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It is well known that measuring the processes 

e e .... e e ( fl. fl. ) + hadrons (I) 

·. . . . . . /1,2,3/ 
we can study the imaginary part of the forward photon-photon scattering amplitude . 
This imaginary part of the forward photon-photon scattering amplitude can be given as a 
symmetric, gauge-invariant Lorentz tensorwfLVAfq

1
, q

2
) which (assuming p, T ·PT 

in variance) can be expanded in terms of 8 invariant functions ( l ,f, 0 , see/ 1 /and/ 4 1) . . 
, , i 

fl.VfL'v' I fl.Vfl.V( )W ( 2 2 ) 
W . ( q 1 ' q 2 ) = 

8 
E a q 1 ' q 2 a q 1 ' q 2 ' q 1 q 2 ,(2) ' 

where q 1 ( q 2 ) is the momentum, J1. and IL ' ( v, v ')are the Lorentz indices of the first 
(second) virtual photon. 

· From the positivity of the cross se~tions we obtain that 

* Wfl.VAa ( 
c q1' q 2 ) c A a ~ 0 (3) 
fl.V 

for arbitrary choices of t~e c~efficients c J1. 11 • This implies that the W fl. 11
; a matrices 

must have non-negative eigenvalues. Taking into accountthatthe matrix wfL 11• a is gauge
invariant we have to diagonalize only a 9x9 submatrix (the zero components can be 
eliminated). . 

. Using the helicity basis I 1 •41 

fl.Vfl. 'v' 
E(TT) 

T 

(~a) 

(4b) 
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Ep.vp.'v'= R p.v Rp. 'v '_ 
(TT) 

a 

R p.v R p. 'v 

p.' 

.E p.vp. 'v , 

ST 
------R vv 
Q~ QI 

E p.vp. 'v, 

TS 

2 
QI 

v v, 
Q2 Q 2 p.p. 
--R 
Q2 

2 

(4c) 

(4e) 

Ep..vp.'v; Ep.vp.'v' 
(TS)

7 
. (TS)

7 

--======= ( Q p. Q v R p.v + Q p. Q v. R p. 'v' ) ( 4f) 
· I 2 I 2 ' 

1 

a v Q2 Q2 
I 2 

1 ' , Jl 'v ·,. , , 
-- ( Q p.Qv R + Qp.Qv Rp.v ) (4g) 
-- I2 I2 ,, 

E p.vp.v:_ Ep.vp.'v' 
(TS) (TS) 

T 

where 

ra 

Ep.vp.'v' 

·SS 

v Q2 ·Q2 
I 2 

1 ' Qp. p., . 
Q2 Q 2 I Q i Q v Q v 

I 2 2 2 

(4h) 

f..LV f..LV 1 V 2 
q~ q~ q~- v (q~ q·~ + q~ q;)], (5a) R =- g --- [ qP. q q + 

2 I I 2 
1 

Qf..L=qf..L-~qf..L Qv v v ·v 
Q 0 , (5b) = q --- q , q = I 2 I ' 2 I 2 2 i i q2 q 

I 2 

12 = 2 2 2 
v = q I q 2 , v - q I q 2 (5c) 

it is easy to diagonalize the matrix W ij k f . We have obtained that the positivity re
striction (3) gives the following and only the following inequalities 

W >-1-(W +Wa J 
TT- 2 TT TT · 

4 

> 1 

- 2 
WT 

TT (6a) 

• 

If 
1.\ 

!1: 
1} 

_...::-··-

( w ( w 
SS TT 

+ w 
T 

( w w 
TS S 

• . 2 w ' ·szgn q 
I S T 

• 2 • 
where . c = szg n q I . · sz1 

We not€ the following: 
i) The sign factors· in ( 

functions as follows 
2 2 -

wss- qi q2 wss' 

w 

For the process (I) c = 
ii) From the inequaliti 

and c W ss > 0 • 
iii) Measuring_ the oro.c 

tions w a and W 7 
a cai 

·lities TT TT 

1 w > 
TT- 2 

( W SS W TT + 

will be useful in. estimating 
iv) If the sea-gull con 

saturate. 
It is a pleasure to tha 

(K.Z.) is indebted to Dr. F.NiE 



(4c) 

(4e) 

, , If fl. Qv. RfLV ) , (4f) 
1 2 ll 

"" , , 
0 v RJl.V 

2 
) ,, (4g) 

(4h) 

? q = 0 , (5b) ll i 
·u 

2 2 
II 

IJ 

1 q2 (5c) 

tained that the positivity re-
es 

'T l , ' (6a) 

r 
cW (W + w + ss TT TT 

( w w > 
TS ST 

·sinn q 2 W < 0 6 1 S T-

r r a 
( W a w w ) > ( + 

TS TS 

( 

TT 

r a-
(W 

TS 

2 sign q 
2 

l, W r 
TS 

w < 0 , 
TS -

2 
) (6b) 

(6c) 

(6d) 

• 2 "n 2 where f = stg n q 1 · sto n q 
. .,2 .: 

We note the following: 
i) The sign factors in (6b,c,d) appear because of the kinematic zeros of the structure 

functions as follows 

q2 q2 2 2 -
wss - w ss WST - q1 WST W TS- q2 w 1 2 TS 

r r (7) 
W a - v q2 q2 W a 

TS 1 2 TS 

For the process (1) f = 1 a . 

ii) From the inequalities (6) we can derive the trivial conditions that W T T > W T T 
and f W ss > 0 • . 

iii) Measuring_ the process (1) with unpolarized electron beams, the structure func-
tions w a and W r a can not be determined, therefore in practice only the inequa-
lities TT TT 

1 w > 
TT- 2 

( W SS W TT 

wr l 
TT 

+. _1_ W W ) > ( WTrS ) 2 
TS ST 

(Sa) 

(8b) 
2 r .r 

will be useful in estimating the size of the structure functions W T T and W T s . 
iv) If the sea-gull contributions are important (see I 4 I), the inequality (6a) will 

saturate. 
It is a pleasure to thank Prof. R.M.Muradyan for comments and one of the authors 

(K.Z.) is indebted to Dr. F.Niedermayer for a helpful discussion. 
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