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ABSTRACT

Within the quark parton model the two-component
duality idea is generalized to single hadron inclusive dis-
tributions in deep inelastic scattering. The discussion is
limited to the current fragmentation region. The number of
independent distribution functions is reduced. Relations
as well as 1inequalities among the structure functions are
obtained. In particular, the excess of ﬂ'+ over W in
the electroproduction off a proton comes out as a conse-
quence and the differential cross-section for e+e—-9 W +
+ anything is fully determined by the electroproduction of

pions on nucleons.
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INTRODUCT ION

1)

interactions of leptons with hadrons. It has been extended later on

The parton model has been applied to the deep inelastic
in a manner which enabled the treatment of single particle distributioas

in deep inelastic scattering and deep ete”™ anninhilation.

Further on, ideas borrowed from the duality scheme of
hadron reactions have been applied to total deep inelastic structure
functions both within the framework of the parton model 3) and without
explicitly assuming this model 4)’5). In Refs. 3) and 5) the Harari-

Freund 6 two-component duality idea and positivity constraints have been
applied to the imaginary part of the forward current-nucleon amplitude.

It has been realized in Ref. 5) that the internal symmetry properties of
the structure functions can be reduced to those of a quark parton model
with the quark parton diagrams interpreted as duality diagrams 7). In
such a model the quark distribution within a nucleon & is divided into
two components: the neutral component ("sea" quarks) corresponding to the
Pomeron background part of the amplitude, and the quantum number carrying
component ("valence" quarks) which corresponds to the Regge resonance part.
It is a typical duality element to assume separate positivity for these 5),
a property which is not implied in a mere parton approach. This enables one
to obtain tight bounds on the neutrino structure functions by using

experimental data of the electroproduction ones.

The measurement of single hadron distributions in deep
inelastic reactions can serve as a useful tool for the further understanding
of the structure of the nucleon. Some general consequences following from
symmetry principles have been derived by Lipkin and Paschos 9) for the
target fragmentation region. The same region haé‘been treated in detail
by various authors using the light-cone approach 10). The parton model
has been applied to both this region and to the current fragmentation

2),11),12) Since single hadron distributions in electroproduction

region
are now in the process of measurement, it is worthwhile to look for possible

tests of duality involving such cross-sections.

In this paper we study the current fragmentation region
within the framework of the guark-parton model as described by Feynman
and Berman et al., 2), and in Ref. 12) since in this region the model has
its strongest predictive power. Moreover, at present, it is more easily

accessible from the experimental point of view. We shall make use of the
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valence and sea quark notion in order to show that in the quark-parton

model the two-component duality idea 6> has a simple and straightforward
generalization to the six-point function level of current hadron interactions.
Moreover, the diagram content of resonant part of the six-point function is
simplified to a large extent due to the dynamical picture of the parton

model.

In Section 2 we describe the kinematics of the process
under study, and the notation for structure functions in the parton model.
In Section 3 we show how duality ideas lead naturally to the generalization
of the two-component duality idea, and in Section 4 we discuss consequences
of the approach. These include linear relations among the structure func-

tions, and tighter bounds on experimental quantities. Parts of the
13),14)

1)

Similar relations have been independently obtained by Kingsley 1 .

results reported here have already been published elsewhere

We conclude in Section 5 with a few remarks concerning the
scheme, and its possible relationship to ideas encountered in hadronic

physics.
NOTATION

We consider the process JV(q)-+N(p)-eh-+anything as
shown in Fig. 1. The virtual current (electromagnetic or weak) carries
four-momentum g, p 1s the momentum of the nucleon target, and the
detected hadron carries four-momentum h. The current fragmentation region

is defined by:

%}""‘“»M"=b‘?—’°‘, X""‘%Mv +imike | (2.1)
2.1

fog—> -0 ,za% 3-2-':1}.[,%, b fimite .

Here hT is the transverse momentum of the observed hadron.

2)

in two steps: in the first one, the photon is absorbed by a parton whose

It has been proposed by Feynman that this process occurs

momentum is a fraction x of the nucleon momentum; in the second step,

this parton fragments into hadrons which are current fragments, and the
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rest of the partons materializes in the form of hadrons which are target
fragments. These two fragmentation processes are assumed to occur inde-
pendently on the average (namely, not in individual events). As a result
simple forms for the structure functions are obtained. For example, in

electroproduction of hadrons one has:

L‘b,:.. (x,2.85) =5 L Q; ol.},(x) Df‘(z.&}) i (2.2)

L??h is the structure function for the inclusive electroproduction of a
hadron h on a proton. It is the analogue of F?p(x) in the total deep
inelastic cross-section. The index 1 runs over the types of quarks and
anti-quarks. Q; 1is the charge of a quark of type i, d;(x) *is the
momentum distribution of a parton type i within the nucleon , and
D?(z,hg) is the function describing the fragmentation of this quark into
h + anything. Here the hadron h carries a longitudinal momentum which

is a fraction =z of the quark (i) momentum, and its transverse momentum
is hT’ The various D functions satisfy isospin and charge conjugation
relations. Similar expressions can be written for neutrino and anti-neutrino

structure functions :Eor details see Feynman 2) and Ref. 12[1.

TWO-COMPONENT DUALITY IN THE PARTON MODEL

As mentioned in Section 2, the parton distributions di(x)
(we omit the subscript p, as from now on only nucleon targeté will be
dealt with) appear both in the total deep inelastic cross-sections and in
the single hadron inclusive distributions. We can, therefore, use the
results of Landshoff and Polkinghorne 3) and of Ref. 5) for the d
functions. In the quark parton model for the total deep inelastic cross-
sections the t channel is non-exotic to begin with. There, the duality

constraints amount to:

a) the s channel exotic component is dual to a t channel SU(2) or

Su(3) singlet (Pomeron);

*
) For these distributions we use the notation of Ref. 14) rather than
that of Feynman 2) and Ref. 12) in order to emphasize the symmetric
role played by the target and the produced hadron. This will become

apparent later on.



b) the s channel resonant part is limited to non-exotic quantum numbers;

c) currents with the ¢ meson quantum numbers do not contribute to the

resonant part of the amplitude.

The resulting solution for the parton distribution func-

tions is
d* = T4 x)+ AW)

A% = wtoo + 800
(3.1)

- -

d* = d* = a0

d? = d* = A’

s(x) [s'(x)] is the distribution function for quarks in the neutral sea,
and v(x) is the distribution in the valence component. In the SU(3)
limit for the currents, s(x)=s'(x). Notice, that one is not forced to
assume a relation between vu and vd as in Kuti and Weisskopf and
Pantin 12 . Using these results one can obtain new relations among the
structure functions in single hadron inclusive distributions. Of these

we quote here the following 13):

[Fr = L =4 (v0-vieo) (20T A - L DT b))
w (3.2)
e vt O
L. 47" L:"u-' = %_‘('U'“(X) - 'V‘(X)) (%-D:( (Z,‘G’) - '%‘ D‘V\ (2'0”1')] .

Using
i
J. (v 00 -w4p))dx =1

and _ : (3.3)
v -vdy =6 ( Fifoo -Fiw))



one finds:

e - Loae

4
Mt 2w

= ' -vie) = 6 (B - F¥x)) , (3.4)

and a similar relation for the W~ distributions. Thus, the left-hand
side becomes independent of the pion altogether. More important, it is

easy to show that a similar relation is true for any type of current

fragment, independent of its internal quantum numbers (%, K, N, ...).
The =x dependence is determined by the total inelastic structure functions.
. . . ep en ep en .
Equation (3.2) also implies that L -L L -L is
q ( ) Y ( Tt 17ﬁ+)/( 1,97 1’11")

independent of x. These results cannot be obtained without the use of

the sea and valence structure of the quark distributions [%estricted by

Eq. (3.1)___[.
2)

It is worth noting that in the quark parton model one

already obtains another type of factorization:

L.:VQ - ]:\;1-- = _;T ( 1:'_ D‘:*) [-ﬁ‘—(&“-o{a)"%‘(dd-d;)] (3.5)

»

This implies that in the quantity

d:,'i* = Ld;- Dy - 'DT
op b L= — : (3.6)
JU% - L dedey (DY - D% ) dudtd

the presence of the proton is not felt at all. Thus, similar relations
should hold for any target (®, N, d, & ,...). It is the striking
symmetry between equations (3.5), (3.6) and (3.2), (3.4) that we want to
stress. However, the symmetry is not complete. In Eq. (3.4) only the

valence component of the parton distribution within the nucleon plays a
role. In Eq. (3.6), the full hadron content of the quark fragmentation

function appears. The physical principles behind the description of the
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nucleon in terms of its constituents and behind the description of a quark
fragmenting into hadrons are similar. Therefore, one is tempted to look
for a scheme in which the D functions are decomposed into two terms 14)
analogous to the valence and sea components of the d functions. This

aim will turn out to coincide with our main goal which is the generalization
of the two-component duality idea to the inclusive single hadron distri-

butions in the deep inelastic lepton-nucleon interactions.

For this purpose, we rewrite the parton model expressions
in a compact form which clearly exhibits its internal symmetry properties.
As a reminder 5), let us first consider the total deep inelastic structure

functions F1, F3 (in the quark parton model F2==2xF1). Denote

4
F: =F. ¥ 3R (3.7)
As shown by Callan et al., 15), in the parton model, Fi for the process
b+ (@ —>a+ e can be represented as follows:
F"" =T [ asb G (3.8a)
‘l',ol(s = lr AT +,dp]

L[}

ab
E, op Tr 2% G-Np] , (3.8b)

where ab (d(&) are the SU(3) 4indices of the current (hadron). The
matrices Gi,dp , 8iven by

3 2 AC
Grap=2 5 Gz,op . (.9

correspond to the scattering of an antiquark (G+) or a quark (G_) off
the hadron. Equations (3.8a) and (3.8b) can be described graphically by
the two diagrams in Fig. 2. Gi,dd are diagonal matrices in the quark
space. If we identify their eigenvalues with the parton distribution

functions:



G'l'--% d" > G-:'% dd ’ (3.10)
() ‘*6 () JF

we obtain the parton model expressions for the structure functions Fi'
For simplicity, we mention here the SU(3) decomposition of

the vertex functions Gi for an octet of target hadrons. At the end,

results will be stated both in the SU(2) and in the SU(3) 1limits.

In general,
£ ®
G’c.t,cqs = 3“:«’(50. Gy + dwpe (1-8co) G{i + J%‘ SQP Sco Gy . (3.11)
For meson targets

d

d .
+=G , G2

. (3.12)

Gl--6¢l=¢" | ¢

1]
5

5)

duality assumptions Gi take the form:

It has been shown that under the conventional two-component

q'ct,d(s = (:"‘F"PC *A‘w()c)a +J;§:&'(‘Sc°q.? (4“ M\MOM) , (3.13a)

>

Grct.d(s = 3 fape Gr* + dape (4 -3eo) a-"-c- E&'P e (6°+GY)
(3.13D)

26°+ G+ 3¢ =0 (hor Bansgoms ) |

Here a denotes the resonant component, and GP the Pomeron

component. This finally leads to the following decomposition:
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QB Aq
Fi, "P = Ft,hdp =+ F.P gﬂ(‘ SD.B . (3.14)

Let us now return to the semi-inclusive production of hadrons.
In the quark parton model 2), after absorbing the photon, the quark in-
dependently emits hadrons. Thus, in the upper part of Fig. 2, we have to
add a quark hadron "blob". The corresponding graphs are shown in Fig. 3.
There, € , § are the SU(3) indices of the observed hadron. The

formal expression for the structure functions is:

ab
(Ltt )Q{;,ty = TY‘ [)\q ‘Da_-'gt J\B Gr*' o(P] . (3.15)

Gi is the same matrix as occurs in the total cross-sections and by Eq. (3.10)

is related to the parton distribution functions. The matrix Di denotes
the quark (anti-quark) fragmentation function, and similarly to Eq. (3.9)

can be decomposed:

L
'D:t,?t =L - 'D-;,y'c . (3.16)

=0
In terms of Feynman's notation 2) (as introduced in Section 2) one has,

\ D’ 0 ' '.D’:; 0

- i

Diey =3 DY , Doyp =% 0 D% ()
PA D

where ? denotes different particles in a given multiplet.

For an octet of hadrons, the SU(B) decomposition of Di is:

'Di,yt = «'-tho-'Di - clytr(‘l.-&,-o)bi + @ 89_‘ s.ro]); '

dor masoms : 'Df:=-l>t-:-:l>'F , 'D;l =p? | D =D° ., (5.18)
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Our next step is to introduce duality constraints. We first
follow Mieller 16) in describing the cross-section for the process
J(a) +t(e)—>h(T) + anything by the discontinuity in the missing mass

variable of the amplitude of the process

J) +t)+ 3\.(.1’.) — J(a) + t) + R (o) . (3.19)

In the dual resonance picture there are eighteen distinct graphs contributing
to the discontinuity of the amplitude. These graphs correspond to the
various permutations of adjacent lines on each side separately 17). For
simplicity, let us consider the case in which both the target and the

observed hadron are mesons. The end results will be stated for baryons

as well.
The pure resonant part in the structure function, denoted by
(£1i)i36 Jpe can be written in the duality scheme as
. % - . X T P b B a T S NTUX
((Las)apree = Lr (XA + 7 1 T [P ONAA W] (5.20)
Pl

Here P runs over all the allowed permutations 17). We now compare the

dual resonance description (3.20) with the parton model description (3.15)
which, after substitution of the dual form for Gi 5), [Eq. (3.13{], can

be written as:
A ab A
(Lidepey =+ &{ O0F+ %) T Lavamarabalad)
& DR %) T A" AT TARAPNY ) (3.21)

+ 3 OO T S a2y

Comparison of Egs. (3.20) and (3.21) implies that only the first term

survives. Thus,
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(3.22)

Finally, duality restricts the resonant part of the quark-meson fragmentation

o to

function Di,yt

~

-D:'y-g = (?"'*F‘rr.r * dg-ur)'s . (3.23)

In the notation of Section 2, for the fragmentation into pions this reads:

-~

A =3 A X
Dw = 2D=V", Dy

-+ I\‘a#
- =0
Vs (3.24)

Notice, that the intermediate step of Eq. (3.21) is not necessary. By
direct comparison of Egs. (3.15) and (3.20) one can simultaneously obtain

the duality restrictions on G and ﬁ.

We now have a dual description of the pure resonant component.
However, in order to construct a successful phenomenological model, one
must include Pomeron terms. At the four-point function level 5 duality
diagrams were identified with quark parton graphs. As a result, the
redonant component only involved valence quarks, and the Pomeron part=-
sea quarks only. We have used the same identification principle for the
purely resonant part of the six-point function. In this spirit the inclusion.
of Pomeron terms in the latter is obvious: replace the valence gquark lines
in either the target hadron or the observed hadron by '"sea'" quark lines.
It is important to note that this is the only possible way allowed by
the production mechanism of the quark parton model (see Figs. 3 and 4).
This amounts to the assumption that not only the target hadron but also
the observed hadron could be looked upon as made up of valence and sea

quark partons. Since the sea is an SU(3) singlet, its contribution is
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G\'ct,o((s = \]Is G? Sn)(s deo

3 (3.25)

D:,?‘C =JZ,3D Syt 8o

. o . - ‘ h .
To summarize Egs. (3.23) and (3.25), we see that the D, functions

. . 14
can be decomposed into a sum of two terms >:

o= vt (

L]

W
.
no
(@)Y

~

. h ;L
In the quark parton model Vi’ the resonance (valence) component

,
. . . n . . , . .
is that part of Di in which the fragmenting quark can be found in the

hadron h {(observed in the final state) as a valence quark. Sh, the
h
i

background (sea) component is that part of D in which the quark 1 ends
2 P 1

up anywhere else in the final state.

Strictly speaking, the derivation for the resonance part presented
above only applies tc six-point functions where all hadrons are mesons.
However, in the case where either the target or the observed hadron (tut not
both) is a baryon, one can still apply the dualily constraints at the level
¢f the six-point function. This can be done only within the framework of
the quark parton model where the two baryon lines are adjacent {zee Fig. 4a).
In this way, one can also decompose the D? (where now h is a baryon)
into a sum of a valence component and a sea component. Due to the well-known
baryon-anti-baryon problem in duality, we cannot impose duality constraints
at the six-point function level when both the target and the detected
hadron are baryoans. However, we can restrict both the di and D? in
such a process by considering two separate cases: ome in which only the
target is a baryon, and another in which only the observed hadron is a
baryon. Combining now the two component duality decompositioas of di
for a baryon target with that of D? for an observed baryon we can apply
our results to the current fragmentation region of current + baryon— baryon

+ anything.

In the case wnere at least ome of the hadrons is a meson, the
duality constraints imposed on each hadron vertex, coupled with the fac-

torization property of the parton model [Bq. (2.2X1 cover the full duality
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content of the six-point function. When the two hadrons are baryons

this cannot be said, and the baryon-anti-baryon problem remains.

Tne correspondence between the production mechanism in the quark
parton model and the duality description is graphically represented in

Fig. 4.

The results mentioned above can be obtained as well in a dif-
ferent manner. For the di one uses the two-component duality description
of the total deep inelastic structure functions. To constrain the D?
one can assume that they appear in the single hadron inclusive distributions
in deep ete”™ annihilation 2)’12). This follows from assuming the
produétion mechanism shown in Fig. 5. There, the virtual photon is
converted into a quark-anti-quark pair, and each of these now fragments

into hadrons. The single particle inclusive cross-section obtains the

2
form ')’12):
L
dE [ orem I LLE2
4z (L‘ —)'e\,*'X) 3IQ* F (2‘) ’ (3.27)
where
~& 1 2 {, Y 2
Fla) =5 L Q; I-D; (z,47)d45 . (3.28)
L]
Q2 is the virtual photon mass, and 2z is the fraction of the parton
momentum carried by the observed hadron. Here =z 1is given by
248.Q
Z‘T (3.29)

In a manner analogous to the procedure in the total deep inelastic
case 5>, one can apply the two-component duality ideas here, and rederive

Bq. (3.26) 13).
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SUMMARY OF RESULTS

Tne duality constraints as explained in Section 3 imply the fol-

lowing decomposition of D?. For pion emission, if the sea is an SU(2)

singlet [irom now on called "3U{2) duality";

in this context see a
remark in Section 5]:

— —

D‘“ = V“"' S'T

D& = S? Suh)dmdUbﬁ, (4.1)

Dy =S°

P
The other D; functions are related to those of Eq. (4.1) by isospin and

charge conjugation invariance. For SU{3)

duality E:he sea, an SU(3)
singleﬁI:

ST =57

(4.2)

For the production of K mesons:

»
\i___vKﬂ_sK

* ' ]
; =V +gK

SUR) duality ,  (4.3)
w* + Kt
;= D‘Z =D3 =S¢
‘:’ - SIK

and for SU(3) duality:

S = s¥ V¥ = yx (4.4)
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For the emission of a proton one obtains:

Sul(2) M*’ﬂ (4.5)

I 4
"
o
2y
]
(92]
-f

</
oV
1]
o
A
"
m~
-v

Su(3) duality implies:

't = st (4.6)

The complete analogy between (4.5) (for a produced protoa) and
(3.1) (for a target proton) is oovious.

a., Sum Ruleg_agg_lﬂeggglit£g§
By using the SU(2) duality results of Eq. (3.1) alone one

obtains, in the zero approximation for the Cabibbo angle, the following

sum rules:

5( Lr::ﬂ‘*- 4'\10) 6 [4( QT‘-Li"’) L‘-‘— L"“ ]

(4.7)
5( L?:n' - LT:,E‘) =6 [4(1-?:,:" Lo+ L‘:.‘W’ - .:.1‘]

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

and is valid in the quark parton model 2)’12).

Using SU(Z) duality constraints for the di Lﬁq. (3.111, and
s7(3) aduality for the D'i" |Bas. (4.1), (4.2)] and the relations:



E v dx =2
g: v? dx =4 (4-e)

we can now relate the e'e  structure functions |§M. (3.281} to the

electroproduction structure functions [Eq. (2.211.

We obtain the following
sum rule:

] hid' 2 :
A4S (ee — Tt X) = 55 "-‘,‘J‘*"“‘lf

(4.9)

[‘3 Lq:.‘i* +15 L‘t\‘ LY L.:'v - & L?:'viv

Within the framework of the quark parton model one can obtain

inequalities among the semi-inclusive distributioan functions analogous to

inequalities obtained by Nachtmann 19), since all the fuactions d° and

D? are positive quantities. The basic inequalities are:

2l -d% 20
(4.10)
24% -d" 20
and
2Dt- D‘; 20
oD% -Dt =0
(4.11)

T oW
3 I>u.“]>d 20 , dkc.

These follow from isospin invariance and positivity constraints.

The bounds obtained using the general quark parton model are not
so stringent, e.g., they do not imply an excess of ﬁ‘+

over W  in
electroproduction 20),21)

. These bounds are given in the first row of the
Table for the structure function L1.
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However, if we apply duality constraints with separate positivity

for the Pomeron and resonance components, Egs. (4.10) and (4.11) give:

r-nd 2o | 4,8 20 (4.12)
and
avt -vh 20 , st st:o0
- - (4.13)

From there we obtain the inequalities shown on the second row of the Table.
In the third row we present inequalities for structure functions integrated

over X.

The experimentally observed excess of 1‘+ over %  in electro-

20),21) 20)

production off protons , as well as the excess of kKt over K~

-

are now explained by imposing duality on D? and D?. Similarly, an

excess of W T over W is predicted in neutrino reactions (see the Table).

b. Threshold Behaviour

In the duality scheme, the dominance of the resonant contribution
to the total deep inelastic structure function at x-1, which is the
approach to threshold, implies that s(x) and s'(x) vanish faster than
cither v (x) or vd(x). If the experimental ratio F;n(x)/ng(x)
actually approaches its boundary value, 1/4, as x-1, one finds in
addition that

o
N, 2R, DX

, (4.14)
Yy RIS T 2o x>

As z-1, which is the approach to threshold, one similarly

expects:
o— 'r
S S
-——; > —-——‘. —ﬁo

T
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which translates into (in this connection, see a remark by Feynman 2)):

T "
Da Da o Z— 4

-D':;? ! -D'l'l: i (4.15)

y
O

(4.15) implies that in the limit z-—1:

em eb
T 4,8 1 (ot x) (
—_— 2 . 4.16)
L‘t.‘" - l::'.w* 4

In the limit x-1 and z-—1, Egs. (4.14) and (4.15) imply

b em ed
Lex- Laxe L ga-
=L —o, S0, -—;&—-—»é‘_- , (4.17)
Lawe L Laae

where d stands for the sum p+n.

REMARKS AND CONCLUSIONS

In this paper we have discussed the current fragmentation region
of the single hadron inclusive distributions in the deep inelastic lepton-
nucleon interactions. We have shown that by identifying quark parton graphé
with duality diagrams the purely resonant component obtains a simple form.
It is given by one duality diagram only, shown in Fig. 4a. In addition,
within the quark parton model, the generalization of the two-component

duality idea is simple and straightforward.

By imposing duality constraints the number of independent structure
functions describing the process under study is reduced to a large extent.
We obtain sum rules and a special factorization property. Separate posi-
tivity for the resonance and background components borrowed from strong
interaction phenomena, namely, that the cross-section for non-exotic
reactions is larger than for the exotic ones (G'K_p> G.K"‘p’ o-ﬁp >°;>p)’
enables us to obtain stringent bounds on various reactions. In particular,
the observed excess of at over & and kt over X~ in electro-

production 19),20) comes out as a result of our approach.
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We would like to conclude with a few remarks.
1) The factorizable form of Eq. (2.2) is an important ingredient in the
quark parton model, which we have strongly used when imposing duality
constraints. However, even if a weaker form of factorization were valid,

e.g., only after integration over the transverse momentum h all the

T’
results presented here would remain the same for the structure functions,
now integrated over hT' Such a weaker factorization property of the quark

parton model can indeed be derived in a field theoretical treatment 22).

2) 1In Sections 3 and 4 we have used the concepts "SU(2) duality" and
"SU(3) duality" implying that the sea of a hadron is either an SU(2)

or an SU(B) singlet. This corresponds to the object exchanged in the
t channel being an SU(2) or an SU(B) singlet. However, we have not

used an  SU(3) classification of the hadron states. For instance, even

if the seas of a pion and a kaon are su(3) singlets, they can be
different. In the total deep inelastic case SU(2) or SU(3) duality
amounts only to the assumption that the currents couple in an SU(2) or
an SU(3) symmetric way, correspondingly. An approach of a similar spirit

has been employed in Refs. 9), 23).

3) In the total deep inelastic case it is sometimes assumed that the Regge
limit can be achieved from the scaling limit of the structure functions by
allowing x to go to zero (or @ =1/x—-m® ). It is perhaps of interest

to make a similar conjecture in the semi-inclusive case, especially in

view of the recent interest in exoticity criteria in hadron physics 24).

Since we have introduced the two-component duality idea into the
description of the semi-inclusive cross-section, we are able to decompose it
to its various contributions (Fig. 4). Thus, we find that a necessary and
sufficient condition for the absence of all resonant terms in the cross-

section is that ab and ac be exotic (where a is the current, b 1is

the target, and ¢ is the observed hadron). Thus, our duality scheme,

imposed on the quark parton model, dictates a definite exoticity criterion.

In the single Regge limit of the current fragmentation region,
x-0 (ua==1/x—+a>) and z fixed and different from 1, +the coadition
that the expansion of the structure function has no u:_% term is:
ab exotic. This results from the fact that the whole w9 dependence is

contained in the target vertex (d'(x)).
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FIGURE CAPTIONS

Figure 1 :
The process AL+ N- &' +h+ anything.

Pigure 2 :
Diagrammatic representation of the total inclusive
deep inelastic cross-section within the quark parton
model.

Pigure 3 :
Diagrammatic representation of the single particle
inclusive cross-section in the deep inelastic region
within the quark parton model.

Figure 4 :
Correspondence between the dynamical description in the
quark parton model (left-hand side) and the duality
content (right-hand side).
a) Resonance-resonance (vV) term.
b) Resonance-Pomeron (vS) term.
c) Pomeron-resonance (sV) term.
d) Pomeron-Pomeron (sS) term.

Figure 5 :

Hadron production in ete”™ annihilation. The photon
is converted into a quark anti-quark pair and these

fragment into hadrons.
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