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Deep Inelastic Lepton- Hadron Scattering and Pair 
Production in Strong Interactions 

We consider the deep inelastic lepton ( f -electron '?r muon) 
scattering on a hadron .a ( a .-proton or neutron) when in final state 
the outgoing lepton and some hadron a ' are detected 

. e + a .. e + a' + "anything" 
and "!'l-nything" indicates the sum over all other possible- hadrons,The 
five structure functions for this process· are connected -with the elec­
tromagnetic "current commutators, By means of crossing we find the 
connection with the process of lepton pair production in strong inter­
actions 

ii '+a .. e + r + "anything" 

A test of models for the constituents of the electromagnetic current 
is made using a very simplified quark model. 
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1. Introduction 

It has become clear that the study of deep inelastic processes 

by using electromagnetic or we~k currents as a probe ·can give va~ 
luable information about the structure of hadrons at high energies 

and large q2 (timelike or spacelike).' '' 

Here we consider the process of deep inelastic lepton-hadron' •" 

scatte~ing with one hadron in· the final state ·singled out ~ 

e + a -+ e + a' + "anything" •. • (1.1) 

where e denotes the lepton (electron or muon); a and a' stand 

for hadrons; "anything" indicates the· sum over all other -possible 

-~ hadronic states which are permitted by the conservation laws. Usu­

ally the target. hadron a , is a proton or a neutron; the ,outgoing had­

ron, ~' may be. a proton,. antiproton, pion. etc. 

By means o,f the crossing, properties of field theory this reac .. 

tio!'l is closely connected with the process of lepton pair production . 

in deep . inelastic hadron-hadron collisions 

a'+ a . ... e' +'f + "anything" • '(1~2) 

It has been pointed out that both -from the .th~or~ticai/1i and expe­

rimental/2/ standpoint the investigation of this process will be of 



particular interest. In analogy with this process the high energy li­

mit of the five structure functions which ·describe the hadronic struc­

ture of process (1.1) is found and the connection with equal time 

eles:tromagnetic current commutators is obtained. Finally, it is poin­

ted out how the different models for· the constituents of the electromag­

netic current can be distinguished. by means of these ETCR. 

It is clear that the process (1.1) is a more general cas~ of 

the usual electroproduction process, when in the' final state only the. 

scattered lepton is detected 

f + a .... e + "anything", 

where the target particle a is a proton or a neutron. This process 

has been treated in great detail in the past two years. A survey 

of the present statu~ of these investigations can be found, for exam- ~·: 

ple, in Bjorken's review 131. Note tliat the connection of this . process 
'·'' . .• ~ 1 \ 

with el~ctron-:-positron annihilation has been studied recently by Drell, 

Levy and Yan~4/ in a special fleld-theoretical model (see also/7 f). 
In section II the kinematic analysis is presented •. I~ sectionlll 

the. connection with le_Pton pair producti9n is considered. In section IV 

the relation between the high energy limit of the structure functions 

and current commutators is established. In the last seCtion V the . 
possible tests of quark and field algebra models are presented. 

2 •. ·Kinematic Analysis of Electroproduction Process with One 

Hadron Singled .Out. 
we constder tne deep tneiasttc scattermg ot lepton (electron 

or muon ) on a proton 

e + p :-' e + a ' + "anything" 

in dependence of momentum and polarization of the scattered lepton 

and of momentum of the outgoing hadron a' • In the one .Photon 

approximation .the kinematic conventions are sho~ in Fig.1: 
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K.~ a'(P') 

F'ig,l, Kinematics· of lepton-hadron scattering, Here k,s ( k ',s ') 
denote' the four momentum and polarization vector 
of the ingoing (outgoing) lepton; p is the four mo­
mentum of the· targev hadron, p ' the four· ·momentum 
of the singled out hadron in final state, p denotes 
the total four momentum of the remainin~ '11adrons; 

q = k -k' is the four momentum of the virtual photon 
with q 2<0 in the physical region, 

The T -matrix element of our process ( 2.1) is given by 

T = 417
a u ,(k ')yllu (k) <p', p out I J (0) lr>', 

rl q2 e · e . A JL 
(2.2) 

where J ( x) is the operator of the electromagnetic hadronic' current. . p. 
The differential cross section for the process when in the final sta-

te we detect the mome11.tum and polarization of the outgoing lepton 

and the momentum of hadron a, can be written in standard fashion 

as 
2 -II> _, 

(4rra ) 1 1 dk' d ' 
d a=--:;;:::===- •-- ---+- p (p,p', q )/v(k ,k',s') (2.3) 

q 4 (2rr) 6 2 E , 2 l!l , JL v 
4y(pk) 2 -m 2 me ~ 

where 
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" 
fl.V · 1 " v " 1+ y~ s' 

j (k,k ',s')=-Sp[yfl.(k +me )y (k '+me)----] .. 
2 'l.. 

(2.4) 

m is the proton mass and m f is 'the lepton mass. The second 

rank tensor p is given by 
fl.V 

. 0 

p (p,p',q),!; (217) 4 li(p+q-p'-p )<p(J (O)!p',p out><p',p out!J (O)!p5. 
'fl.V A A f1.· A A v 

Here the superscript "c" denotes the omission of disconnected parts 

of the matrix. elements. 

From current conservation it follows that qfl._P p.v = p~v q ti .. 0 

and from hermiticity .. we obtain the conditicn that the real. part of the . 

tensor must be symmetric under exchange"" f1. .... v a~d ·the imaginary 

part antisymmetric, These conditions, together with parity conserva­

tion, imply. that pfl.v can be expressed in the form 

where 

p (p ' p , • q ) = p ( - g + ·~) + ~ p p + p p , p , + 
f1. v • . I fl. V · q 2 2 fl. V 3 fl. V. ( 2, 6) 

p 
fl. 

+ ;;4 ( p II Pv' + p v p ,; ) + i p ( p p , - p p , ) ' 
r r ~ f1.V Vfl. 

, 
P

, , p•q 
•p ---q 

fl. fl. q 2. fl. 

The ... p 1. ( i "'1, 2,3,4,5) are real funftions depending on the four Lo- . 

rentz-invariant variables which can be constructec;i from the four-vee- ' 
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tors p , p and q A possible choice is the usual Mandel-

stam variablesx/ 

- 2 2 2 
.s~(p+q) ·=m +q +2v,.v=p,q 
- • . 2 
t=(p'-q):L'1 

- 2 2 2 
u=(p'-p) =m+m'-.2mc' € -..,:.!... pp' 

m 

(2,8) 

and the square of the virtual. photon mass 
~ ; I 

q , Here m is the mass 

of the final hadron.(pif 2 ='nt': 2
), The ·usual condition 

,.· -.-:'" ..... 

- - - 2 ,z 2 2 
s+t+u=m +m +q +rnA (2,9) 

is fulfilled, where m ~ = p! is the square of the invariant mass of the 

outgoing hadron system ("anything"). The physical meaning of the 

additional variables v and c ' is best seen in the laboratory sys~ 

tern (p ... = 0) , Then v -= m q0 is proportional to. the e':ergy of the virtual 

photon, c ' .. p ~ is the energy of the outgC?ing hadron, It is useful 

also to introdw?e the invariant 8 =- ~ p 6. which is equal to 8 = 
. m ~ . = q ·- p '= p -,m and 

0 . 0 AO thus represents the en_ergy transfer in lhe . labo-

ratory frame, 

Now it is easy to compute the invariant product of the ·two 

'tensors 

2 
p- jp.v =p

1
2[(kk' )- 2me2

] [2(pk) (pk')+~ 2~] + 
p.v + p 2 · 2 • · 

2 2 
+ p

3
[ 2 ( p 'k) (p 'k') + m ' _g_ ] + p [ 2 (p k) (p' . k h 

2 4 (2,10)' 

+2(pk')(p 'k)+(pp ')q 2 ]-p 2m.,p.va~ p p' q sf3', 
l!r L "-p.v a. 

x/ .We use. a bar to distinguish the Mandelstam variables of the 
crossed processes {see sec, III), 
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Using· this relation and (2.3) we find· the cross· section in the labora­

tory frame 

____ d _a ___ = _a_2 • 
.... -> 

I k'll p' I 

lk1 
--,---,- • X 

64 rr
4

m 

1 

dO-o, dE' do_:., d&' 
k ' p 

'I• 

_, 2 ..... . .... . 2 2 ..... ... 
+2lp'llkllk'l cosi/Jcosl/l'+m'(mf -EE'+ lkllk'l cosO)]+ 

(2.11.) 

- P 
6 

2m mE I p' I [ s 'x (I k I sin t/1 s!n ¢ -I k~ I sin 1/1 sin ¢ cos 0) + 

+s' ( 1i>1 sinl/l cos¢ cosO -lk'l cosl/l sin 0 -lk I sinl/l•cos¢) 
y ' ' 

+ s' lk' I sin 1/1 sin ¢ sin 0 ] I 
z 

with 'angles e 
1 

·1{1 
1 

1{1 ' , cp defined according to fig.2 and with 

E , ~ E' 
1 

lb' denoting the energies · of the leptons and the final had-

ron, respectively. 

·((· . Obviously,· the structure function p- ~ can be found orily by po-
larization experiments. If we detect the polarization of u;e ingoing 

lepton and sum over the polarization of the outgoing one we have the 

'same formula (2.11) only with an additional factor 2 and with s; 
repla?ed by s (the spin -\rector of the ingoin:g lepton) •. 

8 'I 
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-.. p• 

Definition of the angles in· the laboratory frame. 
~' lies in the xz -plane, .P' is the angle between 
k~ . and .. P' . Note .that the angles: are connected 

bv the relation cosr/J '= cosr/JcosO+sinr/JsinOcosci>. 

If we neglected the lepton mass (m • 0) and the mass. of the 
. f . . . 

single outgoing hadron (m '::'o) this formula greatly simplifies to 

(2.:1,2)· 

- 2 2 t/1 2 lfJ . 
+p84&' sin -sin -+fJm&'(l+cosO-cost/1-cost/J')]' 

2 2 4 

with 
2 ... ... 0 

q 
2 ~· ( k- k , ) ~2m ~ - 2 E E , + 2 ; 1.~ II k' .I cos e '7 - 4E E , sin 2 2 , 

· Comparison with .the .cor~esponding formulae of' ordinary electropro-

duction {see, e.g., /51) is stra(ghtf~rward. ' . . . 

Another form for the cross section is obtained if we expand· 

the hadronic tensor · p-p.v 
. .. 

by means of polarization vectors_.of the 

virtual photon, as has been d 'Illne for the crossed process of lepton 

pair production · in./1/. . , 

The lo,;gitt.idinal and the two transverse polarization vectors;; 

are defined by 
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(L) 

JL 

1 p 
JL 

1 1 II ,A· p 
- E JL11Ap p p q 

yq2 y(pp')2 -m1n'2 

(2.13) 

These vectors are orthogonal, normalized to -1 and they fulfill the 

ccmditions 

(a) • JL 
EJL q .. o (2~14) 

(2.15) 

Using these polarization vectors we can represent · p p.v in the form 

_ (T~ (T 1) - (T ;_ (T ) 
P ,(p,p',q)=p e e +P e e 

2 +p 
JL II T I JL II T2 JL II ~ 

(L) (L) 
f f + 

JL II 
. 

(2,16) 

-(+)( (T 1) (L) (T1 ) (L)) -(-)( (T1) (L) (TJ) (L)) 
+p E e· +E £ +lp. £ £ -e £ , 

TL JL V II JL TL JL II II JL 

(+)' <-~ 
where the structure functions p: (a =-T1 , T 2 ,L, TL , TL >(which, of cc;;. 

. urse, also depend on q 2 , 8, r, ii ) are connected with our. former 

structure functions p 
1 

'( i .. 1,2,3,4,5) by 

(pp ') 2 2PP' 
- 1 C - (- -· ) _C+>] 
pll- p. 2 pT-pL - . 2.. 2 . - 2 PT -p T - • p ' 

a . :p r' :-<PP'') t ... a· \!PliP, ~-(PP' f TL 

. J. 

10 
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.. 
. p 3 

. ' 
' j 

(2.1. 7) 

I c..:.> 
p p 

5 2 2 . . . 2 ' TL 
v' p p , - (P p ~) 

The formfactors p I (i = 1,2,3,4,5) are suitable from the experimental 
- . <+> (-) 

point of view, while the,, st~cture. functions , p a (a =T 
1
,,T 

2
, L

1 
TL. , , TL ) 

are more convenient for theoretical considerations {see section IV). 

III. Connection with Lepton-Pair Production 

As has already been mentioned, the crossed ( u -channel) 

process to that which we consider here is the·. process of lep-

ton-pair production in deep inelastic hadron-hadron collision 

ii', + a Y * + "anything" 
~"' . e+ e-

which is shown in fig. 3. 

e+ 

a. 

Fig.3. Kinematics of lepton~pair production. Iri this case q 2 

is time like ( q 2 >0) in the physical region. ' 
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' This process has ·be'en theoretically studied ln/
1

/ and some preli­

minary experimental d.;_ta were reported in/2/. The 'hadronic part of 
. . ' 

· the process is described by the tensor. 

- 4 . . . 
P ,v(p,p~q)= :£ (2rr) o(p+p'-q-p )<pp'tn!J (O)IAout~<AoutiJ (O)Ipp'·ln~'J 

r A A f.l V 
1 

' · • 

which can be expanded in analogy. with (2.6) in the form 

p =p (-g +~Np.,P P +P. .P'P' +p
4
(P11P'+PP' )+ip (P P'-Pv.P,')= 

. pv 1 pv q z ~ p v a p v ,.. v v Jl 6 p v · (3 ,'3a) 

(T y (L). ) 
( ( + v f.l . 

(Tt) (Tt) '(T 2) (T 2) (L) (L) (+)( (Tj) (L) 
= p E E + p E t + p t t +P t ~ + 

T 1 .Jl V Ta f.l V L f.l V TL J1. V (3.3b) 

. + ip<->( £(T1)E CLLE<Tt>f (L~ • 
TL /l V V f.l 

The structure .functions P 1 ( i =1,2,3,4,5) and p. (a = T , T , L , 
. - 1 2 .-

T L , T L . depend again on the four linearly independent Lorentz <+> . (+)) . . 

scalars, constructed from p , p ' and q • The Mandelstam variab-

les here have the form 

2 
u:"(p-q) • (3.4) 

Ordinary reduction techniques yield th~ following connection b'etween 

matrix elements 

<a(p)in\ J 11 (0)Ia'(p'),Aout~=<ina(p);; '(-p)IJ
11

(0)IA out>' (3.5) 

We_ want to remark that ii '(-p ')represents the antiparticle to a' 

with momentum . -p' afld with unphysical energy -p '(p' > 0 ). The-
. . 0 0 

refore the right-hand side of eq. (3 •. 5) has no physical meaning. 

It can only be understood as the analytic continuation of the fun-: 

ction fim J dX" f *,(x) a
0 

•<a (p) I <IJ *(x) J (O)IAout~ (which has a physical mean-
t->-oo P /l · ~ 

ing only for p C:> 0 representing then the matrix element 

<in a ( p )"; '(_~ ') I Jf.l (0) I A out > .) to negative values. of p~ 

Using eq. (3.5) we get the crossing relation 

Pp)P·P 'q) =pp)p.-p ',-q). 

12 ·. 
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This Implies the following relation betvveen the structure functionS 

_ ( 2 · . , , · ) ·( z. · , • , · ) 
p

1 
q_, pp,pq,p q =P

1 
q ,-pp,:-pq,pq i=l,2,3or T 1 ,T 2 ,L 

p
1
(q 2 ,pp: pq,p'q)=- p 1 (q

2
,-pp',-pq,p'q) 1=4,5 orTL<±> 

(3.7) 

Expressed in Mandelstam variables .. this reads: 

• 2 ·. 2 ---il< q , s, t-: u) = p 
1 

(q , u! t,s ) i = 1,2,3 or T 
1 

, T 
2 

, L 
(3.8) 

4 TL 
<±) 

·i = ,5 or 

. IV. Current Commutators and Structure Functions in the High 

Energy Limit 
Let us now consider the expression 

R !LV( p, p: q )= f dx elqx <a (p )a '(-p') in \[ J ll(x), J v(O)] I a(p),; '(-p' )in;' . 

(4.~) 

=r (p,p',q)-r (p,p',-q) 
!LV . V/l 

arid divide r into connected and disconnected parts in the follow-
ILV 

ing way 

r (p,p',q),;fdxe
1
qx<a(p)a'(-p')iniJ (x)J (O)Ia(p)a'(-p')in> = 

~. .· . ll v 
• 4 • • 

. =~ 0 (277) o(p+q-p.'-p )<a(p)a-'(-p')iniJil(O)IAout><AoutiJv(O)Ia(p)ai'{-p~in>,;. 

'=~(277) 48 (p +q -p ~-p ~<a( p) a'(-p ')in I J ll (O)I A out> <A out I J v(O) I a(~)ii~(-p ') in(;-"+
2
) 

+ weakly 
connected 

parts 

=P' <p.p ~q >+i (p,p ~q>. 
/LV . flV 

13 
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where . the, supersc:;:ript .'" c " in the sum· denotes that. we disregard. the 

completely disconnected parts. P.Jlv is the c9mpletely connected part 

iflvolved in the .definition of the cross. section and defined- by l2.6); 

"' p JlV represents the weakly 'connected parts which correspond to 

the contribution of the sc::H:a,lled 'z .:..diagrams and which :We neglect 

}1ere. The omitting of these weakly connected parts foots . on the same 

rea~ons as in / 11. 
We now LSe the unphysical rest frame of the virtual photon 

. ' . 
where q = 0 • In this frame only space components of the g~uge in-

variant tensors are nonzero and therefore the decompositions (2.6) 

and (2.11) take the form x/ 

-p == p -+p p p +pp'p + p ( p p ' + p p ' ) + i p (p p ( - p p' ) == 
ll I 2 I j 3 I j 4 I l j . ~ I j j I 

(4.3) 

==p .,.. 8 " " - " " + p-(+)(·" ". u + p u 1 u j + p L u lz u jz u u 
.T

2 
lx jx T

2 
Y Y TL lx jz 

+8 8 
.lx lz · 

+ 

+ip(-,8 8 - t; 8 ). 
TL lx jz · jx lz 

)t is obyious. that the quantities R li , 

in a similar way 

-r
11 

and 
.!f 
p 

11 
can be expanded 

:::-.... ,. 

R lj = R l 8 lj + • • • = RT 1 8 lx [J jx + • •• 

(4.4) 
[J - [, [J r =r + ... = r + . .. 

lj I lj T lx jx 
I 

~ "' :: - == [J [J [J p == p l + ••• = p + ••• 
lj lj Tl lx jx 

x/ In the following we choose the space parts of the polarization 
vectors as the coordinate axis • 

... 
14 



'l'he· structure functions defined here· are connected by- the relations 

il < ...... , .> -· < ...... , . > , - <... ... , > · a p,p ,qo =r a p,.p ,qo - r, p,p ,-qo ""·' 

(4.5) 
for a= T 

1
, T

2 
;L, TL<+> 

and 

- (-) '< ... ... • - (-)( ...... , ) - (-)( ...... , ' 
R T L p 'P ' q o) .. r TL p' p ' q o + r TL p' p · ' - q o ) = 

-<->< ...... 'I I>+~<->( ...... ' I I>· .. p TL p 'p ' q 0 p TL p' p ' - q O 

We see that R T/ RT
2

, RL 

is an even one. 
Integrating ( 4.1) over 

the following relations 

. where 

-(+) - (-) 
R TL are odd .functions of. q0 and R TL 

dq 
0 

and q 
0 

dq 
0 

. , respectively, we obtain 

(4.7) ' 
' ' 

. (4=.8)' 

The relations (4.7) and {4.8) 'are e~quivalent to the following ones 

.. 
(4.11a) 

.' 

(4.11b) : 

' ~ -
,!. f d q

0 
q 

0 
R ( p, p •, q 

0
) = C ( p, p ') 

1T 0 T.2 ' y y 
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..l'jdq q ii (ji,p.~q >=c (p .. ,Jl'> 
TT 0 . 0 0 L 0 e zz 

(4.11d) 

2 00 - (+) -
-.fdq q R (p-:ji',q 

0
) =C (p,p ')+C (p~p') 

TT 0 0 0 TL . X z zx 
(4.11e) 

Now we take the assuming a = J:L = fixed and 
Po 

{:). p:. 
/'-' =-;­

Po 
= fixed.· It is reasonable to expect that the following 

dimensionless quantities exist 

B (a,f3) . fim, p 
0 
B IJ (p, p ') (4.12) 

II 
Po .-P o -+oo 

a ,fJ ~ tfxed 

C II ( a , {3 ) = fi~ C IJ ( p~ ; ' ) , 
P0 .-p 0~ oo 

a .{3~ fixed 

(4.13) 

For the study of the high energy behaviour of the structure fun-
- q2 • · · . q X/ 

ctions we use also the variable w =- -
2 

which here ·is equal to- -2. • 
v . . 2p 0 

The high energy limit of our structure functions are found by that 

of the .lepton pair production st~ucture functions. Jn1
1

/ and 1
9

1 it 

is shown that these behave like 
2. 

p (s , q 2 , a, v.. ) -+ ~ F (a, f3 , w ) 
a . q2 a 

(+) (-) 
a = T 1 , T 2 ·, L , TL • , TL .. 

·when s, q
2

, V-+oo at fixed 
s w, and -- • This limit procedure is. 

2v 
equivalent to the <!ase- of p o' p; ->OO at fixed a an.d f3 • We 

2 
now assume that these limits also exist for space like q 

2 i.e. q ->-oo) 
,f ' -

and for ~egative a , p ~ and v • Then from crossing relation. 

in ,the forrp..: 

p ( u, q 2 , a , v ) = + P. ( s , q .2 , -a-v ) 
a -' , a ,." t .. , 

x/ We remember that the physical region of '" is' determined by 
0 < ;;:; < 1 in the case. of usual electroproduction. 
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we get the behaviour 

Cim 
u-+oo 

V,q2....,-oo -" 

-2 
- - 2 w· - . 
p (u,q ,a,v)=--F (-a,{3,w) :a~=T 1 ,T 2 ,L. 

a · 2 · a . .. q 

w,-:::::s fixed 
2V 

and. 

- 2 (+) 

Cim p ( u- · , q 2 , a, v ) == :- ~ F (-a, f3, w) b "'T L -
b q 2 b 

W, -"- :=::s fixed 
2v 

(4.14a) 

(4.14b) 

Thereby F (-a ,{3,o:i) must be understood as the analytic continuati()n 

of the functions F(a,f3•w) to the case of q 2 <0 and -p~<O ;i.e. 

to values of a<O .If we now apply these -limits to (4,11) an~ .sub­

stitute the ·variable w~- ..l&. we get the following sum rules 
. 2po . . 

• (<) * (-) -
_!_ J· d c.7 F · (- a , f3 , ~ ) == B (a , f3 ) - B (a , f3 ) 

11 ·TL xz · zx 
. ' (4.15a) 

(4.15b) 

* l w. - -
-.f dwfil F. (-a,f3,w )= C (a,f3) 
.11 rf T 2 . . . y y 

(4.15c) 

. w* 
.l f dW'c;iF (-a,f3.,w)= c- (a,f3) 

11 0 • L .· zz. 
(4.15d) 

2 w* - - <+> - -:--J dw w FTL(-a ,{3 ,w ) .. c . (a, f3) + C (a,f3 
TT · · xz zx 

(4.15~) 

where 
w* 
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V. The Test of Models 

Equal time commutators between space components of the elec­

tromagnetic current, which appear in the former section,· are highly .. 

' model dependent, and therefore can provide a test for different mo-

.dels. 
As it is well known, the '"gluon" quark model and the algebra 

of fields, respectively, give the .fol~owing vc;tlues for the commutators 

= 2 j 8 X) E Ilk tP y ~ y Q tP (quark model) (5.1a) 

[ J I ( ~' 0) ' J l (0)] l (
... - k 2 

0 . (algebra of fields) (5.1b) 

J
-8<~ltfrli(ya +ra -2ya8 l-

1 l l I ll 

... 2 
- 2 g ( y B + y B -2 y B 8 ) + 4 M 8 I Q t/1 

I l l I ll ll 

[J" 
1 
(;, 0) , J l (0) l = l ( quark model) . 

- . .· 8( x) C o.bJ : 1 (O) J b1(0)+ · C-numbers. ( alge~ra of fields). 

(5.2a) 

(5.2b) 

'- (-) 

From field ~lgebra we only can derive that in(4.15a) f, dw F TL = 0. 

Let us now consider the case of the quark model. 'I'he cur­

rents which appear on the right hand .sides of (5.1) and (5.2) can be 

written in this model schematically (we omit quark- and spin indices 

for simplicity) as 

• (5.3) 

+ + - k I ( "+ '> 
( ... '') b < -'') - <' ... ") r < ... , ) p p · x +a p . · p u p y

0
u p e + 

k !(''+'> 
+ b Cp , )a (p' ) v ( p , ) r y ~ v ( p , ) e - p p XI 
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k' r k . stands for y k y y 
5 

and 1, respectively, The. last two 

terms between the brackets create (or annihilate) only quark-anti+ 

quari<· pairs and thus contribute to the z -diagrams , so·. that we can 

neglect 'them. 

For the construction of the ingoing states in the ·quark picture · 

we suppose that we. can choose the so-called "model staten (i.e, the 

three- or two quark bound state without quark-antiquark pair e~ 

citation), This simplification is p_robably not too 1:-ad because all tl!i.e 

additional parts contain quark ·-antiquark pairs and thus also contri­

. bute as z -diagrams. 

For example, the pion + proton state can be represented in 

this idealized model as 

... ... ( p) ':! ... ... -> (7T) ... , ... ... ... 
!P(p ),rr(p')>,. !. ~ J (P;kpk 2,k 3 ) .f ( P ;K 1 ,K 2 )a+(k 1)x (5.4) 

PI' t2,"f<~K1 ,K 2 . P 

X a~ (k~an + (kg)a: (K 1 )~n +(K2)!0·> 

where the binding functions f<p) and · f <m contain app~opriate o -
functions expressing energy momentum conserv,ation.. 

·We now sandwich our current (5,3) with these states and use 

the known· anticommutation relations of creation and annihilation· op·e..; 

raters of the quark. With· the help . of the relations 

we get after some. algebra in our. limit the following relations 

Bxz (a,f:3):"-B zx(a,f:3) .. const 

.. 
C (a,{:3) =:C (a,{:3),.·const 

XX yy 

/C (a,{:3)=:0, 
zz 

19 

. (5,5) . 

(5~6) 

(5,7) 

(5~8). 



Thereby we have made the additionaJ,.-- assumption that in our limit 

( P z , -p ;->oo; Px p Y p ~ p; finite) the states are dominated by 

quark configurations With great z -components of the single quark 

momenta. 
From (4.15a) and (5,1) it follows that quark model and gauge 

field model can be distinguished in principle by mean5 of polarizati- · 

on experiments because of 

w* tonst (quark model) 
f dwF<-\-a,{3,w)= 

0 TL 

0 (field algebra) 

(5.9) 

From (5.7) and (5~8) we see that quark model predicts a large con­

tribution from transversally pola~ized virtual photons, in accordance 

with the conclusion of Callan and Grossfb/ for the case of usual 

electroproduction. 
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