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Pe.3oHaHCHoe pacceHHl!e caeTa Ha caeTe 

PaccMoTpeHo pe3oHaHcHoe pacceHHl!e caeTa Ha caeTe 3a cqeT ooMeHa 
C -qeTHhIX " 0 I! 71 Me3OHOB. nonHoe ceqeHl!e npouecca yy -paccemmH 

a pe3oHaHCHOii TOqKe s =m; P/l.BHO a17 = l§.rr._= 1,1.10-24 CM2, npenno-m; . ~ 

nara51 2% ~a3peweHl!e no_ sHepr1rn nonyql!M nnH ceqeHl!H aen1Iq1rny nopMKa 
10-30 = 10- 1 cM2 • noKa3aHo, qTo ceqeHl!e nnH peaKUl!I! yy ➔ 1r+ "- oKo-
no J (1260) ,-pe3oaaaca l!MeeT aen1Iq11Hy 10-29 cM2. 

Coo6~eexa 06•8AHH8BHOro HBCTKTyTa •AepHYX HCCa8AOBBHHA 

.&,&la, 1970 

Kunszt z., Muradyan R.M,; · Ter-Antonyan . V.M, 

Resonant Scattering of Light by Light 

E2-5424 

Resonant scattering of light by light due to exchange of 
C -even mesons, such as " 0 and 71 , is considered, The total 

cross section for y y -scattering at resonance point s = m 2 

-24 2 · 17 

has the value a" = ~ = 1.1x10 cm • Assuming 2"/o energy 
m

2 -30 -31 2 
resolution, the cross si1l'ction has the magnitude 10 = 10 cm • 
It is shown, that the cross section for the reaction yy ➔ 1r+ "-
near f(12.60) -resonance has the value 10-29 cm2• 
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The fundamental process of y y scattering was first conside

red by Vavilov/ 1/, but it has not been observed till now. Some years 

ago Harutynian et a1./2/ have pointed out that using intense pulsed 

ruby laser with 1. 7 8 eV photons and 6 GeV y quanta from electron 

accelerator ( E
0

m == 7.7. ·10-2 Mev) it may be feasible to observe 

the elastic scattering of y -quanta by photons near forward direc

tion if the value of the cross section for the reaction is in ·the regi-

2 
on > 10-36 cm given by calculations using Q .E.D. Other 

"" · sterad 

types of experiments have been suggested in/
3

,
4

/ for both low and 

high energies. Further related non-linear quantum electrodynamic 

effects are discussed in the review article/5/. In all these papers the 

interest is first devoted to low c.m. energies ( E < 1 Mev) where 
cm 

the elast~c scattering can be described taking into account only 

the electron-positron vacuum polarization and where these contribu

tions have a maximum, 

We notice that although the positronium exchange gives large 

resonant effect, the feasible bad. energy resoluti~n reduces its im

portance completely. At the top of the resonance peak the cross 

section is u "' 2•10-20cm2, but assuming energy resolution 2°/o the 

2 
d u 

6
•
10

-31 cm 
average value turns out to be ·dO-"' sterad • Comqare 

( du- ) loop= 
it with the contributions coming from the electron loop dO 

( E .. 0.5 MeV, 0 = ;- ) 1.7•10-32 cm2 
sterad 
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In this paper we discuss the possibility of the resonant photon

photon scattering due to hadronic vacuum polarization. We want to 

stress that the exchange of the C -even pseudoscalar mesons 11 ° 
and 71 

y +y ➔ TT ➔ Y +y 
0 (1) 

y+y ➔ 11 ➔ y+y (2) 

can enhance the cross section considerably at the c.m. energies, 

where the photon-photon scattering takes place due to the real 

production of the intermediate mesons. Using Breit-Wigner resonance 

formula, the differential cross section (1) and (2) will be isotropic 

and exhibits the usual form 

--=---- lG(~)i2 da Sa 
(3) 

d O 64 • 16 " 2 
(s -m ) 

2 + m 2 r 2 

where for the reaction ( 1) the formfactor G 17 ( s ) is connected with 

the width of 11 ° at s = m
2 

· 
11 

as 

r 
ma 

_]L_ l G ( 2 , 2 
64 11 11 m " > l . 

1T ➔ 2y 

(4) 

'l'he differential and the total cross sections at the . resonance energies 

are 

( 
da 11 
-) 
dO res 

4 -25 2 
= -2- = 0,9 • 10 _£!!!_ 

m 
11 

sterad 

ck->.,, A -26 2 = ..:1.-- = 0,52 .10 ---1!lll-
dO res m2 sterad .,, 

4 

11 
a 

res 

-24 2 
=-lfor=l,1,10 cm. (5a) 

m2 . 
11 

-25 2 
a71 = 1611_ = 0,7 _,10 cm (5h) 
res m2 .,, 



'!he average cross section near the resonance, for the energy reso-

lution LH' « t:i. << m' is 
2 +2mA 

~-= 
m du ~ _£_ ( ~) 1 I ds·"' 

d 0 4mA d 0 4 A dO res 2 -2mA m 

P>..ssuming 2o/o energy resolution, we obtain 

-30 
"' 0,37. 10 

2 
cm 

sterad 

2 
0,78 .lQ-30 cm 

sterad 

(6) 

(7a) 

(7 b) 

Compare the contribution of the electron-eositron vacuum polariza-

d loop -31 2m 2 36 2 
tion at s = m 2 

[ ( _!!._ ) 2 = 4,2.10 (--e) 0.46• 10- cm 
TT dO 8=IT., e=m m17 sterad 

2 17 

which is by six order smaller than (7). 

In a real experiment with energy resolution better than 2o/o 

one needs at least 1030 cm-1h-1 luminosity for the clashing y -beams 

which is well inside the borderline of the region where yy scatter

ing experiments can be feasible/4/. 

It is well known that the resonant effects play important role 

in the experiments where e+ e - colliding beams are used to study 

the vector meson resonances. More likely the observation of the pro 

cess 

x/ 
y + y ➔ hadrons 

x/The crossed reo.dion is discussed in/6 / and/7 /_ 
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will provide us a very clean way to investigate the C -even meson 

resonances such like E 

277 production. Near the 

f . ' f, 

£(1260) 

etc. The simplest process is the 

resonance x/ e,q. { E cm"' 630 Mev), 

the cross section has the usual Breit-Wign~r form 

du _ 
--- 2 
dO 16m 

. f 

u(E)=IO" 
T 

f 

rr ➔ 2y r r ➔ "+"-
(2E-m)2 + ...1..r2 

4 tot 

rr ➔ 2y 
2 

(2E-m) 

r r ➔ "+ "-

+lr2 
4 tot 

sin
4 

0 (9) 

(IO) 

r, ➔ 211 is known from experiment ( "' 150 Mev); rr ➔ 2 y can be 

estimated using 2+ -meson dominance and univ0rsality hypothesis for 

the energy-momentum tenso~ and vector meson dominance for the 

photons. Interaction Lagrangian for the fyy and f rrrr vertices reads: 

L (x)=_L G Fµ,\ F,\v + ..!LG aP Fµ,\a F,\v + 
Int m µ.v 3 µ.v p 

r m 

f 
+-G 

m µ.v 

/J, ➔ V ➔ 
a"a" 

F =a A - a A µv µ V V µ 

lllJ 

is the electro-where 'Gµv is the 2-spin field operator, 

magnetic field, and ; is the pion field. The universality hypothe-

sis requires . the hadrons to be coupled to the symmetric energy-

momentum tensor with the same strength 

f ➔ 
e =-<a" µ.v m r /! 

➔ ➔ ➔,\ 

av ir + vµ,\ V V. + .••. ), 

x7The role of the f -meson in the proC(JSS 
investigated by Gatto/8/, 
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• ➔ ➔ ➔ 

where V µ,\ = a /l VA -1 V /l and V /l is the p -mes on field. Adding 

to these the assumption of p meson dominance we obtain the follow

ing relations 

and g' = 0, (13) 

where a is the hyperfine constant, and y is the conventional y-p 
y 2 p 

coupling constant ( p = 0,5 ) . Using the experimental value for 
41T 

r ➔ 2 77 
we obtain 

2 
g m 

411 40 

We mention that from dispersion 

nance hypothesis the author of 

= 40 keV. 

(14) 

relations and using pole domi

Ref./9/ obtained a value r 
f ➔ 2y 

The cross section {10) at the top of the resonance peak is 

a "' (15) 

It is expected that the cross section near the f -resonance has 

the magnitude "' 10-29cm2 (Having a broad resonance the finite 

energy resolution does not modify these values). 

If meson factories at high energies work,, the experimental study 

of the reaction y + y ➔ f ➔ 77 + + 11- will be possible/4/. 

Indirect methods, however, seem to be more reliable. The obser

vation · of the e- e - ➔ e- e 11+ 11- process e.g. will be feasible in the 

next future and near c.m. energies of 600-700 MeV it gives the best 

way to measure the resonant cross section (10) (see Ref./6,10h. 
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