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Abstract

Logunov A, A,, Nestvirishvily M. A., Petrov V.A,
Can the Effective Interaction be Local in Inclusive Process? Serpukhov, 1974,
p. 18, (IHEP 74-66),
Ref, 3,

The behaviour of the inclusive spectrum f.l“ . 1In the asymptotic region p)
2 2 2 g2 (P.:Pc).zn,m., 2py( Pa+Pc) e
PR = h y>>£' 19 discussed.
b a c Cll ¢ v v v 1

On the basis of the Jost-Lehmann-Dyson repregentation it ia shown that inclusive processes
are described by some structure functions, depending only onm v, qQ“ under certain restric-
tions on the J-L-T spectral functions, As these dynamical ch cteristics (structure
functions) do not depend on the sum(p - P ), the effective intefaction ot hadrons “a"

end ¢ 1s as 1f local. {

J = )5l o
[/6 Zf(//a ..,y’&/@—/,/
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Introduction

Deep inelastic processes

e+p +» e+ X, v+Dp - p+X, (I
where X contains hadrons only, are described by structure func-
tions F (v , q2) dependent on leptonic energy loss and momentum
transfer. The structure functions of these processes do not depend
on leptonic summed momentum as leptonic interaction lagrangian is
taken to be local and the interaction is considered in the lowest
order in weak (or electromagnetic) coupling. This circumstance
leads to the raqt that in the diagrams illustrating processes (1)
leptonic lines enter and emerge from one point, It reflects
the locality of the interaction, When hadrons interact, even if
original strong interaction lagrangian is of local character, lo-
cality vanishes and distribution function that describes an inclu-

sive process

a+b » ¢ + X, (ll)



depends now not only on energy v and momentum transfer (p.-pc)’,
but on the sum (p.-pc) as woll due to higher approximations in
coupling constant that we cannot neglect,

Thus effective interaction of "a" and "c" hadrons is not
local any longer due to particle structure, The distribution
function of inclusive process (II) f(u.(v.-llc)z. Pp(P,~P,)) de~
pends on three variables, Therefore description of deep inelas-
tic (I) and hadronic (II) inclusive processes seems to differ
greatly,

In the present work we will ghow that in the asymptotic
domain when imposing certain requirements on the spectral func-
tions we will gain a possibility to describe hadronic inclusive
processes with structure functions dependent on the varigbles
uazpb(pa-p c) and 12= (pa-pc)z only. Distribution function of
inclusive process (IY) may be expressed via these structure func
tions, As the structure functions of inclusive process do mnot
derend on the summed wmowmentum (p.+pc) then effective interaction
of "a" and "¢" hadrons 1s as 1f 1t were local. We come to an impor-
tant physical conclusion that hadronic interaction in inclusive
process may be described (in certain asymptotic domain) with a
structure function like as in deep inelastic processes. Thus the
structure functions seem to be universal characteristics, that

describe processes of different kind, We camnot say in what



way the structure functions of processes (I) and (II) differ. It
is quite possible that structure functions of processes (I) and
(1I) have some common properties, In any case this statement
needs experimental study,

To obtain the aforementioned results we will use Jost-Leh-
mann=-Dyson representation.In the case of inclusive processes this
representation was used 1‘1/for the first time,An important step
in studying deep inelastic processes on the basis of general prin-

/2/

3
ciples of the quantum field theory was made in (see ulao/ /).

I, Represgn_tut:lon for Distribution Function
of Inclusive Process,

A distribution function for inclusive process (II) is in-

troduced in the following way:

da-b-sc - . (l)
e @000 = 3 8 325 (iR,
pc
Here
dogpac .3 3 di’.
—_—lc 3% =0 (s,n), dp =—onZ
d’p, ©  wbre S ° (@2m’2E, (2

where o (s,n) 1s the total cross section for n_ yield of
ab =+ ¢ [ L4
"c" particles,
‘The distribution function satisfies the normalization condi-

tion:



;f.,,*,:(p..ph;pc)d’l,c =<8, >(8)o . (W, (8)

9., . (3) 1s the total cross section for the yeild of " par-
-+ c

ticle:

oab-’c(s)=nz>l°.b_.e(sy ne)' (4)

If we introduce the local current

. 8 s+ ..+ ©8S
Ac(x)a 1 S = - ls ———— g (a)
8¢.(x) 84 (x)

then the distribution function of an inclusive process can be

presented in the form
fub-» c (P. ! Pb; Pc) =

2EE, ~ip x
fdxe <P A (X)A (0)p,p >. (6)

Here

—

]- ~/(p. pb)2 -mim?

It 18 easy to see that

—ip.x

fdxe ° <prp tA (D [n>= (7
3 n Pi+Pe t

(27) 5(p,+P,-P.- £P) ! o SA(p

) " a ‘b Yo 21 i fdte 2 <Pb|—c—z'|ll>.

(207 2E, 54(-3)



Taking into account (7) and making expansion in the complete

set of physical states, we will write down the distribution func-

tion in the form

E,

n
fabac(P 1 BysP ) = T E@mae,ep,-p - 2p) x

i oren 5A.(%) A (5)
«fdtdre O "<pr f 19,se ><Poip_| - e, >(8)
8¢ (-7 s¢_(—-2)
Py +P,
Q=—T— .

Hereafter summing in n means both summing in particle quantum

numbers and integration in momenta p ... .,pn.

Using the J-1~D representation we will have:

t
5 A (X
. —‘.Qt (4 2
T(Q,p 9 »ovsp )= fdte — <p | 1P wp > = (9)
n b 1 n b t 1 n
54’.("5)
® (u,%%,p ;P «weP ) m-1 Byl
= lfdufdzz : 3 b 1 R Q“---Q“ c! q:b.pf..gl).
4 (Q -u) ~n?4ie r=20 1 %

The spectral function ®, is concentrated in the domain
(E +29- +u,) >0 ® +3 1“)2?0
b 2 = °'T? b
(:0)

zrmaxt 0,M,-V@ + & w0, M-Vie e -0,

q-= Da-pc. '1,2 are sSome masses,
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Choosing the coordinate systeam

3“%; -0, (12)

and having directed the vector ib along z-axiz, after change of
the variables

1
u= (Eb+7q°)v,

2= (E, +La)h, (19)

representation (S) with necessary number of subtractions can be

presented in the form:

2
' (v' A 'p p 174 p )
T (Q, P2 Py ree P,)'%Idv fd A2 a p? Py Py x

--v)z+ Az +ie

oA a0y s oA A7) Eer)2e (14)

1 .y M
+ rEQQFl." QF'(Eb+Tq°) k

00“ .
'(Pb H Pl prely Pn ) .

It should be noted that O does not go into the spectral function

¥ . The spectral function ¥, 1s concentrated in the domain

2 -
(ltv°)>0, (ltvo) -v? 30

(15)
M > M ( z g
A > max!i0, ‘1 —J(1+v°) -vz, ’1 -V1-v) -v’!, .

Eb +-§q° Eb+ iqo



As 1is obvious from (15) the integration domsin is limited
variable v,

Let us introduce invariant variasbles

u=2|:b(p.-Pc), = ’ b4

v
Then (14) will take the form

1 2 ’n(v|hzyl’16;ln)
T(y,v, &0 )=—fdvfdA x
n()' v 6 n) " f f R(p,v,f\-)«2+i€

2 .2 2 2, R® =3t ,
x [0(A"=2%)+0(r -A)T;;]"‘rfo)' gr(l’ofs'n)O
Here { denotes the set of the remaining varisbles,

Rip, v, £)=-2p% +v -V 42|V Vo' ¢ +0.

In the region where u»mf, mg, m?,,-y» 1,

S 2SN
p2+f’w 2+f’

d=-(leHcosa+\/-£(E+2)sinacos g,

Here a and  are polar angles of v .

2
(’. —pc) zpb(P.+pc) .
v

in

()

an

(18)

(19)

Attention should be paid to the fact that the variabie ¢

is bounded with inequality
-l §g0.

(20)

On the basis of (8) the distribution function of inclusive pro-

cess 1s expressed via the function T, G, €, £, ) as



fab---t:(y'"'f)=
2n n . 2
= 100 I ) ITG e

or in detail

(21)

2 1 2 2
f s = < rdv dv_gsda, da
lb-bc(y Vﬁg) szvl nz.f 1 2.[ 1 2)(
R-
2 2 2 2 2 1
Y(Vp v An dgiv, ) I (6(A - 2) OO - AN SR ]
X - +
2 . 2 .
(Rl-'\l +ie)(Ry - A, —ie)
m-1 2(m-1) (”)
4
+r§0y Gr(y.v,f)+ l‘E-Qyt[)._(v,f).
The following designetions have been introduced:
2 2
*(V‘,Vz, Al"hz;‘V’£)=
PR Az &0 )¢ (v A2~ )5 (p +q—;: )
=n n(vl"l’y’ 1%y u(2’ Vs by b 1:]1'
2 . p . f
G (y.v,8)==Re25(p +q- Ep)g (v.&il)x
(23)

v (v, v, &L -

R
x [dvfd¥ - [otah o2 -ad 7l
R - A* + ie A

. - -
Dl_(u,f)= ; Eozﬂ 8(Pb+q - ‘E ‘P‘)Er_‘(v ’fplg)gl(vt & lg)'
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Integral representation (22) for the distribution function
ariges from causality and completness of the set of physical sta-
tes, It especially should be underlined that one of the indepen-
dent varisbles y (or p) is found in the imtegrand in its explicit
form, expressed through the function R, Thus, the unknown spectral
functions in (22) are independent of the variable y , This fact is
of importance for the following study of the distribution function

behaviour in the region of large values for y,

2. Structure Functions for Inclusive Prooess.

Integral representation (22) wmay be used to study asymptotic
expansion in y if certain conditions for the functions ¥ and Gr
be formulated, For simplicity we will study asymptotic expansion
of the function T (y,v,{;l) and then we will insert the obtained
expansion into expression (21) for distribution function f.b_"__(y. v, &),
Let us consider asymptotic behaviour in the case of large y

for the integral

‘n(v!'kza"! f;!n) R?P!vs f)

=fd Ndlz . (24)
=1 v,{ﬁ R(p, v, & - A +ie A"

It should be noted that in the domain of large y the fuuction

R(p,V , ) has the form:

11



R(p. v, €)=-2p(%, - ¥ 81+ -V v alf). ()

/2,3/

Following ref, , W8 will assume, that spectral functions

2
are polynomially bounded in A and have the following properties

'n(v’ Azp'v ] f; tn)

-'o(v,-v,f;ln). (m)
2% o

2im

2w A

Let the function !:(v, v, £;¢,) have no singularities in v
on the surface defined by the equation

Y(v, €) = v -|V]g(v, &) =0. (27)
Then it is easy to see that in the asymptotic region in y the in-

tegral J(y) has the form

Iy)=-—E— "0 (v, &), m-1<k<m,. (28)
sin n k n
where
® (véil)=-(—2=)" fdv ¥2v,u, &8 ) x (20)
n n 2 +& b

x[v, ~ V] ¢v, &) -ie 1"

When k 18 an integer number equal to m=1, the asymptotic expansion

of the integral J(y) has some different form:

Jo)=(-y)eny & (v, £, 2. (30)

12



If the spectral function !n has no singularities on the surface
y(v,£) = 0 then the integral in the finite domain of integration
in the variable Az will be a decreasing function of y.

Thus, the asymptotic behaviour of the function 'l;(y, T H !n)
in y is determined by the asymptotics of integral J(y). Havng

inserted -sylptotic expansion for Tn into (21) we will obtain

1
fab-.c()'.v.f)'-'sz—iw(vvf)' m_l<k<m’ (31)
where
Wvs £) = —E— 5 5( £ p )0 (v &) L, (s2)
” =sinzvr|l AU A L R M

and for integer k

f (Yrv, )~ y Azlﬂzy W(v,€). (33)

ab~c¢

From expressions (31) and (33) we see that for large values
of y for inclusive process (II) we can introduce its own structure
functions dependent on varigbles v, £ only.It means that descrip-
tion of hadronic processes in the asymptotic region in y reminds
that of deep inelastic processes.Thus the structure functions may
be universal characteristics.As for the problem on the relatioship
of structure functions for different processes, it remains open.

In the lab system Bb = 0 the variables y,r, { have the

form
Ea"‘Ec

2

; n . T . q
y-—— ’ u=‘m‘,‘E.—Ec’, f—;_. (a)
E.— Ec v

13



If we consider process (II) when energy of ¢ particle is equal
to B =K - l:, where 0<a <1, in this system at large energies
3. of the incident particle, then we will find ourselves in the
region, that is asymptotic both in the variables y and v .,
Attention should be paid to the fact that if on the sur-
face y, (v, £) = 0 spectral function in (22) had singularities of

the form
-%a w, &)

Y, .

(%)

here ¢, generally spesking ,may be dependent on v snd ¢ them
these singularities would lead to arising of additional asympto-

tic terms of the kind
Yo(v.f)F(v, £). _ (98)

In the case these terms were main in the asymptotic regiom in y ,

wo should have

o (v, E)—%
fooL(” &l y Kv, &), (37

i,e. at 1large y inclusive processes are still described with

structure functions dependent on v and £ only.
It worth noticing that if for the distribution fumnction of
inclusive process (II) at large values of v, factorization in

v took place as it seems to be observed for structure
functions of deep inelastic processes, then distribution functioa

in the c.m.s8., would be of the form

4



(m_, x, 2) = m;,9(x, 2), (38)

-t--oc
2pcl 2m 2 2 2
y Z= =PCJ_+I!|c .

/e Ve e

Pe 1s the momentum of “c¢” particle in the c.m,s.

vhere X

It should be underlined that here as well as 1n’2'3/

we as-
sumed the spectral function should satisfy (26), Rowever it is
unknown how much this condition holds in theory, Therefore experi-
montal study of possibility to introduce structure functions de-
pendent on v and q2 for inclusive processes (II) seems to be ex-
tremely important,

The results obtaind here may be found probably if one consi-

ders the light cone singularities.
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