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ABSTRACT

By imposing the concept of duality on the quark
parton model description of deep inelastic semi-inclusive
and annihilation processes, relationsaswell as inequalities
among the structure functions are obtained. In particuiar,
the excess of electroproduction of ‘if+ over ®  off
proton target comes out asa consequence and the differential
cross-section for e+e_ - M + anything is fully determined
by the electroproduction of pions on nucleon. The discus-

sion is limited to the current fragmentation region.
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The quark parton ideas have been successfully applied to deep

inelastic leptonic processes 1 . These ideas have been further used to des-
2),3)

On the dther hand, the general constraints of duality, borrowed from strong

cribe the deep inelastic semi-inclusive as well as annihilation processes

interaction phenomena, were imposed on total inclusive deep inelastic structure

4) and without

functions, both within the framework of quark parton model
explicitly assuming it 5). There, in analogy with hadronic processes, the
existence of two components 6) was assumed - one being due to non-exotic
contributions in two channels and the other one due to the Pomeron exchange.

In this letter 7)

we would like to proceed further and apply simi-
lar duality considerations to deep inelastic semi-inclusive reactions in the
current fragmentation region and to electron-positron annihilation processes
within the framework of the quark parton model of Refs. 2) and 3) (call it

QPM) .

Consider the reaction

@ + b — C + onuft&&mqf , (1)

where a 1is electromagnetic or weak current with a large space-like four
momentum g, b 1is the nucleon target with momentum p and c¢ is the

detected particle like « ', ¥, K, X, p, n, etc., with momentum h.

2)

As proposed by Feynman s in the deep inelastic current fragment-

ation region 8) defined by

2 $- . - Lk .

- val2¥ Lo xo2¥ =22 4

 —2>-w, =" ’ =2nv,.z rel v Hmike (2)
the current, say photon, first interacts with a probability d?(x) with one
of the. partons of type i which carries a fraction x of the total target
momentum p and then this parton, with a probability D?(z,hT), fragments
into a particular hadron h with a fraction 2z of the parton momentum in the

longitudinal direction.

ep

In this way, the structure function L°P denoted simply by Lh

1,h
for the process 7&+—p - h + anything - can be written as
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where 1 ‘runs over all the quarks and antiquarks wu, d, s, ﬁ, d and s and

Q is the charge of i type quark.

The di(x) are the parton distribution functions which enter the

total deep inelastic structure function F?p(x) as
b \ 2 b
E (x)=—2-Z_(9.;J.;(x) . (4)
1

The so-called parton fragmentation functions 2) D? on the other hand describe

the annihilation channel e'e - h + anything as follows :

do(ee—heX) S T, o
oL =Zg F (240 (5)

with

Fratn= $LE D by, (6)

where z is the fraction of the parton momentum carried by the observed

hadron h and is given now by

Zz = = (7)
where Q 1s the momentum of the timelike photon.

With the usual duality assumptions and the Pomeron being an
iSospin singlet in t channel (call it SU2 duality) the constraints on
the parton distribution functions for proton target d,(x) = d‘i’(x) in (4)

4),5)

have been previously obtained They are

du(x) = Vu®) + Sk
da) = Vax) + Sw
dat) = dg) =S®
dstx) = dz) = S'tx)
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where V. and vy are the distributions of the valence quarks in the proton
corresponding to non-exotic contributions, while S(x) and S'(x) are those
of a SU2 singlet sea of quark-antiquark pairs which are due to Pomeron
effects. If we assume Pomeron to be a t channel SU singlet (call it

3
SUy duality) we have

’
Sow=350 . (9)
Relations (8) have been used for the semi-inclusive electroproduction of pions
in Ref. 9).

In order to impose duality on reaction (1) which, in QPM is
given by Eq. (3) and displayed in Fig. 1a, we could :

- either start by applying the duality restrictions on D? for the case of
emission of bosons and baryons in the annihilation channel given by (6)
and then combine them in Eq. (3) with the results of (8) which have already
been derived in deep inelastic scattering,

- or, for the purely non-exotic part, for the case of only bosons as emitted
particle, use the duality diagrams directly for the process (1) now given
in QPM only by one diagram (Fig. 1a) and include the Pomeron contributions
to lower and upper parts of Fig. 1 as a SU2 or SU3 singlet exchanges
in pp and hh channels. Both these approaches, for the boson case, give

identical results.

After duality is imposed we get for the parton fragmentation

q-‘l'

functions Di the following results :

/

Dy =RK P, DL =P" an Dy =F". (10)

SU3 duality gives

Pr=P" (11)

R'l’

and ﬁ' correspond to the fragmentation of the quarks which
finally end up in the valence quarks of the observed hadron and the sea and in

turn correspond to resonance and Pomeron contributions respectively.
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For the emission of nucleons we get

Dh =RL+P
Df =R&+P*
D} = D§ =?* ()
Df =Df =7*

The notations and the complete analogy between (8) and (12) are obvious.

SU, duality implies pP = PP,

By utilizing the SU, duality relations (8) for the parton dis-

tribution functions in Eq. (3), we obtain the following sum rules :

s -Ch) =e(a(Lh-rn) b -]
5 (Un - %) =e(4(Lh -5+ 05 -0%] 09

The difference of these two sum rules does not depend on duality constraints

and 1s generally valid in the QPM.

If we further integrate over x equations of the type (3) and

exploit the relations

L‘, [dut)-dst0) dx=2

j.' [Ja(x)-d;(x)] dx =1 (14)

+ +
we obtain DJT and Ddfw in terms of pion electroproduction structure

functions integrated over x. By additional use of duality relations (10)

and (11) for the functions D{r+ the differential cross-section for e+e_ .
> + anything is then fully determined by the electroproduction of pions

on nucleon :

o(o-(e.;;d'\rk:)() - ‘;‘;} .%_L(;:ﬂf;-ﬂslff.-\‘i e — 14 L5-) dx (15)



_5_

Within the framework of QPM one can obtain inequalities among the
10 .
semi-inclusive structure functions analogous to Nachtmann ones since
all the probability functions di and Dlr.1 are positive quantities. In

addition, they satisfy the isospin inequalities 10) :

2du-dq 20
2di-ds z0 (16)

and similarly D? satisfy

2D%- DY 20

»
2DJ_D§ 20 | (17)
IDL -DY 20 , e :

The resulting inequalities are not so stringent, e.g., they cannot explain

the excess of W' over W  in electroproduction (see the Table).

However, if we apply the duality constraints (8), (10) and (12)
together with the assumption of separate positivity for non-exotic and the
Pomeron components in Egs. (8), (10) and (12), we obtain much more stringent

results which ar; displayed in the second rows of the Tables. The experiment-
"

excess of ‘l‘+ electroproduction off proton over I now

comes about as a consequence of duality imposed on ﬁz and the similar excess

ally observed
of ﬁd— is predicted for neutrino reactions.

The inequalities among the integrated over x structure functions

are still stronger. We present some of them in the third row of the Table.

Finally, we would like to make some remarks on relations which can
be obtained near the boundary values of the kinematical variables x —+ 1 or
z = 1 when we make use of the duality constraints on di and D? [Eqs. (8)
and (10]]. If the experimental ratio (™) /(2®P) actually approaches its

boundary value 1/4 as x — 1, then one can conclude that

Va0 Sk) , S -4 (18)
'V'u(*)—’o ! Vux —0 'Vu(*)-’o % X 1
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Assuming (18) to be an experimental fact, we expect the following relations

to be valid as x—- 1 :

en em en M
La- 0 Ly 0 La 1 Le 1
L‘;* a4 Y L‘.:-—-)‘l_ L""’? — Y omd. ﬁ—) % (19)

(4o ol 2 )
As 2z —- 1, which is the approach to the threshold, one expects
the Pomeron to become less important than the resonance component and then
from the duality relation (10) one may conclude that [in this connection,

see a similar remark in Ref. 2{1 :

D‘T"’ Dw*
Bwo DEmo mmt
V8 Y

From (20) one expects the following relation to be valid as

z— 1
m P
Ll L I (don o2 x) |
L:Jb - " 4
x* x*
If both x— 1 and 2z — 1 we obtain relations like
gb am ed
- +* -
=X 50 , l:!- —>» 0 owmd .Ei!. __;.J_
\:? L‘“ Lu 4 .
w* .- T
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FIGURE CAPTION

The QPM diagram for deep inelastic semi-inclusive reactions in
the current fragmentation region and the interpretation of the
upper part in terms of duality diagrams [?or the lower part,
see Ref. 52].
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