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The investigation of the weak interactions in the emergy
region actually conasists now in the study of the neutrino
reactions. There are of course, proposals to look for the
effects of the weak interactions in the muon interactions,
in the electron-positron colliding beams, but the experi-
mental possibilities here do not achieve the desirable level
of accuracy, Therefore, we concentrate our attentiom in the
high energy neutrino reactions, which are studied intensively
in IHEP (Serpukhov), CERN, FNAL and some other institutions.

I, THE STRUCTURE OF THE WEAK INTERACTIONS

Pirst of all let us discuss the possible structure of
the weak interactions, Almost all the data, excepting the
muonless neutrino reactions, may be described in terms of the

usual interaction of the charged currents.
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where J* is the leptonic current
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and .Jx 1s the hadronic current. To the present knowledge
the study of the semileptonic decays and the neutrino reac-
tions leads to the conclusion,that the hedronic current was
described quite well in the framework of the quark model. In
this cage

3,¢ = Cedvd, ’;‘1‘0:‘('1-@[;)}3 t 5;’”"‘1 A X-‘—(“d})P; (3)

where o is the Cabibbo angle, 8iny( = 0,22 and P, N, X are
regspectively: proton, neutron end A quarks with the follo~

wing quantum numbers

P n X
Q/e 2/3 -1/3 ~ -1/3

B /3 /3 /3

13 1/2  -1/2 o}

The quark structure (3) immediately leads to the result,

that the current belongs to the octet repregentation of the

SU(3)-group, that is necessary for the Cabibbo scheme, which
agrees with the experiment . We shall discuss later the
neutrino data, which also confirm structure (3),

In the lectures we shall use the quark and the quark
parton models. This models being in egrement with the expe-
rimenta do not mean of course an obligatory existence of the
real quarks, which have not Yet been observed experimentally

in spite of intenge search. Maybe the agreement of the
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quark model with the experiment is the congequence of gome
symmetry, which we do not understand now.We should also note
that the quark model confronts by the difficulties in
explaining the processes of the e+e-annihilation into hadrons
and of the lepton ( e)/& ) production with the 1afge momen tum
transfer, On the other hand, such models deserve atten-
tion, in which the quarks may exist only in the bound state
and cannot under any conditions leave their "prison". After
making these remarks, in what follows we shall always speak
the quark lanquage.

Interaction (1) is of the unrenormalizable type, that
leads to a number of the well-known difficulties. All of
them are connected with the fact, that we cannot apply the
perturbation theory in the unrenormalizable theories. Due
to this fact, the evaluation of the higher orders of the
perturbation theory becomes impossible. Let us take the
neutral currents as an example to illustrate the situation.

The initial Lagrangian, of course, does not contain

the term corresponding to the neutrino gcattering
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However such a term avpears in the second order (see.

fig. 1), but the



Figo 1.

corresponding integrals diverge quadratically and we obtain

for the effective interaction of the neutral currents
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where the cut-off A on the upper limit of the momentum
intergation is introduced. This expression is meaningless
because the local theory corresponds to the limit A-oco,

One may understand this expression only in two ways. If one

assumes that the theory is actually nonlocal, the reversed

cut-off Jﬁit acquires the meening of the particle dimension,

then one can meke a conclusion on the value of A from

{1}
the experiment. On the other hand, if the theory is local,

the individual perturbation term has no meaning, but the
perturbation series as a whole may have the one. Indeed,

if we consider the structure of the factor before the neutral
currents product in (4) taking into account all the pertur-

bation theory orders, we get the series

2 ”n
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The locel theory is meaningful only if the function F(x),

being defined by the series
oQ
7 "
F(x) = 2] a,kX
n= 1

has a finite limit for x —» o9

fimF () = a < o0, (6)
x> 00
There are some arguments,based on the summation of the ladder
diegrams, that the limit a may be equal to zero. However,
a may be egual to some finite number. In this case the
effective neutral currents arise in the first order in & ,
the coefficient in (4) being & . We shall discuss later
whether this possibility cen correspond to the experiment.
The other iﬁportant feature of the fourfermion variant
of the weak interactions is the cross-sections of the neut-
rino reactions rising with the energy (and alsc of other

weak processes). Namely, we obtain for the cross-section of



the process, taken as an example
y _ .
ot n Mo p (7

the expression for the cross-section, which is proportional

to the total c.m. energy squared S
cg- & (8)
JT.S

Inaamuch as in the fourfermion variant only S and P partial
waves are present in process (7), behaviour (8) contradicts
the unitarity condition. According to unitariry the cross-

section in the 1-th partial wave cannot exceed the value

Yg (24 + 1)
g, = 5

These considerations lead to the contradiction at the energy
S = Lﬁyﬂ; = (1000 GeV)? ( the 8o called "unitary" limit)
and higher. In principle, this contradiction in the unrenorma-
lization theory may be overruled, if one takes into account
all‘the perturbative orders. In this case, on the ene hand 311
the partial waves will be present in the amplitude. On the
other hand,the cross-gection itself will be represented by the
series in the powers of (G¢). Therefore, for G 2 1 one
should tske into account the series as a whole, that would

lead to the change of behaviour (8). However, it im very

hard to obtain definitely the real form of asymptotics.
One cannot exclude, for example, that the cross-section
at the high energies will approach the constant of the
order of magnitude ~G& = 4 10723 cm?.

Both difficulties are closely connected with each other
the rising cross-sectionsand the unremovable higher order
divergences. Really the divergences in the higher orders
appear due to diagrams,contain the amplitudes, which rapidly
rise with the increase of the corresponding variables.
Therefore the integration of such rising functions leads
to divergences.

The theory with the intermediate charged vector boson W

is unrenormalizable as wsll as the fourfermion one. The

corresponding interaction is

’{(.‘t = 3../2[/(/;4*].:)“/‘* /’-C-f ’ (9)

where ng/Hn/L = G /Z . Here we obtain instead of
increasing asymptotics for process (7) the constant one,

but, for example, the cross-gection of the process

%‘ + E: — M/+ W (10)

incresses linearly in the sgme way as (8). The higher orders

evidently contain the unremovable divergences.



In spite of some success, achieved in study of the
unrenormalizable theories, nobody did really succeed in
evaluating higher order corrections, or in obtaining the
high energy cross~section asymptotics for the real weak
interaction theory (fourfermion or with W-boson) without:
additional assumptions. There are only some model calcula-

/2/).

tions (see, for example Therefore, the interest in the
renormalizable theories of weak interactions is in full

size justified. Such theories are free of the difficulties
being discussed, and remain under intensive study during

the last several years. This ia very interesting region

of the theory of the weak (and the electromagnetic) interac-
tions. We shall not discuss these theories in detail,
because there are excellent papers and reviews on the item/3/.
We try to make clear only the main ideas and diascuss the
form of interaction, which is obtained here. The main goal
to achive while constructing the renormalizable theory is

to exclude the rapidly rising amplitudes. This automatically
reduces the divergences in the higher orders. Let us take

as an example process (10). In the theory with interaction
(9) the diagram of fig. 2.

W +
v ) w
e >z°
V -
- W W
v
Fig, 2a. Fig., 2b.

leads to the rising amplitude. However, if one introduces in
addition to the charged intermediate bosons W the neutral
one .Zo , the interaction constants being suitably chosen,
the rising part of diagram 2b cancels the gsame part of
diagram 2a. For the proceas e'e™> W'W™ it is necessary to
take into account also the photon exchange.

These guidening considerations may be realized in the
theory, where charged vector boson wh » neutral 1' and
photons exist.

The cancelation to be performed in the proper way requires

a symmetry between them, Such an approach is a ground stone

in the Salam-Weinberg mode1/3/. Now we will consider the type
of weak interaction to which this approach leads. It is notic-
ing that cancelation of increasing parts of the amplitude may
be achieved by introducing heavy leptons, as it was done

in the Georgy-Glashow mode1/4/.wa will not treat this model
here.

In the Salam-Weinberg model there is introduced a

doublet of left-hand particles for leptons (e.g., for &, %)

¥, = YL v

L

and a singlet which is a right-~hand electron

y/k= %-”'e , (12)

A3 was mentioned four vector particles are needed.

They will be chosen in the following way: triplet



; + - . .
W, = (W W, Zasb + Ay iimb) |
(13)
and singlet
B“\: ‘Zq%@*/?y%@
(14)

It is quite natural that neutal particles mix up, as they
do not differ in quantum numbers. Lepton interaction with

the vector boson may be presented in the form

L=W07(43W. - g8 - 3" %" B,

“n

(15)

First of all we are to obtain electromegnetic interaction
for electron. From (13), (14), (15) we obtain that the

expression
eer‘eLAﬂ(-gme -g9'cos8) é&y/“eLA/“g Wb
should be equal to

e (Ede « ELX/‘eL)A/.,. ;

whereof

JmOrgme = g emt < e (16)

Neutrino should not have any electromagnetic interaction.

Thus we have

Jm8 g emb =0,
/

g
;-0

(17)

From (16) we will have

g %,

(18}
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Having considered the part related to W~ we will find that
9y defined in (9) is

g
(7»"5_’

Whereof and from (9) we cam determine the mass f4“/

M = ERE - L fetd | 2Pew (19)
W LG 2 w0l T T |8

The mass of neutral Z-particle can also be easily determined,

if we consider mixing up of W3 and B particles.

\/] _ ¥3Gw N Mw
e = Lvim 201 \corB |

As the result we come to the Lagrangian of weak interaction

9 SaM | 9 ot Y 1°
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in its turn it effectively leads to the following effective
Lagrangian of 3“ interaction with electronax)

&GS . — )
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Ag is easily seen we obtain the following cross sections for

/. and (}‘ scattering on electrons.

- 26t T 2 :
Fe = LEmE[ (o) Lote] | &

. zGl e L .
Tre * HEmE[§lao- )" watel

The experimental data available for the present moment/S/

4L g
00310 = (p? i E t
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(22)
-44
g < 0.340 £ umt.
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»)
Here and after we will considerSd & Hwt N; s that is

valid for the now existing accelerators, if the masses are
of the order of (19).
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put limitations on sin®©
U L < Swn'b =~ LA

Purther investigation of these processes is of great interest
to check the scheme of weak interactions. As will be ciscussed
below, not only the theories of the Salam~Weinberg type may
lead {0 such processes.

The basic neutrino experiments are performed with nucleon
targets., Therefore we will consider now the type of interac-
tions of leptonic currents with quarks we come to using the
Salam-Weinberg model. In full analogy with the leptonic

case we first of all should define the left-hand doublet.

AT /’) / ol :
Voe 2500/, niscemne oAl @2y

and right-hand singlets

. 14 L =g LR
Pa= TP Tac T, AT S
)‘: - S(;V\OLC Koo+ CO)O{CA (24)
and
! _ {+If 4
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Then the interaction will take the following forms

.Z,:ut = Viﬂ(/ff”i '3"6-4)% B J,I/D_nf‘?‘- -

9" N B - A A, ¢ ATA )
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The requirement that electromagnetiec interaction should have

the proper form

,,(_

- 2 / W AT
ém- e¢w>pj - /mj—A/AJ)J

results in the following ratio among the constants

. 4 oy % o w2
g 54, 5“3‘7%69;7:5:3;50'

Having these ratio at our disposal and bearing in mind the
earlier obtained results on the values for the masses of
W end 2 we will obtain the following effective electromagnetiec

weak interaction with currents containing neutrinos
s &V ml5y > -
nt” L 7Pt )n cony, 4 P UL spnol, |+ hc s

+ E “ +
& ot JW{O/(«/,),A(- - —JMG)«,o Ld)o (- 2 5rg)
(25)

+n{‘1+’r)”( L, f%“@)«, n (1.(),1 ALY -J
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t Mv, > e;V(_) .
Ag we gee, the charged part of interaction ig obtained in

the form required, while, in the part with the neutral

currents there ig a term, that changes the strangeness.

Existence of such terms decisevely contradicts the expe-

riment, in particular, a vefy]low probability level of decays
6

with leptonic pair emission s

+ ‘o L
K'= zsitete [;

K+—> JT."L)D

ty”
K, m

and small value for 4Am > My =M | It should be

noted that a similar contradiction exists in effective
neutral current (4), that can arise in the fourfermion
version due to corrections of higher order.

The currents with|4 S| = 1 should be excluded. To know
the way of doing it, let us pay attention to the reasons
that cause their arising. The reason in that n and A enter
the interaction nonsymetrically. In case the neutral currents

oc;ur always combination nm +AX , the Cabibbo transforma-

tion

N = ncesd + A aack

AN 3 c N+ A eAK

would never lead to crossed terms.
It means that in Lagrangian there should be a symmetry of

n2Xx., It is achieved by introducing the famous forth quark
P‘ with the charge 2/3 and by adding to combina?ions

(23), (24)

y (¢ p’ ‘. -dv '
"PL= z (Al) ) Ib,p_ 2 F




Then the electromegnetic interaction tekes the form

L= A 25y prp) -t Arw)];

and the effective weak interaction does not contain neutrala$td

currents owing to symmeiry between A and 7

-~ & ~ .
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*[Agayn e Racgn] (§5°0) + (4pen).

Note that if a similar operation is performed in the
fourfermion model, neutral currents with 4520 will be

excluded from the Legrangian, and instead of (4) we will
have

_ [l 9% : - -
- JW,}:/ {(ﬁf})/}{‘/pg/h(‘_)}, */’/6/'1%}0’* ngwk)n + (27)
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Interaction (27) (as well as (26)) results in neutral neutrino

reactions
K *J/‘—* vV, t Jil\.;=b) ;
)./.,‘+/-> V:+ X(>=0) .

Here we should note that reaction (28) may be caused not only

(28)

by the aforementioned reasons but by some other ones, First
of all a possibility of phenomenological introduction of
neutral currents has been discussed since long ago. In this
case a great variely is possible and these versions do not
require an introduction of p/ . The idea of subscribing
reactions (28) to the electromagnetic interaction of neutrino
with the matter is very interesting as well. It means that

/7,8/

neutrino has an electromagnetic radius and it results
to appearance of vertex of neutrino interaction with electro-
magnetic field

2 _— .
e(sr, >¢l %/4[7*):_)’6 4&

In our consideration of effective neutrino interaction with

matter we come to a Legrangisn

/= i . 1,7/”-1,{r/(-:/c_{ (29)
w T T RS Spap - ST A e

The experimental consequences of the assumption will be

treated below alongside with the consequences of other

possibilities. Here we will briefly deal with the possible

values for the magnitude LT, Ag is meen from (29), in



order neutral reaction (28) should have a probability com-

parable with the usual one, it is necessary that

£1t> = &
2 . (30)

If in the fourfermion version we estimate 4’!‘}’ from the
simplest diagram presented in fig. 3.

Fig. 3.

then we will obtain a divergent result

. L
et > = I A
- Z, ZEIL@ML (31)

The question is what senee is to be attached to the diverging
logarithm. If the effective cut off takes place owing to

3 -
weak interactions,i.e.,A > & i » then the obtained value

for the redius is too small. In ref./a/ it is pointed out

that a reasonable value for the radius (30) 18 obtained 1n

the cut off due to the electromagnetic interactions. In

any case, 1f the experimental dats confirm (29) we will

have arguments to explain a large value for neutrino radius

20
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Note that in this case we will not have to introduce the
fourth querk PI , a8 the electromegnetic interaction con-
serves strengeness.

Let us come back to the problem on the forth quark.
In the case it does exist, symmetry of strong interactions will
then not be described with a broken SU(3) symmetry but with
the broken SU(4) symmetry. Here the composition of multiplets
widens and new charmed particles arise. These particles
were thoroughly considered in rewiews/g/therefore we will
not take this problem in detail here. Here we will present
only quark composition of some of charmed particles as we
will need it further on. Vector and pseudoscalar particles
are not eny longer a repreaentation 8+1 of SU(3) group,
but are in representation 15 +4 of SU(4) group. T extra
particles arising here are the following (C quantum number,

charm )
D+= (;\ PI\ »
D= (p¥) (22

FT.Rp) 120, seelCt L

There are also antiparticlea"b and E as well as the
state (@‘P'). There are reasons to interpret this state
as newly discovered ¥ k5100> particle/10/. Such an
jdentification allows us to estimate the messes of D end
¥ mesons. For preudoscalar and vector particles the

obtained values are 2 - 2.3 GeV.

2



The forth quark léads to a widening of the multiplet of
the barions with the spin 1/2 from 8 upto 20, Here is a simplest

example of new particles.

< ppp
C: = (P’ @\l::_—'ﬂe) 111)5:O)C:1)
° (33)
C, = (p'nn)
C,+ = 'p______n-np 1 = = B
o (M I:0, s:0,C- (.

The estimations for the masses of charmed barions are lesgs

definite and vary within the limits from 2 up to 5 GeV,

II. NEUTRINO REACTION DYNAMICS

Neutrino reactions on nucleons result in production of some
hadronic state. Quasielastic reactions at high energies
comprise now a small fraction of cross section, Therefore
the very first thing studied in neutrino reactions is
inclusive characteristics: total cross sections and distri-
butions in variables indebendent of the details of hadronic
state, Nevertheless these data turn out te carry a very
usefull and profound information. Before treating the
models, that describe neutrino reactions, we will remind
you, of the cross section for neutrino reaction on a point
particle (e.g.,on electron). As an example we will choose -

interaction of E% with some particle b

‘!Lnt = ;%Z«X‘(“xs)\fm ZJ:L(itY,-)é . (34)

Here one should bear in mind that in transition from V, to

;; the left-hand particle is replaced with the right-hand
one, i.e., 1+%c effectively transforma into {-45. Ao is
easily seen the expression for cross sections depends on
either the signs in the first and second brackets coinside
or not. The values belonging to the first case will be
designted as "even™ and those belonging to the second one
as odd. Then if the momenta are prescribed to the particles

a8 indicated in fig. 4.

V) VLb;)

Fig. 4,

the differential crosa section in the cemese will

PA
take the form ( s =(p+k)")

2
( :ijfi ) - gl = 8
A eesd even
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do . G 1 LPKJ)
kﬁ' = % — 9 3
Awrf odd 25t ng)

It i3 convenient to introduce instead of cos® an invarient

variable

2 —_— =

= ﬂ = ’ ’K—K’) = (‘ w
y s ) (pr)

In the cemes.

y = Zik(f— 6039)

Thus the expressions for the c¢ross sections are writtem in the

following way

/ELO:> S 2t Gy
K% wen %JT‘) g

(35)
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and y, changes from 0 up to {. As Y is an invariant variable,
we do not need to care about the reference systems These
formulae in particular give expressions (21) for cross
gsections of scattering on electron in the Salam-Weinberg model.

Let us consider a so=~called quark parton mode1/12/ 8o
as to proceed to the description of neutrino reactions on
nucleons. It is known that in the quark model/12/ nucleons
are of the following composition

P - (ppn) ; N = (nnp).

Besides we may assume in P and N there are some PP, nn,
and AN pairs (and ﬁle if they exist)., It is mssumed that
in the reference system, where nucleon momentum tends to
infinity,p->°° the transverse components of quark momentum
inside nucleon may be neglected, and the longitudinal momentum
18 distributed among partons with density ¢.(x) , where
P?= xp . Then in each nucleon there will be several distri-

butions

P

Pilx) ng(x), poix), n,ox),
Agur) | oxx) ;
(36)

N . Pax) > ny (x) ? E’.\L) ’ ;{1(&),

A=), A, D)

25



Note, as during transition from proton to neutron p 1is

replaced with n , then

Pix) = nyx) = dex) ELLXJ = n,(x) = J(x),

N ) s p, () KR, {;L’Uc)= ngx) = wx,
(37

Apex) = Atx) = >(x)

ALax) 2 Apx) = S(E)

As the result we have 6 distribution functions at our dis-
posal, besides in the parton model it is assumed that;
1) Reactions on separate quarks proceed uncoherently;
2) The quarks are point ones (formule (35) may be used).
3) Effective masses of quarks are small and the
quarks may be treated as "almost free".
Theri the neutrino reactions will follow the scheme

in fig. 5.

Fig. 5e
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In order to clarify, in what way the variable x is connected
with the kinematic variables we should conaider the energy-

momentum conservation in the leptonic vertex

Jclb-r/(

1]
e~
+
2

"
o

l/or«i,
?,=K-l<

[

Having calculated the invariant mass squared, we will obtain
(cp '+7/)" =Tt
(’x,/,)" + 2x(pg) + ‘f’L =zt

As \x,o)lz 2"t ’-"";/ ( according to assumption 3) then

A

x = - ¥_ , 0 < &£ <« 1. (38)
29)
Let us now use the expression for cross sections (35) and

&
calculate the distributions do'/d«x.-ig for various pro-

cesses. Here we must bear in mind (we mean the charged currents

sino being neglected), that according to (1)-(3) the follo~

wing reactions take place

Yu"n—) u"rID

/

’

Y. t+ E ~>/q_+ n
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(39)

With account of the charge symmetry (37) we will obtain the
cross section for different processes in the lab.system.
Here it is worth noticing that the variables X and y have

the following form in the lab. system

2 E 6y suat 2

X =
ME, ’
(40)
y = En
£,
where Ev,Eﬂ,Eﬁ are neutrino, muon and summed hadron
energies respectively, and © is scattering angle.
1) V’A{—P—Q}AN+X.
(3 ] ) = )
49 . EME2x (uix) + (-g) Adce)) |
dxdy I (a1)

a) &“ + N - /Aﬁ + X

4T L Gygge (d) + 4oy *(e)) )

dx.dy 3
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Pt Pyt o X

dl¢ - ‘CLLME 2 (p((x)g_ )1 [ )) .

dij a y =X 4) + un(x ,

[,/) 2‘4 -(./V —P/u"‘ + .x (41)
/ /

dlo...

N , -
= %ME, 2x ( u('z)(4-g)l+ d(x))_

A3 a rule the experiments are performed with matter,
e.g., iron, where the number of protons and neutrons is

approximately equel, Then the averaged cross section for

nucleonjv’will be

-L) V/M +\A/+ u_+ _X_‘

do . ﬁia”l[(ummm) o) )+ A6

daJ‘-dg N ’
(42)

Dv.+wW > uts X

/4

L t - -
A | imeyn[wmM(x))u—pﬂ (wee) cd@) |
dxdly o

In the gimplest quark model, we assume, that antiquarks may
be neglected as compared with quarks. Then x-distributions

for neutrino and antineutrino are identical and for the
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ratio of the total cross sections for 9; and V.. we will

obtain

A
T V) :[v‘g(’—y)

A 3 (43)
Ty Vi) f’?
o

113/
The experimental value for this ratio is

T( )

* C 3 £ 005 (44)
GUVL)

.

Ae we see the nmgreement with the experiment i1s good. Hence
we really may neglect q}:)as compared with %(x), A gtudy
on y-distribution in neutrino reactions points to the same
fact. From experiment we obtain @—g)L for ;L end 1 for yL

within the error bars/13/

. Definition of quark charge from
comparison of the data on neutrino reactions and deep ine-
lastic electroproduction alsosupports the simplest guark
model. The ratio

s
Ty

+

kar)— + k&n\‘. = g =

“
]

is in a good agreement with the available data. Then all the

data provide a surprisingly nice agreementx). Note, that

*)We will speak on some deviations at superhigh energies
later on.

from the data we get limitatlons on the frection of
antiquarks in nucleon
i
jx, ( ix) + dce))dx

° < 0,05,
{ (45)
!Jc (/u{'x) « dq c))dx

Let us now treat more general expressions for cross
sections of neutirino deep inelastic processes, Summing over
all the hadronic states brings us to the expression, corres-

ponding to fig. 6.

Fig. 6.

Here the cross sections turn out to be equal to

dlc—"'; C"} ! | . Wt |
Axaty ) Eg[K-LKC” KeKy - Juser') £ Loy v <] (46)
W
W
L
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where the hadrenic part

‘4. I ),nmj * l- UL) J (D)MP>

(a7)

depends on momenta p and Y = k-k'  and therefore may be

decompesed in invariant functions in the following way

'

vy

st (‘1’;}))= (_2‘.‘ +"i¢‘i(\>v\/ +(P ‘W*h}(? Q‘U‘i}ww

-L‘ L E e V,V— v,v
R A TR ”

qy

+Un-c‘14 + “‘f.c/)s) Wj'yly * L'(/)“‘_/S %t/)p)

Taking into account, that multiplication of a leptonic
bracket by C{,,_ brings us to O muon mass neglected, we

will obtain

W W w N Y (49)
W -7 g.u,W‘ + P*Pv. W, - .u.so-pP ‘1/ W
then the final expression for the cross section is

o‘o* G's VV/'; 4 V .
dx.dg )_u{t’l (vq) qy)v Lw)fm’ ) I(?i))j)

where vV = U"1/> .
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Formfactors W vW, VW_; are dependent on momenta p endgq

end it means that on two invariant variables V and u,/ as
well, These three functions are dimensionlesa, therefore under

agsumption on acale invariance they may depend on the ratio

i
of ay" and V only,i.e.,on X=-972y , Then (50) may be
rewritten in the form

ql"

d

5 d

J

ﬁ{gxi-"(x) -4) R ()5 ey 25 x)f

.
ac

(51)

For a point particle we have (see (35))
F.
Fs == b sriox)

For a gimple quark model the ratio between FL' is the

Seme, and,e.g., for the proton (see (4))

s y(z),
(52)

For the quark-parton model with account of antiquarks (for

protons too)

= ~
F, = == = w(x)+ A¢x) - (53a)
2x ?
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i)V/“*-P —»/M* + (8:-1)

| FS T~ 2 n(x) -LA(!)) . (53b) Ats .
dedy = S'W\Lohe_% ME,lxtd(x_) (g Tl
Ratio (53a) is called the Cellan-Gross relation and it 2,) \—};‘ N — J
follows from the fact that partons have spin 1/2. /M T i\) ’
Indeed the general =snalysis with account of possible iL_Q‘_

« iy, G
T g - ' s '
= o, th,ix[u(n)_((—g) + 5(2)_]}

deviations from the scale invariance should be performed

with the help of representation (50). Hewever the consequ-
+P >
ences of the parton model, or it is jJust the same, of scale M /‘4 + (5: +i) ,
invariance and the Callen-Gross relation are in a good Ao~
. 1 —~
i j T e S 1.
agreement with experiment, thus our further reasonings will be Aoe Ay ¢ = ME,lx 04(1) Q-g)L . 5(:)]’
in this particular language. ’
Inclusive reactions where the final hadronic state q) %‘ N > /4\ . (5 i)
El
has a strangeness are very important for check of weak 2
8
interaction structure. The following neutrino reactions with dta - S'\;H" et
> ~ 8
changing strangeness may take place on guarks "“'-dy ‘e VD) MEVZX["*(K)(f—‘y) + 5(:)]
. +
V/“ + P - /A + * > h
- — & -
Vﬁf)\—»/«+P, (54)
V. + p o+ X r
m P For the reaction going with matter we have
Y. + X 2 u o+ P - L)V
( *v/—> + -
M /*4 + (5= :L> i
And by no means the selsction rule a5=a0. is realized OLLQ"
. 3
here. Therefore in antineutrino and neutrino reactions the = ol & - +
, Ax dy ‘T ME T (ute) +dx)(-g) v 2 E(tﬂ -
states with S5 =-1 and 5=+ L respectively may occur. Y]
(56a)

Following the method presented above from (35) and (37)

'OV/‘“/_’/“—*(SH-:())

we will obtain




o2
O\
A

~

o T E e x (A B (1) SHOTNREES

As we 8see in the simple quark model only the first reaction
taxes place and the ratio of its cross gsection to the

crosg section of a nonstrange reaction is

0 ( *;+\A/-—> (>:-i))

2 Sl = 005 (57) l

SV +w > (5:0))
It is of great importance to study y dependence in this
z
reaction, as the dependence u—%) was obtained under
assumption on a precise V-A variant in?\P current, though
we do not have eny experimental data at present confirming

this fact. The second reaction is also of interest, as the

small quantities are directly measured here,The probability
for such a process should be very emall. Indeed if we assume
Mx) = (k) = 0‘((1:) and use the estimation (45)

3

SV S = +L - )
T(Vaew v (5=r0) & Wl 005 = 2510 . (58)

O’(%f‘,\/‘» (s-= D))
Note that in v, reactions we mean a more probable pair pro-
duction of strange particles with a total zero strangeness.
Let us now discuss muonless processes. For the Weinberg-
Salam model from (26) in the framework of the simple quark

model we will obtain
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L)%‘F P-b };.\'*'.X,

4le
d:uigz

(4 §oe) s g g nveff

[ Py -
%- ME.,.Z.L{O((x)[(%_ - _%k«..'e) « i-y) }M«@Jf-

ﬂ,) )/’M + /V -» % + X)
OlLo" ) Gl - . .. . . ;
Axdy - EMEVL"{“(’C)[[Z ‘3*“4‘9) + (-y) g‘in;"@]ih

" o((x)[[zi- 1ha0)"¢ -9)" § 5. "Q/f :

fp -

(59)

A\

9N

« X

H

a8
NN

R L )
= J%MEV Z’L{D(CI)[G_B)'—(% _Sémle) + 5—}1‘,‘"0‘( +

PR
"
of

Fu(e) [(r-g)k( L. §n‘de)&+ é@*@] ,
D VutW >y + X

A

ey

eyt farg) s Laes]

) . -
= %ME'ZK{u(x)fg_g)?;i‘_géh‘"‘l@) +;\(h"‘”9€/+
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For matter we obtain
L)Vuftl’/" ‘,/u‘-x)

Ao | G'Me x(duchu(x)j[ume«‘"»«"ﬁ*(ly *9_]

o(xdg
L)Zu".“/"’ Z«."x7

L 2 Ca . .
4 jy + S x(deor ) £ - s e S E)lry)" Soad).

(60)

Having compared it with usual cross section (42) and integrased

it over x and y we obtain the values that cen experimentally

be measured.

Q(v) G‘LV +f-> +)(.) Z‘M 94':.:“1’“”9
O'(%ﬂ(a/ﬂ "+ X)
(61)
Q(V)to'(g‘4/—>%fﬂ) 1 M"Q*— g
G(?“fmf-)/u++.2()

Let us in asddition to the Salam-Weinberg model consider
other possibilities. Firat of all the, pogsibility of expla-
ining the muon less processes due to a large electromagnetic
radius. From (29) (37) we obtain (the cross sections for
neutrino and antineutrino are obviously equal)

1);//A+P—>;;“+‘X: ‘;*P"‘?«*-X:

b

iziz £(3°2>)Mt Zx(ji(l)'*i“()) (v lg” )

olx_zig oy
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1)(A+V-»\/(,_‘+]£, Va *”’;’:fl)

et 2t

L2 ))L - Ty {
Ll JME A Ta(x) « 5 dx)
o v (_‘5 x K )

tr-g)° (62)
ol

d:dﬁ = ‘%(

In the matter we will obtain
- _ -
() s W Vi) v X
do ( e L\>) py Py )
—_— T = —— ME Vol . o f-
g " o & (heE) APl AT ()
For the ratio of cross sections (61) we will obtain

L(v) = < <?-‘> t 0

6u- 2F °

R(V) = 3&(¥).

[ él‘-> (64)
Q(V) ( ) )

From a pogsibility of weutral currents to arise from the
higher orders of fourfermion interaction there follows a

consequence (gee (27))
R, L’V) - K(V-) (65)

a8 in this case a pure Y-A variant is valid. The available
experimental data are:

1) CERN Bubble chamber Gargamell/M/’/”/

R(¥v) = 0.22 % 0.03
(66)

R(V) 20.43 4 0.12
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2) FRAL, colaboration Harward, Persilvenia, Visconsin

R(v) = 0.1z £ poy |
(67)
R(v) = €32 tocs
There are also some preliminary data, but their processing
is still in progress. Data (66) sgree with the Salam Weinberg
model, i,e.,with (61) when

sl > 0 3s7 (68)

Data (67) agree with (61) much worse, but they are in a
good agreement with (64), when
-31

Le> = 326‘: - 0 e, (69)
Note that from simple estimation of ref./S/ we get 4?‘>:§%%i'
Ratio (65) does not agree with the data, therefore we can
consider the poasibility of explaining neutral proceases
due to higher orders of fourfermion theory to be excluded.
It is worth noticing that when we have the value (69) we
obtain the following cross sectiona for muonic neutrino

and antineutrino scattering on electron

- — G 'Q(E 2

v.e) = = mE, ~02F(0 - cm®
U( al ) ()\(\//“e) R eV Gev J (70)
it lies within the limits of the experimental data (22).
Note that at sin® = 0.35 in the Salam-Weinberg model
according to (21) we obtain

Tue) = o1 10""E o2
Sen

I

a(v.e) = o_zz-m‘"q—i, m (713
Thus the available experimental data allow us to interpret
them both in the framework of the Salam Weinberg model (or
its modifications) and under assumption on the electromagnetic
nature of muonless processes, Leﬁ us enumerate the main
features, that will help us in our future experiments to
distinguish these possibilities. Main prediction of the model
with the electromagnetic radius is

SChaw > v X )2 (> X))
R(T) = 3R(V) (72)

i

Olne) = o(iie); (73)

here all the data are described with one parameter <<,
Generally speeking ratios (72) and (73) are not fulfilled
in the Salam-Weinberg model, Ratio (72) is valid only at

8in @ = 0.5 but then (see (21))

ST . 41 -
(;'Me) - o (vae). 5

Besides these mechanisms differ in y-diastributions, as is
seen from the corresponding formulae, Hence any clarification
of the experimental data in the near fubure will be consi-
derably helpful in understanding the situation in this

branch.
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III, ON POSSIBILITIES OF SEARCHING POR CHARMED PARTICLES

IN NEUTRINO REACTIONS :

Neutrino reactions are a very convenient tool in the
search for hypothetic charmed particles. Indeed in neutrino
interactions charm is not conserved and according to(26)

the following reactions may take place {on quarks)

- /
b;,.fnqp/u +P .,

- [
Vo tA > u o+ P
z ’ _,) (75)
Vatn »ptepl,
_ _ U
Vet XM pl
A a(x)>> AMx)=n(x) = x(z) then such reactions

may intensively proceed only in the neutrino beam and be
gsuppressed by the factor of sin%itzao.os. Here are some
examplesof some concrete reactions (see (32), (33))

- ++
;ﬂ + P - u + C’1 )

P NPT+ Sl (76)

V/‘ )
Vot P= u D ep.
It is of interest to note, that the laast experiments at FNAL
(joint experiment of HPW/16/) carry such an indication of
posgsible production of new particles, These indications are
firat of all deviations from the predictions of acale inva-
riance and parton model when neutrino and antineutrino
energiea > 30 GeV, as well as observation of muonic pair
production in neutrino and antineutrino interactions. These

effects may be explained by production of new particles with

42

the decesy channel probability with muon in the final state
of about 10% and the mass within the interval from 2 up to
4 GeV, As the effect of violating the scale invariance is
most distinct in antineutrino interactions the mechenism
(76) cannot be used for its explanation. However in the same
quark language the process (not suppressed by sin’c, )

Vo m TN

E“ d ,L(+ + ﬁ A

/
my occur.
And if the systenms QP,X_) or(ﬁ;/A) have interacted

with the target atrongly then the process mey become real.
Besides 1if we use the idea of vector dominance then we can

present the process as the one following'scheme fig. 7.

Figo To

/17/

In refs, there are presented the estimations that show
that it is just the mechenism that may explain the afore-
mentioned FNAL data. Indeed the cross section for such a
process is equal for neutrino and antineutrino, therefore
the effect manifests itself more strongly in antineutrino

interactions. Besides the data are peculiar for a more



distinct effect at small momentum transfer q}. It is

also very natural for this machanism, as the state with

the mass 2 GeV is exchanged, while the ercrgy here is of
order of 100 GeV, Therefore a study on the quasidiffraction
processes similar to the one discussed is of high interest.
As snother example we will point out the process of diffrac-
tion production of 'Y’(JIOCQ particle in neutral neutrino

processes, that may follow the scheme in fig, 8.

Fig. 8.

If the intcrpretation of ¥ =(p'p’) is true and the
neutral weak current has form (26) then the vector part of

- /
p/¢0 current has a multiplier

( _ 2 - a.p.
2 q é}

that is very emall at sin“©=0.35., On the other hand, in the
case of eleciromagnetic origin of neutral currents, there
is not such & smallness 2:d production of VV in
neutral reactions, especially in entineutrino ones, should

be considerable. Here it should be noted that the data

/16/

from ref. on muonic parts can hardly be subscribed to
the production of l'g as invariant mass distribution of
/»1*/4_ is smooth.

In conlusion we would like to note that neutrino
reactions are of continuously increasing importance in the
field of elementary particle physics. In partucular the
solution of the problem on velidity of gauge theories may

be achieved in the neutrino experiments only.
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