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Self-dual Yang-Mills multiplet in three dimensions coupled to supergravity
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We couple a recently established N = 1 globally supersymmetric self-dual Yang-Mills multiplet in
three dimensions to supergravity. This becomes possible due to our previous result on globally super-
symmetric formulation based on a compensator multiplet. We further couple the self-dual vector to a
supersymmetric o-model on the coset SO(8, n)/SO(8) X SO(n) via minimal couplings for an arbitrary
gauged subgroup Hy C SO(8) X SO(n). A corresponding superspace formulation is also presented.
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L. INTRODUCTION

The concept of ‘““self-duality’” for an Abelian vector in
three dimensions (3D) was first introduced in [1], dictated
by the relationship’

%EMP‘TFP(,':mAM. (1.1)
As is usual for a vector field in any dimensions, the original
physical degrees of freedom for A, is 3 — 2 = 1, after the
deduction of 2 by the gauge fixing the longitudinal and
time components. On the other hand, a repeated use of
Eq. (1.1) leads to

- v o~ _ .2
F, = —me,PA,= 0, FF = A, (1.2)
This also implies that A is divergenceless,
9,A* =0, (1.3)

and therefore (1.2) implies the massive vector field equa-
tion

(92 — mz)AlL = 0. (1.4)
Hence, the physical degrees of freedom shouldbe 3 — 1 =
2 as in the case for a massive vector instead of the massless
one with 3 — 2 = 1 degree of freedom. However, these two
massive degrees of freedom are again halved due to the
self-duality condition (1.1), leaving only 1 degree of free-
dom after all [1]. Similar treatments in general odd dimen-
sions are also given in [1].

We have recently generalized the supersymmetric
Abelian result in [1] to non-Abelian gauge groups, i.e.,
we have presented a globally N = 1 supersymmetric self-
dual Yang-Mills multiplet in 3D [2]. The key ingredient
was to introduce the compensator scalar multiplet that
makes the whole system gauge invariant, even though
gauge symmetry is a ‘“‘fake” symmetry. We have also
succeeded in the corresponding superspace formulation,
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and its coupling to supersymmetric Dirac-Born-Infeld ac-
tion [2].

Since all of these results are based on global N =1
supersymmetry, the next natural step is to generalize
them to local supersymmetry. In the present paper, we
accomplish the coupling of our N = 1 globally supersym-
metric self-dual Yang-Mills [2] to N = 1 supergravity [3].
Thanks to the compensator multiplet, the supergravity
coupling works in a straightforward manner as in a con-
ventional supergravity theory [4], such as Noether cou-
plings at the cubic order, and quartic couplings which show
the internal consistency of the system. We next couple the
self-dual Yang-Mills multiplet to a o-model for the coset
G/H = S0(8,n)/SO(8) X SO(n) via minimal coupling
for an arbitrary subgroup Hy C H. Subsequently, we re-
formulate some of these couplings in terms of superspace
language.

The motivations of our present work can be now sum-
marized into two items:

(1) The coupling of a N = 1 globally supersymmetric
system to N = 1 supergravity is the next natural (and
in a sense imperative) step.

(i) By coupling to N =1 supergravity with all the
quartic terms, we will see the classical consistency
of our system.

We stress that item (ii) is for classical consistency, because
the quantum consistency of our model might be problem-
atic, due to the compensator scalar involved. However,
there are two main reasons for our optimism for quantum
behavior of our model: (1) The consistent coupling to
supergravity provides a good support also for quantum
consistency. For example, type IIA massive supergravity
in 10D [5] has a 1-form (vector) field playing a role of a
compensator for a 2-form tensor field. Type IIA massive
supergravity has a good quantum behavior based on super-
string theory. Even though our model is not based on
superstring, type IIA massive theory [5] is an encouraging
example to deal with compensators. (2) Thanks to local
supersymmetry inherent in the system, we expect that
quantum behaviors will be improved compared with non-
supersymmetric systems. In fact, we have seen such as
suppressed quadratic divergences, as well as finite super-
symmetric theories.
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At any rate, the quantum-level consistency is outside the
scope of the present work. As such, we do not address this
question here.

II. PRELIMINARIES ON COMPENSATORS

We review the procedure of describing the compensators
for an arbitrary non-Abelian gauge group H, [2].> We first
introduce the compensator scalar field in the adjoint rep-
resentation ¢ = !T’, where T/(I = 1,2, ..., dimH,) are
the anti-Hermitian generators, satisfying the commutator

[T, 7] = fUKTK, 2.1

with the usual structure constant /X Relevantly, the main
definitions and important relationships in our previous
paper [2] are summarized as follows:

F,,=0,A,—d,A, +m[A, A, (2.22)
D,e? =0,e¥ +mA,e?, P, =(Dye?)e % (2.2b)
Dy, P, =+ymF,, + 3P, P,] (2.2¢)

We sometimes omit adjoint indices, whenever there is no
ambiguity involved. The gauge-coupling constant m for H,,
has the dimension of mass in 3D, because we assign the
mass dimension 0 (or 1/2) to the bosons (or fermions) [2].
The finite gauge transformation properties of these quan-
tities for the local H, group have been well known [6,7]

(e5) = e her, (&%) = e e,

(D e?) = e MD,e*), (2.32)
A, = m*le*AaﬂeA + e*AA/LeA,
F,' =e  F,e (2.3b)

where A = A/(x)T! are x-dependent finite local gauge
transformation parameters. All the terms in (2.3) are Lie-
ring valued, as the adjoint indices are suppressed.

We can now depict the role of the compensator scalars
through the “toy” Lagrangian®

L= —(Fu")? =P,
The new field redefined by
A

2.4

=e¢ A, e? +m e (0, %) =m e PP e,

(2.5)

"

and its field strength do not transform [7,8]: AM’ = Aw
F ' = F uv- The original Lagrangian (2.4) can now be
completely rewritten as the following Lagrangian, where
the exponential factors e™¢ are entirely absent:

L,=-XF,N*—1im* A2 (2.6)

*We call this gauge group H instead of G which will be used
for G = SO(8, n) for a o-model.
3Our metric in this paper is (n,,) = diag.(—, +, +).
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As usual in compensator formulations, the original kinetic
term for ¢ is now reduced to the mass term of A x [7,8], and
the original gauge invariance is no longer manifest.

Instead of the F iy-term in (2.4), consider now the super-
symmetric Chern-Simons Lagrangian [9] with an addi-
tional mass parameter u:

£2 = ALULLE/LVP(F/.LVIAPI _ %fUKAMIAVJApK) _ %(P,U«I)z
— %,U«GMVP(FMVIAPI _ %fIJKAMlAVJAPK)

—Im?(A,1)> 2.7)

This yields the A-field equation, or equivalently the A-field
equation

1 v I - 1
E,ue“ ”F,,p = mP

1 1 - 24 1
u' Q,u,e/“’Pva = m-A

u
(2.8)

The latter is nothing but the self-duality (1.1), if u = m,
and A, is identified with A ,.

As we have seen here, the advantage of the compensator
formulation is to use the gauge invariance to fix
Lagrangians easily, because only limited Lagrangian terms
are allowed under the gauge invariance of the action.

III. LOCALLY SUPERSYMMETRIC SELF-DUAL
YANG-MILLS MULTIPLET

We are now ready to couple the N = 1 globally super-
symmetric self-dual Yang-Mills to supergravity. Our field
content is the multiplet of N = 1 supergravity (e,”, #,,),
the Yang-Mills multiplet (A,’, A/), and the compensator
scalar multiplet (¢, x7).

Even though the self-dual Yang-Mills multiplet in 3D
implies the absence of the usual kinetic terms starting with
—(1/4)(F )2, we first consider such kinetic terms, as the
general option. The coupling procedure then is similar to
the routine Noether couplings, together with the conven-
tional method for quartic fermion terms [4]. Thanks to the
compensator multiplet, the coupling procedure is
simplified.

Our first result is summarized by the total action I3 =
Isg + Iy + Ismq + Ics + Icc, where Igg is the kinetic
terms for supergravity, Iy, is for the kinetic terms for
the Yang-Mills multiplet, Igy is for the kinetic terms for
the compensator scalar multiplet, /g is the supersymmet-
ric Chern-Simons terms, and Icc is for a cosmological
constant. Their corresponding Lagrangians are, respec-
tively,
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e 'Log=—1R— e et (y,D,(0)h,),

e ' Lyy =

1 1 -
- g ()_(IXI)2 + Z(AI/\I)()_(JXJ),

eil.ECS =
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(3.1a)
—i(Fu'V = A Plw, AN) = 3,y v AN F ! + F ') = m(Xlx) + 5%, (3.1b)
e Lo = =3 (P17 = S (VDY) + R ) + 5 (P! + )
(3.1¢)
e er P (F,, 1A, — ImflUKAIA,AK) = Lu(RIAD), (3.1d)
(3.1e)

e ' Loc = + M,y ,) + 2M* + IM(XAY) + IM (3! X)).

The constant A’s in Lgy; are defined in terms of the
structure constant /K of H,:

RIKL = fFLIM gMKL, 3.2)

The covariant derivative D acts on y as in the globally
supersymmetric case [2] except for the Lorentz connection
term:

D x" = =mf P XK + 0, x" — 0, yx'. 33)

The field strength F M,,’ is the same as (2.2a), while all the
hatted field strengths are their supercovariantizations [4],
defined by

A

Fu =Fu = 20,y,A), (3.4a)
Pul = [([A)Me<")e*¢]’
=[{0,e? — (P x)e? +mA, e?te ¢].  (3.4b)

Our total action /5 is invariant under local N = 1 super-
symmetry

{
As usual, ®," = &,"(e, ) is the Lorentz connection
with the ¢-torsion included [4].

Some remarks are in order. First, the normalization of
the coefficient for the gravitino kinetic term is the unit
strength instead of 1/2, due to the commutation relations
[60(€)), 8p(€r)] = +2(ey"€,)P,,, also reflected in the
coefficient “+2” in (3.5a).

Second, for a self-dual VM, the kinetic Lagrangian Ly,
should be dropped, and the total action should be I, =
Ispym = Isg + Isv + Ics + Icc. Accordingly, when Ly
is dropped, the self-duality condition in the globally super-
symmetric case is now generalized to the locally super-
symmetric equation

Sue e, LOF, . =mP, —ImfUK (¥ y, 5. (3.6)

This is nothing but the locally supersymmetric general-
ization of the gauge-covariantized form (2.8) of the self-
duality (1.1). Because of the free parameter w, we have

Sge, " = T2(ey" ), (3.5a)  more freedom than the special case u = m. The globally
So, = +D,(d)e + M(y,¢€), (3.5b)  supersymmetric version in [2] can be also reobtained by
SA l; _ +(_M A) # (3.5¢) deleting the gravitino and graviton fields.
om Y . ¢ Third, the normalization of the terms in Lg has been
SoA = —d(y*re)F ", (3.5d)  chosen, such that the self-duality condition (3.6) easily
Spe? = +(ex!)e?, (3.5¢)  recovers the nonsupersymmetric case (1.1). However, for
N _ any gauge group whose 73-mapping is nontrivial, such as
Sox' = +(y* P, — (¥ v xX5)] G530 1107
J
Z (for HO = Ai’ Bi’ Ci’ Dl(l = 2) HO 7& DZ)J F4, GZ’ E6’ E7) ES);

m3(Hy) =
0 (for Hy = U(1)),

the constant u should be quantized as [2]

nm?

m=—
o

(n=0,%1,%2,...). (3.8)

Fourth, the supersymmetric cosmological constant term
L ¢ can be obtained by the routine procedure starting with
the cosmological constant proportional to M? and the
gravitino mass term proportional to M(¢, y**i,). The
positive definite signature M? >0 implies the anti-de
Sitter space-time in 3D. The new feature here is that this
cosmological constant induces the mass terms both for the

ZeoZ (for Hy = SO(4)),

3.7

{
gaugino A and the fermionic partner y in the compensator
multiplet. The mass terms of spin 1/2 fields A and y
induced by the cosmological constant are not peculiar to
this system, but are rather universal in other dimensions,
e.g., type IIA supergravity [11].

Fifth, each Lagrangian in (3.1) is not by itself invariant.
For example, Ispyy defined above is invariant, but not each
Lagrangian in Igpyy. We also need a special care, when
dropping some Lagrangians (3.1a) through (3.1e) in I3, in
order to maintain the invariance of the resulting total
action. For example, when we drop Lcc, we have to
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drop the M-term in the transformation (3.5b), setting M =
0 everywhere in the system.
Sixth, there are three mass terms for the A and y-fields:

1,5 (M- —m\( A
e ) e
whose eigenvalues M are computed to be
womr L,
=M-Z= |+
M > z
nm? n2m? (3.10)
=M-—= +m?
2 47

(n=0%1,=%2,..),

due to (3.8) for a non-Abelian group in the unit of k = 1. If
we further impose an additional condition between these
eigenvalues, such as one of them to be zero, then the
cosmological constant A = 2M? itself and/or the gauge-
coupling constant m will be quantized.

IV. COUPLING TO o-MODEL ON
SO8, n)/SO(8) X SO(n)

As another example of nontrivial couplings of our self-
dual Yang-Mills multiplet in 3D, we introduce the
SO(8,n)/SO(8) X SO(n) o-model originally developed
by [12] for extended N =8 supergravity, and applied also
to N = 1 supergravity in 3D in our previous paper [13].

We choose the coset G/H = SO(8, n)/SO(8) X SO(n)
because of its nontrivial and rich structure. In particular,
since n = 1, 2, ... can be general, the size of this coset can
be arbitrarily large with many potential applications.
Moreover, the existence of two groups in H = SO(8) X
SO(n) makes the system nontrivial, serving as a template
for more complicated cosets. Despite such a rich coset
structure, the number of supersymmetry remains to be N =
1, as will be elucidated in the supersymmetry transforma-
tion rule (4.8) and also in [13]. This is in contrast with, e.g.,
a N = 2 hyper-Kidhler manifold in 4D [14], where ex-
tended N = 2 supersymmetries are required.

The new multiplet introduced is the o-model multiplet
(%, pA*) in addition to the Yang-Mills multiplet (A7, A),
the compensator multiplet (¢!, ), and that of supergrav-
ity (e,”, ¢,). The latter three are the same multiplets
introduced in the previous section. The scalars ¢< are
the coordinates of the coset G/H = SO(8,n)/SO(8) X
SO(n) [13]. The vector A, is supposed to satisfy the
self-duality condition (1.1) with its supersymmetric gen-
eralizations. The indices @, B,...=1,2,...,8n =dim(G/H)
are for the curved indices of the manifold G/H, while
A,B,...=1,2,...,8 are for the vectorial 8y of SO(8),* while

“In this paper, we assign the vectorial 8y representation for
these indices instead of the spinorial 85 in [13], in order to
simplify supergravity couplings.
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a,b,...=1,2,...,n are for the n of SO(n). The indices
LJ,...=1,2,...,dimH, are for the adjoint representa-
tion for H, which is an arbitrary gauged subgroup of H =
SO(8) X SO(n).

As usual for supersymmetric o-models, we introduce
the vielbein V4 and its inverse V,,* on G/H [12,13]. For
the gauging of Hy C H, we introduce the Killing vectors
&2l into the covariant derivative of the coordinates ¢<
[14,15]:

D, pe= 6#¢2—mAM1§21. 4.1)

Here we have to use m for the gauge-coupling constant for
the total consistency. Equation (4.1) is equivalent to the
expression in terms of the coset representative V [6,12—
14,16]:

VD,V =V 19,V 4 mA, VTV
— (D,U« ¢g)(V2Aa YAa 4 %QQABXAB

+ 30,7 XP). 4.2)

In the contractions among the indices A, B, ... ora, b, ...,
we always use superscripts, because the corresponding
metrics are all positive definite. The T!’s are the generators
of the arbitrary gauged group Hy, C H = SO(8) X SO(n),
and YA%’s are the generators on the coset G/H, while X4?
(or X“b) are the generators of SO(8) [or SO(n)], satisfying
their algebras

[XAB, XCD] = +§BCXAD — §ACYBD _ §BDXAC
+ §ADYBC

[Xa, Xcd] = +§bexad — gacxbd _ ghdyac 4 gadxbe

[XAB, yPd] = 4 §BDyAd _ §ADyBd

[X, yPd] = + §bdyDa — gadyDb,

[Y4b, yCd] = +8ACKXP4 4 §haxAC, 4.3)

Accordingly, the Killing vectors satisfy the relationships

DAa(Q)fBbI = VAag(aaé‘:BbI + QaBC§CbI + Qabchd)

— 6abcABI + 5ABcabl, (44)
where £8P = VB0 ¢P1, and the C’s defined by
CABI = QgABé:gI’ Cabl = anbé‘;gl (45)

have been known [15] to be covariant both under the
composite o-model gauge transformations on G/H and
the gauged subgroup Hy C H.

Our total action is now Is = [ d*xLs, where
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1 - 1 1 1 1
671£5 = _ZR - eileﬂyp(w,uDpr) - _ggég'uu(D,ud)g)(Dy(ﬁé) - E(PMI)Q - E(X/I@XI) - E(ﬁAaYM@pAa)

2

- 1 - A 1 - o
— (XY + mV AN VAT y e (D + D) + Sy y NP+ P

1 — 1 1 Y 1 = 1 ~Aa a
+ZM6 le,uup<F/“}1Ap1 _§mfIJKA/L1AVJApK> _EM()\I)‘I) _g(pAupAa)Z _g(pA ,y,upB )2

1 1 _ 1 i i | 1,
=g (P yup™)? + 2 (PR M)A + o R EE R X OE X ) + 7 (VAN X) = 2 (X

The h’s are defined formally by (3.2), but now the structure
constant /X is for the gauged group Hy € H = SO(8) X
SO(n). As usual in supergravity in 3D [12,13,16], we adopt
the 1.5-order formalism for the Lorentz connection w "™
[4], suchas D, ¢, = 9,4, — (1/H)w,"y,s,, where the
Lorentz connection w is treated as an independent field,
satisfying its algebraic field equation. The covariant de-
rivative D, on p is defined by [13]

D#pAa = +a'upAa _ Zl‘a)y’rs,y”pAa + Q#ABpBu

+ 0,2 p* + mA,(THAEpE, 4.7
where 0,7 = (D,$2)0," and 0," = (D,$2)Q,"
are the composite connections with their pullbacks, as
usual [12,13,16]. The underlined indices A, B, ... are for
the pair of indices A’a’, B'V, ..., e.g., p& = pP"? etc.,
where these primed indices A’,B’,... and d/, b/, ... are
the subgroups of the original indices A, B,... and
a, b, ..., depending on the gauged subgroup H, on which
T! acts nontrivially.

Our total action /5 is invariant under local N = 1 super-
symmetry:

Sge, " = +2(Ey" ), (4.82)
dop, = +D,(@)€, (4.8b)
8pA, = +(ey, M), (4.8¢)
SoM = Ly eo)F,, (4.8d)
Spe? = +(Ex)e?, (4.8¢)
Sox! = +(y*e[P, — VKX vy, xO)] (48D
Bode = +VAu(epa), (4.82)

(SQpAa = +(7M€)VQAQ®,U,¢£
— (8009)(Q,*BpB + 0, pA*).  (4.8h)

Note that we have N = 1 supersymmetry, despite the coset
SO(8, n)/SO(8) X SO(n), as the index structures in (4.8g)
and (4.8h) show. As before, all the hatted field strengths are
supercovariantized [4], e.g.,

®M¢g = @,ud)g - VAag(l/_/MpAa)'

Some remarks are in order. First, since we are dealing
with the self-dual Yang-Mills multiplet, we do not need the
kinetic terms for this multiplet. Accordingly, terms in

4.9)

(4.6)

[

Ly, such as the Noether term yyAF, or the quartic
terms such as ¢?>A? or A* are all absent.

Second, as far as the o-model part is concerned, these
couplings are essentially the same as our previous paper
[13]. The only differences are with the coefficients, caused
by the notational change from [13], such as the metric
signature, the 8y of SO(8), or the scaling of supersymme-
try commutator algebra.

Third, we see that the self-dual Yang-Mills vector can be
coupled to the o-model on the coset SO(8, n)/SO(8) X
SO(n) consistently with supersymmetry. In particular, the
A ,-field equation yields the o-model corrected version of
the self-duality condition (3.6), as

ey F " = AmP = iR (xy x5
—mé,' D, ¢ + m(THAL(phy, pB)
— %chBl(pAa ,ylupBa)

— %mcabl([—)Aa ,yMpAb)' (410)

This result is also due to our previous formulation based on
the compensator multiplet that simplifies supergravity cou-
plings. Self-dual vectors coupled to the o-model have been
presented also in the context of N = 16 gauged supergrav-
ity [16]. However, our coupling between a self-dual gauge
field and a o-model in 3D is the simplest one that can be
used as a template for more applications related to
o-models.

Fourth, the invariance of the action /5 can be confirmed
as in usual supergravity. Aside from quartic terms, all the
m-independent cubic terms are the usual routine computa-
tions. As for the m-dependent cubic terms, only o-model
dependent terms are the new contributions, categorized
into four sectors (i) mpF, (ii) mADe¢, (iii) mp?A, and
(iv) miyAp. To all of these sectors, the explicit term mpAE
in the Lagrangian contributes, analogously to the usual
gaugino-quark-squark mixing term [17]. Sector (i) comes
from the variation of the gravitino in the Noether term
ypDe and the mp A é-term in the Lagrangian. The former
generates the commutator [D,, D, ] canceling the like
term from the variation of the latter. Sector (ii) comes
from the minimal coupling of the ¢-kinetic term and the
mpAé-term. Sector (iii) comes from the composite con-
nections in the p-kinetic term, and the mp A¢-term. Finally,
sector (iv) comes from the mpAé-term and the Noether
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term pDe¢p. In these computations, the following
o-model related formulas are needed [6,14,15]:

D,D,¢2=0,D,$= —mA, (356D, ¢E, (4.11a)

Lol = 40,68 — £49, 68 + m RN =0,
(4.11b)
LoV A= P9V, A0+ (0,£8N)V A
+m(TTABY B =, (4.11c)
[D,.D,]J¢p%=—mF,, £, (4.11d)

where £ ¢ stands for a Lie derivative in the &2 _direction.

Fifth, the remaining quartic terms in the Lagrangian are
also parallel to the previous section, or to the usual N = 1
supergravity [13] which do not need additional
clarifications.

V. SUPERSPACE REFORMULATION

Once we have established component formulation of
coupling between self-dual Yang-Mills based on compen-
sator scalar multiplet, the next natural step is to reformulate
in superspace [18]. Even though we do not include the
o-model multiplet and supergravity in this section, we
already see highly nontrivial relationships needed for the
mutual consistency of superfield equations.

Although a Lagrangian formulation in superspace has
been presented in our previous paper [2], we present here
another superspace formulation based on Bianchi identities
(BIds), which provides important formulas, as will be seen.
The relevant superfield strengths are the Yang-Mills super-
field strength F, !, supertorsion 7,3, and supercurvature
R . [18], together with our new superfield strength P, />

év[ATBC) = 3T Trie)”
R gl (.7\/1 )IC) =0, (5.1a)
Vi FBC) —= 3T a5 " F i)' =0, (5.1b)
V[APB)I — TPt —f”KPAJPBK —mF ' =0. (5.1c)
Here, the superfield strength P,’ is defined by [2]
P, = (Vye?)e @ = (Dye? + mAye®)e™ 4, (5.2)
so that we have
P, =[(Vaef)e ¢ = —x.". (5.3)

>We use the indices A = (a, @), B = (b, B), ... in superspace,
where a, b,...=0,1,2 (or @, B3, ... = 1, 2) are used for bosonic
(or fermionic) superspace coordinates. Even though we use the
same indices A, B, ... both for superspace local coordinates and
the 8y of SO(8), or a, b, ... both for bosonic superspace local
coordinates and the n of SO(n), they can be easily distinguished
by the context. The antisymmetrization symbols are defined,
e.g., by Miap = Mup — (—)*®Mp,. In superspace, we also use
the same space-time signature (7,;,) = diag(—, +, +).
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The superspace constraints satisfying the BIds (5.1) are
given by

Top’ = —2(¥)ap

Tog" =Ty =Ty" =T, =0, (5.4a2)
Fo = =pA)e  Fog' =0, (5.4b)
VAPl = =3y, PF ., (5.4¢)
Vae? = —xae€?, (5.4d)
Vaxs' = +(rVaplPd =KW yex®]  (S.de)
VP, = =Vyxa' = [Xa Po) = m(y,Al),, (540
Vi Py = +mF," + [P, Py (5.4g)

We can see that the transformation rules (3.5¢)—(3.5f) can
be recovered by the usual technique in superspace [18]
relating to their component fields.

As usual, we can get also the component field equations
with supercovariantized field strengths from the Blds at
dimensions d = 3/2. These are superfield equations whose
6 = 0 sector corresponds to component field equations,
summarized as

(YA + my"), =0, (5.52)

(D)o + mA! = RGP =0, (55)
vaabI _ mfIJK(XJ,ya)\K) + mPal

- %mf”’(()‘(’n)(’() =0, (5.5¢)
VLB 4 FURGE D)

- lh”’“()_(K)’a)(L)PaJ = 0. (5.5d)

8

We stress not only that these superfield equations obtained
from BIds at d = 3/2 are consistent with our component
results, but also that the mutual consistency among equa-
tions in (5.5) can be confirmed. For example, we can
confirm that the V ,-divergence of (5.5¢) actually vanishes
by the use of other superfield equations:

1 -
va|:vaabI — 5’,,,l‘]t‘IJK()\J,ya)lK) + mP

mfIJK(X/J,anK):|
— +mf”K()_\’j-"(’f\)) —mF (P) + mfIJK(XJj:'K))
1
_ EmZkIJ,L,MN(XJ My(YE M), (5.6)
where
kIVKLM = fIUNpNKLM — (LN (NKP (PLM, (5.7)

The F’s correspond, respectively, to the left-hand sides of
(5.5a) through (5.5d), defined by
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f(A)al = —(VA + my'),, (5.82)

j:(x)al - _|:1)XI + mA — %hIJ,KLXK()—(JXL):L’ (5.8b)
Fna' = ~VoF " +imfUK (X y, ) = mP,!
+ mfE G v x5), (5.8¢)
Fio = +VaP"! + LK (7 DY)
_ %hIJ,KL()—(KanL)PaJ. (5.8d)
Note that the last term in (5.6) vanishes identically:
IVLMN (3T (g x V) = 0, (59)

as can be confirmed by Fierzing. Note that Eq. (5.6) itself is
rigorously an identity without the use of superfield equa-
tions. However, the superfield equations (5.8a) = (5.8b) =
(5.8d) = 0 combined with (5.9) yield the consistent result
(5.6) = 0.

There are other confirmations of the mutual consistency
among the superfield equations, such as

VaF g = T )apF ' =0 (5.10)

where the ‘F ( A)cl = 0 (5.5¢) is used only for the last equal-
ity. Similarly, we can confirm that

vaT(A)bI = +(7bV:}:(,\)1)a + m(ybf()()[)a - vb:}:(,\)al
=0, (5.11)

where we have used /\)’ = (0 and f(x)] = 0 only for the

last equality.

As we have seen, in the BId formulation, we can get
nontrivial relationships that are technically useful in super-
space. These confirmations provide more than enough
supporting evidence of the total consistency of our system,
in particular, the nontrivial interplay between the vector
multiplet and compensator scalar multiplet.

VI. CONCLUDING REMARKS

In this paper we have completed the coupling of the N =
1 supersymmetric self-dual Yang-Mills multiplet in 3D [2]
to supergravity, including all the quartic terms. Thanks to
the compensator formulation with manifest gauge symme-
try, the coupling to supergravity is straightforward, like
other supergravity formulations [4] for regular field
strengths with Noether couplings. Before our previous
paper [2] based on compensator formulation, such cou-
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plings had been thought to be extremely difficult, if not
impossible [1]. We have given the general couplings be-
tween vector, compensator scalar, and supergravity mul-
tiplets in (3.1), including the kinetic terms, topological
mass terms with the supersymmetric Chern-Simons terms
of the vector multiplet, together with the supersymmetric
cosmological constant term. We stress that the completion
of supergravity couplings including all the quartic fermi-
onic terms provides the strong supporting evidence of the
total consistency of our system at the classical level.

There can be three mass parameters possible in our
system, namely, the non-Abelian coupling constant m,
the Chern-Simons mass parameter u quantized for groups
with 7m3(H,) # 0, and the gravitino mass M related to the
cosmological constant A = 2M?. For a non-Abelian gauge
group H,, with nontrivial 73(H,), the parameter u should
be quantized as in (3.8). If we require one more mass
relation, such as one of the masses of A or y to be zero
in certain bases, then the cosmological constant A will be
also quantized.

We have further performed the coupling of the self-dual
Yang-Mills gauge field to the o-model on the coset
G/H = S0(8,n)/SO(8) X SO(n). Namely, we have
gauged an arbitrary subgroup Hy C H by the self-dual
Yang-Mills vector with the arbitrary coupling constant
m. To our knowledge, this is the first simple system that
entertains the coupling of a self-dual gauge field in 3D to a
gauged o-model on the nontrivial coset SO(8, n)/SO(8) X
SO(n) with arbitrary gauging for YH, € H = SO(8) X
SO(n).

We have also reformulated some of our component
results in superspace. There seems to be no obstruction
against coupling the self-dual supersymmetric Yang-Mills
multiplet, based on compensator scalar multiplet. The
compensator multiplet has provided a good framework to
make these couplings straightforward. We have seen that
the BIds at d = 3/2 provide all the superfield equations,
and their mutual consistency can be confirmed by highly
nontrivial relationships, including Fierzing of fermions
such as (5.9). This superspace result also provides the
supporting evidence of the classical consistency of our
system.

Even though the number of supersymmetry is limited to
N = 1, nevertheless rich and nontrivial structures are seen
to emerge in our model. This is due to general non-Abelian
gauge groups we are dealing with, together with such
topological properties as self-duality in 3D. We can expect
more results for further generalizations of self-dual Yang-
Mills fields in 3D to extended global or local supersym-
metric models.
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