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The consequenoes of spontansous symmetry breaking are consi-
dered in a model, describing nonminimal gsuge interaction of a
soalar field (analogous to that of spin-1/2 particle with anoma-
lous magnetic momentum). It is shown that the gauge field Chern-
Simons term can be generated as a result of symmetry breaking if
it was not initially present in the action and, at the same time,
the Maxwell term oan be canoceled by symmetry breaking corrections.
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PacCMOTpeHH TIOCJENCTBHSA CIOHTAHHOTO HADYMEHAS CHMME TDMR B
MOIISJX, ONMCHBaNNES# HOMRHEMANLHOE KaJMCPOBOYHOS B3amMoleficTBES 38—
PARSHHODNO CHAJAPHOIO IoJiA (aHaJOI'WJIHOe BSaMMONefCTEAN JACTHUR CO
cumeoM 1/2, oGxansxmeR aHOMAJLHHM MAUHATHHM MOMEHTOM). lloxasaHo,
9TO B pe3yJbTaTe CICHTAHHOIO HADYMOHASA CHAMMETDHHR MOXET I'eHEeDPHpO-~
BaThcq YepH- CaftMOHOBCROe zefficTBHe IJisi KaJRODOBOYHOTO IOJAS M, B TO
Xe BpoMA, MaxXCBOJUIOBCKHR WieH MONOT HCYe3HYTh B DESYJLTATE KOMIECH—
CEDYIOEX BRJIANOB, BOSHEKAMIEX IODM CIOHTAHAOM HEDYNCHAM CHMMETDHHR.
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The Chern-Simons-Maxwell (CSM) theory [1] attracts a great
deal of attention due to its comneotion with problems of topologi-
oal field theory [2], anyon statistios #nd spin'{3], high tempers-
ture superconductivity [4], and other effects in the field theory
and solid state physios. )

The various aspects of the theory has been'intensively dis-
cussed in the literature including the phenomenon of spontanecus .
symuetry breaking and its influence on CSM system [5,6]1. It was
shown, for example, that in a theory with pure Chern-Simons (CS)
action the Higgs effect converts non-dynamical gauge vector field
into topologioally massive helicity 1 photon state [5]. At the
same time, when the conventional Maxwell kinetio term is also pre-
sent in theory's action, the spontaneous symmetry breaking results
in two veotor field states with opposite helicities and different
masses [6].

In present note we conmider the consequenoces of spontaneous
symmetry breaking in a model, desoribing nonminimal gauge interac-
tions of a charged soalar field. It will be shown that the CS term
can be generated as a result of symmetry breaking phenomenon if it
was not present in the action from the beginning and, on the cont-
rary, the Maxwell term can be canceled by symmetry breaking oor-—
rections. If the CS term is Initially present in the theory, a
“spin-£1ip® effect can take place in spontaneously broken phase
which manifests in changing of the sign of veotor field heliocity
associated with the sign of the CS term.

In the Appendix the group-theoretical approach to conneot the
CS term with the oonventional mass term is disoussed.

One of the motivations to introduce the nonminimal gauge inter—
action in the form considered below is its natural appearance in
the generalized model of relativstioc particles, based on the twis-
tor approach [7]. It also has the similarity with the anomalous
magnetic momentum term for spin 1/2 particle.

So we start with reminding of the notion of anomalous magnetic mo-

mentum of spin 1/2 partiocle and discussion of its peculiarities
in D=2+1 space-time dimensions.

The Dirao equation for charged spinor field with anomalous mag-—
netle momentum interacting with abelian gauge field 4, (x) has the
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form Lo, + iAm)'f“ - %Pm'.rmf‘]m(z) =0 1)

Where 7" are D=2+1 Dirac matrices ( m=0,1,2 and the metric sig-
nahmiachosentobe(+.,)), —amAh-—aAmbaingthe

ﬁ.ald. streaa tensor and 1 is a parameter of 1eng’hh dimension,
which characterizes the value of magnetic momentum. A, has the

dimension of 1! and the gauge coupling constant e ( which is
hidden into A ) has the dimension of 1"'/2. In D=2+1 7™ satisty

the relation 7'”7“=gm— £Emz'rl, whioh allows one to rewrite eq.(1)
in a following way:

(O + L4, + t'zz’an:nlpm)'Tm‘p =0. @)

Thus to take into account the gauge interaotion, caused by ano-
malous magnetic momentwn of a particle in D=2+1 one has to add the
dual veotor F -&man to the gauge field potential A - This pro-

cedure oan.be applied to soalar fields ®(x) as well, for which the
equation of motion takes the form '

(8 + tay + i )%0@) = o. 3)

The action, from which the eq.(3) can be obtained is written as
follows

= [&xi| (0, + thA + 1EP )22 - V(|®/?)
1 1 2
+ g AmonAZ ~ ;;2 (an) ] (4)
where V(|0|2) potential of a Higgs type has been taken into ac-

count, @ has the dimension of 1”1/ 2 and 9 is a dimensionless pa-

rameter, proportional to a gauge field topological mass and coup-
1ling constant ratio [1] in unbroken symmetry phase. It seems in-
teresting to make a group-theoretical explanation of the conneo-—
tion between topological (Chern-Simons) and conventional mass

2



“terms, which we reproduce in ihe Appendiz.
One oan rewrite aciion {4) in the following form

s = jaPx(] (8, + th®% - V(|2|?) + JiB, ™

£ 0+ 1@2)e™ 0 A, - (17467 - 1Bj012/2) By, (B)

( where §T=i (Qﬂé‘m@ - @mﬁbﬁ) is a free soalar field ourrent) and

notlice that nonminimal interaction terms contribute to the €S and
Haxwell terms. It is essential, that the ocontribution to the
latter one occcurs with the opposite sign. One can see, that non-

minimal interaction survives even when the charge of @ is equal
10 zerc.

When the vaouum expectation value of ® is nonzero (<¥>=li} and
the gauge symmetry is spontaneously broken (this is indeed the
minimum of the Hamiltonian in the long-wave approximation to whioh
consideration we restrict ourselves) the effective veotorfield
action takes the form ’

2 ,
s = fxl-} - L2y + 2o + W2)emly 0 A, + (ew)2A 4TI, (6)

where the veotor field redefinition, Am -+ Am/e, has been made.

The analysis of the action (6) allows one to draw the following
conclusions. The contribution to the Maxwell term leads to re-
scaling of coupling constant. And if the CS term was not initi-
ally present in the theory (¢=0) we see, that it appears as a
result of spontanecus symmetry breaking. The generation of the
CS term by radiative corrections in scalar electrodynamics with
spontaneously broken parity was considered previously in [8].

There are two critical points of the symmetry breaking parame-
ter ;.LE, in which the dynamies of vector field is drastically
changed.

One of them is p.a=1/ (21232), where the Maxwell term disappears
from (6) and we obtain the theory, discussed in refs. [5]. Note,
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that for ;.t.2>1/ (21232), Maxwell term aoquj:r-es the wrong sign, which
leads to the nomunitarity of the theory in this sector.

The another oritical point is p.2=—'e/l, where the CS term vani-
shes and the conventional massive veotor field aotion is restored.
1t i Jjust in this point "spin-flip" effect takes place: because
of the absence of correlation between ¢ and 1 signs we get opposite
vector-tield helioities, depending on whether p.2>-e/ 1 or p,2<-~o/ 1.

Outside the c¢ritical pointis action (6) desoribes two vector
tield states with the opposite helioities and different masses [6].

It ought to be siressed, that the model disoussed above should
be considered as an effective theory, which is valid in the long-
wave appmximation’and for small values of | parameter.

It would be interesting to realize to what extent this model or
any 1ts modification (for example, taking into acocount terms with
higher 1's powers) can lead to consistent renormalizable quantum

fleld theory.

It seems azlso interesting to study spin-statistical properties
of the field ¥(x) in conneoiion with possible appearance of any-
ons [3], as well as to look for vertex-type solutions {9] and
possible applicatione toc desoribe physical effects in solid-state
rhysics.
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Appenaix.

Here we would like to make a remark on how one can understand the
cormection between topological (CS) and conventional mass terms
for vector field from group-theoretical point of view.

It it is proved, that the CSM theory describes massive vector
states then one can impose on A'n the Lorentz condition amAm=0 to

extract the corresponding physical degrees of freedom and consider
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A (x) as the irreducible representation of the D =2+1 Poincare
group. The Poincare algebra (g‘m, By ) in D =241 has two princi-
pal Casimir operators PP=m , (1/2) gumal ¥ P =sm, where @
and 8 Dbeing & particle mass and helicity respectively. Thus, to
describe physical states with definife m and 8 =%1 Am(x) must
satisfy the following conditions :

8% - 1P)a, = 0, - (t)

T, P oA, = sm 4y (tt)
where P<19/0x', and MMy = 184y ~ Enficy) To¥ veotor

representation of the Poincare group. Substituting this operator
realization into eq.({{) and miltiplying both its sides by A, one
immediately gets the relation

e™lp 0 A, = sm A AT,

which presents the correspondence between the topological and con~
ventional mass terms.
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