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Self-dual model coupled to bosons
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In this paper we investigate the dynamics, at the quantum level, of the self-dual field minimally coupled to
bosons. In this investigation we use the Dirac bracket quantization procedure to quantize the model. Also, the
relativistic invariance is tested in connection with the elastic boson-boson scattering amplitude.

PACS numbgs): 11.10.Kk, 11.10.Ef, 11.10.Gh

Quantum field theory in 2- 1 dimensions has been pro- where the covariant derivative is given bp,=d,
vided as a mechanism to understand the quantum Hall effect; (ig/m)f,, f, is the self-dual field an@ is the charged
and superconductivity at high temperature. In addition, interscalar f|e|d
esting aspects such as exotic statistics, fractionary spin, and The momenta canonically conjugated are
insight on the existence of massive gauge field are present in

the context of three dimensional modgls. L 1
In (2+1) dimensions self-dual theories were originally T oot > €0apt’s 2
proposed by Townsend, Pilch, and van Nieuwenhuj2g8j. 0
Self-duality means that two equivalent descriptions of a oL ig
model using different fields exist, as has been treated in Ref. = =0¢* — —f00*, ©)
[4] where the equivalence between the free self-dual model d(dop) m
and the Maxwell-Chern-SimondVCS) model was demon-
strated at the semiclassical level. This equivalence was also . L 0 ig 0
observed in the level of the Green functidiig. F=————="¢+ "¢ 4
The exact equivalence between the self-dual model mini- d(9o¢™)

mally coupled to a Dirac field and the MCS model with
nonminimal magnetic coupling to fermions has been studied
by Gomeset al, see Ref[6]. Also, the canonical quantiza- Po=mo~0, (5)
tion of the self-dual model coupled to fermions has been
studied by Girotti in Ref[7]. In this study, one has observed 1
that two new interaction terms arise, which are local in Pi=m+5—e;fl=0, (6)
space-time and are nonrenormalizable by power counting. 2m

Relativistic invariance is tested in connection with the elastic vh th f K it din th f
fermion-fermion scattering amplitude. ere the sign of weak equality<() is used in the sense o

In the present paper we will study the self-dual modelPirac [8,9]. The canonical Hamiltonian density is given by
coupled to bosons. We quantize this model using the Dirac
bracket quantization procedure. In this quantization proce-
dure, the results one gets are apparently Lorentz no hen
invariant. For this reason, we test Lorentz invariance of ou
results in connection with the elastic boson-boson scattering
amplitude. As a result, we demonstrate that the combineg=[T* [T g, ¢* 3¢+ M?p* ¢+ (f d* M
action of the noncovariant pieces that make up the interac-
tion in the Hamiltonian can be replaced by the minimal co- 5 1
variant field-current interaction. _ - — o d* TR — g_szfk¢* b— = fuf

We adopt the Heaviside-Lorentz units, and putc=1. 2
The metric tensor ig*”=diag(1,-1,—1) and antisymmet-

The primary constraints are

H=m°f' +11°p+11* °¢* — L, @)

ric tensore**? is normalized ag®?=1. Also, we have con- of 1 o 19
L. .. 1 + . = _ * 4% .
siderede’ = %', Flmeiftdfi= (e—T"¢%) ®
The Lagrangian density that describes the self-dual field
coupled to bosons is written as The primary Hamiltonian is
1 np 1 " * m 2 0 i
£=—ﬁe (9,8,)f,+ Ef f,+(D,$)*(D*¢) Hp= | dX(H+U"Py+U'P;) (9)
~M?¢* ¢, (1)  whereU® andU' are the Lagrange multipliers.
Imposing the consistency conditions to the constraint
*Email address: maa@fisica.ufpb.br Po={Pg,Hp}p={mo(X),Hp(y)}p=0, (10
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S=10— i.s--aifi+ iﬂ(n¢—n*¢*)~o (11)
m " m '

[ o

+J' dZX[HITHI—é’k(ﬁITﬁk(ﬁI-FM2¢IT¢I], (23)

LN (o +
2m266(| )(k) 2||
Imposing again the same condition of consistency to the

constraintsP; andS we can verify that no more constraints
arise. So we can determine the Lagrange multipliers and all
constraints are second class. Following the Dirac brackejng
guantization procedure we get the commutation relation in

equal time of the dynamics variables
' ‘ H:nt:fdz (flkd)lTa d)l 9 ¢|Tflk¢) f flk¢|T¢I
[fox), fl(y)]=ids(x—y), 12
. s oL i
[0, Pl (y)]=—imeMa(x—y), (13 —mﬁe"'& fi(I'g' — 1! ™) — (H ¢!
- - i CoL .
0 = — e D S(X—
P00, m(Y) 1= = 5 €joxd(x =), LI g 11T (24
(14
. . [, The superscript denotes field operators belonging to the
(100, mdy)]= 5 9kd(x—y), (15  interaction picture.
The rules of commutations relations in equal times
i obeyed by operators of field in interaction pictures are ex-
[w](x) m(y)]= ~am elké(x y), actly the equation§l12)-(20). The motion equations that sat-
(16 isfy the operatorsy' and ¢'" are
T d09'=i[Hp,¢'1=11", (25
[0, $()]= = - $(X) 3(x—Y), o
an d09!T=i[Hg, ¢!11=11 (26
g and the corresppndent propagator of bosbfig) in the mo-
(100, ¢" (V)] = 1 & () 8(x=y), mentum space is
(18) i
. .. A(p)=—2_M2+i : (27)
[6(x),II(y)]=i8(x—Y), (19 P ¢
- . The Feynman propagator of the self-dual fié|di=1,2 is
and all other commutators vanish.
The Hamiltonian that describes the quantum dynamics ofD (k)= : (_ng”_ +kk; —ime ko) =Dy (— k)

the system is written as K2—m?+ie

H=fd2x

19 ot repy_ 9
+ (Pl — g 17¢)— —fif 1o
m

(28)
as has been obtained by Girdffi].

I — o9 pT*p+ M2 ¢

of the fundamental fields is written as

H:nt de (f|k¢|T&k¢l &k¢|Tflk¢) f flk¢|T¢|

1 1
+ 5 1010+ S Hif!

5 , 2y

H 2

— 29 (o B — B o) — —— (o'
where we have considered the Wick order of the operators. m 2m
We can simplify the Hamiltonian eliminating the operat8r
using the condition that is described by E@l) so that it

takes the form

= ¢"Ta0¢") (o' "' = BT o ") |. (29

H'=H{+H,,, (22)  Observe that Eq29) contains four terms. The first term is

Finally, the Hamiltonian of interactions described in terms

the spatial part of the field-current interaction. The third term

where
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is the magnetic field interacting with the temporal compo-
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nent of the current, whereas the second term is the spatial 5(22): —gsz(ZW)SéG(pH Ps—P1—P2)
part of the gauge-boson field interaction and the fourth term
is the interaction of a kind of temporal component of cur- 1
rents. Unlike the case of MCS minimally coupled to bosons, X [ (P1+P1)j(Pa+P2)o— T (K)+(p1+P1)o( P2
these extra terms are strictly local in space-time. Also, they m’
are nonrenormalizable by power counting. 1
In the next step we will verify the Lorentz invariance of +P2);j —sz(—k)+ P p2] , (36)
the theory. To do this, we will evaluate the contribution of m
order g to the lowest order elastic boson-boson scattering
amplitude which can be grouped into four different kind of ~ S{?=—g?N,(2m)38%(p;+ps—p1—P2)
terms:

4 [ (P1+P1)o(po+ pz)o SAK)+pr— p2] )
sP=72 g2, (30)
a=1 (37)
where S = —g*Ny(2m)*5%(p+ 3~ p1—P2)
2
sgz>=%f fd3Xd3y(<pf|T{I{¢T(X)<9,-¢(X) [(p1+p1)o(pz+pz)o +p1<—>p2], (39)
—3,6" () d)I(x)::{ T (y)a1h(y) where
—a19" () (' () e, (31 1 i
Nl [ I | T ||
92 mZDJ(k) K2—m2+ie g+ m2 me ko
S‘f’=—ﬁ J f d3xPy( | TEL T (X) 95 (%) (39
—(91‘¢T(X)¢(X)}fj(X)::{€ilaifl(y)(aO¢T(y)¢(y) izrj(k): 5 Iz iaé'jlkﬁ‘&kzo), (40)
— o' (V) dod(V)} Y @), (32 m Kimmetie m
y O | O B L 1)
sg’=ﬁf f dEx APy (| T{{ €4 (X) (dopT(X) () m2 K—m2+ie| m2)’
— ¢ () (X))} { e d T (y) b (y) (y) and
— ' (y)dod(Y)}:H i), (33 k=(p1—p1)=—(pP5—P2) (42

ig? is the momentum transfer. Substituting E35)—(38) into
3512):%] f d3xd®y S(x—y){@¢| T{:{dod T (X) p(x) Eq. (30) we find

— T (X)dd(X)}::{do b (y) b(y) S@=—g?N,(2m)38%(py+ py— P1— P2)

— o' (y)dod(Y)}:H i) (34) x{(pi—l— P1) u(p5+ pz)véD’“’(k)-Flepg]

Here, T is the chronological ordering operator, wher¢ags

and (¢¢| denote the initial and final state of the reaction, (43
respectively. For the case under analysis, beth and( ¢s| h
are two-boson states. where
In terms of the initial p1,p,) and the final momenta Kk
(p1,p3), the partial amplitudes are ZDH(K) = — | grr— +—errak,,
m? K2—m?+ie m> m
SP=—g?N,(2m)38%(pi+ Py~ P1—P2) (44)

, , 1 is the propagator of the self-dual field. As can be seen the
X3 (P P1)j(Pa+P2)i— D (K) +pre=par, amplitudeS is the scalar of Lorentz. Observe, also, that
m . o :
the theory has passed in test of the relativistic invariance. On
(35  the other hand, in the tree approximation is allowed to re-
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place all the noncovariant terms H! ., Eq. (29), by the and therefore, the self-dual model coupled to bosons is a
minimal covariant interaction g/m)J'Mf'M, where J'M is non-renormalized theory as we have noted previously by

given by power counting.
Finally, we conclude in this paper that the self-dual model
: g minimally coupled to bosons bears no resemblance with the
I _ | % | __ Ix g1y 2 el 1% 4l
=P 0, = 0,d™ ) mfﬂ(b ¢ (45) renormalizable model defined by the MCS field minimally

_ i coupled to bosons. The equivalence between self-dual and
We have observed also that the high energy behavior of thgjcs when coupled to bosons is under investigation.
propagator in Eq(44) is radically different from the MCS

theory in the Landau gaudé0], We are grateful to F. A. Brito for useful discussions. This
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