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ABSTRACT

The quark parton model as applied to deep inelastic
lepton-hadron scattering is used as a laboratory model for the
study of ideas encountered in strong interaction physics. First,
two-component duality constraints are imposed on single particle
inclusive deep inelastic distributions. In the target fragment-
ation region this involves a modification of the definition of
the E functions introduced by Feynman. A duality relation con-
necting neutrino and electroproduction single particle inclusive

distributions is obtained. For w —1 and w —® we predict
in the target fragmentation region: an excess of Tt over I\~
production for proton targets and an excess of Ji~ over JU° for

neutron targets. For deuteron targets we find an excess of Jt~
over /U T for w —1.

In our laboratory model we study the analogue of the
problem of approach to Feynman scaling encountered 1in hadronic
reactions and the related problem of exoticity criteria. We find
that for 1large (v, 1in both fragmentation regions, Feynman
scaling is reached from above. If ab is exotic, single particle
inclusive distributions for any type of observed hadron are flat
as a function of W . For the production of fast hadrons in the
fragmentation regions, even when ab 1is not exotic, cross-sec-
tions are flat when abc is exotic.
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LNTRODUST LON

The deep inelastic interactions of leptons with hadrons serve
as a useful tool for probing the stiructure of the latter. The application
of the parton model to such processes Seems to be a particularly successful
approach although this model has not been proven to be right. First, it had
been applied to total deep inelastic scattering ! . Later on, it had been
extended 2>’3> to the description of single particle inclusive distributions
in the deep inelastic region and in ete™ annihilation into hadrons.

Single particle inclusive distributions have been also treated in the light
cona approachn 4). Some general consegiences following from symmetry
principles have been derived by Lipkin and Paschos > for the target frag-

mentation region.

To the extent that in the deep inelastic region, the photon, or
weak current, can be looked upon as a hadron, this regioa can serve as a
laboratory for testing ideas developed for purely hadronic reactions. In
this spirit, the two-component duality 6 idea has been applied to total
deep inelastic scattering both within the parton model 7 , and without
explicitly assuming it 8). Such an approach naturally leads to the de-

9)

composition of the quark distribution within a hadron into a valence
compoanent (identified with the resonance Regge contribution) and a sea
component (background Pomeron contribution). This is achieved through the
interpretation of quark partoun diagrans as duality diagrams 10) as suggested
by Harari 7). The two-component duality idea has been also applied to single

. . . . . . . , . . 11),12
article inclusive distributions in She current fragmentation region >’ ).
p 2 2

In this paper we extend the two-component duality idea to the
target fragmentation region within the framework of the quark parton model
as suggested by Feynman 2). We further use the modei, now coanstrained by
duality, for the study of another aspect of hadron physics - the appro?ch

13

1
to Feynman scaling and the related problem of exoticity criteria ,

both in the current and target fragmentation regions.

Tn hadronic physics one studies the inclusive distribution
for a+b-c+anything by means of the six-point forward amplitude

- -1
a+b+coa+b+c 4>.

The s dependence of the inclusive distribution
is related to the quantum numbers of the missing wmass channel (abE) or
some of its subchannels (ab, ac, bE). One looks for the exoticity cri-

terion which guarantees a rapid approach to (or an early set in of ) Feynman
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scaling 15) in the fragmentation region of a or b. This amouats to the
fast disappearance of the s dependent term in the invariant single par-

ticle inclusive cross-section.

In the deep inelastic region single particle inclusive distri-
butions obey Bjorken scaling 2)_4). Thus, the cross-section i1s energy
indespendent (it only depends on ). However, here one can ask a question
which is the analogue of the problem of approach to Feynman scaling in
hadron physics. Namely, which exoticity criterion is sufficieat in order
to eliminate the resonance (or valence quark) contribution to the cross-
section? In the W —o 1limit this amounts to the absence of an u)‘%
contribution. In this paper we try to answer this gquestion within the

framework of the dual quark parton model.

In Section 2 we describe the kinematics of the process under
study, and the notation for the structure functions in the parton model.
In Section 3 we introduce the two-component duality constraints. In Ref. 12)
they have been developed for the current fragmentation region. Using the
same approach we now extend them to the target fragmentation region. This
naturally implies a modification of Feynman's 2) description of the

structure fuactions in this region.

In Section 4 we discuss the problem of exoticity criteria in
the guark parton model. We find that in order to eliminate the valence
quark (or direct channel resonance) contribution one needs, in general:
ab _exotic. However, for the production of fast hadrons (fragments of the

curreat or the target) the exoticity of abc 1is sufficient. Results of

this approach are presented in Section 5.

We conclude in Section 6 with a few remarks concerning the

approach presented here.
NOTATTION

We consider the process Jv(q)‘+N(p)—+h4—anything, as shown
in Fig. 1. The virtual current (electromaguetic or weak) carries four-
momentum d, p is the momentum of the nucleon target, and the detected
nadron carries four-momentum h. Following Feynman 2 , we use a frame in
which the hadroun moves in the +z direciion, and the current, purely

spacelike, moves in the -z direction. Thus,
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implies in this frame

(T?;z = 29xP (2.3)
The target fragmentation region is defined by

&3 =+uwP &L Limwte | us= ‘?\95/%(3 fwibe - (2.4)

That is, the hadron h carries a finite fraction 0<u<1 o the nucleon
b — —

momentum in the +z direction and a bounded transverse momentum.

The curreat fragmeatation region is defined by
by=-uP Ay fiwike (2.5)

That is, the hadron h moves in the direction of the photon (-z) with
longitudinal momentum which is a finite fraction of the photon momentum,

and a bounded transverse momesatum.

2)

model this process occurs in two steps. In the first one, the photon 1is

It has been suggestad by Feynman that within the parton
absorbed oy a parton whose longitudinal momentum is a fraction x of the
nucleon momentum. In the second step, this parton fragments into hadrons

which are current fragments, and the rest of the partons materializes in



the form of hadroans which are the target fragments. These two processes are
assumed to occur indepeandently on the average (namely, not in individual

events). The two steps are depicted in Fig. 2.

In the frame defined by Eq. (201), the structure functions
obtain a simple form. For example, in the current fragmentation region of

electroproduction on a proton one has:

Letﬂ(x,g,&?r) =47 Q; oq,(X)Df“(},%i) (2.5)

ep
L1,h o
left moving hadron h on a proton. It is the analogue of F1p(x) in tne

is the structure function for the inclusive electroproduction of a

total deep inelastic cross-section. The index i ruas over all types

of quarks and anti-quarks. Qi is the charge of a parton of type 1,

d;(x) is the loagitudinal momentum distribution of thig parton (carrying

o momentum fraction x of the proton momentum), and Dg(z,hé) is the func-
tion describing the fragmentation of this quark into h + anything. Here,
the left moving hadron h ecarries a fraction =z 0)52:51) of the quark

momentum and its transverse momentum is ﬁT' In terms of Eqg. (2.5):

w=3X (2.7)

A simple calculation in the parton model shows that, in general,

the factorized form of Egq. (2.6) [namely, d(x)-D(z,h,i)] need not hold
aaless one integrates over ﬁT, as has been found, for example, by Altarelli
and Maiani 16). However, such a factorized form may be still valid (e.g.,

if the cut-off in the transverse momentum distribution for a non-wee

parton within the target nucleon does not depend on the longitudinal

momentum of this parton; in view of the situation in multiparticle pro-
duction, this is a rather reasonable assumption for small transverse

momenta). The results we present in this paper depend on a factorizable

form, but not on whether it is achieved with or without ﬁm integration.
L

In the target fragmentation region one 3imilarly has

R-af& (x.vhy) = 5 2. Qj ck;(x) E::.; (x,0,47) (2.8)



Here Eh_. is the function describing the fragmentation of the right
moving quarks (the proton minus the quark of type 1 which has been

kicked out) into h + anything. The right moving hadron h carries a lon-
gitudinal momentum which is a fraction r (o gx*f?) of the remaining
momentum [Z1—X)P, see Fig. é]. The E functions carry information about
the type of the ejected quark and about its x value. In terms of

Eq. (2.4) one has

M=='L(‘1—X) (2 9>

Isospin and charge conjugation invariance relate the D functions among
themselves and the E functions for a proton target to those of a neutron
target. Expressions similar to Egs. (2.6) and (2.8) can be written for
neutrino and anti-neutrino structure functions {(for details see Feynman

and Gronau et al. 3)).

TWO-COMPONENT DUALITY IN THE PARTON MODE.L

The introdiction of two-component duality constraints at the

total cross-section 7),8) level yields the decomposition of the quark dis-

tributions within the nucleon 9 into valence and sea contributions:
dlzzvl-+sl. Within a proton the dl(x) (we omit the subscript p, as we

treat nucleon targets only) are decomposed according to:

4o = v +4x)

A ) = v+ &%)
(3.1)

d* o) = d% 0 = A00

d2(x) = d®(x) = A0 .

Here s(x) té'(xi] is the distribution function of quarks in the neutral
sea [sU(Z) singleﬁ] and v(x) 1is their distribution in the valence (or
quantum number carrying) component. If the sea is an SU(3) singlet,

s(x) =s'(x).

The application of two-component duality constraints to single

12)

hadron inclusive distributions in the current fragmentation region yields

the decomposition of the D functions into a sum of a valence term and a
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sea term. For example, for the production of pions one obtains:

L hd o o
D =V"+5’

oW (3.2)
4 =
W Py
A =N .
In the duality diagram language (see Pig. 3) v’ is the con-

tribution of diagrams in which the quark tha?t has been hit by the current
ends up as a valence quark of the produced pion, and Svt (S'ﬂ') is the
contribution of diagrams in which it ends up in the sea of the pion. In
the production picture one may interpret this as follows: V”-i is the
average number of pions in that part of the produced hadrons which carries
quantum numbers (Valence component). S7t (S"t ) is the average number

of pions in the neutral part (or sea component).

We now want to introduce two-component duality idsas in the
dsscription of the target fragmentation region. In this case, however,
our task is more complicated due to the more complicated nature of the &
functions. As mentioned in Section 2, E?—i carries information about the
type of quark 1 which has been kicked out by the photon and about its
x value. In a dual picture we distinguish * between valence quarks and
sea quarks. Thus, and we shall later on see the significance, the E
fuactions should "know" whether the ejected quark was a valence quark or

a sea quark. To include this information we rewrite Eq. (2.8) in the

following form:

: e
R cuty) =4 262 (vioo By, (00 47) (5.3)

“a

+ A(X) Ei’_;é(x,’l,&’}) )
This does not mean that the guarks are labelled as valence and sea
quarks. Such an effective distinction may be possible, for example,
if in the wave function describing an N quark configuration within
the nucleon the valence component is orthogonal to the sea component.
The decomposition will become self evident when we study the duality

diagram content (Fig. 4).
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llere Eg 5 is the conditional fragmentation function of a proton into
-lv
a hadron h after a parton of type 1 has been ejected from the valence
. h
component of tae proton. Ep i is the same quantity when 1 has been
~+s

cjected from the sea. Since the definition of the E functions is a

statistical one, namely:

1) Eh i is the average number of hadrons of type h emitted after a

quark of type 1 has been ejected from anywhere within the proton;

2) Eg 5 the same as above under the condition that the quark is iimited
v
to the valence component;

3) B {the same, under the condition that the quark is limited to the

P-1g
sea component;

we have the following trivial idenbity:

: e . .
0O Ep; (x,n, %) = 'U“(x)E:L_;,, (x v, R3) (5.0)

. %
A0 E poi, (%, 0T)

Thus, the proposed modification does not change the content

of Eq. (2.8). It only describes this content in more detail.

By the decomposition (3.4) of dlE;_i we include the full
information obtained from two-component duality constraints at fthe four-

8)). We

now want to impose the scheme at the six-point function level. The compli-

point function (current target) level only (see Chaichian et al.

cation here arises due to the fact that now we have a configuration of
quarks fragmenting into hadrons, as compared with a single quark in current
fragmentation. As has been done in the latter case 12), we identify
resonance Regge contributions with valence quark contributions and back-
ground Pomeron terms with the sea contribution. Thus, the E functions
are now decomposed into a sum of a valence term and a sea term. We shall

denote them by V and S respectively.

£ ~ ey
Bpoiv = Vioio * Spoiy (5.5)
3.5

b T Th
Bpio = Va-ier Spay .
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=

Because of the physical meaning attributed to the B's in “he parton model,
all the Vis and St's are positive quantities, since they describe

average numbers of hadrons produced via different production mechanisms.

Inserting (3.5) in (3.4) we obtain four terms, namely,

~

A A A " . "'A'&, :‘N{ . &,
d’ E:’"‘; = 'V V:\”:V + v ‘S‘b‘i.\r + 'b V&':‘é + A‘ Sf':‘ﬁ (3~6>

In terms of duality diagrams the four terms in Eq. (3.6)
correspond to the graphs in Fig. 4 in the same order. In the parton model
the current first hits a parton in the target. The over-all cross-
section is an incoherent sum over the individual quark contributions. This
is due to the separation into a left moving quark and right moving quark
(see Fig. 2). As a result, in the pure valence component (Fig. 4a) one
cannot have a duality diagram in which the produced hadron h 1is placed
between the current and the target. Moreover, in the Mueller diagram,
the two currents are always adjacent. The sV +erm of Ey. (3.6) obtains

contributions from the two diagrams of Fig. 4c.

In general, one cannot forbid the secoad diagram, whose
X
contribution is not positive definite . However, as meantioned above,
in the dual quark parton model presented here the sum of these two contri-

butions should be non-negative.

In the diagrams of Figs. 4c, 4d, one can also place the produced
hadron between the target and the curreat on both sides of the diagram.
However, the resulting ordering is equivalent to the original one. Thus,

one has to take iato account only one of the two.

For the production of baryons the analogues of each diagram
in Fig. 4a and 4c are doubled. The diagrams in Fig. 4b and 44 have only
one analogue each. Altogether there are eight graphs. The graphs cor-
responding to Fig. 4a, for example, are shown in Fig. 5. WNotice that from
the parton model point of view these two diagrams should be added, as they
represent different production mechanisms.

__._—.-_.-—..___...—_.-._—..—__.-—.____._——_.——._—_.__—_—_...——._——-_—_.-—._..._._——.-...--_—————...___.

*
) For a special approach in which this term has been dropped in the
17)

hadronic six-point function see Tye and Veneziano
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The new fragmentation functions, introdaced by Egs. (3.4)
and (3.5) satisfy several relationships. For simplicity, let us consider

the case of pion emission. All isospin relations satisfied by E&Li

are also satisfied by both EY . and Eﬁ .« Furthermore, they are
o N-i N:%€

. . ~ 7
satisfied by VN—iS’ SN—iV and SN~iS separately. Here N

N-i>
stands for a nucleon. The duality content of Egs. (3.4) and (3.5), namely,
that the sea is an SU(Z) singlet, together with the valence structure of

pions imply the following relations:

~wt ~wT ,.,-ﬁﬁ- ~ oy — ~%
Shoste = ON-sty = Sk-dy = Otcdw = S 3 -1
Swi ...N‘t oWt ~ wi ~ g2 ~ 53t ~ Tt (3.8)
VN- ws T Vx-u,, - Vt(—d,s = VN-L - VN-A,,= VN-%,,‘—‘ VN;/: y
N"T"" W ~TT -:-i- ~—.‘# ~ =
SN-ué‘Su-u,o:SN-Taé = N—T«Q:SN—A,, Sw-o(,)" (3.9)
~HF* ~ - ~ g+ ~ - ~ x+ ~g- —f\.o"li‘
SN'-¢= SN‘a¢=SN-64 =SN‘)>,,=SN‘75,,= SN-/‘55= SA .

For the general case of an observed hadron h, using equations

similar to Bgs. (3.7)-(3.9), one may rewrite Eq. (3.5) as follows:

A2 i) T4

Eb""‘\" —v,';_*‘r 17
( , ~ - ~ (3.10)
Ei}iz =V :’(:IA) + Sf; .

Where h(IZ) is the member of an isospin multiplet h wita a given IZ.

Notice that only V2(§z> is explicitly dependent on the type of quark hit
“iv

by the current.

Equations (3.8) and (3.9) can be looked upon as a manifestation
of a "nucleon + hole" fragmentation picture 18 . Let us emphasize that the
equality between contributions related to strange quarks and those of non-
strange quarks does not require an SU(3) singlet sea inside the target.
This follows from the definition of the various Vs and S's through
conditional probabilities. The distinction between the different types of

gquarks hit by the current has been already taken into account by Eq. (3.4).
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There, for a noa-strange quark of type 1 (i::u,d,ﬁ,a) we have slzzs(x)

as distribution function, while for the strange quarks (i=-s, s),

=s'(x) ,which may very well be different from s(x).

Whenever the purely valence diagram (Flg 4a) cannol be drawn,

~h
the corresponding V. . vanish:
N-iy

e et ~ -
Vm War _V*)-ol.nr =c : (3.11)

Using Eas. (3.3), (3.5) and (3.7)-(3.11) we obtain for the
structure functions for pion production in the target fragmentation region

the following expressions:

~ (3.12)
W, L2 0,0, 2
+(2a+24) (s+24)S S
L SRV 4 4\ 2T
2R =7V Vaeue +(Foh+ 5V )Sw
+(lo ,)'\7‘7' + (\o 8 S\STW (3.13)
?;”b+'qﬁé pia 1r€>*-q—6 )ybé ,
em  _ 4 ouy¥ 44 L]
2R e =gV Vwy +(-5.1'-'V + 5 v S,
i¢ » L\TY 10 2 o\ (3.14)
(e T )Vy, (a3 adsy
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~-“4-

i
.‘ZR‘L:-“- =gV \/1, War 4 ’V‘d\/“hdv + ( s -1--—-'\1"")5

~ -+ <3°15)
N
+(-‘5+q6"'V+;6+(36+ -«S.)Sé .
In the-zero approximation for the Cabibbo angle one has:
b = v (VR + ST + 24 (W, +81) : (3.16)
vb ~ ~ ~
-Rd‘l' - W’JS‘L_ + 2A(V+;A ""S:s’) ) (3.17)
;’cb ‘ ~ =& ’\..‘...
Rame = 'V“(\Q, T S )t 26(\\/-;,6 SL:) (3.18)
)
R = v (Vi 80y v 28 (W, +80) 0 (L)
vh o
3R = "V‘*(V+ do* SW) 7
vh ~
S = - d‘_‘ n
30 VDS W P (3.20)
P T"b ~Rt \
Rowr == ~* (Veu, + S
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The terms proportional to s and s' in Eq. (3.12) are equal
to those in Eq. (3.15), and a similar equaiity holds between the corresponding
terms in Egs. (3.13) and (3.14). Similar equalities hold in the neutrino
structure functions. These are a result of the fact that the sea in the
target is an su(2) singlet [%he object "exchanged" in the curreant-current

channel is an SU(2) singleﬁ].
Due to the duality relations (3.7)—(3.11) the number of in-
dependent structure functions is reduced, and this implies new linear

relations among experimental results. These will be discussed in Section 5.

EXOTICITY CRITERIA

We assume that the Regge limit of electroproduction can be
achieved by taking the w —® 1limit of the scaling structure functions.

Using the dual gquark partoa model, described in Sections 2 and 3, as a

laboratory model, we study the problem of the approach to Feynman scaling 15)
and the resulting exoticity criteria 15).
1

In hadronic reactions early scaling occurs when the s 2 term
is absent in the invariant differential cross-section.

In the total deep inelastic cross-section the valence quark
contribution, corresponds to the resonance Regge term, and the sea quark
contribution - to the background Pomeron term. Therefore, in the (W — ®
1limit one should have (see, for example, Kuti and Weisskopf 9>):

‘-
n (.w ) ~ LO/"
(4.1)

Aw), AW ~ W

5)

1 . .
Thus, early approach to Feynman scaling occurs in the
1
single particle inclusive cross-section when the ¢ 2 term is absent from
elN elN . ) . . .
L1 0’ R1 ne In our normalization the invariant cross-sections are propor-
’ ’
el

. _( eN eN _ elN . . _
tional to L2,h \2/“))L1,h and R2,h (2/°))§1,h Therefore, in the cross

section this amounts 5o the absence of an W “® term. We study the two

fragmentation regions separately and limit ourselves to the emission of

mesons.
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a. Current fragmentation

In this region the structure function L?Nh, constrained by
)

two-component duality counterterms of four types:

vV AE) | ww)S(343) |, AV (3 , al) S(3ah) (42

Since the @ dependence for non-wee 2z (i.e., excluding the central region)
is confined to v and s, the absence of an Q>% term implies the absence
of the vV and +vS +terms. This can be achieved under either one of the
following conditions (we denote the current by a, the target by b and

the observed hadron by c):

i. ab wotic |
oL
2. abc wotic amdd S =0 .

(4.3)

The first case is clear. If ab is exotic, v=0. The second
case is explained as follows: when abc is exotic one cannot draw a pure
valence diagram (Fig. 3a) irrespective of whether ab is exotic or not.

Therefore, the vV term is absent. To eliminate the V3 term in a non-

trivial way one now needs S =0.

The question that arises at this point is: under what condi-
tions the decay of a single left moving quark into the neutral hadron com-
ponent (S) is negligible in comparison to the decay into the gquantum
number carrying component (V). From the identification of V with the
resonant term and S with the background component we know [:see e.g.,

Feynman 2) and Ref. 1211:

Sk(a.&ﬁ)
Vi3 4%)

—> 0 (4.4)
'6-#1 o

However, one might expect S to be negligible in comparison to V over a
wider range in z. The argument for this expectation is based on the ob-
servation that in the total deep inelastic cross-section the contribution

of sea quarks (s,s‘) is limited to rather small values of x. In
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19)

electroproduction it seems to be limited to x50.3, and in neutrino
production 20), even to x30.7. The physical principles behind the
description of the nucleon in terms of its constituents and behind the
description of the fragmentation of a quark into hadrons are similar

(see Feynman 2)). One, therefore, expects that for a given statement about
the quark distributions inside the nucleon, a similar one should hold for
the distribution of the produced hadrors. Inside the nucleon the distri-
bution of sea quarks (s, s') is limited to low momenta (that is, in the

rapidity plot it falls off rapidly outside of the plateau). Thus, there

exists some value X, (A«O.Z, say) such that

..6.(39.. << 4 X > Xo

v (x) ’ . (4.5)

Similarly, we expect that there exists some small value Zg such that

— » > %o (4.6)
Vf"(-a\t“‘.) 3 % .

Let us emphasize that the conjecture summarized by Eq. (4.6) is based solely
on the experimental information concerning the distribution of partons

inside the nucleon target.

Neglecting S 1in the deep fragmentation region (i.e., outside
the plateau) here is similar to what is usually done in hadronic reactions 21).
There, for the fragmentation of a into ¢, Saazz(pa—pc)2 is small (below
threshold) and, therefore, the background (Pomeron) contribution is neglected

in the ac vertex.

13)

first criterion (ab exotic) has no counterpart in the study of single

Comparing with hadronic reactions we see that there the

particle inclusive distributions. The second criterion (abE exotic and

1
S=0), on the other hand, has a counterpart 21)

In electroproduction, where ab 1s not exotic, the second
criterion may be useful from the phenomenological point of view when the

large w 7region is included (e.g., in K meson production).



b. Target fragmentation

With the same motivation we had in the current fragmentation
region, we want to find criteria for the absence of h)-% terms in the
invariant differential cross-sections. A priori, we know that V(X,z,hs)
and g(x,z,hi) [éee Eq. (3.5[] have some (W dependence (aa:ﬂ/x).
However, in the large & 1imit, the leading dependence of the six-
point function in the Mueller-Regge description i1s included in v(ub) and

s( b», s'(&)) [éee Eq. (4.1[]. The reason is that here the various V

and S become Regge residues, which are & independent.

As a result, the two possible exoticity criteria (4.3) hold

also here:

i. ob exchic ;

e (4.7)

* .~'&
9. abd axokie amd S. =0 .

The arguments leading to Egs. (4.4) and (4.6) can be also

applied in the target fragmentation region. Namely, we expect

Sty 43D
v“' (x. a;‘e""T)

< 4 dore Ro> R, . (4.8)

where r  is rather small (~0.2, say). This inequality is expected to

hold both for gh and Vh_~ and for gh and Vh although the criterion
v b-1v s P3s

(4.7) only requires it for S

v

SUMMARY OF RESULTS

a. Current fragmentation

aT
S =0 results

Results following from two-component duality constraints alone
have been already discussed in Ref. 12). Here we present consequences of
Eq. (4.6). Namely, of the existence of a non-trivial range of =z for which
S is negligible in comparison with V. Neglecting & for such a range

(z Zzo) we obtain:
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]_,"f,“- = %‘(‘VA‘.F £x) V“

eb v "
Loy =§%(4“f'+ Sa) Y , (5.1)

v =i (Ve sV
Lz::v =|—i8- (anv? + §5) VT

As a trivial consequence one has

m b b 1)
Lyx+ - qjl.‘i" = )"‘(L';.;r - L‘A,‘l‘)

32 e (5.2)

If for x-—1 [é.g., W::«/(p+q)2 fixed and lq2| increasinéﬂ

s/v%, st/v7, vd/vu all go to zero [%ee Feynman 2 and Ref. 12[], we have
the following predictions

eb em ed
Lys- o Ly we .o - 1 Ly s- L
. ’ | ed 4
L?L‘,PT" ‘4?]-* L.Q:'g# % L-4,11 (5‘5)

X"’i Wwo( 3?—30

Here d stands for the sum over proton and neutron structure

functions. Notice, that for z;zzo these ratios are independent of 2z

and hT. They depend only on x. Experimentally 22), when & changes from
2
11 to ~6 (W fixed at 2.65 GeV and |g°| increases), the ratio
L?pii' /L?p71+ already moves in the right direction, namely, decreases.
) ’

The values of 2z covered in Ref. 22) are z>~0.4.

The third relation in Eq. (5.3) is, actually, satisfied without
the ZETZO constraint. However, if we want to study the rate at which
these limits are reached, we need all the information presented in Egs. (4.5)

and (4.6). Denote the ratio an/ng by r. Using Eq. (4.5), we have
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Now, for zzzo we find

L X 1
1,%" ( w2
— )
[ =] 4"4-

em

Lows g

b 15
L1"‘ﬁ'

La,l“ 1

(5.5)

[

S
»
Swee

Therefore, under the assumptions (4.5) and (4.6), for x-1 the first two
ratios in Eq. (5.3) approach their limits at a rate which is comparable to

that of the approach of FZH/FZP to its limit [%he rate at which (Vd/vu)-adj.
On the other hand, the last two ratios should approach their limits much

earlier [the rate at which (s/v*) =0].

In neutrino reactions, even without neglecting the Cabibbo

angle, both L and L and, therefore, the cross-sections satisfy the

1
following relations

3’

Y

»
»

dob. olq-‘:.b. : oto'\.’“b* = o

.6
Aot s dot tdeh =2 40 o
- tdo L tde (L = 2 : ) 323
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That is, in neutrino production, while for z—0 the distributions of
7i, rLO, 7it  should be equal, as =z starts to increase the JuT  dis-
tribution should fall off as function of =z much faster than those of

7 O, ’£+. In anti-neutrino reactions the 71.'+ distribution plays this role.

When replacing the proton target in Eq. (5.6) by a neutron or

a deutron (En+p) one obtains the same ratios.

The 2 — @ 1limit for fast current fragments

Let ug, first of all, remark that within the parton model the
approach to Feynman scaling is always achieved from above. This is a
consequence of the fact that all the contributions to the cross-section,
namely, v, s, V, S, are positive quantities (being average numbers of

partons or hadrons respectively).

Equation (5.1) together with Eq. (4.7) imply that the ratio
1
of the non-leading (W ~%) terms is given by Eve denote them by (r—ﬁ‘/-a ?T)H—_l

&

(? _—-»"T_)R 1
m
(F——TJr
(v -2 Tt “ )
d (5.7)
(7( -—’F_)R ‘L
(v "'i‘-* ’ﬁ")& “ )
(v '-L*"T‘)R - vt S
(¥ 2> gr)p kv ) 123 .

We would like to obtain a numerical estimate to the last relation in Egq. (5.7).

In the Regge limit Vu and vd are related to the F and D couplings of

Reggeons at the nucleon vertex 23). One has:

vV o« 3F
(5.8)
vd o F-D



Therefore,

(v :t*fﬁ-)k. E-D

(7 ;“‘—;'-r-')‘L = I?; 7 %2%. (5-9)

.

If we use the value IVF'g—O.2 (obtained from hadronic reactions 24)) we

have

4
(;?;::j_;)f _ L2 32 % (5.10)
Cr _&___;,-“*)k 3 ) )

It is interesting to observe that in the symmetric quark parton model 9),

where one has vu:=2vd (corresponding to pure F coupling at the nucleon

vertex), this ratio is 1:8.

In the total deep inelastic cross-section, the symmetric
quark parton model 9 fails for ¢ — 1. However, it seems to be consistent

19)).

with data on the average (see Kendall In our case (under the assump-
tion that the Regge limit can be obtained by letting w — ® in the in-
clusive deep inelastic structure functions, with the use of the symmetric
quark parton model, the prediction (5.7) does not differ from that obtained

by use of hadronic reaction data [Eq. (5.10[]. Clearly, a similar approximate
equality between the symmetric quark parton prediction and the Regge pre-

diction should hold already at the total cross-section level.

b. Target fragmentation

Tsospin inequalities

The fragmentation functions E; 5 satisfy inequalities which

follow from the positivity of the contribution of each isospin state of X

*)

in p+l 1 BoX .
These inequalities depend only on the positivity constraint and
isospin. Identical inequalities for inclusive cross-sections in

hadronic reactions have been derived by Yao 25).



In general one has,

For the emission of pions, in addition,

NP N | = (5.11)

)

By substituting d-u, u—d and s—s in Eq. (5.11) one obtains the cor-

responding inequalities for the remaining structure functions.

Duality results

Due to the modification of the functions Eh ;0 as suggested

in this paper [éee Eqg. (3.4I], the inequalities (5.11) should be satisfied

among E?_i and separately among E . For instance,

v p-ig
w* |
E?-dv = _—E‘t’-thr
S i w- (5.12)
Bpds 2 € By e,
A1l the duality constraints derived in this paper [éee Egs. (3.5) and (3.7)—

(3.9)] are consistent with the isospin inequalities (5.11).
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Using Egs. (3.6)—(3.9) and (5.11)—(3.19) we obtain, in the zero

approximation for the Cabibbo angle, the following duality sum rules:

Vb v [ &m N
Rl,'ﬁ"' - R.q,"‘* = 6 (R:;'- ~‘R'1;,T.',) y
o3 o T e (5.13)
R;,T- = R.,i-w' =6 (‘Rt;"" - ng*) .
These, when combined, give
vd vd <A ad -
R+~ Rn- = 6 (km' - ms‘) (5.14)
)
where 4 stands for the sum of proton and neutron structure functions.
Relations (5.13) are the analogues of the duality relation
b 4 4 ek @y
Fg F‘ = 6 (FL -'F.“) R (5.15)
7) 6)

derived by ILlewellyn Smith 9), Polkinghorne and Landshoff and Parisi

for the total deep inelastic structure functions.

The left-hand side of Eq. (5.15), when integrated over X
(X::1/u>) equals 1 (this is the Adler-Fubini-Dashen-Gell-Mann sum rule).
This has been used 26 in order to obtain an integrated duality sum rule

for the right-hand side of Eq. (5.15), namely

4
b em i .
Jerorm g (5.6

Since in the target fragmentation region the current-current light-cone
dominates 10 , one can, in principle, derive a similar integrated duality
sum rule for Eq. (5.13). However, here we have a pion-nucleon system.
Therefore, the right-hand side of the analogue of Eq. (5.16) becomes an
unknown function of hep. In the parton model this is related to the X

dependence of the E functions.

Tet us stress here that the duality relations (5.13) do not
have simple counterparts in the current fragmentation region 12). In the

parton model this results from the fact that the weak current changes the
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identity of the quark it hits before the latter fragments. In the light-
cone approach this is related to the fact that in this region the current-

current light-cone does not dominate 10 .

The duality expressions for the various structure functions
enable us to estimate the relative sizes of various cross-sections. From

(3.12) and (5.13) we have

. NP M & ~q%
2R — 2R = (Voo Vo) + 4V
N ) oyt~ (5.17)
0 ’
s (Far 20 (Ve - Vi)

We have, in general,

~ W
Vi 2 Viss . (5.18)

The reason being that in this case the quark ejected from the target is a
sea quark, while the mesons are produced from the valence quarks of the

target. From the experimental fact that an/Fg

p§1 we have Vuzvd.

The production of the valence component of the Ti+ is through a u
valence quark (77 =ud +sea), and that of a JU - through a d valence
quark (71—::dﬁ-+sea). The latter should, therefore, be smaller than the

former and hence Eg. (5.18).

For general values of x we cannot say much about the dif-

~Jyrt ~9yr -
ference V;tu -—V;Tu . In these functions the valence component of pions is
-u, ~Uy,

made from the valence quarks (u and d) remaining in the nucleon after

a u valence quark has been hit. At x—1 one hes good indications

[éee Feynman 2) and Ref. 25I} that the dominant configuration is the one in
which a u valence quark carries all the momentum (it will be hit by the
photon), while the remaining valence quarks (u+d) are in an antisymmetric
state. Thus, they have equal distributions. Since in the pure valence
term the JU | comes from the remaining u quark, while the JU = - from

the remaining d quark, we expect

~’ﬁ"

~ 5

V,?,% = V+_“~_ x —> 4 (5.19)
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Therefore, for x—1 the expression in Egq. (5.17) is positive.
Moreover, using Eq. (5.18) and the fact that for x-0 ((u =(1/x)—>a>)
the s(x), s‘(x) terms dominate over the vu, Vd terms, we expect the same

t0 hold in the latter limit too. That is

b b
2R3+ 2Ry 20 ; R~ 0 amdd (5.20)
X ~ 4 .
Or,
T o
do (p—>7") N , X ~ 0 ond
~ . =1 ’ (5.21)
Similar arguments lead to
¥
do (m —>7%) X ~0  omd
£ 4 3
olq-(mLﬂ‘“) X o~ 4 .
(5.22)
de(d lﬂl“)
< 4 ) X ~4

A6 (d L)
(ok=+*m) .

It is interesting to compare these results with the predictions for the
1 et ) -
current fragmentation region 2 , where the ratio of /L+//L production is

larger than, or equal to 1 for the three targets (p,n,d).

In neutrino reactions the situation is somewhat more compli-
cated due to the existence of RB' The inequalities satisfied by the

structure functions (3.16)-(3.20) due to Egs. (5.18) and (5.19) are:



vb vbk

Rs.Ts* 2 R’iﬂl“ -l‘on_ U x N
Vm m

R'i,'ﬁ" é_ ‘R.“"‘ X ~0 Mﬂ( X~i.

p (5.23)

vd v

Rl,l" > ’Rd,!‘ ® o~ A4 .

And
lT{2En+\ 2 l sz}“ 4»&.-11 x® )

yn (5.24)
M ~
R,;)-w-r = R}l“‘

If © , the scattering angle between the_}ncoming neutrino

V(v
and the outgoing muon, is very small, so that the W3 ( n term is ne-
’

gligible, Eq. (5.23) can be translated into relations among cross-sections:

de( 4 S>x+) o4
Av(p Isw-) T donost x )
(5.25)
do(m > ) 54 X~0 ok X~
Ao (m s wt)

Ao (d —Lsq+)
Aw (o —Z‘"'i’ D

->_4_ 3(4\‘4

Experimental results 27) are consistent with Eq. (5.21) for

small X.

Using 2),12) vd/vu, s/v", s'/vi50 for x—1

we obtain from Egs. (3.12)-(3.15):

and Eq. (5.19)
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dr(p >7)

do (4 ~1—>1") 1 ) -[
(5.26)

.
dT(M"%ll) 4 ?X—%d
de(m Lo 7*) )
A (ol —7;7.‘_)

> 4 J

do(d L5 7+) ’

The W — o 1limit for fast target fragments

Fast fragments are those with a finite (non—wee) fraction r
of the momentum of the right moving quarks (see Fig. 2). As mentioned in
Section 4, we expect that there exists some small value T, (TQ.B, say)
such that Eq. (4.8) is satisfied. That is, for I’Zrb_—the S"  functions
are negligible in comparison with the corresponding 7. Equations (3.12)-
(3.15) then become

~ J*

N—“»-V i ~xr
R e = Vo v vtV (s TA) Yy, »,

wo ic 2 Ny
.?,R,sz‘- —f;-’V Via-uo +(’§c"°+‘a“"5)v$;4

am 4 I

2 Ny
2R =4 v Vi CCae 24 VI

[}

(5.27)
41 “~-|-4 L dh".‘p ~nt
TV Vhour T AV Vds” (%20 % ”)Vz.u,,

N
~
&z
=
:
]
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+ ~ g+~

e (o

~ Y ~5t

§ %
2R = 7 (F Vur 7 Vi) + 5 w4V, 0 (55052, V"’)“ 27)

Since we assume that the Regge limit can be reached by letting Co—-® in
the scaling functions, we have
Y2

N .
Ryg = Cp W *Cgw (5.28)

where ¢ and ¢ are W independent. For large w Eq. (4.1) holds.

P R
Thus, we h?ve an @ dependence in Eq. (5.27) coming from s and s'
and an W 2 dependence coming from v? and vd. In principle, the

approach to Feynman scaling (i.e., the coefficient which determines

Crs
the approach to the «« 1independent term in the invaiiant cross—section)
can have contributions from the J dependence of the various v‘r.
However, as already mentioned in Section 4, we expect the latter to
approach constant values for large & . They play the role of Reggeon re-
sidues. As such, they cannot have essential singularities in the
Reg%eization variable, namely, in & . Therefore, they cannot have, say
W ° terms in their expansion. The term next to the constant in the ex-

pansion of the V " ois 0(1/w ) -

-

~ Jt
In the parton language, the constancy of V ! for large W

is a consequence of the fact that the ejected quark carries a vanishingly
small fraction of the total momentum (X::(1/u))—»0). One, therefore,
expects Vﬁ , which describes the fragmentation of the remaining quark
system, to depend only on the identity of the missing quark, but not on

its momentum.

As a result, in the target fragmentation region, just as in
current fragmentation, Feynman scaling is approached from above (all the
1
additive terms are non-negative). The ratios of the @ ~% terms in the

various processes are (we denote them by a subscript R):
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L5 )p

=} ,

(m T (5.29)
(2> g ’-w“T/XW + ‘\V/r_a\v
(M5 R - Viow, + a7 V;tdy-
(5.30)
(h 2> T _ v (4 '\7:.’“.,_‘\' ’\v/::“,,) + r\r“'\71t,\v
(@ m)r v (Vs AV ) + 50 Vi,
If we take the symmetric quark parton model 9) literally, then we have
v = 2074 (5.31a)
, and
Vrws = Vs = E V;:J«» (5.310)

Which implies

L

TS 0TS '.(_+Z->TI')R‘. (mL'n*)R: (Mm—>T")p =40:%: 2140 ,
g . (5.32)

(d=>F g+ (d —>TDp = 12118

However, we do nqt expect (5.32) to be as close to experiment as the rre-
diction of the symmetric quark parton model for current fragmentation
Bxg iE-)R : (KB )i+)R: 1:8:] is close to experiment EEq. (5.10):] . Here
experiment means using Regge D/F=~-0.2, obtained from hadronic reaction
data 24). The reason is that for W —®, while v 2vd is, probably, a
gocd approximation, Bg. (5.3%1b) is, probably, incorrect. The emitted u
valence quark has x(=1/w)—0. However, the remaining u and d valence

guarks have all x values between zero and one, and we already know that
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the symmetric quark parton model fails for x-—1. Therefore, for the

7T .
functions to ke re-

production of fast pions we do not expect the v
lated by Eq. (5.31b). Let us mention without giving the arguments that
(5.31b) might be an acceptable approximation for the valence component in

the productior of slow pions (r-—0).

We would like to conclude this section by studying Egs. (3.16)-
(3.19) as an example of the way the abc exoticity criterion works. For

n ~
Iﬁfrb we neglect there the SS and S;' terms. As a result, Bq. (3.17)

now has only Pomeron terms in the t variable:
v =
Ras- = 2 V,P;,, 3 (5.33)

while in Egs. (3.16), (3.18) and (3.19) some KHegge (vu,vd) terms are left.
In ;:p—erfq—ﬂ_+anything, abc (a=current, b=target, c=observed
hadron) has the guantum numters of a 71+p T system, and is, therefore,
exotic. Thus, this reactior is expected to have a flat cross-section for

large @ , although ab 1s not exotic.

REMARKS AND CONCILUSIONS

In this paper we have extended the two-comporent duality idea
to the target fragmentation region as described in the quark parton model.
We rave used the results cktained here and in Ref. 12) for the current
fragrentation region in order to study questions arising in hadronic

5)

criteria 13 . We would like to conclude with a few remarks.

reaction phgsios such as the approach to Feynman scaling and exoticity

1) In the whole discussion we have treated the fragmentation regions only.

The central region has not been studied in this paper.

2) In both the target and current fragmentation regions we find that the
appfoach to Feynman scaling in the ¢ —® 1limit is from above (the
W ™2 contributions to the invariant cross-sections are non-negative).
Whenever the incoming channel (a::current, b::target) satisfies
ab:iexotic, there are no valence quark terms (vu,vd) and hence no
W ~® terms in the large w 1limit. That is, in our scheme, when the

incoming channel is exotic, not only is the total cross-section flat as
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a function of o , but so are also the inclusive distributions for

any produced hadron in the fragmentation regions.

This is different from the situation in hadronic reactions.
There, some inclusive cross-sections approach the scaling limit from
above, while others approach it from below, even when the incoming

channel is exotic (pp).

The energy conservation sum rule seems to imply 17) (provided
that the contribution of the central region to the integral can be
negleoted) that in the fragmentation region, if some inclusive cross-
sections approach the scaling 1limit from above when the incoming channel
is exotic, then others must reach it from below. The reason there 17)
was that for an exotic hadronic reaction the total cross-section is
flat. Therefore, in the inclusive sum rule, the s_% contributions,
coming from the various inclusive cross-sections, have to add up to

zeTro.

In our case, the solution to this constraint is the trivial
1
one. For ab exotic - all J 2 terms are separately zero for each in-

clusive cross-section.

We have found that for the fragmentation of a baryon target into an
observed baryon there are, in some components, two contributing diagrams
(see Fig. 5 for the pure valence component). Since these diagrams
represent different production mechanisms, it was stated in Section 3
that one should add up their contributions. However, the diagram of
Fig. 5b is expected to be smaller than that of Fig. 5a. The reason

is that the probability of the two valence quarks ending up in one
observed hadron is smaller than that for one quark only ending up in

the same hadron, and the second quark, ending anywhere else.

Tet us notice that in target fragmentation the current plays a secondary
role. If we abstract the conclusion about the addition of diagrams

from its specific context, we are tempted to conjecture that in the
four-point function of baryon-antibaryon scattering one should, in
principle, add the contributions of the two possible diagrams with a

positive relative sign.



6)

- 30 -

In the current fragmentation region, the pure valence term for the pro-
duction of a baryon on a baryon target has only one contributing diagram
just as in the production of a meson (Fig. 3a). This is a direct

12
consequence of the production mechanism in the parton model ).

In this paper we have treated single particle inclusive distributions.
A natural question that now arises is whether the same physical prin-
ciples, provided by the parton model, can be applied to the description
of two particle inclusive correlations. We find that in the current
fragmentation region and in e+e_ annihilation into hadrons these
correlations can be described by introducing new fragmentation func-

tions. The new functions are analogous to the Eh 5 describing

target fragmentation. This problem will be treated elsewhere.
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FIGURE CAPTIONS

Figure 1
The process £+ N— 4'4+h+anything.
Figure 2

The photon-parton Breit frame description of deep inelastic

interactions.

a) Before the current interacts with a quark.

b) After the interaction has occurred. The ejected quark now
moves to the left and fragments into left-moving hadrons,
while the right-moving quarks fragment into right-moving
hadrons.

Figure 3 :

The duality content of the current fragmentation region for a

baryon target and an observed meson, in the quark parton

model.

a) Resonance-resonance (VV) term.

b) Resonance-background (VS) term.

c) Background-resonance (SV) term.

a) Background-background (sS) term.

Figure 4 :

The duality content of the target fragmentation region for a

baryon target and an observed meson, in the quark

parton model.

a) vV term.

b) vS term.

c) sV term.

a) sS term.

The diagrams contributing to the pure valence term in the
observation of a baryon (h) in the fragmentation region of
a baryon target (p).

a) One valence quark common to target and observed hadron.

b) Two valence quarks common to target and observed hadron.
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