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Formulas are derived for the cross section of resonance scattering of a photon by a photon
via intermediate bound states of e e~ (positronium ) and u*u~. At resonance the cross sec-

tion reaches 10720 cm?.

THE scattering of light by light predicted by
quantum electrodynamics " should take on reso-
nance characteristics whenever the energy of the
colliding photons in the center-of-mass system
(c.m.s.) is close to the energy of any discrete
state of interacting fields which has the same
quantum numbers as the two-photon system.

Oraevskii (2 has considered the resonance
scattering of a photon by a photon via a 7" meson
in the intermediate state. An analogous descrip-
tion can be used for scattering via an 17 meson
(m = 548 MeV). One must only allow for the fact
that the partial width associated with the decay
n — 27 is not the same as the total energy width
of the 1 meson.

The role of the discrete intermediate state can
also be played by bound states of pairs of charged
particles (e’e ), (u'p™), (v'77), (K'K™), (pp),
and =so on. In this paper we consider resonances
caused by purely electrodynamic systems, (e’e”),
(™).

The matrix element which describes the scat-
tering of a photon by a photon via positronium,

v1+ ya— (ete™) = ys + i,

near resonance can be represented in the form
(H=c=1,e¥4r = a = 1/137)

M — M(1234) + M(2134) + M(1243) + M(2143), (1)
where
M (1234) = M (ky, e4; k2, €2; ks, es; ks, €1)

ei
= _\ dizyditxodizsdiz, exp[i(k1x
4(@1(02(030)‘)‘/28 dexodiasdiz, exp [i (ks

—+
—l— kgxz - ksfta - k4£4)] Gac, Bt (I31‘4, .’Zi.zz)

X CyiCrlesSe (zy — z2) ealpy [€4S® (24 — 23) esloa, 2)

ki and ej are the momentum and the polarization

vector of the i-th photon, C is the charge-conju-
gation matrix, é = e,y,, kx =k-x — «t,

Sc(x)___s d'p i(ip —m)
(2r)% p2 4 m2—i0
and G&&’BT(ng‘i, X{Xy) is the two-particle Green’s
function which describes the propagation of an
electron from the point x; to x3 and a positron
from x, to x4 and takes into account the interac-
tion between them.!

We are to take into account in G™* only the
contribution of bound states (positronium). Fur-
thermore, for simplicity we shall describe the
relative motion of the particles in positronium in
the nonrelativistic approximation, neglecting the
fine structure. In this approximation we can write

eipx (3)

20,5 (34,12) = g &*p S5 (34) Wiltny (12) 0 (ta — ta),
(n)

(4)

where \DS‘&) are the normalized wave functions

of positronium, which are of the form

1F;C(Sn) (34) = (2“)_3/’ exp [i(PX34 — Entsé)]unlm(xa — Xs) %, ‘slscz,

()
where p is the momentum of the positronium
atom as a whole,
Xy = Yo (xs +xu), = 2(ls+ t),
En= (pP+ M2 M, =2m — a/2am?,

a=2/ma, n=1,2 3 ...,

(n) = nlmss,,

Up/m (x) is the normalized wave function of the
relative motion, and x%g is the spin wave function.
Since the wavelength of the relative motion of

1) The expression (2) corresponds to the sum of the dia-
grams obtained by insertion of parallel photon lines into the
square diagram that describes the scattering of a photon by
a photon in the basic approximation of perturbation theory.
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the photons is of the order of m~!, only distances
S m~! « a, are important in the integrals over
the relative coordinates in (2). Therefore the main
contribution to the scattering comes from the s
states of positronium (/= 0), and we need only
take the values of the corresponding wave func-

tions at the origin:

tn0(0) = mu"2(aon) .

(6)

Confining ourselves to the use of s states
only, we must take s = sz = 0 in (5), since owing
to conservation of charge parity

CPos= (—1)l+s = Cy = 1.

The spin wave function for s = 0 (parapositron-
ium) is given by

i (cy O-) 0 —i

we(20) =07

Y2V 0 0 i 0
in a representation in which the charge-conjuga-
tion matrix is

(7

C=ay=<0 ). (8)

6y 0

After substituting (3)—(8) in (2) we can easily
do the integration and the matrix operations. The
result in the c.m.s. is

_ et (270)% (k1 + k2 — ks — ki) (n[ees]) (n' [egey])

M (1234
(1234) 4im*(nag)® 20 — M, +il',/2°
n:-:kiz—ﬁ nlzﬁ——_l& (9)*
o) o’ o o

and w« is the frequency in the c.m.s.; it is indi-
cated explicitly that My has the imaginary part
— iI'n/2, where T'y is the total width of the posi-
tronium level with 7 = s = 0 and principal quan-
tum number n.

It is easy to see from (9) and (1) that the total
matrix element is given by

M = 4M(1234).

On the basis of (10) and (9) we easily get the fol-
lowing expression for the cross section in the
c.m.s. for scattering of photon by photon via the
s states of positronium:

__ ya®  (nfeses])?(n’ [ese,])?

T 4m? (20 — My)2+Tr?/4

(10)

don (11)

dQ,

*le,e,] = e, xe,
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where 7y, is the annihilation width of the level,
given by
4a?

0.8-10%0 sec—t
Yn = .

T m?(nag)® ns

(12)

Averaging over the initial and summing over
the final polarizations gives

do =—dg vt .
"= T (20 — My)? + Tn2/h (13)
Integrating over a hemisphere, we get
n Va2
On = 9m? (20 — Mp)2+ Tn2/4’ (14)

The total width is practically the same as the an-
nihilation width, I'n & v, since the radiative
widths of the ns states of parapositronium are of
the order of 10%sec™!/n? (cf. e.g., [3], page 418).
At resonances 2w = My, so that

On = 27t/ m2=1-10"20 cm?2 (15)

In spite of such a large cross section, obser-
vation of the resonance scattering is difficult on
account of the small width of the resonance.

The resonance scattering via bound states of
pu” is obviously described by the same formulas,
with the electron mass m replaced by the u-
meson mass m,,. Then, for example, we get in-
stead of (15) the value

on =21/ m?, = 2.5-10-% cm?2 (16)
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