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ABSTRACT

The spin-dependent total cross-section of e+e~ —> 77 is shown to have a 8(q2) singu-

larity for me —> 0. The corresponding massless excitation provides a long-range pairing force

between transverse polarized electrons moving in a plane.
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The so-called "EMC Spin Crises" and its resolution via the Axial Anomaly contribu-
tion [1] naturally leads to the question whether this contribution manifests itself in various spin-
dependent process. Recently [2] it was shown that such well known spin-flip amplitudes like the
anomalous magnetic moment in QED are really closely related to the Axial (Chiral) Anomaly.

In the present letter a general method for "Hunting the Anomaly" is presented. Its appli-

cation to the two-photon annihilation process leads to the striking new properties of ordinary QED.

We use, instead of the ultraviolet approach to the anomalies (as in [2]) the infrared one, based on

dispersion relations for the matrix elements of anomalously-nonconserved currents in zero fermion

mass limit [3], which is more clear from the physical point of view [4],

The calculation of the imaginary part of the triangle diagram, Fig. la, gives the expression

Here u is the cm. energy of either an electron or a positron /3 = y/\ — x [x = ^ - = ^ f - J .

The appearance of m2 is due to the helicity flip by the axial source and one of the photons. Then we

consider the limit m —> 0, however, this "kinematical" smallness in the nominator is compensated

by the "dynamical" smallness in the denominator of the "horizontal" propagator when the scatter-

ing angle is small. Qualitatively it means that Im M in zero-mass limit tends not to the zero, but

to the 6-function

Im M—> 6(u2) . (2)

This implies the appearance of pseudoscalar (due to the photon pair quantum numbers) massless

excitation. For the massless quarks it is nothing else than the pion. This proof of its existence (the

so-called 't Hooft consistency principle - see e.g. [4]) is compliment to the Goldstone theorem.

How much "anomalous" is such a behaviour (2) [2]. It would seem not very much.
Really, let us consider a same spin-dependent total cross-section suppressed in the chiral limit as
m 2 . Due to the dimensionality arguments it can be written as

G(m,u) = ~-f{x) . (3)

Let us integrate it from the threshold u = m up to infinity:

/ G(u,rn)du2 = / f(x)dx . (4)
Jm JO

Provided the integral converges, and taking into account that the din^u) become narrower as

m —> 0, we conclude
G(u,m) —> C8(u2)

C= f f(x)dx.
Jo

(5)



Near x -» 1 /(a;) has an integrable threshold singularity (1 - x) ~^ 2 , but the high-energy behav-
iour x —> 0 should be checked in any perfect case (here the relation of small and large distances is
clear). What are the candidates for the anomalous behaviour [2]. Note, that in the triangle diagram
the upper side is only the electron source with the required parity, and the anomalous behaviour
is due to the lower one - namely, the polarized compton amplitude. It is therefore promising to
consider the process resulting from this amplitude squared. One possibility (Fig.lb) is just the one
providing the anomalous gluon contribution [ 1] to the polarized deep-inelastic scattering. Although
the anomalous contribution to its first moment [5] is reduced to the triangle Fig.la, it is possible to
extract the similar contribution, exploring its non-renormalization, in the other moments, also [6].
Therefore, we obtain the axial anomaly without axial current! The expression is very simple

E(x) = — (x-l) (6)

and differs significantly from the whole box diagram Fig.lb contribution [7]. The phenomenolog-
ical consequences of the difference [8], are however, negligible.

The following natural candidate is the e+e~ annihilation, Fig.lc. It appears, that the best

way to extract the chiral-limit suppressed contribution consists in taking the difference between

parallel and antiparallel transverse polarized particle, calculated long ago, [9]. A straightforward

calculation gives

"~Tl m_i0 ~ 2

It is just the axial (chiral) anomaly contribution (without axial current again). The similar contri-
bution is also present in the cross-section with parallel helicities. However, contrary to the naive
expectation, only the logarithmic term is suppressed by m2 , and subtraction is necessary in order
to extract the anomalous term. The details of this procedure will be published elsewhere.

Passing now to the physical interpretation of the result (7), one should bear in mind, that

although the anomalous contribution is due to the pure massless fermions, it is present also for the

massive ones. The resolution of this puzzle is that the anomalous contribution is exactly cancelled

by the "normal" one caused by the fermion mass, provided the latter is much more than all the

kinematical variables. This phenomenon, known for a long time as a cancellation of physical and

regulator fermions contributions, was extensively discussed in connection with the "spin crises" [7,

10, 1].

So the pseudoscalar (just like a pion) massless excitation (7) leads to the long-range

spin-dependent interaction between two fermions. Note, that for sufficiently large radius it will

be cancelled by the normal contribution. This cancellation, however, is normally slow enough to

allow for an experimental observation of this effect.

Let us now consider the anomalous contribution in detail. It provides a term to the elec-

tron scattering amplitude at rest, Fig.2a, proportional to the product of the transverse polarizations

S]S2- Note that this amplitude should be cancelled by the exchange one due to the Pauli princi-

ple, so we consider now the "electrons" which are different by some additional quantum number



("technicolour"), bearing in mind, that the exchange u-channel amplitude should be treated in a
similar way. It is very important that the coefficient (7) of si S2 is negative, while the amplitude,
Fig.2a, leads to the expression for the Coulomb potential

V(r) ~ - ( l + sis2) , (8)
r

just because the forward matrix elements of vector current, which give a contribution to the long-
range behaviour, are equal to zero provided spin-flip occurs. Because (8) leads to repulsion (only
"technicolour" is different, but the charges are equal!), anomalous interaction leads to the attrac-

tion of electrons with parallel spins! This is the new pairing mechanism necessary for the super-
conductivity description. Note that anomalous pole, as mentioned above, naturally arises only for
transverse polarizations. It means that the anomalous interactions is confined to the plane, trans-
verse to the spin direction. Making a Fourier transformation to the coordinate space it is possible
to obtain even a more slow decreasing potential like in -̂  instead of ^, which would be dominate
for long distances.

The most clear way to give rise to the "Anomalous attraction" is to make the electrons
move along 2-dimensional surface with spins aligned transverse to it by the (fictious?) magnetic
field. It may represent then an alternative approach to the anyon superconductivity [11], probably
exploring the fact that 2 + 1-dimensional Chern-Simons terms is just the component of anomalous
photonic current at 3 + 1 dimensions. It is interesting that the fermion induced singularities at 2 + 1
dimensions were found recently in quite a different approach [12].

What is the massless pseudoscalar field <p (Fig.2), responsible for the described effects?
It must couple to the axial current (the forward matrix element of pseudoscalar one is zero) through
the derivative, the latter therefore being proportional to the magnetic field. So, we have in the rest
frame the static long-range potential whose gradient is the magnetic field. It is therefore some
sort of the magnetic monopole - not the Dirac one, of course, because of the "plane confinement",
and of the fact, that it is generated not by the singular vector potential A^, but by the "dual" one.
It may be said, therefore, about a kind of dual symmetry restoration in QED. So, there are no
reasons for the "magnetic charge" quantization (if, nevertheless, the appearance of j in the right-
hand side of (7) is non-occasional, one would obtain that a~l = 2TT(32 — 7r2)!). Note, that
the magnetically charged electron is nothing else than the dyon. It may be possible, therefore, to
describe the fractional statistics from the different point of view [13].

Finally, we conclude that chiral (axial) anomaly contributes significantly to the e+e" -+•
77 polarized cross-section, producing monopole-like massless singularity. Because of chirality-
change, it differs in a sign with respect to a Coulomb potential, leading to the long-range attraction
between electrons moving in a plane and polarized transversely to it. It leads to a new pairing (and
therefore, superconductivity) mechanism for electrons moving inside thin layers.



Note in Proof

Owing to dealing with the amplitudes in the momentum representation, the momentum

space should actually be 2-dimensional. Due to the uncertainty principle, electrons cannot be

confined to the single layer in the coordinate space and the coherent multi-layer behaviour is of

major importance. As a result the electromagnetic current component, transverse to the layers,

is non-zero leading to its nonconservation in 2 + 1 dimensions! The massless pole in currents
correlator, necessary for superconductivity, can then emerge just like the ghost one in QCD (see

e.g. [1] and references therein). The corresponding physical picture would be some "wormhole"

in 2-dimensional space.
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FIGURE CAPTIONS

Fig. 1 The processes with axial-like anomalies.

Fig.2 Anomaly correction (a) to the Coulomb potential (b).
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