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PesaonancHoe paccesHue cpera Ha cBeTe

PaccMorpeHo pe3oHaHCHOe paccesiHde cCBeTa Ha CBeTe 34 cyeT ofMeHa
C -derHnx z#% u. n Me3oHoB. [TonHoe ceueHue npouecca yy —paccesiHusa
2

B PE3OHAHCHON TOYKe s =m; pasHO 07 = -——’5—-: l,l-lO" M2, Mpeano-

m
: k- }
naras 2% paspeweHde NO 2HEPTHH NOMY4YHMM OJS CEeYeHHN BeMMUHHYy HOpsaAka
10-30 - 10-31 cu . lloxasano, 4ro ceuennme Ans peaxumu yy -»ata~ OKO=
REL f(1260)>-pe30Hcha nMeer Beapunny 10-29 ¢

Coobmerus O6beaMHOHHOr0 HHCTHTYTa SAEPHHX MccAefoBaHHM
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Resonant Scattering of Light by Light

Resonant scattering of light by light due to exchange of
C ~even mesons, such as 7¢ and p ,is considered, The total

cross section for yy -scattering at resonance point s =m?3
2 T
has the value o7 = 162" . =~ 1,1x10 24cm B Assummg 2% energy
m — o 2
resolution, the cross s&ction has the magnitude 10 30 = 31 cm ,

|- It 1s shown, that the cross section for the reaction yy—»ﬂ+ [.dns
near [(1260) -resonance has the value 10-29 cm
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.The fundamental process of Yy scattering was fifst conside-
red by Vavilov/l/, but. it has not been observed till now. Some years
ago Harutynian et al/2/ have pointed out that using intense pulsed
ruby laser with 1,78 eV photons and 6 GeV y -quanta from electron
accelerator ( E_, = 7.7 1072 Mel) it may be feasible to observe
the elastic scattermg of ¥ -quanta by photons near forward d1rec-—
tion if the value of the cross section for the reaction is in the regi-

~36 cm2

on 2 10 sterad

given by calculations using Q .E.,D, Other

types of experiments have been suggested in/ 34/ 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'\icb 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 resolution reduces its im-
portance completely. At the top of the resonance peak the cross

section is 0 =~ 2° O"zocmz, but assuming energy resolution 2% the

— 2
d o eq =31 cm
average value turns out to be 30 = 6°10 Sterad . * Comgare
| . loo
it with the contributions coming from the electiron.loop (—-—— ) B
( E= 0.5 MeV, 6=1-) = 1771072 _cm®
. ’ ] . sterad :



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 7 °
and 7 ‘

y +y »n’ sy 4y : ) -

};+}"'77'>}’+Y ' (2)

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

L2 :
do - s? ‘G(S)l , . (3)
dQ ' 64.1672 (s-m)?+ m2D 2
where for the reaction (1) the formfactor G, (s) = is connected with
the width of 7° at s=m’"  as
: 3 ; : ‘
. m . .9 :
T =—Z- 16, (m_ 215 , 4
T>2y 64 m - ’

The differential and the total cross sections at the resonance energies

are
; 25 9 24 .
do yv7 _ 4 _g9.10 —em__ ;5" _l6r ~1,1.10 en® (5a)
sterad res m2

dQ res 2
e} mﬂ

L]
da ros m ste_rad res mf’

1

96 ' 25 2
(e )7 4052107 el i o7 16T _07.10  em, (5)



The average cross section near the resonance, for the energy reso-

lution AT << A<<m, Iis

2 - :
m +2mA
do r do
- 1 —_ . . (6)
f A ( dﬂ )res B :

ds = =
=1

Assuming 2% energy resolution, we obtain

Io . -30 2 ’
(d.i)" ~037.10 =B (7a)
dQ sterad
| n 30 2
(doy" _ 078 .107%° ™ ___ (7b)
df) sterad

Cbmpare the contribution of the electron-positron vacuum polariza-

loop
do)

_31(2me 2
— . _ .
dQ 9=-2-,S—

’ 2
)" =~ 0.46.10736_cm _
na sterad

tion at s=m ° , [( 2= 4,2:10

m
which is by six order smaller than (7).

In a real experiment w1th energy resolution better than 2%
one needs at least 1030 cm~1n-1 luminosity for the clashihg 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 wvector meson resonances., More likely the observation of .the pro

cess

y+y o hadronsx/ o ~ (8)

x/The crossed reaction is discussed in/6/ and/7/



will provide us a very clean way to investigate the C -even meson
resonances such like ¢ , |, {" etc, The simplesf process is the
27 production, Near the {(1260) resonance X/ e,q. (E__= 630 MeV),

the cross section has the usual Breit~-Wigner form

) r r + ‘ ~ .
do __1 t->2y s 'sin40 o 9)
d  16m? (2E-m)® + -LI?
1 4 tot
- r r +
o (E)=10rr ts2y tomw ) (10)

2
ot

P)
M. (QE-m) + % T,

T;,2» is known from experiment ( = 150 MeV); I'y .5, can be

. . + . . . .
estimated using 2 -meson dominance and universality hypothesis for
the energy-momentum tensor and vector meson dominance for the

photons, Interaction Lagrangian for the fyy and [ 77 vertices reads:

L -£6 F'Fr’ .86 o vPs FY,
int m woo- A o W P A
()
f [
+ — G o w d @ |,
m 2

f

where ;‘Gl“’ is the 2-spin field operator, F’w =6#A y =9, A p is the electro-
magnetic field, and 7 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, S 12)
GFV = -—nT—; ( 3‘1 w aV w + V VV‘ + cees ), (
xI’I‘he role of the f -meson in the process e e is

investigated by Gatto/B/_/



where VIU\ =3#VA—%\ V# and V# is the p -meson field. Adding
to these the assumption of p meson dominance we cbtain the follow-

ing relations

4 af
g=a__2_4iz_2_. and g’=0, (13)
p
whereba is the hyperfine constant, and y is the conventional y-p
coupling constant (-)/‘0_2 = 05). Using the experimental value for
4x
Ty, we obtain
2 m
r - E 2 . 113« ~38 KeV . (14)

f>2y 4z 40

We mention that from dispersion relations and using pole domi-

nance hypothesis the author of Ref./g/ obtained a wvalue Ff—v2 ~

= 40 keV, 4
The cross section (10) at the top of the resonance peak is

o = 3.10"2 o2 (15)

It is expected that the cross section near the { -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

+ 47~ will be possible/4/.

of the reaction y +y +fanw

Indirect methods, however, seem to be more reliable, The obser-
vation of the e e »é¢ & 7~ 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./6,10/),
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