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I. INTRODUCTION AND CONCLUSIONS

Superspace formulations of supersymmetric field theo-
ries provide explicit off shell realizations of the Poincaré
superalgebra, whose closure does not require the equations
of motion. Such formulations are particularly advantageous
for models with extended supersymmetry, since hyper-
multiplet matter theories require an infinite number of
auxiliary fields off shell, which naturally emerge within the
harmonic [1,2] and projective [3,4] superspace approaches.
Being complementary [5], these two formalisms are espe-
cially useful for constructing classical actions of higher-
spin field theories with extended supersymmetry [6—15].
Generalizing N = 2 supersymmetric field theory to the 4D
anti de-Sitter background (AdS,), however, represents a
nontrivial problem, as the corresponding geometry in the
harmonic superspace has not yet been fully developed.
Although general supergravity theories were formulated in
4D N = 2 harmonic superspace (see Refs. [1,16-21]), the
specific features of A/ =2 AdS, harmonic superspace
remain insufficiently explored, and the construction of
classical actions for gauge and matter theories in these
superspaces has not yet been properly addressed. In
contrast, the analytic action principle in the AdSs harmonic
superspace was developed in the works [22,23].

An important step toward formulating field theories in
N =2 AdS, harmonic superspace was taken in Ref. [24],
where the analytic superspace measure was explicitly
constructed. This measure plays a central role in building
superfield actions for matter hypermultiplets and their
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interaction vertices with gauge superfields. The approach
of Ref. [24], however, is coordinate specific and provides
limited insight into the underlying AdS*® superspace geom-
etry. In the present paper, we extend the construction of
Ref. [24] by developing an analytic action principlein NV = 2
AdS, harmonic superspace in a coordinate-independent and
manifestly covariant form. As an application, we derive the
component structure of the free g-hypermultiplet model in
N =2 AdS, harmonic superspace.

Despite the progress achieved in formulating field the-
ories in N =2 AdS, harmonic superspace in the present
paper and in Ref. [24], the problem remains far from
complete. The approach of Ref. [24] is based on manifestly
analytic superfields and employs the so-called analytic basis
in superspace. In the present work, we use the central basis,
in which analyticity is not manifest but is instead imposed
through superfield constraints. This latter formulation is,
however, fully covariant and explicitly geometric, owing to
the developments in Refs. [25-32] where AdS*® superspace
was obtained as a particular solution of A = 2 superfield
supergravity. In general N = 2 supergravity, these two
coordinate bases are related by the so-called bridge super-
field, originally constructed in Ref. [20]. The explicit
construction of this bridge superfield for the N =2
AdS, harmonic superspace background remains an impor-
tant open problem, which will be addressed elsewhere.

The rest of the paper is organized as follows. In the next
section, we present some background information about the
geometry of the AdS*® superspace and its isometry
generated by the Killing vectors. In Sec. III we extend
this superspace with harmonic variables and introduce
analytic superspace projectors. In Sec. IV we show that
these projectors may be used for construction a superfield
action for an analytic Lagrangian in the harmonic super-
space. We develop also the analytic action principle in a
fully covariant and coordinate independent form. Then we
apply this action principle for calculating the component
structure of the classical action in the free g-hypermultiplet
model. In our work, we follow superspace conventions
adopted in Refs. [25-27].
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II. ISOMETRIES OF AdS*® SUPERSPACE

Consider a curved 4D N = 2 superspace parametrized
by local coordinates z¥ = (x™ Hf’ ,0,’4) where m=0, 1, 2, 3,
u=1,2,4=1,2, and i = 1, 2. The Grassmann variables
are related to each other by the complex conjugation,
¢ = 9" The supergravity structure group is chosen to be
SO(3,1) x SU(2), and the covariant derivatives have the
form,

1 .
Dy=E4+ EQAbLMbc + @4y, (1)

where E, = E,M0,, is the super vielbein and M, = —M,,
are Lorentz group generators with commutation relations,
[Ma[nMcd] - 2’70[(1Mb]d - 277d[aMb]C' (2)

They act on vectors and spinors by the rule,

[Main Dc] = 27/0[1/1Dh] ’ (Sa)
[Ma/)’» ’D;/] = gy(ap};’)’ (3b)

We use the following conventions for the relations
between the Lorentz generators with vector and spinor
indices:

My = (6ap) "M o5 — (5ab)aﬁMa/i7 (4a)
1

My =5 (6“") M ap» (4b)

_ 1
Moy = =5 (5) Mo, (40)

The SU(2) generators obey
.05 = 8iJk; = 6k, (5)
and

Vi D) = =6, Dy, Ju. Df] = —eia Dy (6)

AdS*® superspace may be considered as a particular
solution of the A/ = 2 supergravity with covariant deriv-
atives obeying the following graded commutation relations:

{Di. D)} = 4SUM 5 + 2,5 ST . (7a)
{Z_)ai’ ,D/}/} - 4S Ma[)’ + 28(1 3€ljS Jkl’ (7b)

{Di. D} = -2i8(c°),/D.. (7c)

(D0 D} = (0, D. (7a)

ﬂz“fﬁ]z  (6,)75;,D%, (7e)

[Da’ Db] = _SzMalw (7f)
where $? = 1$¥;,, and the SU(2) connection obeys the
constraints,

D,Si =0, Si=5,. (8)

In Ref. [25], it was shown that one can impose a special
gauge on the SU(2) connection such that the torsion S%/
becomes a constant, S/ = ¢/ = const. These constants ¢/
play a central role in the construction of the AdS, harmonic
superspace in Ref. [24]. In the present work, we do not
impose this gauge and therefore keep the torsion S
covariantly constant.

The isometry group of AdS*® is OSp(2|4). The infini-
tesimal isometry transformations are generated by the
Killing supervector &4 = (£, £%, &) such that the operator

£ =D, = ED, + &D}, + EDE 9)

obeys

1
[0e, Da] = |&+ 5 iahMub‘f'ﬂ”J Dy| =0, (10)

l]’
for some real antisymmetric tensor 1°/(z) = —A%(z) and
real symmetric tensor AV = ;.

In Ref. [25], it was shown that the parameters A/ may be
expressed via a single superfield p. Indeed, SV being a
component of supertorsion should be invariant under the
isometry transformation, [3;, S] = 0. Since in the AdS*®
superspace this supertorsion is covariantly constant, see
Eq. (8), we find that S is invariant under the SU(2) action
of A¥J;;, which implies A = pS"/. This superfield, as well
as other components of the Killing vector & obey a number
of constraints which follow from Eq. (10):

DLl — pS' 84 — 2,18, = 0, (11a)
Ao P _i gpa
Digb +2i(c”) 48 = 0, (11c)
i qc ijeP(
o R AR (11d)
Dip—2¢ = 0. (11e)
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These equations imply that all the components of the
Killing vector and A-parameters are expressed via a single
real scalar superfield p [25],

SyDiDlp.  (12)

a 1 104
& :EDi ) ga[f 252 ij

. . 1
AV = pSU, /Iaﬂ = ZD(I;Dﬂkp (13)

The superfield p obeys the following constraints:

(DYDY}, + 45)p = 0, (14a)

. | -
(Da(D;'j - F S jSle]éD;})p == O, (14b)
D,p =0. (14c¢)

By definition, a superfield @ [with Lorentz and SU(2)
indices suppressed] on AdS*® transforms under the isom-
etry by the rule,

1 .
55@ = (5 + E/IabMab +,0SUJU> o. (15)

Below we will generalize these transformations to the
superfields in the harmonic superspace.

III. INTRODUCING HARMONICS

Consider SU(2) harmonic variables with defining proper-
ties u™'uy —u~'u; =&, u'uj = u"'uy = 0. Associated
with the harmomc coordmates are the covariant harmonic
derivatives D**, D=, and D° with commutation relations
of the su(2) Lie algebra,

D™, D] = D", (16a)
(D0, D*+] = 2D+, (16b)
D%, D] = 2D (16¢)

Following the routine of the harmonic superspace
approach [1], with every iso-tensor superfield with no
Lorentz indices,

¢il-”im+n(z) = @(il---in1+n)(z)’ (17)
we associate a harmonic superfield

O (zu) = uf ) up o @i (z). (18)

L RS |

By construction this superfield has U(1) charge g = m — n,

DO = (s — m)n), (19)

and, thus, it is a smooth function over the homogeneous
space S? ~SU(2)/U(1). More generally, given a set of
superfields with arbitrary number of SU(2) indices of the
type (17), we define a general harmonic superfield with a
given U(1) charge ¢,

SO (zu) g 20
@ (7, u) = n20 20
(z.u) Sot-d(e k) g <0, (20)
n>0
DD = g, (21)

By construction, the harmonic variables are invariant
under the AdS*® isometry,

Saut = 0. (22)

This means that they are inert under the SU(2) generator
J;j. As a consequence, the U(1) generator S, ; acting on
the harmonic superfields (20) is represented by the follow-
ing operator:

Jol) = Sij]l.jq)(q)
= (8D = S§**D" + 5t DY@, (23)
where
S =3 uiS’f (24)

Equation (15) implies the transformation law of the
harmonic superfield @4 with no Lorentz indices under the
isometry of AdS*B,

W = (&D, - &+D; + D
—ED D+ p)@W, (25)

go = e, B = utE,

where D =uiDi, and
Df = D,
For analytic superfields obeying

Dro\? = DiolY) =0, (26)

the variation (25) simplifies to

5.0 = (&D, - £D; + ESD 4 p )@Y (27)

Note that the analyticity constraint (26) is preserved by

the isometry transformations in AdS*®, Djéftbg‘]) =

1_);“55@55) = 0. This property follows from the definition
of the Killing vector (10) and the condition (22).

The algebra of covariant derivatives (7) may be rewritten
in terms of covariant derivatives D} and Df. Among these
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(anti)commutation relations we will need the following
ones:

{D}, D5} = —2ic%,D,, (28a)
{Di.Df} = 45" M, (28b)
{D;. D)} = -4+ i, (28¢)
{DI.Dj} =457 My —2e,57. (28d)
{IZ_)S(L’ Z_)ﬁ_} = —4S+_M&/‘)» + 28()/3‘7’ (286)

[Du DF) = 5 (00)a( S5 D7 = 557D, (281)

D, Di] = %(Gu)aa(sim—a —§= D). (28g)

The anticommutators (28b) and (28c) imply the follow-
ing identities for a general unconstrained harmonic super-
field of the form (20),

Di[(DH)? + 45+ @@) =0, (29)
Di[(D*)* + 45+ ]|@@) = 0. (30)

Hence, the operator
1 -
[0 = (D7) +48™[(D)? +457] (31)

maps any full-superspace superfield to an analytic one.
As a corollary, the operator

0= 31—2 [(DY)? 4 4STH][(DY)2 + 48t D~D~  (32)
preserves the analyticity and maps any analytic superfield
to another analytic superfield. Using the algebra of covar-
iant derivatives (28) it is possible to derive the following
representation for this operator when it acts on an analytic
superfield with U(1) charge ¢,

~ 1 1 -
00} = |D*D, -, §*(D7)? =, §7(D")?

1
+5STFSTDTDT

+J(J + S+ D =35+) |0 (33)
This operator is an AdS, counterpart of the flat NV = 2

harmonic superspace d’Alembert operator introduced
in Ref. [33].

IV. ANALYTIC ACTION PRINCIPLE

Given a real superfield Lagrangian £ = £(x,0,u) in
the full harmonic superspace, it is possible to write the
invariant action in the standard form,

S = / d*®zE / du L, (34)

where E = Ber™' E,™ is the Berezinian of the inverse super
vielbein. The nontrivial problem is, however, to construct
invariant action in the analytic subspace.

Using the fact that the superspace integral of the full
derivative is vanishing,

/ d¥8zED, P = / dBZEDML =0,  (35)

the action (34) may be expressed via the analytic projector

3D,
S= [ a*®zE [ d £ (36)
< u G
where
L+ = 1_16 [(D+)2 + 4S++][(7._7+)2 + 48t
=1L (37)

is an analytic Lagrangian. It obeys the reality condition
under the tilde-conjugation in the harmonic super-
space [2], L) = £,

The analytic action principle in the form (36) was
derived in the general setup of A/ = 2 supergravity matter
theory in the harmonic superspace in Ref. [20]. It was
proved there that this action is free from harmonic
singularities for arbitrary covariantly analytic Lagrangian
L+ despite the fact that it contains the charged harmonic
superfield (S**)? in the denominator. Here we apply the
same action principle for matter theories on the particular
AdS*® background with the covariantly constant torsion
superfield S%.

More generally, the action principle for an analytic
Lagrangian £+% may be written as follows:

U
418 +4
S /d | zE/du & LD, (38)

where U is an arbitrary nowhere vanishing superfield and
U is its analytic projection. Integrating the covariant
derivatives by parts, one can show that this action is
independent of the particular choice of U,

5uS = 0. (39)
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Thus the superfield U is pure gauge and the action (38)
reduces to (36) for U = 1. In Ref. [20], it was shown that this
superfield U originates from the vector multiplet compen-
sator in the A/ = 2 supergravity. See also Ref. [34] for a
review of covariant superspace approaches to N =2
supergravity.

The action (36) is a harmonic superspace counterpart of
the analogous action in the AdS, projective superspace
proposed in Refs. [25,27] for an analytic Lagrangian £17,

! tdut) [ a*® £ 40

Unlike the projective superspace approach, in the harmonic
superspace one, the factor (ST)~2 in the action (36) may
represent a potential problem because of harmonic singu-
larities. It is a nontrivial exercise to check that this factor
cancels out upon calculation of the component structure of
this action. As we will show below, there is an alternative
action principle for an analytic Lagrangian where this
problem does not occur.

Rather than further unfolding the action functional (36)
we switch to a bottom-up approach; starting from the
standard action principle in the flat harmonic superspace
for an analytic Lagrangian [2], we seek for its direct AdS,
harmonic superspace generalization. Indeed, given an
analytic Lagrangian L% in the flat harmonic superspace,
the corresponding action may be written as S = [ d*x x
[ du(D)*L¥)], with flat superspace derivatives Dy, D,
and ‘|’ standing for the & = 0 projection. In the curved
superspace, the flat superspace derivatives should be
replaced with the covariant ones, D, and Dj, and the
Lagrangian is represented by a covariantly analytic super-
field £(**). Then, considering the mass dimension of
torsion superfield S~ and balance of the U(1) charge, it is
natural to search for an AdS, generalization of the flat
superspace action within the following most general
ansatz:

S:S0+CZIS1 +a2S2, (413.)

So :/d4xe/du(D_)4£<+4>|, (41b)
S1 = / d*xe / duST[(D7)? + (D)2 ]LUH9)], (41c)

S, = / d*xe / du(S—)2LH4

where | stands for the projection 8 = 0, d*xe = d*x,/=g
is purely bosonic AdS, invariant measure and

, (41d)

(D)} s= 1o (DD 42)

The coefficients a; and a, in (41a) are to be found from
the condition of invariance of this action under the
isometry of AdS*8, 5.5 = 0.

Since the Lagrangian is a scalar, it transforms under (15)
by the rule,

SLHY = (E+ pT) LY. (43)

Using the following identities for the integration by parts
for a superfield ®:

/d4xe/duDa<I>“| =0, (44a)
/ d*xe / du Do =0, (44b)
/d“xe/duD“dfrﬂ =0, (44c)

/d4xe/du Jo0)| =0, (444d)

we can represent the variations of Sy, S; and S, in the
forms,

5:Sy = / d*xe / du(—EH9D; + ED;

=& DM+ D) (D) L), (45a)

54:51 = /d4xe/dus__(_§+up(:+§_(1D;r_E{;,l—)+d

+E D) (D7) + (D)L, (45b)

6¢82 = /d“xe/du(S__)z(Eﬁ_)—&_§+aD;)£<+4)|‘
(45c¢)

We will proceed by the following steps:

(1) Commute the derivatives D and D+* with (D~)?
and (D~)? using the algebra of covariant derivatives
(28) and the analyticity of the Lagrangian, D £(+4) =
'Z_)+o't £(+4) =0;

(2) Using the same algebra of covariant derivatives, in
the integrand pull the operators D, and [ to the left
and use the rules of integration by parts (44);

(3) When the derivative D, hits the Killing spinors, the
following identities may be applied:

04, DE™ = 2i(SE, = STE),  (46)
(6)D, B = ~2i(ST&" ~ §TE).  (47)

These identities follow from Eq. (11c¢).
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As a result, we find the following expressions for the
variations (45):

1 -
_ §+D_(l( ) 88——é:+aD + 85__§+'D_a
+ 128t oD; — 128t D4 L), (48)

8:8) = /d4xe / du S~ [¢+D; (D™)?
_ §+D—a 88——§+(1D(1 + 8s——§+D—a
+ 1zs+—§—a7>; — 128t & D=4 LHY). (49)

Hence, for a; = 1/2 and a, = 0, the action (41) is invariant
under the isometry of AdS*®, 5:(S, +15,) = 0. Finally,
we write the action principle for an analytic Lagrangian
L4 in the form,

S_/d4xe/du{(D'
G RN | VA NCY

In this form, the analytic action principle is free from
harmonic singularities and is suitable for studying the
component structure of the analytic Lagrangian L4
The relation of this action to Eq. (36) will be studied
elsewhere.

Below, we demonstrate how the analytic action principle
(50) applies for calculation of the component structure in
the free g-hypermultiplet model.

Shos = / d*xe / du[ (D )*

?((D )" )DT((D7)*q") +
(

L
16

[

+
+Lprpa
g1 (T +2D7 ST (D7)
- / d

4X€
(D5 (D Pq D (DFq") +

+

Bl= N~

S ferm —

1

+ (Dg

| ~. 00| —
oo |

+5(D7*G") (DD Vg

p1

N[ =

+

DT gt + gD (D )4g )

. i . B
7*)(Dpad™) =5 (Dpad™)(PDFD") +

(D) + 9s--zz+Jq+} ,

/ du E (D(D")*q")D* (Dq™) +
)

P B
_E(D_ﬁq+)<D(13’D q+)

V. EXAMPLE: COMPONENT STRUCTURE OF
THE FREE HYPERMULTIPLET ACTION

The free g-hypermultiplet model is described by the
following Lagrangian:
L4 = —E]+D++q+, (51)
where ¢* is an analytic superfield and §* is its tilde-
conjugate,

DigT = @;qu =0. (52)

Note that this superfield is not required to be annihilated by
D™ and, thus, is, in general, represented by an infinite
series over the harmonic variables. This feature is crucial
for the off shell description of the g-hypermultiplet model
in the harmonic superspace.

To evaluate the component structure of the action (50)
with the Lagrangian (51), we proceed by the following
steps:

(1) We commute the derivatives D and D~ to the right

and acton ¢ and g*. The commutators [D,, D™ ] =
—Dyf and [D~% D**] = —D*% yields the derivatives
DT’s, which annihilate the analytic superfield g™
according to Eq. (52);
(2) The operators D, and J are moved to the left by

using the rules for integration by parts (44).

As a result, we obtain the following bosonic and fermionic

field contributions to the free hypermultiplet action,

Sq = Shos + Sferm7 (53)

1 o o
+ 5 (DPDg" ) D+ (D Dig*)

((D7)*q")D*((D7)*q")

(D)*g" + (D7)’ (T + 28D )q*

5 —

(54)

§ (307D (D (D))

DD (D7)*q")

1
+5(D7g*)(J +28 +287 D) (Dzg?)

(D7) (T +287 + 2S“D++)(D‘ﬁq+)} ‘ (55)

Next, we define the bosonic and fermionic components of the hypermultiplet superfield with the following equations:
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g = Fr(ru). gl =-F*(xu).  (56) ]
D; (D Pq*| = —4A;(x. ),
.

2
Daq'| = Yalx,u), DG*| = -¥*(x,u), (56b) D-4(D)2g+| = 4A~%(x, u), (562)

D= ®%(x.u),  Dgt| = ®@u(x.u), (56c)

(D)2qt| = —4M~(x, u), DD )2q"| = —4X%(x, u),

D — i 56 DL(D7)7| = ~4X;" (. ), (56t
(D)*q*| = 4N~ (x. u), (D )*qt| = P (x, ),
(D7)*q*| = 4N~ (x. ), (S6e) (D)*gH| = =P (x, ). (56i)

faAa (% u) = —iAg, (x,u),

D;D;q"| = io5,Aq (x, u) = iA;a(x, u), (56f)
|

These components enter the actions (54) and (55) as
follows:

- - 1- _
Shos = / d*xe / du [P<—3>D++F+ + FtDHpP3) 4 EA;D**A‘“ +9SFtJF*
+M~D**M~ + N"D**N~ - A, (DF*) + (D,F+)A~

— (M~ + N)(J +28D)F* — FH(J +2D*S~) (M~ + N‘)] : (572)

_ 4 I a b/ [ i pa
Sterm = / d*xe / du [_Eq’ (Dy®) -5 V(D)
1. 1.- S - 1 .
+ XD, — S WD - SR D R 4 0D A,

1 - -
- 5<I>”(k7 +25TT 428D, + W (T + 25T + ZS“D++)<I>”} . (57b)

| =

|
The corresponding equations of motion for these compo- — pt+x-— 4 ,'Da/-}lilﬁ —(J+28t"+25 D", =0.
nent fields are
(58h)

D*F* =0, (58a) L . .
Elimination of auxiliary fields from these equations follows

the standard procedure [2]; Egs. (58a)—(58e) are purely
kinematic and so may be solved by expanding the series in
harmonic variables and comparing term by term, thus
DYT*N™ = (J +2S~D*HF" =0, (58¢c)  eliminating most of the auxiliary fields. Equations (58f)—
(58h) represent a combination of kinematic and dynamic

DYtM~— (J +28D+F)F+ =0,  (58b)

D*TA; —2D,Ft =0, (58(1) equations and allow one to eliminate the rest of the
auxiliary fields, and are also responsible for putting the
DY —0 DHd. —0 (58¢) physical fields on shell. For instance, Eq. (58a) implies

F'(x,u) = flu; Egs. (58b)~(58d) imply M~(x,u) =
B B - Mi(x)u;, N~(x,u) = N'(x)u;, A7 (x,u) = AL (x)u;, etc.,

++p(=3) _ a + i l a a !
bTp DiAG+ 95T TF Note that the fermionic fields ¥, and ®, are har-
—(J+2D"*S) (M~ +N")=0, (58f)  monic independent, ¥, (x, u) = w,(x), @y(x,u) = P, (x).
Eliminating all remaining auxiliary fields via their equa-
DA - ipaﬁj)[f —(J +25 428D ¥, =0, tior}s of motiop and evaluatipg intqgrals over harmqnic
variables, we find the following actions for the physical

(58g) components:
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S, = / d*xe {Dmf,.pm fi—282F.f
Y i —/ a

According to Eq. (7f), the Riemann curvature tensor in
the AdS, space is R, = —2S25[Ca52], and, hence, the
Ricci scalar is R = —1252. This allows us to match the
AdS, mass term for the scalars in Eq. (59) with the one in
Ref. [24], —28% = R/6.

In conclusion, it would be interesting to study whether the
superfield action (50) can be obtained by dimensional
reduction from the superfield theory on AdS®® developed

in Refs. [22,23]. In curved space, dimensional reduction is a
nontrivial problem and certainly merits future investigation.

ACKNOWLEDGMENTS

We are grateful to Sergei Kuzenko for proposing to study
the problem of analytic action principle in the AdS,
harmonic superspace and for useful comments. 1. B.S.
acknowledges the support from the Australian Research
Council, Project No. DP230101629 during his work
at UWA.

DATA AVAILABILITY

No data were created or analyzed in this study.

[1] A. Galperin, E. Ivanov, S. Kalitzin, V. Ogievetsky, and E.
Sokatchev, Unconstrained N = 2 matter, Yang-Mills and
supergravity theories in harmonic superspace, Classical
Quantum Gravity 1, 469 (1984); 2, 127(E) (1985).

[2] A.S. Galperin, E. A. Ivanov, V.I. Ogievetsky, and E.S.
Sokatchev, Harmonic Superspace (Cambridge University
Press, Cambridge, England, 2001).

[3] F. Gonzalez-Rey, M. Rocek, S. Wiles, U. Lindstrom, and
R. von Unge, Feynman rules in N = 2 projective super-
space: 1. Massless hypermultiplets, Nucl. Phys. B516, 426
(1998).

[4] F. Gonzalez-Rey and R. von Unge, Feynman rules in N = 2
projective superspace. 2. Massive hypermultiplets, Nucl.
Phys. B516, 449 (1998).

[5] S. M. Kuzenko, Projective superspace as a double punctured
harmonic superspace, Int. J. Mod. Phys. A 14, 1737 (1999).

[6] S.M. Kuzenko and E. S. N. Raptakis, Extended supercon-
formal higher-spin gauge theories in four dimensions, J.
High Energy Phys. 12 (2021) 210.

[71 S.M. Kuzenko and E.S.N. Raptakis, On higher-spin
N = 2 supercurrent multiplets, J. High Energy Phys. 05
(2023) 056.

[8] D. Hutchings, S. M. Kuzenko, and E. S. N. Raptakis, The
N =2 superconformal gravitino multiplet, Phys. Lett. B
845, 138132 (2023).

[9] S.M. Kuzenko and E.S.N. Raptakis, Towards N =2
superconformal higher-spin theory, J. High Energy Phys.
11 (2024) 013.

[10] I. Buchbinder, E. Ivanov, and N. Zaigraev, Unconstrained
off-shell superfield formulation of 4D, N' =2 supersym-
metric higher spins, J. High Energy Phys. 12 (2021) 016.

[11] L. Buchbinder, E. Ivanov, and N. Zaigraev, Off-shell cubic
hypermultiplet couplings to N =2 higher spin gauge
superfields, J. High Energy Phys. 05 (2022) 104.

[12] 1. Buchbinder, E. Ivanov, and N. Zaigraev, N' = 2 higher
spins: Superfield equations of motion, the hypermultiplet
supercurrents, and the component structure, J. High Energy
Phys. 03 (2023) 036.

[13] 1. Buchbinder, E. Ivanov, and N. Zaigraev, N' = 2 super-
conformal higher-spin multiplets and their hypermultiplet
couplings, J. High Energy Phys. 08 (2024) 120.

[14] E. Ivanov and N. Zaigraev, N' = 2 superconformal gravitino
in harmonic superspace, Phys. Lett. B 862, 139333 (2025).

[15] E.I. Buchbinder, S.M. Kuzenko, and I.B. Samsonov,
Massless higher-spin supermultiplets in 5D harmonic super-
space, arXiv:2509.06604.

[16] A.S. Galperin, N. A. Ky, and E. Sokatchev, N = 2 Super-
gravity in superspace: Solution to the constraints, Classical
Quantum Gravity 4, 1235 (1987).

[17] A.S. Galperin, E. A. Ivanov, V.I. Ogievetsky, and E.
Sokatchev, N =2 supergravity in superspace: Different
versions and matter couplings, Classical Quantum Gravity
4, 1255 (1987).

[18] B. Delamotte and J. Kaplan, The geometry of N =2
supergravity in harmonic superspace, Classical Quantum
Gravity 4, 1223 (1987).

[19] B. M. Zupnik, Background harmonic superfields in N =2
supergravity, Theor. Math. Phys. 116, 964 (1998).

[20] D. Butter, On conformal supergravity and harmonic super-
space, J. High Energy Phys. 03 (2016) 107.

[21] E. Ivanov and N. Zaigraev, Off-shell invariants of linearized
4D, N = 2 supergravity in the harmonic approach, Phys.
Rev. D 110, 066020 (2024).

[22] S.M. Kuzenko and G. Tartaglino-Mazzucchelli, Five-
dimensional A" =1 AdS superspace: Geometry, off-shell
multiplets and dynamics, Nucl. Phys. B785, 34 (2007).

[23] S. M. Kuzenko and G. Tartaglino-Mazzucchelli, On 5D AdS
SUSY and harmonic superspace, arXiv:0711.0063.

[24] E. Ivanov and N. Zaigraev, N’ = 2 AdS hypermultiplets in
harmonic superspace, Phys. Lett. B 871, 139964 (2025).

[25] S.M. Kuzenko and G. Tartaglino-Mazzucchelli, Field
theory in 4D N = 2 conformally flat superspace, J. High
Energy Phys. 10 (2008) 001.

[26] S. M. Kuzenko, U. Lindstrom, M. Rocek, and G. Tartaglino-
Mazzucchelli, 4D N = 2 supergravity and projective super-
space, J. High Energy Phys. 09 (2008) 051.

125031-8


https://doi.org/10.1088/0264-9381/1/5/004
https://doi.org/10.1088/0264-9381/1/5/004
https://doi.org/10.1088/0264-9381/2/1/512
https://doi.org/10.1016/S0550-3213(98)00073-X
https://doi.org/10.1016/S0550-3213(98)00073-X
https://doi.org/10.1016/S0550-3213(98)00074-1
https://doi.org/10.1016/S0550-3213(98)00074-1
https://doi.org/10.1142/S0217751X99000889
https://doi.org/10.1007/JHEP12(2021)210
https://doi.org/10.1007/JHEP12(2021)210
https://doi.org/10.1007/JHEP05(2023)056
https://doi.org/10.1007/JHEP05(2023)056
https://doi.org/10.1016/j.physletb.2023.138132
https://doi.org/10.1016/j.physletb.2023.138132
https://doi.org/10.1007/JHEP11(2024)013
https://doi.org/10.1007/JHEP11(2024)013
https://doi.org/10.1007/JHEP12(2021)016
https://doi.org/10.1007/JHEP05(2022)104
https://doi.org/10.1007/JHEP03(2023)036
https://doi.org/10.1007/JHEP03(2023)036
https://doi.org/10.1007/JHEP08(2024)120
https://doi.org/10.1016/j.physletb.2025.139333
https://arXiv.org/abs/2509.06604
https://doi.org/10.1088/0264-9381/4/5/022
https://doi.org/10.1088/0264-9381/4/5/022
https://doi.org/10.1088/0264-9381/4/5/023
https://doi.org/10.1088/0264-9381/4/5/023
https://doi.org/10.1088/0264-9381/4/5/021
https://doi.org/10.1088/0264-9381/4/5/021
https://doi.org/10.1007/BF02557138
https://doi.org/10.1007/JHEP03(2016)107
https://doi.org/10.1103/PhysRevD.110.066020
https://doi.org/10.1103/PhysRevD.110.066020
https://doi.org/10.1016/j.nuclphysb.2007.06.014
https://arXiv.org/abs/0711.0063
https://doi.org/10.1016/j.physletb.2025.139964
https://doi.org/10.1088/1126-6708/2008/10/001
https://doi.org/10.1088/1126-6708/2008/10/001
https://doi.org/10.1088/1126-6708/2008/09/051

ANALYTIC ACTION PRINCIPLE IN N =2 AdS; ...

PHYS. REV. D 112, 125031 (2025)

[27] S.M. Kuzenko and G. Tartaglino-Mazzucchelli, Different
representations for the action principle in 4D A = 2 super-
gravity, J. High Energy Phys. 04 (2009) 007.

[28] D. Butter and S. M. Kuzenko, A/ = 2 AdS supergravity and
supercurrents, J. High Energy Phys. 07 (2011) 081.

[29] D. Butter and S.M. Kuzenko, The structure of N =2
supersymmetric nonlinear sigma models in AdSy, J. High
Energy Phys. 11 (2011) 080.

[30] D. Butter, S. M. Kuzenko, U. Lindstrom, and G. Tartaglino-
Mazzucchelli, Extended supersymmetric sigma models in
AdS, from projective superspace, J. High Energy Phys. 05
(2012) 138.

[31] N.E. Koning, S.M. Kuzenko, and E.S.N. Raptakis,
Embedding formalism for N -extended AdS superspace

in four dimensions, J. High Energy Phys. 11 (2023)
063.

[32] N.E. Koning, S. M. Kuzenko, and E.S. N. Raptakis, The
anti-de Sitter supergeometry revisited, J. High Energy Phys.
02 (2025) 175.

[33] A. Galperin, E. A. Ivanov, V. Ogievetsky, and E. Sokatchev,
Harmonic supergraphs. Green functions, Classical Quantum
Gravity 2, 601 (1985).

[34] S.M. Kuzenko, E.S.N. Raptakis, and G. Tartaglino-
Mazzucchelli, Covariant superspace approaches to N' = 2
supergravity, in Handbook of Quantum Gravity, edited by C.
Bambi, L. Modesto, and 1. Shapiro (Springer, Singapore,
2024).

125031-9


https://doi.org/10.1088/1126-6708/2009/04/007
https://doi.org/10.1007/JHEP07(2011)081
https://doi.org/10.1007/JHEP11(2011)080
https://doi.org/10.1007/JHEP11(2011)080
https://doi.org/10.1007/JHEP05(2012)138
https://doi.org/10.1007/JHEP05(2012)138
https://doi.org/10.1007/JHEP11(2023)063
https://doi.org/10.1007/JHEP11(2023)063
https://doi.org/10.1007/JHEP02(2025)175
https://doi.org/10.1007/JHEP02(2025)175
https://doi.org/10.1088/0264-9381/2/5/004
https://doi.org/10.1088/0264-9381/2/5/004

	Analytic action principle in N=2 AdS4 harmonic superspace
	I. INTRODUCTION AND CONCLUSIONS
	II. ISOMETRIES OF AdS4|8 SUPERSPACE
	III. INTRODUCING HARMONICS
	IV. ANALYTIC ACTION PRINCIPLE
	V. EXAMPLE: COMPONENT STRUCTURE OF THE FREE HYPERMULTIPLET ACTION
	ACKNOWLEDGMENTS
	DATA AVAILABILITY
	References


