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- The report was presented‘ at the CERN-JINR Seminar on the
perspectives in high energy physics, in Riga (June, 1967),




In my report I would 11ke to touch upon p0551ble effects of the
form factors, arising as a result of strong mteractlons, on the total
cross sections of weak and electromagnetic processes, In particu-

lar, I shall speak about the effects of inelastic reactions of the type
Vo o+neap ap 4+
p P Hp

e~ +etapiBe ...,

Y+p-'p+9'+§"+

e +p-»e'+p’+

v o+zosz +ptapT v o+ L, etc,
® .

At the same time, I would like to use this occasion to make some
general statements (however not grounded theorehca.lly, as yet) con-
cerning the total cross sections of such reactions induced by weak
and electromagﬁetic interactions, As is known, at high energies Fhe
form factors of strbng, interactions weaken the eriergy dependence

of elastic and quasielastic weak and electromagnetic processes as
compéred with the calculated cross s_ections in which the form factors
.are not taken into account, i.e. as compared‘ with the cross sections

of "point" particles, At the same time the strong interactioné, which



give rise to form factors, at extremely high energies lead to the
appearance of an infinite number of new reaction charmnels, Decreas-
ing the cross sections of elastic weak and electromagnetic proces-
.ses the sﬁ'ong interactions tend as if to compensate this decrease
at the expense of the total cross sections.

‘The question arises as to to .what extent these total cross sec -
tions in their magnitude and energy dependence may approach the
corresponding cross sections for weak and electromagnetic proces-
ses calculated in the approximation of point particles, It seems to
me that there must exist certain general theorems and I would like
to formulate a working hypothesis of the intuitive character concern-
ing such theorems,

We denote the cross section of a given weak or electromagnetic

interaction of point particles by o, , Here we imply the processes
of the type
- ’ . sl -
V#+n-p+[l ; pte =»p +e 3 p+p rett e
_ ~
y+parp+wt+w Yy +p2p+q+q
etc,

The total cross sections for given initial states, taking into account
form
tot
Now the hypothesis which I would like to formulate is represented

the form factors and the hadron production, are denoted by ¢

by the relation
' form
tot =0 (1)
B =
May be such a general theorem does not exist and this intuition is
of a purely subjective character. As a matter of fact, these consi-
derations were made several years ag,o/ 1/ and after that some ex-

131 appeared which

perimental facts/z_/ and theoretical arguments
are capable of giving a certain support ‘to the hypothesis about the

existence of such a theorem,



It is known that the cross section o o - calculated for the pro-.

cess

n+ v -’p+}l—
i

&)

- increases linearly with energy in the Lab, system,

According to the CERN experiments the elastic cross section
(2)' becomes constant at Evsl GeV, Yet, it is also known, accord-

. ing,: to the CERN data, that the total cross section for the process

RV SRR+l : 3

at least, increasing again linearly with energy

ooaem,

Underground experiments with neutrino ﬂux in cosmic rays
have shown that the cross section continues to increase with energy
at least, up to 1011 ev.

An interesting result in this sense was obtained in a recent
theoretical paper of J.D.Bjorken/3/ on the total cross section for the

annihilation of an electron-positron pair' into hadrons at high energies,

form

A rather trivial example may be given when o

is beforehand

known to be larger than oy, »
_ In the electror—neutron scatter('ing there arises a direct electric

interaction of particles, only if the strong interactions are taken

into account, Processes of the type

n+e-sp+ a7 +e’ ' (5)

which are due to the strong interaction, contribute also to the cor-
responding total ‘cross section, |

A certain primitive model of the form factors in question‘is the
electron cloud of a hydrogen atom, - '
It is known that if one considers the interaction of a bound

electron (i.e. the electronic cloud) with ptiotons and calculates the



self energy of the electron using only the functions of the bound
state, then for the electron é_elf energy one obtains a finite (nondi—-
vergent) value. (Blokhintsev / 4/).

If the intermediate states include also the states of the con-
tinuous spectrum (i.e. all tl:1e "inelastic" processes are taken into
account), then there arises the same dlvergence as in the case of
the point electron, ‘

At present We are trying to find more general theoretical argu-
ments which would give grounds for the above point of view on the
inelastic interactions, For the time being we make the statement for-
mulated as a working hypothesis and consider some its consequen -~
ces,

From the point of view of this hypotﬁesis of most interest are
the reactions with large momentum tr;msfer, when there is a strong
energy dependence of the cross section, if the interaction is assu-
med to be a point onc,

For instance, if the hy]‘oeron Q7 has really spin 3/2 then the
‘cross section for pair producflon Q" & Q by. gamma quanta on a

point Coulomb centre of charge : has (as was shown by A.Komar/s/)‘

the form
E [ ]
o= 22 roza(——L) 10 2; T =——c_—2.
me ch .

The account of the nuclear form factor change strongly the energy

dependence
g =z r a(—L—) ( ma)()
™Q Ma
If : ~16
mQ: 2Mp , r0=10
th .
en gt ¥y +p»p+Q + Q
. w0
in the Lab, system
-2 M 3
0 om0 gl (—I_) (—2)
. ‘ YPQ mQ ZmQ
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E =20M_ ; 0% = 03 -10 "3 .2, .
Yy p yo Q2



If E y=20Mp is_high enough for the "total":inelastic process
y+pop+Q” +6- +

then —-33

o form 5 10 em 2
tot - . *

We may remind that for purely electro‘magnetic process y +p-+p+p +p
o -510'3:3 cm2.
According to the DESY data
‘; g, 10-31 cm2.

This may be interpretéd as follows: in the diagram

P P!

.7,_0
A P
\ ﬁ,

the momentum is transferred to the proton by means of 7% . In

other words, due to the action of the strong mteracnons in the m—.
termediate state, the electromaz:!nehc effect of nucleon pair produc—
tion increases by two orders.

I Q" . has spin 3/2 then for photoproductlon of O~ +Q the
cross section may be expected to be about 10~ -31 cm in the region
E )’ﬁ 20 M'p . .

- At higher gamma quantum ehergies (e.g. Ey ~ 40 M, ) the cross
section - for @~ +Q~ pair production may turn out to be larger than
that for nucleon-antinucleon pair production. »

"I'have pointed to this reaction since it is also of interest in-
dependently of the philosophy presented above, This large increase
of the cross section for production of high-spin particles, is of
aspecial interest, in itself,

The strong energy dependence facilitates the search for pairs

of such particles by means of high energy beams,



.

‘ It is possible that the search. for high spin hyperons (2.8.5/2
and 7/2) may be of interest in cosmic-ray physics.

Returning to our hypbthesis concerning inelastic processes
we may note that the above considerations might be extended to the
production of quarks

: . =
Y+prp+tq+tqg+
The cross section of this process in high energy limit - might
. approach or be even larger than the electromagnetic one
Y +P> p+q+q .
calculated for point particles, The same may be valid for the pro-
duction of intermediate‘ boson pairs,

Analogously we may expect a certain increase of the cross
section of noncoherent production of p.+-p._ pairs on nucleons

l/# vz oz apt apT 4y 4
The noncoherent production may give even larger contribution than
the coherent one, for example on lead. Even in this case it is do-
ubliful that the cross section for E = 10 GeV on lead would essen-
tially exceed 1040 cm2. Apparently, a corresponding ekperiment
will require that the proton beam intensity be larger; than 5,1012
proto:n/sec. This effect is of interest of principle since it answers
the question whether the direct interaction (vu)(vp) exists or not,

To my mind thé investigation of the process

V# + p;'p+ eFre Tk Vi
i; .of the same interest as .the search for the process V#p —wﬂ’ p’
which relates to the existence of the so-called neutral currents in
weak interagtions.
‘ The search for (v#e)(u#e) interaction has some advantage since

in this case the cross sections may be larger by two orders,
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