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The oonsequenoes of spontaneous QDIIl8tr,y breald..rlg are oonsi­
dered in a model. describing norpn1n1ma1 gauge interaotion of a 
scalar field (analogoue to that of sp:in-1/2 partiole with anoma­
lous DBgDetio momentum). It is shown tliat the gauge field Ohern­
Simons tel'Dl can be generated 88 a re8Ul. t of QIIIIl8tIT breaking if 
it W8 not· :in1t1al1.7 present :in the action and, at the same time, 
the 1Ia1we1l term can be canoeled by SJDID8tr.v breald.ng correotions .. 

9 refs. 

'1f1lJ( 539.12 

JIa'I'IIHCKd C.Il.. CopolCIm l.n. 0 BellBBJllU8JI&BOII KaJlBCSpoB01IBOIoI BS8JDIO:­


,Jte:aC'l'BBH CK8JI8.PBOI'O IIOJU.I B D--2+I TeOPBB tiePS:8-Ca:I:MoBc8-118KCBeJJ.D:8: 


llpeJIpIIBT :x..rH 91-12, XaPbKOB, 1991, 6 c. 

P8CCM:>TpeBJi noOJIe~C-.rBB1I CIlOB'l'8BHOI'O HSppeHll1l CBIiaIeTPI'IJK ,B 

IIO~D. OllIICHB8DI¥':a BeIOlBJlll8Jll:tB K8JJJ1[(SpoBOqaoe BS81DIO,lteAcTBJile S8­

p.fDIeBBOI'O CKam!pBOI'O IIOJU.I (8B&IIOI'JI'CmOe BS8JDIO~e:ac'l'BB:IJ '118CTJIQ,B co 

CllBHClII 1/2, 04&8.;rt8JJ1(e:l: 8B'OII8Jlb'BHM II8I'Bli!l'l." MOMeBTou). IJoX88aHO, 

'liTO B pesy,m,T8Te CIIOBT8BHOro B8pyDreBJiUI Cl!IIAIe'l'}lBJi[ MOaeT res:epJtpO­

B8ThCH tieps:-Ca:IbIoBoBCKOe ,Ite:l:CTBJte NUl K8JI1!J:CSpoBOqaoI'O IIOJUI H, B TO 

lEe :ap8I111, MmcCBeJlJlOBCICid: 'Il.1IeH II!OIE8T HC1leSHYTh B pesy,m,T8Te KOUIIeH­

CHpYJlllllX BKJI8~OB, B08BJIIC8DqIl1: IIPB CIlOJr.I.'8BHOU H8pymeBB]l[ C1IIAleTPJDI. 

Cml:COK .lIJiITeP8TypJi - 9 HmBI. 

© lleHTP8JI&mdt H8yq:ao-HCCJIe~B8TeJIhC1Cd: liIHCTHTYT 

lllBIIloPU8I(B,]1[ H Te.DD!KO-BKOHOlIJINeCKIIJ.Jt HCCJIe~oB8BIdt 

IIO STONHOit H8y:Ke H Texmnce (IlHHHSToUJiJBJlloPU) 1991. 

http:Te.DD!KO-BKOHOlIJINeCKIIJ.Jt
http:breald.ng


The Ohem-8imons-lfaxwell (OSK) theolY [1] .ttraots a great 
deal. of .ttention due to its conneotion rith problems of topolog1­
oal field'tneo17 [2 j, 'aDIOnsti&tlstios' ,.dSP1:rJ.~ :[:3] .. 'htpt~ 
ture superconductivity [4], and other e:t.teots in the field tbeo17 
and solid state ph7Bios. 

The var1o\JB aspeots of the theory,haB been 1 intensive17 dis­
cussed in the literature inolu.d:l.:rJg the phenoJDe.no.ll of spontateoua 
S:FBl8tl7 breaking and its ~luenoe on OS. SJ'Stem '[5.6]. It waa 
shoWn, for example. that in a theQry with pure Ohem-S::lJDorlcs (OS) 
aotion the Higgs effeot converts nan-¢v.nam1oal gauge veotor field 
into topo1pg1oally massive helioity 1 photon state [5]. At the 
same time, when theconventiC?nal Maxwell Jtl:rietio term is also prIlt­

sent in theory's aotion, the spontaneous s;,vrrmetr,r breald:ng reBUl.til 
in two veotor field states with opposite helioities aDd different 
masses [6]. 

In present note we ooDllider the consequences of spontaneou.s 
s;.vrrmetry breaking in a .model, desoribing D.ODID1n1mal gauge interao­
tions of a oharged scalar field. It will be shown that the OS term 
oan be generated as a result of s;ynmetry breaking phenomenon ifit 
was not present in the action from. the beginning and, on the oont­
rary, the llaxwell term oan be oanoeled by sJ]'IIDStry breald.ng OQr­

reotions. If the OS term is initially present in the theory, a 
"spin-flip" effeot oan take plaoe in spontaneously broken phase 
whioh manifests in ohanging of the sign of veotor field helioity 
associated with the sign ot the CS term. 

In the Appendix the group-theoretioal approaoh to oonneot the 
os term with th8 oonventional mass term is disoussed. 

One of the motivations to introduce the nonmin1mal gauge inter­
action in the form oonsidered below is its natural appearanoe in 
the generalized model of relativstio partioies, based on the twis­
tor approaoh [7]. It also has the similarity with the anomalous 
magnetio momentum term for spin 1/2 partiole. 
So we start with reminding of the notion of anomalous magnetio mo­

mentum of spin 1/2 partiole and disoussion of its peohl1arities 
in D=2+1 space-time dimensions. 

The Dirao equation for oharged spinor field with anomalous mag­
netio momentum interaoting with abelian gauge field "'m(%') has the 
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(1 ) 

Where 'f are ]);=2+1 Dirao _ trioes ( m=O,1 ,2 and the metric si8­

nature is chosen to be (+.-,-) ). 'mn~ llrn'n - lln"m being the' 

field stress tensor and 'l is ~a parameter of length dimension, 
Which chare.oterizes the value of magnetio momentum. "m has the 

dimension of 'l-1 and the gauge coupling oonstant e' ( whioh is 

hidden into "m ) has the dimension of 'l-1/2. In D=2+1 'f satisfy 

the relation ff=tfID- t~'l'T'l' whioh allows one to rewrite eq. (1 ) 
in a followiJ:lg W&1': 

Thus to take into aooountthe gaugeinteraotion. oaused by ano­
malous magnetic momentum of a particle in D=2+1 one has to add the 
dual veotor :pm~'lFll to the gauge field potential "m- This pro­

oed:u:i-eoan, be applied to soalar fields ~(:z:) as well, for whioh the 
equation of motion takes the form 

(3) 

The aotion, from whioh the eq. (3) oan be obtained is written as 
follows 

s = fd3:z:[! ("m + tA,n + tiPm)~12 - V<l~12) 

+ eelDllI , {J Al - 1_ (1 )2] (4)
III n mn4e2 

where V( 1~12) potential of a Higgs t;vpe has been taken into ao­

oount, ~ has the dimension of 'l-1/2 and ~ is a dimensionless pa­

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



rterms, whioh we reproduce i...'"1 t1':l.6 Appendu
One oan rewrite aO'aon (4) in the following form 

s = Jd3x( I (am + !~)~12 - V (1a>12) + ~IFnlA 

- D+ (6 + tla>12)smnl'm0nA~ - (1/482 t 2 1a>12/2)(Fmn)2 (5) 

( where jm=i(~ * 8m~ - ~m~II: ) is a tree soalar field ourrent) and 

notice that nonminimal interaotion terms oontribute to the as 8':11(; 

Maxwell terms. It is essential, that the oontr::t.bution to the 
latter one ooours with the opposite sign. One oan see, that non­

min.imal interaotion survives even when the oharge ot c.l? is equal 
to zeI"() , 

When the va01.D.lm expeotation value ot ~ is nonzero (<:0>=fJ.) and. 
the gauge synmetry is spontaneously broken (this is indeed the 
minimum ot the Hamiltonian in the long-wave approximatio.n to whioh 
oonsideration we restriot ourselves) the etreotive ve,,}tortield 

aotion takes the torm 

where the veotor tield redefinition, ~ -+ A,n/e, t!B.B been made" 

The analysis ot the aotion (6) allows one to draw the tollowing 
oonolusions. The contribution to the Jiaxwell tel"m leads to re­
soaling 0:( ooupling oonstant. .And if' the as term was not initi­
ally present in the theory ("=0) we see. that it appears ae a 
resul t or spontaneous symmetry breaking. The generation 0:( the 
as term by radiative oorreotions in soalar electrodYnamios with 
spontaneously broken parity was oonsidered previously in [8]. 

There are two oritioal points ot the symmetry breaking parame­
ter ~2, in whioh the dynamios ot veotor field is drastically 
changed. 

One ot them is ~2=1/(212e2), where the Jiaxwell term disappears 
from (6) and we obtain the theory~ disoussed in refs. [5]. Note, 

3 

http:va01.D.lm


4 

that tor JJ.2)1/(2t2e2 ), llaxwell term aoquires the wrong sign, whioh 
leads to the nonunitarity of the theory in this seotor. 

The another oritioal point is ~2=_'&ll, where the OS term vani­
shes and the oonventional massive veotor field action is restored. 
It is just in this point "spin-flip" effeot takes plaoe: beoause 
of the absence of oorrelation between '& and 1 signs we get opposite 
veotor-field helioities, dependiQg on whether ~2>_'&/! or ~2<_'&II. 

OUtside the oritioal POints aotion (6) desoribes two veotor 
field states with the opposite helioities and different masses [6]. 

It ought to be. stressed, that the model discussed above should 
be considered as an effective theory, whioh is valid in the long­
wave approximation and for small values of I parameter. 

It would. be interesting to realize to what extent this model or 
any its modifioation (for example, taking into acoount terms with 
higher l's powers) can lead to oonsistent renormalizable quantum 
tield theory. 
It seems also interesting to study spin-statistical properties 

of the field ~(x) in conneotion with possible appearanoe of any­
one [3], as well as to look for vertex-type soluti.one [9] and 
possible applioations to desoribe physioal effeots in solid-state 
I'hysios .. 
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Appendix. 

Here we would like to make a remark on how one can understand the 
connection between topological (OS) and convent1.onal mass terms 
tor vector field from group-theoretical point of view. 

If it is proved, that the aSK theory describes massive vector 
states then one can ~pose on ~ the Lorentz condition Bm.Am=O to 

extract the corresponding physical degrees of freedom and consider 



Am(x) as the irreducible representat=!-on J2f the D _2+1 Poincare 
group. The POincare algebra (~, PI} ~ D -2+1 has two princi­
pal Casimir operators P~ = m, (1/2) €mnl ~ PI • am. , where a 
and s being a particle mass andhelicity re.pectively. ~husf to 
describe physical states with definite m and s _±1 Am(X) must 
satisfy the following conditions 

(Pl2 - m2 
)~ = 0, 	 (0 

~(€tkl.t~l)~ : am ~ (tt) 

representation ot the Poinoare group. Substituting this operator 
realization into eq. (t t) and mu1tiply1ng both its sides by Au. one 
immediately gets the relation 

whioh presents the oorrespondence between the topological and con­
ventional mass terms. 
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