

of the "resonance" absorption of neutrinos in mcleil31) could
be used. '

In this sense a recent item by V-de Sabbate and C.Gu-
aldi (Nuove Cimento 28 (1963) i484) is noteworthy.The reac-
tion v H!é*»pm:‘ + B is cens%dered.'l‘ha auth
ors give the cross sections = §+—2.10~%/cm for E.= -
1.7 MeV and 6—2.6 x 10~37cm= for = 14.1 MeV.1.€.y
the cross section increases by 10 orders _(!). :

=
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: ﬁhe—’ere-ee—eee‘b-ien—nd.th_ﬁnﬁgd Sevenihalosg,the results ere
50 unexpected that independent repeated calculations of the
effect are desirable,to say the least of it. _

It can be supposed that space vehiclea w:lll allow

neutrino experiments for more intense natural neutrino f_luﬁ:es.

True,on Mercury,for example,solar neutrino raediation
is only by an order more intense than on the Earth

Movirg in the Sun's orbit at a di stante of 1Teee-eee
v 106 km off the Sun,a space shlp can be irradiated by & neutrino
flux spproximately 10* times ss intense as the correspording
objects on the Earth's surface.

At high temperatures which evidently obtain in origi-
nating supernew stars (T 5.109 K) the neutrino fluxes are
estimated at 10> particlesi®?) per sec,neutrinocs with an
average epergy -~~~ 1 MeV, '

At 100 1ight years off the source the flux is estimated
to be |

N 1013/cmasoc.

fne amthorstl®) draw sttention to the fact that such
peatripo fluxes are detectable and suggest that in the futuve
the corresponding laboratories could detect the sppearance
of sapernew stars by detecting the origin of aﬁch neutrino
) radiation since the rapid development of high temperatures
jnside such stars leads to penetrating neutrino radiation
preceding a powerful flare emitted by the star's surface.

We wiltness the origins of neutrino astronomy.

1aq7
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Cosmic Rays

The estimates of possible maximum densities of neu-
trino fluxes in cosmic rays can be obtained from the experim-
ents performed by Reines and Cowanlls)

actor.The Reines and Cowan installation detects antineutrinos

on & re-~

in the spectrum section 3 to 10 MeV, '

Agsuming that the observed background (with the re-
actor shut down) is entirely due to cosmie antineutrinos,one
can obtain the upper eatimatell7) fﬁr the higheaf possible
value of the antineutrino flux of cosmic rays in the given
region of the energy_spectrun,this estimate being approximﬁte-
1y

< 108%ca2gec71,

Assuming the radiation ieotrOpic,onc‘eah'obtain the
maximm density of neutrino energy in the universe

£ 100 HeV/émE.
This is approximately 105 times larger than the average
energy density given by astronomicsl estimates and ecorresponds
(by energy) to roughly 1 proton per cns;

The reaction

Y +01%7 5 a7 e

1¥0)
was ptudled in the Davis experiments.From his measurements

it follows that
'/;Cf(E)S‘[E)dE £ 109%gec™l,

\ 198 . |
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Bere {*(E) 1s the cosmic néutrino density
(MeV']'cm 3) am 6 (E) 1is the cross section of the reaction
under consmeration.

It should be noted that the Davis _installation
is not effective for detecting neutrinos of ~ 1 GeV,i.e.,
such neutrines which can split the Cl nucleus.The upper limit

) for the density of 100 MeV neutrinos can be estimated from
the DaVv'i$ experiments under the assumption that the Davis
detector has been irradiated by monocenergetic neutrinos of
the given energy * .

For example, E‘y'-?O MeV: the nmucleon recoil does not
prevent the production of A.r57.

e estimatesll?) lead to the following numerical

values:
~— 1 MeV per cm5.

Qﬁhe upper estimates of neutrino fluxes with neutrino
ene:rgieslnr 1 GeV can be obtained by analyzing as yet rough
. exper:l.menfs in the underground detection of muons.
Even now it can be claimed that the peutrino emergy
density in ﬁﬁe universe is in the neutriro spectrum region
of 1 GeV at least by three orders leas than the energy density
due to the eversged nucleon densitylla).lt is the data on the
, underground measurememts of the verticel intensity of charged
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particlesas) make possible this estimste.These measurements
have shown thet charged particles capable of passing through
5 cm of lesd at depths 816,1812,3410,4280 and 6380 m of water

equivalent possess respectively ;l:he intensities 2,48 x 10'6

’
1.78 x 1076,1.31 x 10-%,2.85 x 10~ and 1.62 x 10" %cn 2sec™1ar}
The above intensities practically coincide with the
estimates of muopn fluxes due to the decsy of atmospheric pions.
The upper estimate of the demsity of neutrinos with energles
E 3 1 Ge¥ can be cbtsined under the assumption vhat all
mions underground registered in nef.as) have origipated as a
| result of the V+n 3 M T4 [ apd VP -)/u**’*" effects with
crops sections 6; ~10"28¢p2, |
From tbhe estlnmates it follows that the neutrino density
with £,7 1 GeV is less than 10™°ca™>,which corresponds to
the peutrino epergy density in this gpectrum section less than
1077 MeV cm"a,which is slready by three orders less thsn the

nucleon density (10'2llavcm'5 ).

1%, Cosmological Probless

Some major problems of cosmology have proved to be
comected with neutrino physica.

However,these problems are extremely 5peculative and
often as yet reminiscent of the background of §iantesy fiction.:

In connection with the charge asymmetry of our world

200
Declassified in Part - Sanitized Copy Approved for Release 2013/09/16 :
CIA-RDP80T00246A025300270001-1



Declassified in Part - Sanitized Copy Approved for Release 2013/09/16 :
CIA-RDP80T00246A025300270001-1

there arise ideas about the antiworlds which would ensure
the charge symmetry of the universe as a whole.The local
charge asymmetry of our part of the universe might have
arisen as a result of fluctuation in the charge-symmetric
wor1a+17), |

It is natural to think that the fluctuation hypothesis

. . +
implies the existence,at sny rate in the past ,of a strong

"In the past" means the acceptance of a model of the
universe in which space curvature diminishes with time,In
the "past™ when the fluctuation occurred it is assumed that
with the enormous energy densities of‘ that state of the
universe (the larger the energy density the greater the cur-
vature) the neutrino~antineutrino background energy density
by far exceeds the density of substance.

At present the denéity of thermal and photon (“symmet-
rical™) energy can be assumed much smaller than that of the
énergy comnnected with the rest mass of the substance particles.

If 4t appears that at present the density of energyvfj

is much less than the density of substance,this will mean
that the hypothesls undér discussion requires further special
o hypotheses on the development of the universe,the conversion .
of the primary symetrica.‘{. energy component into some new
forms (for example,the kinetic enermgies of remote celestial
bodies,etc.) which can be the subject of special discussions.

e Wat ]
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charg e-symmetrical "background™.The latter might have been
produced by neutrinos and antineutrinos of the same dens:lty'u7)

Aoéording to the fluctuation hypothesis,the energy
depsity of this background must be higher than the density of
the energy of the charge-aaymneb rical component of the world
i.e.,the energy density conteined in substance which is esti-
mated by astronomicﬁl data to be spproximately

~nr 1072 MeV/cw® or 1072 proton in .

It can be supposed that the energy spectrum of the symmetrical
neutrino background is determined by nucleon-antinucleon
‘anpihilation which lesds to the production of pions.The decay
of the latter produces a symmetrical neutrino—antineutrino
background with neutrinofantineutrino) energy distributed
around the intensity maximum near 100 MeV.

These additional considerations on a possibls spectrum
region with the predominant locslizetion of neutrino energy
are‘ not demonstrable,of course,at present.They merely focus
attention on that pert of the spectrum the experimental data
for which (taken per se) do not as yet comtradict a relatively
large density of neutrino-antineutrino energy.

Somewhat more definite estimates of the mneutrino
field energy density maxima can be obtained in terms of cer-
tein theoretical concepts about the universe.Thus, considering
the gravitation effect of the peutrino f£ield on the expanding
universe one can estab_liahlz'a) the upper limit for the neu-
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trino erergy density as :2.10"283/<:m3.-_2.107 erg/cn3.

+
The congideration refers in fact to the energy density

due to eny kinds of weakly interacting particles.

From this point of view the average energy density y;
18 only by an order larger than the substance energy density.
For comamology it 1s quite essent isl to know such a
parametker. aB énezgy density in the universe.Should it prove
that neutrinos make an overwhelming contribution to this
parameter,the neutrino nsture of the universe would be mani-
fest in different aspects of cosmology.
Obviously, the detection of cosmic neutrinos in d.iffer-
ent energy spectrum ::m is of considersble linterest.
Copsiderations have been given above (sect.6) to show
the fundsmental importance of the experiments in the interac~
tiomn of neubrinos of very high energies ( 1011 oV) with nuc-~
leons and electrons, According to mf.ll?) it is important to
study the energy spectrum of cosmi¢ neutrinos in the 50 %o
100 MaV region.Other energy parts of the cosmic neutrino spec=—
. - trum interesting from different points of view c¢an be pointed
' -out, _
At present our knowledge of the origin and deve}opment
of the universe is very poor and widely different speculations

203
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are possible as yet,and neutrino physics may plsy an essential
role in these discussions. |

~ The weak neutrino-substance intersction,now anpoying
when different attempts to detect neutrinos are contemplated,
will became,with,the'develqﬁmant of experimental possibilities,
the immense advantege of the neutrino as a tool for probing
into the innermost workings of the universe apd its evolution.
The neutrino can pass through vast layers of substance without
absorption.To all intents and purposes the univefse is trans-
parent for the neutrino.lIndeed,the cross section for the in-
teraction of the neutrino (antineutrinoc) with the micleon in
the energy spectrum regiom ~~r 1 MeV ig 10743 cmz.Assuming
the substance density in the universe to be 10"5 proton per
cm3,we obtain one antineutrino-proton interaction

) +[—> > h+e )i the path of 107 light years.

It is not impossible that the investigation of cosmic
neﬁtrino fluxes will furnish priceless information about the
remotest areas of the universe and the earliest times of its
existence. |

It is supposed that the universe originated fram a
primary neutron cloud,the decay of neutrons (of 1072 per e’
density) might have lead to a 105 cm secl antineutrino flux ‘
111,119y 44 tne neutrino gpectrum energy region of 0.5 to |
1 MeV,

This estimate gives the lower limit.It takes intb

account only the co'nversi,on, of primary peutrons into protons

. 204
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and neglects the posaibility during the existence of the
universe of repeated neutron decay events or rather the.JG -
decays of complex nuclel which have originated in the evolu-
tion of stellar substance.

The discgsaion of a cosmogonic hypotheals directly
opposite to the previous one ias also of interest.

In other words,it cean be agsumed that primary mapter
éonsisted of protons and electrons and with the origin of
neutrons in subsequent times there must have arisen a neutrino
flux of the same densiﬁylll) i.e.,8t 1east_105 cn® sec_l. |

According to Ya.B.Zeldovichl~3),the universe at the
earliest stage of its development consisted of protons,elec-
trons apd neutrinos.Zeldovich holde that neutrinos,occupying

[}

| dengsely the corresponding energy levels make the,reéctjnn
P-te-* - n+)/

‘ complex
forbidﬁeg to all iptents.Thus the production of sédjmcent
nuclei is obstructed at this stage.Asymmtery with respect to
lepton charge is intensified even more in the latest model .
of the universe.Without going into the comparison of aiffer—
ent concepts of the development of the universe it can be
contended that at any rate the ratio of the neutrino snd
antineutrino flux intemsities in free cosmic space could be‘
a'parameter characterizing important information on the uni-

verse.

20k
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. Several years ago H.Goldhdberlal) proposed snother
fantastic mechaxism for the division of the universe into
worlds and antiworlds. |

According to Goldhaber,at the beginping there wss
one psrticle,universon, equal in mass to the universe.This
upiverson was cherge-syrmetric.At a certain moment £ =t 9
this universon split into a particle and antiparticle,or as
Goldhsaber calls them a ¢osmon and anticosmon,with the corresp-
onding nucleon and antinucleon cherges.This epontanecus fission
sodsaion of the universon can be illustrated to a certein
extént by an analogﬁe in the decay of some hypothetical charge~
gymmetrical particle X into two particles: neutron anmd

antineutron

P
X—=> >N +N

iith large relative kinetic energies.The high -relative speeds
of the cosmon and snticosmon led to the spétial separation
of particles into large relative distances.Bach cosmon is
converted in the provess of evolution into the nucleon and
respectively antinucleon substance of the worlds snd anti-
worlds. _ |

A pumber of fermions vith‘ masses exceeding the masses
of micleons and bosons with massses larger than those of pions
has been discovered in recent years. |

It is unknown whether there is any upper limit for
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the mass of the "elementary” particlelaé).Shortwliving states
of still larger masses ("resonance states") have been discov-
ered quite recehtl:.Since we have entered the realm of un-
regtricted phantasy,we can mention the h&pothesia that the
production u:E fireballs in collisions of cosmic nucleons
of tremendous energies with nucleons of substance is nothing
else than the accomplished production of ome or‘ two "element-
. ary™ particles (particle and antiparticle) with relatively
large masses the substance of which later degrades into pion
s):goweralaa).Perhapa the Goldhaber cosmon is the ultimate case
of such a particle.
" Our concepts of the development of the universe are .
8o speculative as yet that most unexpected possibilities are‘
pot ruled out.It is not impossible that the mechanism divid-
ing worlds and antiworlds is not indispensable at all: for
example,the production of pfimary "particles" like cosmons
in the cherge-asymmetric state is possible even from the
charge-symmetric state.Elementsary particle physics knows
symmetricel states leading to charge-asymmetrical states.
Eeges | -

THTTy KO o Tt el Ko

- ~
° FY
Prue,the transition of particles into ant ijparticles K= K
proves possible with the passage of time in thils case.

But, perhaps, the universe turns to the sntiuniverse and

50X1-HUM
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vice verss,§r in other words,thé electron and proton masses,
| for example,are functions varying with time?

Perhaps the worlds and antiworlds are divided to such
an extent and in such a way that mucleon-antioucleon annihila-
tion mekes practicelly no contrihxtiqn to the symmetrical
energy background.Uniike our Sun, far-away anti-Suns would
rediate antineutrinos in the charecteristic energy interval.
And sometime— = _

At this point we shall probably do well to stop the
discussgion of such possi‘bilitvies if they ere mgy be called
BO.

125 )

”Neutrino Sea’

Beutrino- ard antineutrino-radiating reactions are
cons‘t:antlj at work in nature.Syothesis and decsy of elements
are accompanied by neutrino snd antipeutrino radiation.These
main processes in the evolution of celestial matter supply
peutrines snd antineutrinos of energies o~ 1 MeV,

If the M.5 and F.G weak intersction scheme is correct
and the direct (ev )(&¥%") actually exists,it is prec isely
by electrms that the neutrino (antipeutxino) radist :l.c_m of
the long-wave part of the spectrum (analogue of optical,radio-
radiation,etc.) is generated. o

The bremsstrahlung :by an electron of a neutrino-

antineutrino pair in the Coulomb field of a mcleus
F
(e+Z7 > e.'+i ‘““p + ),production of a neutrino-

2NRKR
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antineutrino pair from a U ~-quantum on an electron
(y+e-> e+ “""V ) and other such effecta of the

( e¥ )( €V )-interaction can cause long-wave neutrino radi-
ation.Since there must be no direct mucleon-neutrine interac-
tion according to the M.S., and F.G. theory,celestial bodies
consisting of nucleons and electrons are not neutral with
re@eét to0 peutrino~antineutrino fleld.

Just as an electron,moving in a closed orbit in a
synchrocyclotron, must radiate Y -quanta and neutrino=-
antinentrine pairs,se too celestial bodies in their orbital
movement with respect to the neutrino-antineutrino field
constitute sources of enormous /3 ~"charge", of the radias-
tion of neutrino-amtineutrino pairs.

A1l inmnereble resctions in which neutrinos and
artineutrinos are produced f£ill the universe with neutrino-
entineutrino radiation.Since the neutrino (sntineutrino)
absorption cross sections are very small and these particles
are not practically absorbed as they wander over the universe
over astronomical periods (.109 years) it can be supposed that
neutrino radiatior has dbeen sccumilating in the presemt phase
of the development of the universe. |

The Pauli principle restricts the meximum density
of the number of neutrinos per <:.m3 by energies lying belween

E amda L+dE ,The maximum value of this density |
is given by the expression

aX¥alsl

Declassified in Part - Sanitized Copy Approved for Release 2013/09/16 :
CIA-RDP80T00246A025300270001-1



Declassified in Part - Sanitized Copy Approved for Release 2013/09/16
CIA-RDP80T00246A025300270001-1

n(E)dE> — 7 £iyc  gsa)
, (25) % (he)®

The maximum mumber of neutrinos of energies £ < Fo
is thus restricted Wy

y £,° (is1)
7 /E a/E— : ’
£<F, 0/ )Yk 3

For Fermi ocnexgy ~ 1 eV,for exampla the number of
neutrinos per owd is

: 3 - 17
7e C 70 17 .'

Vece = ()P 10

If the Barth emits,while revolving around the Sun,
neutrino radiation with s wave length )\ ~ R where
R ~ 10 c» is the redius of the Harth's orbit, the car-
responding energy of these peutrinos will bde

(152)

. ‘
E, ~ me10722 ~n 10722 yuy, (153)

‘The meximum number of neutrinos with energies £ < £, per e’
is expressed, according to eq.€ 157 );as
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‘/VE <6, &= 1077 neutrinos/en®, 05.' “ )

While the Olbers peu:zaulo:r.‘.l':"5 ) is meanipgful for
photons related to Newtonian cosmology in any photbn energy
spectrum region,neutrinos conform to the Pauli Principle and,
heving populated all the corresponding levels with E £ Eo ’
preclude any further processes emitting neutrinos with E= Eo .
iz EF ~~ 1 eV the number of neutrinos per -cm3 is in fact still
very smsll-—in the sense that such a neutrino background in
such an energy spectrum regionm does not seem to be capable of
showing in elementary processes like

V+h -y p+ e

The energy contained in the neutrino "sea" with the

Fermi aenergy EF; is given by the expression
&Eo / £ ¥
W = Eﬂ E)df.: | - (’5‘")
0/ 4 (25)(he)® 4

-6
~~ 1 6¥ or more accurately EF= mec" (o

For EF

a / Mec 3 .—2? ‘5' 5'.
W (=) : g . 10uer (ise)
o /.2#\)26/ # 10 n')ec.-.,/Ome%?g C .

Cmn 3

That would mean that the entire matter of the universe is

concentrated in neutrino radiation.The aversge density of

[a e B}
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matter in the universe 1s estimated to be 1072 protons per -
en®,i.e.,1072 NeV/en. |

Thus even when Eg o 1 eV the mass contained in neutri-
no raliastion would be 107 times larger than the messea of the
Galaxies whose masses could be,simplj neglected in the corresp=-
onding cosmological estimates., '

The problem of the density of matter in the universe
ig important for the selection of the model of the world.The
average density124) corresponding to a flat universe (transi-
tion from the closed to open model) amounts to 5.10’29 g/cma,
which is not far from what is given by the estimate of the

. substance of the Galsxies.Of course,a large neutrino radistion
dengity could be a decisive factor when the model of the uni-
verse is discussed. _

Developing the considerations of his paper concerned
with the neutrino preblems of c<>81m:>logy;"23 ) Weinberg discusses
the relations between the upper limit of the Fermi energy of
the filled neutrino sea ( Ep ) and different models of
the universel®), | '

‘ (Acgg_rding to Weinberg,in the developing universe
model and the steady state cosmology the population of the
peutrino levels is very low.The corresponding Fermi energy

Eﬁ' is estimated 88

, )
Eg ~ exp"103 MoV ' (evolutionary model)
FF’ ~ .10—3 6 or lb' 24 v (stationary model).
212
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This means that in such models celestial bodies could
also radiate neutrinos iﬁ the characteristic frequency range
(153).

Since the weak interaction constant is by far larger
than the gravitation constant,and the radiation of gravitation

120),amount to 0.1% of

waves in cosmic times can,by estimates
the mass of celestial bodies,it seems at £irst glance that
. ' the energy losses of celegtial bodies via neutrino—antineutrino
radiation-may be catastrophic.This can even be interpreted as.
a certain érgument in favour of the oscillating model of the
universe in which the populatibn of neutrino levels is,accord-
ing to Weinberg,so large ( ~ 2.10'3eV)~that the frequency
range under discussion proves to be simply forbiddén.ﬁowever,
gimple analogies of the Bose fields (gravitetion waves) and
Formi fields (neutrinos) are extremely risky in the region of
smell frequencies and large intengities since there is no
classic analogue for the Fermi field. |
The concrete estimates of pOpuiation of neutrino’;ev-
els in different mbdels of the universe may undergo-sérious
changes in further analyses and specifications,but the fact
remaing: there have resulted the idea of the neutrino sea of
_ the universé with a certain possible Fermi energy E}, which
: is not so low for the oscillating model.This idea will natural-
ly be follbwed by the experimental attempts to lower the ﬁpper
limit for the possible value of EF' .
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‘priwciple be chserved mear ihe wpper limit of the Curje graph
mmmm«:mmtaaﬂmmmmwm

with £ =EF oim p»@m&aﬁlw&m&w&rm%
erpies Mighsr than E&-':WQ-EF ( Wo is the “maxs-
m‘ﬂe&mmvﬂ@)ﬂl%femm&.riem
will chamge sharply its directiom mesr the electrom emergy
-m Eﬁzwa-f'@.o ,
ﬁemwmmm@pa]mtafm
in this decey hod the vest mass W, = Ex (rig.27)
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The electron decay energy is marked off on the X-axis of

graph 27 and the gquantity in the Curie graph connécted with

the mumber of decay electrons ( «¥ ) on the Y-axis ( F is

the Coulomdb factor). o
If the neutrino background is filled the electroﬁ decay

spectrum edge will have a characteristic continuastion beyond

- the energy W, (fig.28)

REf

AN,

W, Wo*E
Fig.28 3

This means that a certain pumber of decay electrons
originates with energies £, > W/, yi.e.,with an apparent
violation of conservation. |

The most accurate experimental data on the electraen

decay energy spectrum have been obtalned for- tritium. The upper

+ -

limit  they give for the antineutrino [ ; is

o
EF' ( 200 eV,

It will be recslled that according to. ref.laa) the average

neutrino energy density in the universe cannot become so high.

21%
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For neutrinos (_j3 -decays) this limit is five times
as high.As for muon neutrinos the upper limit E?" for them,
estimated by data on‘/M ~decays,liea still very bigh

E <{ 4 Mav,
£
According to Weinberg, £i; is connected with the
maximum ( 4, ) radius of the universe expressed in universe

. radius units for the present state of the {iniverse by the

relation

Naturally,the upper limit of f?; will decrease con-
slderably as a result of experimental attempts in thelnext e
few years.Weinberg reports about one such experiment with
tritium that has been started in Glasgow.

We have one of the first exaﬁples in the history of
physiqs when it is hoped to receive answers to qnesﬁions of
fﬁuaamental importance for the future theory of théluniverse
by investigating events of the microworld.It does not take
much of a profit to predict-that'examples of such a connection
between the microworld amd ultra macréworld will be more and
more freqﬁent in the future.

It should bonoted that the sbove considerations are
based on the strict observance of energy conservation law.

This applies even to the steady state cosmology in
which this law is violated according to the amthors of thé
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unodel themselves: in 1,000, 000, 000 years there arises spprox-
imately ome electron-positron pair per 1 cm” of space.This

. +
- mamber merely characterizes the scale of a possidle violation

+
Leaving aside any serious criticism of the steady state

cosmclogy from the viewpoint of available experimentsl data
it should be noted that the question in this model is not
' of amn actual violation of comservation laws,but of a differx-
ent form of these laws,
Rer, }3%) attempts st such an interpretation of conserva-
tidn laws in the stesdy stste cosmology.The production of
energy connected with substance is compensated by a decrease

in gravitational potential energy.

of the energy conservation law,but says nothing about the
specific forms of the origin of such violations in interac-
tions.Such a woak vielation of the conservetion law could be
connected with the same week interactions.Weak interactions
may prove peculiar in this reépect as well.In weak interactions
the emergy conservation law is checked with the same accuracy

. as the upper limit of the Fermi epergy £, very roughly
indeed.In electromagnetic vinteractiona the MUssbaner effect
seems to afford to make considersble headwsy in the verifica—

_ tlon of this Jaw.
| The presence of two kinds of neutrinos change essen-

50X1-HUM
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tially many situations in coémologieal problems.

Peculiar macroscopic processes may aiso-arise if the
rest mass of (say,mon) neutrinos differs from zero.In this
-eaae nonrrelétivistic neutrinos, subject to the purely gﬁavita—
tional attraction of celestial bodies will mske up bound sys-
temé'of macroscopic dimensions. '

Ind.eed.,fdr a neutrino of mass m,, in the gravita-
tional field of a celestial body of mess JUY the radius of .
the corresponding”Bohr orbit"is

2
o
2 M
where .  is the gravitation constant.

For the neutrino mass m, = 1o p. o the“Bohr orbit"
radius is of the order of miles if the size of the celestial
body is epproximately the same or larger.

The "Bohr orbit" of a neutrino of mass equal,for
exanpla,té

-12
m, =10 Mg

must £it in within our plapnet.The stetionary neutrino orbits
inside celestial bodies is here 'meant.

Naturally,neutrinos with high ve;bcitiea may form
around éelestial bodies the neutrino atmosphere of,in parti-
cular, strongly degenerate neutrino gas.lIn this case the inter-
pretation of experimental results like those in figs.27 and 28

N0
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may prove ambiguous (say,for the physicists of the genera-
tions to come). |
Accumil ations of purely neutrino matter may also
have originated in different areas of the universe because
of the reciprocal gravitatlonal attraction of neutrinos with
My, #© .Apart from the well-known alterpatives of the
L equilibrium (electron-proton and npeutron) state of large
masses, it is possible in principle to discuss a purely neu-
| trino equilibrium state,hypothesize about neutrino stars or
rather neutrino celestial bodies,etc.
Though the uwpper limit for the muon neutrino mass
ig very high as yet it should be remewbered thst the well-
Xnown relation between the mess of degenerate non-relativistic,
aéy,neutron éas and the size of the system contains the elem-

entary particlé mass in eighth power155)

t;é

MR =99 s

But in general the world would be simpler and,perhaps,
eagier to study if the neutrino had no rest mass.BEvidently,
this not always very welglty ground tips the scale of scien-

s tific opinion in favour of the two-component neutrino idea.

219 .
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14, Prospects of Neutrino Physics
Colliding Beanms

If the Pontecorvo-Smorodinsky hypothesis is valid
and in space there exist intense neutrino (sntineutrino)
fluxes of 100 MeV enexgy,elactro;z—neutrino colliding beams
are naturally produced as a result of the origin of an elec-
tron beam in any accelerator.If the intermediate meson actu-
elly exists and its mass is not larger than the nucleon mass,
peculiar effects can in principle be expected in the electran
beams of accelerators.

The future linear accelerator proposed by Panofsky

15 to yield a 4.10'0 MeV electren beam.Electrons of such en-
ergies colliding with antineutrines of energies - 100 MeV
ray produce an intermediate meson.With the mass of the inter-
mediate meson equal to that of the nucleen the resonsnce en-
ergy is 0——9.1011 eV in the electron rest system.Though the
cross section for the.intermediate meson production is large
—wit i8 ~.10"22cm? (the caBe of resonance) for the observed
effect ( 1 }\1 -meson per dsy) a very large neubrino density

Mlolocm-3 is required.The energy demnsity from such neutri-
nog would exceed 101‘* times the average substance density in
the universe (10"2 MeV).Regretfably,this pogsibility is ruled
cut in raality.

, ' 220 :
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Nevertheless,colliding beams may have essential
effect on the further develcpment of the theory ef weak inter-
actions with which neutrino physice is linkéd 86 closely.The
cross gection for the production of a pair of vector mesons

in the reaction with colliding electron-positron beams

e +tet — uwt s W

. possesses geveral specific features suggesting that this
effect is eminently suitable for the solution of the inter-

mediate meson problem.

The cross section of this reaction is given 127':"28)

by the expression

46'04

a——

% Y-
AL, J.a.u

3{”75‘(.’»'2?/ (,5-7)

8

which spproaches rapidly a limit independent of energy ( &£ )

(;/:}Zé'—-)oo i /GM //+W9) (158)

Here Mu/ i the intermediste boson mass.Thus,spin 1 leads,
upnlike spin O and spin 1/2,tc an energy-independeré cross sec-
tion.The corresponding cross sections for O and 1/2 spin
particles decrease quadratically with energy.4 copstant limit
is attained in eq.( /5% ) rather rapidly (when £ = 4 M., )
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and may correspond to rather appreciable cross sections.Thus,
when | =560 eV we have 6 ~—7.1077%cn”,which 18 by an
order larger than the cross sections for O and 1/2 spin par-
ticlea with the pame energies.

In the production‘ of an intermediate meson which dis-
integrates practically instantaneously,the effect must be reg-
istered as the production in the process of the e*) e~ col=
lision of a ( /4, € ) pair with the totel energy lower than

26 .
However,colliding lepton beams ( e re” ) e +2e7) are

(W

especially interesting becamse they hold out the possibil:l.ty

of checking electrodynamics at distances ~10"1%cm. 4 devia~
+

tiop from electrodynamics over these distances would testify

A deviation from electrodynamics is possible as a
result of radiation corrections and various effects of strong
jmteractions which carmmot easily be taken into account theor-
etically.We mean esseptial devistions from electrodynamics
predisely in the region of lengths characteristic of weak
interact ions.It would be an improbable coincidence defying
explanation if there existed deviationgs from electrodynamicsa

as a result of,say,strong inkeractions for parameters n/lc')lscm. ,

in favour of the fact that the four-fermion interaction in -

e X4 Xa)

Declassified in Part - Sanitized Copy Approved for Release 2013/09/16 :
CIA-RDP80T00246A025300270001-1 :



Declassified in Part - Sanitized Copy Approved for Release 2013/09/16 :
CIA-RDP80T00246A025300270001-1 :

its current fomm epplies up to critical energies or up to
lengths ghargcteristic of weak interaction.Thus,the length

\[ggi‘ ~7.10" ¢m could claim to be of fundamental im-
portance in modern theory as its opnly ibtrinsic length,a pos-
sible determinant of the structure of our spacet’”).

Thus a purely electrodynamic experiment could have'

a deciaive effect on the development of the theory of weak in-
terac%ions.As for the fundamental problem of checking experim-
entally the possibility of the direct (€V )(e) )-interaction,
the same,already once tested but 10° times more difficult,
superhunan experiment near reactors remains the most realistic
undertaking. True,the enormous neutrino mementum intensity as
a result of a thermonuclesr explosion may prove more conven-
jent experimentally.According to an estimate (evidently over-
rated) made by Reineslzg),a 20 kiloton explosion may yield

10 counts of the events under discussion per 1 ton ofAthe
detector. )

Ag for detecting neatrino (ant ineutrino) fluxes in
free Bpace';ith intensities of 10° particles/cm?sec there is
no methods as yet for detecting such weak intensities.Allow-
ances should be made of the fact that neutrino physics is
5ti1l in its initial stuge and perhaps experimental possibil-
ities adequate to the problems of weak interactions have not |

been found so far.
On the other hand,the‘dgtection of weak low-energy
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neutrino (antineutrino) fluxes opens such breath-taking
vistas (neutrino astronomy,antiworlds,etc.) that creative
thought will inevitably keep its search for original solu-
.tions. 7

In a recent Dubna preprintlal) V.B.Belisyev consid-
ered the possibility of accumulating optical neutrinos in
closed spaces on the basis of the total inmer reflection,
taking into account the ( €V )( e}’ )interaction for long
wave (optical) neutrinos in a fine surface f£ilm.True,the
author's estimates sound too good to be true.

Actually, the surface layer is probably too thin for
any appreciable accumuilation of neutrinos,but a freah ansie
of approach and original direction of search suggest that
probably there are untrodden paths along which possibilities
for detecting neutrinos of wesk intensities will be found,
perhaps by creating s kind of accumulator for them.

L ] ] »

-

This is a hard piece of guesswork for our contempo- -
rary: the true place of the neutrino in the physics of the
future.But the properties of this particle are so primary
and unique as to suggest that nature has created it with
some profcﬁnﬁ though not yet always clear purposes.

In this sense we can understand that well~nigh re-
ligious hymn to the neutrino expressed in J,Wheeler's "Gra-
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vitation of the Neutrino and the Universe" in terms of
mathematics,this divine Latin of modern' theoretical physics.
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