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Pasti-Sorokin-Tonin actions in the presence of sources
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Pasti, Sorokin, and Tonin have recently constructed manifestly Lorentz-invariant actions for self-dual field
strengths and for Maxwell fields with manifest electromagnetic duality. Using the method of &eslerwe
generalize these actions in the presence of souf8€8§56-282(97)04722-X]

PACS numbd(s): 04.40.Nr

I. INTRODUCTION Il. MANIFESTLY LORENTZ-INVARIANT CHIRAL
2-FORM ACTION WITH SOURCES
Recent interest in duality has renewed the search for ac-

thﬂS. where duality symmetry and Lorentz invariance a9 orentz-invariant action for a chiral 2-form field, which is an
manifest. At the present time, there are two types of aCt'on%ntisymmetric field A,(x) propagatng in a
mn

where these symmetries are manifest. The first type of actio . : . . : .

is quadratic but contains an infinite number of fields. It wasgr:nl)tﬁ:'me(nxs)'?gj sg/ll;-ndkl?;ﬁilgl d ?)F;]agre]étlllm'?higv;%zensftlﬁg

first discovered in two dimensions for describing chiral 9t imn '

bosond 1], and later generalized to arbitrary self-dual fields i () =% Fyn(X) @)

[2] and to Maxwell fields with manifest electromagnetic du- Imn Imn 2

ality [3]. In ten dimensions, it was rediscovered by analyzin . s . -

the massless Ramond-Ramond sector of superstring fiel here, in general, the dual of a fielyn(x) is defined as

theory [4]. By studying the coupling oD-branes to the 1

massless Ramond-Ramond string fields, this first type of ac- *Cimn(X) = qunpqrcpq’(x). 3

tion was generalized in the presence of soufé&és :
The second type of manifestly covariant action with mani-

fest duality contains a finite number of fields but is nonpoly-

nomial in these field$6,7]. It was discovered by Pasti, So-

rokin, and Tonin(PST) and ‘“covariantizes” actions found

earlier [8,9,10 which were manifestly dual but not mani-

festly Lorentz covariant. This PST action was inspired by an,,

incorrect action of Khoudeir and Pantdjal,12. Equiva-

In Ref. [6], Pasti, Sorokin, and Tonin write a manifestly

We are using the convention
Fimn(X) = | Ann(X) + dmAni(X) + drAIm(X). (4)

The generalization of the action of Ré¢b] in the pres-
ce of sources is

lence among different formulations is of interest not only at 1 1

a classical leve[6], but also at a quantum levgl3]. Re- S:J d%%| — ZHpH™+ ————

cently, Deseet al. showed how to introduce sources into the 6 2(dqad’a)
nonmanifestly covariant versions of these actifiid. Their

method uses a field strength whose definition is modified in m nlr In

the presence of sources, as well as a coupling term of the X I aHmnH™ dra=An) ™ | (5)

type LlA' j_).H

In this paper, we “covariantize” their procedure, thereby wherej'" is the sourcefor self-dual fields the electric and
generalizing the manifestly covariant PST actions in themagnetic sources are eguahd
presence of sources. In Sec. Il of this paper, we generalize

the PST action for self-dual field$], and in Sec. Ill, we Himn=Fimnt* Gimn (6)
generalize the PST action for Maxwell fields with manifest
electromagnetic dualit7]. is the modified field strengtlk,,,, is still defined by Eq(4)

Our conventions are as follows: We use uncapitalizecand satisfies Bianchi identiti&h(* F i) =0. G mn is defined
latin letters to denote space-time indices and capitalized latito satisfy
letters to denote space indices. We work with the metric

gmn=diag(—1,+1,...,+1). The antisymmetrization of §,G'MN—jmn=, )
space-time indices of a tensor is done without adding any
additional factor, for example, H,mn is an anti-self-dual field defined as
B[Im]nzBImn_Bmln- 1 Himn=Himn=*Himn- 8
The action in Eq.(5) is manifestly Lorentz invariant and
*Electronic address: rmedina@power.ift.unesp.br coincides with the original action of R€i6] when there are
"Electronic address: nberkovi@power.ift.unesp.br no sources. We will show that it describes the dynamics of a
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chiral 2-form in the presence of sources by comparing thighe one found by Schwarz and SE0] in which, for the
action, in a certain gauge, with the nonmanifestly covarianpurpose of having manifest duality in the action, an addi-
one of Ref[14]. tional Abelian field is included.

Making use of the identityul'H™Sus=2 (ugus)H'™" The procedure is straightforward from what we did in the
+ €MNswyWy H,,,w for u=4,a, the equation of motion for previous section. In this case the action is
Ann(x) leads to

1 1
S=| d*| — H& HM"— ———— MaHe HPoa
Imn r s 8 mn' '« 4 q mn’ta ¥p
€MPg, | ———daHys0% | =0. 9) (dqada)
(dad'a)
And now, considering the identity +§A§1Eagjﬂml, (14)

Imnpqr _ Imnpqr
€ On(TimdpaTy) =2T € on(d,aTy,), ] ]
m TP ar " moRTan where the two Abelian fields a®’ («=1,2) and

in the case ofT,,=[1/(dad*a)1H,mid'a, the equation of

motion fora(x) may be written as Fin= dmAn = dnAn, (15
[(a 1(9k ‘)H|mic9ia} Hinn=Fma ™" Ginn. (18
adka
: 'Hl?rlm= EaBHﬁmn_* H%n' (17)

x| mnparg ;&pqursﬁsa -0. (10 efis completely antisymmetric on its indices, wigh?=1.
(dad'a) The metric tensor for the internal spacegiss= 6,4

Again, G*™"is an external field, related to the sources by
Thus, when considering E@9), this last equation becomes the condition
simply an identity. This happens becausg) is a gauge
field as can be seen by observing that the following gauge InGM+j*"=0. (18
transformation leaves the action invariant:
Our action(14) coincides with that of Pasti, Sorokin, and
d(X) Tonin [7] when there are no sources. Note that the figftl,
sa(x)=¢(x), SAp(X)= mHmnﬁsa- (1) defined in Eq.(16) is self-dual with respect to the Lorentz
4 and internal indicesHy, = 3 €’ emnpdHh”-
Since a(x) transforms without derivatives, its gauge Now, using the identity up*P"u™=—(uPup) ="

choice can be directly substituted in the actigy leadingto ~ — e"™'e*PutH g u, +u,H*P™u" for uj=4a, the equations
a Lorentz-noncovariant formulation of it. Choosing the of motion with respect toA ,,(x) and a(x) lead, respec-
gaugeda= 6%, this substitution leads to tively, to
6 1 [ 1 10 il
S= | d°| = zHimaH'™"+ SHon H"" = A " |. (12) ey, | ———d,aHs dal=0 (19
6 2 n soy P tar '
(dsad°a)

USing that HlmnHlmn:3H0ABHOAB—3*H0AB*HOAB and | 8
identifying EAB= —HOB and BAB=—*H%B we end up { daHh, Hem”"qa
n

. € d,aHs d'a
with P (sadka) P

-0

(20

(dsad°a)

_ | 46y(EABR _RABm _ A iln
S fd X(E™Bag— B Bag=Annl ™), (13 Again, Eq.(20) becomes an identity when E(L9) is con-

, ) . sidered and this happens becaa$r) is a gauge field. This
which, except for a factog, is the action of Deseetal.  can be seen by noting that the following gauge transforma-
[14]. tion leaves the actiofil4) invariant:

lIl. LORENTZ-COVARIANT FORMULATION 1
FOR DUALITY-SYMMETRIC MAXWELL da(x)=¢(x), SA%L(X)=p(X) —qE“ﬁHan&”a-
ACTION WITH SOURCES (dqad%a) o1

In this section we generalize the PST action for Maxwell
fields [7] by considering the coupling of these fields to ex-In the same way as was noted in the previous section, as the
ternal sources. Their action is a Lorentz-invariant version offansformation fom(x) does not involve any derivatives, the
gauge fixing of this field can be done at the level of the
action. Using the gaugé,a= 62, and the identity

YIn deriving (13) we have made the following identification be-

a _ @ ON —
tween the 5-index Levi-Cita symbol used in Rgt4] and ours: HionHe '=2HoyH, — 2*Hon* Hon(N=1,2,3),
EABCDE: EABCEED_
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the action(14) adopts the form canceling the ternAge ,zj A0 with the contribution coming
from gNA2C in E’ N,
1 R - :
S= —J d*x[ €,5B% E'F—B* B, +Aneap "™, (22)
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