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LETTER TO THE EDITOR

Space reflections in the dichotomic magnetic charge model

A O Barutf, Ya M Shnirf and E A Tolkachevi

T Physics Department, University of Colorado, Boulder, CO 80309, USA
t Institute of Physics, 70 F Skorina Avenue, Minsk 220072, Belarus

Received 20 Qctober 1992

Abstract. The arguments in favour of the possibility of the parity-invariant description of
the interaction between electric and magnetic charges are re-examined. It is shown that
P.invariance is possible if one generalizes the framework of the standard Abelian gauge
coupling ta a U{1}® U{1) coupling.

It is known that the symmetric electrodynamics with electric and magnetic charges, e
and g, violate space (P} parity, if g is a scalar charge like e {1]. A few P-non-invariant
physical effects which may be used in the experimental search for magnetic charges
were predicted [2]. Therefore any method of restoring the apparent space reflection
symmetry violation due to monopoles must be carefully investigated. This is particularly
important for two different models of strong interactions that make use of magnetic
monopoles [3, 4].

In the present letter we reconsider the arguments of [5, 6] in favour of the possibility
of the P-invariant description of the e- g interactions. Introducing further the interaction
with the external fields into this theory we show in this work that P-invariance is
possible if one generalizes the framework of the U(1) gauge coupling to 2 U(1)® U(1)
coupling.

Let us recall that the key idea of the approach [4] consists in the definition of the
magnetic charge operator as a dichotomic variable

Qg:(g —Og)' (1;

The Hamiltonian describing the behaviour of the electric charge (e) in the field of the
monopole (g} can then be wriiten as

_(H(g) 0
(2" nie) @
where H(g)=(V —iuA®)*/2M, u=eg and
AP=gtan(0/2)¢ (3)

is the Dirac potential.
This procedure can be re-expressed as the embedding of the Abelian description
of the e-g interaction into an SU(2} description by the definitions of the potential

tan (6/2) 0 ) 4

= otP =2
A =0, r( 0 —tan(8/2) ¢

(4)

where o3 is Pauli matrix,
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We note that there are two other motivations for (1) and (2}, which are connected
with the observability of magnetic charges. One is that the expectation value of 2,
vanishes. The other is that the magnetic charge must occur in pairs, and by a superselec-
tion rule, in the form of parity eigenstates {|g)%|~g)} [7]. Both of these may point to
the difficulties of readily observing magnetic charges. The expression (4} coincides up
to a gauge transformation with the Wu-Yang non-Abelian monopole poiential [8],
which is the solution of the obviously P-invariant Yang-Mills equations of the pure
SU(2} model. Therefore a generalized P-inversion operator must exist commuting
" with the Hamiltonian (2) which is constructed in [5, 6]. Its action on the potential &f
and on the wavefunctions is determined by the following equations:

9”:&!=S(PM)S"+%(VS)S"=AM (52)
B rjm
PV pyma(r) = P ( cb;:f,, _:(’r))) = SPY (P = KW pna () (5b)

where A,k are constants, A’=|x?=1 and ¥ n..(r} are eigenfunctions of the
operator (2).

Unlike the usual electrodynamics where it is possible to carry out only (5a), the
embedding into SU(2) frame also allows equation (58). For instance, for A =—1 and
k =(—1}"*, we obtain

0 elme
S"""(e-zim, 0 ) ’ (6)

Thereby & : of = —sf and there is indeed the possibility to restore formal P invariance
of the interaction between electric and magnetic charges by the above mechanism. But
we seem to run into a slight problem if we attempt to include other external electromag-
netic fields into this framework together with A”. Indeed, if we are to follow the usual
embedding procedure all the electromagnetic potentials have to be multiplied by ;.
Only in this case is this model effectively equivalent to the UF(1) model with the
standard rule of adding fields. In this case the non-reilativistic Hamiltonian operator
of the charge-dyon system would be:

H=—(P+(eAP+eA®)0,)?/2M — eAf o, — eAlas. N
Instead we can write a P-invariant Hamiltonian operator as
H=—(P+eA o, +eA IV /2M — eAb g, — eAlL (8)

This, as a matter of fact, implies an extension of electrodynamics because the model
with Hamiltonian (8) is invariant under the gauge transformation with U{1)@ U(1)
group and describes the interaction of the quantum particle carrying pseudoscalar
(eo;) and scalar (ef) charges with pseudovector (AF, AP) and vector (A3, A%) fields,
correspondingly. Moreover with this definition it is not necessary to fix the same
interaction constant e. Indeed, because ¥ is a two-component entity, the natural gauge
transformation is ¥ - expf{i{e+ e'asy)} V.

Let us illustrate these arguments in the example of the calculation of selection rules
for dipole radiation.

It is easy to see that the dipole moment operator corresponding to the Hamiltonian
(7} is e(#s;) and the corresponding operator for the Hamiltonian (8) is e(#I). In the
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first case the total set includes the charge operator ec;, therefore a matrix element
should be calculated between the following type of wavefuntions:

(‘FMEF(?)) o (g N,:,L(r))

where W . (#) = Ra(r) Ymg (8, @) are the wavefunctions of the electrically charged
particles in the field (3); Ry, (r) is their radial part, _] and m are the quantum numbers
corresponding to the eigenvalues of the operator J* and J, (J is the operator for the
total angular momentum of the system) and the generalized spherical harmonics
Yime(6, @) are expressed through the standard Jacobi polynomial P{™#'(x) [9]:

Y:,mq(a, e)=C'(1 _x)—(m+q)/2(1 + x)-(m-q)IZPE;ﬁ-q).(—m+q)(x) allm+qle (9)

where x =c¢os 8, and

(Zj+1D)(j—m)!(j+m)!
Am(j—gN(j+q)!

C'=2"
After integration
I &*x ¥y (P 173 P pjm, () (10)

we obtain the selection rules that coincide with results of [2];
Aj=0,£1 Am =0, 1. (11)

Thus, the parity violating transitions with Aj = 0 are allowed together with the standard
transitions with Aj=%1,

In the second case, however, among operators commuting with Hamiltonian (8),
there are the operator o5 and the generalized P inversion operator (5), which, however,
do not commute with each other. Choosing the general eigenfunctions of the operators
{5) and (8) as

. (I’ijp(r) )
Y=g () (2
we calculate the matrix element of the dipole moment operator
J. d3x WMM#(r)rI‘PijF(r) (13)

and integrate over the angular part of (13). We have for instance:

I dQ V6, 9) c08 81,1, (6, 9)
- C(J‘ dn Yj'm‘p'(es ‘P) YIOO(es ‘P) Y;mp.(e’ ¢)

J do Y_r m,u(a (P)YIOO(G (9) _;m—,u.( :40))

(o G0 20 o )] a#
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where C and C’ are some constants. Taking into account the familiar properties of
the 3-j symbols

j' 1 j) "+'+1(j' 1 .’ )
= (=1}
(-—u U =D p 0 —p

we see that the integral (13) is non-zero only for Aj==+1. In an analogous way, after
integration of the angular integrals of sin 8 ¢*'* we obtain the selection rules:

Aj==1 Am=0,=*1 (15)

that is to say the dipole transitions with parity violation are absent in this case.

Let us note that the use of the wavefunction (12) in (10} does not modify the
selection rules (11) but the value of the integral (1) in this case is increased twofold.

Thus the restoring of the standard selection rules and P invariant description of
this system are achieved by means of the gauge group extension to U(1)® U{1). At
the same time the hypothesis about the Abelian magnetic charge is not connected with
an extension of the symmetry group but based on the transition to the non-trivial
fibre-bundle over the spacetime base with the structure group U(1) when the connection
(potential) and sections (wavefunctions) cannot be described globally.

Two of us (YaS and ET) are grateful to L M Tomil’chik for useful discussions. Two
of us (AB and Ya8) thank all staff of the International Centre for Theoretical Physics
(Trieste), where part of this work was done, for their warm hospitality.
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