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Three-dimensional Yang-Mills gauge theories in the presence of the Chern-Simons action are seen as being
generated by the pure topological Chern-Simons term through nonlinear covariant redefinitions of the gauge
field. [S0556-282(98)02614-9

PACS numbds): 11.10.Gh

[. INTRODUCTION mass[2]. According to the parametrization chosen for the
topological massive Yang-Mills actiofl.l), we can assign
In a previous papefl], it has been observed that the mass dimension 1 to the gauge fiélg, so that the param-
topological three-dimensional massive Yang-Mills gaugeetersg,m are, respectively, of mass dimension 0 and 1.
theory whose expression is given by the sum of the Yang- For instance, for the first four coefficients of the expan-

Mills action and of the Chern-Simons ter8] sion (1.5, we have[1]
Sym(A) +Sco(A), (1.0 ﬁ/lL= i€u0F 7,

with 2 -
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:__S,M(TT 7 P T+ _8/.,60'7' i 1 i 1
and ® 16 48 P
S, A=ltrjd3x m(A L9 A+ 2gA A A ), 1.3 4a__ 9 N
cs(A) =2 e (AL AT SOAAA), (1.3 93,=— 735D *D*F .+ 155D "D,D Fy,
can be cast in the form of a pure Chern-Simons action 7 1
through a nonlinear redefinition of the gauge connection, — —09[D*F,,,F7]——=g[D,F,\,.F*]. (1.9
192 P RS 48 u
namely
Sym(A) +Sco(A)=ScoA), (1.9 This work attempts to provide a detailed and self-
_ contained cohomological analysis of the Ef1.4) and of the

with covariant character of the coefficien@(D,F). Further-

2 more, the formulag1.4), (1.5 will be generalized to any

A=A+ —9%(D,F). (1.5  locaf gauge invariant Yang-Mills type actichf FD2F, etc.
n=1 M These features will enable us to interpret the topological

The coefficientsﬂ';(D,F) in Eq. (1.5 turn out to belocal
andcovariant meaning that they are built only with the field

strengtﬁ Fo 2As we shall see in the Sec. V, a rather large class of nonlocal

gauge invariant actions can be contemplated as well.

F..=0d,A,—d,A,+d[A, Al (1.6 3According to the BRST analysis of gauge theorj8s-5], the
name Yang-Mills type action is employed here to denote a generic
and the covariant derivative ,, integrated local invariant polynomial with vanishing ghost number
built only with the field strength= and its covariant derivatives.
Dﬂzﬁ;ﬁ' Q[A,L 1. 1.7 The corresponding actions are of a very different nature with re-

. . . .. spect to the Chern-Simons term, which is known to be BRST in-
The two parameterg,m in the above expressions identify variant only up to a total derivative. It belongs thus to the so called

the gauge coupling constant and the so called t0p0|c)g'C%RST cohomology modulal, d being the space-time differential.
Although the present considerations are referred to the flat Euclid-
ean space-time, it is worth recalling that while the Chern-Simons
As usual the gauge field, is meant to be Lie algebra valued, term turns out to be metric independent, when defined on curved
Aﬂ=A;Ta, T2 being the anti-Hermitian generators of a semisimple spaces, the Yang-Mills type actions couple in a nontrivial and direct
Lie group. way to the space-time metrjd].
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Chern-Simons term as a gauge invariant functional acting opansion parameter for the formal power series belonging to
a suitably defined space of gauge connections. Any giverhis functional space, as in the case of the coefficiéhj';snf
local Yang-Mills type action is thus obtained by evaluatingthe nonlinear field redefinitiofd.5).
the Chern-Simons functional at a specific point of this space, It is rather simple now to convince ourselves that, within
yielding thus a pure geometrical set up for the threethe space of the local formal power series, the presence of
dimensional gauge theories. the Chern-Simons term in the initial actiéh.1) allows us to
The work is organized as follows. In Sec. Il we review theimplement a recursive procedure which trivializes any BRST
Becchi-Rouet-Stora-TyutifBRST) cohomology of three- invariant term containing onlf and its covariant deriva-
dimensional gauge theories in the presence of the Chernives. In order to have a direct and simple idea of the mean-
Simons action. In Sec. Ill we establish some general geoing of this statement, it is sufficient to consider the so called
metrical features of the topological Chern-Simons termAbelian approximation of the BRST transformatiof#s1),
which will account for the covariant character of the coeffi- namely
cients 9, and for the Eq.(1.4). Section IV deals with the

generalization to a generic Yang-Mills type action. Although S—Sp, (2.2
the content of this paper refers mainly to geometrical aspects, .
Sec. V will be devoted to the consequences following fromWV[h
the relation(1.4) at the quantum level. Further possible ap- SoA,=d,C
plications will be also outlined. rooRT
SOC= 0,
Il. BRST COHOMOLOGY OF YANG-MILLS THEORY IN 2.3
THE PRESENCE OF THE CHERN-SIMONS TERM . ov 1 0
- SOA#—ES,‘LW)F p+a¢9 FMV,
A. Generalities
The BRST cohomology of the Yang-Mills gauge theories SoC* = auA; '

has been studied extensively in the last years. Very general

results and theorems have been established in any space-tiried

dimension[3-5], being easily adapted to the present case.

Following the standard proceduf®,7], the BRST differen- FO,=0,A,—d,A,. (2.9
tial s corresponding to the topological massive Yang-Mills

action (1.1) is given by From Egs.(2.3) we see that thesy-transformations of the

fields and antifields correspond to the case in whichaait

sA,=D,c, ti)commutators have been discarded, reducing thus to a set of
Abelian transformations. The operatgy is actually the first
sc=—gc?, term of the decomposition of the full BRST differentisl

according to the filtering operat$8,7]

1 1
SAt=g,,,F""+ —D'F,,—g{A* c} 5
w2 m- e o N=trjd3x A +c—-+A" +c* .
" oA, éc '“5A; oc*
sc*=D*A* +g[c* c], (2.2 (2.9

As it is well known, the relevance of the operasgris due to

a very general theorem8,7] on the BRST cohomology
which states that the cohomology of the complete BRST
differential s is isomorphic to a subspace of the cohomology

with ¢ being the Faddeev-Popov ghost ank{;(c*) identi-
fying the two antifields needed in order to implement in co-
homology[5] the equations of motion stemming from the

. i - 5 ox
action (1.1). The fields and antifields/, ,c,A;, ,c™) carry, of the operatorsy. This implies, in particular, that if the

respectively, ghost number (0;41,—2). o i
In order to provide a cohomological understanding of thecohomology 0fSo s trivial, that of the full operatos will be

Eq. (1.4), we have first to specify the appropriate functional emfg L?ss r\:;(\a;\lll'proceed by rewriting the third equation of Eq
space for the BRST differential. As suggested by the Eq(2 3 in the following form '
(1.5), the latter will be identified with the space of the inte-

grated local polynomials in the fields and antifields of arbi- 1

trary dimension. More precisely, the operatwill be al- FO,=So(& A" ") — Eswpﬁfo”)‘, (2.6
lowed to act on the functional space of the integrated local

formal power series in the fields and antifields. This choice iSyhere use has been made of the Euclidean normalization
the most suitable one in view of the generalization of the Eq.

(1.4 to higher order Yang-Mills type actionsfFD?F, gh"Pe o= 6,00 — 860 (2.7
JED?D?F, etc., which will be discussed later on. These

terms fit naturally in the space of the local formal powerFrom the Eq.(2.6) we see that we can replace the field
series in the fields and antifields. Observe also that the instrengtthV by a pure BRST variation with in addition a
verse of the topological mass can be interpreted as the eterm of higher dimension containing a space-time derivative
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and a factor h. The Eq.(2.6) has the meaning of a recur- It is worth recalling that, within the BRST algebraic
sive formula smceFO , appears on both sides, thereby allow- framework, the terms of the action which are exact turn out
ing us to expres§ as a puresy-variation: i.e., to correspond to pure field redefinitions. Therefore, the for-
mulas(1.4), (1.5 arise as a consequence of the BRST trivi-
ality of the Yang-Mills term. We also underline that the pos-
PN sibility of rewriting the Yang-Mills action in exact form
relies crucially on the presence of the topological Chern-
1 Simons term in the starting action. As one can easily under-
=so< & ypA* P — E(a“At —d,A}) stand, this is due to the fact that the field variation of Chern-

0 _
F,lLV_SO(g/.LVpA*p)_ Euvp

Simons yields the(dua) of the field strengthF,,, as

1 expressed by the BRST transformation of the antifjfleldin
o0 o0 4 .

+2(0u7F = 3,0F ) Egs.(2.1). Without the presence of the ters),,,F** in the

right hand side of Egs(2.1), it would be impossible to
implement the previous recursive procedure, as the left hand
_ (8 A*P— i(a *_ g A¥) side of the Eq(2.6) would be vanishing. The formul&.6)
K # would become thus useless. This means that if the Chern-
1 Simons term is not included in the initial action, there is no
+ 5 (& uvodp— € upda) I7A*P way of (re)ex_prfassing the Yang-Mills action in the form of
an exact variation of a local formal power series. However,
as soon as the topological Chern-Simons is turned on, we can
,) 379, FoPr immediately reabsorb the Yang-Mills term through a nonlin-
ear field redefinition.

1

- m3(8;LV(r P ,uvp

1 B. Complete ladder structure
= So| £, A% P~ = (3,A% —3,A%) | plete we

m The previous cohomological considerations can be under-
stood in a simple way by noticing that the transformations

T (€ 4000y = € u1pdy) I°A*P— is (2.3 can be cast in a form which is typical of the topological
m m theories of the Schwartz typElO], as for instance pure
Chern-Simons. In fact, using as new variables the redefined
X (& vodp™ € uupds) 8727370, A*) +0 ) antifields

= e (2.8 ~ 1 . 1
A= P e do AT 5 A,

It becomes now apparent that this iterative procedure will

result in a formgl_power_series _in the expans_i(_)n parameter n i L2 ARPT 4 14 PPA* +0(1md),

1/m whose coefficients will contain only the antifiekf; and Eurp m my

its space-time derivatives. The above formula expresses the 2.9

triviality of the field strengtthw. As a consequence, any

invariant local term depending only dﬁiy and its space- -

time derivatives can be written as a pusgvariation. Of cr=c* - 192C*+ 70°9°C* +O(1/m®),

course, the same property holds at the level of the full BRST

operators with the result that all the invariant local terms jith

made up with the field strength,,, and its covariant deriva-

tives can be cast in the form of an exact BRST variation of a A:‘w:stA*”, (2.10

local formal power series. Therefore, from the general results

on the BRST cohomology of gauge theor[&s-5], we can one easily gets, up to the ordent),

infer that in the space of the integrated local power series in

the fields and antifields, the unique nontrivial element with SoA,=3,C
the quantum numbers of an action can be identified with the
pure topological Chern-Simons tetrtsee also Secs. V and Soc=0,
VI of Ref. [9]).
* _ 0
soA =F s
“We recall here that, from the general theorems provdBjinthe SoC* = -s“ypéﬂA’:p (2.1

antifields do not contribute to the BRST cohomology in the sector . )
of zero ghost number for Yang-Mills gauge theories with semi-This structure, called complete ladder structlifg implies
simple group in arbitrary space-time dimension. that all fields, but the undifferentiated ghastan be grouped
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in BRST doublets, meaning that the cohomologggin the  the covariant character of the coefficien‘ig in Egs. (1.5).
space of the formal power series is spanned by polynomial$his will be the task of the next section.

in the undifferentiated ghost. As it is well known this
result, combined with the requirement of the rigid gauge in-
variance[3,5], allows us to identify the cohomology classes
of the full BRST differential with the invariant polynomials In order to account for the covariant character of the co-
in the undifferentiated Faddeev-Popov ghosiuilt with mo-  efficients 192 in the Eq.(1.5), we recall first some simple
nomials of the kind tc®"*1 n=1. It follows then that the properties of the Chern-Simons term. Laf, be a given
cohomology ofs modulod in the sector of the local power gauge connection and leSc(A) be the corresponding
series with the same quantum numbers of a Lagrangian hasBRST invariant Chern-Simons action, as given by the ex-
unique nontrivial element, correspondifiga descent equa- pression(1.3). Let us now vary the gauge field, by an

tions[7]) to the ghost monomial tc3. The resulting action is ~ arbitrary amoun®A,, and let us try to establish the transfor-
the Chern-Simons term. mation law for 5A, in order that the new Chern-Simons

Ill. SOME USEFUL PROPERTIES OF THE PURE
CHERN-SIMONS ACTION

Having justified the Eqs(1.4), (1.5), let us now turn to functionaISCS(A) evaluated aAMZAMnL oA, i.e.
|
A 3y v 1 1 g
Sc(A)=ScqA)+tr | dxe §5AMFV,,+§5AMD,,5AP+ §6AM5AV5AP , (3.1

is still BRST invariant. Notice also that the variatioa, is %
not treated as amfinitesimalquantity, the formulg3.1) be- OA,= E Wﬁz' (3.7
ing indeed exact. n=1

Requiring then that From the Eq(3.5 we have

sScs(A)=0, 3.2 _
cslA) 32 s97=g[ 97 cl, (38
and recalling that owing to the fact that coefficienthL with different values of
sSco(A)=0, (3.3 N have to be considered independent, being of different mass
dimensions.
we easily obtain Moreover, from the Eq(3.7) we obviously get
501
O=tr f dxe#"?{(s6A,—g[ 5A, ,c])F,, Sco(A,+0A,)=Sco(A) + 2, S, (3.9
n=1
T 29(s0A,) A, 0R, T [(sOA,)D,5A, S" being integrated local formal power series corresponding
+6A,s(D,6A,) 1} (3.4  to the expansion ofcg(A,+ 6A,) in powers of the inverse
of the topological masm, according to Eq(3.7).
The condition(3.4) implies that Furthermore, from the BRST invariance dcqA,

+6A,) and of Scg(A), we have
s6A,=9[6A,,c], (3.5
sS"=0, (3.10
meaning thus thadA , transforms covariantly. From the Eqg.

(3.5 it follows that the modified fieldA,=A,+ 6A, is a  implying that the coefficientS" in the Eq.(3.9) are BRST

connection invariant. Recalling now that the Chern-Simons term is the
unigue nontrivial action in the space of the local formal
SA =9 c+g[A c] (3.6) power series, it follows that th6™s in Eqg. (3.9) have to be
ook pr necessarily BRST exact, namely
as it should be. R
We see therefore that if we vary the gauge fialdby an Sh=ss8", (3.1
arbitrary amountsA,, which transforms covariantly under R
BRST, the resulting Chern-Simons teas(A,+ 5A ) will for some local integrated formal power serigswith nega-

remain gauge invariant. Of course, the covariant charactaive ghost number. We are now ready to give a cohomologi-
persists also in the case in whidA,, is meant to be a local cal proof of the Eq(1.4).
formal power series in the expansion parameter, l/e. In fact, the following Lemma holds:
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Lemma.Among the class of the BRST invariant Chern- power series. Everything will work as before, with the only
Simons functionalsSc<(A) difference that the coefficient;, of the nonlinear redefini-
tion (1.5 have now to be suitably modified. However they

Ay 3 v A A, A A A will remain covariant, as it will be illustrated in the following
Scs(A)=3 tr | dxe""P(A,d,A,+359AAA)), examples.

~ IV. EXAMPLES
A, being a connection of the type ) )
In order to have a better understanding of the previous
. il results, it is useful to work out the expressions of the coef-
A,=A,+ Z W'&Tw (813 ficients ®) in the case in which we add to the initial action
=t (1.2) generalized terms of the Yang-Mills type. We shall

it is always possible to find a set of covarfaepbefficients ~ Study in particular the following terms:
9, such that

A
) 1 S\(A)= 5 otr f dxe#""F ,,D F7, (4.2
SCS(A)=SC$(A)+mtrjd3xFWF’”. (3.19
and
Proof. In order to prove the Lemma, we proceed by as-
suming the converse, as it is usual in this kind of problem. __T f 3y Errp2
Let us suppose then that the Eg.14) does not hold, i.e. that SH(A) 4m3tr AP, “.2

- 1 3 ) \, Tbeing two dimensionless arbitrary parameters. The terms
Scs(A)# Scs(A) + mtr f d°xF,, F*". (319 (4.1), (4.2 have been considered in fact 1,12 as higher
derivatives regularizing actions for the topological massive
Therefore, recalling from the E¢3.11) that Yang-Mills.
Let us choose then as initial action the expression

o

1.
2 S“), (3.16 Sym(A)+Sed(A)+ S, (A). 4.3

n=1

Scs(A)=Scs(A)+5

. , o .
we should have In this case, for the first coefficieni, of the expansion

(3.13 we get
1 3 v . 1z 191 =1 For

mtr f d°xF, F*"#s ngl e S, (3.17 w= 48uort
which, of course, is in contrast with the results of the previ- 92 = wDaF '
ous section which allow us in fact to express the Yang-Mills . 8 7
action as a pure BRST variation of a local formal power
series, thereby concluding the proof of the Lemma. s (1=4N) - or

The above result provides a simple cohomological under- V== 16 €uorD7DpF

standing of the Eqq1.4), (1.5). It can be easily extended to
cover the case in which the initial actigi.l is supple- +gs [For F7] 4.4
mented with generalized terms of the Yang-Mills type. We 48 " #oT o '

recall in fact that among the BRST invariant actions built
with F,,, and its covariant derivatives, the Yang-Mills La-  Analogously, in the case in which the starting point is
grangian trF , ,F#” is the term with the lowest mass dimen-

sion. Any other term of this kind will contain a higher num- Sym(A) +Scs(A) +SA(A), (4.5
ber ofF,, or D, increasing thus its mass dimension. As a _
consequence, the Abelian transformatiof®s3 will get ~ We obtain
modified by terms of higher order iﬁj’w and its space-time

derivatives. Therefore, provided the Chern-Simons term is 9l= Es For
included in the starting action, it will be always possible to weoogomom
generalize the formuld2.6), thereby expressing the field
strengtthw as a BRST exact variation of a local formal , 1

9, =2DFop,

8
*We recall that the covariant character of th&'s follows from 93— _ DD FPT

the requirement of gauge invariance &f(A). ® 1657 P
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g . riant coefficientsd}, . In this sense the Chern-Simons term
+4_88uaT[F”P,Fp] may be considered as a topological generator for three-
dimensional Yang-Mills gauge theories.

Moreover, this geometrical interpretation gives us a direct
perception of howrigid can be a topological object. Of
course, rigidity has here the meaning of the classical equiva-
lence, up to local nonlinear field redefinitions, among the
Of course, provided the Chern-Simons term is included inyang-Mills type actions in the presence of Chern-Simons
the starting action, any other combination @ftr F%,  anq the pure Chern-Simons term. It is worth noticing that the
J tr FD?F, [ tr e#"°F ,,D,Fy, will lead to similar results.  aforementioned rigidity of Chern-Simons has been already

Notice, finally, that the expression for the coefficieht is  ynderlined by{9] in the framework of the consistent defor-
independent from the parametexs, owing to the fact that  mations of the master equation.

the two termsS, (A) andS,(A) in Egs. (4.1, (4.2 are, re-
spectively, of the order i and 1m°.

T 2y
+ 7€ D2, (4.6)

B. Field theory aspects

V. CONCLUSION 1. Perturbative topological massive Yang-Mills

and ultraviolet finiteness
The results established in the previous sections lead
us to organize the concluding remarks in two separate

classes. To the first class belong the pure geometrical coll

siderations. In the second one we discuss the field theor&rﬁv'ﬁg Er;';itf(i)rsat”oobrg:rrje%fgfg#ét:ggor}ég:f?:]yélg'; tperrOD'
aspects. Here we will attempt to make contact with the y P

known perturbative results on topological massive Yang-On has been extended to all orders by combining two loops

Mills [2,13,14,12,25,15,30We shall also try to provide a computations with finiteness by power counting at higher

meaningful support to a question which arises almost natuI-OOpS[M]' The ultraviolet finiteness has been proven in the

rally and which could be of great interest in order to improvel“”md"jlu gauge; this gauge being always assumed in what

. . follows.
our present understanding of the effectiviellquantum ac- . .
tions of three dimensional gauge theories. In order to make use of the results established in Secs. llI

and 1V, let us first analyze the meaning of the formulas
(3.14), (3.16 from a field theory point of view. In particular,
the Eq.(3.16 implies that the Yang-Mills action can be writ-

A very simple and attractive geometrical set up emergesen as a pure BRST variation of a power series which con-
from the considerations of this work. The Chern-Simonstains terms of arbitrary dimension, according to the nonlin-
term can be interpreted in fact as a gauge invariant functionadarity of the field redefinitiori1.5). This could seem to be in
defined on the space of all possible gauge connections of thdisagreement with the standard power counting, since the
kind (3.13. Any given local Yang-Mills type action is then BRST differential is required to act on the space of local
reproduced by evaluating the Chern-Simons functional at éerms of arbitrary dimension. Nevertheless, we can give a
specific point of this space, which amounts to a suitablemeaning to Eq(3.16 by adopting a more general point of
choice of the gauge connection or, equivalently, of the covaview and take as the starting action the formal power series

In spite of being only power counting super-
enormalizable, topological massive Yang-Mi(ls.1) is ul-

A. The geometrical set up

, (5.9

o d
1 C
= — 3 uv — ] sk
S(A) SCS(A)+4mtrJd XF ., F +j§=)2 = (gl oA SKA)

where o}, are arbitrary coefficients anﬁ}‘ are all possible 3 — . . >
higher dimensional Yang-Mills type actions built with the =~ >=S+t1r f d°x(boA+a#cD e+ A, D*c—gc*c),
field strengthF and the covariant derivativie. The indexk (5.2
in the double sunt5.1) is needed in order to account for the
degeneracy d,) of different Yang-Mills actions with the

same dimension. Notice also that, according to the results hereb,c are the 'Lagrang|a.n mulﬂpher and the anUghqst.
he reason for this choice is that, being now the starting

Secs. lll and IV, the aCt'O§(_A) in Eq. (5'.1) can be ca§t n action, a formal power series, the BRST differential turns
the form of a pure Chern-Simons term, i¥A)=Scs(A),  out to be naturally defined on the space of the local formal

with a suitable choice of the gauge connection power series.
For the fully quantized action in the Landau gauge, we It is worth underlining that this point of view closely fol-
have therefore lows the recent new perspectives on the renormalization of
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gauge theories outlined {r16]. Owing to the general results holds for the classical BRST invariant symmetric energy mo-
on the cohomology of gauge theori&s5], the action5.2) is  mentum tensérTM computed fromsS,

indeed renormalizabien the sense that all divergences can

be cancelled by the infinite terms Bf which spans all pos- T,,=BRST-variation. (5.9

sible local BRST invariant Yang-Mills terms. , )
g Furthermore, making use of the extended BRST technique

Although the actior®, justifies the use of the space of the _ . S
formal power series for the BRST differential, we have al-[19] (€€ the Appendix for the detailand bearing in mind
that in three dimensions there are no gauge anomalies, it

ways to face the problem of the infinite nhumber of param- g
eters present in the expressiéBil). However, it is easily follows that the Eqs(5.3), (5.5 are easily extended at the
seen that all the coefficientsn(a{() correspond to BRST quantum level, namely

trivial parameter$7]. Indeed, recalling that from the results

of the previous sections, every Yang-Mills type term can be — =BRST—variation,

written as the BRST variation of a formal power series, we om
immediately infer that T
— =BRST—variation, (5.6)
day
J3, o . N
— =BRST-Vvariation, [T, -I']=BRST-variationttotal derivative,

om

(5.3 where, as usual, the terms in the left hand side have to be
understood as BRST exact quantum insertions of formal

P power seriegsee the Appendixand T/ stands for the trace

= BRST—variation, of T,,.

%k This implies, in particular, that the dependence of the
quantum theory from the renormalization pointcan be
controlled by the introduction of suitable BRST exact terms.

the left hand side of E(q5.3) being understood as a formal These terms, being formal power series, correspond to pos-
power series. The above equations mean thus that the depesible nonlinear redefinitions of the fields.

dence of the actios from the parametem, a can be con- The Egs(5.6), implicitly contained in the analysis of Ref.
trolled through a nonlinear redefinition of the gauge field, ag1], represent our algebraic understanding of the ultraviolet
showed in Secs. Ill and IV. finiteness properties and of the role of the nonlinear field
We see therefore that, in spite of the presence of an infiredefinitions at the quantum level.
nite number of parameters, the E§.3) implies thatX pos- Recently, an independent and different proof of the ultra-
sesses a unique nontrivial paramétgr corresponding in-  violet finiteness of topological massive Yang-Mills including
deed to the Chern-Simons action, the vanishing of the field anomalous dimensions has been
achieved bhy[20].
dz, - ) .
g 79 =ScoA) +(BRST—variation. (5.9 2. An open question: the fully quantum equivalence

Perhaps the most intriguing question which arises natu-
rally in the present context is whether the classical equiva-
N ) lence between the massive topological Yang-Mills and the
In addition, due to the topological character of Chern—pure Chern-Simons, as stated by Efj4), can be extended
Simons, it is apparent that an equation similar to E03) 4t the level of the full one particle irreducib{&Pl) effective
actionI'(A).
Of course, we are unable to give a satisfactory and defini-
®According to the analysis dfL6], the model5.2) can be seen as tive answer to this question. Only a few termsldfA) have
a renormalizable theory fulfilling the so called structural constraintbeen computed till nowt'(A) being an infinite series in the
of the type A. loop parameter expansidn
"This situation looks rather similar to that of other kinds of well
known models, as for instance the two-dimensional nonlinear sigma—
model[17] and the superspace four-dimensioNat 1 super Yang- 8As it is well known, a symmetric classical BRST invariant
Mills [18] which, in spite of the presence of an infinite number of energy-momentum tensdr,, can be obtained by the standard pro-
parameters, turn out to be characterized only by a finite set of BRSEedure of coupling the actio§ to gravity and set the metric to the
nontrivial couplings. It should be noticed also that the requirementiat one after taking the derivative &, i.e.
that only a finite nhumber of parameters are BRST nontrivial is a

condition stronger than those assumed16]. This requirement, Tﬂyziﬁw )

combined with the fulfillment of the structural constraints| 6], \/; on n—flat

could give a more precise meaning to theories which are apparentiyhe Chern-Simons term does not contributeltg, due to the fact
powercounting nonrenormalizable. that it does not couple to the metric.
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What we shall do here is to show that, in spite of their However, it is very simple to see that if we start with a
nonlocalcharacter, a rather large number of terms contribut-gauge invariant nonlocal action built withand its covariant
ing to I'(A) can be in fact reabsorbed in the Chern-Simongderivatives in the presence of Chern-Simons, the recursive
throughnonlocal but covariantnonlinear field redefinitions. formula (2.6) can be suitably adapted to the nonlocal case,

In what follows we shall strictly refer to the flat Euclidean with the result that the nonlocal term can be reabsorbed in
space-timeR ® endowed with the constant flat metrig,,  the pure Chern-Simons througmanlocalfield redefinition.
=diag(+,+,+). Remarkably in half and in spite of the nonlocality, the rede-

We begin with a more precise definition of the 1PI quan-fined gauge field will still transform as a connection, due to
tum action. The functional'(A) is meant to be the 1Pl ef- the fact that the coefficients entering the nonlocal redefini-
fective action computed from topological massive Yang-tion turn out to be covariant, as it will be shown in the next
Mills upon guantization in the Landau gauge and afterexample. Thus, a great amount of nonlocal quantum effects
setting to zero the classical fields corresponding to the Lacoming from nonlocal terms built witk can be taken into
grangian multiplier, ghosts and antifields. TherefdteA) account by interpreting the Chern-Simons as a gauge invari-
depends only on the classical fiei), defined through the ant functional defined on the space of the gauge connections
Legendre transformation of the genera(Jj) of the con-  of the typeA=A+ 5A, where SA contains now both local
nected Green’s functions, i.e. and nonlocal covariant termsA= SA'°¢+ SA"'°C,

In order to have a better feeling of how things go in the
nonlocal case, let us compute the first coefficiaﬁis ﬁi for

A= | d¥; ... .d3XAX) . ... the nonlocal action
=2
XAX)T(Xq,. . Xn), (5.7 SYO(A)=— f d3xd®yF2(x)|x—y|F(y), (5.8
wherel'"(x; . Xp) is then-poin® 1P| Green function. with
Let us recall here the main basic facts about pure Chern- )
Simons and topological massive Yang-Mills at the quantum Fex)=tr FA"(X)F ,,(X). (5.9

level which will be useful in the following: ) i i ] .
The expressiof5.8) is one of the simplest nonlocal invariant

I'(A) is gauge invariant and contains both local awh-  terms depending off which is expected to appear in the

local contributions at each order of perturbation theory.  |gop expansion of (A). The coefficientsd* ,19 are easily
For a pure Chern-Simons theory the general covariance ig,,nd to be

unbroken at the quantum leigl1-24,2§, implying that the

dependence on thélat) space-time metric is nonphysical. 1 5 5
Let us also remind that, although being only powercounting 19”=38MVPFVP(X)I dy|x—y|FA(y),
renormalizable, Chern-Simons is ultraviolet finjgsl—24.

As proven by[14], pure Chern-Simons is recovered as the
infinite mass limitm— o of topological massive Yang-Mills. ﬁff - %( j d3y|x—y Fz(y))

In spite of the presence of the antisymmetric tensgy, ,
explicit regularizations preserving the BRST invariance have « N )
been constructed for topological massive Yang-Mills XD(J d*zF(x)|x—2|F(2), (5.10
[14,12,29. Although not needed for an algebraic analysis,
the existence of regularizations preserving the BRST symb’ being the covariant derivative acting on the poinfThus
metry is rather important in order to carry out computations.
This means that the BRST invariance can be maintained SCS(A)+S“'°°(A) SCS(A)+O(1/m3) (5.12)
manifestly at each step, implying that(A) can be con-
structed without leaving the space of the gauge invariantvith
terms.

- 1 1 1 2 3

Let us now focus on the structure of the 1PI effective action Au=Aut Eﬁ;ﬁ Wﬁu“Lo(l/m ). (5.12
I'(A). Needless to say, (A) is expected to be a quite com-
plicated object. Moreover, because of the gauge invariancess anticipated, the coefficientds? ,192 in Eq. (5.10, al-
I'(A) will certainly contain a large number of terms built though nonlocal, transform covananﬂl@so that the rede-
with the field strengthF and its covariant derivatives, inter-
twined in very complicated nonlocal, but gauge invariant

combinationg 13]. Perhaps the covariant character of the coefficiehfsin the

nonlocal case could be understood by naticing that the Lemma of
the Sec. lll, being of a purely geometrical nature, could be in prin-
%We have not specified the group indices in E5}7) since they  ciple applied to nonlocal actions built up with and its covariant
are not relevant for the forthcoming considerations. derivatives.
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linear redefinitions. The® should survive then the infinite
mass limitm—o. Pure Chern-Simons considerations should
thus apply. Therefore, according {@3] (see Sec. IV, B

fined field AM is still a connection It is worth emphasizing
that the form of the space-time function betwdef{x) and

F2(y) in the Eq.(5.8) is in fact completely irrelevant. More o .
sophisticated examples of nonlodaldependent actions can should be vanishing, due to a parity argumier] and to the

be worked out, leading to similar results. We see thereforfeneral covariance of the Chern-Simons in the Landau gauge
that a large class of nonlocal terms can be reabsorbed in thé1—24.28. In summary, the 1PI gffecn;/e action of topo-
pure Chern-Simons. In our opinion this observation is a siglogical Yang-Mills in flat space-timer* should be re-
nal of the fact that the aforementioned rigidity of the topo-Summed to pure Chern-Simons, up to nonlinear field redefi-
logical Chern-Simons may persist at the quantum level. Alhitions. This behavior may be completely different for a
though we have a solid understanding of the BRSTgeneric curved three manifold, as other kinds of topological
cohomology in the space of the local functionfs-5], the  invariants like the Ray-Singer torsidi26] are expected to
situation is completely different in the nonlocal case. Up toappear.

our knowledge there is no proof of the fact that the nonlocal It is rather important to underline here that a nonlocal
terms are built essentially with the field strength and its defield redefinition has been in fact already used[B%] in
rivatives. Notice that we are not demanding here the comerder to reset the one loop effective action of Chern-Simons
plete characterization of the nonlocal terms, including thein the light cone gauge to a pure Chern-Simons action.
knowledge of the space-time dependence of thentpoint Other kinds of three-dimensional effective actions, as for
Green functionI'"(xy, ... Xn). A weaker characterization instance the fermionic determinant of a two component mas-
guaranteeing the simple presenceoivould be almost suf-  sjve spinor could be contemplated. Indeed, the infinite mass
ficient in order to establish the quantum equivalence betweefinit of the Abelian fermionic determinant in flat space-time
I'(A) and Sc4(A). It w<.)uld3 be a very nice event if in the g nothing, but pure Chern-Simof27]. Moreover, the per-
case of the flat space-tinfe”, the 1P effective action could ;rhative expression obtained so far for the Abelian determi-
be reset to a pure Chern-Simons, up to nonlinear field redefiant can be easily reabsorbed through nonlinear redefinitions

nitions. . . - .
. . _ . _[29] into a pure Chern-Simons, providing thus a further evi-
Let us conclude this section by drawing a possible path i egce P P g

favor of this hypothesis. The forthcoming considerations
heavily rely on a rather appealing suggestior 18] (see in
particular Sec. IY and on the explicit one and two loop
computations on topological massive Yang-Mills and on
pure Chern-Simons done till noj2,13,14,12,25,21,32 We emphasize once again that the interpretation of the
After having reabsorbed all the nonlocal terms that weChern-Simons as a gauge invariant functional which is able
can, we should be able to write the complete 1PI effectiveo reproduce any givelocal Yang-Mills type action is rather
actionIT'(A) in the following form: attractive.
Whether this pure geometrical set up can be extended at
F(A)zgSCS(AHE, (5.13 the level of the full 1PI effective quantum action is still an
open question. In any case a great part'6A) can be cer-
with tainly reset to a pure Chern-Simons term up to nonlinear
field redefinitions.
A=A+ sAloc4 santoc (5.14 It is worth underlining that the covariant character of the
coefficientsd,, (in both local and nonlocal casehich al-

The qoefficierftl {in Eq. (5.13 is a power series ik ac- |ows to interpret the redefined fiefldﬂ as a gauge connection
counting for possible finite corrections to the Chern-Simong,q,id shed some light on the role of the nonlinear field re-

term itself and can be reabsorbed by a furtfeite multipli-  jefinitions in quantum field theory. This point could be of a

cative redefinition of the gauge field and of the coupling certain relevance within the new recent perspectives on the

constanty. . :

. renormalization of gauge theorig6].
. The extra term= in Eq. (.5'13 represents all the gauge The present results naturally remind us the relationship
invariant nonlocal terms which cannot be reabsorbed through

nonlinear field redefinitions. Howevé should be very con- With general relativity. After all, being\,, a connection, the
strained. It should not contaim since, due to the Egs. resulting actionSc4(A) is gauge invariant and looks as good
(5.6),'> m-dependent terms are expected to be related to norxs the initial oneSc<(A). This suggests that, as far as the
gauge invariance is taken as the guide principle in order to
select appropriate actions, we should still have the freedom
UThere has been a long discussion in the last years about a po8f choosing the connection.
sible universal meaning of. This question being not addressed ~ The inclusion of matter fields is under investigation.
here, we remind the original literatuf@1,12,22. We hope, finally, that this work will be of some help in
2t is useful to recall here that the actidhin Eq. (5.2) differs  order to improve our present understanding of three-
from the pure massive topological Yang-Mills by the infinite set of dimensional gauge theories and of the role of the topological
gauge parameters}, . actions.

C. Final remarks
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o1 (&
+J§2 - (kﬁl alks}‘(A)). (A2)

The actionX obeys the classical Slavnov-Taylor identity

APPENDIX

1. Extended BRST technique

The extended BRST techniqu&9] is a very powerful Jd3x(£ 53, 52 53 b52) ~0. (A3)
tool which allows us to control the dependence of the theory oA, 5A*" 5c oc* - ’
at the quantum level from parameters associated to exact
BRST terms. Let us present here how this technique works ifrom which it follows that the so called linearized operator

the case of the parametar of the action in Eq. (5.2): Bs defined as
|
B—tJd3 82, 5+52 5+5E 5+52 5+b5 Al
=W ) O SA, A T GARE BA, T Be sc T aet ae D ael” A4
|
's nilpotent J o B B S8 = AT
") OX GA, sAE T o sor TP T A
Bs Bs =0. (A5) (A9)
Therefore from
As it is well known[7], this operator identifies the full BRST a3 IA I3,
differential acting on the fields and antifields. EBsA=E- =8| S E o =6, (A10)

Owing to the results of Secs. Il and IV, we have

it follows that the actior> satisfies the modified Slavnov-

(9 . .
ai =BsA, (A6) Taylor identity
55 83 52 DS RS
A being an integrated local formal power series in the fields J’ d* tr A, SA*E *5e ﬁ“Lb&_;) +eo =0
and antifields of ghost numbet 1. According to[19], we (A11)
introduce the term\ in the classical actiol by means of a
constant parametef of ghost number 1, namely This expression is easily recognized to be of the type of an
extended Slavnov-Taylor identi)19]. In fact, from a co-
S=3+¢A. (A7) homqloglcal point of view, the parametefan form a dou-
blet, i.e.
Let us now compute the quantity Bsm=¢, Bsé=0. (A12)

< < I < The absence of gauge anomalies in three dimensises
2 g + g 5_2* + b’S_E . (A8)  Subsec. Il B guarantees thus that the identi#y11) holds at
oA, 6A*™F  bc b the quantum level

tr f d3x

The expressioiiA8) is expected to be nonvanishing, due to f & tr st of Jxer o +§£:0
the use of the modified actiob. However, due to the fact A, AT 5o 5cF g ) T Em
that £¢€=0, we easily get (A13)
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Acting now on the expressiofA13) with the test operator momentum tensor. In the latter case the extended BRST
dl9¢ and settingé to zero, we immediately get technique has to be done twice. First one considers the inte-
T grated insertiorfd3x[Tﬁj'F], for which one gets
%:BF[AJ_‘], (A14)
f d*x[T4.I']=BRST-variation. (A15)
['=T1¢o, o . .
A further application of the extended BRST technique with
thereby proving the stateme(#.6). The same procedure ap- local space-time dependent parameters allows to obtain the
plies to the parametersyf, as well as to the energy- final result(5.6).
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