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1 Introduction .

The so-called EMC Spin Crisis and.its reso}utlon via the Axial Anomaly contrlbutxon
(see, e.g., [1] and Ref. therein) naturally tead to the question whether this contri-
bution manifests itself in various spin-dependent processes. Recently [2] it has been
shown that such well-known spin-flip amplitudes as the anomalous magnetic moment
are really closely related to the Axial (Chiral) Anomaly.

In the present Letter the concept of Axial Anomaly is slightly genera.hzed (Sectlon
2) to obtain the general method for "Hunting the Anomaly” (Section 3). It is applied
to transverse polarized electron and ‘positron annihilation (Section 4). As a result,
an anomalous pole arises in the zero fermion mass limit. Its possible contributions
to the anyon superconductivity are discussed in Section 5.

2 Axial Anomaly without the axial current

One should ask whether it is possible to consider massless sirigularities of diagrams
different from the triangle one as manifestations of the Axigl Anomaly. To verify
this, a slight generalization of the concept of anomaly is rétﬁ"ulred. ,

" Usually the anomaly is understood as violation of the classical equation of motion
for the axial current when the classical field is replaced by quantum operator. In
the ma.ssless case it is violation of classical symmetry, because the conservation of
the axial current in this case is just the consequence of the Noether theorem. From
this point-of view the triangle diagram, being the two-photon matrix element of the
Lh.s. of the anomaly equation, is of course unique.

The classical symmetry, however, may be understood as a certain "naive” re-
striction for the quantum amplitudes. In the chiral symmetry case this restriction is
quite obvious: the emission or absorption of the photon does not change the massless
fermion helicity. This results, e.g., in the "Helicity conservation rule” in QCD (3]
valid in all leading twist diagrams to all orders of perturbation theory.

Nevertheless, this restriction may be violated provided the photon is soft and
collinear. The kinematical smallness in the nominator proportional to the fermion
mass (it is assumed to be small but finite) is compensated by the mass singularity
in the denominator. As a result, the helicity flip amplitude zero-mass limit is finite.
This phenomenon was mentioned as early as 1964 by Lee and Nauenberg in their
classical paper [4]. It was, in fact, the discovery of the genera.llzed infrared approach
to the a.xw,l anomaly I discuss here.
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A crucial step was ma.de by Dolgov and Zakha,rov [5] 1970 immediately after
the standard ultraviolet treatment of the anomaly by Adlér; Bbi'l ‘and Jackiw [6]. The
" zero mass limit was shown to produce the §(¢?) singularity for the imaginary part

of the AVV triangle diagram. The corresponding massless pole leads to the nonzero -

axial current divergence matrix element. for massless fermlons -
The present Letter is devoted to the application of the Dolgov and Zakharov
approach to diagrams different from the triangle one. I am following the otigmm Lee

and Nguenberg idea, not restncted to any perfect diagram. It is of course possible .
to call every new smgularlty the new anomaly However, I prefer to use the same.

term ”Axial Anomaly” for all smgula.rltleq associated with the helicity flip in the
zero fermion mass limit. I would like to remind the history of the discovery of

" longitudinal real photons interaction via the box diagram, made by Gorskl, Toffe and . .
Khodjamirian [7] few years ago. It was called "new anomaly”, but- later was related. -

‘by the authors to the well-known conformal anoma.ly

8 The genéral methéd .

It'is just a straightforward generalization of the infrared approd;h ‘[5]:‘[t‘he‘anoma.ly ,
manifests itself as a massless pole in the zero fermion mass limit. Twentj! years ago .
Dolgov and Zakharov discovered, as mentioned above, that the i imaginary part of '

the famous tnangle diagram (Fig. la.) tends not to zero, but to the ‘6—function in
‘the limit m — 0 »
Lo 1 . :
.  ImM~ (":)2 In t ﬂ —’m-.o const - S(qz). . (1)

Here g is the axial current momentum, 8 = \/ z(z = 4m?/q? ) The factor m? in
the numerator is due to the helicity flip by the a.xml source and one photon. This
kinematical smallness is compensated by the dyna.mtcal one in the denominator of-

the "horizontal” propa.gator when the sca.ttermg angle is small.

This result implies the appearance of pseudoscalar (due to photon palr quantum
numbers) massless excitation. For massless quarks it is just the pion. This proof of
its existence (the so-called t"Hooft consistency prmcnp]e [8]) is a complement to the
Goldstone theorem.

How much ”anomalous” is such a behavxour (1)7 Tt would seem not very. much
The imaginary part of an arbitrary form factor F(¢?, m?) of the dimension m~? (like
the total cross-section), which is suppressed in the chiral limit as 7n?, can bg written

as .

| ) . 'Nﬁ 4m2:  4m? :
‘ ImF(¢4,m?) = tod f(z), z= s (2)

ig

Integrating it from the threshold ¢? = 4m?]up to infinity one has
' dg*ImF(¢, m?) = / dsf(z) = C. (3)
im? 0 - .
Provided the ‘integral converges and taking into account that the ImF(g? m?)
becomes narrower and higher as m — 0(it is clear from the expression ImF =
z? f(x)/4m?), one can conclude:

ImF(g",m?) > m_o C(¢). (4)

- There is a counterpart of this unexpected behavxour in'the "opposite” limit m —

oo one should obtain zero. It is just a manifestation of the well-known phenomenon of
the cancellation of normal and anomalous divergences (see, e.g., [11, 1]): F contains
both the normal and anomalous contributions, the latter being its singular zero mass
limit. It has to be subtracted in order to obtain the normal one. It is impossible

" to observe this cancellation directly in the imaginary part that is equal to zero just
‘because the limit under consideration corresponds to an unphysical region. One
_should write’down the dispersion relation

1 [ ImF(¢? m?)dg?
Plghm®) = 7 [~ RO N
-1m2 ‘I =40 -

1 d |
i . _A I'L(?)_'Ji—z_'"“’m /f(:[ zdz — 0. (5)

T miz-1'— g2 drm?

Note that the last integral couverges better than (3), and no subtraction is needed.

- The dispersion relation for the axial current divergence, however, requires a subtra.c-

tion: it is just the axial anomaly [5).

4 The anomalous contribution to e* T"e"' L= vy

%

'What are candidates for the anomalous behaviour apart f10n1 the mentioned triangle
- diagram? Note that its upper side is only the fermion source with the required parity,

and the anomalous behaviour is due to the lower one, namely, the polarized Comp- -
ton amplitude. It is therefore promising to consider the processes resulting from this
amplitude squared. One possibility (Fig. 1b) is just the one providing the anoma-

* lous gluon contribution (1] to the polarized deep-inelastic scattering. Although the

anomalous contribution to its first moment [9, 10, 11] is reduced to the triangle (Fig.
1a), it is possible to extract a similar contribution, exploring the Adler-Bardeen the-
orem, in other moments, too [12]. Therefore, we obtain the Axial Anomaly without
the axial current! The expression is very simple

Ey(x) = Z(x = 1) (6)




.4move w:tlun a 2—d:mens:onal plane with spins aligned transverse to it by a mag-

' 'momalons photonic current, it is of mt.ercst to dlscuss possnble lmpllcatlons of the
‘ aﬂomalous contribution (8) for the superconductmt.y problem.

R | - morm:ntum spl.ce slmultaneously, Usually one makes this reduction in the coordi-
Fig.1. The processes with axial-like anomalies.

A

and differs significantly from the whole box contribution [10, 11]- The phenomeno-* ;
logical consequence of the difference [13] is, however, negligible. :

The following natural candidate is the e*e” annihilation (Fig. 1c). ‘1t appears
that the best way to extract the chiral-limit suppressed cont.nbutlo‘n,\ consists in
taking the difference between the total cross-sections with parallel and antiparaliel -
transverse polarized particles, calculated long ago [14}: SRRREY

‘munedlately leads to the important conclusion: the electron caniot be confined to
the smgle CuQ layer and the coherent multilayer behaviour i is of major importance.
Therefore, one should choose the Neumann boundary conditions for the transverse

‘a result, it is not-conserved in 241 dimensions: the efféctive 241 theory should be

" cant lead to the appearance of a zero-mass pole completely analogous to the ghost

xr 72 . 1 : -
AdT lﬁﬂ-z 4+ (F7 +26-307")In T}g] (7 - pole-in QCD’ [18] (see also [1] 'and Ref. therein). As this pole is a sngnal of su-
. . perconductivity [19], we have a new mechanism of it. The correspondmg physical -
The straightforward compu'f.atio,n ! of the integral (3) gives: - picture is the charge escape in the transverse direction and the return in another
- x? - ‘ : . . place; i.e. -somfie "'wormbhole’ in 2+1 - dimensional space. Note that the COmni(&nly
Agpo 7"3'2(‘2— - 10)é(¢%). ‘ o (8) accepted mechamsm of high-7, superconductivity in the Luttinger hqmd model also

“~

- requires the mtpﬂa.yer coherent transport, if one passes below T (see, e.g.,[20]). As

It is just the axial (chiral) anomaly contribution (without the axial current again). this theory ( ‘nd, in particular, the transverse coherent transport below T.[21]) is

5 Anomalous contrlbutlon and anyon supercon- - dynamics into the anyon superconductivity theory via the electroma.gnetlc current

ductivity

‘.@tWO-la.yer systems,. but I would like to stress that a macroscoplca.lly large number of

o L : . L layers is required to obtain the 241 - dimensional momentum space.
The transverse direction of polarization is of major importance for the manifestation - 4 ed P

of anomaly. Although one should naively expect a similar contribution to the cross-
section with parallel helicities, only the logarithmic term is suppressed by m?#14] (in
contradiction with the statement of the canonical textbook [l 6]). The nonsuppresse
term leads to the ;;mgmm of (3). | i o

(Fig. 2a), governed by Eq. (8), leads to the long-range spin-dependent interaction

cancelled by the normal contribution, as. described in Section 1 (there are arguments
in favour of the noncancella.tlon in the real fermions case to be published elsewhere).

'I¢is an error (16 instead 10) in the-early version [15] of this paper However, it dxd not uffect X v
the sign of the anomalous contribution and its interpretation ;lven below. : B S vation of this effect.

[ - B
: 2R : . B
. P el . - .
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Dea.lmg with 2+1 - dlmenswna.l models of anyon superconductivity, one. should
relate them to the real 3+1 dlmensmnal world Due to the uncertainty. prmcxple .
it is- lmposslbl.e to neglect.the transverse degree of freedom in the coordinate and'

Sdlmdin;er équation and obtain the nonzero transverse electromagnetic current. As

'non*gauge invariant! Note that the nonconservation of the vector current in 2+1

strongly supported by the experimental data, the incorporation of the transverse

nonconservation, seems to be reasonable. Recent papers [22],[23} are dealing with

From another point of view, pseudoscalar (just like a pion) massless excitation 6

" between two fermions. Note that for sufficiently large interaction radius it may be -

This cancellation, however, is normally slow enough to allow an experimental obser- :

;The irmst doar way to eusum the trmsVerse polanzahon is to ma](e” electrons'v’}

"ngtzc field. It is’just the system representmg the rematkable phenomenon of anyon - ,
perctmductw;ty 17 As the relevant Chern—Sxmons term: is the component of |

nate. space, a.ssummg the energy to be low enough to excite the transverse degree of
iteedmn meg to dealing with the scattering amplitudes in the momentum repre- <’
sentatmn, it seems natural to start with the 241 - dimensional momentum space. ‘
.As hl%gh T ‘superconductors represent the layer structure, the uncertainty principle

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

What can we say about the sign of the anomalous interaction? It provides a
term to the electron scatteéring amplitude at rest of type (Fig. 2a),.proportional to

" the product of the transverse polarizations s;s;. Note that this amplitude should ;

be cancelled by the exchange amplitude due to the Pauli principle, and only spin
singlet states of type [p, s} — [p,(—s)] contribute to the long-range interaction. In
the Coulomb amplitude case (Fig. 2b), the sum of the normal and exchange singlet
contributions appears to b\e equal to the normal triplet contribution under. consider-

ation. As it is nonzero only for s, = s, it clearly differs in sign from the anomalous - -

contribution (Fig. 2a). This sign difference is of a simple physical nature: the inte-
- gral (3), leading to (8), is dominated by the low-energy z ~ 1 region. The photon
" pair apgular momentum is then zero (just as in the familiar triangle diagram case),

requiring s, = —s3. Therefore, the anomalous interaction leads to the attraction

of electrons with parallel spins. This is a new pairing mechanism necessaty for the °

superconductivity description. Note that the anomaloys attraction, as mentioned
above, is confined to the plane in the momentum space. Making a Fourier trans-
formation to the coordinate space, it is possible to obtain even a slower varying
potential like InR instead of R~1. The attraction would dominate for long distances,
while the repulsion for short distances. One may expect the formatlon of a bound

" state in this potential.

6 Conclusions

The Chiral Anomaly is often thought to manifest itself in the triangle diagram only,
with possible rgte exceptions. Nevertheless, it has been shown that it may be at-
tributed to a wide class of chiral-limit suppressed amplitudes. The simple criterion of

’momalous"behnvnour (3) i pl'esented It is applled to Lhe pola.nzed c+e total cross— .
isechon case. As a result the existence of the anomalous po'le is shown and its couplmg
‘to electrons (8) is ca.lcula.ted ‘The possible applications of this phenomenon to the =~
"mycm superconductmty problem are discussed. First, the iew mechanism of anyon- " .
‘supe:cnnductwtty arises due to the coherent mulhlayer behavnour and electromag‘ -

netic current ‘nonconservation.. Second anomalous pole ma.y lead to the long range
attraction between two electrons, and to the bound state formation. The relations
between these two eﬂ'ects as well as to the Luttmger Liquid theory, require further.
investigation. -
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