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I, I ;I 

i I I!JTIWPt!CTI ON 

By the dual ·quarks we mean the quarks which appear in duality diagl)ams 

and by part on quarks we mean par tons that are identified with quarl}s. A~ is 

known, these two types of quarks play a ve·ry differ-ent role in high ener;gy 

physic~. The former was introduced in orde•r to describe the id-ea of duali t,Y, 

especi:>l.ly in its algebraic sense like abs:ence of exo;tics in thie appropJf:iate 

channels. The int•eract~on~ amo,ng thell/ .jire cpn~i<;l<fr'f',d to be ,;co,l;te,tl'jnt. The 
I ., I ·j ' I. I• I ,'j : .. '! !1 ... l '·' 1:1.! 'ijll· 

latter on the other hand was inti:oducea as' 'a' poini:''lii<e substructure of ha-
l ., , . 

"'I ; " ' ,. ' ' . ' ' I) 
drons in order to e:r,pl'i!in the, scf!<~ng il!f 

1 
cJieep line;l:§!§tlh: ]scattering and the 

individual current-quark int~:tiactid!J.~ afe 'ihc<>herelilt. There is another 

framework called the light cone approach2), which turned oUct to be equiva­

lent3) (at least fo1lmally) to the usUcal quark-parton model as far as the to­

tal deep inelastic scattering \s concerned. Ho•'ever, it cannot describe the 

single particle inclusive processes in the current fragmentation region, 

while the patton model was extended quite naturally to describe the latter4>. 

Taking. ~hi~ iq.tp, erccoun~ we s]1,all•1 <;!eyide OUJ:: Hg!l'lllents int0, 1 two parts 

according to· the I' i>ri>te'sses 'we' disctiss; nimlei.y' I I ! 

;;,!·: I 'I ·:1 

(a) total deep inelastic scattering and 

(b) single particle inclusive reactions in the current 

fragmentation region . 
. ,, 

Ais was mentioned above, for the process (a') , the q!Oarl<-part;on mode 1 has a 

spund~er footin:g of the light cone approach, while for (b) dler•e is no s~ch 

basis. 

Daali ty leads us to expect 

tude (the imaginary pa•t of the 

two compon:ents in the deep inelas,tic amp;li­

forward cunent-hadron scatterin:g ampli~~dle). 
' ·' ,, ' " " 

Ohe component is restricted to nonexotic r·epresentati•Gns in botih s- and '•t­

cban~els and t~e other is associated with diffractiv-e contributiidn which ijs 

d!lal to the pGme:ron exchange. In the part-on m0del tMs co~]resp!onjds to ¢~e, 

dec<>irlP•qsitiom. of· the qllark distribution wi,thin a h!lidron inl;io a v~l~nce (!r;~n 

e!Kotic in both s- and t-cl;tanm.els) and !i s:e!a (St!(3)-:-sif!;g1et in -tt,.,lijfu<l.nnel) 
5) I' I"~ ,:, l I ., I''' • ., .,;· .: ! ' .: ' I 'I' .,., I , .. , 1: i·l ' ,'1 I :. l'i 'I' ·j 'I ill :i ., ,. : I .~ ,. I :•·' .I 1'1 i:' comp,One·nts • :''. · ·· ·' : ... · ' .. · ·• ... · · ·· · · · ' · · · ···· · · · 

It is possil>:le, hpwever., to r~produc.e the same r"'sults withOi\lt deal'injg 

with quarks e~licitly6 ), at least in the :ease of the total deep :iiJ.elast:ic 

process, which we discuss in section 2 after a brief description iGf the kic­

nematics. We show: that the non-diffractiv•e component of th'e struc]ture fu(ncf­

tions are descrill>ed by only two independent functions., whi-CJ)l a:tr·e l>qth~n&! l:i~t 

the Foad.er tr~n:s':forms of D- and F-coupled m.ucleon matri:» •e:lemends of t~~ 
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bilocals. The behaviour of the proton and neutron structure functions near 

the threshold x :_ I, determines the behaviour of the D/F ratio there, 

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) -symmetry, where 
w 

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

with the ~-resonance (member of abnormal parity trajectory), cannot be valid 

in this region and we are lead either to break the symmetry 7•8)itself or to 

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

symmetry9). Similar arguments are applied to deep inelastic scattering ;rom 

polarized nucleons. 

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

particle inclusive distributions in deep inelastic scatteringiO). Compared 

to the unconstrained quark-parton model the number of independent distribu­

tion functions is reduced' and we can predict for example the behaviour of 
+ -the n /n 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-

bl f · · · · II) W f' d h h 1 h F em o exot~c~ty cr~ter~a . e ~n t at t e ear y approac to · eynman 

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

change degeneracy relations among inclusive. vertex functions. The Regge­

Mueller analysis of the inclusive electroproduction of pions with nucleon 

targets in the current fragmentation region has been performed recentlyiZ) 

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 

- structure of s-channel resonance contributions -

In this section we consider total deep inelastic electron-nuclon 

scattering (J (q) + N(p) -> anything) .. 
v 

e 
Fig .1 

p 
X 

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

nucleon target. This cross section can be viewed as the imaginary part 6f 
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the. forward compton scattering amplitude. 

Eig .. 2 

In the Bjorken limit, -~ 
2v 

finite, with the ratio v = pq, X = 

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

Let us shortly recapitulate the basic ideas of the d\lal qmirk-parton 
model and the light cone version of it. In the parton model!) the diagram 
corresponding to fig. 2 will be 

q 

p 

where the nucleon is considered to consist of many point li~~ conptituents 
called partons and the scaling behaviour of the structure functions is ex­
plained in terms of incoherent current-parton interactions. The structure 
function ·say of proton is expressed in this model in terms of parton distri­
bution functions as 

= 'i' Q~ u.(x), 
I, 1 1 
1 

where i ruris over the type of partons, which we 'identif; with 

antiquarks. Q. is the charge of part6n of type 
1 

gitudinal momentum distribution within a proton. 

'I' I 

i and ui (x) 

(I) 

qu~{ks and ,. . 
is its lon-

Two component duality leads to decomposition)~· o£ the. ~~x ~istribution 
functions of quar~,s ·l'i'n(i antiquarks into those of valen\OF, and sea quarks: 

jl' 

u = v + s, ll:ft:.=. vn + .. ~ p p 
(2) 

s, 

•' 

~~~~""''IW 'I''"~"'""~' """ ~· ,., , ... ,.,. ' · '' ", ... ,,. '''""' ' •" • •••· , .. ,.,., ·~··' r•r "'r'''' r• '" "l"n" "'"•~·-.,~ r~· •· ,., • ··~•·"' "I I "''' ., ,, ..• , " '"'~ " ... ~. '"''I''".,,,~- .... ," '~"'~'" • '""' "" "' , •.• "'. '""'""" '!""' '"" "'"" '"'" ,.,., '1''1"'11~" ,., ' "' . ..,,, •. , .. , ..... I' ""''I' ,. ''"'"'" ,, ,, " 11 ., • .,. ' '" .• " -~., , •• "' ' • '"""'""~. ' • I 
I 
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Fig. 4 Two duality components for the forward compton scattering 

The structure functions of proton and neutron are expressed now as 

ep 4 I 4 
Fl (x) = -v +-v +- s 

9 p 9 n 3 (3)' 
en I 4 4 

Fl (x) = -v +-v + 3 s 9 p 9 n 

2) 
In the light cone approach the structure functions are related to the 

matrix elements of bilocals: 

= 
(4) 

where 

V~(x,y) = 

Here are F- and D-coupled matrix elements of bilocals. The struc-

ture functions are expressed in terms of the following six functions. 

A±(x) = •ix(pz) ( . ) d(pz), e gA pz (5)1 

where A stands for F, D or S. These functions correspond to the ·Six 

quark-parton distribution functions in the parton model (A+ to qu~rk and 

A to antiquark distributions, see Ref; 6 for details). 

Two component duality requires the following relations among these 

functions 6): 

F_ = D_ = s_ = 0, 

where s+ is the non-pomeron part in the decomposition 

= 

~6). 

(7) 

From now on we drop the suffices + and write simply F, D etc. The nuc-

'"''~·-·~.,.........,...,,.,. . ......,.., ••• ,., .......... , .. ~'~'" '"'"""'"'~•··• '"'""""'"''""~''''"'"'"""""".,.."'"""""",.,. . .,. ""'"'""'~' •• ,,,.,.,., •• ,.,.~ ,, '""""''" '""'' ,..,,.,., nrurtriiP'Il'l'll""'''''"''fltl!llmlrWIIIIIII11m'lt1l'~M''IfiT'I'I'IttM'IIII'"""""'Iii1IIIIH ii.ill¥1 iii I l'f 111 !ijflj!il ]jjj\41\M 11111;~ iiiPifh '' nl 

' ' ·<: 

, i I! 
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leon structure f,l"ncti 0n,s, 1 .are ·e><pressed now as: 
.. ' ''" 

2 8 p 9 D(x) + 9 S (x), 

(8) 
en 4 8 8 P F 1 (x) = 3 F (x) - 9 D (x) + 9 S (x) . 

It is interesting to note here that one of the well known Nachtman's in-

1. 0 13~ equa 1t1es , 

I < 4 = 
Fen 

Fep 
~ 4, (9) 

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

current hadron amplitude in the general quark-pa,rtpn model or the light cone 
approach, is replaced now by6) 

I < 4 = (10) ' 

after two co~onent duality constraints are imposed. The D/F ratio is cor­
r~/3pondingly restricted as' follows: 

> D 
F 

. ~..: 3. ( I I) 

SU(6)-symmetry-l<'ads to the 
I ·v =- v or to pure F-type n 2 p 

responding inequality is 

simple valence quark-parton model where 
' 0 couphng of :biloca)s to• nucleons and the cor-

2 
3 ~ 

Fen 

Fep 
~ 1' (12) 

which is definitely violated by the e><perime'ntal results, especially near 
the threshold where the ratio seems to approach the lower limit 
of Eq' s ( 9) or ( I 0) • 

I 
4 

Now'we turn to a more direct duality argument and examine the behaviour 
of baryon-resonance contributions in the direct channel. Fo'r pseudo-scalar 

meson-bary.on scattering the •problem of what pat:tern of s-ichannel resbnances 

would reproduce the t-channel (Regge) description of the same process, has 
been exploited some time ago 14). Two simple solutions wer.e found and the 
pattern of the baryon resonances' dominating in 'the s~channel was given by 
the following two exchange degenerate set.s (see Fig. 13) 

, , ., , :. 'r ·-·'·', 

p I+ 
8N(J =-
~ 2 , 

5+ p 3- 7-
T · .. ) - <8 + l)y (J. = T• T ... ) ( 13) 

normal parity series, 

1"'J'"'II~" I' "f ''OliO! 1'1 '"I '" '"''''!' I ~ "' '" ' '"""" 'I" I''''""' "'' ''"' •1'1" " '"~" "''I I• '~""" ' "' "' '""'' "'' " I' ' I I• ,.,, '""''"'"'""''" 1''" '"'"'I ~·•· 'I ,;1 !• >•" ''" 0' " " ~" "" """' •lo' 'I"" ' "I" I " II 10 1'10 II'''''" II "'' ' • "' ,. ""I 'I" 11'1 01 "' I I• I,.,., I • "' 'I 0' 1•<'1 •Ill I I I"' 1 I o " '"'I ' I 'Ito "I 
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2 

7 

·9 
2 

... ) 

abnormal parity series, 

( 13) 

with definite relations among the couplings of resonances of each set to 

M-B system. An interesting property of the. solutions is that these two sets 

satisfy the constraints of duality separately and the relative importance of 

them is controlled by the D/F ratio of couplings to baryons of the nonet of 

Reggeons exchanged in the t-channel. 

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 

of s-channel resonances should be x-dependent7). Especially, we find a com­

plete absence of contributions from baryons belonging to abnormal 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 express1on in terms of slightly dif-

ferent distribution functions and defined as: 

v
0

(x) - distribution of a quark, which interacts with the electromag­

netic field, when the remainder (two spectator quark system 

with possible gluons) is in I = 0 state. 

v 1(x)- the same as above when the remainder is in an I= state. 

In terms of these functions we have 

= = (14) 

and Eq. (3) becomes 

= 
4 2 4 
9 vo + 9 vi + 3 s, 

(IS) 

= 
I I 4 
9 v o + 3 vI· + 3 s • 

It is now clear that v 1(x) ~ 0 (and also s(x) + 0) as x ~I, if we as­

sume that the lower limit of Eq. (10) is actually approached in this region. 

This in turn implies that as x + I the spectator quarks are mostly in 

I = 0 (antisymmetric with respect to SU(3)-indices) state, which forbids 

the decuplet contribution in the s-channel, and with this the contribution 

from abnormal parity series. 

This shows that in this particular region of x + I 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 

p 3+ from the fact that the transition form factor of P33 (6(1236), J = z-l 
15) which belongs to the abnormal parity series falls faster than those of 

the normal 

factors of 

factor of 

parity resonances, i. e. 
P r D13 (N(1520), J = z-l 

elastic form factor, the transition form 
P 5+ and F 15 (N(1688), J = z-l· The form 

p s­
D15 (N(1670), J = z-l should also fall rapidly, but the latter 

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

Now it is clear that SU(6) is not a good symmetry to be used in deep w 
inelastic region, because it puts on the same footing the resonances belong-
ing to normal and abnormal parity series - nucleon and l> belong to the 
same 56-representation. Thus we should either introduce the 
or a configuration mixing where the nucleon is in a mixture 

SU(6) breaking w 
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
form it to the current quark basis 16). However, this difficulty of SU(6) 

w 
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 a~e treated symmetrically in SU(6) w and this property does not change 
even after the current-constituent transformation is applied (to each quark 
indices of the nucleon). Therefore we should introduce a configuration mix-
. . h . k b. . 9 l 1ng 1n t e const1tuent quar as1s . 

Finally we would like to apply our arguments to the deep inelastic pro­
cesses with polarized targets 17). In the light cone approach the structure 
functions will be related to the matrix element of the axial vector bilocals 

q(x) 
Ac 

y y -- q(y). 
0 5 2 (16) 

In the quark~parton model we decompose the quark distribution functions as 

u. = u.t + u.+ 
1 1 1 

(I 7) 

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

u1. = u . t - u. + • 
1 1 

( 18) 

These distribution functions correspond to the matrix elements of the axial 
vector bilocals and noting that Ae(x,x) is nothing but the axial vector 0 
current we have 

=t 
0 

(v - v l dx. 
P n 

(19) 

"· •I~,." ,'II "~, • .,. " , •. ' 0' I '., ''' ""'" '" '""" 
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Let us now define the polarization asymmetry, which is measured in 

these processes 1). 

A(x) = 
dcr (H) - dcr ( tt) 
dcr(H) + dcr(tt) 

(20) 

where dcr(H) (d <1 (tt)) denotes the differential ~ross sections for scatter­

ing in the anti-parallel (parallel) spin configuration and in the quark-par­

tan model the asymmetry can be expressed as · 

A(x) = 

,- 2 
£U· Q. 

1 1 

~'u. q,? 
£ 1 1 

SU(6) '"ithout configuration mixing tells us that 
w 

= v 

which reproduces the standard results 1
): 

= 
5 
3' A 

p 
= 5 

9 
and A 

n 

I 
- 3 v. 

= 0. 

(21) 

(22) 

(23) 

However, we know from the previous arguments that SU(6) results have no 
w 

chance to be correct in the region of x '- I. Duality on the. other hand 

does not provide us with any information about u. 's. 
1 

We can try, however, a simple and
1

intuitive assumption7 •8) that the 

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

as we found before in the region of x- I. This gives immediately 

A A + I 
p' n 

as X+ J. (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 that SU(6)w, which was approxima­

tely correct for the hadronic processes, fails to describe deep inelastic 

scattering in the region of x =- I. 

ONE PARTICLE INCLUSIVE SCATTERING 

-strong exchange degeneracy relatiohs 1among inclusive vertex functions-

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

where the detected hadron carries four 1mbmentum h. 

"' "'""""~ . ..,,. .. ,H•·-"" • '""""" • '"''"'''"'" '''"''""'""'~'''''"" •~ ,. .•. , .. ., "''' "''~'' ••o '"'""'"''"' "''"""'"'"""~'"""'" 11"'"!111' I i1 N 4,11'"""""'1' •r•-' 
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t .. ' 

' ' 

I' 

Fig .5 Single particle inclusiv,e ~lectron nucleon scattering 

The current fragmentation region 1s defined
4) as 

00 

' 

hq-+-eo, 

v = pq -7 

z = h p 
v 

X = L 
2v 

finite, 

= finite,: hT f~nite. 

(25) 

It has been propqsed l;>y Feynman 
4

) that ~!)is p~;oc;:·.,~s qq<!'urs., in t"]o s.teps: ,, 
first ,the phqton ,i~ a];, sorbed ])y a part on !"lhose, 

1
m,()me!';(;Ul" ;is .a fracti•on x of 

the nucleon momentum and second this nartqn. fr<Jgmflp,~s j,nto jladr0ns ·"lhich are 
current fragmen;ts and the rest of the P!lrtons m?teriali";e in the form of 

. . i' ' I I~ t I .!: : j I 1i. ' ' ' ., 11 :I J I i ' ; ' ' 
hadrons which are target fragments. As a result we have the following pic-

1 :· i ' I ' ·' ' ' I ,. I ' ' I ~ I 
ture for this process: 

' 

i I I 

' :1 .H i' l' ::,:.: .,, I: 1:.' •. '.' 

Fig .6 Forward y Nh-:- y N h .~g),Pli,tud~ i.~.}h.ej?~~~ ~~fel .. 

I ~ : . , : . : i : · ':t.. ,. J' ,.i 

and the structure function. ~or th!', ~~f)'!Si'fe 1 ~l7<:'F'?0!11''l4l"ct~0n qf !' l:J,ij<Jron 
h from say a proton 1n the current fragmentation region can be written as 

(26) 

• ''t''~','ll ~., .. , , .. ,, • '"" '"'' ""'' ·• • " '' '" "'"'" "'""'' II• """' """' """ 'M" 1!1~ "'""'1111' ""' • "'" ""II" """II ~1"1 '""' 11111 111'11"'111 ~~~!Ill 'II" II~ I' '11"'11 'II 11111111!1'11 'I I 1111111'1"1 'II II !~ !11'111'" 11111!"JIIII'll~ Ill' I I' 1'1111'111flnllll "''Ill~ II 11'111'11'1"'1111~11'11 111' lrlll ~'l'~llf11~!1111'11111 1"11'11''' 'I' I '' ''"' ''""' '''""' '" '" " '~" ..... ,., ·~ 
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which is the analogue of F 1 (x) in the total deep inelastic process>' 

h 
Di (z ,hT) is the function d·escribing the fragmentation. of this quark i in-

to h + anything and h carries a longitudinal momentum which is a frac­

tion z of the quark momentum. 

Two component duality leads to decomposition of the distribution func-

tions u.(x) as is given in Eq. 
:L 

. f . Jo) he . h ) 
mentat:Lon unct:Lons Di z, T 

D~ 
:L 

(2) and we should decompose also the £rag-" 

into a sum of two terms 

= (27) 

where V~ is that part of D~ in which the 
:L :L 

fragmenting quark can be found 

is that part in which the in the hadron h as a valence quark and sh 
' 

quark :L ends up anywhere else in the final state. This decompositi·on cor­

responds to the following duality diagrams: 

.h h 

~~ q q ., l;i 

i ! 

p p 

(vV) !sV} 'l 

h h 

f l 
.q 

,q 

p 
p - -

(vS} (sS} 
, I 

Fig 7. Four duality components for the forward three body amplitude 

'"''01'!"~'"'"'~'""'""""""'"""'"'"' '''""~ "~"'"' ''"'""'"~"'""""'" .. '"""'"''""-,.,.,. ""'' .,.~ ...... , ••.• ,., "'''"'"'' ,,, '''"'"'" ., .• , .. ,.,, .• "'"'"""'""''""'""""'"' • ''""''"'"'"'"'"'"' •• '"""""'""'''"'''''"" "'""""'""" '""'""'•"''"""'~''1'"1'"1"11111111110•"~'111'111'1111'" F M*'il I."''"""~''' 



12 

II) the case o£,, pi<>n emission we have 

+ 
D" = v" + s" 

p 

+ (28) 
D" D" = s". 

n s 

The other D; · 
'1 

£unc.tions are related to t[J.osj! of Eq. (28) by isospin and 
charge conjugation 5m'f.ariance. Using these relations we can express the 

structure functions of nucleons as follmvs: 

ep 4 5 7r 4 I 4 s" L 1 n+(x,z,hT) (- v + 9 s) v + (- v +-v + 3 s) 9 p 9 p 9 n ~ ; :: ! I 

ep '(: ) ( I 5 ·1f ·4 I 4 s" L1 ,n- x,z,hT - -v + 9 s) v + (- v +- v + 3 s) 9 n 9 p 9 n 

en 4 5 7r (~ I 4 s" 
(29) 

L1, n+(x,z,hT) (- v + 9 s) v + v + -v + 3 s) 9 n 9 n 9 p 

en I 5 v·" 4 I 4 s" L1 ,n-(x,z,hT) (- v + 9 s) + (- v + 9 v + 3 s) 9 p 9 n p 
'1··· ... " ........ · .···~ + -

From these exp:ressions !""' 'irmnediately see that the n /T'i · ratio for the 
proton is always large:~r, tpan unity and increases as x + 

1
1, which is .compa­

tible ~ith ~~~~ i~ ~1,;·~;v~d ·:~xperimentally 18 ) (see Fig. S). An in·~eresting 
argument can be given for (1r + /n -) . Namely we observe that this ratio n 
crosses unity '·'a.t i. ·parti·cular value of x, independent of z and hT. 
This value can b

1

ei oljtained from total deep inelastic processes, i. e. we 
should find the point x where 4 v = v or D/F = 1/2 which corresponds n P 
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,,'."' have only an inequality x s 0.6 - 0. 7. On the 
other hand .;·xpertfueritai data on (1T + /n -) seem to cross unity around n 
x- 0.2 (see Fig. 9). 

The rest ():f i:hfs d~cfio~ wi 11 be devoted to the j)rob lem of the approach 
to Feynman scaling encountered in the inclusive reactions. Although the pro­
blem is st~U .. un,set .. tJe:d i~ the central region, the criterion, abc exotic, 
for early scali~g· it1 'tll:e fragmentation region of ab .. -+ c X seems to work 
quite successfully. (In our case 

' : :: ;: ! 
dron.) 

b = nucleon, c = produced ha-

In 
II, .r.'i: I 'l II' ll: ' r i ' '2.0) 

the Regge-Mueller .appro'ach , the invariant cross section for the 

inclusive process 

can be written as 

y + N + c + anything in the photon fragmentation region v 

' ·• '' , .. "lll"m' '11'1"' "" """'"' '"''' .,,,.,.,., ''"'' '""~'~" 1'1•'111'1~'"" ~"II' '~lll'lf'''IT~'I'I''''I'~~~~"'III"fl''ll~~~··~'rt'l ""'1111''"'111HI!IIIII"fl11'1'~rr 1 1111°1 .,.. ""'"11!1'1111"'111''1 n1 , .. ,.,.,,,, '" 1"''1'1'111""'""'" ''" 1''0 "1"1" "'"''"" 1 ' 
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f(Y ~ c) + [ 6~ Ff(Y c) + 
p 

-+ c) + 6w F (y -+ c) + = p -+ 6N F0 (y N w 

A2 
I 

FA (y-+ c) ] v 
2 

+ 6N 
2 

(30) 

where P represents the Pomeron contribution and and F. (y -+ c) 
1. 

are 

the Regge couplings (i = f, p, w, A2) to the nucleon and the fragmentation 

verteces respectively. Feynman scaling implies that P and the F. ( y -+ c) 
1. 

are functions of 

variable. 

where is the usual Feynma,n scaling, 

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. ,.,. 

b c b )( 
b cr( w a u a~ 

c 

a - -
(2) ( 3) (4) 

, I 

Fig.ll Four duality components conlr~uting to the energy dependent part of the 
fragmentation process b- c . 

( l) and (3) corrc~;pond to vV al,G vS 

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

abc exoticity criterion for rapid scaling, which works quite satisfac­

tory in the fragmentation regions, implies that the diagrams (3) and (4) are_," 

small compared to (i) and 
10) 

(2). If we nm; o.ssume according to the dual quark-· 

parton model that the contribution from (2), which is completely absent 

there, can be neglected, ,;e are left with only one diagram (I) and the cri-; 

terion for rapid scaling now becomes: 11 abC or ab exotic': This new crite­

rion obviously gives more stringent exchange degeneracy relations among the 

inclusive vertex functions, which we are going to study for the case of 
N 

Yv ··> n. 

,, 

,., . " ... , ................ ,. " .... """~ ..... ' '""""'"'"'~"""' __ , .. .,~ '""""''' .... , .. ,. ........ ,.,,.,.,,,~ .• .,,.,,,t't ··~''""'"""''"'"''"-~"""''"""""'~""""'"'" 
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As is known, isospin relates the nucleon vertices. 

= = (31) 

Exchange degeneracy relations from the two-body amplitudes gives 

= = (32) 

and these two are related to D- and F-couplings of the exchange degenerate 
nonets of Re.ggeons to nucleons as follows: 

= 

Reggeon 

For inclusive vertex functions we have similarly 

+ FA(y+JT) 
2 

= + F (y + .1T ) 
p 

+ F (y + 1T ) w 

abc exoticity criterion gives further 

(33) 

(34) 

(35) 

On the other hand we know that the energy dependent part of the cross section 
is described by only one diagram (I) of Fig·. II an<:t this allows us to express 
the coupling of the inclusive vertices as: 

(36) 

where in our care B is the virtual photon, C is the pion and V and 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 ekchange degeneracy relation of Eq. (35) the relation 

3 

5 (37) = 

''"'''"'""'"I!" 'I" ll'ltl'ttllltl"l10'1"l'n'OII'"I'" ... ~MIII'n'twll~~~ll''""""'"lltlllff1111"'!MII'J''~-I'fllfiFI'111"M~IIIIII'""""" '11'1'1'1 '!'"'1'~ 1 1 1 11~ 1 ''''''"111111 >•1"'"1'''''"'1'1 1'1'"'"1110111111'1•1•1''''111"'"'"11''1' 1"1111 1 '11' 11" 1w'""l"" 111'1''11'11 l"tii•IOII''I'I"' 1"1" ., ' , .... 
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This relation is reminiscent of the similar ,sU(3) relation between yyA
2 

and yyf verteces which can be written as 

3 

= (38) 
5 

however, for the inclusive vertex functions, Eq. (37) can not be derived 

from SU(3) alone and we need another condition of absence of the diagram 

(2) of Fig. II. Otherwise the ratio of Eq. (37) could have been any value;, 
' 12) ' 

Regge-Mue ller analysis of this process has been performed recently . Eq, 
+ 

(37) enables us to predict the inclusive cross sections of ~ and ~ ·on 

neutron using the data of proton, because we are left with only two indepen­

dent functions P and F for four cross sections. 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 constraints 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 number of dual quarks within a nucleon 

is of course three. Partons, which we identify with quarks, were introduced 

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 number of partons to exist within a nucleon. Thus we ex­

pect that very different phenomena compared with the usual strong interac­

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

seen that many of the ideas of strong interaction region like duality are 

applicable also in this region and we also know from experiment that a simple 

. . h 1 h k k' . . 1 1121 ) . h. . 
p1.cture w1.t on y t ree quar s wor s surpns1.ng y we 1.n t 1.s reg1.on 

i. e. contributions from sea quarks are restricted to very small regio.n of 

x. 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. 

''''" •. , ..... , .• "' """"""""'"''""'"'"''' , .• ,,.,,,,, ""'"""'"'"""'"""""""''-'""~"~~"-"-'""""mooo_, ___ ) 
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SU(6) syminetry which was approximately valid w 
in the usual strong interaction region turned 'out to 'be completely broken in 

a particular region of deep inelastic scat~ering, namely near x ~I. The 
situation is not curable even by distinguiShing constituent and current 

quarks. Thus we are lead either to break SU(6)w or to introduce a configu­
ration mixing or even altogether to abandon it. 

For single pipn ip.c~,us,ive processes in the current fragmentation region 

we pave ob,tained a ,relfitt.on be.tween the in\'lusive vertex functions 

FA (y "" 1T) and, F f(Y + 1'), which is in ,gopd agreeme11t ¥ith experiment in 
2 

deep ineJ,astic region. f:t wpuld b'f ip.teresting to s!'e .whether this relation 

is satis.f,i:~d'" or" n0t in, tl;>!' photo]>roducti.<J>n experiments, where there is no 

reason tl).i,s to! pe the· cas:er• 
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