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1. Ihtroduct_ion‘
[1-5/

has been fc.)'rmulafed,,‘which then -has been applied to considering

In recent papers a straight-line paths approximation (SLPA)
”problléms '~of high-energy particle scattering in the framework of stan-
dard mo'delé of quantum field theory. This approximation is closely
associated w1th the méthdds which are extensively being developed
by many authors/6-9/ for the so-called eikonal summation of the Feyn-
mann graphé. The ejkonal approximation which is used for studying'
the asymptotic ‘behaviour of the sum of a definite class of pertur-.
bafion diagrams is based on the modification ‘of the nucleon propagator
according to which the bilinear terms on the mesons momenta are -
rejected. This modification has been studied well and proved in the
infrared r-egion/10—13/. By the present time we have already some
grounds of its wvalidity for a certain class of s —channel diag-
" rams(14,15/ in the asymptotic domain of high energies and fixed mo-
mentum transfers. .

In formulating SLPA it is convenient to start from the- Feynman
interpretation of the scattering amplitude as a sum over the paths.
In so doing, the method of averaging over the functional variable
used in refs./1-5/ and in the present paper is equivalent to the acco-
unt_of paths> which approach most closely the straight-line ones.
Ir_ﬁ the case of :‘l;liglf‘l-energy and fixed momentum transfer scattering
the particle' trajectories are approximately intercepts of straight lines

having the direction of the particle momenta before and after collisions,
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~respec;tivé1y. Such a physical picture permits us to give to the
rhethod used the name -of the straight-line paths approximation.

The 'pi'eser.it i)e}-pe’r is devoted to the in\}estigation of the beha-
viour of the -distribution of secondary "mesons" produced in high-
energy "nucleon" collisions on the SLPA basis. It is useful to’
study aspects ‘of this problem in order to clarify the hadron interac-
tion mechanism in the as?mptotic domain in question,

For the sake of simplicity, we shall consider the field theory
models in which scalar nucleonsx/ exchange scalar and vector
mesons. The inelastic amplitude and the n particle productioh -
cross:. section are factorized in these models under the condition that
the components of the emitted meson momenta be restricted by the
"softness" 'conditions. .

It is interesting to study the differential cross section of inelas-
tic processes, which in SLPA has the shape of the Poisson distribu-
tion over the secondary particle number, as a ‘function “of the choice
of the integral cutoff parameters in various asymptotic regions. _

It should be noted that the Poisson: distribution . was consi-
~déred earlier in various phenomenological models /16/, electrodyna-
mics/17;20/, as well as in other approaches. Recently it has been
shown/21,1/ that such a distribution corresponds to the physical
picture where the nucleons interact via their meson "clouds". It is
interesting to note that the total differential cross section summed

up over all the emitted mesons may have no pronounced diffraction’

. peak. in a certain domain of momentum transfers. In this. connection

an analogy. should be indicated with the automodel behaviour of-the
cross sections of high-energy deep inelastic interactions of hadrons
with leptons/22,23/, '

The problems for'mulatéd above are studied first on a simple
example of potenfial scattering., Further the consideration is made’

in the framework of ordinary quantum field theory models.

x/,

In the framework of this method a generalization may be
made to the case of spinor particles, too.




2, Seééndary Particle Distribution on Nucleon-Potential
. - Scattering
“We éoﬁsider a p"otei'_xtiabl scattering with multiple prdduéfioq.
of 'secondary par'ticles. The field with which the scattered nucleon’
interacts is represented ‘as the sum of the external (cla551c) V and
quant1zed ¢ fields. The amplitude of the scattering of a nucleon.'
in the external field with n meson production is found acéording

to the well-known formula

£, Pqik, e, k )=<0] T, F(p,qlgd+ V)lk ,..ook, >, - (2.1)

where Ty is the sign of the T -product of the operators ¢ . -
The generating functional F(p,qlg¢+ V) is expressed through
the Fourier transform of the nucleon Green funchon G(p, q|g¢>+ V)

as follows ‘

F(p.qlge+V)= lim (p°-m®)(q°-m?)G(p,qlgep+ V) . (2.2)

(p.q? ) m?

The transition to the mass shell is easily'performed uéihg the

method of- ref/ /Thus after extr‘actlng the poles, eq. (2. 2) takes

the formx/

1 faty v I (xviv) ‘ o
<M(x;v)e >, (2.3)

tx{p~aqa)

- F(p,q|ge+V)=[d'xe

: x/In the transition to the mass shell the terms corresponding
" to the diagrams without interaction of the nucleon with the field
V  are eliminated,



where

3 : '
[ v(n)dn-yl; a(£)=2p0(£)+2a060). (o4

a

J(xyyiv)= [ dEs [xva(f)+2
0

x;v) = V(x) fl‘d)\ expf ir [diz V(z)] (x,z;0)} ' (2.5)

- and the averaging over v means

8% v exp {=ifv2(p)dyplaly)

<<I>(v)>V = (2.6)

84y expli—-ifvi(n) dpl

Let us assume that all the particles produced (bgth real and
virtual) are "soft" -mesons/l/, namely that the region of change of .
‘their momenta D is limited so that they do not lead to a strong
change of the momentum transfer, It is easﬂy seen that the x ~-de-
pendence in eq. (2.4) can be neglected,

We neglect the variable v which describes the deflection
of particles from the straight-line paths,

Under these assumption the functional F takes the form’

Fp,qlge+ V) =f @aleplig [ diy ¢(y)Ju)l, (27)
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where the elastic scattering ampiitude is expressed as foll‘ovv;/s

X{p -~

) I ay, LT L
Cof, ()= [dTxe <C(x;v)> ), . (2.8)

Hence, it is not difficult to get/17/ that the cross section of
scattering 'on a potential with .n "soft" meson production has the

shape ‘of the Poisson distribution, Indeed,

£, <0 | Tyexplig [ d*xé(x)J(x)}|n> =

., ‘n k . 2 - : -
Sfy = (T J/( D Jept 2B atk (M) D)
\/n' i=1 ,(2”)3_2 \/2k 2 5
ot
“where D(k) is the casual function, Consequently, »
' [ cran]”
do: =do L 1 f i (2.10)
" e all@2n)? p 2k,
Now taking into account that
D(k) —=D* (k)= —— 5(k?-m? ) (2.17)
o (27)° '
we finally get .
. an .
do =dog —— e-2 , - (22
- .n 0 n!



‘where a _ is defined by the following formula

8?2 KRR SN s
a = - J ) (2.13)
(277) D 21‘(0

and the current J(k) is of the form

1 1
Jk) = - . o (2,14)
2pk +ie 2qk —-ie

If the momentum transfer is in the region s>>t>>m?, % £ 0
then

Inat . :
a -~ g2 ——~ta-—- s - (2,15)

where a depends only on masses,
Note that in electrodynamics, in eq. (2,15), there appears an

infrared singularity and the factor —%—— vanishes., In this case the -

asymptotics has a so-called douldy-logarithmic char‘acter/ 20/ .

3. Poisson Distribution of Secondary Particles in
Quantum Field Theory Models

Now we proceed to the case of multiple production of "soft"
particles in the model L . =g:¢ 2 ¢ :, where, for simplicity, the -




v

fields Az/z and ¢ are laséume‘d to be scalar, The vectof‘ exchange
model was considered earlier/1/, Here we present only some results
- of this model, | o
- The érhblitude of scattering of two nucleons (field ¢ ) with :.
meson production (field ¢ .) is determined by the formula/25/

hS

4 N : . . =
(2a)%8(p +p -9 -q - X k)f(p,p, 39,9,k k )=

3.9

=<0 Ty Ty F(p,.p,3q,.q, ¢ L6, n>,

1

*

~ where. the functional. F , after the transition to the mass shell,

is of the form/5/

F(Px’Pz'ql’q2’¢1’¢z) f dxldx2 <A(xl,x2,ul,v2)

o (3.2
2 .
. 4 ' . . . >
cexp tig fd"x ‘z-l b, (X)Jl(x,xl,xz,gl v )t>ul >‘y2 .
“The following notations are introduced:
Alx,,x,5v v, ) = éxp i i(-pl—-q])xl+i(pz—q2 )xZ} D(xl-xz) -
o ' (39)

Df QA ef{ph)\ gz_fdfl‘dfzD[xll—-x‘2+:=\-l(fl —a2(§2)+ 0 v, (n dy -
'3
- f v () dnl)

0



0

J, (5 X X v )= ‘fd_£84[xl—x+ a, (€)+ ff vl(n)d:n,] - (3.9)
. -, _

and the symbol <<..... 3 >, means the averaging over the both functio-
MY
, and v, (eq. 2.6).

- We consider the case when the produced meson momenta are

nal \rc\rié.bles ‘v

neghglbly small compared with the nucleon momenta. This makes
it possible to neglect the X, and x2 dependence in eq. (3 4)
for quantum current J, . In other words, we consider the produc-
tion of the so;called "soft" mesons which do not nearly affect the
motion of scattered rapid particles. . .

According to the method developed and employed in refs, /10 .

12' 1-5/ for the estimation of the functional mtegrals over v we

use the following approximation

<<A(x',l X, v ,vz)exp{_ig_f‘d"x <;_‘>(x)_](x;u1 'y )>V,>V2 =

(3.5)

=<< A‘(x‘ VX5 1/; 'V, )>V] .>'1{2exp{ig_f',d4}; d(x)J(x) 1,

where

~J(X)=<\<](x';vl v 2)>V‘>V2

As a first simple example we coneidef the case when both
the real and virtual mesons are "soft". In order to take into account
thé "softness" of mesons we cut off the region of integration over
the meson momenta. Owing to the fact that now the integrals are ﬁo
lengef' divergent in the upper limit, the averaging over v , accor-

ding to eq, (3.5), may be replaced by other more rough approxima-

10




“tion when 'the F dependence in é[uantum currents is eliminated, As
) was already noted in the case of potentxal scattering, this appro-
ximation means an entire neglect of the deflexion nucleon from
'stralg,ht-lme paths,

Thus, in this approxlmatxon the functional F takes the form

’

: 2
F(p,.P,39,,9,5¢,:¢ )=f,(p, P, 31 l.qz)'exr)iiD_f d4k4§1¢’ (k)J,(k)i,(3.6)

' 1 1 ‘ . A
. k = . . D 2 . .
where ] W )‘ 9. k" 24,k ; is the r‘eglon, of integration over

the meson momenta limited by the "goftness"” conditidné; f . is
- e

. the elastic scattering amphtude without taking into account radiation
corrections. o : ' T

We note that, in principle, for . fo it is possible to use the
eikonal representation obtained in refs,/1-3, 6-9/, ;
Using (3.6) .for the cross section for inelastic process with

‘"soft” meson production it is not difficult to get the expression/l/

a .
do=do —1- e=%,

- (3.2)

where

[—=1J+J 1% - -~ (3.9

11



and

a?=

‘ . - 03% 3%
(27)° 2k0 Jl +J2 ] : . (3'9).

are the contributions of the real and virtual meson, respectively, and

‘ 2
dao =Alfel " aQ.
‘ . , 7 ¢
Since the interference term J1J2 in the domain-—-s—<<1
' gives smaller contribution that the quadrupole terms/1l/ we have
a,=a, =a and the distribution over the secondary particles

number takes the simple form:

e-®. ' (3.10)

We notice that eq. (3.7) holds in a more general case, If we
restrict ourselves to the assumption about the softness of only real
mesons (this condition is necessary for the amplitude to be factorized),
and perform the averaging over v , according to eq., (3.5), then -
eq. (3.7) is valid, But in this case it’is’ neces'sé.ry.to make the fol-

lowing substitutions

SHES N (3.11)

where

3, - - (1)
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1 2 - (3.13)
Where

1 1
k®+2kp, k?+2kq,

Lt
I
1

(3.24)

When the mesons are vector particles the quantities J and

" J read

- k +2p k2-2q o

1Y 1 ‘ in . -

J s ; (3.15)
tH 2p k +k? 2q k+k? ' o

v "k, +2p,, . k,+24q,, ) (3.16)
tH Zp‘vik+u2 2qlk--,12 '

Thus, see that in quantum field models the n "soft" meson
production cross section has the behaviour of the Risson distri-

bution.

4, Investigation of the Radiative Correction

of Real Mesons Contributions to the Cross Section

We first consider the integral (3.13) with currents (3.14) and

(3.15) which corresponds to the radiative correction contribution .
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In the models in question the ‘integration over the functional variab-
les 1), and v, , according to eq, (3.5), leads to a t'actorization‘
of the radiative corrections in the scattering amplitude and the cross.
section. Then in the vnucleon propagators the k2 -c‘iependencev is
kept and the integrals converge in the upper Timit,.

It is not difficult to see that the integral (3.13) in thls approxi-
mation does  not contain the s ~dependence/4/,

In the asymptotic domain lt|<<m2 it is

- g2 m2 2

A t
n =t —— In ( ) + 0 (—) :
fre 24 (27)2 m4 ) p? mé. _ (4.1)

if. the scalar current (3.14) is inserted in (3,13) and

-v v, 2g2

2
ve. T e m) )0 (a.2)
S 3020 m Z - -

if the vector ‘current (3.15) is used.

As was already noted in ref. /1/ the quantlty is the
width of the diffraction peak.
The softhess conditions imposed on-the meson momenta are
as follows/1,5/
R A AN Y R M AT R |
. i] | 217 92] (4.3)

Vs 1= A t=1

where the particle momentum components are given in the c.m,s.,

the initial nucleon ﬁlomenta being chosen' along the z -axis.
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In order to cut off the integrals (3.11) with currents (3.12)
and (3 16) in the upper limit 1t is natural to sxngle out in the whole
momentum space’'a cyhndnc domain oriented along the z —axis

o lSapy = e, o @

]1:‘1 hY f\ - | . | (4-5) |

since 1n ‘the majority of cases the experimentally observed secondary
mesons are emitted forward. »
As was shown in ref./1/ in the infrared asymptotic limit p- 0

"as well as-in a broader region'defined by the condition

nz P _ (4.6)

the absolute contributions from the radiative correci.:ions and emitted
mesons coincidex/. In this case, in summing in the expression for
do, over the number of all the emitted mesons the t -dependence
vanishes. This leads to the peak being also vanishing in the diffrac-
tion cross section. A similar feature has been noted in ref, /21/ and
.~ is analogous to the automodel behaviour of deep inelastic interactions
of hadrons with leptons at high energies/22,23/.

) x'/’I‘he results of estimation of the integrals for different domains
- are given in the Appendix,
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Note that the quantity n_ . in the Poisson distribution
‘has a simple 'pfh'ysical meaning of the average number of . emitted
particles, i.e. multiplicity, Thus, in the region indicated, under the
coridition that the cutoff boundaries are energy independent, the
mult1p11c1ty of "soft" particles turns out to be 1ndependent of the
incident nucleon energy. As a result, the n soft particle produc—
tion cross sectionv at high energies is also independent of s ,

As was noted in Introduction, in the framework of the present
method there is a certain ambiguity in choosing the cutoff parameters
and the result is sensitive to this choice, For example, if in the
infrared domain the cutoff parameter c_'L " is choosen to be increa-
sing with energy €| = B s ( B«<1 and fixed) then the multlphmty
increases logamthmlcally with energy. ,

Let usfconsmer the case when the p scalar meson mass is
fixed and is not small as compared with the ‘nucleon mass m and
‘s » = ., The average number of emitted particles in this domam is

' expressed as

n -~ atf d"’i: (—kl—Aé;)-— (4.7)
’ (n®+ kj ) :
. It is seen that at a fixed cutoff parameter e, the rﬁultiplicity
decreases with increasing energy 's-+ ~ . This means that with
increasing the number of "soft" mesons, the momenta of which lie
in a given inter\'ral' defined by fixed -parameter ¢, , decreases,
In addftion, the condition may be imposed that the maximum
‘longitudinal component of the meson momenta increases linearly
with energy. In so doing, the average particles multiplicity tends
with increasing ehergy to a finite limit,. A similar result is obtained
fot' the vector mesons. ”

Taking the opportunity the authors express their deep gr‘atltude
’to N.N. Bogolubov, D.1. Blokhmtsev, ALA, Logunov, AN, Tavkhelidze
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Appendix

° Estimations of integrals, ‘corresponding to real and.virtual

"mesons" | .

0
Scalar "mesons"

i
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