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

We consider the deep inelastic lepton ( [ -electron or muon)
scattering on a hadron .a { a »-proton or neutron) when in final state
the outgoing lepton and some: hadron a’ are detected

£ +a -+ [+ a” + "anything"
and "anything" indicates the sum over all other possible. hadrons.The
five structure functions- for this process are connected .with the elec-
tromaghetic ‘current commutators., By means of crossing we find the
corinection with' the process of lepton pair production in strong inter-
actions .
‘+a- L+ [+ “anything”

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

Communications of the Joint Inititute for Nuclear Research.

Dubna, 1969




1, Introduction

It has become clear that the study. of deep 1ne1ast1c processes"

: by usmg electromagnehc or weak currents as a probe ‘can give va~
' luable information about the structure of hadrons at hlgh energies
and large q?2 (t1me11ke or  spacelike),’ - ‘

Here we consider the process -of deep inelastic lepton-hadron

scattering with one hadron in’the final state "singled out

E+a » £ +a+ "anything" , ()

where Z denotes the lepton (electron or muoh); a. and a’ stand
for hadrons; "anything" indicatés the sum over all other ‘p.os'sible
. hadronic states WPﬁch are per"mitte_dﬁ by the conservation laws, Usu-
ally the tar'get__hadron a is a proton or a neutron; the outgoing had--
-rori‘ a’ may be a proton, antiproton, pion,. etc, e ,

By means of the crossmg propertxes of field theory this reac «~
tlon is closely connected with the process of lepton pair production

in deep inelastic hadron-hadron collisions
a’+ a sl +Z + "anytmng" PR (1 2)

It has been pomted out that both from the theoretxcal/ / and expe-

nmental/z/ 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
electromagnetic current commutators 1s obtamed Fmally, it is poin-
ted out how the different models for the constituents of the electromag- 1‘
netic current can be d1stmgulshed by means of these ETCR,

It is clear that the process (1.1) is a more general case of
the Usual electroproduction process, when in the final state only the-
scattered lepton is detected ‘ )
¢+ a - ¢ + "anything", (1.3)

.

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

has been treated in great detaii in the past two years, A survey

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

ple, in Bjorkens revLeW/ / Note that the connectlon of this process

with electron-posxtron anmh11at10n has been studxed recenﬂy by Drel}, -

Leyy and Yan/ /' in a special field-theorehcal model (see also/7/)
In section. II the kinematic. analysis is: . presented.. In sectionlll.
the connection with lepton pair productign is consxdered In sectionIV -
the relation between the high energy- limit of the structure functions
and current commutators is established. In the last sectlon V the

possible tests of quark and field algebra models are presented.

"2‘.__Kinematic AnalySis of Electroproduction Process with One
“Hadron Singled .Out ‘ ,
" we consiwder the deep melasuc scauering ot lepton (electron
or muon ) on a proton ‘ . .
' B 0+ P > 2 +n"" + anything" - (2.1)
in dependence of momentum and polarization of the 'scattere‘d lepterf

and of momentum of the outgoing hadron a’ , In the one photon .

approximation the kinematic conventions. are shown in Fig.1:
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a(P)

F‘1g.1 Kinematics: of lepton—hadron scattenng. 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 target hadron, p’ the four ‘momentum
of the smgled out hadron in final state, p . denotes

" the total four momentum of the remaining, Ahadrons'
q=k-<k’ is the four momentum of the v1rtua1 photon
with q %<0 in the physical region,

3,

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

R .
i N b

47a

T = q2> lrs;(k’)ylfua(k)’<p’,P-AoutlJ#(O)IP;’ ‘(2'2) .

fl

where J (x) is the operator of the electromagnetxc hadronic current,.
] The d1fferent1a1 cross section for the process when in the final sta-

te we . detect the momentum and polanzatxon of the outgomg lepton'
and the momentum of hadron a’ can be written in standard fashion

qs
) .(477(1)2 1 1 di:; d_’) _ i ‘
do = g AL = 2(;' P#,,(P'Pvq).iw(k',k'vs')(2-3)
.,4\/(pk)2—-m2mE‘ e @) : L , . '
o v:vher.'vey : !

-l



.

1+ys

jﬂv(k;k' )———Sp[yi‘(k ) Yy (k +'“IZ)—’"'_"_’]“
‘2‘ B
v (2.4)

T S AR AT K. L L © pwaf »

\ =k k7 +k k fzg +‘lm£€ an'B"

m is the ‘proton mass and m, is the lepton mass. The second

rank tensor § is given by
; uv

p— - o 3 Lo

—(,’,')=E'2 ‘s —p’=p )< 0)|pp, out><p’ t]J S

“PW PP q > @n)"8(p +q—p’—p ) p.(.]#(_)lp p, out <p.pA0ut|JV(0)lp>

Here the superscmpt e ’ denotes the omission of dlsconnected par'ts

of the matrix elements,
From current conservatxon it follows’ that q p u= ,uu V =0

- and from hern'utlc1ty we obtain the cond1txcn that the real part of the

. tensor must be sy'mmetmc under exchange - pev and the imaginary -

'part antlsy'mmetmc. These cond1t1ons, together with' pamty conserva- S

» t.lon, 1mp1y ‘that p can be expressed in the’ form

e

p (p.p’,q)=[7' (- g +—U-—-V)+ PP+ N :
pv o 1 pv q? P_ Ps # " (2.6)

+7 (PR 4 PV,P‘: Yeip (P#P-;-PVP#’).

where
T ’ » ' p . .q ; 4 ” p" q ; - ) \
P = - ——g P’ mp’ = = ] pas
[ ’pl"' qz qIJ' © pl“ B q? 'ql" : (2-7). 7

-

" The . p (i ..1 2,3, 4 5) are real funct1ons dependmg, on the four Lo-.

rentz—mvamant vamables wh1ch can be constructed from the foub-vec-



;.:v,‘t‘orsv“ P, p’ and q . A possible choice is the usual Mandel- .

‘ L X,
- stam .variables

- .2 2 2 . . -
s=(p+q) =m +q +2v,.v=0p,q

- - 2 . .

t; (p '-q) =A . . . : (2'8)
— 2 .2 2

ll==( '-p) =m+m'-2m€' t":—-pp .

‘and the square of the v1rtua1 photon mass q* . Here 'm’ is themass

' .of the fmal hadron,,(p w? "”’2‘).. The -usual condition

- - - 2. .2 2 2 R '
S t = :
ttru=m em Crq em? : L (2.9

‘is fulfilled, where m? =p? is the square of the invariant mass of the
- outgomg hadron system ("anythmg") The physical meaning of the
_additional variables v and ¢’ is best seen in the laborator'y sys-.
"tem (p=0) . Then v =mqy is proporhonal to the energy of the wvirtual
photon, € “=pg is the “energy of the outgomd hadron. It xs usefu.l

also to mtroduce the invariant & =- —pA ‘which is equal to . & =
S=q -p =p Sm and . thus represents the energy transfer in the labo-
- ratory frame. . ' . : o

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

‘tensors

. ' _ ; 2
& " ap 20(kk’ )~ 2|n;] +p, [200K) Gk +m? ] 4
ny _ - 2 -

- : 2 -
+pv3‘[2(p"k) (p.’k.’)+m’2—‘2'-] +p_[2(pk). (e ._k7+ (2.10)

. pvap o
+2(pk”)(p k)+(pp ya?l- g 28 mgt Mp#pu- an,B'

; .
R ’

*/ 3 We use. a bar to distinguish the Mandelstam vamab’les of the
crossed processes (see sec, III),
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Using this rela_tion' and (2.3) we find  the cro'ss'secti‘on in.the labcira-:

tory frame ' '

do 22 1K 1 N
. . -

d0,,dE’ 40,46 - q* K] 64 7m

LT
i W
g "% {pIZ(EE’— K icoso 2m2)+p mz(EE KK |c050+mz)

€

[ &

e — ' 2 . _," nd ' ' - -

o +%[2EE'6' - 2E 6'lp'-Hk’[cost/l"—ZE'@'Ip'Hklcost/l+
. . 3 » * ) R ' .

: -,02, 300 PO TR !
+21p "1kllk*| costy costf’+m ('mz—EE+lHlk'!c050)]+

:(2.11)
+',z74 2m (EE * & -E Ip" 11 %] cpsgb'; E*|7/1IF | cosys+ EKIK" | cosb4m 46 )

123
. . . .

2mmz|p ‘[s (|k!smt/lsm¢c-—]k | smt/lslnchos 8)+ . \
8 ; (Ik'l 'ginl/l,cos(ﬁ cos@ —“c'l COS!/I sin @ —|T( | sin tyscosd )
sz' ﬁ(' | sin l/lsin¢sin0“ ‘

\mth\angles 6 U P ¢ defined accordmg to fig,2 and. with
- E E’ &’ denotmg‘ the energies of the .leptons and the final had-’
‘ron, respectlvely. . :
1 ° Obwviously, the structure functlon P 5 can be found only by po-‘
({ larization expemments. If we detect the polamzahon of the ingoing’
lepton and sumover the polarlzatxon of the outgoing one we have the-
. ‘same formula (2.11) only with an addxtlonal factor 2 and with s’
replaced by s (the spm wvector of the mgomg lepton) r



X .
Fig.2. Definition of the angles in'the laboratory frame,
" lies in the xz -plane, ¢’ is the angle between
k’ and: p’, Note .that the angles; are connected
- bv the relation  cosd ‘= cost cos O +sint sinf cos .

If we neglected the lepton mass - (mz = ) and the mass of the

‘ smgIe outgomg hadron (m ~0) ‘this forrﬁd.la greatl'y simplifies to

. 2
do @ ETE g
’ ' = Z.. ; [pl 2sin 2 45 m %cos 20 4
40, dE* dQ, 46 9%  82r'm 2 e (2.12)
K g . . p ; . A . : b .
- 2 2 Y ‘ .
; +p»34@’ sin 2—2 sm2—2-+p m&’ (1+c030—co:~.t,/—cos¢ )1

with ' : ‘ -

' 2 5 ,
2=(k—k’) =;2m§.2.EE'+24k||k’|cos(;v_.;,_41*:1~:"si.12_0- -

Comparlson with the correspondmg formu.lae of ordmary electropro-
‘duction (see e.g.,/ /3 is stra1ghtforward R A o :
Lo Another form for the cross section 1s obtamed 1f we expand-
' the hadroruc tensor' ’ p-;w by ‘means of polarlzatxon vectors of the‘
' v1rtua1 photon, as has been dmne for the crossed process of lepton
pair pr‘oductxon “in- 11/, R S s e

The longltudmal and the two transverse polar1zat10n vectors

.are défined by



[ y-P? L .
o’ P o, PP’ |
e Vay - (P, - =—P,) (2.13)
¢ (PP')2 - 2P»2 B R P K E ¢ R
. (TP 1 - 1 e SN
€ = p.yhp PVP q P .

—_ €
#4 an \/(pp.')a -—m%n"’ ?

3
1} . .

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

conditions : ‘ .
‘(;)‘\qﬂ -0 ' a=T; T,.L . - . (2';14)
D W, e 9,9, e
3 e™e N B e (2.15)
nxT!.TiL"". v [ 4 q2 . )

Usiﬁg these polarization vectors we can repreSent'p_#v in the form

-~

- ; LTy o (Tmy (W) w B
p'w.(p,p.q)=p're#e P € ¢ *p_€ € +
. v v . v !
L s ¥ R (2.16)
- (T W) (T (W) —y, (TP (LY  (Tp (LI '
+7P (e L S R P P R 0 Ye e P,
TL g V. L TL KV vop

P - O N s ’
where the structure functions P, (a=T, ,T,L,TL ,TL 3(whlc;h,‘ of co-

_urse, also depend on q?,5,0, 5 ) are connected with our former

structure functions g, ( 1=1,23,4,5) by

Py =Fa, L
I TS 5 LN 1 ) 4 T
R AT (py =P p - —m——r )

-~ Ll e e armusaary g »
T e Lep )t T T e e f T

10 ~ o



P o= ———————(p . -5 ) t .
Py _ppe? T1 | Ty
' o pp - _ o

LA . - ;-:)~+ i, ~p, )

. m PPIZ_'_(PP;)2 1 g )

\/IP P —(l?? ) oo T S (2.17)

- 1y

p =

5

p .
——— CTL
vE'Ps Tppy T

The formfactors 'p‘l (i =1,2,3,4,5) are suitable from the experimental

. - : PN CY (=)
point of view, while the structure, functions épa(_a =,=,T,1,,T 2 L, . ., TL )

are more convenient for theoretical considerations (see section V).

Il 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 lép- ‘
ton-pair production in deep inelastic hadron-hadron collision | ’
5/_,_ a - ;}’\* + "anything" ST (3.1)
£re= : A

which is shown in

(08

Fig.3. Kinematics of lepton-pair production, In this case q?
is time like (¢°>0)in the physical region, '

-~

11.



* This process ‘has ‘been theoreticaily studied ln/ 1 and some preli- -

mmar'y expemmental data were reported in/2/ The 'hadronic part of
the(process 'is described by the tensor. :

' . , —-— 4 , o id . ) R . B ° .
P ”V(,p,p ,q)=‘.§ (27) 3(p+p -»q-p.A)<pp in!J”(0)‘Aoul><A0ul‘JV(0)lp,p',«in;.‘)
which can be expanded in analogy. with (2.6) In the form

Y : ' ~ ;
=p (= Aty _ »p , PR . )
P#v p‘( Bt o )\+p2P#Pv+%__P”PV +p4(‘P#P‘v’ +PVP# )+|p5v(P#PV -PV:E’#;=

o &7, (T,ip’ [y ap ) @ ‘ ARSI R
= € - + € € + € €
T, f ¥ Tg BV Pr u v Pru g ov o € ’ *  (3.3p)
T+ ipE e (L) (TPe LYy, -
) TL pgoove v u

The structure funct1ons P,( i =12345) and p,(a= T, Tz,'L ,

L(+), (+)) depend agam on the four lmearly independent Lorentz
scalars, constructed from p , p° and q‘ The Mandelstam vamab—

les here have the form
. \2 o : ' ‘
,VS=(P+,P )Y Lr=(p -q)? u={(p—q 2oL s (3.4)

Ordinary reduction techniques yield the following cormection béetween

matrix elements

L)

<alp)in| ‘J ©la’(p?),A out §=< in a (p)a "(-p)| ;]# (0) IA out>0 . (3.5)
We want to remark that a (—p )represents the antiparhcle to a’

with momentum ' -p’ and with unphy51ca1 energy -p (p >0 ) The-
“réfore the mght-hand side of eq. (3. 5) has no physucal meaning,
It can only be understood as the analy‘uc continuation of the fun-
‘ ctlon Zlm fdx f* (x) a -<a(p)|q)*(x)J (0)‘Aoul>(wh1ch has a physmal ‘mean-
ing only for p0>0 representing, then the matrix element
<ina(pla’ (p )I.l# (0)] A out > ) to negative values of Py e,

Using ea. (3.5) we get the crossing relation

P fpepia)=p, b.—p"~a). R (‘3-6)

12 -




.; This Imp'liés theffo].lowingv relation be.tweheri the structure functions

"— : 2 , ;"‘ ) ‘) " N ‘ . : ’
o appipane a) =p (¢%,—pp"=Pq.p’q) i=1230 T, ,T,,L

_ - : (3.7)
o= 2 -, . 2 ’ ’, C (t)
> P_l_(q PP S pPg,pq)== p;Ca ,-pp’ -pq,p7q) 'i=45 or TL .. . :
Expressed in Mandelstam variables. this reads:
CF et S NE)=p (et iuts)  i=l28 or T, T, . L
e o : ' - (3.8)
- 2 .= - 2 — - . ' : (t)
pi(q _,s.t,u)=—pl(q',u:.ts) i=4,5 or TL

~ .°IV. Current Commutators and Structure Functions in the High
: .Ener‘gy/' Limit ~
" Let us now consider the expression

ﬁ#u(PvP “q)= [dx e’qx (a(P)’a’(_p’)in ‘[.].#(X)q..lv(())]la(p)"; '(—P')ln; -
| B Lo | (4.0
.( =;#V(Pvp ”q)_Fu#(p'P’o—q) IR

and divide ‘;#V‘ into connected and disconnected parts in the follow-
ing way ( . . '

;#pr. P % q) =f dxequ<a(p)é-"(—p')in l .]# (vrx).ll; ©)] afpla '(-fp ')in‘>° =
| =§A (2m) 5 (p+q—p’-p A)»(a(P)‘a"'(—p")in|J”(0)lA9u1><Aoul]'JV(Q)|n(p)a;(-p')in>='.

2)

( =i:(2n) 48 (p+q—p ~p D<alp)a(=p in| 1,0 Aout><Aout|J S0 ﬁ(jla)ﬁ'f(fp ) indt

+ weakly =p (p,pq )+p_~ p,p %q), :
- connected -~ KV . P, Y g P . :

parts - . . iy g e

13
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where .the, superscrlpt in-.the sum'd‘enotes that we. disrega'rd the

completely disconnected parts n v is the completely connected part '

involved' in the defmltlon of the cross. sectlon and defmed by (2 6); .

%‘w represents the weakly connected parts which correspond to
the contribution of the so-called 'z -dlagrams and W‘thh we neglect
here, The omitting of these weakly connected parts foots ‘on the same’ :
reasons as in / 1/ ‘ . ‘

We now use the unphys1ca1 rest frame of the wvirtual photon
where q=0 . In this frame only space components of the gauge in-
variant tensors are nonzero and therefore the decompositions (2,6)

and (2.11) take the form = o

P =p & +p puv+Fpp  +F (pp 4pp’)+ip (b -ppl=
.2 i AR T B | 4 i i b] i ] 1 ] i o1

" (8.3)

- - ~=(+)
=pT281x8’x‘ +pT28ly 8, +p L 5128’z‘+p (6 " 8}2 +8;x ) lz_) +
+i-ﬁ""’(a 5 -85 6 ). '
ix iz ix iz i
v . o N °
It is obwous that the quantltles R , "—1 , and p. can be expanded

ina similar way.

Ru=Rl8” + . =RT'8“8’X + e
. . (4.4)
'u='|8u+ ‘='T181x8:x+ :
= = ' I
=p b we=p O .
P” P' 1j +_‘ pT ixﬁix * \

x/ In  the following we choose the space parts of the polamzatlon
vectors as the coordinate axis. .

14




S The- structure funct1ons defmed here are connected by- the relahons

...(-.-,

R, (3.3 %4, )=F (p Vag) = —4, )==

U (4.5)

= ¢ 0»)5‘,(5._3';tqol>+e (=4 )P, &b ’,'—l«iol_) for a=T, T, L, TL®

and -

(=, =, -, L, )

RTL(p.p .qo)_=r‘TL( P g )+rTL(p,p _q0g)=h o

(4.6)
._(-) (=)= >, .
(pﬁ’lql)ﬂo (p-p,—lqol) '

» - - o )
We see that R 1, y Ry R(;;J are odd functions of 9, and Ry,

is anh even one. _ .
' .. Integrating (4.2) over dq , and 9, dvqo‘ » respectively, we obtain

. the following relations

Lo = L., - . - ,
5oL dao R (P ag)=iB,, (£ F7) (a7)
L - b, D aa, (4‘85
o d ’ 9. = ’ . . o€

2”_fm‘?lo qu,,( Pha) Cu(pp) . )

B, (7,8")=-if d_';z <a(p)a ‘(-p in [[J,(%,0), J, @1} a(p)a"(=p Nin>(4.9)
C (7)== 4 42<a(p)d(p in 1T, G 0),J,@]]a(p)3 (—pin{4,10)

The relations (4.7) and (4.8) ‘are equivalent to the following onesi

2 0= = (=), > =, - - T e s, o X -
:r-{ quRTL(p,p ' qo)‘g,sz(p'p )—szx (p,p ) (4'.11‘5')
1 et » i -D'-.“‘ = ‘_._.’ - . V X Y
) dga R (ppia)=C  (F¢7) R ‘(4-v11b)>
1 Py = > r - ~ . "I" Y . . . N .
ad d“'o“oB‘T_z(‘,’"’ a,)=C_ (pp ") - . (4:11¢)

15



1':vm ‘D > >, A S ‘ ' .
-;-of dg g R (p,p 4 )=§ (93" . - (4.11d)

0 0 L 0 zz
' 92 -, = - >, = e, . V
e ”lof’dqoqoﬂ PP ha ) =C xz(p.'p )+C_(pip”) E (4.11€)
- Now we take the limit p, ,—po’-»ao assuming a = Po_ . fixed and
# ' ° R
B =tz pz = fixed, It is reasonable to expect that the followmg Ll
A dlmensmn.less quanhhes exist ‘
: = e (a2
B”(a.,B) = ,me’ poB” (p’.p‘ )y i ( )
Do Dt 4 o"N
- a3 = fxed
C“ (e.B). = tim C'“ (h,p 7). . T (4.13)

Pyr=P g™ ™
a.fB= tixed
A

F‘or the study of the high energy behawour of the structure fun-

x/

ctlons we use also the vamable @ == T whxch here ‘is equal to-—- L

v 2Po
’I‘he high energ,y lumt of our structure functlons are found by that

of the lepton pair production structure functions, In'Y and /8/ it

-

cis shown that these behave like . ] : o

(=
FICRE )a—F (a.8,0) a =T, T, L, LN, L
pr |

~ when s,q° ,vox at fixed o and -;— . This limit procedure is.

B . v | < . w

S equivalent to the cdase of p, p, - at fixed a and g ., We
k now assume that these limits also exist for spacehke q? 1.e. q —»-oa)

and for negatlve a,p (; and v o, Then from crossmg relation. ~

- ingthe form..

2 —a-v)
a T

P ({,"q?!ﬁa,u): _.tp'a.‘(s’q

7 We remember that: the phy51ca1 reglon of @ 1s determmed by
0< @ <1 - in the case of usual electroproduchon.

16



- .we get the behaviour

tim p (F,q%,a,v)= ; a,B,6) &=T,,T,,L.
u o0 2 : S q o : R ‘ . »
v ,q 220 oo : ' s ‘(‘4'146')
a).-:-z fl.xed
2v
and . ' o,
s - o
i . T ] == ——"F - N b = L ~ '
:me p lu q% ya,v)= r (-a, B, ©) T (4.145)

vV, qz-b “—— OO

@, —— s fixed

2y

Thereby F(-qa ,/3,5,') must be understood as the analytic continuation
of the functions F(a,B'w ) to the case of q2<0 and —pj<0 e,
to values of @<0 If we now apply these limits to (4,11) and sub—

stitute the variable w=- 0 we get the followmg sum rules

2p, , -
ot =) - .

1 o, (-a @ )= a - B a ‘ . 4,15
—J doF (-ap,0)=B (a,)-B I ,;3) e (4.15a)
L1453 F, (-aB.0)=C, (aB) L (easy)

0 ' 1 ' o , ‘

: ”i;‘)fda.&) F_Tg—a;ﬁ,;) )‘=, .C—.yy(a'B ) ‘ . ‘; . 7 (4:-15C) )
LrasaF, («.8.5)- € _”(q.-/s) B o (gasd)
-_ar do @ FTL("a’B (a B)+ (a’B ) " | ‘(4"1563)‘,

where ‘w.* ;_ Po=Bl (1_a)
I Zp, 2

0



V. ’I‘he ’I‘est of Models

Equal time commutators between space components of the elec-

tromagnehc current which appear in the former section,’ are highly . -

> model dependent, and therefore can prov1de a test for dlfferent mo-
"~ dels, . ) v .
As it is well known, the "gluon" quark model and the ‘algebra_

of fields, respectively, glve the followmg values for the commutators

3 [J _(_’, ) j,'(o)] 2.a(x)s”k¢y5 y Q |,[r (quark model) (5 1a)
i Xy 1y =

0 : (algebra of fields) - (5.1b) :

[_5(%) ¢ {1(}/ a +y, 6’-2—;15’5”‘)—

_2g(yB vy B 258 5 )¥aM 8 107y (5.20)
@[J'i(;,O).;lj(O)]?’wJ - (quark model) - o |
e )c,bJ 10+ C—numbers(algebrﬂof fields).

L b o R f§" (5.2b)

e

From field algebra we only ‘can derive that m(4 15a) f 43 F

' Let us now consider the case of the . quark model, The cur-
rents which appear on the right hand sides of (5.1) and (5 2) can be
. wrxtten in this model schematlcally (we omit quark- and. spm indices
for simplicity) as

D 0 [ f (*")a(p W@ e
' 2 Vangze s, o |
CAEWTEITEIT VG e e (63

l(p”+p')x

TR >\ - ‘—y,‘,’ k -,
sat (BB EIT GOT y,ulp e

~1¢p "% p Ix

+b(*")a(p )¢ (3T “y v(Ee }
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v‘l"kk~ .stands for ¥ k, ' yk.y‘,’ and 1, respectively, The last two
terms between the brackets create. (or annihilate) only q‘&a'r"k-aﬁtié
quark: pairs and thus contnbute to the z —d1agrams , so.that we can
neglect ‘them, ‘ ‘ '
. For the constructlon of the ingoing states in the ‘quark picture -
’ we suppose that we can choose the so-called "model state". (l.e. the
three- or two: quark bound state without quark-antiquark pair ex-
citation), This Smehﬁcatlon is probably not too kad because all the -
-additional parts contain quark ~antiquark pairs and thus also contri- _
~bute as -z -dlagrams.
~ BFor example, the pion + proton state can be represented ih
this idealized model as
PG )>= 3 2 1°(
eie | K‘l,ﬂg.'fca’f(l'xz ;
xat (Kpa,* (Epa ¥ R )b KOS . .

where the bmdmg functions [@ and [ contain appropnate 6 =~

-) -» (m)

K Ka Ka) 1B K Ko)at @)= (5.9)

'UA;

functions expressing energy momentum conservahon.

"We now sandwich our current (5.3) with these states and use
the known' anticommutation ‘relations - of creation and annihilation- ope-'
rators of the quark, With the help . of the relations

)

- M .
u'(p)u (p )=—238, _ .
s . po .
>k - ) .-
u ,(P))’ .us(p)‘_-iaasl' ) ‘ E (5.5)
—- ¢\ _k p (‘;'T’)ss'v M k
Ry w ekt CBlesl Mok,
c o8 MR L] . Po p0+M' p s8 .

we get after some. algebra in our limit the follevving relations -

\

. B (a,B) =- B z;(a.,ﬂ ) =’c_onst ‘ ' ‘. : ‘ (5.6)
C XX (a9B ) = Cryyl(a ,B) =.COI_lst o (5.7)
L @m=0 e (s




_-: Thereby we. have made the addltLonal assumpt1on that in our 11m1t‘

,

p, —pz—»m;" PP, P py' f1n1te) the states are dommated by

' quark configurations With great .z -components of the smgle .quark

momenta,
From (4.158) and (5. 1) it follows that quark model and gauge
field model can be dlst1ngu1shed in pr1nc1p1e by means of polar1zat1-v

on experlments because of

N _ Jeonst (quark model)
fd el o (5.9
0 (field algebra) '

From (5 7) -and (5 8) we see that quark model predicts a large con-
tribution from transversally polarlzed virtual photons, in accordance

with the conclusmn of Callan and Gross/b/ for the case of usual

e1ectroproduct1on.
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