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The fundamental process of light-light scattering 

is related to .non-linear quantum electrodynamic effects 

/1/ that·violate the classical Maxwell's electrodynamics. 

For the first time .this process has oeen mentioned in 

the vavilov's paper 121. Detailed investigation of the 

elastic scattering of light by light has oeen carried out 

in works /3-5/. In the case consider~d the cross section 

of the process increases as the sixth power of energy,· 

reaches' the maximum ("' lo-31 em 
2 

} in the 1 MeV region 

and rapidly falls for larger energies. It is characteris­

tic that in the region of possible hadron intermediate 

states this cross section becomes small. 

Resonant scattering of light by light through strong­

ly interacting intermediate particles ( rr
0

• TJ 0 , X 0 and 
other) 161 is large ( lo-26 - lo-27 em 

2 
} , but only 

in a very narrGw energy regions. 

Therefore it is very interesting to investigate the 

contribution from the continuous spectrum of two pion 

intermediate state and to compare it with the resonant 

light-light scattering. 
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In the present paper making use of dispersion rc:!la­

tions, the lowest s and d partial waves of the reaction · 

·yy ... y·y are calculated from the partial waves of the 

process Y·Y ... 1717 obtained in paper I 71. 
Let us introduce the relativistic amplitudes ( in 

the c .m. s.) 'T af3·yo ( t, cos ¢ t ) of the light-light 

scattering with given transversal polarizations: 

i 1 (4) a f3 y B 
.<2y'!s!2y>=--

2
--2 B (k+k~-q-q')Tf3 0 (t,cos¢)E (k)E (k?E (q)E (q') 

(217) 4 k 
0 

a Y t 

... ... 
Here k =(k ,k), k' = (k',k') 

0 0 and q = (qo,q), q'=(q~,q') 

are 4-momenta of the·initial and the final photons; 

2 
t = 4k 0 ; k = k' = q = q, ; 

0 0 0 0 

¢t is the scattering angle; a, f3, Y• B take two values 

x,y • We expand the amplitudes of the process in partial 

waves and write for s and d waves of the reaction 

·n .. yy two-particle unitary condition with the two­

pion intermediate state (in the ·y·y .. 1717 process only 

even values of relative orbital momentum are present) : 

f 
]mT f3 " (t) . a ·Yu l 

1 J. 41l · (T)* (T) 
- 1 - --

17
- :$ 'T (t) T (t} 

3217 t af3 l yo l 
T=o.2 

0.) 

(T) 

where T af3 (t) z 

with isospin 

are amplitudes of the reaction ·YY .. 17 17 

T 'described in the works /7,B/. 
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Later amplitudes T(T) (t} 
af3 l 

were nori 

according to Thompson's limit. Let us use these 

fized partial waves to determine the imaginary 1 

the yy .. yy amplitude. We demand the cross sec 

light by 'light scattering to tend to zero for t 

Then the .real part of the yy .. yy amplitude caJ 

culated from the dispersion relation with one 51 

. Re'T af3yo (t}
1 17 

00 

P r 
2 

411-17 

J m Ta f3·yo( t') l 
dt, . 

t'(t'- t) 

One can obtain the contribution of the two· 

intermediate state to the cross sections of s 

waves for reaction yy ... ·YY confining to the re: 

(1) and (2) only and not taking account of the < 

contributions from the one-particle intermediate 

and the left-hand cuts. 

The formula for the partial cross aection l 

form 
(2l +1) , 

1 * aa 
T (t) T (t} e (kJ' 

af3yo I a'f3~y'o' l 
a 

YY ... ·w ( t) l = 
1617 

f3f3' r-r' BB' . 
x e (k') e (q) e (q'), 

, 
a a 

where e (k) are the photon polarization dens: 

rices .The calculations were performed for white 
. f th . aa'· 1 " aa' d J...e. or e case e =y u an so on. 

5 



1f ·dispersion rela­
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ll y 

Later amplitudes T (TJ (t} were normalized 
a{3 I 

according to Thompson's limit. Let us use these norma­

lized partial waves to determine the imaginary part of 

the yy ... yy amplitude. We demand the cross section of 

light by light scattering to tend to zero for t ... o • 
Then the .real part of the . "' yy ... yy amplJ.tude can be cal-

culated from the dispersion relation with one subtraction: 

00 

ReT a{3yo (t)
1 1T 

fm T a .,(t') 
a ,..,·yu I 

t'(t'- t) 

d t, . (2) 

One can obtain the contribution o:f the two-pion 

intermediate state to the cross sections of s and d 

waves for reaction yy ... ·YY confining to the relations 

(1) and (2) only and not taking account of the additive 

contributions from the one-particle intermediate states 

and the left-hand cuts. 

The formula for the partial cross section has the 

form 
(2l +1} 1 * aa' 

16rr Ta{3yo (t)z T a'{3~y'o'(t)z e (k) x 

/3/3' n aa' 
x e (k') e (q) e (q'), 

where e 

, 
aa · 

(k} are the photon polarization density mat-

rices .The calculations were performed for white light 
i.e. for the case e aa' = i o aa' and so on. 

5 



Earlie'r we got s and d waves of yy-+ 1111 process 

and present:ed two solutions for s ·wave corresponding to 

the known "down" and "down-up" experimental sets of a: 
phase shift of the 11 11 -scattering /7/. These amplitudes 

were used a·s the basis of the calculations of ·s and d 

waves {see Fig. 1 and Fig. 2, respectively) of the light­

light scattering {dotted curves correspond to the thres­

hold. variati~ns of the 8 ~ phase shift of the 11_!7 -scat­

tering in the way it was described in papers 17 / ) • s 

wave cross .section connected with the "down-up" ·s wave 

solution ·for yy -+ 1111 reaction exhibits the resonance 

behaviour in the a -meson and the S* -meson regions. For 

the "down" wave the a -resonance transforms into broad 

distribution. Dotted variations in the threshold behaviour 

of the cross sections correspond to the 8: 1111 -scat­

tering phase shift variations {in the region of experi-

mental values) • 

Cross section for a wave of ·Y·Y -+ ·YY process is 

small at the threshold if compared with the s wave cross 

section, but in the region of the f ~eson it grows ra­

pidly and gives the contribution as large as s wave. 

Comparison of these cross sections with the results 

of work /5/ shows that in the energy region ~ 2~ , M 11 a 

the contribution of the processes with two pion interme-

diate states to the cross section of the li9ht-light 

scattering dominates. 

6 

In conclusion .we express our deep gratitude 

D.V. Shirkov, R.M. Muradyan and z. Kunszt for dj 

References .. 

1. P.P. Kane, G.Basavaraju. Rev.Mod.Phys., 39, ~ 

2. S.I. Vavilov, Zh.Russ. Phys.Chem., Phys.Sect. 
1590 {1928)~ . . . 

3. A. Ahiezer. Sow. Phys. i 11, 263 (1937). 

4. H. Euler. Arin. d. Phy~., 26, 398 (1936). 

5. R.Karplus, M.Neuman. Phys.Rev. ,·-a-a, 380 (1951 
-83' 776 (1951) • -. 

6. z. Ku~szt, R.M.· Muradyan, V.M. Ter-Antonyan. 
E2-5424, Dubna (1970) • ·· 

7. n.C.Hcaea, B.H.XneC.KOB. 011fll1, P2-6333, ny6Ha (1972). 

8. P.S.Isaev, V.I.Khleskov.. JINR, E2-6160, Dubn< 

Received by Publishing nepal 
· on May 23, 1972. 

'. 

7 



s of·· Y·Y .. "" process 
wave corresponding to 

erimental sets. of 8 ° 
·. . ' . ' 0 

g 171. These amplitudes 

ulations of ·s and d 

ectively) of the light­

rrespond to the thres­

shift of the ".'!T -scat-
in papers /7 l ) . s 

the "down-up" ·s wave 

hibits the resonance 

S* -meson regions. For 

transforms into broad 

·the threshold behaviour 

o the rr" -scat-

the region of experi-

y·Y .. yy process is 
! with the ·s wave cross 

f -meson it grows ra­

lS large as s wave. 

:tions with the res~lts 

:gy region .. 2"' , M 
TT a 

with two pion interme~ 

of the light-light 

In conclusion ,we express our deep gratitude to 

D.V. Shirkov, R.M. Muradyan and z. Kunszt for discussions. 

References .. 

1. P.P. Kane, G.Basavaraju. Rev.Mod.Phys., 39, ·s2 (1967). 

2. S. I. Vavilov, ZJl. Russ. Phys. Chern. , Phys. Sect. 3 0, 
1590 (1928)~ . . . 

3. A. Ahiezer. Sow. Phys., 11, 263 (1937). 

4. H. Euler. Ann. d. Phys~, 26, 398 (.1936). 

5. R.Karplus, M.Neuman. Phys .Rev.,· &a, 380 (1950) J 
-83, 776 (1951). --. 

6. z. Kunszt, R.M.; Muradyan, V.M. Ter-Antonyan. JINR 
E2-5424, Dubna (1970). · 

7. n.C.l1caea, B.l1.XnecKoB. 011Hl1, P2-6333, .lly6Ha (1972). 
I 

8. P~S.Is~ev, V.I.Khleskov .• JINR, E2-6160, Dubna (1972). 

Received by Publishing Department 
· on May 23, 1972. 

. ; : 

7 


