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CHIRAL SUPERFIELDS IN N =2 SUPERGRAVITY
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The transformation laws of chiral (scalar) superfields with arbitrary Weyl weight w are
determined for the U(2) superconformal theory. A superconformally invariant density is given for
fields with w = 2. For w =1 it is possible to have smaller irreducible multiplets. The full restriction
upon which the chiral superfield becomes reducible is exhibited. These results define a complete
calculus for the construction of invariant actions with chiral superfields. As an example we find the
action for the vector gauge multiplet.

1. Introduction

In a previous paper [1] we have given the full transformation rules for N =2
Poincaré supergravity in the formulation with auxiliary fields [2, 3]. At the same time
we have obtained transformations for the various submultiplets, contained in the
Poincaré fields, namely, the Weyl multiplet, the vector gauge multiplet and the
tensor gauge multiplet. The Weyl multiplet contains the highest-spin components,
and is the field representation of the U(2) extended conformal theory. To understand
the relation between this multiplet and the gauge fields of the superconformal
algebra requires knowledge of the constraints; a set of such constraints was indeed
presented in [1]. Use of the superconformal notions then proved helpful to clarify the
transformation rules of the lower-spin submultiplets. In particular, the uniform
decomposition of Poincaré supersymmetry into field-dependent superconformal
transformations allows a separate treatment of each of the superconformal trans-
formations, thereby leading to a more systematic understanding of the Poincaré
transformations. Furthermore, the full algebra of superconformal transformations is
implicit in our results.

This motivated us to study superconformal transformations for a larger variety
of multiplets. The purpose of this paper is to give the full superconformal
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176 M. de Roo et al. | Chiral superfields

transformations on chiral (scalar) N = 2 superfields. Such fields, which have 16+ 16
(fermionic+ bosonic) components, occur with an arbitrary Weyl and chiral weight
denoted by w. Products of equal-chirality superfields are again chiral superfields, also
when the transformations to all orders in the gravitational coupling constant are
included. (We keep referring to this constant « to enable a direct comparison to the
Poincaré theory.) The chiral superfield is a representation of the superconformal
algebra, and generates a superconformal “‘tensor calculus”. If w =2 it is possible to
define an invariant density. We also discuss the case of reduced chiral superfields,
which have only 8 +8 components. Such superfields must necessarily have w =1.
Their relevance stems from the fact that all three submultiplets of the Poincaré field
representation can be interpreted within the context of reduced chiral multiplets.

A superconformal tensor calculus is an intermediate step towards a full tensor
calculus for SO(2) extended Poincaré supergravity. This has already been demon-
strated for N =1 [4]. The crucial element to enable the extension to Poincaré
supergravity is the previously mentioned decomposition rule for Poincaré super-
symmetry in terms of superconformal symmetries. Since the Weyl weight will then
lose its relevance one may redefine the fields to obtain the proper Poincaré
components, whose transformations no longer refer to a specific weight. This will be
discussed in a separate publication [5]. Results for Poincaré supermultiplets can also
be found in ref. [6].

This paper is organized as follows. In sect. 2 we discuss chiral scalar superfields for
rigid N =2 supersymmetry, and review some relevant aspects of conformal super-
gravity. In sect. 3 we extend the chiral superfield to a full representation of the
superconformal algebra. We also give the formula for an invariant density, and
discuss reduced chiral superfields. As an example we present the invariant action of
the vector gauge multiplet [7, 8], which describes the particle content (1, 3,3,0%,00),
in sect. 4. We give our conclusions in sect. 5.

2. Preliminaries
2.1. CHIRAL SUPERFIELDS

Superfields [9] are elements of a Grassmann algebra on the basis of N anticom-
muting Majorana spinors 8, labelled by indices i=1,2,... N. We will adopt a
general chiral SU(N) notation throughout this paper which employs chiral and
self-dual components [10]. Namely, the left-handed chiral component of @ is
assigned to the fundamental representation of SU(N), and carries an upper SU(N)
index; right-handed components will then transform according to the conjugate
representation, in agreement with the Majorana property and have a lower index.
Hence we have

(1-v5)6'=(1+v5)6,=0,

_ _ 2.1)
6'(1—vys)=6,(1+v5)=0.
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We will use this notation consistently, so that chirality and the SU(N) transformation
properties are in direct correspondence, even although for N = 2, the fundamental
representation and its conjugate are equivalent.

A left-handed chiral superfield @ is defined by the condition that the right-
handed operation

d d
D=2 4~y ——
29, ¥

= 2.2)

vanishes when applied to @, This implies that the dependence of & on 8, is
contained only through a complex spacetime paramieter z*, defined by

z* =x*+6'y"6,. 2.3)

Therefore & can be decomposed on the basis of the left-handed generators 6
only, in terms of 2°~ complex functions of z*. For N =2 we thus find the following
decomposition:

DV (2", 0") = A(z)+0'W,(2) +30'0'B, (2) + 3(€,0'0as0")F 2 (2)
+3(e,0'0a0") 05PN (2) + T5(€,0'0.0" ) C(2) . (2.4)

The bosonic components A, B,, F,, and C are complex, and the fermionic
components ¥, and A, are left-handed chiral (Majorana) spinors. The field F, is
anti-self-dual: F~ = —F . The complex conjugate of & is precisely a right-handed
chiral superfield, satisfying

D=0, (2.5)
with
] )
D,E-T-f' ® —.
a5 Ty Ogn

Therefore, @ can be decomposed on the basis of right-handed generators 6, in
terms of functions of (z*)*. As is well-known, chiral superfields can be re-expressed
in terms of functions of x* by means of

Dz, 0')=exp (-6, 36" )D(x*, 8",

=) 3 -) (2.6)
D 7((z*)*, 8,)=exp (—8' 86,)D " (x*, 6,) .

In principle one has the possibility of considering chiral superfields with extra
external SU(N) or local Lorentz indices. But in this paper we only deal with the
singlet version. Such fields have been discussed in the past[11, 12], and here we only
summarize a number of aspects that are relevant for subsequent sections.

Within the superconformal context it is meaningful to assign Weyl and chiral
weights to a chiral superfield. It follows from the full superconformal algebra, that
these weights are related. They determine the transformation properties under
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dilatations and chiral U(1) transformations. More precisely, a chiral superfield with
weight w transforms according to

V(2" ') > e Dz, 729", 2.7)
where { is a complex number

{=£W+i{Aa

with {(w and {a the transformation parameters of the dilatations and chiral trans-
formations, respectively.

It is obvious from the previous discussion that the product of two left (right)-
handed chiral superfields with weights w; and w,, is again a left (right)-handed
superfield with weight w3 = w; + w,. We give the expression for the product of two
N =2 superfields in terms of components. If (A, ¥, B, F, A, C) denote the
components of a left-handed chiral superfield then

(A, lI’.u Bt], F;b, Au C) ® (a’ wu bi], f;ba Al’ C)
=(Aa, a¥,+Ay, aB, +Ab, — 3Ty, ,
aF o+ Afas ~3€ "‘I-’ﬂ'ablll, ’ (2.8)
ad,+AX, ~3€“ By + ba ) —3o - f W, +o - Fy,),
aC+Ac —3€™€"B b+ Fasfar + € (T, +§A,)) .

The rigid supersymmetry transformation of a chiral superfield can also be deter-
mined straightforwardly in terms of components

SA=¢&'V,,
8V, =28Ae, +Bge’+o - F ée,,
SB,, = 6.(, EW,)— E-kA(,fl)k N
(2.9)
OFp = €€, Bo W, +E'o A, ,
8A,=—0 + F~ 3¢, — 3B, e’ + Cé'e,,,
8C =—2€"¢ 4A,.
Notice that we have also used a chiral notation for the transformation parameters e.
An important aspect of chiral superfields in N =2 is that for a certain weight it is

possible to reduce the number of independent components. This is achieved by
imposing the following SU(2) covariant restriction:

(e,D'oapD’ V(D )* =F96 10 (2.10)
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In terms of components, this constraint has the following consequences:
A, =%Fe, 3V,

B,, = :l:E,kéllB*kl,
C=5200A%, @1D

3aF a5 =%8.F o .

Notice that the last equation is a Bianchi identity, which implies that F [or F
depending on the signin (2.10), (2.11)] can be expressed as a field strength in terms of
a vector potential. By comparing weights of both sides of (2.10) it is obvious that this
restriction can only be imposed for weight w = 1. The vector gauge multiplet [7, 8]
discussed in [1] is of this kind, and has indeed components with the corresponding
weights. We will give the full correspondence later. The tensor gauge multiplet is also
related to a reduced chiral superfield. For instance if we choose a minus sign in (2.10)
the components of the tensor multiplet are related to the higher # components of the
superfield according to (compare ref. [1])

o' =€, A" +e'A,,

AS,+iB,=B,,

(2.12)
Ey.v" = i(F:.u _F;v)eu ’
F—-iG=-C*.

Again the Weyl and chiral weights implied by eqgs. (2.12) agree precisely with those
found in [1].

As is already obvious from the assignment of Weyl and chiral weights to a chiral
superfield, a product of two reduced superfields will be a chiral superfield of the
general type, which will no longer satisfy the restriction (2.10). This observation
completes the discussion of chiral superfields in flat superspace.

2.2. N=2 SUPERCONFORMAL GRAVITY

We now summarize some results of [1] in chiral notation. The superconformal
theory contains the gauge fields e, w,*, b,., f.°, ¥, &', 4, V', and “matter fields”
Ta", xc» Dc. With upper SU(2) indices ¢, and xc denote left-handed chiral
components, whereas ¢,,' is right-handed. In SU(2) notation, the SU(2) gauge fields
are contained in an antihermitian quantity ¥’.’, defined in terms of the fields of [1] by

v, =" —id"). (2.13)

The gauge fields w,”, f.% and ¢,', of local Lorentz, special conformal, and
S-supersymmetry transformations are expressed in terms of the other fields by means
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of the constraints
R.'(P)=0,
y“(éa;(o) +aawxc) =0, (2.14)
R... M)e”, — mRM () +86° T sp, Tt —3axDce,a =0 .

The curvatures R,; can be found in the tables of [1]. In the third constraint we have
allowed a free parameter a.

Because of the constraints (2.14) the curvature tensors Ié(Q) are self-dual,
whereas the modified curvature tensors & (S) are almost self-dual. The latter follows
from the Bianchi identity (4.13) in ref. [1]. Hence, we have the following useful
identities

Ry (Q)=-Ra'(Q = ysRut' (Q),
Rat'(S) ~ Ras'(S) = 2y 0 DGR (Q) (2.15)
R’ (S) =3P xc .
We repeat the Q- and S-supersymmetry transformations of the superconformal

fields in chiral notation

be,” =ké'yY,, +hec.,

* = —k€'T P, +3kE V.0 xc + k€'Y R Q)

bw,
—3K’E T+ablllu +kif, o, +he.,
8b, = —3KE'Yuxc, +IKE D — 3k M, +hec.
8f." = k&'y.Ds Rpai(Q) — ke, (a +2)E'Dxc

42 e"t!/“’DbT+ba,,—zK (@ +2)é'y Y Dc+ixi'y du+hee.,
(2.16)

84, =2k "D, Ve —io - T y,6,~k 'y,1",
8b." =2k, yae' +3R (V) - oyue’ +iR(st) - oy,e’
—iP°T™" - oy, +3(1—a)Dcy,e'

+3k((xey e ) val' — (xey Wi )vae') + 262D,V 7"

854, = 3iE"y X c, +3i€ D —3i, n +hec.
8V, =3€y.xc, —2€'du, +2¢,.n, — (h.c.; traceless) ,
8T =4E"Ra(Q),
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Sxe =—to - T "D +3R(V), - o€’ —3iR(A) - o€’ + Dce' +50 - T ™'y,
8Dc=é&P xc. +hec., (2.16)

where €’ and 1’ denote the parameters of Q- and S-supersymmetry, respectively.
Notice that €' has left-handed and n' right-handed chirality. We have used deriva-
tives D“C that are fully covariantized with respect to the superconformal symmetries,
except in 8¢, and 8¢,', where D, is defined by
D“We’ =3, —%wu o +%bu +%ix&¢“)e' +%K°V,f,e' ,
D,V n' = (9, —3w, - 0 —3b, +3iksd)n’' +3 ¥\ m’. (2.17)
On the basis of the transformation rules (2.16) one can verify that the supercon-

formal transformations close under (anti)commutation. In particular, we find for the
commutator of two supersymmetry transformations with parameter €; and e;:

[8aler), balex)]=2(E5y €e1x +h.c.)D. S+ Om(e™) +8k(AR) +8s(n),  (2.18a)

where D, indicates the effect of a superconformally covariant translation [13], and
€”, A% and n are the parameters of an extra field-dependent Lorentz, special
conformal and S-supersymmetry transformation respectively

€ =k(e\T**, e +h.c.),
Ak = k€D, T 3oy €} —3x(a +2)Dcbyaer, +hoc. (2.18b)
n'= SKE[I'G’Z]XC, .

The commutator of a Q- and S-supersymmetry transformation with parameters e
and 7, respectively, is given by the superconformal algebra. Its precise form is

[8s(n), Sale)]=Bmle™) +6p(0) +Bua(a",) . (2.19a)
The Lorentz, Weyl and U(2) chiral transformation on the r.h.s. are given by
€” =270, +h.c., {=1'e,+h.c.,
A =-27'¢,+3 8" e —h.c., (2.19b)

and the U(2) transformation is defined by its action on the field ,,":
SuaW' =A'W,) .

3. Chiral superfields in N =2 supergravity

The results of rigid supersymmetry for chiral superfields can be extended to the full
supeconformal theory. This requires the definition of the supermultiplet as a
representation of the superconformal algebra. In particular, the commutators (2.18)
and (2.19) must be realized for all its components (2.4). The first step in obtaining this
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representation is to find the transformation rules under S-supersymmetry. This is
most easily done by extending the derivatives in (2.9) to covariant derivatives with
respect to dilatations, which generates extra terms in the transformation rules
proportional to ¥e, depending on the Weyl weight of the multiplet. As we know
from [1], these terms can be cancelled precisely by an S-supersymmetry trans-
formation with parameter ¥e, which allows a direct identification of these trans-
formations. They are

asA =0 s
8s¥, =2wAn,,

5sBu = (1 - W)T-](,q’]) ’
(3.1
8sF o =—(1+w)e"foa¥,,

8sA,=—(1+w)Be"n+(1-w)o - Fn,,

65C = 2W€”‘FI,A, .
These results agree with those of ref. [11]. Using (3.1) we can now fully covariantize
the rigid supersymmetry transformations (2.9) with respect to the superconformal
symmetries. One then realizes that these transformations are complete for the low-6
components, because no modifications can be found that are consistent with the
assignments of Weyl and chiral weights. However, for the highest components A, and
C, modifications are possible, which contain the Weyl matter fields T,,, and
X, Their precise form can be found by imposing the commutation relation (2.18) to

all orders, making estensive use of (2.14)—(2.16). A straightforward calculation then
leads to the full transformation rules under Q-supersymmetry

S0A =€V,

8oV, =2P Ae, + B’ +0 - F e’

8oB, = €DV, —E*Aei,

8aF 2 = €"€B oW, +E'guA,,

8oA, =—0 - F DS, — D B ee™ + Cé'e, 2
+i(DCAT; - 0+ wADCT; - o)ere™ — 3k (Rer¥a W) vaere™ ,

8oC = —25"é,BCA, — 6K€,Xc,Bk;e'ke"
—SkE(w—-Vo - TRB ¥, +0o - TH B W)e"e".

To verify the correctness of our results, we have also calculated the commutator of
a Q- and an S-supersymmetry transformation and found complete agreement with
(2.19). It also turns out that the non-covariant modifications in (3.2) are independent
of the dilatational gauge field b,, so that our argument for finding (3.1) remains
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unaffected. Eq. (3.2) clarifies why non-covariant modifications were found in the
tensor gauge multiplet, but not in the vector gauge multiplet [1], since the latter
corresponds to the low-# components of the chiral superfield. We will give a full
discussion of the vector multiplet in sect. 4.

If w =2 the highest component C of the superfield has Weyl weight 4, and chiral
weight 0. Therefore, C can serve as a starting point for the construction of an
invariant action. Calculating order-by-order in « leads to the following density which
is invariant under all superconformal symmetries:

-1 - - .
e ¥F= C—Keulll, . ‘YAI _%KZ’I"“O_ . T;;{Y“WIGUEH
12 -
—ieK A(T:b;jeu)z—Kzlllﬂ,a'“"(//,,,Bk,e'ke”
+i i€ (F =3 AT €")

1 .3 4 kI -1 vpo 7 T T
2K € € e e W’l’md’w(‘/’pk?’cqfl +K‘ppk‘//a-IA) .

(3.3)

We have thus presented the main elements of a superconformal tensor calculus for
chiral superfields. The multiplication rule for products of these superfields is still
given by eq. (2.8). This is obvious for the low-8 components, because their trans-
formation rules are superconformal covariantizations of the linearized results. For
the full multiplet the multiplication property has been verified by direct compu-
tations.

These results also apply to the reduced chiral multiplet with w =1, but the
reduction takes a more complicated form in a superconformal background. Namely,
the constraints (2.11) are replaced by

A= =Fe,,HC‘I" ,
B, =zxese,B*",
C=FQUO A*+ikT i Fue” +3xgc W' —2k(1—a)DcA*),  (3.4)
DCFa =+DGF 5 +ikDS (€"Topy AF €, Ta0 A%)
~ic (e Ve F Ry Pe,) .
The superconformal d’Alembertian is defined by

O0°A=DSDSA. (3.5)

Its form can immediately be obtained from the transformation properties of DSA. In
particular DSA transforms under Q- and S-supersymmetry and special conformal
boosts, with parameters €', n' and A k, respectively, according to

8(DSA)=&E'DSW, —§kéyao - TV, +3kwéyax A
—%ﬁ "Ya‘p: - WAKaA . (36)
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A direct way of obtaining (3.4) is to calculate the variation of D,
5o(P°V¥) =P o - Fée, +DCB,,€’
+(Q2 0% A+ikF,,Tle, +35cW, —2x(1—a)DcA)e,
+3k (AT - )P +3r Rerva ¥y e’ . (3.7
Assuming the first equation of (3.4), we compare the variation of ?e,,BCII” with
80A,. This gives the remaining equations of (3.4). Subsequently one verifies the
consistency of all four equations. Using (3.4) we can now discuss reduced chiral

superfields within the same context as general chiral superfields. As an example of
this we will construct the lagrangian of the vector gauge multiplet in the next section.

4. The vector gauge multiplet

The N =2 vector multiplet describes a massless vector gauge field V,,, a complex
scalar A, and a doublet of Majorana fermions ¥,. If the gauge field is represented
through its modified field-strength tensor F,,,, then the components of this multiplet
form a reduced chiral superfield [1]. More precisely, V,, transforms according to

8V, =&y, Ve +2xé,,e"A+hec., 4.1)
and has a modified field strength*
Fu=0.V, =8,V — sk (Wru¥n e’ + i,y ¥'e,)
(Gt A+ b)) 6, A%) ik (AT, e + A*T Je,) . (4.2)

The components A, ¢, B,, Fa =3F,,—F,;) are the low-6 components of the
superfield, whereas the high-6 components follow from (3.4). The invariant action of
the vector multiplet can be found from the general chiral superfield (@)%, where
& represents the reduced chiral superfield of this multiplet. Since (@) has
weight w =2, one can immediately apply the density formula (3.3) to obtain the
action. The components of (&), denoted by (a, ¥, by, fas, A ¢) are equal to

a=A?,
¢, =2AY,,
b,=2AB,- V. ¥,, (4.3)

* Our notation is adapted to the chiral-superfield decomposition. The precise relation to the
components of [1] is given by

VH- = Wu.’ Bx/ =€k (F— ’G)kl s
¥, =30 +y5)e, ¥, Fo=—F,(W),
A =3e,(A-iB)"
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f;b =2AF, —%GU‘I-’.O‘ab‘I’; >
A =—26,APV —B, W' -0 - F WV,
c=—4A 0 A*+4(1 - a)kD|A[* — 3« AF ;, T 3y, €”
—6kAfc ¥ 3B, +(F) +20.p°v¥",

4.3)

This can now be substituted into (3.3), which leads to the following invariant
lagrangian (with proper normalization)

e ' F=AO°A*~L{(F,) -3 Dv +}B,
—k(1—a)Dd|A|* +5cAF T 5, €" +3kAxc, ¥
+3x, - YPU'A + ik, - yW,B* ~ ke, - yor - F~vy,
+61—4K2A2(T:,,,,e”)2 +%K2Ad7,“0' - Try“We'e Kt (4.4)
+ax 240", QAB* — %' U W)
—ik " Yahe” QAF 2, — 3k A T opue ™ — 36 ' W00 )
+ik’e’e" e e o it QUi Yo ViA + Kl A®)

+h.c..

The lagrangian (4.4) can be coupled to N = 2 Poincaré or Weyl supergravity. In both
cases one can eliminate auxiliary fields, and obtain an invariant action in terms of
dynamical fields. We will not do this in any detail, but rather confine ourselves to a
qualitative discussion of the most salient features of (4.4).

We start by noticing that (4.4) seems to depend on the parameter a that was
introduced in the constraint (2.14). This constraint expresses f},, the gauge field of the
conformal boosts, in terms of other fields, and it receives an a-dependent contribu-
tion

fu=-iaDce, +--. (4.5)

Because f;, occurs in the definition of the superconformal d’Alembertian (I [see
(3.6)], this introduces a second a-dependent term in the action through (4.5). As
expected, this precisely cancels the original term. A second point is that the auxiliary
fields B, occur in various places in (4.4), both explicitly and through supercovarian-
tizations. Apart from the term quadratic in B,, the dependence on B, disappears,
which is in agreement with explicit Noether-type constructions of the lagrangian.

As mentioned before we can couple (4.4) to Weyl supergravity. This theory has
only one auxiliary field, D¢, which occurs quadratically in the Weyl action [3]. Its
elimination leads to a self-interaction

elg=-3A. (4.6)
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Of course, the lagrangian also contains the standard conformal improvement terms
(supersymmetric generalizations of R|A|®) for the scalar fields, which enter through
the gauge field f;. as well as through various supercovariantizations.

In the coupling to N =2 Poincaré supergravity many more auxiliary fields play a
role, and their elimination leads to a large variety of non-polynomial modifications.
The final results can be compared to the work of Luciani, who considered the
coupling of several vector multiplets [14]. However, before the elimination can take
place one must first represent the superconformal components in terms of the
Poincaré fields. These substitutions are known and have been given in [1]. The most
important one is for D¢, which in the Poincaré theory is equal to (not in chiral
notation):

1 )
Dc=DF- V—;;RP+%K((VZ)2+(A2)2—2v§ ~(M")*=(N"))
+A )" +2P°A =3y - RT +ikysAN' —ko - TVA'). 4.7)

The definition of the Poincaré components has been given in [1], and we remind the
reader that the spinor y', the vector VY and the axial vector A, are related to the
superconformal fields xc and ¥, respectively.

Because of the Dc-dependent term in (4.4), many auxiliary fields occur with a
characteristic factor (1-2«2|AJ?) in the coupling to Poincaré supergravity. To exhibit
some of these terms, we give part of the combined action:

gPomcaré + zvector = _52 - %(Pu )2 + %(th)z + AZ
+(1-23APHBVE +3(VE +(AD* - (M7 - (N')?)
+A'Q2x 2P\ +ikysAN —ko - TAN)}. 4.8)

According to their field equations certain auxiliary fields in (4.8) will be proportional
to (1-2«%A[»™!, and upon elimination they will induce non-polynomial
modifications of the type found in [14].

We now discuss the elimination of some of the auxiliary fields and the resulting
non-polynomial terms in the action. The axial vector field A, couples minimally to
the scalars A, so that the equation of motion for A, gives

K -
= A — | aA* + spi . 4.9
A =27 AP F spinor terms (4.9)

The vector field V, couples to |A|* through the D® - V term in (4.7). Therefore we
find using the appropriate terms of (4.8)

2
a 5 3a]A|* +spinor terms . (4.10)

Ve =1 2x7A]
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When inserted back into the action, (4.9) and (4.10) lead to non-polynomial
modifications of the kinetic term of the scalar fields. Varying the combined action
with respect to x' leads to a solution for the auxiliary spinor A’:

K

e K (AT + AR, .
N = ToaArAY v) 4.11)

Substituting this into the action leads to a modification of the kinetic term of ¥".

The non-polynomial modifications of the terms quadratic in the field strengths are
the result of the elimination of the auxiliary tensor field ¢,. This field also occurs in
the Poincaré expression for T3,. The field equation for ¢}, is

+
t aby =

AR (V) - A, (B)) “.12)
where F,,(V) and F,,, (B) are the self-dual components of the field-strength
tensors of V, and B}, the gauge fields of the vector multiplet and the Poincaré
theory, respectively.

A complete comparison with the results of [14] requires several field redefinitions,
but the general characteristics of eqs. (4.9)-(4.12), in particular the presence of the
factors (1—2«%|AY)™" and (1-2«A%7", indicate that our results are indeed
equivalent. To couple several vector multiplets to supergravity is of course straight-
forward in our approach. As compared to N =1, there are two new elements that
lead to the emergence of non-polynomialities. First the tensor field, which is essential
to obtain the modified kinetic terms of the vector fields; secondly the quantity D¢
which is responsible for most of the non-polynomial terms in the solutions of the
various auxiliary fields.

5. Conclusions

In this paper we have presented the superconformal tensor calculus for chiral
superfields. Apart from the action of the vector multiplet, which we gave as an
example, there exists a large variety of invariant actions on the basis of N = 2 chiral
superfields. Not all of them can be treated strictly within the superconformal
context. However, this poses no essential limitation, since our results can be
rewritten in terms of Poincaré components. This then defines a corresponding tensor
calculus, which allows the construction of actions with arbitrary Weyl weight [5]. In
this way one can construct a self-interaction of the vector multiplet, which is known to
exist from a reduction of the SO(8) extended theory. Also the SO(2) supergravity
action itself can be obtained from the unit chiral multiplet, i.e., the multiplet with
only a constant A-component different from zero. This construction of the Poincaré
theory, which was already mentioned in [6], is suggested by the density formula (3.3).
For the unit multiplet this formula contains a term (T',,, ) that partly coincides with
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the tensor terms in the Poincaré action, so that the full supersymmetric density
written in Poincaré notions should lead to this action.

The N =2 superconformal Weyl theory can be constructed on the basis of a
reduced chiral multiplet as well, but this requires a slight extension of our results. The
reason is that the superconformal chiral field is no longer a Lorentz scalar but a
self-dual antisymmetric Lorentz tensor. The low-8 components of this superfield are
completely known. They consist of the conformal fields Tisp X Dc, and the
appropriately modified superconformal curvatures. These curvatures and their
transformation properties can be found in [1]. Another action based on chiral
multiplets was presented long ago in [15]. In this case the superfield is not reduced
and one needs to determine a kinetic multiplet in order to generalize the results of
[15] to local supersymmetry.

An important conclusion of ourwork is that the use of the superconformal algebra
is extremely helpful as an intermediate step, even although this algebra is more
complicated in our case than for N =1 [16]. It may be that this intermediate
step is not possible for all multiplets. One then has to aim directly for a representation
of the Poincaré algebra, which is substantially more complicated. However, the
general strategy is always the same. Namely, one extends the results of rigid
supersymmetry to a full representation of the super-Poincaré or super-Weyl algebra.
To find the multiplication rules and the corresponding invariant densities is then
straightforward.

For two of us (B.dW. and J.W.v.H.) this work is part of the research program of the
Stichting voor Fundamenteel Onderzoek der Materie (F.O.M.).
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