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INTROPUCTION

By the dual quarks we mean the quarks which appear in dualigy diagrams
and by parton quarks we mean partons that are identified with qﬁarks. As 1is
known, these t#o types of quarks play a ver& different role in high enetrgy
physics. The former was introduced in order to describe the idea of duéliﬁy,
especinlly in its algebraic sense like absence of exotics in the3appropriete
channels. The 1nberact10ns among them are consldered to be coherent The

AR o !uw 1 o };I. '||
latter on the other hand was 1ntroduced as ‘a point like substructure of ha—

R Jinela ‘ 1

drons in order to explain. the scallng ;n«deep11nelasmmewscatter1ng

and the
individual current—quark interactidnd até 1ncoheremt There is another

framework called the light cone approachz), which turmed out to be equiva-

' 1ent3) {at least formally) to the usual quark-parton model as far as the to-

tal deep inelastic scattering is concerned. However, it cannot describe the
single particle inclusive processes in the current fragmentation region,

while the parton model was extended quite naturally to describe the Iatter4{

Taking this. into . -account we shally dev1de .our argumenrs 1nto two parts

according to: the‘processes 'wé' dlscuss, nameiy BEEEREE ‘ o
T A ! SR teob, o4 SRR

(a) total deep inelastic scattering and
(b) single particle inclusive reactions in the current

fragmentation region.

L It

As was mentloned above, for the process (a), the quark-parton model has a

snunder footing of the llght cone dpproach, while for (b) there is no such

biasis.

Duality leads us to expect two components in the deep inelastic amp 1i~

tude (the imaginary part of the forward current-hadrom scattering ampiiﬁﬁ@e).

One component is ‘restricted to momnexotic representations in both ‘s= aﬁd“t4
channels and the other 1s associated with diffractive contrabuta@h whlch DS

dual to: the pomeion exchange. In the parton medel this cortesP@mds to the

_decemp051t10m of "the quark dlstrlbutlon within a hadron into a valence (ndn‘

eXOth in both s= and t-channels). and a sea (SU(B)-srnglet in trdhannel)

5 -\‘I Do ol st el UL e dy Bviig oy ikl
components ). o o L : . |

It is poselble, however, to reproduce the same results w1thomt deallmg

with quarks exp11c1t1y6), at least in the case of the total deep 1ne1ast1c

process, which we.discuss in section 2 after a brief desernpt;on~@f the,klr

nematics. We show that the non—diffractive component of the structure fﬁmeb

tions are dESCTIbEd by only two independent functions, which are mothlng jut

the Fourier transiforms of D- and F-coupled fiueleon matrlxuelement$ of the
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bilocals. The behaviour of the proton and neutron structure functions near
the threshold x - 1, determines the behaviour of the D/F ratio there,
7)

which in turn leads to a particular structure of s—channel contributions’’.

We find complete absence of contributions from baryon resonances belonging

to the abnormal parity trajectory. This implies that SU(6)W?Symmetry, where

the nucleon (member of normal parity trajectory) beiongs to 56-plet together

with the A-resonance (member of abnormal parity trajectory), camnot be valid

7,8)

in this region and we are lead either to break the symmetry itself or to

introduce a configuration mixing mechanism if we wish to maintain SU(6)_-
9) . L

symmetry ’. Similar arguments are applied to deep inelastic scattering from

polarized nucleons.

In section 3 we generalize the two component duality idea to the single

0)

particle inclusive distributions in deep inelastic scatteringl . Compared
to the unconstrained quark-parton model the aumber of independent distribﬁ-
tion functions is reduced and we can predict for example the behaviour of
the ﬁ+/F_ ratio for both proton and neutron targets. Then we study in our
model the problem of the approach to Feynman scaling and the related pro-

D

blem of exoticity criteria1 . We find that the early approach to Feynman

scaling is guaranteed if ab or abc is exotic. This leads us to strong ex—

'change degeneracy relations among inclusive vertex functlons. The Regge-

Mueller analysis of the inclusive electroproduction of pions with nucleon
targets in the current fragmentation region has been performed recentlylz)
and the authors have found that such relations are in good agreement with

experiment.

We conclude in section 4 with a few remarks and discussions.

TOTAL DEEP INELASTIC SCATTERING

- gstructure of s—channel resonance contributions -

In this section we consider total deep inelastic electron—nuclon

scattering (Jv(q) + N(p) ~ anything).

Fig-1

The virtual current carries four-momentum gq; p is the momentum of the

nucleon target. This cross section can be viewed as the imaginary patrt of
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the.forward compton scattering .amplitude.

: Fig,z

A 2
In the Bjorken limit, Vv = pq, =-q2 » = with the ratio x = - %;— finite,

the structure functions scale i. e. become functions of only x.

Let us shortly recapitulate the basic ideas of the dial &uérk*parton
model and the light come version of it. In the parton modelx) the diagram

correspondlng to f1g 2 will be

Fig-3

where the nucleon is considered to consist of many point like constituents
called partons and the scaling behaviour of the structure functions is ex-
plained in terms of incoherent current- parton 1nteract10ns. The structure

function say of proton is expressed in this model in terms of parton distri~

bution functions. as

P,y . 2 T
Fl (%) Z Qi ui(x)’ : S (1
1
where 'i ‘Tuns over the type of partons, which we 1dent1fy w1th quarks and

antiquarks. Q; 1is the charge of parton of type ”i” and ui(x) is its lon-

gitudinal momentum distribution within a proton,

Two component duality leads to'decompositionsa“oﬁ_ghq_§%x distribution

functions of quar&swgnﬁ antiquarks into those of valeg&gJand sea quarks:
. ‘ r
S "

+ ulL= v 4
Vp Sy ‘UL TV, ts,

0

(2)

= g,

'Y

e | F
i}
o
il
c
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i i

corresponding to,the folloying two duality diagrams,
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Fig-l. Twa duality compunen-ts for the forward compton scattering L

The structure functions of proton and neutron are expressed now as

ep .
4 1 4
Fl (x) = §-vb + g Y + 3 S “(3)T
en’
S R S | 4
Fir® = gv,*tgV¥,*t3s

In the light cone approachz) the structure functions are related to the

matrix elements of bilocals:

<a,p|vE(2.0718,0> = 2 p.fi £, 5 8p(p2) *+ 4, 01 = 8, ) gptp2) +
| Gy
, 1 4408 6co gs(pz)].

where
c ‘ - xS
Vi(xy) = a®)vy 5 aly).
Here g, g are F-‘and D-coupled matrix elements of bilocals. The struc-
ture funcFions are expressed in terms of the following six functions.
1 [T tix(pa) e o
A(x) = izg;_[_w e gy(02) d(p2), NO)

where A stands for F, D or 8. These functions correspond to the six
quark-parton distribution functions in the parton model (A, to quark and
A_ to antiquark distributions, see Ref. 6 for details).

Two component duality requires the following relations among these ¢
functions6):

(3F,~-D), F_ =D = §_ = 0, _ (6),

-— - -

1
§, = 5
where S, is the non-pomeron part in the déQOmposition

A oo
= 7
S S, + S, N

From now on we .drop the suffices + and write simply F, D etc. The nuc-
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leon structute functions,are expreéssed now as:

FP) = 2F@ - 200 + 2 sF(w,

Ol o

(8)

]

FiM ) sF (x).

Wl oo

-g’-F(x) - gD(x)‘ +

It is interesting to note here that one of the well known Nachtman's in-
13) - oo - o o SE : o : Co

equalities ,

en

< ' F

R 4, (9)

fia

which is obtained from the positivity of the imaginary part of the forward

current hadron amplitude in the general quark—paxtpnlmodel or the light cone

6)

approach, is replaced now by

en
< F

1
4 FeP

_ 3 .. :
= DL ) ‘ (10) .

after two component duality constraints are imposed. The D/F ratio is cor-

respondingly restricted as follows:

1 > e w3y (1n

SU(6)-symmetry-leads to the simple valence quark-parton model where
TV, T %-vb or to pure F-type coupiing of bilocals to nucleons and the cor-
responding inequality is

Fen

<
FeP

=1, B (12)

Wb

which is definitely violated by the experimental tesults, especially near
the threshold x . 1, where the ratio seems to apprbach the lower limit %
of Eq's (9) or (10).

' Now we turn to a more direct duality argument and examiﬁe the behaviour
of baryon~resonance contributions in the direct channel. Fo} pséu&d—scalar
meson~baryon scattering the problem of what pattern of s—channel resonances
would reproduce the t-channel (Regge) description of the same process, has

14)

been exploited some time ago ‘. Two simple solutions were found and the

pattern of the baryon fesonances‘dominating ih the s—-channel was given by
the following two exchange degenerate sets;ﬁﬁee_ﬁég¢ 13)
P_1% 5* : P_3 7
8, (J BRI iRV I C IR DIV CAlE e N 13)

normal parity series,
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abnormal parity series,

with definite relations among the couplings of resonances of each set to
M~B system. An intereéting property of the solutioms is that these two sets
satisfy the constralnts of duality separately and the relatlve importance of
them is controlled by the D/F ratio of couplings to baryons of the nomet of

Reggeons exchanged in the t-chanmnel.

In the deep inelastic case, we know from experiment that the D/F ratio
in the t-channel changes as a function of x, which implies that the pattern

7

of s—channel resonances should be x-dependent’’. Especially, we find a com-
plete absence of contributions from baryons belonging to abmormal parity se-

ries as x + 1.

To see this let us use the language of the quark-parton model constrain-—
ed by duality (Eq. (2)). We rewrite this expression in terms of slightly dif-

ferent distribution functions v, and vy defined as:

v, (x) - distribution of a quark, which lnteracts with the electromag-
netlc field, when the remainder (two spectator quark system
w1Lh possible gluons) is in I = 0 state.

vl(x) — the same as above when the remainder is iman I = 1 state.

In terms of these functions we have

- 1 - 2 ‘
Vo = Yo R T T (14)
and Eq. (3) becomes

ep - A 2 4
F] (x) g Vo * 3 V) + 3 S |

‘ (15)
en _ 1 1 4 ‘
F (x) = g.vo+§vl.+-3-s.

It is now clear that Vl(x) >0 (and also s(x) - 0) as x =1, if we as~—
sume that the lower limit of Eq. (10) is actually approached in this region.
This in turn implies that as x + 1 the spectator quarks are mostly in

I =0 (antlsymmetrlc with respect to SU(3)-indices) state, which forblds
the decuplet contrlbutlon in the s-channel, and with this the contrlbutlon

from abnormal parity series.

This shows that in this particular region of x> 1 the nucleon does

not want to transit to the other series of abnormal parity and prefers to
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remain in the same series, while in the hadronic processes the transition to
both series occurs almost with the same probability. This can also be seen

+
from the fact that the transition form factor of P33 (41236}, JP = %?9

15)

which belongs to the abnormal parity series falls faster than those of
the notmal parity resonances, i. e. elhstic form factor, the transition form
factors of Dlj (N(1520), JP = ——9 and F]S (N(1688), JP = %;0. The form
factor_of D15 (N(1670), JP = -0 should also fall rapidly, but the latter

does not couple to the photon- nuclecn system so strongly.

Now it is clear that SU(6)w 1s not a good symmetry to be used in deep
inelastic region, because it puts on‘the same footing the resonances belong-

1ng to normal and abnormal parity series - nucleon and b belong to the

. Same 56 representation. Thus we should either 1ntroduce the SU(6) breaking

or a configuration mixing whekre the nucleon is in a mixture of 56— and 70-

representation. Similar representation mixing is naturally expected when we

think of the nucleon as a 56-plet in the constituent quark basis and trans-

16)

form it to the current quark basis . However, this dlfflculty of SU(6)

is due to the pure F-type coupling property of the vector bilocals to the
nucleons. This comes from the fact that the three valence ‘quarks in the nuc-
leon are treated symmetrlcally in SU(6) Iand this property does not change
even after the current-constituent transfotmatlon is applled (to each quark
indices of the nuclecn). Therefore we should 1ntroduce a configuration mix-

9}

ing in the constituent quark basis

Finally we would like to apply our arguments to the deep inelastie pro-
cesses with polarized targets17). In the light cone approach the structure
functions will be related to the matrix element of the axial vector bilocals

c

AGLy) = 360 v v A a). ae)

In the quark-parton model we decdmpose the.quark distridbution functions as

u, = ui+ + ui¢ (17)

and introduce the distribution functioms for the "axial quark number"

——. = 4 - ¥ : ]
uy us u; ¥. . . (18)

These distribution functions correspond to the matrix elements of the axial

vector bilocals and noting that Ag(x,x) is nothing but the axial vector

current we have

1
T B =‘[. (;f - ;ﬁ) dx.’ (19)
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Let us now define the polarization asymmetry, which is measured in

1) :

these processes ~.

do(44) - do(+t)
do(++) + do(tt) °

Alx) (20)

where do(t+) (d o (#1)) denotes the differential cross sections for scatter-

ing in the anti-parallel (parallel) spin pbnfiguration and in the quark-par-
ton model the asymmetry can be expressed ‘as’
o Ju, @2
Aln) = —m— . : (21)
i

SU(6)W without configuration mixing tells us that

1

v, = Vv (z v), ;; = v agd ;i = - 3 V. 7 (22)
which reproduces the standard resultsl):
- 2 = 2 ¢ = ¢
T R S and A = O. | (23)

However, we know from the previous atguments that SU(6)W results have no

chance to be correct in the region of x '~ 1. Duality on the other hand

does not provide us with any informatiom about ui‘s.

. I ., .
We can try, however, a simple and intuitive assumpt10n7’8) that the

system of spectators tend to be in J = 0 state as well as 1=20 state

as we found before in the region of =x . l. This gives immediately
A, A 1 as x =+ 1. (24)

We have seen in this section how duality restricts the form of the
structure functions and how it helps'us,to build a physical picture of deep
inelastic processes. We have seen also tﬁgt SU(6)W, which was approxima-
tely correct for the hadronic processes,‘fgils to describe deep inelastic

scattering in the region of x - 1.

ONE PARTICLE INCLUSIVE SCATTERING

'

PUE . . ' .
- strong exchange degeneracy relations among inclusive vertex functions -

In this section we consider the process J (q) + N(p) + h + anything,

where the detected hadron carries four 'momeritum h.

8 S pEARE = 1 B LRI AT AR 8 A a1 B T A 1 LT R TR 18 T PITTTTICOI R T | apupe
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Fig-5 Single particle inclusive electron nucleonscattering
L P R T AT I FER
‘ The current fragmentation_region is @ef;ngdaz as .
2
~ g2 o, y=pgrw, x=- —%;—; finite, | . o .
: | S (29

hq + - =, z = h ; P . .2 ;th : finite,f hT finite;

&)

It has been proposed by Feynman ’ that this process ogeurs. in two steps:
it v

first.the photon is absorbed by a parton whose momentum:is a fraction x  of

the nucleon momentum and second this parton fragwents into hadrons which are

. current fragments and the rest of the partons materialize in the form of

R T A A .
badrons Whlch are target fragments. As a result we have the f0110w1ng pic-

ture for thlS process.

. i | 3 b r

Fig.6 Forward YNth:- y NF plltude: f 'the partbn nyn-rgel

drhy

B A N 1 S I TR U G SO S I
\ i

and the structure function for the, imclusive, electropxaductlon of a hadron

h from say a proton in the current fragmentation region can be written as

ep = 2 h
LiP, (x,z,h) E Q} u, () D (z,h), . (26)
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which is the analogue of F](x) in the total deep inelastic process,
D?(z,hT) is the function describing the fragmentation of this quark i in-
to h + anything and h carries a longitudinal momentum which is a frae-

tion 2z of the quark momentum.

Two component duality leads to decomposition of the distribution func-
tions ui(x) as is given in Eq. (2) and we should decompose also the frag-
mentation functionslo) D?(i,hT) into a sum of two terms g

h ho, oh

Di = Vi+S, - (2zhn

where V? is that part of D? in which the fragmenting quark can be found
in the hadron h as a valence quark and sb is that part in which the
guark i ends up anywhere else in the final state. This decomposition cor-

résponds to the following duality diagrams:

vS) (sS)

“fig 7. Four duality components for the forward three body amplitude

Lol
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In the case of pion emission we have

) p" = v'a+ ",
[ p
i T m 28)
D = D = 5,
n S

The other Dy functions are related to those of Eq. (28) by isospin and
charge conjugation.imwariance. Using these relatidns we can express the

structure functions of nucleons as follows:

“fﬂf(”_hT? AR B PR R

_(x z hT) = (%—vn'+ g.?) v o4 Kgivp +'%‘Vﬁ +‘§ ) s7
L??H+(x,z,hT) = GtV Gy vl v, +3s) 8" >
Lm(omb) = Gy + 39V + Gy ey + 56 s

: V“wm...‘ﬂ"-ﬂﬁ. . +, = .
From these expresslbna we ‘immediately see that the 1 /=w ratio for the
proton 1s always 1argen than unity and 1ncreases as x > 1, whlch is compa-
tible w1th what is observed experlmentally 8) (see-Fig. 8) An 1nterest1ng

argument can be glven for (m /m ) Namely we observe that this ratio

crosses unlty At a partlcular value of x, independent of 2z and h

This value can beiobtalned from total deep inelastic processes, i. e. we
should find the p01nt X where 4 v, = vp or D/F = 1/2 which corresponds
to the point where Fen(x)/Fep(x) = 8/17 when the contribution from sea is
neglected. We find from Fig. 10 x . 0.6 . 0.7. If we take into account the
effect from Sea component we have only an inequality x € 0.6 . 0.7. On the
other hand experlmental data on (v /n )n gseem to cross'unity aroune |

¥ - 0.2 (see Fig. 9}.

L T T e e ] ‘
The rest of this SECFIOH will be devoted to the problem of the approach
to Feynman scaling encountered in the inclusive reactions}'Although the pro-

blem is st11

_ d in the central region, the cr1ter10n, abc: exotic,
for early scallng in fhe fragmentatlon region of abﬂ# ¢ X seems to work

quite successful y (In our case a =y b = nucleon, ¢ = produced ha-

V’
dron.)
gl giiiy

rl 20)

In the Regge-Mueller approach , the invariant cross section for the
inclusive process Y, * N -+ ¢ + anything in the photon fragmentation region

can be written as
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s Yo = pe[BlF v B E (v )+ B F Q) ¥
+ BAE F, (v > ¢) v_‘% C30)
N AQY ¢ ]

where P represents the Pomeron contributiom and S§ and Fi(Y + ¢} are
the Regge couplings (i = £, p, o, AZ) to the nucleon and the fragmentation
verteces respectively. Feynman scaling implies that P and the Fi(Y + c)

are functions of q2, Xp and  hp, where X is the usual Feynman scaling

variable.

Two component duality extended to the forward elastic three-body ampli-
tude abc -+ abc says that the following four duality diagrams contribute to

the energy dependent part of the cross section for the fragmentation process
a
b > c.

S e S
20 = = X

ol

Fig.11 Four duality components contributing to the energy depe‘n!dient p,arjt; of::the; i
fragmentation process b-ec N

(1) and (3) correspond to vV and vE U 4oz in the Jravk-parton.roael,s

while there is no corresponding term to (2) and {(4).

abe exoticity criterion for rapid scaiing, which works quite satisfac- |
tory in the fragmentation regions, iﬁplies that the diagrams (3} aﬁd (4) are
small compared to (1) and (2). If we now assume according to the dual quark— .
parton modello) that the contribution from (2), which is completeiy absent .fm
there, can be neglected, we are left with enly one diagram (1) and the cris ..
terion for rapid scaling now becomes: "abc or ab exotic', This new crite-
rion obviously gives morc stringent exchange degeneracy relations among the
inclusive vertex functions, which we are going to study for the case of

Y,

T e P T DAL T
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As is known, isospin relates the nucleon vertices.

B P P w w - . )
S = B By =L, 8 = e B B, (31

A

- WP 2
= By By = B

s (32)

and these two are related to D~ and F~couplings of the exchange degenerate

nonets of Reggeons to nucleons as follows:

£ (sr-o
- . (33)
N

2 F+D

B Reggeon

For inclusive vertex functions we have similarly

Fe (v ~ ) = Fe (x> 1), Fp(Y >ty = - F:p(Y >y,
(34)
+ - N L _n -
(VT S T, G, Rt = - Ry o).
abc exoticity criterion gives further
O s R e, B - R () (35)

On the other hand we know that the energy dependent part of the cross section
is described by only one diagram (1) of Fig. 11 and this ‘allows us to exXpress

the coupling of the inclusive vertices as:
—_ — = '[ - —— —_——
Fo (8> ) 7 [(5CCE - BcC) v] + Fo(B > ©) 1, [ (5GCF + BT T],  (36)

where in our care B is the virtual photon, C is the pion and V apd T
are the Reggeons exchanged in the t-channel. B, C, . V and T are 3 x 3
matrices of SU(3). The usual exchange degeneracy of Eq. (35) implies

FV = FT. Therefore Eq. (36) leads us to conclude that all the inclusive ver—
teces are expressed in terms of only one function and we obtain in addition

to the usual exchange degéneracy relatiém of Eq. (35) the relation

Fo (v > m
9

3
Fp (Y > ™) I G7)
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This relation is reminiscent of the similar SU(3) relation between YYA,

and Yy verteces which can be written as

Y

BAz 3 ‘ |
Y = T . (38)
Bf 5 : T

however, for the inclusive vertex functioms, Eq. (37) can not be derived
from 'SU(3) alone and we need another condition of absence of the diagram

(2) of Fig. 11. Otherwise the ratio of Eq. {37) could have been any value!:
12)

Regge-Mueller analysis of this process has been performed recently Eq.

-+ -

(37) enables us to predict the inclusive cross sections of = and T ‘on
neutron using the data of proton, because we are left with only two indepei~
dent functions P and F for four cross sectioms. The results are shown'in

Fig. 12. The predictions are in very good agreement with experiment.

In this section we extended the ideas of the previous section to one’
particle inclusive processes. We have'seen that our dual quark-parton model
gives further comstraints to the usual Regge-Mueller analysis of the inclu-

sive process, which is satisfied by experiment.

CONCLUSIONS

We said at the beginning that dual quarks and parton quarks were intro-
duced to describe very different phenomena in high energy physics. Duality,

which is most vividly expressed in terms of dual quarks, has been abstracted

from pure hadronic dynamics and the numbex of dual quarks within a nucleon
is of course three. Partons, which we 1dent1fy with quarks, were 1ntroduced
to describe scaling in deep inelastic processes and an essential element of
this model is incoherence of the individual current-parton interactions and
we expect a great nuﬁﬁer of partons to éxist within a nucleon. Thus we ex-
pect that very dlfferent phenomena compared thh the usual strong interac-—

tion region are occurring in this deep inelastic reglon. However, we have

seen that many of the ideas of strong 1nteract1on région like duality are
applicable also in this region and we also know from experiment that a simple

21)

picture with only three quarks works surprisingly well in this region

i. e. contributions from sea quarks are restricted to very small region of
%. In a sense experiment forces us to change gradually‘the original picture
of the parton model and we find that even in this new region of deep inela-~

stic scattering the old ideas of strong interaction are very powerful.
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There was one exeption. SU(G)WEsymmétry which was approximately valid
in the usual strong interaction regiocno tﬁrned‘out’to‘be‘completely broken in
a particular region of deep inelastic scattering, namely near x . l. The
situation is not curable even by‘ﬁistinguiéﬁing constituent and current
quarks. Thus we are lead either to break SU(6) or to introduce a configu-

ratlon m1x1ng or even altogether to abandon 1t.

For s;ngle pipn inclusive processes in the current fragmentation region
we have obtained a relatiom between. the inelusive vertex functioms
FA (y = v) and, Ff(Y + 7), which is in good agreement with experiment in
deep inelastic region. It would be interesting to see whether this relation
is.satisfigdqu.nqtlin‘tbg photoPIQductionlexﬁerimgnts, where there is no
reason this tojpe the case.
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