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ABSTRACT: We construct an off-shell N/ = 2 superconformal cubic vertex for the hyper-
multiplet coupled to an arbitrary integer higher spin s gauge N' = 2 supermultiplet in a
general N' = 2 conformal supergravity background. We heavily use N/ = 2,4D harmonic
superspace that provides an unconstrained superfield Lagrangian description. We start
with A/ = 2 global superconformal symmetry transformations of the free hypermultiplet
model and require invariance of the cubic vertices of general form under these transforma-
tions and their gauged version. As a result, we deduce N’ = 2,4D unconstrained analytic
superconformal gauge potentials for an arbitrary integer s. These are the basic ingredients
of the approach under consideration. We describe the properties of the gauge potentials,
derive the corresponding superconformal and gauge transformation laws, and inspect the
off-shell contents of the thus obtained N' = 2 superconformal higher-spin s multiplets in
the Wess-Zumino gauges. The spin s multiplet involves 8(2s — 1)p + 8(2s — 1) essential
off-shell degrees of freedom. The cubic vertex has the generic structure higher spin gauge
superfields x hypermultiplet supercurrents. We present the explicit form of the relevant
supercurrents.
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1 Introduction

Superconformal field theories constitute an important subclass of field theories, with nu-
merous applications in classical and quantum field theory, gravity and string theory (see,
e.g., [1], [2], [3]). For example, such theories can be treated as fixed points of the proper
renormalization group flows and any quantum field theory can be recovered as a defor-
mation of some conformal field theory (see, e.g.,[4]). One more well known application of
conformal theories, especially in supergravities, is the method of conformal compensators
in diverse dimensions. It allows one to derive standard Einstein gravity and the relevant
non-conformal supergravities, starting from the conformal (super)gravities coupled to the
appropriate matter compensating (super)fields. These compensators ensure the sponta-
neous breaking of conformal (super)groups to some subgroups thereof (see, e.g., [5], [6]).
The compensator approach is a powerful way of constructing diverse supergravity actions.

Higher spin theories are a natural generalization of the standard (super)gauge theories
and (super)gravities, and they attract vast attention due to their intimate relationships with
(super)string theory [7-12|. There arises the natural task of constructing (super)conformal
theories of higher spins as the basis of the whole plethora of the higher-spin theories. To
know such superconformal extensions is also of high importance for constructing higher spin
theories on AdS4 and other conformally flat backgrounds. Indeed, these theories can be
obtained by gauging the proper subgroups of the (super)conformal groups, like the standard
4D Poincaré (super)symmetry in the case of flat (super)Minkowski background.

Free higher-spin theories in 4D Minkowski space were pioneered by Fronsdal and Fang
and Fronsdal in refs. [13, 14]. Their conformal generalizations were constructed by Fradkin
and Tseytlin [15]. They introduced conformal higher spin fields and defined the corre-
sponding gauge transformations. The actions constructed provided a higher-spin cousins
of the Weyl tensor - squared actions. Since then, various generalizations of these theories,
including generalizations to curved gravity backgrounds, were intensively studied (see, e.g.,
[16-27]). Conformal higher-spin cubic vertices were for the first time constructed in refs.



[28, 29]. Later on, they were widely discussed in the context of induced quantum actions
[10, 30-32]. Using the higher-spin conformal vertices, one can construct consistent inter-
acting higher-spin actions as the induced actions. Another approach to constructing the
complete interacting higher spin conformal theories has been developed in ref. [33]. Such
interacting theories are defined on a flat background and are generalizations of Weyl gravity.
This means that they involve higher derivatives and so are non-unitary on their own.

N = 1,4D supersymmetric generalization of conformal higher spins was considered in
[29] using the component approach. The free off-shell N' = 1 superconformal theories and
their couplings to chiral multiplet were constructed in refs. [34] in N' = 1,4D superspace.
These authors, based on the earlier articles [35-37]|, constructed unconstrained N = 1
higher-spin prepotentials (see also [38]), found their gauge and superconformal transfor-
mations, investigated their component structure and derived invariant actions in the flat
N = 1 superspace. A minimal extension of the actions constructed to A" = 1 conformal
supergravity (for multiplets with integer higher spin) was also proposed and it was shown
that these actions are gauge invariant only on conformally flat superspaces with vanishing
super-Weyl tensor (in particular, on AdS superspace AdS4|4). Some generalizations of these
theories were considered in [25, 39]. In ref. [40] an off-shell formulation of N' = 1 higher-spin
theories with the half-integer highest spin was given, using the appropriate compensator
supermultiplets.

The N' = 2,4D superconformal higher-spin theories (equally as their N extended
versions) in an arbitrary conformally flat background were elaborated in [41]', based on
the notion of N/ = 2 conformal superspace [43]. The appropriate Noether couplings to
an on-shell hypermultiplet were constructed there. It is worth noting, however, that the
component contents of A’ = 2 higher-spin superconformal multiplets and the relevant off-
shell cubic vertices were not addressed in that work.

One of the ways to define gauge fields and their gauge transformations is to gauge the
rigid symmetries of some free theory and to construct the corresponding cubic vertex. The
simplest cubic vertex, the (s, 0,0) vertex, is the product of the higher-spin s gauge field and
the Noether current bilinear in massless complex scalar fields. The vertices of this type
were widely studied. The most natural questions regarding them are as to: is it possible
to make the (s,0,0) vertices gauge-invariant to all orders, and is it possible to set up such
vertices on an arbitrary gravitational background?

1. Cubic (s,0,0) vertex (plus free scalar action) can be made gauge invariant to all orders
by deforming the gauge transformation laws of higher spin fields [30]. The resulting
gauge transformations are generically nonabelian and nonlinear. They mix different
higher-spin fields among themselves, while the scalar fields are transformed linearly
and homogeneously. In ref. [32] this construction was extended to an arbitrary
conformally flat background in the manifestly covariant way, as well as to N' = 1
superconformal case.

2. One can easily construct the conserved spin 1 and spin 2 currents for the conformally-

The N = 2,4D superconformal gravitino multiplet was described in [42].



coupled complex scalar in an arbitrary curved background. Respectively, one can build
(1,0,0) and (2,0,0) vertices on curved backgrounds. However, starting from s > 3,
the naive attempts to construct conserved currents on a curved background gave
rise to the conclusion that the conservation can be achieved only for the conformally
flat case [22, 32]. So the non-vanishing Weyl tensor provides an obstruction to the
existence of the (s,0,0) vertices for s > 3. However, it was shown in ref. |22] that,
by adding the vertex (1,0,0) and modifying accordingly the gauge transformation of
the spin 1 field, one can achieve gauge invariance on an arbitrary curved background
too. Similar conclusions were drawn in ref. [39].

In the present paper we perform an analogous analysis for off-shell N' = 2 supersym-
metric generalization of the (s,0,0) interactions. As we will see, already the N' = 2 spin 3
superconformal multiplet simultaneously contains both spin 3 and spin 1, and this property
greatly simplifies the construction of the corresponding vertices in a curved background.

Our work extends to the superconformal case some of our previous results on the off-
shell N' = 2,4D higher spins and their hypermultiplet cubic coupling [44-46] (see also
reviews [47, 48]). Since the hypermultiplet has a natural off-shell formulation in harmonic
superspace (HSS) [49-51] in terms of N' = 2 analytic harmonic superfields, here we make
use of just this formulation. We demonstrate that the harmonic analyticity imposes severe
constraints on the admissible structure of the cubic interaction vertices of the hypermulti-
plet and higher-spin conformal N' = 2 gauge superfields. We focus just on the construction
of N = 2 superconformal cubic couplings with the matter hypermultiplets 2. To set up such
cubic couplings, we introduce the corresponding off-shell superconformal spin s gauge multi-
plets 3, define the corresponding minimal sets of analytic gauge potentials, derive their rigid
superconformal transformation laws and, at the linearized level, their gauge transformation
laws. We present the relevant Wess-Zumino gauges for the component fields. We also ex-
pound how to promote these cubic vertices to an arbitrary A/ = 2 conformal supergravity
background: one should consider an infinite tower of N' = 2 superconformal higher-spin
fields interacting with a hypermultiplet. This allows one to define a nonabelian deformation
of the gauge transformation algebra and demonstrate that the relevant interacting theory
is gauge-invariant to all orders.

The basic novel features of superconformal couplings of N/ = 2 higher-spin gauge su-
perfields to the hypermultiplet in HSS compared to the non-conformal case [45] can be
schematically outlined as follows. The difference arises already in the case of the spin
s = 2 multiplet (conformal N = 2 supergravity), where the analyticity-preserving har-
monic derivative DT, when acting on the hypermultiplet superfields, is covariantized as

DT = DTt ¢ Ii27:[+:2

Ly Mty =hr"Moy, M =(ad,at a4, +4).  (L1)

)’ (s

Here there appears a new analytic gauge superfield h(+%) [51]. Its necessity can be sub-
stantiated from requiring rigid conformal N = 2 invariance with respect to which only the

2N = 2 generalizations of Fradkin-Tseytlin action in HSS will be studied elsewhere.
3We use bold s to denote N/ = 2 multiplet with the highest spin s. For example, hypermultiplet
corresponds to s = %, N = 2 Maxwell multiplet to s = 1, N' = 2 Weyl multiplet to s = 2.



whole set of the potentials in the operator 7:[(3=2) turns out to be closed. In the spin s = 3
case, the covariantization is accomplished by the differential operator of the second order,

DY = DY Ly S HiLy = TN oy + i (1.2)

where the analytic gauge potentials AT TN gatisfy some grading and irreducibility condi-
tions (see below), while J is some matrix U(1) generator. Once again, only the whole set of
gauge potentials in (1.2) is closed under a linear realization of rigid N' = 2 superconformal
group. So the latter plays the same restrictive role for cubic superconformal vertices, as
the rigid NV = 2 supersymmetry for non-conformal vertices [44-46]. The radical extension
of the number of gauge potentials for s > 3 also gives rise to an essential extension of the
gauge freedom compared to the s = 2 case. This can be used to fully gauge away many
gauge potentials,

ity = WMoy 0u, (1.3)

The rigid N' = 2 superconformal symmetry acts on this minimal set of potentials by trans-
formations which are in general nonlinear in the potentials. All these notable features
directly generalize to N’ = 2 spins s > 3.

The paper is organized as follows. In section 2 we recall the basic elements of harmonic
superspace and describe free off-shell hypermultiplet. Section 3 contains discussion of the
N = 2 superconformal symmetry realization in harmonic superspace and expounds our
strategy of construction of the off-shell superconformal N' = 2 multiplets in (curved) har-
monic superspace. In sections 4 and 5 we present superconformal transformations for the
spin 1 and spin 2 multiplets and the corresponding off-shell (1, %, %), (2, %, %) supercon-
formal couplings. In section 5 we discuss the hypermultiplet in the background of N = 2
conformal supergravity. Section 6 is devoted to the crucial new spin 3 case: we introduce
a minimal set of analytic prepotentials, study their component structure and construct
off-shell (3, %, %) vertices in an arbitrary conformal supergravity background. In section
7 we generalize the spin 3 results to the general A/ = 2 spin s. In section 8 we sketch
some results on nonabelian (and nonlinear) deformation of higher-spin gauge algebra in
the case of infinite tower of A/ = 2 conformal higher-spin fields minimally interacting with
the hypermultiplet. Such a theory possesses the exact invariance with respect to these
nonabelian gauge transformations. The concluding comments and the basic problems for
the future study are contents of the last section 9. Appendix A contains technical details
of fixing Wess-Zumino gauge in the spin 3 case. In Appendix B we discuss some interest-
ing reparametrization freedom of free hypermultiplet. The superconformal transformation
properties of the derivatives in the analytic superspace coordinates and those of some gauge
potentials (for s = 2, 3) are collected in Appendix C.

2 Harmonic superspace

We will deal with A/ = 2 harmonic superspace (HSS) [49-51] parametrized by the coordi-
nates in the analytic basis:

7 = (xad’0+d’07d’uﬂ:i)’ & = (a, a), (2.1)



In addition to the standard 4D superspace coordinates (w,Gi), HSS involves additional
SU(2)/U(1) harmonic variables ui", i = 1,2, satisfying the unitarity constraint utiu; = 1.

The crucial feature of HSS is the presence of the invariant subspace with half the number
of Grassmann variables. This analytic superspace is parametrized by the coordinates:

¢ = (0, 074 uF). (2.2)

For the description of massive hypermultiplet and its higher spin couplings it is also nec-
essary to introduce an auxiliary 2° coordinate, see, e.g., [45]. The analytic superspace is
closed under the tilde-conjugation defined as:

oY = xad’ Hétt = 53:7 é;t = _sz)cta utt = _u?:7 u;t = uii' (2'3)

The covariant harmonic derivatives in the analytic basis are defined by,

D = 07 — 4010770, + 00T + (0F)20s, (2.4a)
D™ =077 — 407G "D, + 070 + (67)20s, (2.4b)
D’ =" +0%0; — 0707, (2.4c)

and satisfy su(2) algebra relations:
(D, D] =D°  [D°, D] = +op*E (2.5)

Here we used the following notations for the partial derivatives in harmonic variables:

) .0 ;0 , 0
ot =ut — O =ul— N =ut — —u T — 2.6
¢ e Y et Yo T But (26)
[Ptr,07 "] =0d" (2.7)
Other partial derivatives are defined in the standard way, e.g., Ona = 61%, ete 4.

The action of tilde-conjugation on various derivatives follows directly from the defini-
tions (2.3):

Ooi = Onary Oa = =05, O, =0y,  OF =0 (2.8)

Harmonic superspace provides efficient tools to deal with A/ = 2 supersymmetric the-
ories, both on the classical and quantum levels. The hypermultiplet and the most general
hypermultiplet self-couplings [52], N' = 2 Yang-Mills theory, different A" = 2 supergravities
(see a recent review [53]), as well as N' = 2 generalizations of Fronsdal theory [44], are
adequately described in A/ = 2 HSS approach. The pivotal feature of the HSS approach is
that all the basic N/ = 2 superfields are analytic, thus manifesting the crucial role of the
harmonic Grassmann analyticity principle in N = 2 supersymmetric theories.

4The relation with the vector notation is the same as in [51], %% = 2™(6m)%?, Om = (Fm)*P0as,

0, 16™. 0.
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2.1 Free hypermultiplet

Since our main subject will be N' = 2 superconformal interactions of higher-spin superfields
with hypermultiplet, we start by giving all the necessary details of the HSS formulation
of hypermultiplet. It is described by an analytic unconstrained superfield ¢*(¢) with an
infinite number of auxiliary fields off shell. The free hypermultiplet action reads [51]:

1 —_— p— ~.
Stree = -3 /dC( Dgtoptref = —/df( 4 Ggtprttgt. (2.9)
Here we used the notation:
+ AP + +b q*
=) =T = (2.10)

The superfield ¢t¢ forms a doublet of the Pauli-Giirsey group SU(2)pg. The SU(2)p¢ -
covariant notation is useful when constructing higher-spin vertices.
The free hypermultiplet equation of motions is:

D¢t = 0. (2.11)

The discussion of the on-shell field content of hypermultiplet can be found, e.g., in section
5.1 of ref. [45]. In what follows we will merely use the superfield aspects of the HSS
description of the hypermultiplet. Here we only remark that the hypermultiplet contains a
doublet of complex scalars, so it can interact with both even and odd spins.

3 N =2 superconformal symmetry of hypermultiplet

The realization of N' = 2 superconformal symmetry on the HSS coordinates is given in [51,

11
1202
the higher spin gauge superfields with the hypermultiplet. To this end, we need to introduce

54]. We will be interested in constructing N/ = 2 superconformal cubic (s ) vertices of
the appropriate set of analytic higher-spin superconformal gauge potentials and define their
superconformal transformation laws. The hypermultiplet superconformal transformation
law is well known, so from requiring the invariance of the interaction one can determine
transformation properties of the higher spin gauge potentials. Based on the experience
of dealing with the non-conformal case [45, 46|, we will use, as a departure point, the
most general type of interaction with higher derivatives and determine the minimal set of
the analytic higher-spin potentials closed under N' = 2 superconformal symmetry. In this
section we first discuss N' = 2 superconformal symmetry of the free massless hypermultiplet
and then explain our general strategy of constructing N' = 2 higher-spin superconformal

couplings.
We start with the general one-derivative hypermultiplet transformations®:
A 1
8¢t = —Agte — 5Qq”, (3.1)

®Such transformations can be realized on the HSS coordinates, see [51]. We basically consider superfield
transformations in their active form, since we are interested in their generalization to the case of higher-spin
symmetries which cannot be realized on the coordinates.



whereS:
A =AMy = A% + ATEOS + ATTOTT 4+ X005, (3:2)

Q= (~1)FPADGAM = 9, A2 — o AT oA (3.3)

Here A is the first-order differential operator, () is the weight factor constructed out of the
parameters A, M = {ad, +&, ++,5}. Since the superfield ¢*® is analytic, we impose
the condition that the transformations (3.1) preserve the analyticity, which implies the
parameters AM to be unconstrained analytic:

+yaa +y\+a& +y\++ +15
orAt =0, ofatt=0, ofAatt=0, 9N =0 (3.4)

5

Also we assume z°-independence of the transformation parameters, since z° is an auxiliary

coordinate needed merely for the description of massive hypermultiplet. Unlike the rigid
symmetries considered in our previous papers [45, 46|, here we allow for a nontrivial coor-
dinate dependence of AM in the rigid case. This will lead to an extended algebra of rigid
hypermultiplet symmetries with a larger number of independent transformation parameters.

Varying the free action (2.9) with respect to the transformations (3.1) with generic
analytic parameters AM yields:

1 N
e =5 [ A0 gD, Alg. (35)

The precise form of the commutator in (3.5) is as follows:
[D++, A] _ (D++)\ad + 4irtegta + 41'9-1-045\—1—@) O
I (D**)\*& _ /\++9+d) 0= + DHATTIT £ ATTDY (3.6)
n (D++A5 _ 2>\+ﬁ9:{> 05 + AT Ho—%at.

Taking into account the relations D" = ¢+ and ¢* g, = 0, we derive the condition
of invariance of the action (2.9) as

[DH+, A] = ATTDO, (3.7)
or, in terms of the parameters \M

"D++)\ad + 42’)\-&-@5-&-@ + 41'9-1-045\—1—@ — 07

Dt Te _ \tTota = 0,

DHH)\Ta _ \FHgta = 0, (3.8)
Dt AT = 0’

DN —207P07 = 0.

M = (ad, at, a4+, ++,5); Plad) = P(++) = P(5) =0, P(a+) = 1.



The general solution of the system (3.8) is just the sought N’ = 2 superconformal trans-
formations:

NG = oY 44 (eo‘i§+d + 0+O‘Edi) u; + xdpkppr’o‘ + ax®®
—4i9+a9_+d)\(ij)ui_uj_ — 44 (x“p'nzéw + 9‘”772:6”5‘) u;

)
M= eul + 307 (a+ib) + ﬂﬂaﬁklg 017 + woSluf

ey

+ot ()\(ij)ufuj_ + 4i9+pnzu;) , (3.9)
MNE = eyt +167%a—ib) + xdﬁkﬁﬁ-é*ﬂ + 2%t uf
+6ta ()\(ij)u;ru; — 42’@‘*""77;‘-)11;) ,
Mt = Nuful + 4070 ks + 40 (070, +1401) u;”
Respectively, the weight factor (3.3) is expressed as:
Qe = 2a + 2k 527 — 2ADufu; —8i (0+°, + nif) u; . (3.10)
It satisfies the useful relation:
D0, = 2211, (3.11)

As follows from (3.6), the last condition in the system (3.8) appears only if d5q*® # 0.
So we are led to impose the constraint d5¢™® = 0, i.e. limit our consideration to the
massless hypermultiplet. This is consistent with the well known fact that all theories with
exact (super)conformal symmetry are massless (see, e.g., [5]).

Symmetry (3.9) extends rigid N' = 2 supersymmetry of the free massless hypermulti-
plet, which was generalized to the higher-spin symmetries in [45, 46]:

{a e = {a, € a,b, kag, 1™ A} (3.12)

N'=2 supersymmetry N'=2 superconformal symmetry

The analytic parameters (3.9) are those of N' = 2 superconformal symmetry in the realiza-
tion on the coordinates of analytic superspace [51, 54| (here we omit Lorentz transforma-
tions). The transformation parameters can be attributed as:

e a“* - global translations;
o ¢ _rigid N = 2 supersymmetry;
e ¢ - dilatations;

e b-U(1) R-symmetry;

kaa - special conformal transformations;

n® - rigid A = 2 conformal supersymmetry;

e \@) - SU(2)r symmetry.



One can directly check that these transformations satisfy the relations of su(z,2|2)
superalgebra, that is N/ = 2 superconformal algebra. We will require the cubic couplings
to be invariant under these transformations.

For completeness, we also quote how conformal transformations are implemented on
non-analytic coordinates ~. Using the relation

fre = ptty—« (3.13)
and the transformation laws 6*6T% = A% one obtains:
MY = DAY LA, DY~ = DALY + A4, (3.14)

whence
—a ai, — 1 —a : af — -(0—\20 3
Ao = €Mu; + 59 (a+1ib) +x ﬁkﬁﬁ-e A —2i(0 )20;'14:5
+ (2% 4 4i070) phus + 4@772‘39*/6’ (0~u — oruy) (3.15a)
+ )\iju; (u;@“'a — uj@‘a) ,

& _ i~ Llaa ; & 75 - &
A =y + 50 a—ib) +w Pz —2i(67)°05k”

(0% 4 40705 iy — im0 (05 — 00y) (3.15b)

+ Ny (u;ew - ujé—d) .

In the next sections, we shall consider transformations of the three types:

e 0, - rigid NV = 2 superconformal transformations;

e 04isf - localized N' = 2 superconformal transformations, i.e. local superdiffeomor-
phisms (gauge group of N' = 2 Weyl supergravity). The d,. transformations form
a subgroup of the dg;r¢ ones, with the parameters constrained by eqs. (3.8). Us-
ing such an identification, we can study invariance with respect to the more general
transformations d4; 77, by imposing additional constraints on the parameters in order
to reduce dg;f ¢ to Ose, if necessary;

e J) - linearized gauge transformations.

3.1 The general strategy of construction of superconformal couplings
and multiplets

While constructing superconformal cubic vertices, we will start with @ singling out the
minimal set of gauge superfields h*+M1Ms-1(¢) needed for ensuring the invariance of the
most general coupling 7,
K
S.(S) —_ s /dc(—4) q+ah++Ml“'M5*18M o (T P(s) qr
int 9 s—1 1 ( ) a (316)

+ lower derivative terms,

"Here we use the projection operator P(s) := w



under the hypermultiplet rigid superconformal transformations®:

A 1
5diffq+a = —Agt? — §Qq+a (3.17)
and some appropriate transformations of the gauge superfields
(Sdiffh—"_—'—Ml"'MS*l =.... (3.18)

The generator J is defined as:
Ji =iyt )= (3 0): (3.19)

The choice of interaction as in (3.16) is largely motivated by the consideration of the non-
conformal case [46]° and is strictly constrained by the analyticity of ¢
As the next steps, we @ analyze the gauge freedom of the superconformal action
constructed
S = Sfpee + S (3.20)

wnt

and @ determine the set of unremovable Wess-Zumino gauge fields in the potentials
ht+MiMs—1(¢) and hence reveal the irreducible field contents of the full A" = 2 off-shell
superconformal multiplet.

In the next sections we start with the well known spin 1 and spin 2 cubic hypermultiplet
couplings in order to illustrate how the above procedure works. Then we apply the same
procedure to the novel case of the superspin 3 superconformal gauge multiplet and finally
generalize the results to an arbitrary integer spin s.

4 N =2 Maxwell supermultiplet and superconformal (1, %, %) coupling

The simplest example of N = 2 superconformal cubic interaction of the hypermultiplet is
supplied by its coupling to the superspin 1 gauge multiplet [51]. The spin 1 hypermultiplet
vertex (1,1, 1) has the form:

st == [ acD v gs = m / dct=0 Vgt (4.1)
Here V*1(() is an arbitrary unconstrained analytic gauge superfield with the gauge trans-
formation 6,V *(¢) = DTTA((), where A(¢) is an arbitrary analytic superfield parameter.
The gauge potential V7 satisfies the reality condition V= vt According to our
general strategy, this is the most general spin 1 — hypermultiplet coupling containing no
derivatives.

8Though the analytic parameters of ' = 2 superconformal transformations are given in (3.9), in what
follows we shall not stick to their specific form and deal with arbitrary analytic parameters A™ (¢) associated
with the transformations d4:y .

9As was noticed in [46], the matrix generator J perfectly well works for all odd spins s > 3. The fact
that the cubic interaction of scalars with the gauge fields of higher odd spins has certain peculiarities is
well known (see, e.g., [55]).
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4.1 N =2 superconformal symmetry

Next we analyze the superconformal invariance of the vertex (4.1). Under both the local
superconformal hypermultiplet transformations (3.17) and still unspecified local supercon-
formal transformation of V™ the vertex (4.1) transforms as:

SasgiShus ) =5 / A [(Ag* )V g + gtV I(Ag))]

(4.2)

5 acnagrey g - 5 [ a0 gt v g

where A and Q were defined in (3.1) and (3.3). We will require vanishing of such a variation
by choosing the appropriate spin 1 superconformal transformation law d4; ¢ fV++.

The first line of (4.2), modulo a total derivative, can be rewritten as:
(Aq+a)v++Jq;r + q+“V++J(qu) — A (q+av++an+) o q+a(1A\V++)qu (4 3)
- —0 (q-&-av-&——i—Jq(—li-) _ q+a(AV++)Jq;r. ’

The first term is canceled by the first term in second line of (4.2), and so the requirement

of the invariance of the coupling (4.1) implies
Saip VT = AV, (4.4)

We observe that in the spin 1 case the N’ = 2 diffeomorphism transformation of potential
V T+ amounts to the transport term. Thus the vertex (4.1) is invariant with respect to the
total localized N/ = 2 superconformal transformations, not only to the rigid form of the
latter. Similar results will be found in the higher-spin case. To prevent a misunderstanding,
recall that the free g™ action (2.9) is not invariant under general analytic diffeomorphisms,
but only with respect to the superconformal subclass of them. The same is true of course
for the sum Spyec + gle=1),

int

4.2 Gauge freedom

At the next step we analyze the gauge freedom. The sum

s= 1 - -
Sfree + Si(nt D _ -3 /dg( 4) q+GD++q;- _ % /dg“( 4) q+av++<]q2-’ (4.5)

is invariant under the gauge s = 1 transformations:
HVTT =DTt)
A (4.6)
5)\qa = _K'l)“]q(—z‘r

for an arbitrary analytic parameter A(¢). Thus the full symmetry of the action (4.5) is
N = 2 superconformal symmetry and U(1) gauge symmetry.

The conserved current superfield associated with (4.6) can be directly obtained by
varying cubic vertex with respect to V7 [45]:

1
JH = _§Q+an:7 DTt F*T =0 (on shell). (4.7)

N = 2 superconformal transformations of J T read:

SseJ T = AT — QT (4.8)
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4.3 Wess-Zumino gauge: N = 2 Maxwell multiplet
Using the gauge freedom (4.6) one can choose Wess-Zumino gauge for the analytic spin 1
potential:

Vi h = — 400 A — i(01)?0 +i(07)%0

+ 4020 Y — 407?610V u; + (67)2(61)2DYu;

(4.9)

which yields just the off-shell field content of massless A/ = 2 spin 1 multiplet, viz. a
complex scalar, a doublet of gaugini, Maxwell gauge field and a real triplet of auxiliary
fields:

¢, V., Awa, D). (4.10)

The residual gauge freedom is given by A({) = a(x) and it is realized as the gauge
transformation of Maxwell field:
0rAag = Oaga. (411)

So the spin 1 multiplet has 8 g + 8 off-shell degrees of freedom.

For the coordinate-independent parameter a the transformations (4.6) reduce to rigid
U(1) symmetry of the free hypermultiplet action. This manifests the Noether nature of
such an interaction. One can obtain this vertex by gauging rigid U(1) symmetry.

Thus we conclude that the (1, 3, 1) vertex (4.1) is invariant under general analytic N =
2 superdiffeomorphisms realized as in (3.17) and (4.4). The special choice of parameters
(3.9) yields rigid N' = 2 superconformal transformations which leave invariant the total

hypermultiplet action (4.5) as well.

5 N =2 Weyl supermultiplet and superconformal (2,1, 1) coupling

The superconformal vertex for the N' = 2 spin 2 gauge multiplet interacting with hyper-
multiplet is also known [51, 53, 56, 57]. Here we reproduce it, following our general strategy.
This will give insights in how to construct higher-spin interactions in non-trivial N' = 2
conformal supergravity backgrounds. Though the further generalization to higher spins
will require introducing additional derivatives, the spin 2 example is still instructive for
exhibiting the common features of our approach.

In the spin 2 case the most general first-derivative analytic cubic interaction with the
hypermultiplet has the form:

s= K - a K _ an’
S D = —;/dé( D gteptt Moy gt = —;/dc( YVt H e (5.1)

Here we have introduced the set of unconstrained analytic gauge superfields,
(S R (A (9 A A (O A (9F (52)
and composed the first-order analytic differential operator out of them:
HIT = h My = hTHe9g,, + AT o, 4 AT + Yo (5.3)

(s=2)
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As compared to the analogous operator in the non-conformal case [46], here we have added
the new analytic potential h(t%) entering with the partial harmonic derivative 9~—. The
necessity of such a modification will become clear later. Due to the reality of the action
(5.1), the operator (5.3) should also satisfy the reality condition:

7:[?:;2) = 7-2?:;2) = ptted = prted ot = prret, BED = ), (5:4)

5.1 N =2 superconformal symmetry

To start with, we require invariance of the cubic vertex (5.1) under rigid N' = 2 supercon-

11
2, 22
superconformal transformations with arbitrary analytic superfield parameters reads:

formal transformations. The variation of the ( ) vertex with respect to local N' = 2

= 1 — a A a »
Saif St :Q/dﬁ( q ML) Aol /dﬁ " " dair s H Loy da - (5.5)

The condition of invariance under local N' = 2 superconformal transformations gives

rise to the following transformation law for 7:[?:;2):

SaigsHEEy = L, Al (5.6)
or, in terms of the analytic potentials,
Saipph M = —ARTTM 4 ptHNguAM, (5.7)

The resulting N' = 2 superconformal transformation laws for the spin 2 analytic potentials
(corresponding to the choice (3.9)) are inhomogeneous, so that various gauge potentials
transform through each other. For example, the transformations of h™T%* under rigid spe-
cial conformal transformations (parameter kg in (3.9)) and rigid conformal supersymmetry
(parameter 7%,) are:

5ko¢(’)¢ prtot — _Apttot + h++apkp/]0+p + h++p+$apkp/,, (58&)

5772,' prtat — _Apttot + h++aan(zx 4Zh++5+9+nazu + h(+4)l'aa’l7}1 u; . (5.8b)
From the transformation

Opo WY = — AR 4 4in 0T 00k + 40T OB g (5.9)

it is obvious that it is impossible to avoid introducing the extra potential A(*% in addition to
the potentials of N/ = 2 Einstein’s supergravity. Indeed, equating it to zero would inevitably
break rigid N' = 2 superconformal symmetry (only N' = 2 rigid Poincare supersymmetry
would survive).

5.2 Gauge freedom

Now we shall analyze the gauge freedom of the action:

Sfree + Sz(nt 2) _ ;/dC(—Ax) gD g — ’?/dC(—zx) q+ah++Man;_ (5.10)
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It is well known that A" = 2 Weyl multiplet is produced as a result of gauging N' = 2
superconformal transformations, so in this case one should identify 55\522) = K20diff. SO we

start with the hypermultiplet transformation of the form:

5= gt = gy Rgte — %Qq"’a. (5.11)

Here we treat all gauge parameters

A, AT, AT, AT (5.12)

as arbitrary unconstrained analytic functions.
In (3.5) we have derived the variation of the free hypermultiplet action under such
transformations:
0 S pree = 5 [ dCY gD g (5.13)

There we required it to vanish in order to derive the constraints on the parameters (5.12)
yielding the rigid superconformal symmetry of the free hypermultiplet. Now, instead of
nullifying this term, we cancel it in the sum (5.10) by picking up the special gauge trans-
formation of the s = 2 operator:

OH{ Ly = [DFF A - XD, (5.14)

This transformation law amounts to the linearized gauge transformations of the potentials
P Q)
5Ah++ad — 'D++)\ad + 4Z'A+aé+d + 4i9+a5\+d’
5>\h++0‘+ = Dttt _ \t+pta
. . ] (5.15)
5)\h++a+ = Dttt )\++0+a7

5>\h(+4) — DT+,

These transformations fully reproduce the linearized gauge freedom of N/ = 2 Weyl
multiplet [57]. Note that egs. (3.8) specifying rigid symmetries of the hypermultiplet,
are just the conditions of vanishing of the variations (5.15), 6yh™™™ = 0. So one can
interpret N' = 2 rigid superconformal group as the transformations preserving the flat
N = 2 conformal supergravity background AT+ = 0. This is a consequence of the fact
that the multiplet of N' = 2 conformal supergravity can be obtained through the analytic
gauging of rigid N' = 2 superconformal transformations.

Since we did not impose any conditions on the parameters A*(¢) in section 5.1, the ac-
tion Stree —1—5’55,81;22 is exactly invariant under the transformations d + k204; r f with arbitrary
analytic parameters A (¢):

530n,7%(+;2) = (O + K20difs) ”Htg) = DT + ko T, Al = ATTDO, (5.16)

(s (s=2)

In this way we recover the non-linear gauge freedom of N = 2 Weyl multiplet elaborated
in [57]. In the full nonlinear case, superconformal transformations become a subgroup of
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the full gauge supergroup of conformal supergravity. The latter is realized on the analytic
gauge potentials htT by the same formulas (5.15), however with the replacement

DY = DT =DM L, (5.17)

In the scalar sector, the action

1 — a
Sitger = =3 [ A0 g (518)

is reduced to the conformally coupled scalars, Sigper ~ f{(V? - %R) fi
The superconformal coupling (4.1) of the hypermultiplet to the spin 1 superfield V*+
is also invariant under the full conformal supergravity gauge supergroup; the U(1) gauge
transformations (4.6) are modified just through the replacement (5.17) in the gauge trans-
formation of V**. The sum of the g™ action (5.10) covariantized by ' = 2 Weyl multiplet
and the (1,2, 1) coupling (4.1),
S = —% /dd%*a (O + s VT o, (5.19)

is invariant under both the full N' = 2 conformal supergravity gauge supergroup and the
modified gauge U(1) transformations:

HVTT =D AL (5.20)
So we have constructed the vertex (1, %, %) in /' = 2 conformal supergravity background.

Note that the superfield V*+ in the action (5.19) does not directly interact with A+,
At the component level, such an interaction is induced as a result of elimination of the
auxiliary fields of the hypermultiplet.

5.3 Wess-Zumino gauge: N = 2 Weyl supermultiplet

To specify the physical contents of Weyl multiplet, one needs to gauge away the pure
gauge degrees of freedom, thus fixing the Wess-Zumino gauge for the set of spin 2 analytic

potentials:

ac ; 0+p PHac n+)2 ap)d,,— 2+ a(ap)i,,—
I = iR — (02O O (00 g
+(9+)2(0+)2vo¢d(2])u;u; ,
b = 071 P+ (3%)265TO0 1 (02 (521)
hT A+ — httut

B+ — (9+)2(§+)2D ]

Here we find out the physical content of N' = 2 Weyl multiplet [57, 64, 65] involving graviton,
a doublet of conformal gravitinos, gauge fields for SU(2)r and ~y5 transformations; all other
fields are auxiliary (after some redefinition):

eag, pledd y W) pei ) wi D, (5.22)
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At the linearized level, the residual gauge freedom of the theory is spanned by the
parameters:

A = g0 (1) — die® (x)u; 0T — 4i0TOEV (v)u; — 4i0TOTND) (2)u u; v,
MF = et (z)uf + 0+ [{ L [a(x) +ib(z)] + A (2)uf uj }oy +1,) m( ()] —i(0%)*05& (x)u
NF = e ()ut + 0+ [{ L [a(z) —ib(z)] + A9 (2)uf u; Zlot + 1 “ (x)] +i(01)20h e (z)u
AT = N (2)ufuf + 40101 Oapa(x) + 2i (07 Oape” (x) — apepz (2)07%) uf .

(5.23)

These parameters can be identified as follows:

e a®Y(z) are the remnants of the diffeomorphism parameters which now form the basic

gauge freedom of the free spin 2 field;

e " (z) originate from the parameters of local supersymmetry and provide N/ =
counterparts of the local a®® transformations;

o 1) (z) and 1#)(z) are the former parameters of local Lorentz transformations which
can be used to gauge away the antisymmetric part of @gg and so to leave in the latter
only the symmetric part (traceless “conformal graviton” and the trace itself);

e a(x) is a parameter of Weyl transformation;
e b(x) is a parameter of local Ug(1) transformations;
e AW (z) are parameters of local SU(2)g transformations.

Rigid parameters of special conformal transformations k,s and conformal supersymmetry
n™ are contained in derivatives of gauge parameters:

1 L 1 . .
kog = Oaga(z)|, 7™ = 28?6”( x)|, 7%= —ia;"em(x)\. (5.24)

To find the residual gauge transformations and their action on the component fields,
one needs to require the preservation of the Wess-Zumino gauge, that is in d\h* ™M there
should be no terms which could not be compensated by the appropriate transformations
of fields in h*VE,JFZM . From this condition one can determine the parameters )\comp and the

action of these transformations on the fields of N' = 2 Weyl multiplet. As a result, the
linearized transformation law for graviton is:

5\ DYPP = grp e _ 91(@p)ap _ 9(@p)cap _ PO (5.25)

The decomposition of the field @ # into the irreducible parts is as follows!?:

®ocrs — plar)(@p) o copglar) 4 aBg(aB) 4 caBdbg (5.26)

0The linearized relation with the metric tensor Gab = Nab + hab is given by:

hab _ Zd b 'q:.(aﬁ)(aﬂ) - ab(I).
Oaa0a4 + 27]
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The parameters (7)), [(¢) and a can be used to gauge away all the components except for

the symmetric part:
sdler)(@p) — 5lblp, )d) (5.27)

In this gauge we have a = 10,,a"?, 1(ep) — ia(/)/’a;“), JCTOR %0('&"’@2‘).
Other gauge fields can be worked out in a similar way. Their irreducible form and
gauge transformation laws are given by:

gyplerdi = gilaerli sy = g AW GP s = 5 Dacb. (5.28)

The fields T") y#i D are auxiliary and carry no any gauge freedom (after appropriate
redefinition), so N' = 2 Weyl multiplet collects 24 + 24 off-shell degrees of freedom.

Note that the same form of WZ gauge for the analytic gauge potentials can be fixed

by starting with the full nonlinear N/ = 2 conformal supergravity group from the very

beginning.

5.4 s = 2 superconformal current superfields

According to the superfield version of Noether’s theorem, the conserved superfield currents
are associated with rigid symmetry transformations. The parameters AM that satisfy the
relation [DF, A] = 0 form rigid symmetry of the free hypermultiplet. Using the expression
(5.13) for the variation of the action one can easily generalize, to N’ = 2 superconformal
case, the current superfields found in [45] for the non-conformal case. Actually, since the
variation of the action on shell is vanishing, we obtain a set of conservation laws for each of
the unconstrained parameters AM. Equivalently, one can obtain these current superfields
by varying cubic coupling (5.1) with respect to N = 2 Weyl potentials h**M. As a result,

we obtain:
1
M = aa = JHh = —§q+“8adqi, DI =0
1 R
M=« = Ji = —§q+a8;q2’, DT IF = 4i0%° I,
2 (5.29)
M=da = Ji=-50"004 DI = =407 T pe;
1 X
M=++ = J=-34"0 g, DT =0T

As was shown in [45] for the component expansion of the non-conformal currents superfields,
the conservation laws of the superfield currents (5.29) lead to the standard z-space conser-
vation of the component currents. All the above current superfields are analytic, but Jof;
and J are not invariant under N' = 2 supersymmetry. The A/ = 2 supersymmetry-invariant
supercurrent is defined by the non-analytic superfield:

1 __ i DA
J = —§q+aD G =J + 07 J, — 46079 T (5.30)
It embodies all the analytic currents and satisfies the conservation law

DT =0, (5.31)
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which immediately reproduces the conservation laws (5.29).
Note that the supercurrent J could be obtained from the representation of uncon-

strained analytic parameters AM through an unconstrained non-analytic superfield param-
eter [~ (¢, 07):

~

A= (D' (=D ). (5.32)

The variation (5.13) of the free hypermultiplet action takes the form:
5§S:2>sfree = / d*zd®0du (DT1"7) ¢™*D g, (5.33)

which immediately leads to (5.31).
One can also obtain J by varying the coupling (5.1) with respect to an unconstrained
non-analytic prepotential Y(¢,6~) of N'= 2 conformal supergravity defined as:

e
Hisma)

This way of representing analytic gauge potentials through the non-analytic Mezincescu-

= (DN (TD 7).

type prepotential was used in refs. [58, 59|. It allows one to relate harmonic gauge potentials
to the prepotentials of non-geometric type used for the superfield description of supergravity
beyond the HSS approach [38, 60-62].

So we conclude that the transformations (5.11) correspond to the non-analytic current
superfield 7 defined in (5.30) and obeying the appropriate conservation law (5.31) on shell.
This is the “master” current superfield discussed recently in [45] and originally introduced in
[59] (see also a recent work [63]). As compared with the non-conformal spin 2 supercurrent
[45], we observe the appearance of a new analytic current J = —%q*aafqu{ associated
with the rigid conformal parameter A" in (3.1).

Under the N/ = 2 superconformal transformations of the hypermultiplet, J transforms
as:
A L oary—— Av+
dseJ = AT — QT + X [D~, Alq. (5.34)

The last term implies the presence of inhomogeneities in the current transformation laws.
E.g., for dilatations (parameter a in (3.9)) we obtain

. . 1 .

[D™7, Al = —4ia0"“0"“Ope + §a070‘6&_,
so J transforms under dilatations as:

. . 1 R
5(a)j = —A(a)j — Q(a)j + 4iad” 0" “J o — iaH*aJd. (5.35)
Using the relation (5.30), one can equivalently rewrite this as
. 1.
ST = AT = Qa)J — 50670, . (5.36)

The last term appeared due to the dilatation rescaling of non-analytic 6=%. So, defining
Ao = A+ /\*‘5‘8;;, the variation (5.36) can be cast in the more suggestive form:

da)J = —A(a)j - QJ. (5.37)
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6 N = 2 spin 3 superconformal multiplet and superconformal (3,%,%)
coupling

The spin 3 superconformal interaction with hypermultiplet is the first non-trivial case
which was never discussed before in the HSS approach. The most general form of the
two-derivative analytic vertex is:

- K _
S = —33 /dC( Dt nt NN N T g (6.1)
Here we introduced unconstrained analytic gauge potentials A+~ (¢), which satisfy the
conditions:
pEEMN () PODPO) M 6.2)
with

0 for M =ad,++ (bosonic indices);

P(M) = [ (6.3)

1 for M =a+,a+ (fermionic indices).

The conditions (6.2) are necessary in order to avoid “double counting” of terms of the same
type, for example,

h++a+6+aga; — h++,8+a+ao_zag' (64)

Taking this into account, the complete expansion of the operator with two derivatives
has the form:

h++MNaNaM _ h-‘r-l—OtO'éBBaBBaad

+ R h++[5+ﬂ+a;aﬂ.— + 099
. - . (6.5)
+ 2h++ﬂ+aa8adaﬁ— + 2h++6+aaaad8/; + 2h++aa++3**aad

AL Py s 2h++++5+86‘8_‘.

We require reality of the action (6.1), so the analytic gauge potentials satisfy the following

tilde-conjugation rules:

—_~—

hH+MNGN Oy = KT HMNGN oy (6.6)

It then follows that the analytic potentials AT obey the reality conditions:

—_~

ht+adBp — prachl R(+6) = p(+6). (6.7a)
pAHBH = B hHHBHA = Bl (6.7b)
pr+ftaq — _p+brad pitftaq — pftad (6.7¢)
pttadtt — ptadtt httatat = _pttotat (6.7d)
B8+ = _ptrAt pttttB+ = prttit (6.7¢)
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At this step we deal with the most general form of the analytical gauge potentials ht+MN
without assuming in advance any symmetry between the Lorentz spinorial indices hidden
in the multi-indices M and N 11.

Next we require N = 2 superconformal invariance of vertex (6.1) and determine the
minimal set of potentials h* TN (¢) needed to secure this invariance. After that we will
analyze gauge freedom of the coupling obtained, as well as the irreducible physical field
contents of the corresponding superconformal spin 3 supermultiplet.

6.1 AN =2 superconformal symmetry

The hypermultiplet transformations (3.1) with arbitrary analytic parameters take the su-
perfield Lagrangian in (6.1), up to total derivative, into:

6dsz (q-‘rah-‘r-i-MNaNaMJq;—) :q+a(Ah++MN)aNaMJq;-
_ 2q+ah++MN(8N)\K)8KaMJq;;

1 a 6.8
DM (N ooy N grogr (OF)
1
+ 5 (D)@ M) (O ) T
Note that in the process of calculation of this variation we made use of the property
1
Jab = Joa = ¢ Jan(0247") = 02(¢" Japd"), (6.9)

T2
which ensures reducing all terms with one derivative to those without derivatives by inte-
gration by parts.

We observe the presence of two types of terms: those with two derivatives acting on
the hypermultiplet and terms without derivatives at all. To cancel all these terms one is
led to slightly modify the vertex (6.1) by introducing the spin 1 superfield A™" and adding
the relevant (1, %, %)—type vertex:

int

(6.1) = S = —% / dCCY gt TMN g 9 Tat — % / dcgteptt g, (6.10)

Superfield A+ satisfies the reality condition AT+ = h++.

We start our analysis with the two-derivative terms. Requiring local superconformal
transformation laws for the analytic potentials,
pTTMN . Ap++MN + h++MK(8K)\N) + (_1)P(N)[P(M)+P(K)]h++KN(8K)\M)’
(6.11)

one can cancel the analogous terms with two derivatives in (6.8). The first term is the

Odiff

transport term, while the second and third ones mix up the potentials carrying different
indices. If one chooses as the parameters just the rigid superconformal parameters (3.9)

" This is an essential difference from the non-conformal case [44], where all indices of the same chirality
were assumed to be symmetrized.
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then it is not difficult to make sure that it is necessary to include into the game the whole
set of potentials h* MY For example, under the conformal supersymmetry (parameter 7]2
in (3.9)) we have:

5n2h++a+,3+ = —Aptrotht 4 pttef)b+ (nlﬁuj) + ... (6.12)
We observe that the potential AT+ +8+ is mixed with h*+@8)8+,

This peculiarity leads to an important difference of the superconformal vertices from
the non-conformal ones constructed in [46]. Indeed, to respect the standard Poincaré su-
persymmetry (parameters a®® and € in (3.9)) it would be enough to deal only with the
restricted set of potentials ht+Maed,

The superdiffeomorphism transformation of the (1, %, %) part of the vertex reads

5diff/dé(4)q+ah++<]q:[ — /dC(4)q+" ((5dz‘ffh++ +Ah++) Jq;” (6.13)
and it is required to cancel the terms without derivatives in (6.8). This is achieved with

. 1
Saip ™t =— AnFT — 5(—1)P<K>6K (WHHMN gy A

— DT @MY (96)

(6.14)

The first term coincides with the similar term in the superconformal transformation of spin
1 multiplet (4.4) and so it automatically leaves the action invariant. Then the appropriate
parts of the two-derivative transformations in (6.8) are canceled by the remaining terms in
(6.14).

Thus we arrive at the cubic vertices which are invariant under N' = 2 superdiffeomor-
phism transformations with the general analytic parameters A (i.e. invariant under the
complete gauge group of N/ = 2 conformal supergravity). The spin 2 gauge transforma-
tions act on the spin 3 potentials according to (6.11) and (6.14), so that the vertex (6.10) is
invariant under the sum of these transformations and the hypermultiplet transformations
(3.1).

Substituting the superconformal parameters (3.9) into (6.11) and (6.14) yields rigid
N = 2 superconformal transformation laws of the spin 3 analytic potentials. The above
reasoning indicates that we need to introduce from the very beginning the most general
set of analytic gauge potentials ATT™N and AT in order to realize ' = 2 superconformal
symmetry. It is useful to combine the total set of gauge potentials into the spin 3 second-
order analytic operator as:

’FL(QS) = hTMNoN O + BT (6.15)

The precise realization of rigid AN/ = 2 superconformal transformations on the analytic
gauge potentials in (6.15) is given in Appendix C. It is shown there that all h¥+MY with
antisymmetric combinations of the Lorentz indices «, B form a set closed under N' = 2
superconformal group, while the remaining “essential” ones (with symmetric combinations
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of indices) transform through this set and themselves. In other words, h*+M¥ constitute
not fully reducible representation. The auxiliary spin 1 gauge potential h™ properly trans-
forms through h* M~ The linearized gauge transformations to be discussed in the next
subsection are compatible with this not fully reducible superconformal structure: the con-
formally invariant subset just mentioned is transformed by gauge parameters which do not
appear in the gauge transformations of the “essential” potentials. Just this notable group-
theoretical property allows one to gauge away the irreducible subset of gauge potentials
without breaking of superconformal symmetry and to end up with the essential potentials
as carriers of the irreducible s = 3 N/ = 2 gauge multiplet (in the proper Wess-Zumino

gauges).
6.2 Gauge freedom

As the following step we analyze the gauge freedom of the action:

int

= 1 _
Sfree + 507 = -3 / d¢Vg T (DM 4 wah T MNON N T + ksh T T) ¢f. (6.16)

A generalization of the s = 2 gauge transformations (5.11) is obtained by adding one
more derivative, 077,

Ot = {Oaa, 05,07 1. (6.17)

Then the most general s = 3 generalization of s = 2 gauge freedom (5.11) is given by 2
= K3 2 R
5&8 3)q+a = —g{AM,aM}AGBJq—HI — Z?’{QM,éM}AGBJq*“. (6.18)

Here we have introduced the first-order analytic operators

AM = " ANy, (6.19)
N<M
with the analytic parameters satisfying the condition AMN = (—1)PM)PIN)\NM | qq wel]
as the analytic weight factor
QM= > ()P AN, (6.20)

N<M

The transformation law (6.18) is of the second order in the superspace derivatives.

Gauge parameters satisfy reality conditions, which follows from the requirement of
reality of variation (6.18). These conditions have the same form as those for the analytic
potentials (6.7):

—_~—
—~—

AaaBB — \adBB  \(+4) = \(+4) (6.21a)
MBI = ABHIE N[ = \B (6.21b)
AB+ad — _ \B+ad MNtad — \frad (6.21c)

12 Anti-graded bracket is defined as {F1, F>}agp = [F1, F3] for fermionic objects and {B1, B2} acp =
{Bi1, B2} for bosonic ones. Also, {F,B}aas := [F, B].
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)\ad++ — )\ad-‘r-i-’ )\a+d+ — _)\a-i-éz-i-’ (621d)

AFHB+ = )\ HHB A8+ = )\ T8+ (6.21¢)
The variation of the free hypermultiplet Lagrangian under the general transformations
(6.18) with arbitrary analytic parameters AV (¢) has the form (up to a total derivative)'3:
- K _ A
5&8 3)Sfree = Zg /dC( 5 q+a |:D++a {AM, aM}AGB:| qu—
= % / d¢=Y gD AM9y Tqf (6.22)

h3 (=4) +a [AM [p++ +
+ %2 [ach g {AM D o]} e

The first line involves terms with two derivatives. The second line, modulo integration by
parts, collects terms with two derivatives and those without derivatives.
Requiring gauge invariance

5/(\823)Shyper + 5§\523)52'"t =0 (6'23)

to the leading order gives the linearized gauge transformation law for the analytic potentials.
It can be formally represented as':

5=3) 47 1 A
55\ )Héig) =5 D++7{AM78M}AGB]

1 (6.24)
= [D, AM]y + - {AM, [D++,aM]} .
2 AGB
The action Shyper + Sz'(Zt:3) also respects an additional U(1) gauge freedom:
gt = —r3\J ¢, ATt =D (6.25)

6.3 Wess-Zumino gauge: N = 2 superconformal spin 3 multiplet

The linearized gauge transformations of independent analytic potentials can be deduced
from (6.24):

S\httecBs  _ pHtaBaB | 9 (\adB+g+8 | \BBatgta

—9; (NedB+g+B8 4 \BBo+gta
95 BT HacBt = D \acBt _ gi)latBltgta _ gi\Bratgta _ yadt+ gl (6.26a)
2\ hTTad Dty trad g ttatgtd _ giztratgra

13Using this result one can obtain rigid symmetries (“higher-spin” superconformal symmetries) of the free
massless hypermultiplet and the corresponding current superfields. We hope to address this issue elsewhere.

'40One needs to integrate by parts the terms with one derivative and to reduce them to terms without
derivatives in order to be able to cancel them by a gauge transformation of the At term in 7:12;13). In
formula (6.24) we assume that such manipulations have been done.
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SyhTHethlt = prtzlethlt _ \++latg+hl

25 \htTatat  — opttyatdt _ \tratgtd 4 ztrdtgta
90y hHHattt = Dt \atH+ _ 9gta)(+4) (6.26b)
S\h(+6) = DA,
S\hTH = DHFN + 20077 <6a,;6[})\[a+5]+) +2i6*° (apdaﬁf A[a+m+>
+ 22§+p <aoc/)8'_ AOHFBJF) — 27;0+’0 <8pda_)\d+6+>
B B
(6.26¢)

20077 (9p0 " NTTH) = 20077 (9,507 )
. ot Lovs (4 —
— 8i0aa AT - 20 (aﬁ ) >\(+4)) —2(97 A,

Using these transformations, one can impose Wess-Zumino type gauge. Potentials of
the form ht+2M gpan A/ = 2 spin 3 superconformal multiplet (s = 3 Weyl multiplet):

pH@B) (@) ,4i9;r§ﬁ+<p(aﬂp)(dﬂ'p) _ (§+)29;¢(aﬂp)(dﬁ')iu;
_ (9*)20’315(“5)(&5@%; + (9+)2(§+)2V(aﬁ)(dﬁ)ijui—u; 7
h++(a,8)c'x+ — (9+)20_1)+73(a,8)(d1>) + (0_+)261-11-T(a,81/)d + (9+)4X(a,8)o'ziuf

7

(6.27)

prales)+ — h+:E;_ﬂ/)d+’

h++ad++ — (9+)2(§+)2Dad ]

It is essential that the field P(@A)E7) ig reql,

—_——

Plaf)(ar) — plav)(@h).

The originally present imaginary part of such a field proves to be pure gauge.

All other potentials (including those parts of the original potentials which are antisym-
metric in the spinorial indices) can be fully gauged away'® using the gauge freedom (6.26b)
and (6.26¢) (see also discussion in appendix C). The technical details of this procedure are
collected in appendix A. In the physical sector we are left with the following fields'¢:

15Similar pure gauge field parameters were also used in ref. [32] (see sect. 3.4 there). These fields can
also be gauged away. After eliminating these redundant fields, gauge transformations cease to be linear
in fields. The purpose of introducing extra fields in the work [32] was the desire to close the algebra of
gauge transformations. In our case, their introduction is dictated by AN/ = 2 superconformal invariance
and, since gauge transformations are chosen to have a general form, we expect that the algebra of gauge
transformations will be automatically closed.

16Some fields require redefinitions, here we assume that such a procedure has been performed. Explicitly,
these redefinitions are given in Appendix A. For simplicity and clarity of notation we also use the properly
rescaled gauge parameters here. The precise relation between the gauge parameters q(®?)(&#) e (@d) 580

)\MN

t(® ¢ used below and the components of the analytic superfield parameters used in Appendix A can

be established by comparing with egs. (A.65), (A.75), (A.69), (A.55), and (A.74).
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Bosonic sector :
e Conformal spin 3 field with gauge freedom (7 off-shell d.o.f.):

§®(@Bn(68) _ g(blpyoB)af) (6.28)
o Triplet of conformal gravitons (spin 2 fields) (15 off-shell d.o.f.):
SV (@B)(@B) (i) — glélay,B)8)(id) . (6.29)
o Conformal graviton (5 off-shell d.o.f.):
splaB)@s) _ a(d(apﬂ)ﬁ’)' (6.30)
e Gauge field for self-dual two-form symmetry (10 off-shell d.o.f.):
sT(@BP) — §olorah), (6.31)

Fields T(@87¢ and complex conjugated T (@39 are in one-to-one correspondence with a
real tensor field Tt

plavle _ ngfg )O—%T(aﬁv)& i 5&% )U%Twﬁ'wx (6.32)

Due to the o-matrices properties, the following identity holds:
Tlabel = & plable  ploda 4 pleald — (6.33)

These symmetry properties correspond to the simple hook Young diagram Bj Additionally,
]

properties of o-matrices imply the traceless condition Tl

by:

» = 0. Gauge freedom are given

§Tlable — gplaghle _ ggeqlat, NG (6.34)

ab]

(aB) (aB)

This field is called “hook field” (or conformal pseudo-graviton field). Hook field was firstly

studied in [66, 67] as a generalized gauge field!”. The basic motivation for their consideration

was the construction of dual formulations of gauge fields with spin s # 1. These fields can

be viewed as a natural generalization of the notoph field of Ogievetsky and Polubarinov
[68]'8 (for review see [70]).

e Spin 1 gauge field (3 off-shell d.o.f.):

DY = 9 ¢, (6.35)

Fermionic sector'”:
e Doublet of conformal spin % fields (24 off-shell d.o.f.):

Sp(@Bo)EB) — p(appaB)B)i, (6.36)

11t is not difficult to construct a conformal and gauge-invariant action for the hook field, see for example
Appendix C of ref. [26].

'8 This kind of gauge theories was later re-discovered by Kalb and Ramond [69].

9The relations between the gauge parameters b(*? )8 ¢ ¢? and components of the superfield parameters

MM can be found by comparing with egs. (A.86) and (A.91).
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o Gauge spin % fermion x (@B (16 off-shell d.o.f.):
SyloB)ai — gale B, (6.37)

So N = 2 off-shell superconformal spin 3 multiplet contains 405 + 40 off-shell degrees
of freedom. Note that the spin 3 and spin 1 fields appear in the same N = 2 gauge
supermultiplet. This may simplify the implementation of Grigoriev and Tseytlin assumption
[21, 22| about the gauge invariance of a system of conformal spins 1 and 3 on an arbitrary
curved background.

The residual gauge transformations and their action on these fields can be analyzed
in full analogy with the spin 2 case considered in Section 5.3. We do not give the explicit
formulas, because the detailed component considerations are beyond the scope of our study.

All the potentials except htT**M can be put equal to zero using the original large
gauge freedom. One can choose such a gauge from the very beginning to bring the vertex
to the simpler form:

=3) K3 —4 M
Si(rsLﬂfixed =75 /dc( Vgt Mgy 006 a7 (6.38)
where, like in the non-conformal case, the spinorial indices of the same chirality in A++edM

are assumed to be symmetrized. In such a form the vertex, up to terms involving har-

11
1202
a gauge one is led to accompany the superconformal transformations (6.11) by the proper

monic derivative 07, fully matches the non-conformal (3 ) vertex. However in such

compensating gauge transformations in order to preserve the gauge:
Shi MY = Saip phif AN 4 S\RTTMN o it M (6.39)

AMN involving the explicit depen-

From this condition one can determine the parameters
dence on gauge potentials hTtMY S0 the vertex (6.38) is invariant under the modified

superconformal transformations
5sc\modq+a = 5scq+a + 5)\|WZq+a- (640)

These transformations generically involve the spin 3 potentials and so are essentially non-
linear.
As an example, we quote the explicit form of such a transformation in the sector of
prrab++
wWZz

conformal supersymmetry (parameter n’). In WZ gage = 0, which amounts to

the condition:

5h;rV+ZaB++ _ Dt ytabt _ ytattpth | \thttgta | h;f;(aﬁ)ﬁJrnéu;r _o. (6.41)
Using the explicit form of WZ gauge for h;r‘fz(aﬁ )8 +, one has:
AteBt = fh;;rz(aﬂ)wrn%u; +.... (6.42)

Here ellipses stand for possible contributions from ATé++.
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The resulting modified hypermultiplet superconformal transformation with parameter
1!, (conformal supersymmetry) is found to be:

Ui +a _sn +a @{ ++(aB)B+ i -9- —} +a
Oscimoad " =0l ¥ 5 (Mg OO g T (6.43)

K . .
+ =2 {a;h;,*z(aﬁ)“ngu;, oy Jgte ..

}AGB

To summarize, it was necessary to start with the most general form of the vertex (6.10)
in order to realize (local) N/ = 2 superconformal symmetry linearly on the hypermulti-
plet. The elimination of the auxiliary analytic potentials leads to the minimal set of the
gauge potentials on which rigid N' = 2 superconformal group generically acts by nonlinear
transformations explicitly involving the spin 3 potentials.

6.4 s = 3 superconformal current superfields

Putting 5/(\‘9:3)5 free = 0 in (6.22), we recover rigid symmetries of the free hypermultiplet

action. There exist two ways to derive the corresponding s = 3 Noether current superfields.
One can either study the variation (6.22) of the action, or, equivalently, vary the cubic cou-
pling (6.1) with respect to the analytic potentials A*+*M¥~_ The relevant current superfields
are given by the expressions:

1 1
Tty = =30 on0udat, DI = —5a D onoul g (6.44)

When deducing the current conservation condition in (6.44), we made use of the free hy-
permultiplet equations of motion (2.11). The current superfields obtained in this way are
sources of the equations of motion for the spin 3 gauge potentials. In this article we do
not discuss the issue of constructing an AN/ = 2 spin 3 superconformal action and the
corresponding equations of motion.

In the more detailed notation, we are left with nine independent current superfields:

J Jt Jt J, J.ooo

aﬁdﬁ" afd’ 0'4,5’04’ a3 aB’ e

Jor Jy,

J. (6.45)

The current superfields (6.44) (or (6.45)) are analytic but they are not invariant under
N = 2 supersymmetry. Like in the s = 2 case, one can introduce non-analytic current
superfields which are invariants of N’ = 2 supersymmetry. In contrast to the s = 2 case,
here we deal with few different “master” currents.

The simplest option corresponds to the choice M = ad&. The non-analytic current
superfield has the following form:

1 L 1
Joa = _§q+aD 8adt]q(—1i_v D++n7ad - _§q+a8ad‘]q(—1‘r' (646)

This expression satisfies various conservation laws, for example:

D+t (ngw> -0, Dt (DgD;jad) —0. (6.47)
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For the choice M = & we analogously obtain:

1
J; = —§q+aD”D(;Jq;, DYt =0. (6.48)
At last, choosing M = ++ yields:
1
J = —iq“‘D**D**qu, DI =0. (6.49)

The set of the s = 3 superconformal current superfields {Jag4, J; , J~ "} incorporate
all the analytic supercurrents (6.44), (6.45) in their 6~ expansions. For example,

Joa = =40 PG O T+ 07T 15 + Jaa (6.50)

An alternative way to derive these superconformal currents is through varying cu-
bic couplings with respect to the unconstrained non-analytic prepotentials {Y% T4

T+ T~} defined as:

(5=

From this definition one can deduce the transformation laws of non-analytic prepotentials.

Aty = (D) (Y290, D™" + THOD;D" + T DD 4777). (651)

In the next section we will show that it is possible to select a gauge Y+* =0, YT+ = 0 and
T~ = 0. In this gauge we can describe the spin 3 supermultiplet in terms of unconstrained
non-analytic prepotential Y. Such a prepotential (in the gauge where it does not depend
on harmonics) can presumably be identified with the one introduced in ref. [41]. Thus the
relation (6.51) gives a hint of how the prepotentials of ref. [41] could appear within the
harmonic superspace approach. It should be pointed out that all these prepotentials and
their gauge freedom are of non-geometric character, like the original Mezincescu potential for
N = 2 Maxwell theory. In contrast, the analytic gauge potentials have the clear geometric
meaning as the objects covariantizing the analyticity-preserving harmonic derivative D+,

6.5 Summary and superconformal (3, %, %) vertex on conformal supergravity

background
Let us summarize the results collected in section 6. We started from the action containing
the spin 2 and the spin 3 couplings to hypermultiplet ,

1 .
5=-3 / 4 gt (D++ oMy + s, 3)J> . (6.52)
Here the operators ’H( p gy and 7:[?;3) were defined in (5.3) and (6.15). This action is exactly
invariant under the nonlinear spin 2 gauge transformations (3.1), (5.16), (6.11) (and so is
also invariant under rigid N' = 2 superconformal transformations), as well as under the
linearized spin 3 gauge transformations (6.18), (6.24) (i.e., to the leading order in kg, K3).

Under the spin 3 gauge transformations (6.18) of the hypermultiplet the vertex (2, %, %)
transforms as:

5&5:3) ( +aH(S 2)qa) — 23 +a [H++ {A aM}AGB] an .
_ ’13 +a {”H’LJF (oM 8M}AGB:| gt (6.53)
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One can cancel these terms (using integrations by parts) by introducing the additional spin
2-dependent terms in the gauge transformations (6.24) of the spin 3 multiplet:

A [HiE,) (A aM}AGB]+f[H++ AQM, O acn] (6.54)

These terms deform the transformations law (6.24) by the general N’ = 2 conformal super-
gravity background:
N Ry = [©++ {AM 6M}AGB} + [H++ QM aM}AGB:| (6.55)
The last term acts only on the At part of 7:1?::“3)
As a result, we have found that the action (6.52) is invariant with respect to the spin
3 transformations to the leading order in x3 and to any order in k9. This means that we
have constructed a cubic vertex (3, %, é) which is invariant under the gauge transforma-
tions of conformal N = 2 supergravity. In the component approach this amounts to the
property that, after elimination of the auxiliary fields, one will recover the superconformal
action of the spin 3 supermultiplet coupling (3, ;, é) on generic N = 2 Weyl supergrav-
ity background. Note that the spin 3 multiplet fields in the action (6.52) do not directly
interact with the supergravity fields; the interaction is mediated by the auxiliary fields of

hypermultiplet.

7 Generalization to arbitrary spin s

In this section we generalize the results for the superconformal spin 3 hypermultiplet cou-
pling to the general spin s case. We follow the general strategy of section 3.1.

The relevant cubic superconformal (s, 2, 2) vertex has the form:
K _ ~
Sz(Zz)t = _;/dc( 4) q+aH(+8;r (J)P(s) 4. (7.1)
Here 7:[?3 is analytic differential operator including general terms with s—1, s—3, ... 1/0

(for even s/odd s) derivatives:

RTMay (even s)

R+t (odd s).
(7.2)

Like in the s = 2 and s = 3 cases, the necessity to include the derivatives of general type

7_1?;; — h-l——&-M1...M5718Mk1 o 8M1—|—h++M1"'M5736M5,3 L 6M1+‘ ct

follows from the requirement of N = 2 superconformal invariance. The analytic superfields
h*t+-(¢) for any pair of adjacent indices satisfy the symmetry conditions:

h++M1~~~ManmMsfl — (_1)P(Mk)P(Mn)h++M1...Man...Msfl X (73)

From here one can deduce how to permute any 2 indices. Also, the operator 7—1@“ satisfies

the reality condition:

-

A= (7.4)

(s)
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7.1 N = 2 superconformal symmetry

The analytic superdiffeomorphism transformation (3.17) of the hypermultiplet generates
the following transformation of the vertex:

Rg _ a Y s
-5 dC 4) qt 5diff/H?3_ (J)P( )q:[.

(7.5)

Calculating the commutators in the first line, we get terms with various numbers of deriva-
tives acting on the hypermultiplet, analogously to the spin 3 case (recall eq. (6.8)).

e For even spin s one can always reduce the terms with even number of derivatives to
those with odd number. In this case, they are entirely compensated by the corresponding
transformations of the gauge potentials in (7.2).

For example, the contribution of the two-derivative term in the spin 4 case is:
g R T MNEL (5 01 ONAT) OpOMay . (7.6)
The expression T MR .= pT+MNEL (5, 9,9y A®) has the proper symmetry under per-
muting the indices R and M:
TH+MR _ (_1)P(R)P(M)T++RM. (7.7)

because it is a coefficient of dg0yr. After integration by parts and omitting total derivatives
we obtain:

T++MRq+aaR8Mq;r = _(_1)(P(M)+P(R))P(R) (8RT++MR) q+“8qu—T++MR83q+“8qu.

(7.8)
Due to the symmetry (7.7) the second term vanishes. So we have reduced the term with
two derivatives acting on ¢ to a term with one derivative.

In the general case, one should integrate by parts and bring all the terms either to
an odd number of derivatives acting on ¢ (and those without derivatives), which can be
compensated by the proper transformation of gauge potentials, or to a term with equal
number of derivatives acting on ¢*t® and ¢, and then use the identities of the type:

pre NN My Mae g g gtag Ay gt = 0, (7.9)

which are a direct generalization of the identity ¢*%¢} = 0.

e For odd s one can also transform the terms with an odd number of derivatives to
those with the even number, integrating by parts and making use of the relation:

h++Nl"'N"M1"'M"K6N1 ... 8qu+a8K8Ml .. 8Man;_

1
- §h++N1-~NnM1~~MnKaK (Ony - ONa ™ Onty - O, Jg ) . (7.10)
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As a result, for any s we are able to cancel terms coming from [Hzr;“ A] and [7—[( %) NN
by the proper transformations of the set of gauge potentials (7.2) and thereby to ensure
the diffeomorphism (and so superconformal) invariance of the cubic interaction (7.1). Once
again, since we have not used the explicit form of /' = 2 superconformal parameters
anywhere, this vertex is covariant under the complete gauge group of N/ = 2 conformal
supergravity.

Based upon this reasoning, from (7.5) we can figure out the transformation law of the

analytic spin s operator 7:[?3, which can be symbolically written as:

A+ [7{++ Q. (7.11)

Sasg s = ) (5)

Here we assumed that the various terms in the right hand side must be re-organized as was
explained above. The auxiliary gauge potentials of the lower spins play the same role as in
the spin 3 case: they cancel terms with a lesser number of derivatives, which result from

the commutators [ﬁz;;“,f\] and [ﬁ?;;raﬂ]

7.2 Gauge freedom

The action

s) 1 _
Sprec 4S5 == [0 (DV 4w (0 (712)

is invariant under the hypermultiplet gauge transformations of the form (k = s,s — 2,s —4...):

sPgte = ~ B LRMM gy 9 TP gt
24 2 { y UMj_o MI}AGB( ) q 7 13)
Kg s a :
- Z {QMl“'M'“’2, 8Mk72 T a]\/[1 }AGB (‘])P( ) q+

accompanied by the gauge transformations of the gauge potentials:

OHT = [D*t AM1-~MH] O, - - O,
(7.14)

1 ¢~
+ = {AM1~~~MI€72’ [D++’ aMk72 e aMl]}

2 AGB

These formulas are a direct generalization of the spin 3 transformations. The spin s gauge
transformation of the hypermultiplet contains s — 1 superspace derivatives.

The formula (7.14) is symbolic like (7.11). One needs to reorganize the terms in the
second line as was explained above for the diffeomorphisms invariance, using the fact that
they act on the hypermultiplet and integrating by parts.

Here we used the following notations for the first-order analytic operator:

AMi- My . Z )\MlkaNaN (7.15)
N<My<M;

and for the analytic weight factor:

QMM . Z (71)P(N)8N)\NM1...M1€‘ (7.16)
N< M- <My
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Analytic parameters satisfy the conditions
A MN- (_I)P(M)P(N)/\...NM... (7.17)
for any pair of adjacent indices. These conditions have the same form as those for analytic

gauge potentials in (7.3). The reality of the variation (7.13) implies the appropriate reality
conditions for the transformation parameters.

These transformations constitute the gauge freedom of the spin s, spin s — 2, ... parts
of the differential operator 7:[?; (i.e. those entering with s — 1, s — 3, ... derivatives).

7.3 Wess-Zumino gauge: N = 2 superconformal spin s multiplet

The gauge freedom (7.14) enables to eliminate a large number of fields. The Wess-Zumino
gauge can be imposed quite analogously to the spin 3 case (as described in detail in Ap-
pendix A). The field contents of this gauge completely repeats the form of the corresponding
Wess-Zumino gauge in the case of spin 3:

DA — gt plonle)GEeD) (g2 onte )iy,
_ (6+)Qggzza(sfl)(d(sfl)p)iui— + (9+)2(g+)2va(sfl)d(sfl)ijui—uj— ,
h++a(s—1)o'c(s—2)+ _ (‘9+)2§jpa(s—1)(d(s—2)b) + (§+)20jT(a(S_1)V)d(S_2)

+ (0+)4X(x(s—1)d(s—2)iu; ,
h++a(s—2)d(s—1)+ — h++a(s/—1)/d(372)+

)

p(HDa(s—2)a(s—2) _ (9+)2(§+)2Da(372)d(572) '

(7.18)
All the remaining analytic potentials in (7.2) are pure gauge and can be entirely gauged
away. Also, as in the spin 3 case, one can consider a special gauge in which only the
potentials A+ T(s=2)a(=2IM gypyive 20 Generically, in such a gauge the superconformal
transformations must be accompanied by the proper gauge transformations, with composite
parameters involving gauge potentials (recall, e.g., the spin 3 example (6.43)).

So we have obtained N' = 2 spin s superconformal off-shell gauge multiplet as the set
of surviving fields in W-Z gauge. It consists of the fields with gauge transformations:
Bosonic sector:

e Conformal spin s gauge field (2s + 1 off-shell d.o.f.):

6@04(5)0.4(8) — 8(06((540/0’(5_1))@(8_1))' (719)

Such fields are also known as Fradkin-Tseytlin fields [15].
o Triplet of the spin s — 1 conformal gauge fields [3(2s — 1) off-shell d.o.f.]:

5Vo<(s—l)d(s—1)ij _ a(a(dva(s—2))d(s—2)) ) (720)

20Tn such a gauge one can rewrite the analytic differential operator as

+4+ _ p+ta(s—2)&(s—2)M (s—2) _ +\4 (s—2)&(s—2) y—— (s—2)
HoT =R 8M8a(sf2)o'¢(372) = (D7) (Ta THYeETYD )aa(572)o'¢(572)'

This gives a direct connection with the Mezincescu-type prepotentials studied in [41].
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e Conformal spin s — 1 gauge field [3(2s — 1) off-shell d.o.f.]:

§pa(s—Da(s—1) _ gla(d a(s—2))a(s—2)) (7.21)

e Generalized conformal “hook-type” gauge field [2(2s — 1) off-shell d.o.f.]:

5Ta(s)d(sf2) — a(a(dta(sfl))d(S*B))' (7.22)

Such a complex gauge field was already considered in the context of N’ = 1 superconformal
multiplets in [34] (see eq. (3.16) there) and in [39]. Gauge invariant field strengths and
conformal actions for such fields were also presented in [34]. In refs. [24-26] the gauge
invariant actions for such fields were constructed in conformally flat spaces.

e Spin s — 2 conformal gauge field (2s — 3 off-shell d.o.f.):

5Da(872)d(8*2) — a(a(dga(sf?)))d(sf?))). (723)

Fermionic sector:
e Doublet of the fermionic spin s — % gauge field (8s off-shell d.o.f.):

op(®a(s—D)i _ gla(@pals—1)(s-2))i, (7.24)

e Doublet of the spin s — % fermionic gauge fields [8(s — 1) off-shell d.o.f.|:

x5 Da(s=2)i _ glalaa(s=2)a(s=3))i, (7.25)

So the general integer-spin s N = 2 superconformal multiplet encompasses 8(2s — 1) g+
8(2s — 1) off-shell degrees of freedom?!. Interestingly, all fields in the A" = 2 supercon-
formal higher-spin multiplets are gauge fields: no non-gauge auxiliary fields are present
(the cases of N' = 2 spin 1 theory and N = 2 conformal supergravity are an exception).
It is the significant difference from the case of non-conformal N/ = 2 higher spins [44].
It is worth noting that there appear no auxiliary fields in the superconformal ' = 1
higher spin multiplets as well [34] 2. In this connection we mention that the N’ = 2
higher-spin superconformal multiplets constructed can be decomposed into the sum of
three N’ = 1 supermultiplets: higher-spin s multiplet (4sp + 4sp off-shell d.o.f), higher-
spin s — 1 multiplet (4(s — 1) 5 + 4(s — 1) off-shell d.o.f) and higher-spin s — 1 multiplet
(4(2s — 1) + 4(2s — 1) off-shell d.o.f.).

*'In the case of non-conformal N/ = 2 spin s supermultiplet one deals with 8[s® + (s —1)2], +
8[s® + (s — 1)?],. off-shell degrees of freedom. These multiplets were constructed in [44] as a general-
ization of off-shell multiplet of A/ = 2 Einstein supergravity. The superconformal multiplets described
here naturally generalize the Weyl multiplet of conformal N = 2 supergravity [53, 57] to arbitrary integer
higher spins. It is interesting to note that the number of d.o.f. in N/ = 2 superconformal multiplet can
be parametrized as 8[s® — (s — 1)?]; + 8[s®> — (s — 1)?] .. This leads to the conjecture on the structure of
superconformal compensators for the general spin s: they should be composed of two towers of all integer
N = 2 superconformal higher spins.

22Based on these affinities, it is reasonable to assume that an arbitrary A -extended superconformal
multiplet also does not contain auxiliary fields.
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Generalizing the spin 3 superconformal current superfields of Section 6.4 to the general
spin s is straightforward. For example, for the special case of vector indices we find:

1
_ +amy—— 9s—2 +
Ja(s—2)a(s—2) = —54 D70, s—2)a(s—2)7a »

1 (7.26)
++ _ +a qs—2 +
P ja(s—2)d<(5—2) - _iq aa(s—2)d(s—2)‘]qa .
These expressions satisfy various conservation laws, e.g.,
++ + _ ++ + + .
D (DB ja(s—2)d(s—2)> =0, D (D,B DB ja(s_g)a(s_2)> =0. (7.27)

Other supercurrents can be constructed in a similar way. We leave the general case for the
future work.

7.4 Summary of the superconformal spin s

The action (7.12) admits the natural generalization to an arbitrary N' = 2 conformal

supergravity background:
S= _% / acgt (D5 AL (1)) g (7.28)

The generalized action (7.28) is invariant under:

1. Nonlinear spin 2 gauge transformations (i.e. N = 2 conformal supergravity group).
The action of these transformations on the spin s analytic potentials is given in (7.11).

2. Spin s gauge transformations to the leading order in ks (like in the spin 3 case, one
needs to add the proper 7:1(4;2) terms to the 7:[?3 gauge transformation law). The
full form of such transformations, with the proper spin 2 part added, is given by:

A 1 o
5)\H++ :5 [@++, {AMl“'M’“—Q,@Mk% . 6M1}

(s) AGB:| (729)

k2 [r++ My...Mj,_
+Z |:H(S:2)7{Q 1 k 2,8Mk72...8M1}AGB} .
The second term acts only on the lower-spin parts.

As in the cases of interaction of the spin 1 and 3 fields with N' = 2 conformal supergravity
fields, the interaction of /' = 2 spin s multiplet with A/ = 2 conformal supergravity
multiplet is mediated by auxiliary hypermultiplet fields.

Thus eq. (7.28) provides the covariant superconformal vertex (s, %, %) in an arbitrary
N = 2 conformal supergravity background.

8 Fully consistent higher-spin hypermultiplet coupling

11
1202
tent to the leading order in higher-spin analogs of Einstein constant. In this section, we

In the previous sections we have constructed superconformal cubic vertices (s ) consis-

will consider the possibility of making the resulting cubic vertices invariant with respect to
gauge transformations in the next orders in these coupling constants.
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For example, consider the simplest case of the spin 3 on curved superspace:
1 _ N
S(s:3) = _5 /dC( 4) q+a <©++ + KgHz;ig)J) q;—. (81)

This action is gauge invariant to the leading order in k3. In the next order we have the
following gauge transformation of cubic vertex under the spin 3 gauge transformations
(6.18) of the hypermultiplet :

5= K3 taq, K3 ol A 1
o= (—icﬁ HE qu)z—ﬁ(ﬁ [HEZ+3)7{AM+QQM’8M}

B (5=3) 1 } . (82

AGB
So we arrived at the differential operator of the third order in superspace derivatives. Mak-
ing use of the spin 4 superconformal multiplet described in the previous section (modulo
integrations by parts), one can compensate this term by deforming the spin 4 differential

operator 7—[:}1 transformation law as:

2
(5=3)p++ _ M3 |+t Jam Lom
K40y TH = 1 {H(s::a)’ {A + QQ , O ., (8.3)
GB
Here we assumed that the appropriate integration by parts has been performed, like in the
previous sections. Such a modified transformation law mixes different N' = 2 superconfor-
mal multiplets, i.e. it is a nonabelian-type gauge symmetry. So the action

Seza = —% / d¢=" ¢t (@++ +rgH Ly T+ 547%3;4» ar (8.4)
respects the spin s = 3 gauge invariance to H% order. However, the action (8.4) is not
invariant in the k3k4 order. Then the procedure just described can be continued step by
step.

To summarize this procedure, we introduce an analytical differential operator that
includes all integer higher spins:

HET = wHIT ()P, (8.5)
s=1

The action of the infinite tower of integer N/ = 2 superconformal higher spins interacting
with the hypermultiplet on an arbitrary ' = 2 conformal supergravity background reads:

1 _ A
Sful = —2/dC( Y gta <@++ + 7-l++> . (8.6)
Then, assuming the proper gauge transformation of 7—1**, one can achieve gauge invariance

to any order in couplings constants. Collecting the hypermultiplet gauge transformations
(7.13) for all spins, we obtain

St = —Uqt® = — Z rslsq . (8.7)
s=1
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This transformation acts linearly on the hypermultiplet superfield. For the set of gauge
fields we obtain the transformation law:

SHTT = [t 4 ﬂ**,z;{] . (8.8)

Here we also assumed the proper integration by parts, as in the previous sections. This
transformation law mixes different spins, so this is a nonabelian deformation of the spin s
transformation laws.

The invariance of (8.6) under N/ = 2 conformal supergravity transformations is auto-
matic for the reasons expounded in the previous section. So we have constructed the fully
consistent gauge-invariant and conformally invariant interaction of hypermultiplet with an
infinite tower of N’ = 2 higher spins in an arbitrary N’ = 2 conformal supergravity back-
ground. To spot some possible hidden subtleties of the general construction, it seems
necessary to perform a further deeper inspection of this procedure and, in particular, to
make a detailed comparison with the known couplings among higher-spin gauge fields and
scalar fields.

9 Conclusions and outlook

In this paper we have derived and discussed in details the structure of the off-shell manifestly
N = 2 superconformal cubic interaction of N = 2, 4D hypermultiplet theory with an arbi-
trary superconformal higher spin s gauge superfield. The basic results can be summarized
as:

e We considered the off-shell hypermultiplet model in N' = 2, 4D harmonic superspace

and described its rigid superconformal symmetries. For invariance of the cubic higher-

11
IO RED)
the superconformal transformations of the hypermultiplet by the corresponding su-

spin vertices (s ) under these symmetries it proved necessary to properly modify

perconformal gauge superfields;

e To this end, we introduced the complete set of N' = 2, 4D unconstrained analytic
spin s superconformal higher-spin potentials, defined their superconformal and gauge
transformations and revealed the physical field contents of the corresponding higher-
spin Weyl supermultiplets in Wess-Zumino gauges. Their most notable features are:
(i) all fields in the multiplets starting from s = 3 are gauge; (ii) the sets of bosonic
fields necessarily contain “hook-type” generalized gauge fields;

e As a result, we have derived the manifestly /' = 2 superconformal cubic vertex
of the hypermultiplet coupled to superconformal higher spin external gauge super-
fields. Generically, the vertex has the structure: higher spin superconformal gauge
superfields x superconformal hypermultiplet supercurrents. The corresponding super-
currents have been explicitly constructed in terms of the hypermultiplet superfields;

e As particular cases, we have constructed and discussed in detail the off-shell (s, %, %)
vertices in the background of N' = 2 conformal supergravity for s = 2, 3.
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It should be specially pointed out that the geometric basis of the superconformal
N = 2,4D off-shell gauge supermultiplets and their couplings to ¢+ hypermultiplets, like in
the previously discussed non-conformal case, proved to be the preservation of N = 2 Grass-
mann harmonic analyticity. First of all, the fundamental gauge potentials encompassing
superconformal gauge multiplets are unconstrained N' = 2 analytic harmonic superfields.
Secondly, they are naturally recovered from the demand of analyticity of the g™ Lagrangian
and requiring them to be closed under the analyticity-preserving coordinate realization of
rigid A/ = 2 superconformal symmetry.

Finally, let us list possible directions of the future study:

e Dynamical actions for higher-spin N = 2 superconformal multiplets

The natural foremost task is to construct A/ = 2 Fradkin-Tseytlin superconformal
actions for the superconformal multiplets presented, at least at the linearized level.
In components, these actions should be reducible to higher-spin generalizations of the
square of the linearized generalized Weyl tensors which were firstly introduced in [15].
In the HSS approach, such actions were not considered even for the standard Weyl
(s = 2) multiplet.

o Superconformal current superfield and rigid higher-spin superconformal symmetries

In this paper, we have addressed the important issue of the rigid symmetries of the free
hypermultiplet and of the corresponding superfield currents only in passing. In fact,
like in [45], one can easily identify the corresponding rigid symmetries by imposing
the obvious conditions on the parameters (7.14):

1

[D++, AMl...Mk—Q] 8Mk72 . aMl + 92

{AMl...Mkfz, (DT, 0m,_, - - - aMl]}AGB =0

(9.1)
The solutions of these equations (modulo possible terms vanishing after integrations
by parts) yield rigid higher-order conformal symmetries of the free hypermultiplet.
It would be of significant interest to study the algebra of the corresponding group

variations.

Using N' = 2 superfield Noether theorem or directly varying the cubic interactions
with respect to the superfield gauge potentials, one can derive the conserved supercur-
rents for these symmetries. As one of the instructive examples one could construct the
“master” current superfields, discussed in [45] and briefly sketched here. An interest-
ing task is to study the component current expansion of the supercurrents obtained.
Another important problem is the study of the superconformal transformation laws
of the current superfields.

o Induced actions

Finding out the manifestly ' = 2 superconformal interaction vertex for the hypermul-
tiplet coupled to external gauge higher spin superfields opens a principal possibility
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to study the higher spin quantum effects in such a theory. One of the topical prob-
lems in this area is the one-loop effective action of a higher-spin gauge field induced
by its interaction with a lower-spin quantum field. For the explicit construction of
such an effective action, there exists a general procedure going back to Schwinger and
DeWitt and based upon the representation of the effective action as an integral over
the proper time (see, e.g., [71]). In general, the induced effective action is essentially
non-local. However, it can be perturbatively calculated as a series in the background
field derivatives, which makes it possible to obtain various local invariants as func-
tionals of the background gauge fields. In the context of the theory of higher spin
fields, this opens up the possibility to find out, by direct algorithmic calculations, new
invariants depending on the higher spin gauge fields. To the best of our knowledge,
the study of the induced effective action in the conformal theory of higher spin fields
was initiated in refs [33] in the world-line approach (see also the later paper [31]). In
the theory of the lower-spin fields cubically coupled to conformal gauge higher spin
fields, some approaches to the problem of calculating the induced effective actions
were worked out in refs. [30], [72], [73], [32], |74] including the superfield approaches
for N = 1 and N' = 2 supersymmetric higher-spin theories formulated in NV = 1
superspace [32], [74]. In the present paper, we have constructed the manifestly N' = 2
superconformally invariant cubic interaction vertex for a hypermultiplet coupled to
N = 2 higher spin gauge superfields. This makes it possible to develop the manifestly
N = 2 supersymmetric proper time technique and use it to calculate the induced
effective action depending on N = 2 higher-spin gauge superfields treated as classical
external superfields. In other words, knowing the explicit expressions for the general
superfield coupling of the hypermultiplet to the N/ = 2 higher-spin superconformal
gauge potentials could help to find out the invariant Lagrangians of the latter.

e Higher-spin conformal compensators

N = 2 supersymmetric extension of Fronsdal theory constructed in [44] generalized
merely one of the available versions of N' = 2 Einstein supergravity. An important
question is how to construct the higher-spin generalization of other versions of N' = 2
supergravity. It is well known that the most general set of distinct versions of Ein-
stein (super)gravity can be obtained by making use of the method of (super)conformal
compensators. It is of primary interest to learn what is a generalization of this com-
pensator mechanism to higher A = 2 spins??. To answer this question it is necessary,
first of all, to explore the issue of quartic interacting conformal vertices. The severe
restrictions imposed by extended supersymmetry and harmonic superspace methods
could greatly simplify the problem of constructing such vertices®*. On the other hand,
the generic matter conformal compensator for N' = 2 supergravity is just the massless
hypermultiplet with the wrong sign of kinetic term (plus vector N' = 2 compensator
with the analogous “wrong” sign of the kinetic term) [51, 57]?°. So there naturally

ZFew earlier ideas regarding conformal compensators for higher spins were adduced in [33].
240ne of the possible sources of such vertices in the HSS approach was addressed in a recent paper [48].
Z5The relevant off-shell version of Einstein A/ = 2 supergravity was dubbed “principal version” in [51, 57];
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emerges the problem of extending this picture to higher-spin N' = 2 supergravity.
It is obvious in advance that, in order to recover the hypermultiplet coupling of ref.
[46], one needs to start with a conformal system involving at least two independent
hypermultiplet superfields, one being a compensator.

o AdS background

One more actual problem is to develop a similar formalism for A" = 2 higher spins
in the AdS and other conformally flat backgrounds. Since the super AdS group is
a subgroup of A/ = 2 superconformal group, we hope that such a problem can be
attacked, based largely on the results of the present work.

o (Construction of more general interactions

An important task is to generalize supercurrents and cubic vertices constructed here
for hypermultiplets to the more general cases of interaction with other matter N' = 2
multiplets, e.g., with N' = 2 Maxwell multiplet (massless or massive). We hope to
tackle this task (closely related also to the issue of conformal compensators) elsewhere.
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A Wess-Zumino gauge for superconformal spin 3

In this appendix, we expound how to fix the Wess-Zumino gauges for the spin 3 analytic
potentials AT+~ The relevant linearized gauge transformations are collected in (6.26).
We show that one can fix gauge in such a way that all superfields, except their subset
htMad are gauged away. Then we deduce the Wess-Zumino form of the residual gauge
potentials and find out the irreducible off-shell component content of the s = 3 N/ = 2

gauge multiplet.
A.1 Fixing “harmonic” freedom

As the first important step, consider the analytic superfield A+ with the following gauge
freedom:

5)\h(+n)K — ptHp\(F(r=2)K (A.1)

Here K is an arbitrary multi-index, A(T(»=2DK is an unconstrained analytic superfield
parameter. Terms of just this type appear in the transformation laws of all gauge potentials,
see (6.26). Once this gauge freedom is fixed, we can inspect contributions of other terms.

it is the only one which admits the most general A/ = 2 matter off-shell couplings.
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The generic component expansions of pAmE (¢) and AL FE pead, respectively,

h(+n)K(<) —AEnK + 0+ﬁBl(3+(n—1))K
+ ((9+)2C£+(n72))K + (§+)QC§+(n72))K i 9+a§+acé£(n72))l( (A.2)

i (0+)2§+aD(+(n73))K + (§+)20+0‘Dg+("_3))K + (9+)4E(+(n—4))K7

&

)\(+(n—2))K(C) —g(t(=2))K | 9+,3bg+(n—3))1<
+ (9+)205+(n74))K + (§+)2C§+("74))K 1 gragratnaK (A.3)

ad

+ (9+)2§+dd(+(n—5))K + (§+)29+adg+(n—5))K + (9+)46(+(n—6))K.

e

The coefficients A, B ... and a,b... are arbitrary x-dependent harmonic functions with the
properly fixed harmonic charges.

The result of action of the partial harmonic derivative 971 on (A.3) is as follows:

a++A(+(n—2))K(C) —gttq+Hn=2)K | 9+ﬁ8++b§3+(n*3))K
+ (9+)26++c§+(n—4))K + (g+)2a++cg+(n—4))K
+ 9+a§+d8++c(+_(”*4))K (A4)

+ (9+)2§+d8++dg+(n*5))[( + (é+)29+aa++dg+(n*5))K
+ (0+)4a++e(+(n76))K'

In this expression, the harmonic derivative produces general harmonic functions if the charge
of the corresponding function > 0. Then, for the harmonic charges with n > 5, one can
gauge away all the components by the gauge transformations (A.1). For n = 4, one cannot
gauge away by this mechanism the highest component in the harmonic expansion of EX |
for n = 3 those in the expansion of Dg, EX . and so forth.

The corresponding residual gauge freedom is specified by the lowest components of the
AF(=2)K (¢) coefficients with the positive harmonic charge. For example, in n = 3 case
these parameters are a*€,b%. Due to the presence of the term with z-derivative in DT,
these surviving parameters (with derivatives on them) can appear in the transformations of
some other non-vanishing components. Also, the appropriate contributions from the terms
with explicit 0 s in (6.26) can modify the residual gauge transformations and ensure some
additional gauge conditions. All these subtleties can be uniquely fixed from the condition

of preserving the final Wess-Zumino type gauges.

Now we can proceed to the precise discussion of the gauge-fixing procedure for the
superconformal spin 3 potentials. Using merely terms with harmonic derivatives, and based
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on the reasoning around eqs. (A.3) - (A.4), we can partially fix the gauge as:
prradss _ i(9+)2cad65 _ i(§+)2@adﬂé 40P OB
PP
+(61)2 0+p¢§d55iu; + (9+)2g+p1/;§d56iu; + (9+>4Vadﬁﬁiju;u;7
. Y S . 4 wiBi
h++aa6+ (9—1—) 9+pP{m + (94—) 0+pT;wzﬁ + (9—1—) Xaaﬂzui ’
++tad++ _ pt)\4 aa
h =@7)D (A.5)
pHtetsl+ (9+)4K[a6]7
pttotat Z(9+>4Koai
prratHE — )

R(+6) — 0.

The reality conditions for the involved fields can be figured out from the generalized re-
ality conditions for the analytic gauge potentials (6.7). The ultimate effect of the shift
transformations (6.26) on the component fields in (A.5) can be determined by considering
separately various sectors. Using these transformations, one can find the transformation
laws of the remaining fields and learn which fields survive after the WZ gauges have been
completely fixed (up to the residual gauge transformations involving only z-derivatives of
the relevant parameters).

A.2 Further gauge-fixing

Inspecting the transformations (6.26) more carefully, we found that, besides the primary
gauge-fixing (A.5), based on the general properties of the harmonic expansions, the further
steps of the gauge fixing can be effected, which become possible due to the presence of the
explicit s in (6.26). Namely, it is self-consistent to put

B+ —, Attt =0, AT —p, prtatit (and c.c.), (A.6)
where
ptt .= eaﬁedﬂ.h++adﬁﬁ" FH38 = e ghtHatBe,

= . 5 A 1
pt3a = edﬁ-h++°‘+°"3, R = §eﬁah++[ﬁ+a]+ (and c.c.). (A7)

Then all physical fields are contained in the remaining parts of the original gauge
potentials

pH@B@p)  prtatfi  pretfa pttadtt (A.8)

Requiring the gauges (A.6) and the last two gauges in (A.5) to be preserved under the
general linearized gauge transformations (6.26) impose the following constraints on the
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relevant residual analytic gauge parameters:

R0 =0 = DA =9, (A.9)
Rt =0 —  pHEATIE _o\(HgHE (A.10)
A =0 = DHATZ_ XT3t =0, andcc., (A.11)
B g — DB 1()3“3597*;y —APtE) =0 (A.12)
2 ’ '
pt3d =0 —  DFYTATE £ 8iAT20T L ATt =0, and cc., (A.13)
Pttt =0 = DrtA- 4@X+5§; +4iAt00F =0, and cc., (A.14)
where
A= eagedBAaﬁdB, A = eagA“+ﬁB and c.c., AP2:=e At andcc.,
fttad . ytrad _ giyatdt (A.15)
The gauge transformations of the “physical” set (A.8) are given by
ShHHEPEB) — pr+pEB)@f) | gj(\BHa)@gth) _ \(@+8)(Bgte)) (A.16)
oshH+(B+a)a — pHty(a+Ba _ pH(a ()\5)@++ + 82')\5)“"*) , andcc., (A.17)
o5 HHadtt — pttyttad 4y, ()\+3Oé§+éé — )\+3‘5‘9+0‘). (A.18)

We observe that the eqs. (A.9) - (A.13) involve some gauge parameters which appear
also in (A.16) - (A.18). So we need first to fully exhibit the consequences of (A.9) - (A.12).
A.3 Bosonic sector

We will start from the bosonic sector.

For what follows we will need the component structure of the analytic gauge parameters.
Firstly we present it for the gauge parameters associated with the pure gauge potentials
appearing in (A.9) - (A.14):

AFD) =t 2912 4 772()2 200t g + 0(1)4,

A3 Mgmgw + MZQO‘5+’B + ’yﬁ(@*)%*ﬁ +7§<9+)2@+B7

A2 =62 4o (01)2 +6/(07)% + o{9T0F + oy 2074,

AoHB+ _ ptraB | ¢?6(9+)2 _ &?ﬂ(w)? + %ﬁwe;ré;r + ¢52a5(9+)4. (A.19)

Ao — V$9+7 + y$§+7 + ¢;2a(§+)29+v + ¢;2a(9+)2§+‘y’

A=B+B7207) +5207) + 5720 05 + 57 (0)" (A.20)

The analogous expansions for the remaining superfield gauge parameters read
\@B)(@B) p(aﬁ)(af}) I [p1—2(a6)(d3)(9+)2 e +p2—2(aﬂ)(d5)w9$§$
+pg4(aﬂ)(d5)(9+)4, (A21)

A\(B+a)B — w(aﬁ)ﬁ'vg;r + w(aﬁ)ﬁ'*@;L T w1*2(046)6w(§+)29;r i w;2(aﬁ)ﬁﬁ(9+)2*;r7 (A.22)

P28 — \+2aB 4 X?ﬂ(9+)2 + )Z?’B(éJr)Q + Xgﬁ’Y‘Yeié:y‘r + X§2a6(9+)4' (A.23)
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The conjugation rules for the component gauge parameters follow from the superfield ones
listed earlier.
Egs. (A.9) - (A.12) yield the following restrictions on the four sets of the component
parameters in (A.19):
+4 _ g4 g2 g2 p2ab _ p2ad : oad p+3—
(a) ¢ fﬁ(o),ﬁ fﬁ() l —E() + 470 B(O) )

. 2—-2
(b) ! = 5(0) + Z@aae&)) ad _ QDKZB) , (A.24)

(@) 13 = p3? o)+ 200057 1l =l 0),

a_ o« caa, +—0 —

7,6—76«))—213 Ha <>+2W(0),

(6) 74 = va — 2002 ud P o) — € (o) — 495 (A.25)
1 _

(a) o™ —0'(+o§v (’/:Uﬁow o =00+ 3h0) + o

(b) JIW = 01(0) + 47 977 0(0) +M2r)‘w

(c) 052 2[]0(_0? (0) 24 Z@adu(o) , (d) e 0) = —2i044 01(0) , (A.26)
(@) 918 = g0, gt = il + 1,

B4 By - YA —af 1 34 —« —2ca
(b) B :1/1(06)774—41877 %) By 55/)7567[”7;(0) +EZB§ 25,;]

1 oy _as 2 2 B

—2aa —2a & —2x af -—2a 20y sl p—3
(c) 132% = _zmw + f[aﬂ s+ 07 s e(o) +i G
(d) ) = = 4zawwﬁ77. (A.27)

Analogously, egs. (A.13), (A.14) yield, for the component parameters in (A.20),
(a) v = v + 8idy J(O) , V=Vt [X-}-(Ba —8i ¢T"—a] ’
81
—2a . —2a - —2a —2a «
(b) 6% = ~2i0] [x; @) — 8ivsio)] — 4in o) — 5 05 4oy
—2ay __ ay =—2
10} | —168.0(0), |

(c) XT{(VO) — 8i wf‘('é) =210 Vo) — 4i Erf‘(vo) , (A.28)

(@) =B, B7°= 165(? Voof(O) =50 =0,

(b) B~ = —44 [ ( — 811[} ] (W) + 1/(0) = 9" 5(0)7

_ 16 _ %0 | 24 _ 3 —2y .2
(c) B ‘= _gg(OZ;, MQ(ZO) + Ba(o) = ) Dy [X(O) T 8i T/J(O)W]- (A.29)

Hereafter, the suffix (0) denotes the lowest-order terms in the relevant harmonic expansions.
Thus we have shown that plenty of the superconformal gauge potentials, including
h(+6) and Rt++++ in (A.5) and those in (A.6), can be completely gauged away and we are
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left with the restricted set of the analytic superfield potentials which eventually encompass
the irreducible s = 3 multiplet. In the bosonic sector, these basic gauge potentials have the
following component expansions (before passing to the partly gauge-fixed form (A.5)):

prHEAEH) = preR@d) | [hgam(aﬁ')(eﬂz +ec] + hga@(dﬂ'w;é;

+ h§2(aﬁ)(d5)(9+)47 (A.30)
pt(Bra)d hﬁ(ﬁa)%ﬂ + h;rg(ﬁa)dgw + héia)d(§+)29+w
T hﬁoe)d(9+)2g+ﬁ, (A.31)

h+4ad — har4ad + thad(0+)2 4+ E1+2ad(§+)2 + h;an’ry‘yei-éjyr + hgd(9+)4‘ (A32)
The component fields of AT +(@B8)(@8) have the following gauge transformation laws:

5h8r+(aﬁ)(dﬁ) _ g+t p(aﬂ)(afs) 7

5hga6)(d5) g+ p;2(aﬁ)(d/3’) _ 9 @((g)ﬁ)(am , (and c.c.), (A.33)
5h§a5)(dﬁ)w — g+t p2—2(aﬂ)(d5)w 49 p(aﬁ)(aﬂ')

+ 4i[w(@BEA) 4 (@B | (A.34)
5hy 2P _ gt AeRE) g 208 @h)ry

+ 24wy 2@DED) _ g-2ad)eh)) (A.35)

Using eqs.(A.33), one can impose the gauges

h8r+(a5)(d5) —0 = pleREs) — pgg)ﬁ)(dﬁ')

)

(@B)(@B) _ —2(af)(&B) _ (aB)(@B) _ (@Ba _ 1 4 (ap)
hy =0, = p —O,w(o) —0,:>w(0)ﬁ- —§5Bw(0) . (A.36)

The analysis of consequences of eqs. (A.34) and (A.35) requires more effort. First of
all, we need the gauge transformations of the component fields in the other two superfield
potentials (A.32) and (A.31)

95hAed = gty 208 (A.37)
9hT20% = gHyod | 9; pt2ed (A.38)
25B;r2ad — 6++X?d — 9 u+2ad’ (A.39)
25}’;2&0177 _ 8++ngy 4 [37’?X++ad _ gﬁvgdﬁugm _ 504755’?/1;20"], (A.40)
20hGY = O x5 20% — D5 x5 — 2 (4% — 5°%), (A.41)
25h;r$(ﬁa)d _ [8++w(7a5)‘5‘ + 2+2(ad55)] 7 (A.42)
25h;§(ﬁa)d _ _3++w%aﬂ)d7 (A.43)
261 = — ot w2 4 i, (1P _ sled e, (A.44)
a)aA —2(af)an . S 3 1 af)ar
28PN = _ [+ ey AP) T4 2ig e §gg i (A.45)
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where

SO = TN 4 8ig TN B0t = Y i, B0 = x§ - 8
Egdw — ngw + 8i d)gdﬂ + 45977 [X+—ad + 8i¢+_ad}. (A.46)

We start with the analysis of (A.37) - (A.41). One observes that the fields 4%, pf2*¢

and h;QadW can be completely gauged away:

h(J)r4ad -0 = X+2ad — X?B?ad h+2ad -0 = X?d — X?(O) 21“( %ozoz7

+2aaeyA YA o o
h3 o = X5 7Y XQ( ;v +4z[8w XG5 ) — Prea ME( o —¢€ wgﬁvuﬁ(o)
ay G 2—2
—2e*7e ’7% ]. (A.47)
In this gauge we also have
+4+ac _ yHtac | HHac +4ac ad _ ol ad N6
BT =R = X T8 T BT = 200 = X T 81U »
ac oo +—adc [e7e%% ad
>, = 22(0;7 + 41 8772(0) , 22(0)"’ = X2( ; + & 200 ;”, (A.48)

where we made use of eq. (A.27b).
Finally, looking at 6h§% we find that it is possible to impose one more gauge,

Bg% = hg) = D% = 26D°% = —id,s x50 — 201G — ]
20D = i, QT QAT = zg(%;ﬁ (A.49)

where we used eq. (A.27d). Below we show that (A.49) amounts to the standard Maxwell
gauge transformation for the properly redefined vector field D,

The next steps towards the eventual WZ gauge are based on the transformations (A.42)
- (A.45). Egs. (A.42), (A.43) imply the possibility to choose the gauge

pr2Ba)ay _ (g o By wgg)am + 38 (& )y (A.50)
g y ey 1 s (a
pr2Ba)ed o o (Ba)dd wgg) oy _ Se™ w((o)m : (A.51)

where we used eq. (A.36). Eq. (A.44) permits the gauge choice

héaﬁ)éﬁ - h:(a?oﬁ))m = wy 2@ — g (A.52)
(af)e 1, a, (aB) Q)
Oy = =5 (107w + e SYG). (A.53)

It is clear from (A.53) that the further gauge-fixing is possible,

afl)a a fo 2 (s
W) & =TS = SO = = ~3 % wl (A.54)

a & _ ) Q Ba)
TS = )Y (P = a Tuloy s (A.55)

where we used the notations introduced in (A.5). The field T(@37)4 is just the "hook” gauge
field. It involves 16 — 6 = 10 essential off-shell degrees of freedom.
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It remains to reveal the consequences of the gauge freedom (A.45). First, it allows for
the gauge choice

p{fess _ h%)aw = wy 2R _ g 37(,32() ) (A.56)
Ba)ey L @ap)y  avy, (aB)a
Shygy | = 2 -0 (A.57)

Now, let us decompose
QaaBB — aB)(&h) 4 caB(ah) _ caB(aB) _ jeaBaBg (A.58)
(QeB)(@B)) = e(CHICHN QM) =@ Q=0. (A.59)
Then, we can impose the further gauge

B(Ba)&s _ p(Ba) (@)

4(0) 4(0) =
QlaB) — —2i0.4 w((gz)ﬁ)d’Y , Q(dg) = 20004 @Eg})ﬁ)a‘y ) (A.60)
and, using the complex conjugation rules (A.59), make ) rea
d h 1 les (A ke hiie)“" real
h(foc))(ow) h(fa))(ow) pBa)(ay)
Q(aﬁ)(aﬁ) [87 wéa)ﬁ)a’y + aa Ea)ﬁ)’w 8a —((Oc)’Y)BP + aa 7586)7)5/7] . (A61)

At this step, we are left with the following gauge transformation of real P(8@)(é7)

spBaey) — [8' w(aﬁ)av + 8a (aB)yy ~ 9w - (&Y)Bp 8’8 (ow)ap] (A.62)

7
4 (0) “(0) “(0) “(0)

Now we should be back to the discussion of the structure of gauge potential pt+(aB)(@h) .
The gauge transformation (A.34) implies that the whole harmonic-dependent part of h(aB) (@)Y
can be gauged away, in agreement with the general structure (A.5),

AR NCTICLLINN

2(0)
p 2B — _g; [gﬁvz(ga(agﬂw +(a & B)], (A.63)
(aB)(@B)r vy (@B)(65) (aB)(é (@B) (e
Shsy 0y —42877p(0) + 4i [w W) e By 4 @) 56)7]. (A.64)

From (A.64) we also observe that all parts of héc(f))(dﬂ )W, excepting the totally symmetric
one, can be gauged away, leading to the following gauge transformation for the conformal
spin 3 gauge field (in the notation of (A.5)):

spaBN@BY) _ v pgg)ﬂxdﬁ)) (A.65)

(where total symmetrizations with respect to dotted and undotted indices are assumed).
Thus we are left with 16 — 9 = 7 off-shell degrees of freedom in ®(@1(&F)
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Preserving the gauge on hé?g))(dﬁ v just mentioned, yields the following restrictions on

the gauge w-parameters

(@BVB _ 2 (v aB)@h) (@B _ 2 55 aB)(aB)
W) P = —3 d; p 0) @) P = —3 ol p 0) , (A.66)
B8 B8 _ 2o  (@B)aB) BB _ (aB)B  _pp . _ _(B&)B
o) T 90 = T3%aP0) T W0 T %0 a0 Qo) T Ba) - (A6T)
Defining new independent gauge parameter
P = iw — @) (A.68)
and substituting (A.66), (A.67) in (A.62), we obtain
spBa@ — _La@e 0 (A.69)
3

So PB)(&) ig “conformal graviton™ it carries 9 — 4 = 5 off-shell degrees of freedom.
At this step let us come back to the transformation law (A.49). One can check that

i 1 fo'e" 2 34 2 ay)(ar
oD = —2 0" [+ 5 R §D(9ngo)7)( V) (A.70)

In order to pass to the gauge field with the standard gradient transformation law, let us
define

Z°% i= 0)350,5 BN, (A.71)
Under the spin s = 3 gauge transformations:
ac _ 1 rgaa (B7)(84) (o) (69)
8§72 = > [09%(00vip1) ") + 500y . (A.72)
Then it is easy to check that
- 6.
D = DY + gZo‘a (A.73)
has the correct spin s = 1 gauge transformation with the properly redefined gauge parameter
Mo 1 %% 0 . 2 (BY)(B4)
oD = —58 Q, Q=0+ T5 (aﬁg&wp(o) ) (A.74)

The final step is to reveal the role of the gauge transformation (A.35). It admits
imposing the gauge

—2(aB) (63 —2(afB) (63 —4(aB)(6
hs (aB)(aB) _ hs(o() B)(ap) = p (aB)(aB) _ 0,
—2(ap)(6B) _ a(Bx—20)P)
Shs0) = —1201x J07), (A.75)

where we used the expressions (A.63) for p_Q(QfB)(O"B)W and (A.56) for wQ_Q(Q'B)(dm. The

triplet gauge field h;(%()a’g)(dm = V(aﬁ)(dﬁ)(ij)u;u; carries 27 — 12 = 15 off-shell degrees
of freedom.

To summarize, the whole set of bosonic gauge fields carries just total of 15+ 3 4+ 7 +
5+ 10 = 40 essential off-shell degrees of freedom. All essential bosonic fields are gauge, in
contradistinction to the lower spin (s = 1 and s = 2) multiplets containing also auxiliary

fields in the bosonic sector.
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A.4 Fermionic sector

The analysis of the component structure of the conformal N' = 2, s = 3 gauge supermultiplet
in the fermionic sector basically follows the same pattern as in the bosonic one, so we will
concentrate on the final answers rather than on the intermediate computations.
We will need the following fermionic terms in the general analytic gauge parameters:

)\+4 = (§+)20+a£2 _ (9+)2§+dgg7

A\otAt 9+7p+70¢5 + g-&-ﬁﬁt?ﬁ’
A\HreB o gtrptaB _ grigtos

¥ ¥ o0
)\(B—i—a)d - 7_+(6oc)d + (9+)27_1—(ﬂa)d n (54_)27:1—(/3&)@ +0+p§+p7_1—(pﬁpa)d
+ (9+)4T;3(50¢)d
ABa)@B) . pgte A;(aﬁ)(o’zﬁ) _grexs@B)@s) | (@+)20t° )\;S(aﬁ)(dﬁ)
p

+\27+53 —3(@B)(6B)
(07204, . (A.76)

We can impose the same preliminary gauge conditions as in the bosonic case, in par-
ticular, fully gauge away the set of the gauge potentials h(+6), ptHattt p+d ptt p+3d
h++e+B+ also in the fermionic sector. The whole fermionic part of ht4¢ can also be
gauged away. These gaugings imply certain conditions on the residual component gauge
parameters. In particular, the conditions

give rise to

by — pady Byt preby ket — pedvigt (andc.c.). (A.78)

p P(o) (0)

The rest of constraints can also be straightforwardly solved. The corresponding reduced
gauge parameters are of no interest for our purposes.

We end up with the symmetrized vielbeins h;g(aﬁ )% and h;g(aﬁ )(aB)

h;3(a/3)d< _ hzr3(a6)o'z + (9+)2h;(aﬂ)d + (g+)2h;(aﬂ)d + ezgph;(aﬁ)dpp
+(0F)ihy P (A.79)
h;2(a6)(d6) _ 9+vh¢(a5)(aﬁ') _ g+p,‘1;r(d6)(aﬂ) + (§+)29+wh;(aﬁ)(a3)
25457 —(6B)(@B)
—(07) 0 h, ) (A.80)
Firstly we elaborate on (A.79). From the gauge conditions,

peRE _ g s _ g e _ g h;(aﬁ)d‘ﬂ/’ —0 (A.81)

we find the constraints on the residual gauge parameters

T+(,3a)d

+(Ba)a a)di ~—(Ba)a

~Ba)a 1 e p-pla —Ba ._ 1.—Ba - —Ba di, —
71( ) :§5p( Rpm J Rﬂﬁ = kp(g) +82pﬂ(€) :RE i

T DS = ipr PO — 5P RSO (A.82)
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For the surviving part of the gauge potential hz(ﬁa)d, that is h4(g§a)a i e
x B4y (recall “master gauge” (A.5)), at this step we obtain the following gauge trans-
formation

ox~PE = g R Y 4 om0 (A.83)

In order to find the final form of this gauge transformation, we need first to work out
(A.80). The choice of the gauge

hj(a@(dﬁ) =0 (and c.c.), g;mm(am _ j—(aB)(aB)

7(0) ’

(A.84)

implies the relations

—(apf)(af _ sl =—(af 7*(04/3)(6'%3) _ co(a_—(aB)B
A (O0G) _ _yiglar=(hB) | x- — —4ip 7R

)\;3@5)(@3) =0 (and c.c.),

and the following gauge transformation of ﬁ;((oosﬁ &) @/}S,aﬂ (&b )iui_

o, (@A) = g 7 (B g gl 77 PO - 9 77 (FIED), (A.85)
Using the expressions (A.82), this variation can be rewritten as

5y (@AEH) = 169 r To )(aﬂ) SNy ste 8'Y(BR B)a)

This transformation law implies

S~ (aBp)(aB) _ — —169le T(B)QB)B) . (A.86)

(aB)(@B)

while the rest of components in v, can be gauged away

—(aB)(aB) _ p—(aB)a a_—(B )ﬁ)
P @OEh) — g = R-(4H) fa( o) (A.87)
The transformation law (A.86) means that the complex field ¢~ (aBp)(@B) = w(o‘ﬁp)(dmiu;
encompasses the SU(2) doublet of the spin 5/2 gauge fields with 48 — 24 = 24 essential
degrees of freedom off shell.
As the next step, one can define

w98 = g (BN (B (A.88)
—(aB)8 4 afl 17— o )
5w — 2 [0y 4 50 T DY b= et o 7 (A.89)
Now, coming back to eq. (A.83) and redefining
g—(B)d _y ~(Ba)i %w—(ama , (A.90)
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we find that {~(F®¢ is transformed as

gy~ (Be = %a@d ¢, P =R - (A.91)
Since ¢ # = cﬁiu; involves just 8 independent real gauge parameters ¢, the field y~(F0)& =
xB)iy = describes SU(2) doublet of the spin 3/2 gauge fields with 24 — 8 = 16 essential
degrees of freedom off shell.

Thus in the fermionic sector we end up with the spin 5/2 and spin 3/2 conformal gauge
fields with the total of 40 off-shell essential degrees of freedom. This number precisely
matches the number of essential degrees of freedom in the bosonic sector, and it remains to
show that the last gauge potential A™" does not contribute any degree of freedom in the
full WZ gauge.

A.5 hTT gauge potential
Using the DT\ gauge freedom, one can fix the gauge:
ptt =0+a9_+dAad 4 (9+)2¢ + (é—k)z&

+ 4020w +4(07) 20T + (9+)4Diju;u;.

(A.92)

This is the standard WZ gauge for the spin 1 multiplet. However, the full h** gauge
transformation law (6.26¢) contain additional terms which can be used to gauge away all
fields in (A.92). In the process, only those terms in the 6 and u-expansions of (6.26¢) are of
interest, which have the form (A.92). All other terms can be absorbed into the redefinition
of the gauge parameters which were used to ensure (A.92).

After some straightforward algebra, using eqs. (A.24) - (A.27), we obtain (up to some
U(1) gauge transformation of A77):

S = zawal( o) 555 = z'aada?(%) , (A.93)

SATY = ,3 b D ol 7). (A.94)
S )(cw) : g(v))(cw) 8 %av cw)’

6D = —4ilg | (3% + %Dx(—gaa - ; O] (A.95)

e (A.96)

where ellipses stand for some terms with z-derivatives.

Thus we see that all bosonic fields in (A.92) are shifted by divergences of the appropriate
vector parameters. Since the parameters in (A.93), (A.94) and (A.95) are unconstrained
and independent (they are new compared to those which were used earlier in fixing various
WZ gauges), these parameters are capable to gauge away all bosonic fields in (A.92). The
fermionic field &, is shifted by an unconstrained parameter ¢, (defined in (A.76)), so one
can also choose &, = 0. As a result, one can fix the gauge h** = 0.

Note that the gauge transformations of the form dhy()a(s) = 855)‘504(3)6@(3) are fre-
quently encountered in the free theory of massless higher spins [13, 14] (see also [5, 40] for
review).
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B On residual parameters and reparametrization freedom of free hyper-
multiplet

Note that among the parameters of the spin 3 transformations (6.26) there are special

pHtMN

parameters which do not appear in transformations of the gauge potentials and

htT.

For instance, the transformation with parameter
AFD = (7)Y e(x) (B.1)
acts only on the hypermultiplet?®:
Se(yat = (07) e(x)0™ 0"~ Jgte. (B.2)

This is the exact off-shell symmetry of the free part of the hypermultiplet action, d¢(;)Sfree =
0. This transformation and other symmetries of similar kind mix the auxiliary fields of the
hypermultiplet,

=+ K(ijk)“ufuju,; +--+ (9+)4F(ijk)“ui_uj_u,; +..., (B.3)

Oe(ry KR (2) = e(2) TP (1), (B.4)

and seemingly have no impact on the structure of superconformal vertices.

C Superconformal transformations of A/ = 2 superspace derivatives and
gauge potentials

For checking the transformation properties of various analytic vielbeins under the rigid
N = 2 superconformal group, it is useful to be aware of the superconformal transformation
laws of the partial derivatives with respect to the co-ordinates of the analytic harmonic
superspace. It suffices to know such laws for rigid N' = 2 supersymmetry and special
conformal transformations, since the whole superconformal group is the closure of these
two.

Using the infinitesimal superconformal coordinate shifts (3.9), we obtain

Supersymmetry:
00, = 4ie P95, 605 = —dic POpa, 607" = —¢ 0y — € W0y, 0o =0; (C.1)
Special conformal transformations:

0k One = —(k‘aémw&ya + k,yaxwaa@) — k5d9+58; — kaﬁ'é—h@ég , 0,07 =0,

040y = —koga™ 05 — ik, 07007 805 = —kyaa?? O + dikya8TO . (C.2)

260ne can define even more general off-shell symmetry transformation of the hypermultiplet:
“+a +\4 a ——\2 +b
Oeand = (07) cH(x)(077)7q

with an arbitrary symmetric matrix c(qp)(2).
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It is straightforward to calculate the corresponding transformation properties of vari-
ous products of these derivatives, e.g. of the bilinear products Oy0ys appearing in (6.1),
(6.10). As an example we first present the passive form (without “transport” term) of the
transformation rules of the analytic gauge potentials of the spin 2 case:

FEptHad — _yj(emopttat _gaptraty gt — g
5:h++a+ — ’ 5Z<h++d+ — gfo'zh+47 (C?))
5Zh++ad — kv,fj’ (h‘H‘Wd l'a’B + h++a6 l,wc'x) , 5;;]1-&-4 — 41-]%3 (h++7+§+6 _ h++5+9+7)’

FrhtTot = kg (ntr 298 _ h++0‘59+7),

efah+4

FEhtTot = kg (h++6+ 28— h++’yd§+3). (C.4)

It is also useful to explicitly give how the s = 3 gauge potentials defined in (6.5) are
transformed by N = 2 superconformal group (before any gauge-fixing). We skip the passive
transformation rules of the products of various partial derivatives and quote at once the
transformation laws of the analytic potentials

Supersymmetry:

5:h++ad56 — 4 [E—Bh++6+aa _ e*5h++5+a‘j‘] F (i e B,8),
SrR BRI = 9e= (B palt 5:h++[6'+4/]+ — 9g B prH++Al+ ,

5:h++ﬁ+ad — ¢ B ptradtt gy (e—a pr+o+at _ g—ah++[ﬁ+a]+)

(5:h++3+ad = §rhtthrad - gFp(H6) —
SERHETHBT — BR(HO) | grp A Sep et
Feptast g ept et gagtbtad)

€ )

(5:h++a+d+ — e—ah++++o'c+ _ E_dh++++a+ . (05)

Special conformal transformations:

5Zh++ad BB — k/\ﬁxaﬁh-i-—&-)\éz BB + kp/.\a:pdh-i-—&-a)\ JeJe] + (a, a e B, 5) ,

5Zh++[5+w]+ = (k- x)h++[ﬁ+7]+ + 2k§0;h++[5+7]d’ 5Zh++['g+ﬂ+ = —(5gh++[3+ﬂ+)
5Zh(+6) — 8 (kfyﬁ'0+7 pHTH6+ k,BBé+ﬂ h++++ﬁ+),

5kh++,3+aa — k/\pxﬁph++ tad k‘M,xO‘ph++B+ a4 kp).\xpah-k—kﬁ—l—a + kp59+p pttadBs

5t pH+B+ad _ tht+htad

SEhHH Bt = k?)\pIﬁp pttAt 4z'k:ﬂ,,~,§+"’ BT 5Zh++++5+ _ (5th+\+/+ﬁ+) ’
5Zh++ad++ _ k‘,\p.’Eﬁp ptAet+ kjp},\l,pd e+ + 4i(k:,\p~9“ pttotad —a _ kApG_“’ h++A+aa)7
5Zh++o¢+d+ — k,\/,xﬁ"’ pHATat + k.p).\xpéé h++a+5\+ + k‘,\/ﬂ—’—)‘ pitotad —a k}\ﬁé-ﬂi pTHAtad

(C.6)
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A curious feature of the realization (C.5) and (C.6) is that with respect to it the set
of analytic gauge superfields is divided into an invariant subset and a quotient over this
subset. The invariant subspace is spanned by the potentials

Bt = 6a66d6h++aaﬂ6’ j3d . ea5h++a+5d, 3 %€a6h++[ﬁ+a]+’ fL+4’
ROFO) |ttt pbbtat th+’ griad . pradtt _ yipttatit (C.7)

while the quotient by

h—H—(a,B) (dB)’ h+++(aﬁ)d7 h+++(a,3)o'z7 g+4ad — pttodt+ + AjpHHatat (C.S)

The closedness of (C.7) under both (C.5) and (C.6) can be readily checked. The remaining
set (C.8) transforms through (C.7) and itself.

Inspecting the linearized gauge transformations (6.26a) and (6.26b), we observe that
the gauge potentials from the set (C.5) are transformed through the restricted set of gauge
parameters

eagedﬁ-)\aﬁdg, eaﬁ)\aﬁﬂ (and c.c.), A, eaﬁ)\[aJrBH (and c.c.),

ATt (and c.c), ATFed —gjpatat (C.9)

Based on this observation, we can choose the gauge in which all potentials from the set
(C.7) are equal to zero and end up with (C.8) as encoding the irreducible gauge s =
3 supermultiplet. Such a gauge does not break rigid superconformal symmetry at all.
Note that, instead of choosing the gauge hTted++ — 4ipT+etat — (0 in section 6.3 (and
Appendix A) we imposed the equivalent gauge ht+2+%*+ = 0, which is technically more
convenient. Looking at the e and k-transformations of h* %% in (C.5) and (C.6) we observe
that in the latter case the r.h.s. of the k-transformation contains the “physical” non-zero
gauge potentials h1T3(0&)e and p3(A)& Qo this gauge seemingly breaks superconformal
covariance. However, it is easy to check that in the WZ gauge (6.27) for these gauge
potentials the sum of the problematic terms in (5Zh++a+‘j‘ vanishes. So the breaking just
mentioned is in fact fictitious.

As the last topic of this Appendix, we discuss the modification (before imposing any
gauge) of the superconformal properties of h™ compared to the standard superconfomal
law (4.4) of the spin 1 analytic gauge potential. As before, we will deal with the passive
form of the conformal transformations. The modification appears only in the realization
of special conformal transformations due to the property that such transformations of the
bilinear products of partial derivatives in H,—3 contain terms with one derivative. After
integrating by parts, with taking into account that Q. defined in (3.10) is reduced to 2(x-k)
for k-transformations, we obtain the following addition to the conformal transformation of
ht:

. ;. | .
*p++ (o= 1+ (Ba) —ptttBae _ g  pt+(aB)(@p) _ - g——pt+toedt+

drh —2kaa(aﬁh +8Bh Dgph 0 " h ).

It is easy to find the compensating gauge transformation of h™ of the type (6.26c), which

ensures the k-invariance of the gauge h*+ = 0 (with WZ gauge (6.27) for all other poten-

tials).
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