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ABSTRACT: This paper is a companion to our earlier work [[[] in which the projective super-
space formulation for matter-coupled simple supergravity in five dimensions was presented.
For the minimal multiplet of 5D N = 1 supergravity introduced by Howe in 1981, we give a
complete solution of the Bianchi identities. The geometry of curved superspace is shown to
allow the existence of a large family of off-shell supermultiplets that can be used to describe
supersymmetric matter, including vector multiplets and hypermultiplets. We formulate a
manifestly locally supersymmetric action principle. Its natural property turns out to be
the invariance under so-called projective transformations of the auxiliary isotwistor vari-
ables. We then demonstrate that the projective invariance allows one to uniquely restore
the action functional in a Wess-Zumino gauge. The latter action is well-suited for reducing
the supergravity-matter systems to components.
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1. Introduction

In our recent paper [l], the projective superspace formulation for matter-coupled simple
supergravity in five dimensions was presented. Building on the earlier work of [P, ref. [i]
provided the first solution to the important old problem of incorporating supergravity into
the projective superspace approach [B, li]. The latter is known to be a powerful paradigm for
constructing off-shell rigid supersymmetric theories with eight supercharges in D < 6 space-
time dimensions, and in particular for the explicit construction of hyperkéahler metrics, see,
e.g., [{ll. In [l], we introduced various supermultiplets to describe matter fields coupled to
supergravity, stated the locally supersymmetric action principle in the Wess-Zumino gauge,
and constructed several interesting supergravity-matter systems.

The present paper, on one hand, is a companion to [l]. Here we derive those technical
details that were stated in ] without proof. In particular, we show that the requirement of
projective invariance allows one to uniquely reconstruct the locally supersymmetric action
in the Wess-Zumino gauge. On the other hand, this paper contains an important new
result. Specifically, we formulate a manifestly locally supersymmetric action that reduces
to that given in [fl] upon imposing the Wess-Zumino gauge. This result completes the

formal structure of 5D N = 1 superfield supergravity.



Before turning to the technical aspects of this work, we would like to give two general
comments. First, five-dimensional N = 1 supergravity! [f] and its matter couplings have
extensively been studied at the component level, both in on-shell [[j—f] and off-shell [[[(]—
[[J] settings. It is thus natural to ask: Are there still good reasons for developing superspace
formulations? We believe the answer is “Yes.” There are several ways to justify this claim,
and the most practical is the following. Unlike the component schemes developed, super-
space approaches have the potential to offer a generating formalism to realize most general
sigma-model couplings, and hence to construct general quaternionic Kahler manifolds. It
is instructive to discuss the situation with hypermultiplets. In the component formula-
tions? of [I(, [1], one makes use of an off-shell realization for the hypermultiplet with
finitely many auxiliary fields and an intrinsic central charge. As is well-known, it is the
presence of central charge which makes it impossible to cast general quaternionic Kéhler
couplings in terms of such off-shell hypermultiplets. On the other hand, the projective
superspace approach offers nice off-shell formulations without central charge. Specifically,
there are infinitely many off-shell realizations with finitely many auziliary fields for a neu-
tral hypermultiplet (they are the called O(2n) multiplets, where n = 2,3..., following the
terminology of [[J]), and a unique formulation for a charged hypermultiplet with infinitely
many auziliary fields (the so-called polar hypermultiplet).

Our second comment concerns the choice made in this paper to use the projective
superspace setting to formulate supergravity-matter systems. Why not harmonic super-
space [[4, [[§]7 As is known, both approaches can be used to describe supersymmetric
theories with eight supercharges in D < 6 space-time dimensions. There are, however, two
major differences between them: (i) the structure of off-shell supermultiplets used; and
(ii) the supersymmetric action principle chosen. It is due to these differences that the two
approaches are complementary to each other in some respects. From the point of view of
supergravity theories with eight supercharges in D < 6 space-time dimensions, harmonic
superspace offers powerful prepotential formulations [[lf], []. On the other hand, as will be
shown in this paper, projective superspace is ideal for developing covariant geometric for-
mulations for supergravity-matter systems, similar to the famous Wess-Zumino approach
for 4D N = 1 supergravity [I§]. The point is that projective superspace is a robust scheme
for supersymmetric model-buliding, see, e.g., [[9) for the recent construction of hyperkéhler
metrics on cotangent bundles of Hermitian symmetric spaces.

This paper is organized as follows. In section 2 we provide a complete solution of the
Bianchi identities for the superspace geometry corresponding to the minimal 5D N = 1
supergravity multiplet (). In section 3 we formulate, following [[], off-shell projective
supermultiplets, and then construct a manifestly locally supersymmetric action. Section
4 is devoted to the technicalities of the Wess-Zumino gauge for supergravity. Section 5
demonstrates that the locally supersymmetric action in the Wess-Zumino gauge is uniquely
determined from the requirement of projective invariance. Our 5D conventions and useful
identities are collected in the appendix.

1On historical grounds, 5D simple (N = 1) supersymmetry and supergravity are often labeled N = 2.
2Refs. deal with on-shell hypermultiplets only.



2. Superspace geometry of the minimal supergravity multiplet

In this section we present a complete solution to the Bianchi identities for the constraints
on the superspace torsions that were introduced by Howe? in 1981 [R(Q] and correspond to
the so-called minimal 5D N = 1 supergravity multiplet.* The results of this section were
used in [[] without proof.

Let 27 = (xm,Hf ) be local bosonic (z) and fermionic (f) coordinates parametrizing
a curved five-dimensional N” = 1 superspace M58, where m = 0,1,...,4, n=1...,4,
and ¢ = 1,2. The Grassmann variables 05 are assumed to obey the standard pseudo-
Majorana reality condition (92“ )= 93 = epp €Y 0;’ (see the appendix for our 5D notation
and conventions). Following [2(], the tangent-space group is chosen to be SO(4,1) x SU(2),

and the superspace covariant derivatives D ; = (D, DY) = (Da, Da) have the form
DA:EA+QA+(I)A+VAZ‘ (2.1)

Here E; = EAM(Z) 0,y is the supervielbein, with 9, = O/OZM,

1 B A4
QAzéQACM&:Qi”Mm, My = =M, , Mg = Mg, (2.2)
is the Lorentz connection,
e e N (2.3)

is the SU(2)-connection, and Z the central-charge generator, [Z,D ;] = 0. The Lorentz
generators with vector indices (M,;) and spinor indices (M, ;) are related to each other

by the rule: M.; = (Eal})&BMaﬁ (for more details, see the appendix). The generators of

SO(4,1) x SU(2) act on the covariant derivatives as follows:’

M,

ab’

[T, DL] = & FDY | M, 5, DE] = &5 5D (2.4)
3

o Dé| = 2Dy,

)7 }7

where Jk = kigli J;.
The supergravity gauge group is generated by local transformations of the form

N 1 .-
D; — Djfx = e D, e K K = KC(Z)DO + §K0d(z)MéCz + KM () Iy +71(2)Z, (2.5)

with all the gauge parameters being neutral with respect to the central charge Z, obeying
natural reality conditions, and otherwise arbitrary. Given a tensor superfield U(z), with
its indices suppressed, it transforms as follows:

U—-U=e8U. (2.6)

3The choice of the constraints given in [@] was motivated by the structure of the 5D N = 1 supercur-
rent [EI]

4This supermultiplet was re-discovered almost twenty years later by Zucker [E] who essentially elabo-
rated the component implications of the superspace formulation given in [@]

®The operation of (anti)symmetrization of n indices is defined to involve a factor (n!)~!.



The covariant derivatives obey (anti)commutation relations of the general form
N 1 -
— ¢ d kl
[Di:Pp} = Tap Do+ 5Rap™Meg+ Rap™ I+ FipZ, (2.7)

where TABO is the torsion, R ;5" and RABé‘z the SU(2)- and SO(4, 1)-curvature tensors,
respectively, and F'j5 the central charge field strength.
The Bianchi identities are:

(ABC)
with the graded cyclic sum assumed. The Bianchi identities are equivalent to the following
equations on the torsion and curvature tensors:

- Z (RABOD = DTpe"” + TABETE0D> ) (2.9a)

(ABC)
kl b kl 5 b 5
0=> (DARBC ~Tap" Rpe ) 0= (DARBOP ~Ti5"Rpe” ) ,(2.9b)
(ABC) (ABC)

0=> <DAFAO —TABDFf)c) : (2.9¢)

(ABC)
wheref

Ripe” = Rip” (M) + Ri5" (Tu) e (2.10a)

[M;; D4l = (Mg;) 1° D kD4 = (J) 15Dy, (2.10D)

(Mpr)a? = 5§Ed(ﬁ5£) ;o (Mpr)a® = (Za®)pe 4 (Jr)a = —5(26&61))' , (2.10c)

with the other components of (M,;%)CAD and (Jkl)é[) being equal to zero.

Similar to the well-known case of four-dimensional A" = 1 supergravity (see [3—P4|
for comprehensive reviews), the geometric superfields in (R.1)) contain too many component
fields to describe an irreducible supergravity multiplet. This can be cured by imposing co-
variant algebraic constraints on the geometry of superspace. In accordance with a theorem
due to Dragon [RJ], it is sufficient to impose constraints on the torsion, since the curvature
is completely determined in terms of the torsion in supergravity theories formulated in
superspace.

As demonstrated in [R(], in order to realize the minimal supergravity multiplet in the
above framework, one has to impose the following constraints on various components of
the torsion of dimensions 0, 1/2 and 1:

Toht = —2e9([%),5, Faj=-2ieVey, (dimension 0) (2.11a)
T&;Z = Tgci,a = Fég, =0, (dimension 1/2) (2.11b)
T&g,é = T4 (BJ ey = 0. (dimension 1) (2.11c)

Under these constraints, the Bianchi identities (R.94), (B.9d) become non-trivial equations
that have to be solved in order to determine the non-vanishing components of the torsion.

5The reader should keep in mind that we often use the condensed notation: As = A% and A% = A2,



2.1 The algebra of covariant derivatives

In this subsection, we summarize the results of the solution to the Bianchi identities based
on the constraints (R.114)—(P.11d), while the technical details will be given in the remainder
of this section.

The algebra of covariant derivatives has the form [

{DL, D”} = —2ie¥D,; - 2iee 57

35557 Sy = 20(5%) 15 (Fop + Ny ) Y

ab
—1i €é56ijFédMéd* + Z€ij€abédéN&5(F@)éBMdé + 4i SijMéB , (2.12&)
‘ 1 o 1 S 1 _
[Da, D)) = 5(Ta)3" kD — 5 Fy(T)5 D% — ¢ Eaiede N (22) ;DY
. 5 . 1 )
+< - 3€jkE&Bl + Z(P@)Ba&“jkf@l — Z(Fa)BQEjkNdl>Jkl
1 piped  Lipey pryipd. . Lipdy poyi e
+<§(Fa)3 DyF* — 2(1) P DIF, + 5 (T DIF )M, (212b)
s k k)
D, Dy = 5 (D}Fy) Dk — 5 (DW Dﬁy Fop) i + FypZ
1 1 oo 1,
+<Zs gDy N™ + 5[aNb]mNdm T Na Ny = SOLN T N
R 1 . 5
g(zcd)wp’;pékFab FatFy o+ 50001578 ) My (2.12¢)

The components of the torsion in (R.124)—(R.12d) obey further constraints implied by
the Bianchi identities, some of which can be conveniently expressed in terms of the three
irreducible components of D,’;F&B: a completely symmetric third-rank tensor W BV , a

gamma-traceless spin-vector =3 4,]“ and a spinor .7-"4, . These components originate as follows:

b I b poon s ok
= k _ R AA:\dAk a B—\ i ok _ Kk
Siap = (Pa)'vau g (Ta"Eap" =0, Wype™ = Wiaps (2.13)
. ) . . . CLb &
It is useful to have eq. (.-13) rewritten in the equivalent form (VVabV = (X) 5 W55 )
DEF,; = Wipsk + 205 25 + (S35)5° F55 . (T)a Wipe? =0 . (2.14)

The dimension 3/2 Bianchi identities are as folllows:

k _ ok = _k YA
DyNg; = —Wam +2u,y(dﬁ) +57(QJ\/'6) ) (2.15a)
1 . . e 2 1 .
kajl _ N kG ab ab\ _  *k( 0 X))
DES = —=(£43) ¢ UD) (8F™ 4 N) = —2H0 (370 + A0 ) L (2.15D)

Equation (R.15d) can be equivalently expressed in the form

k k b= Sark
DNy, = —Wos" + 4(T1a)s By + (S55)5°N5" - (2.16)



The dimension 2 Bianchi identities are:

3

(kar ) _ (k -
D[BNSJ) = Dyt V- ‘DV( ST (2.17a)
(Ta)¥9DENG, = (Do) ¥PDEF;, + 4DfEs" — glg&mw(Nm"Nm + R O (2.17b)
(B)PDENG, = —5(2®)IDEF,, +6(T)WDERN ;4 161K, AN, (2.17¢)
Gy, L per o Lok py Lok 2o
DiaWass' = 526675 — 5Pwfa678  ~ 3P6EseT 4
3 3 3
plhs D _ plhs 1) ks D)
+4€aﬁp Sp(3d) - T 16°7l8 D555 16500a DR E g5
(ke ! kl

—D¥Z566)" + 2(245Ns5 — 516 Ng55 — 25 Nigg ) S (2.17d)
0= D&Fi)é + DBF@& + DéFdl; . (2.17e)

Note that eq. (R.17¢) can equivalently be rewritten as
0 = Wk 4 2:8ede(x, )AIpks o — 3(n)FDEF, + 161N (2.18)
2.2 Solving the Bianchi identities: dimension 1

Now, we turn to solving the Bianchi identities (2.94)—(R.9d) based on the con-
straints (R.11d)—(R.11d). It is standard and useful to organize the analysis in accordance
with the increasing dimension of the identities involved (from dimension 1/2 to 3).

The important simplification is that it is sufficient to analyze only the Bianchi identi-
ties (m) and (P.9J), due to Dragon’s second theorem [P|. The latter states that all the
equations (R.9H) are identically satisfied, provided (2.94) and (IZ_d) hold.

For dlmenswn 1/2, the relations (2.9d) with (A = &, B = ﬁ, C = A D = d) and (2.99)
with (fl —a, B= é, C= 4) are identically satisfied.

For dimension 1, there occur several Bianchi identities that originate from eqs. (.94)
and (29J). Setting (A =a, B = é, C = A D =d) in (2:94) gives

0= RLEA 4 2T, Pk(rd)m + AT, (1) (2.19)

while the choice (A =&, B =, C =4, D =9) leads to

= RiL05F + RIEOs) + REL 061 + Rgik15§,+R%§ilag+R’;gjlag

a3 ks VB
—215”(ré)&BTé,w —2ie/" () 5 Teal 215’“'(Fé);ydTéé§ . (2.20)
Choosing (A =a, B = é, C = 4) in (R.9d) gives
0= T@JB’; + (D) 5 Fy + T@% . (2.21)

Eq. (:21) implies that the dimension 1 torsion can be represented in the form:

j 1 1 1 . 1 _
Jk _ ik (b ik (ybé b k k
T@BA:Y = 2 — ¢l (F )ﬁ’yFab 46] (E c)ﬁ'y 1abe T i(F )ﬁ&TldB] - ZeﬁhfyTlgL] R (222)



where

Jk — Kj T

Jk _— o kj . N
Tla - Tla ) T lab labe —

1ab =T

1aéb -

(2.23)
Equation (R.19) expresses the dimension 1 Lorentz curvature in terms of the torsion
jo;d = AT 21T5J6Lﬁi(rd),;d . (2.24)

Since Rgé&z = —Rg%dé, the following equation occurs

a 0ip a Nepi L e j ad b(a 1) j
0= (F( )ﬁade)ijk + (F( )ﬁBTd),];p] = §(F )B’AYEJle( d)é — 2(21)( )BA‘yTld)B]k . (2.25)

This holds if and only if Tldi)kl and T ;. have the form:

T = g%gﬁmnTmﬁ” =n,;S", S = it
Tyape = ~Thpae = Nase» Nabe = Nabey » (2.26)

for some symmetric tensor S% obeying the reality condition S = Sij, and a completely
antisymmetric real tensor N;.. As a result, the Lorentz curvature (2.24) takes the form:
.. Ad* .
Rgéc = —ig,

ge T Fel — §alﬂch@(ré)dB +4i5Y(5) 5 (2.27)
Let us now turn to eq. (R.2(). Taking the trace over the indices 4 and 5, one derive

the following equation for the SU(2)-curvature:
4Rg;;kl - Rgé“ +REE = Agék’, (2.28)
with
ki . kl Kl | soyd k(i _j)l b
Afjﬁ = 15ie 36 8% + E(Pc)éﬁEUTlé +1(X%) 458 (ig7) <6Fdé + €555V C) . (2.29)
Here we have used the explicit expressions for the dimension 1 torsion and for the Lorentz
curvature in terms of Skl, Ty57% and Nps

Equation (R.2§) allows us to express Rgékl in terms of Ag%kl, and the result is

kl kl kl ki jl kJil kjl kil
R = %(QGA% — ALEH 2T TART — TALET 1 2A] 31) . (2.30)
It is useful to introduce the Hodge-dual of N,;,, N.; = %E&B&ZéNéJé. Then, the SU(2)-
curvature can be rewritten in the form:
Rgékl = 3i€dﬁ€ij5kl + %(Fé)dBaEijTlékl + 21(2&8)6[6* (F&B + N&B) €k(i€j)l . (2.31)

Using the results obtained and the fact that the constraint (R.11q) is equivalent to
T =0, (2.32)

eq. (R.20) is now solved, and the dimension 1 torsion becomes

: 1 A 1. .
Td]ﬁ”g = E(F&)B%S]k + 5 ejk(l“b)mF&E — Zejk(EbC)B&N&Bé . (233)

The final form for the SU(2)-curvature is
REIM = Bie e SH 4 2i(27) <Fa8 ML (2.30)



2.3 Solving the Bianchi identities: dimension 3/2

For dimension 3/2, the relevant Bianchi identities come from both equations (R.9d)

and (R.99). Setting (A =a, B=3, C = A D= ﬁ) in eq. (R.9d) gives

0= Ral 0 + Rab 3°0] + RalF100 + Rak16%

[lfyﬁ
+DgTa,’;§ + 2i%(09) 5. Toel + DET? 5, , (2.35)
while the choice (A=a, B=10b, C = 7, D = d) in (2.9d) results in
0= RW Rafjbd + AT P5 (1) 55 (2.36)

~ ~ A~

Choosing (A =a, B=b, C =4) in eq. (2:99) gives

0 = 27..*

ab¥ +D

SFp (2.37)

For the analysis of the above identities, it is advantageous to make use of the decom-

position of a spin-tensor A&Bg/ = _ABEz«} into its irreducible components:
Agpy = Asps + 203 Ags + (B55)5° A5, (09)a7 ey = (I)a 7 A, = 0. (2.384)
Switching to the spinor notations, we have have to deal with
L ab
Aapy = 35V apAaby = Aapp (2.39)
and the corresponding decomposition is
A&ﬁgy = (F&)dB'A 5= _AB&’Y’ Eaﬁ'AdﬁA‘y = EOFY_A&BA:Y =0, A[&G’AY] =0. (2.40)
From equation (R.37) we immediately read off the dimension 3/2 torsion
. i s
Tai)z = §DIZFaB . (2.41)
Applying the decomposition (2.40) to the right-hand side of (R.4]) gives
k = k k
D’YFaB W ;Y(dB) + 6:\/(6‘}—@ . (2.42)
Next, equation (R.3() is solved by
s 1 T | 1 <
R@%Cd = 5(T%) §"DIF — (Fc) ‘5DJFda + = (rd) §"DIF% . (2.43a)

Equation (R.37) allows us to compute the SU(2)-curvature Raékl. Taking the trace
over 4 and § in eq. (2:39) gives

4R, W + R; ’”l A&é’”, (2.44)



where

—Z(r?’) S DEF e — IR(rh) DL F,

Jkl _ dey _Ayk mbé _jl
A&I@ - Y ab 8 abcde(E 6) ﬁ/,ZD“A{'F ‘e’

L i by Ak 1 Sk il
+Z€] (E )BVDQ/NdBé_g(F&)B’Y,D*/S] . (2.45)

Equation (P.44) is solved by

; 4 ; 1
Gk A Gk LA kGl '
Raﬁ 15Aaﬁ 15Aaﬁ (2.46)

Since Rdékl is symmetric in k& and [, eq. (R.4€) can be seen to be consistent under the

conditions:
. 3 iy i
DM = o (2)37D3 (38, + N5 (2.47a)
k = _k Nk
DENgs = Nyss + 28, ap " + o5l - (2.47b)

Here E&Bk is the spin-vector which occurs in (R.43). At this point, the SU(2)-curvature has
been completely determined.

Raékl ;l(rb) 3gi b )F

de k) ( be bée
ab 30 abcde(E ) 76]( D; <F + N )

2 oo (ko L ;
— 12 (T DS 4 o (Ta) 7 DISM (2.48)
Using the previous results, one can prove that equation (R.35) implies the last two
constraints:
k k
Na@a = _Wézﬁﬁ , (2.49a)

. 1 < . . 1 ..
kail _ NS kG ab ab\ _ Lk ) X))
DhST = —(8,)57"0D) (3™ + NP) = —=H0 (37,0 405" ) . (2.490)

It is important to note that (R.49H) implies equation (R.474).

Expression (2.49) can actually be further simplified, using

egs. (R-14), (B13), (B.1d), (B.15d) and (R.I5H). The final expression for the SU(2)-

curvature is

Ra W —3e9%E, M + Z(r@) sl Fsl — i(rd) 5XIENGD (2.50)

2.4 Solving the Bianchi identities: dimension 2

For dimension 2, the relevant Bianchi identities are generated from eq. (B:9d) with (A =

—b, C =4, D=9)
0= Ry*102 + Ry 0f — DAY + DT — TAA T, 00 — DET 0 4+ ToAe 190 (2.51)
from (£.99) with (A=a, B=b, C =¢, D =d)
0 = Rot + Ry + Reay?, (2.52)



and also from (2.9d) with (A =a, B=0b, C = ¢)
0= ’D@Fgé + DBF@@ + DéFaB . (2.53)

Let us first analyze eq. (R.51). This can be used to extract the curvatures. We start
by rewriting (2.51)) in the form:

R €45 T Rab'yég = Ay b5 (2.54)
with
Aabljg = —ép’;ngab ekl (re ) 5Dk + 15 € de[a(zﬁm) D; ]Nde (Tla)ss ]skl
+€kl(Ecd) FacFy o+ zllele [agb]mnde(rﬁ)ﬁ}SNdé_2(Eé[ ) Fb]cskl
%(Zé[&) Nb]chd (Eéd)%NaaNbd _ %(Eab)'yéNCdN
+i€al§adé(ré)&$NdéSkl + %(E@z})@sfklsijsij : (2.55)

Considering the part of (B-54) which is symmetric in 4 and § and also antisymmetric in
k and [, we read off the expression for the Lorentz curvature R&géd = —%Ekl(Eéd)'y‘gAab%
The result is

3 1 .5 A i S 1
éd éd mn ed\Y0 Ek (e d] mn
R = Zs ila Dy N +§(2 ) DED; F&A—géaé N™ Ny
[e djriv [epr.dl _ [ d] (e o] i
4= 5[ Ny N 4N N, ‘R 25a 5115785 | (2.56)

Next, isolating the part of (R.54) which is proportional to & 4 and symmetric in k, [, we

can determine the SU(2)-curvature R,;* = 45'75 Aab,y 5~ The result is
Ko 1 d(km))
RM = —EDW DJFy; . (2.57)

Equation (R.54) has allowed us to determine the curvatures. However it still contains

some nontrivial information. Using the relations (2.53), (R.56) and (R.57), eq. (R-54) can

be seen to reduce to

i 1
0= 8( )’Y‘sD( D) — 1efa Dy S™ — 1 £oroie NS (2.58)

This implies

K 1 byaby (k) 3i DL \Aby ks
DaSM = (") DD Fyy = —1—617’7( Zas!) — <(Ta)°D; FD (2.59)
Next, due to the identity
i 1
Da = 5ei;(Ta )9 D, DJ + S abs e NP (2.60)

— 10 —



and the dimension-3/2 constraint (.15H) that determines DgSkl , it also holds

DasH = 3
Gk —

aBy(k i aBy(k
= (T%) DD — 6 (Ta) BDENLD (2.61)

&g
Now, requiring the compatibility of the equations (B-59) and (R.61]), we generate the
constraint

([a)¥D

YN = —(Ta)PDFD +3D1kE,) (2.62)

This turns out to be equivalent to (R.174), since

. 1 i .
DAkALD = g{pgf,pg}mﬁ = glM&éNaﬁ =0. (2.63)

Similar considerations give D** F30 = 0.

Further analysis of equation (R.5§) leads to another constraint, eq. (R.17d)).

The Bianchi identity (2:53) is equivalent to 4¢¥¢D,F 52 = 0. The latter can be rewrit-
ten, with the aid of (R.60), as follows:

0 = &2 ((T)PDEDy, Fyy + e PNy Mg Fy, ) (2.64)

which, using (R.14)), can be seen to be equivalent to equation (R.1§).

Now, consider the Bianchi identity (R.53). Using the Lorentz curvature (R.54),
eq. (B-59) turns out to be equivalent to

i

Da Ny, = ggéémﬁﬁ(zdm)ﬁpspékfﬂﬁﬁ + %%[l}‘gémﬁﬁé(Emﬁ)&SDQDSka
—%egémﬁﬁ (4F,™F™ 4+ N N™) . (2.65)
The latter can rewritten as
DalNy, = %G%Badépgkwdéék_%(F&)%DI';WB&SVF%(El}a)%pggaék"‘égaéamﬁ(rm)%pggﬁék
%na[é(ré])&Spgféﬁé%éécié(Edé)&gpgfﬁk_%géamﬁﬁ (4Fa™ "N, N"P). (2.66)

On the other hand, one can compute D;Nj, by using (2.60) and the dimension 3/2 Bianchi
identity (R-16). Then one gets

i A3k i Ak . 6B yk =
Dle;é = —g(rd)O‘ﬁD&WBéBk + 577&[81)0‘ :‘é]@k - I(E&[i))aﬁp&:é},@k
1

5 Emapalb

i de\aByk i aBk M ATRP
—1—66&8&%(2 ) ﬁp&]\/’gk—i—é’l’}&[i)(ré]) 6D&N5k_ Né] NP .(2.67)
Requiring the equivalence of (£.66) and (R.67) and making use of (R.1§), one obtains the
constraints (R.17H) and (R.17d).

We have solved all Bianchi identities of dimension 2. Using the relations obtained, we

can still simplify some of the results. Making use of (£.66) allows us to rewrite the Lorentz
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curvature (2.56)) in the form:

i

ed 56k ed | 1 V38 yk d 1 ed\adek
Ryp™ = o (84" DiDs P + — (80) Dy Dy, Fy ™ + o (%) °DADy,
Lo ed 1A[6Ac2] Lo oyved L [enr.d] L e djm
—3Fp P = SRS — SNG N — S NN - SOENG N
L cfe cd) L clecd] qij
—55& 513 N Npp + 55?1 513 S Sij . (2.68)
Next, using the equation
DIW,;.0 = 3(8,) P DEFD — ar) Dl E; 0 + 12N, 5+ (2.69)

which follows from (B.17d), one can see that the SU(2)-curvature (.-57) can be rewritten
as follows:
Kl Sbykm 1) 1 Sk 1) | O Kl
Ry = = (D) DY Ey5" — 2 (84) DY F) + SNs™ (2.70)

Finally let us turn to the Bianchi identities of dimension 5/2 and 3. For dimension
5/2, there is only one nontrivial Bianchi identity. This is the identity (E:0d) with (A =
a, B=b, C=¢ D =)

R N s PAd _ b ppdd o 6 pdd
0 = —DaTy1 + Topo Tes) — DyTeai — Thog Tapi — Delypi — Teag Ty pl - (2.71)

This equation can be seen to be satisfied identically provided the Bianchi identities of lower
dimension hold. For dimension 3, there are no nontrivial Bianchi identities.

3. Projective superspace formalism

The projective superspace approach was originally formulated for rigid supersymmetric
theories with eight supercharges in four space-time dimensions [, fl], and later it was
generalized to five [Pq] and six 27, P§] dimensions. Superconformal field theory in projective
superspace has also been developed in four and five dimensions [P9, B{].

As demonstrated in [[[], the concept of projective supermultiplets can naturally be ex-
tended to the case of 5D N = 1 supergravity. In this section, we first recall the definition of
covariant projective multiplets in curved superspace, following [fl]. After that we formulate
a manifestly locally supersymmetric action principle.

To start with, it is instructive to recall the kinematical setup for projective superspace
in the case of 5D N = 1 supersymmetry. Let R5® denote the flat global superspace
parametrized by coordinates A= (x&, 9?‘) The corresponding covariant derivatives D ; =
(94, DY) obey the algebra

(D, Dl} = =21 ((1%),50:+2452), (Db, 8] =Dy, 21=0,  (3.1)

which follows from (2.12d)-(R.12d) by setting S¥ = N,; = F.; = 0. Making use of an
isotwistor u;” € C?\ {0} allows one to introduce a subset of strictly anti-commuting spinor
covariant derivatives DY := u; DY,.

{D3,DF}=0. (3.2)
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Hence, one can define so-called analytic superfields Q(z,u™) constrained by DgQ = 0.
Such a superfield Q(z,u™) is called a projective supermultiplet, if it is holomorphic (on
an open subset of C2\ {0}) and a homogeneous function of u*, Q(z,cu™) = " Q(z,u™),
with ¢ € C*. The isotwistor u;” € C?\ {0} appears to be defined modulo the equivalence
relation u;" ~ cu;F , with ¢ € C*, since this is true for both the constraint D;FQ =0 and
the superfield Q(z,u™) itself. As a result, the projective multiplets live in the projective
superspace R48 x CP!.

3.1 Projective supermultiplets

In curved superspace, the isotwistor variables u;j € C? \ {0} are defined to be inert with

tion (B-3), the operators D} := u;” D% obey the following algebra:

respect to the local group SU(2) [[l] (see also [@]). Instead of the anticommutation rela-

[Df.Df} = —4i (FdB n NdB) JEE4iSTEM, (3.3)

where J*H := wul J9 and ST = wful SY. Eq. (B.3) follows from (R.12d). Now, for the
constraint D;FQ = 0 to be consistent, Q(z,u™) must be scalar with respect to the Lorentz
group, MdBQ = 0, and also possess special properties with respect to the group SU(2),
that is, JT7Q = 0. Let us define such multiplets, following [I].

A projective supermultiplet of weight n, Q(")(z,u+), is a scalar superfield that lives
_l’_

on M°®®_ is holomorphic with respect to the isotwistor variables u; on an open domain of

C?\ {0}, and is characterized by the following conditions:

(i) it obeys the covariant analyticity constraint

DIQ™ =0; (3.4)

(ii) it is a homogeneous function of u™ of degree n, that is,

QM (z,cut) = " Q(")(z,u+) , ceC*; (3.5)

(iii) infinitesimal gauge transformations (2:) act on Q™ as follows:

5Q" = (KOD + K9.7,) Q)
g 1 g
g0 = _ ++p—— _ +- ™) t+ _ peij ko E
K9.7,;Q (u+u_)<K DT —nKTT)QW, K = KU uFuE, (3.6)
where
0 0
D =ui% Dttt .
G Y u— (3.7)

The transformation law (B.6) involves an additional isotwistor, u; , which is subject to the
only condition (utu~) = u”u; # 0, and is otherwise completely arbitrary. By construc-
tion, Q™ is independent of u~, i.e. Q™ /du~" = 0, and hence DtTQ(™ = 0. One can
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see that 6Q(™ is also independent of the isotwistor u~, d(6Q™)/du~" = 0, due to (B.3).
It follows from (B.6])

JtQ™W =0, Jtt <Dt (3.8)

and hence the covariant analyticity constraint ([3.4) is indeed consistent.

The transformation law (B.6) is a generalization of that for superconformal projective
supermultiplets in four and five dimensions [R9, BJ] and for projective supermultiplets in
the 5D A/ = 1 anti-de Sitter superspace [J].

It should be pointed out that the transformation law (B.§) corresponds to the projective
supermultiplets with zero central charge, ZQ™ = 0. Such off-shell multiplets are most
interesting for applications, and our consideration will be restricted to their study. It is not
difficult, however, to modify (B.§) in order to be applicable to the case of off-shell projective
supermultiplets with an intrinsic zero central charge. The corresponding transformation
law is [l

QM = (KODO + K9 J;; + TZ)Q(") . (3.9)

As an example, we can consider an off-shell hypermultiplet with intrinsic central charge,
which is described by ¢*(z,ut) = u;¢'(z). It is this realization” which is used in the
component approaches of [L(, [1]. In this realization, the hypermultiplet becomes on-shell
provided Zq™ = 0.

Given a projective multiplet Q™ its complex conjugate is not covariantly analytic.
However, similar to the flat four-dimensional case [[[4, ff] (see also [}f]), one can introduce
a generalized, analyticity-preserving conjugation, Q™ — @(”), defined as

QM (ut) = Q™ (ut —at), at =ioyut, (3.10)

with Q™) (uT) the complex conjugate of Q™). Its fundamental property is

DIQM) = (—1)<@™) prag) | (3.11)

One can see that @(”) = (—1)”Q("), and therefore real supermultiplets can be consistently
defined when n is even. In what follows, Q™ will be called the smile-conjugate of Q™.
Examples of projective supermultiplets are given in [[l], and the interested reader is

referred to that paper for more details.
It follows from (R.I5H) that ST is a projective superfield of weight two,

+ot++ _
DIST™ =0. (3.12)
3.2 Locally supersymmetric action

Let LT be a real projective multiplet of weight two. Associated with £17 is the following
functional

1 r++ - .
S(LT) = gf(ﬁdu*)/d%df‘wm, E-'=Ber(E ™). (3.13)

"This is a generalization of the Sohnius off-shell formulation for hypermultiplet @]
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We are going to show that S defines a locally supersymmetric action principle. This
+
i
turns out to be invariant under infinitesimal gauge transformations (2.5) and (B.§). To

functional is obviously invariant under projective re-scalings u; — cuj. Moreover, it

prove the invariance under arbitrary supergravity gauge transformations, we first point
out that Q=2 := £*++/(S%%)? is a projective multiplet of weight —2, since both £+ and
S*+ are projective multiplet of weight +2. For Q(~2) the second line in (B-6) implies

%D" <K++Q<—2>) . (3.14)

K" QY = - (utu—

Next, since KTTQ(2 has weight zero, it is easy to see
g d
(utdu®) K9.J; Q2 = —dt T Q2 (3.15)

with ¢ the evolution parameter along the integration contour in (B.13). Since the inte-
gration contour is closed, the SU(2)-part of the transformation (B.6) does not contribute
to the variation of the action (B.13). To complete the proof, it remains to take into the
account the fact that Q=2 is a Lorentz scalar.

Introduce the following fourth-order operator®

A — (Dt 1—52i5++ (DH)? 4 3(5H)2, (3.16)
where
(DMt = —%sdﬁ‘f%gpgz);p;, (D*)? .= DHODY (3.17)
Its crucial property is that the superfield Q™ defined by
QM (z,uT) := AFYYT=D (5 o F), (3.18)
is a weight-n projective multiplet,
D™ =0, (3.19)

for any unconstrained scalar superfield U ("_4)(z,u+) that lives on MPI8, is holomorphic
+

with respect to the isotwistor variables u;” on an open domain of C?\ {0}, and is charac-
terized by the following conditions:

(i) it is a homogeneous function of u™ of degree n — 4, that is,

U= (z cut) = U (2,u™), ceC*; (3.20)
(iii) infinitesimal gauge transformations () act on U™~4) as follows:

ST — (K%é + KijJij)U(”“*) ,

1

Kij.umh=1 = _
J ()

<K++D" — (n—4) K+—>U<"—4> . (3.21)

8This operator was introduced in the case of 5D A = 1 anti-de Sitter supersymmetry in [E]
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We will call U("_4)(z, cu™) a projective prepotential for QM.

(]

The fourth-order operator (B.1q) is analogous to the chiral projector in 4D N = 1

supergravity [BJ].
Let U(=2) be a projective prepotential for the Lagrangian £1+ in (B-13). Representing

1 5
(=2) _ ++ _ (pH\4rr(=2) o 2 s o+ (p+277(=2)
U 3(S++)2{c (DU + Zist (DU } (3.22)
we obtain
L (utdut) / Prd9 B = - 7{ (utdu™) / Prd®0E ——— £ (3.23)
o 67 (5++)2

One can see that the derivative terms in (B.23) do not contribute to the integral in (B.29),
as a consequence of the anti-commutation relations (P.124)—(R.12d).

Our action (B.13) can be compared with the chiral action in 4D N = 1 supergravity [B2,
B3| (see also [P3, B4 for reviews).

In the case of flat superspace, one can not make use of (B.23). Instead, here one can
apply the following relations

1 +1,,+ 5. 18977(—2) _ (u*du*)/ 5 A/ P+ (—2)‘
o (udu)/dxd@U - eyt | SO
(utdu™) / 5 JL
- & L ( , 3.24
(uFu—)t 0=0 (3:24)
with LT+ := (DT)*U(=? the flat-superspace Lagrangan. Here
1 apes .
(D)= —%50‘575D5D5D;D8‘ , D :=u; D} . (3.25)

The expression in the second line of (B:24) is the rigid supersymmetric action in 5D
N = 1 projective superspace [@] The latter is a natural generalization of the 4D
N = 2 projective-superspace action originally given in [fJ] and reformulated in a projective-
invariant form in [B4]. This action can be seen to be invariant under arbitrary transforma-
tions of the form:

a O

(w;™, wt) — (ui, wT)R, R = (
b ¢

> € GL(2,C) . (3.26)
The same invariance obviously holds for the curved-superspace action (B.1d), for it is ex-
plicitly independent of u~.

Projective invariance (B.26) is an obvious property of the manifestly locally supersym-
metric action (B.1J). As shown in section 5, it becomes a powerful constructive principle
when one is interested in reducing the action to components in the Wess-Zumino gauge.

4. Wess-Zumino gauge

In this section we elaborate the Wess-Zumino gauge for the 5D minimal supergravity mul-
tiplet, which was used in [l. Our consideration will be similar to that originally given,
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many years ago, for 4D N = 1 supergravity [B2, B3, Bf] and then presented in a universally
applicable form in [RJ].

Given a superfield U(z) = U(x,#), it is standard to denote as U| its #-independent
component, U| := U(z,0 = 0). The Wess-Zumino (WZ) gauge for 5D N = 1 supergravity
is defined by

92

Da| = Va+ U] (2)DE] + ¢ (2) Ju + Va(2)Z,  Di| = ol (4.1)
i
Here V; denotes the space-time covariant derivatives,
X 1 .. s
Va=eitw, ea=e"(@)0n, wi=3 wa' () My, = wa(x) Mg, (42)

with e, the component inverse vielbein, and W&Eé the Lorentz connection. The operators
V; obey commutation relations of the form

é 1 éd
[Va, Vi) = T,;°(x) Ve + 3 Rab )My, (4.3)

with 7:1136 the torsion, and R&Bé‘i the curvature. Next, \I/&Z is the component gravitino,
while ¢;* = ®;*| and V; = V;| are the component SU(2) and central-charge gauge fields,
respectively. In addition to the geometric fields present in @), the supergravity multiplet
includes some additional component fields which can be chosen as follows: S;;|, N,;
DgSm and D&iDéSij|. All these fields, which survive in the WZ gauge, constitute the 5D

minimal supergravity multiplet [20].

)

Making use of ([£.]]) one can readily obtain
[Da, Dy]| = [Va, Vi) — 20 [DI;},D»’!;H + 0w {D%, D5} + 2(VaVy)Z
) l y k kl k jl
+2 <V[a‘1’z;]z — Plak ‘1’1317) Di| + 2(V[a¢g} + P iy’ )Jkl . (4.4)
This relation can be simplified considerably by evaluating the (anti-)commutators [Dg, D;],

[D;, ij] and {D,'Aj, Dg} with the aid of (2.12d)(R.12d). As a result, eq. (.4) can be seen to
be equivalent to the following relations:

T, = 200, (). 59,1 (4.52)
Tl = 5L F| = 2ViWy) — 26000,] — 00 2w STyl ), (45b)
as well as
Ry = Ry — 2013 Ry ko) + wa ] Wy REL S| (4.6a)
Fyl = 2(ViaVy) + 21‘1’&%‘1’1;61;1}@5 — 200, Wk (4.6b)
Ryp”| = 2Viady " + 260" k0y "
—20 ) Ry k| + W W) RELU| 4 200, w517 (4.6¢)
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Eq. ([5d) determines the space-time torsion in terms of the gravitino. Eq. (f.5H) consti-
tutes a locally supersymmetric version of the gravitino field strength. Finally, eqs. ({.6d)—
(B.6d) express the leading components of the superspace curvature tensors in terms of the
component fields. Equations (f.5d) and (.5H) will frequently be used in section fJ. The
space-time torsion (f.59) will be especially important for the considerations in section [,
for it occurs in the rule for integration by parts:

/d%eV&U& = /d%e’]}léi’ ve, el = det (e@m) . (4.7)
In the WZ gauge, the supergravity gauge fredom (R.5) reduces to those transformations
which preserve the WZ gauge. This is equivalent to the requirement
0 = 0D4| =~ K)'D’ + K'Dy + KP My, + K% + 72, DL | ( . (4.8)
It implies the following restrictions on the transformation parameters:
DLKY| = K°| T2 50] + 81 K| + 02K DLKD| = —2i (T0) 45 K7,
DLEM| = K| ReLM|, DLE| = KC| R4, Dir| = —21K}| . (4.9)

In the WZ gauge, the transformation laws of the gauge fields can be derived from

§D;| = 0V4 + 67, ﬁpﬁ\ + 00" T + 0VaZ

_ [KBDB + KO My, + K gy, + 72, D@] (4.10)
Some computations lead to

be™ = (Vak?| = 2Wal (1), K| = K" )™ (4.11a)

Swa = (V&Kﬂ = AW () K| = K|y + VoY
W KO\ R | — KB R, ) (4.11b)

(5\11&;5 = V&Kf‘ — ¢@ij£| — 21\1’{1?(Fé) “ K6k| _i_K'Y‘Ta ‘ +V. Kc‘\I/ ,3

+\IlaZKC|TC,’jf| — K°|T: ]| - KAC|\I/A» UK+ e K| (4.11c)

603" = (Vak'| — 21w, (1) 5 K| - Ko ) gy + Va7 | + 2050, K|
7| Rl | + K| Ry + ol KO R (4.11d)

Ve = (Vak| = 2005 (%) 3 K| = Ko ) Vy 4 Var| + K| Fyg| - 200 K| . (411¢)

5. Action principle in the Wess-Zumino gauge

Our goal in this section is to reduce the locally supersymmetric action (B.13) to components
in the WZ gauge. Using considerations based on eqs. (B.29), (B.24), (.1)) and E| = e, one
can argue that in the WZ gauge it holds

1 + +
ST =8 + ..., So= —j{ u”du /d5 LT (z,uh)]

5.1
27 utu™) (5-1)
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where
. 1 aaes
- - —\4 . S AN — A~ — A~ — A~ —

D; :=u;D,, (D)= —%aaﬁv D;D;D; D5 (5.2)
and the dots in the expression for S(£*T) in (F.1]) denote all the terms with at most three
spinor derivatives hitting £,

By construction, the action (B.1J) is invariant under arbitrary projective transforma-
tions (B.26)). It is remarkable that the requirement of projective invariance allows one to
uniquely restore the action in the WZ gauge by making use of Sy, as given in (b.1), as the
only input. Let us start by presenting the result of explicit calculations announced in [f]:

1 utdu™ _ I 6B e 2D
S(LT) = %ﬁﬁ/d%e (D )4+Z\I/ PmD D, D, —=2iST (D7)

8 24

a

e P E— abya N
Dy~ =19 PTTDE D, AR 500 Yy D;
A qaB—- o——py— s abémi s\ A=y B— 3 A—T— -
4¥ BS D, +2ie (Z‘,mn)(w\l/a U P, D,AY+185 S

—6i Edgémﬁ(zmﬁ)@g\l’a&_‘PI;B_Q%" +18i (2@5)&3@&&—%3— S

£++(, (5.3)

where (D)2 := Dé‘_Dg, ST = Sijui_uj_, O = (baijui_uj_ and \I/aﬁ_ = \I/&Biui_.

The remainder of this section is devoted to the derivation of (p.3). Conceptually, our
approach below is quite simple. We start by computing the variation of Sy (p.J]) under an
infinitesimal projective transformation (B.2§), and then iteratively add new terms to the
action in order to cancel out all non-zero contributions to the variation, insuring projective
invariance in the end. Technically, the calculation turns out to be quite long.

In the following, we will use the condensed notation:

dp™™ = LM = _LM dt, (5.4)
27 (utu=)4 27 (utu=—)*
where we have denoted f := df (t)/dt, for a function f(t). Here ¢ is the time parameter
along the closed integration contour v = {u; (t)} in the isotwistor space which occurs
in (6.1)). In the integrand of (b.1]), the isotwistor u; is chosen to be constant (i.e. time-
independent) and subject to the condition that u™(¢) and u~ form a linearly independent
basis at each point of the contour v, that is (utu™) # 0.

Concerning the projective transformations (B.26), it is obvious that Sy (B.1)) is invariant
under arbitrary scale transformations u; (t) — c(t)u; (t), with c(t) # 0. The iterative
contributions to S should be chosen to automatically respect this invariance. It is thus
only necessary to analyse projective transformations of u~ of the form

u;p — a4, = a(t)u; +b(t)u(t), a(t) #0 . (5.5)
Since both u~ and @~ should be time independent, the coefficients should obey the
equations:
. (W) : (W um)
=} h=— . 5.6
“ (utu=)’ (utu~) (56)
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As is obvious, the functional Sy (b.1) is invariant under arbitrary scale transformations

u;, —a(t)u;,

with a # 0. The other contributions to S, which we are going to determine,

should be chosen to automatically respect this invariance. Therefore, it only remains to

analyse infinitesimal transformations of the form du; = b(t)u;, with b(t) obeying the

differential equation (f.g). This transformation induces the following variation of Sp:

55y = 7{ dpt / Bre [5(19—)4} £++‘

a,@yé
— jq{d;ﬁﬂ;/d%e 3D D, 25 DS—}+2DC;{D;,D;}DS—

“Ap—p— | p++
+{Dd,DﬁA}D&DS]£ ‘

First of all, this variation has to be transformed.

Using the completeness relation

(utu™) 5; = u”uj_ - u_iu;-F ,

the (anti-)commutation relations (R.4), (R.124) and (R.12H) can be seen to imply

[kt DF] = )i — D |

Gy L

{Dg,DﬁT} = 2i(utu” Dys +R+ M T +R+ VéM 5+ 2i(utu)e €ap?
1
N £yt +o+p- +lp +p7
Pap D51 = ey Tass " D5 — (u+u‘)T0‘57 Dy +Rapsy “iptRapy 7 Mpr

Here we have introduced the following definitions:

Rz—ﬁjﬁé — Rf&%;ﬂsu;’_u;, R+6kl leklu-l-u] ’
6t . o kbl £+ +p7 kp7, £ +ip . kip, +
Ta;y = To 5 “upup Ra,y = Ra 5" uy Raﬁ/ = R 5 Puy

(5.7)

(5.9a)

(5.9b)

. (5.9¢)

(5.10)

where the torsion and curvature tensors are given explicitly in section f. In what follows,

we often change the basis in the space of iso-tensors by the rule: A — A* := AlufE

Let us return to the variation (5.7). We evaluate the anticommutators on the right
of (b.7) with the aid of (5.9H). After that, all vector covariant derivative should be moved
to the left by making use of (5.9d), and all SU(2)-generators should be moved to the right
using (5.94)). If such transformations produce a spinor covariant derivative D;, it should
be pushed to the right until it hits £, and the latter vanishes due to the analyticity of
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the Lagrangian, DI £+ = 0. We end up with

aﬁ )
0Sy = — %du++b/d5xe
4

st — —— N & ap ;
+2ARY S "D sH+16IT 55 7 DDy~ (utu )R "3 s

_+ J— J—
a3 D }—1—101Ra67 D —10i(utu )Raﬁ,yéTD

2
— p+H\p— —pt — +-— +- 7
+61(D; Ty, = 74)D; _(u+u_)(D@RM )D; +2(D R 1)D;

12i(utu ")Ds3D; D +20(u™ )Taﬁ;p D

—4Rf < TD(SD

—16i(uTu" )R, 5

557 le —|—3(D DT R—I— —kl)

66

+ — kly—7y— — t — klyy—
+<6RdB Dy D; +8(D; R} 5 *)D;

—6i(uTu)(Dy Ry s M) = 10T, 5 5 P~ RE S M 420, 5 5 P RS M

1
R+—"R+—“ RE S 4PRy M ) | L1 5.11

Let us analyze the contributions to the right-hand side of (b.11]), which are proportional
to the SU(2)-generators Jy;. It is important to note that all the coefficients in front of Jy;

are homogeneous functions of degree 1 in the variables u+

, and of degree 3 in u; . This
follows from the fact that such terms come from the variation §(D~)* which results in
replacing one of the four isotwistors (u~)’s by (bu™). Another piece of useful information

is the fact that the lagrangian £* is a projective superfield of weight 2, and hence

1 __
Tl = _W< G D = 2uf ) £ (5.12a)
d .t (@ u) @)
— =2——= ——=D 12
dtﬁ (u+u—)£ (utu~) £, (5.12b)
Ut T L = +d£++ 2(7l+u_) e s 2( +U+) w-LH (512
(@ uT) D 77 = w4 (o) S £ 2y ey £ (5:120)

The latter result leads to

+ + +, -

(W ut) T T z) it (W ut) o iy (W uT) utrt

5 bJul b———-5L 467 L bi L

e LR T L v T R e T R
(5.13)

This implies that, given an operator O ) = OW) which is an homogenous function of

degree 1 in u; (

+— butu’
jq{ dptT o OWD gLt = jq{ d;ﬁ+{%ﬁ++ + “’fi“l) (D“O(kl))£++} . (5.14)

as in our case), the following equation holds

(utu™) (utu~

Now, it remains to make use of the explicit expressions for the torsion and curvature

tensors, see eqs. (R.124)), (R.12d), as well as to notice the relations

(utu™) 5

D5t = —— (33; +NC;> . DR — Eﬁ_’ DN, = gNB—, (5.15)
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After some computations, one obtains

. + —_— 4 2 .
55y = jé dutb / dPre [%Da%pﬁt + %s+—(1>—)2

— 5i(uTu")FOD, — 22577 ST ] c++( : (5.16)

An important remark is in order. The original variation §.Sy contained numerous con-
tributions proportional to (uu™)A d‘Dd_. All such terms have cancelled out. Although
at first sight such non-trivial cancellations may appear miraculous, there is a simple ex-
planation for that. The point is that such contributions to the projective variation of S
are impossible to cancel by means of adding some “counterterms” to the action. Complete
cancellation is the only option compatible with projective invariance.

To cancel out the second and fourth terms in (p.I6), we add to Sy the following
functional:

Sy = j{du++/d5xe [— %5"(1)—)2 + 185"5"]£++ , (5.17)

Evaluating the projective variation of Sy + S7 gives
oy )
5(50 +Sl) - jq{d,ﬁw/d%e [%Daﬁpgpg - 5i(u+u_).7:a_D&_]£++‘ . (5.18)

To simplify the last variation, we have to start using the relations that hold in WZ
gauge of section fl. In particular, making use of (1) gives

. + —_ o~ . s
5(50 + 51) = %d/ﬁﬂ)/df’xe [an%pﬁt + iwﬁ’y—[pg,p;pg]
A gaBit = L iaB——pt p=1y L aaBr— == _ri(y ) Fa—p—| pH+
TUSIEDID DT+ 6" DL, D) 4598 DD —Si(utu)F Ddlﬁ (.(5.19)

Here, the operators proportional to the connection ¢ can be seen to cancel out by adding
the functional

Sy = fdﬂ++/d5xe [ - i¢&3“Dng £++‘ . (5.20)

Futhermore, in order to cancel out the first term in the second line of (5.19), it is necessary
to add one more “counterterm”:

Sy = jéd,quJr/dE’:Ee

Now, the projective variation of Sy + S7 + So + S3 is

i\yam—pﬁpgpﬁt £++( . (5.21)

Cutu=) s
5(50 + 51 + S +53> — }[dlﬁw/d%e [%va%pg

i@B;Y_"‘——id@‘Y-A—-j—j_-—i-—d—A— ++‘
+2\I’ [D’?’deﬁ]—’_zl\ll D,Y{'Da,'Dﬁ} Si(uTu")F D, L . (5.22)
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To simplify the variation obtained, we compute the (anti)commutators in (p.29). In
this way, we will produce terms with vector covariant derivatives, D;, and also terms with
the Lorentz and SU(2)-generators. Then we should systematically move all the covariant
derivatives Dy to the left, with the aid of the algebra of covariant derivatives, and finally
make use of the WZ gauge relation ([L.1). Similarly, we should systematically move all the
generators to the right using (5.14) and M 3£++ = 0. As a result, eq. (p.23) turns into

e N
5(50+51 + +53) - }'{ dpt b / dBre [ %(rmévpg@g—

—4utu)(Z?) 7V \IJA}B_DT +4@tuT) (D) ﬂ(v[&%ﬁ—)pg — 12(2:@1))%@;—\1/5}?—1)5

—4(2) PG DD a(59) 0w, w0 {Dg,DT}—Z(E&E)@B\I'&'AY_\IJBM{DS_,DBT}

578
+\Pdm_<2(uzu )R+ +=p- +( — )R+ +D +( i )R__++D_
+74(u+'u )R“++D + Rj;BPD +T; —5+D——%Taﬁ;5+p—
e AR ) — g Pa Ry )+ s (0 R )
+W(D5R55++) AR, 54" +2Raﬁ;+—)

—5i(utuT)FOD £++( . (5.23)

In the variation obtained, the first three terms can be simplified by using some relations
that hold in the WZ gauge. In particular, the first two terms in (5.23) are of the form
VU, for some U?, and can be simplified by using the rule for integration by parts (7).
Furthermore, the third term in (5.23) can be transformed to the form:

A7 5 51 4 1 A7 5 1 r
abyéa AT = D rra— ab\a o —— . A+ ab\é — F—
(E ) ’Y(V[G\Ilb} ) - 4f (u+u_)(2 ) “/¢[a \I,b} + (u+u_)(2 ) ’Y(b[a \IJ]
1 cabva - éq 4— 1 abva . B+ — A—
+§(E )45 T Ve — (u+u—)(2 )5V Tb}g
1 ab\a_ gy B +A—
+(u+u_)(2 ) ’?ql[a T] 5 (524)

as a consequence of the identity ([.5H). Here the space-time torsion is given by eq. ({.54)
which can be equivalently rewritten as follows:

P 4, N
T, = (u+u_)(r )es P Ty (5.25)

— 923 —



Further calculations lead to

5(50+51+52+53) -

= jq{d;ﬁﬂ; /d%e [2(2:&b)3‘f\1f[&ﬁ+%5—1>[;1>5—] + Q(E&b)gw[&ﬁ—\ya5+p[;pg—]

aby Ay B 6- - aby A B 4 1 T
+4(B7) 107 (DS Dy Y - 2(2%) 10 T (D, D)
HAUATESTIDL 48U ISTIDL — A(5T) 0T Uy DL — 8(57) 0T D

F161(3)  5(0%). 5017~ WP 00 DI = 8i(D%) (10, 5017 03, 0,0 P

+O(u ) (M)W, E T — 18(u ) ()10 Fy c++( . (5.26)

Note that the term —5i(utu™)F~ Dy in (B.23), which cannot be consistently produced
by the variation of any Lagrangian, has cancelled out at this point.

The terms in the fourth line of (5.26) can be seen to cancel out by adding to the action
the following functional:

Sy = 7{ dptt / d°ze [4@&5)&@[&——%&—% — 4\11&555——19;

£++‘ . (5.27)

In addition, in order to cancel out the two terms quadratic in spinor derivatives D~ in the
second line of (f.26), one has to add to S one more “counterterm”

?{du++/d5$€ [_ Eab) &l’dé_wég_DF}Di £++‘ . (5.28)

At this point, we can simplify 5(50 451455453 —|—S4+S5> by computing the remaining
anticommutators and then using the same strategy as before, that is: (i) systematically
move all the covariant derivatives D, to the left , using the algebra of covariant derivatives,
and then we apply the relation ([.1); (ii) systematically move to the right all the generators
using (B.14) and M, 3£++ = 0. Such calculations give

5<So+51+52+53+54+55) =

:%d/ﬁer /d5aze

+6i(u+u_)gaéémﬁ(2 ni)a AVA\I,[A(d—\I,A}[i)— 4 12i(u+u‘)séééThﬁ(Zmﬁ)&B\IJ&d‘(V[B\I'é]ﬁ_)

&é\P[ G \If ﬁ ¢c —6i€dbémﬁ(2mﬁ)&a\l’[d(&_\l’g]
+16i(5%)  5(0%). 5017~ é]5+\1f5 TDPT = 8i(8), 5(1%) 501,70y, TS D

— 24i(u+u_)(Edl;)aa\lf[&(d_\llg]ﬁ)_ (Fﬁﬂ + Nﬁﬁ + 5VS+ )

(u+u ) 8

24ieabernn (5 -y Dy

+9(utu ) (D) g,5- =

Dpas — BT uT )00 Fy

£++‘ . (5.29)
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Here the third line can be simplified by using the integration by parts (f.7) and the equation

I N P N L g4
Vialy'™ = 7D Fy+ (u+u_)(r o5 W e (um_)% w;
1 1 . 1 . )
- __ 1 g by I Sy s
e )qﬁ[a it (u+u_)\11[a Ty 57 e +u_)\II[“ T, 577, (5.30)

which follows from (f.5H).

After some computations, the variation becomes

5(So+51+52+53+54+55) =

:}{d,u++b /d%e

F1218bem (5

= 361(3%) 5 (W2t ST 4 WSt s )

aﬁ(‘l’ T \I"”%‘_)
+24€dbémﬁ(2mn)a6(rd) <\IJA6¢—\I,85—\IJ[CZ;Y—\IJ6}6+_1_\1,&61—\1,8’?—\1/&5—\1,66-%)

i (Sa) 15 W Wy DU DT+ 16K(57) 5 (1) 5010 0D

- ryhab é -
—8i(5%)45(T)5 1" \II]+\II -ph-

£++‘ . (5.31)

To cancel out the expressions in the second and third lines of (p.31)), we have to add to the
action the following functional:

Se = %d/ﬁ*’/d%@

R (181(2@3)é35—— - GiE&EéMﬁ(Emﬁ)dB@__) £++( .

(5.32)
Now, let us turn our attention to the three gravitini in (5.3]). For their analysis, we
need two auxiliary resuts. First, for any tensor A ;. = —A;,., it holds
by 4 = Sewaby gy Liwaby g 5.33
( )éﬁ ach — _5( )éﬁ [abé}+§( )dﬁ abe (5.33)
Given an antisymmetric tensor, Ade — —Aécz, it holds
%Bédé(I‘&)dB(Ebc) Ade = 4€aﬁA~/5 46&.914’35 — 4€6¢(§A -+ 465“{Aa5 + 4655145@ . (534)

With the aid of these identities, the contributions proportional to three gravitini in (5.31)
can be seen to be equivalent to

—2i ]4 dpt b / A e ™M (5) 5 (a0 T + 2000 W) DT
(5.35)
These terms identically are cancelled out against the projective variation of the functional

S7 = 21%d,u**/d5:13e5d5@mﬁ(2mﬁ)&5¢'d&_W5é_\I'@*/_D; £++‘ . (5.36)
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Finally, it can be seen that the terms with four gravitini in (5.31) cancel each other.
As a result, we obtain

5<So+51+Sz+53+54+55+56+57):0. (5.37)

The action (f.J) has been proved to be projective invariant. There is no need to demon-
strate its invariance under the local supersymmetry transformations, since (.9) is simply
the component form of the locally supersymmetric action (B.13) in the WZ gauge.

Various supergravity-matter systems correspond to different choices for £77. Explicit
examples of such dynamical systems are given in [fl].
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A. 5D conventions

Our 5D notations and conventions correspond to [R]. The Minkowski metric is given by
nma = diag{—1,1,1,1,1} (m,n = 0,1,2,3,5). The 5D gamma-matrices I';;, = ('), T'5),
with m = 0, 1, 2, 3, are defined by

{Ty, Ta} = =205 1, (Tt =Ty To (A1)

are chosen in accordance with

5 0 (om)ys 5 [ —id” 0
(Tm)a” = (wm)dﬁ 0 ﬁ), (m)ﬁ-( 0 15%), (A.2)

such that I'oI’1T'5'3T's = 1. The charge conjugation matrix, C' = (6‘5‘3), and its inverse,
cl=cCt= (6&3) are defined by

5 af 0
C’Fm C_l = (Fm)T, 606 = (EO 0 ) s EdB = (606 ) . (A3)

—€43 0 —6‘5‘6

The antisymmetric matrices 88 and €ap ATE used to raise and lower the four-component
spinor indices.
A Dirac spinor, ¥ = (¥4), and its Dirac conjugate, ¥ = (%) = U1 T, look like

Vs = <Z—;Z> U= (0%, ) (A.4)

One can now combine U = (¢, 14) and U% = E@B\I/B = (¥, —¢s) into a SU(2) doublet,

\II? = (\Ilzaa _\I/éci)7 (\I/za)* = @di7 1= 1727

(A.5)
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with U§ = ¢ and U§ = ¢*. It is understood that the SU(2) indices are raised and lowered
by ¥ and Eij el2 = €91 = 1, in the standard fashion: P = gl \I/? The Dirac spinor
U = (P) satisfies the pseudo-Majorana condition U, T = C¥;. This will be concisely
represented as
(V5)" =wg . (A.6)
With the definition X, = —Zpm = —%[Fm,Fﬁ], the matrices {1,Ty, Xna} form a
basis in the space of 4 x 4 matrices. The matrices €4p and (Fm)dé are antisymmetric,
g8 (Fm)@g = 0, while the matrices (35 ),5 are symmetric. Note that any 4 x 4 matrix

B = (Bdé) can be represented in the form:

) 1 ..

1 R 1 . . L
B = ZtrB, B™ = —Ztr(l“m B) , B™ = —tr(Zm” B) . (A.7)
Given a 5-vector V™ and an antisymmetric tensor F™" = —F"" e can equivalently

represent them as the bi-spinors V = V™I, and F = %F My, - with the following
symmetry properties

V.,=-V,

& B

eV 5=0, Fop=Fss -

» (A.8)

The two equivalent descriptions Vj; < VdB and Fyp < FézB are explicitly described as

follows:
X 1 L
Vig =V" Ci)ap Vin=—7 (T)* Vs,
1 .. .
Fop = 58" Sii)agp Fyi = (Zun) ™ Flap - (A.9)
More generally, it holds
(Fm)&B(F")&gFmA = 2<€6‘:YFBS + €B(§F&:Y — gégFB'AY — gﬁA;YF@S) . (AlO)
These results follow from the identities
€apié = €apCsb +€ay €53 + €45 €355
(Fm)&ﬁ (Pm):yg = 6&56&5—26@»7633—1-26&563&, (A.ll)
which imply
1, . 1
Edﬁfygz §(Fm)df3 (Fm);yg—l-i&“dﬁ&}yg, (A12)

with e, 98 the completely antisymmetric fourth-rank tensor. Complex conjugation gives
(e45)" = —€¥, (Vo) =V, (F)t=F, (A.13)

ap &

provided V™ and F'™" are real.
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We often make use of the completely antisymmetric tensor €,;,;, that is normalized as

01235 = —€"123% = 1 and possesses the property
abedri — @ cb ce sd] _ ach ce sd _ i <b ¢ od
gMbtdig e = _245[&“,58,55,% = —240407,0505, = —240(,67,050 g (A4

It is useful to tabulate the products of several gamma-matrices (JA.2). Making use

of (A7) gives

rart — _paby _ oyab, (A.15a)
rarbré — (_n&bnéd 4 plighd _ nbén&d) T+ abéede S, (A.15b)

rarérérd — (nai)néd o naéniyd + nadni)é)l . gai)édé T + 217&13 yéd
_opaesibd  opbeyad | g deyab _ gpdbyac 4 opdagbe (A.15¢)

parbrépdre — gabedeq | Fd(ni’éndé _ ni)cinaé + nécini)é)
A Tb(—gfdps y pepda _ pdegcay | pé(pdepab  dag b ea,dby
4 Dd(—pfagbe  yebpac _ pabpeey | pépabped  capbd | bepady
by & aboedemiy .y pcacbdemiy o be ademi g

_pdagheerni s, _ plegaberni sy (A.15d)

i+ ndbgacemn Emﬁ

In conclusion, we give a useful relation often used in the paper. It is

C deé
Sabede (T )ap(E)55 = 2645(8ap)55 + 2690 (Bap) g5 + 2656 (Bap) g
—26,5(5a)as — 2655(Zap)ar - (A.16)

References

[1] S.M. Kuzenko and G. Tartaglino-Mazzucchelli, Five-dimensional superfield supergravity,
bBrXiv:0710.344(

[2] S.M. Kuzenko and G. Tartaglino-Mazzucchelli, Five-dimensional N =1 AdS superspace:
geometry, off-shell multiplets and dynamics, [Nucl. Phys. B 785 (2007) 34
[erXiv:0704.1184].

[3] A. Karlhede, U. Lindstrom and M. Rocek, Self-interacting tensor multiplets in N = 2
superspace, |[Phys. Lett. B 147 (1984) 297.

[4] U. Lindstrom and M. Roc¢ek, New hyperkdhler metrics and new supermultiplets,
[ Math. Phys. 115 (1988) 21; N = 2 super Yang-Mills theory in projective superspace,
|Commun. Math. Phys. 128 (1990) 191l.

[5] N.J. Hitchin, A. Karlhede, U. Lindstrém and M. Rocek, Hyperkdhler metrics and
supersymmetry, |Commun. Math. Phys. 108 (1987) 533.

[6] E. Cremmer, Supergravities in 5 dimensions, in S.W. Hawking and M. Roéek, Supergravity
and superspace, Cambridge University Press, Cambridge U.K. (1981).

[7] M. Giinaydin, G. Sierra and P.K. Townsend, The geometry of N = 2 Mazwell-FEinstein
supergravity and Jordan algebras, [Nucl. Phys. B 242 (1984) 244 Gauging the D =5
Mazwell-Einstein supergravity theories: more on Jordan algebras, [Nucl. Phys. B 253 (1985)

T

— 928 —


http://arxiv.org/abs/0710.3440
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB785%2C34
http://arxiv.org/abs/0704.1185
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB147%2C297
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=CMPHA%2C115%2C21
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=CMPHA%2C115%2C21
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=CMPHA%2C128%2C191
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=CMPHA%2C108%2C535
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB242%2C244
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB253%2C573
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB253%2C573

[8] M. Giinaydin and M. Zagermann, The gauging of five-dimensional, N = 2 Maxwell-Einstein
supergravity theories coupled to tensor multiplets, [Nucl. Phys. B 572 (2000) 131
lhep-th/9912027].

[9] A. Ceresole and G. Dall’Agata, General matter coupled N =2, D =5 gauged supergravity,
[Nucl. Phys. B 585 (2000) 143 [hep-th/0004111].

. Zucker, Minimal off-shell supergravity in five dimensions, [Nucl. Phys.
10] M. Zucker, Minimal off-shell ity in five di ' [Nucl. Phys. B 570 (2000) 2617
lhep-th/9907082); Gauged N = 2 off-shell supergravity in five dimensions, JHEP 08 (2000 )|

014 [hep-th/9909144]; Off-shell supergravity in five-dimensions and supersymmetric brane

world scenarios, [Fortschr. Phys. 51 (2003) 899

[11] T. Kugo and K. Ohashi, Off-shell D =5 supergravity coupled to matter- Yang-Mills system,
[Prog. Theor. Phys. 105 (2001) 323 [hep-ph/0010288]:
T. Fujita and K. Ohashi, Superconformal tensor calculus in five dimensions,

Phys. 106 (2001) 221 [hep-th/010413(].

[12] E. Bergshoeff et al., Superconformal N =2, D =5 matter with and without actions,

‘ 10 (2002) 04§ bep—th/0205239]; N =2 supergravity in five dimensions revisited, |Class. and

‘ Quant. Grav. 21 (2004) 3017 [Erratum ibid. 23 (2006) 7149] [hep-th/040304§].

[13] F. Gonzalez-Rey, U. Lindstréom M. Rocek, R. von Unge and S. Wiles, Feynman rules in
N = 2 projective superspace. I: massless hypermultiplets, [Nucl. Phys. B 516 (1998) 424
[hep-th/9710250].

[14] A.S. Galperin, E.A. Ivanov, S.N. Kalitsyn, V. Ogievetsky and E. Sokatchev, Unconstrained
N = 2 matter, Yang-Mills and supergravity theories in harmonic superspace,

Quant. Grav. 1 (1984) 469.

[15] A.S. Galperin, E.A. Tvanov, V.I. Ogievetsky and E.S. Sokatchev, Harmonic superspace,
[Cambridge University Presd, Cambridge U.K. (2001).

[16] A.S. Galperin, N.A. Ky and E. Sokatchev, N = 2 supergravity in superspace: solution to the
constraints, [Class. and Quant. Grav. 4 (1987) 1235;
A.S. Galperin, E.A. Ivanov, V.I. Ogievetsky and E. Sokatchev, N = 2 supergravity in
superspace: different versions and matter couplings, |Class. and Quant. Grav. 4 (1987) 1253.

[17] E. Sokatchev, Off-shell siz-dimensional supergravity in harmonic superspace,

Quant. Grav. 5 (1988) 1459,

[18] J. Wess and B. Zumino, Superspace formulation of supergravity, |Phys. Lett. B 66 (1977) 361);
R. Grimm, J. Wess and B. Zumino, Consistency checks on the superspace formulation of

supergravity, [Phys. Lett. B 73 (1978) 415, Superfield Lagrangian for supergravity,

B 74 (1978) 51.

[19] M. Arai, S.M. Kuzenko and U. Lindstrom, Hyperkdhler o-models on cotangent bundles of
hermitian symmetric spaces using projective superspace, JHEP 02 (2007) 10q
lhep-th/0612174)); Polar supermultiplets, hermitian symmetric spaces and hyperkdhler
metrics, JHEP 12 (2007) 00§ [prXiv:0709.2633].

P.S. Howe, Off-shell N =2 and N = 4 supergravity in five-dimensions, CERN-TH-3181l.
P.S. Howe and U. Lindstrom, The supercurrent in five dimensions, |Phys. Lett. B 103 (1981)

20
21

]
]

1

[22] J. Wess and J. Bagger, Supersymmetry and supergravity, [Princeton University Presd,
Princeton U.S.A. (1992).

— 929 —


http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB572%2C131
http://arxiv.org/abs/hep-th/9912027
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB585%2C143
http://arxiv.org/abs/hep-th/0004111
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB570%2C267
http://arxiv.org/abs/hep-th/9907082
http://jhep.sissa.it/stdsearch?paper=08%282000%29016
http://jhep.sissa.it/stdsearch?paper=08%282000%29016
http://arxiv.org/abs/hep-th/9909144
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=FPYKA%2C51%2C899
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PTPKA%2C105%2C323
http://arxiv.org/abs/hep-ph/0010288
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PTPKA%2C106%2C221
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PTPKA%2C106%2C221
http://arxiv.org/abs/hep-th/0104130
http://jhep.sissa.it/stdsearch?paper=10%282002%29045
http://jhep.sissa.it/stdsearch?paper=10%282002%29045
http://arxiv.org/abs/hep-th/0205230
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=CQGRD%2C21%2C3015
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=CQGRD%2C21%2C3015
http://arxiv.org/abs/hep-th/0403045
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB516%2C426
http://arxiv.org/abs/hep-th/9710250
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=CQGRD%2C1%2C469
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=CQGRD%2C1%2C469
http://www.slac.stanford.edu/spires/find/hep/www?irn=4871731
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=CQGRD%2C4%2C1235
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=CQGRD%2C4%2C1255
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=CQGRD%2C5%2C1459
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=CQGRD%2C5%2C1459
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB66%2C361
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB73%2C415
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB74%2C51
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB74%2C51
http://jhep.sissa.it/stdsearch?paper=02%282007%29100
http://arxiv.org/abs/hep-th/0612174
http://jhep.sissa.it/stdsearch?paper=12%282007%29008
http://arxiv.org/abs/0709.2633
http://www-spires.slac.stanford.edu/spires/find/hep/www?r= CERN-TH-3181
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB103%2C422
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB103%2C422
http://www.slac.stanford.edu/spires/find/hep/www?irn=5426545

[23]

[24]

S.J. Gates, Jr., M.T. Grisaru, M. Rocek and W. Siegel, Superspace, or one thousand and one
lessons in supersymmetry, |[Front. Phys. 58 (1983) 1| [hep-th/010820(].

I.L. Buchbinder and S.M. Kuzenko, Ideas and methods of supersymmetry and supergravity, or
a walk through superspace, IOP, Bristol (1998).

N. Dragon, Torsion and curvature in extended supergravity, Z. Physik C 2 (1979) 29.

S.M. Kuzenko and W.D. Linch III, On five-dimensional superspaces, JHEP 02 (2006) 03§
lhep-th/050717§].

J. Grundberg and U. Lindstrom, Actions for linear multiplets in siz dimensions,

Quant. Grav. 2 (1985) L33

[33]

S.J. Gates, Jr., S. Penati and G. Tartaglino-Mazzucchelli, 6D supersymmetry, projective
superspace and 4D, N = 1 superfields, JHEP 05 (2006) 051| [hep-th/0508187]; 6.D
supersymmetric nonlinear o-models in 4D, N =1 superspace, JHEP 09 (2006) 00
[hep-th/0604042).

S.M. Kuzenko, On compactified harmonic/projective superspace, 5D superconformal theories
and all that, |[Nucl. Phys. B 745 (2006) 17 [hep-th/0601177).

S.M. Kuzenko, On superconformal projective hypermultiplets, JHEP 12 (2007) 010
lerXiv:0710.1479].

M.F. Sohnius, Supersymmetry and central charges, [Nucl. Phys. B 138 (1978) 109,

B. Zumino, Supergravity and superspace, in M. Lévy and S. Deser, Recent developments in
gravitation, (1978), Plenum Press, New York, (1979).

W. Siegel, Solution to constraints in Wess-Zumino supergravity formalism,

142 (1978) 301;

[34]

W. Siegel and S.J. Gates, Jr., Superfield supergravity, [Nucl. Phys. B 147 (1979) 71.

W. Siegel, Chiral actions for N = 2 supersymmetric tensor multiplets, |Phys. Lett. B 153

(1985) 51.

[35]

[36]

J. Wess and B. Zumino, The component formalism follows from the superspace formulation of
supergravity, [Phys. Lett. B 79 (1978) 394

M. Roéek and U. Lindstrom, Components of superspace, |Phys. Lett. B 79 (1978) 217; More
components of superspace, |Phys. Lett. B 83 (1979) 179,
U. Lindstréom, A. Karlhede and M. Roc¢ek, The component gauges in supergravity,

B 191 (1981) 549

— 30 —


http://www-spires.slac.stanford.edu/spires/find/hep/www?j=FRPHA%2C58%2C1
http://arxiv.org/abs/hep-th/0108200
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=ZEPYA%2CC2%2C29
http://jhep.sissa.it/stdsearch?paper=02%282006%29038
http://arxiv.org/abs/hep-th/0507176
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=CQGRD%2C2%2CL33
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=CQGRD%2C2%2CL33
http://jhep.sissa.it/stdsearch?paper=05%282006%29051
http://arxiv.org/abs/hep-th/0508187
http://jhep.sissa.it/stdsearch?paper=09%282006%29006
http://arxiv.org/abs/hep-th/0604042
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB745%2C176
http://arxiv.org/abs/hep-th/0601177
http://jhep.sissa.it/stdsearch?paper=12%282007%29010
http://arxiv.org/abs/0710.1479
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB138%2C109
http://www.slac.stanford.edu/spires/find/hep/www?irn=785288
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB142%2C301
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB142%2C301
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB147%2C77
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB153%2C51
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB153%2C51
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB79%2C394
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB79%2C217
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB83%2C179
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB191%2C549
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB191%2C549

