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Abstract 

For describing the production of hadrons by two colliding 
photons, a general analysis of the vertex function is presented. 
As well, the quark/parton model is used. Thereby, the four- 
point-Greens function is considered as to be composed by two 
vertices and the complete Fermion propagator. Additional 
contributions are neglected. 

1. INTRODUCTION 

Because of interest to investigate the contribution of rates 
of the process n -+ hadrons in linear e+e- colliders by virtue 
of beam beam radiation, a general analysis of the underlying 
structure of the vertex function independent of any argument 
of perturbation theory is presented. The corresponding 4 point 
Greens function of the underlying process of w -+ hadrons is 
considered as to result from two vertex functions and the 
complete fermion propagator. Additional contributions of 
Feynman diagrams leading to one-particle irreducible 4 point 
Greens function are neglected. The general structure of the 
matrix element describing the Compton effect is determined 
by six functions (four form factors and two functions involved 
in the fermion propagator). In the vicinity of rhe parton mass 
shell, the two functions involved in the fermion propagator as 
usual exhibit the pole charcater. For establishing the matrix 
element of the underlying process of hadron production by 
two photons corresponding substitutions of 4 impulse 
variables are performed as motivated e.g. in quantum 
electrodynamics. 

2. SOME GENERAL REMARKS 

In order to describe the y-y -+ hadrons production process, 
for the following, general considerations with respect to the 
properties of the underlying matrix element are presented. At 
first, the basic structure of a vertex with one photon line and 
one fermion line at mass shell and one virtual fermion line is 
investigated. . w q”ark 
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Figure 1. Four point Greens function. 

Later on, the general 4 point Greens function [I] is 
considered as to be composed of two vertices and one 
complete fermion propagator, thereby from the outset 

neglecting all those contributions, which are 1 particle 
irreducible in the above mentioned Greens function. As well, 
the quark/parton [2], [31 model is used in the subsequent 
presentation. 

Figure 2. Four point Greens function without l-particle 
irreducibele contributions. 

3. GENERAL FERMION PROPAGATOR 

The most general structure of spinor matrix valued 
propagator function S(q) as a linear combination of the 16 
linear independent matrices 

i l~Y,~~~~:=~[Y,yB]~~~sy,.?; reads: I 
$(4’)= Qy+qd’)y, +cuP(qp)~*jj 0) 

from the outset negelecting parity-violating contributions 
(only strong and electromagnetic interaction). The scatar- 
valued, vector-valued, tensor-valued coefficient functions in 
(1) satisfy 

u(q”) = a(q2) ; PB(q’) = f(q2)q=fl + 
$4”) = b(q2)q”; + f( 42)4”4p 

(2) 

where a,b,c,c depend on q2 =q”q, only, thus ---I 

. z(q2) yAel*ng $= a(q*)ql-$q’) = 4-m(q*); 

Ak2) z(q’) = +n(q*) =-A 
B(q 1 fib21 

(3) 

by in addition taking into account ~*‘(q~)* a,, = 0 

because of the symmetry # and because of antisymmetry 
of a4 . The representation of $ in (3) is chosen such that 
immediately Lhe pole structure can be read off. Obviously, the 
introduction of appropriate functions 
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A= 
a(q*) b(q2) 

- $(q2)-!2(q2).q2 ;B= a’(q*)-b_2(q2).q2 t4) 

permits to shift Q into the denominator. In the vicinity of 
quark/parton mass shell, $ can be specified according to 

$=a+gb= 1 ; 
- - 4-mm?t 

(5) 

a(q)= mpM ; b(q)= q2 
1 

4*-m:, - - mparr 
where the usual renormalization procedure 

e = e,ji]i; i(m~w,):=i(m~,)i{l-$my(m~~)} 

has been used. (6) 

4. GENERAL VERTEX FUNCTION 

By neglecting parity violating contributions, the 
corresponding general representation of the vertex function W 
l-&S: 

lJ”(k,p)= ii’(k,p)l+qkQ,p)y, + 

+dP(k=p,p)qg 
(7 

where the coefficient functions 

;i”(k,p)=&” +bJ” 

i?‘“(k,p) = cq4’ln -I- dk’k” +&‘p” +fp”k” + gp’pn 

F@(k,p) = $q”“k” - q”“k”) +rz(q’“p” -q@p=) + 

=L k”.p”ka ( - k”pak”) + S(p’lpaka - p’pnka) (8) 

are determined by only eleven scalar valued functions 
depending on q* (note, that 

k2 = 0; p* = m*; k * p = 1 / 2(q* - m*}), thus yielding 

#‘(k,p)=&‘+bg’i- 

+ h 
I-I 

k%$ - k”d=) f n(p”$ - p%;] +(9) 

+ ckp (p”kaoaD - pPk”o,)} + 

+sp”(p”k%, -pak”oaB]. 

In electrodynamics, the relation k’&,(k) = 0 between 

photon wave number vector Pand polarisation vector .zr (k) 

as well as the relation pu(p)m.u(p) 

@‘(kp)=b” +{_cY’ +fp’t+gP’p)+ 

+ h 
I-1 

k%; -k”$}+ 

+n(PB$-Pw)+ 
(10) 

+g+‘(pakBa, -p”kaoap)} 

Finally, 

( p”kacra~ -pBk”cM)u(p)= i(-2km+2p. k)u(p) 

(pac$ - pa$)u(p) = i(2ygm- 2p’)u(p) 

permits to arrive at (11) 

ti’(kp)=g(k.p)p“ +b(k-p)y’+ 

+g(k.p)p’L+h(k.p)k%; 
(12) 

An additional transcription involving the transverse 

momentum vector q’ only, once more using k”EF = 0 as 
well, yields the result: 

#(q’) = a’(q2)q’ + b’(q*)y” + 

+ c0(q2)q’q + d’(g2)q%$ 
(13) 

being determined by at most four independent scalar valued 
functions. 

5. COMFTON SCATTERING 

The general matrix element of compton scattering of a 
photon y at a fermion (quark/parton) is described by 

M/i = (u(-p,)16,Y,,E;(K2)$(q)19P~~(~~)IU(P)) 

=U(-p2){a’(qZ){-~‘]+b’(q2)yv+ 

+c’(q2)qY~+~‘(q2)[-qB)(ra}. 

‘(q’) 
‘g-r+‘) 

.(a’(q’)q + b’(q*)Y’ ’ 

and is depicted in the following figure: 

K2;4K2);K22 =o,q,=--w?, =4 

Pl 

41 

42 = -q,q;=q:=q: 

K,;e;(K,);K: = 0 

Figure 3. Copton Scattering 
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It is a tedious algebraic calculation which also comprises 
identities of Dirac y matrices. In case of a known a,b the - - 
four newly introduced funtions can be transfom-red: 

(,‘,b’,,*,d’)~(A*,~*,C’,D’) 

ib aC*+bD“ . B’ c =---li _ _. 
2a 2a a*-q2b2 ’ - -- 

1 

u-9 

In the vicinity of the par-ton mass shell, evidently, the form 
factors can be expanded by using a Taylor series around 
q2 = rni, thus yielding 

~(-p,)={q’q’LImp.,.ri*+b~~~+id~P~~ 

+4yyp(a~& + b,‘e,’ +rnLciei) 

+ q ‘yp (-c& + b,‘6; + rn~,.,c,$~) 

+ qvqpq{& + idiii} 

+ q’q”c$((-ia,‘ld,’ - k$,’ - d,‘fi} 

+q~qao,‘((-ia,‘)~~+ic,‘lj,‘+d,‘~~} 

+q’~((-b,‘jlj,‘-rn:,id,‘~~) 

-ioi ((-bi >rjo’ - rni,,idg’(?i > 

+q”~;~~ y,y,( (-b;}d; + d,$,‘) 

(16) 

(16) 

-ig ”“q[{-ib,‘)ei + d,.~~}}%%FV(-pl > q2 -lrn2 
PO* 

& JKz ;2\ np “24 

1 PC 

4 -+ $ 

4 9 
3 

\G “! 2 K> 

Figure 4. Two Photons and ‘crossing’ 
In addition, taking into account the ‘crossing effect’, the 

total matrix element reads 

M kdd =!MJq;K,$,J2$*)+ 

+M(Q;K,,p,X,J72) 
(17) 

where Q=p,+K2 (see frg.) 

6. PARTON MODEL AND SUBSTITUTION 

By substitution (see fig.). 

Figure 5. ‘Substitution depicted 
which might be motivated by a corresponding mechanism in 
[3] and by using the par-ton model (see fig.) 

%f / K2 pi = &j+pf 

4 = Kl + CiPl jj.jq-=o, &lo 

Figure 6. Compton Process in the Par-ton Model 

the subsequent formula holds: 

I/ 
!M swch.pwm 

i 

7. SUMMARY 
Taking into account the most general anaylsis of the 

propagator and vertex function and using the ‘crossing 
symmetry’ permit to arrive at a model for describing ha&on 
production by two collding photons. The above-mentioned 
‘process rotation’ (substitution) is motivated firstly by the 
corresponding method in Q.E.D. (invariance of trace) and 
secondly by Ihe assumed additivity of the cross sections at the 
single partons, where usually the parton’s transversal 
momentum is small but sufficiently great in order to form an 
entire hadron in connection with the remaining and nearly 
parallelly flying partons. It should be emphasized that the 
pole structure in the matrix element (16) only exists if pr,kt 
or pt,ka (incoming momenta) lead IO the corresponding 
transfer momentum q=k,+pt, Q=kz+pt being in the vicinity 
of a par-ton/quark mass shell. As the quark masses are not 
equal for all of them, obviously, in the above-mentioned case, 
only the summand containing the pole term yields the main 
contribution. 
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