754

TABLE III.4.I continued

)

Supersymmetry Transformation Laws

a_ .- 2
6 V=1 EAY Uy
= - . b a
6EwA—95A+e€MAAeB+1£ABFabV Y g
i
+ =
3 CaB Fea Y5 Ya &2 Yy Cabed
S A= lep iy
ab _ - - ab —ab c -
65 w =28 &A Y GAic €y Vit 2, Fab by €y
. _abed -
tle e Pty s gy
b (1)
1f @ = @ they are a symmetry (& closed algebra) of the
Ale 4le , (D
inner field equations; if eAfc = 8 Z?C they are an invariance

{on~shell closed, off-shell open algebra) of the action.
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CHAPTER III.5

wran

THE D=5, N=2 SUPERGRAVITY THEORY

TII.5.}1 - Introduction

In this chapter we discuss the simplest example of a supergravity

theory in mere than four dimensions, namely the D=5, N=2 supergravity
model.

Using the results of Chapter II.7 on the spinor properties in
every dimension we easily conclude that D=3, N=l supergravity does mot
exist. Indeed on a 5-dimensional spinor we cannot impose the Majorana
nor the Weyl condition so that it is intrinsically complex. Using an
0(2) notation we can say that we have actually 2 gtavitine 1-forms $A

1zbeiled by an 0(2) index A=1,2, the same potacion we used for the
D=4, N=2 case.

As it will be evident from the explicit constructiom, this theory

fits pretty well into the general scheme of building rules for super—

gravity theories given in Chapter IIL.3. It is, however, the first and

last case where a D>4 theory can be interpreted as a theory of 1-forms

associated to a given {super)-Lie algebra. From D=6 to D=11 it will
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prove necessary to enlarge the concept of (super}~Lie algebra to a

move general structure called free differential {super)-Algebra,
aliowing the Formulation of the D >S5 supergravity theories in the same
geometrical setting used for the D=4 and D=5 cases. This will be in
fact the topic of the next chapter; for the moment we stick to D=5 and
to super-lie algebras. From a putely aesthetic point of view the D=5
theory is a beautiful theory since it satisfies the "strong" geometri-
city requirement even if it contains a spin 1 field in the supergravity
multiplet. We have seen in the N=2, D=4 case that the presence of a
spin | field generally forces the introduction of mew fields which are
O-forms. They are needed for the construction of the spin 1 kinetic
terms, thus avoiding the use of the Hodge duality operator. There are
however a few exceptions to this state of affairs and the D=5 theory is
ene of them. The existence in this theory of 2 non zero torsion allows
a dynamical reconstruction of the spin | kinetic term in the second
order formulation, without using the O-forms in the first order formula~

tion. The theory is therefors strongly geometrical.

To understand how this can happen we recall the mechanism by which
the kinetic term of the spin 2 vielbein field is reconstructed in pure
D=4 gravity end supergravity from the torsion equation Ramnm 0; one
eliminates the spin comnection m;b in terms of the vielbein field (and

of the gravitine fieid in supergravity):

ab ab
w = . (I11.5.1)
g u(v,w)
Then ,in second order ome finds that the Einstein term, which does not
contain the Hodge * operator, generates the vielbein kinetic term on
space time:
Rab(w(V 1y v© Vd £ + Vula v + more terms .
i - " abed afu
(1131.5.2)

Let us now assume that in our D=5 theory there exists 2 3-index anti-

symmetric field Fobe such that the torsion equation is modified as

follows:
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a ma
R be = const x Fmbc no . {I¥1.5.3)

In D=5 supergravity Eabc can be actually identified with the dual of

Fab’ ?abcw eabcpq
curvature R® of the spin | gauge field B.

PPy where Fab are the inner componeats of the

Solving (I11.5.3) for mab one finds that wab depends also on
ab’

ab _ ab a
n y w - v u? !{!u, Fabc) . (I11.5.4)
1t is then not surprising that after substitution of (IXI.5.4)
into the terms containing the curvature Rab, present in the D=5
Lagrangian, one can generate the kinetic tevm for F, namely F.*F.
In the sequel we will describe exactly how this happens ir the D=3

theory.

We conclude this section by explicitly writing down the correct
generalization of the 4~D gravitational term whem D>4; all the
higher dimensional theories in fact must contain this term. The correct
generalization of D~dimensional gravity in Einstein-Cartan first order

formalism is the following:

c ¢
gfnlav) = gonst % Rab LV | PP b2 € e .
g 17 Cpur

(T2I.5.5)

where Rab is the Lorentz curvature of the soft S0{1,D-1) group, v©

is the D-dimensional vielbein, and ¢ is the D-dimengional

abe,...C

. PP -2
completely antisymmetric Ricel temsor. D

The proof is quite simple: expanding Rab in the vielbein basis

one finds:
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mne, ., .
b 1
= RB n ¢ -2 Eabc . det V dDK -
17" p-2

D+

=™ 21201 W™ det v dx . (111.5.6)

vhich proves our assertiom.

I11.5.2 - Identification of the supergroup and construction

of its curvatures

In order to construct D=5 supergravity we ought to find the proper
supergroup G on which it is based. In Chapter I1.2 {(Sect. I1.2.2)
we have anticipated that 5-dimensional supergravity is based on the
SU(2,2IN) superalgebra, or, since we are going to discuss the minimal

case N=1, on the S¥(2,2|1) algebra. Let us recall the argument,

G must of course contain the Poincaré ISO(!,4) or the de Sitter
50(2,4) group in D=5. S8ince IS0(],4) may be considered as the Inonti~
Wigner contraction of 50(2,4) we shall treat first the supergroup
extension G in the S0(2,4) case; the supergroup extensicn in the

I150(1,4} case will thea be retrieved as a suitable contraction of G.

The local isomorphism

80(2,4) = 5U(2,2) (II1.5.7)
impiies that the minimal grading of S0{2,4) is the group

¢ = su(2,2i1) (111.5.8)
which contains as a maximal bosenic subgroup

§0(2,4) & U(1) . (I11.5.9)
The grading is performed by adding to the 15+ ! bosonic generators

~

z (&, b=0,1, ..., 5 (111.5.10)
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the eight fermicmic gemerators corresponding to two complex anti-
i (*}
commuting charges
2
o ; -1 (IT1.5.1%)

[

in the four-dimensional representation of SU(Z,2). Here and in the

following the "hat" indices are S0(2,4) indices with metric

ngg = (1,m1,=1,m1,=0,40)

From a physical point of view we may guess what the structure of
¢ will be by examining the field content of the theory. Here we quote
a general formula, valid in every dimension D, yielding the number of
on-shell degrees of freedom for fields of spin rumning from twe to zerc,
including antisymmetric tensor fields in p-indices (these latter will

appear in D>5 supergravities):

Field Spin On~shell degrees of freedom
v 2 D{(D-3}/2
u
1 [n/2]
& 2 (D-3) + 2
L /2 5 (- )
-2
1 (%
HpeeeFp
1, [p/2]
¢ =2
X 1/2 5
[ 0 1 {I11.5.12)
d in the

with the proviso that an extra factor 2 is to be include

fermionic case w* xu) if the spinor representation of s0(1,D-1) is
u

) In D>4 the y-matrices are indicated with capital letters accord-

ing to the conventions established in pert two.

lama®

P N

TN T T T e ey

e

T e
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intrinsically complex and an extra factor 1/2 if the spinors cbey a

chirality congtraint {(Weyl spinor).

The justification of the preceding formula is easy if ome

remembers that:

i} only transverse components contribute to the on-shell degrees of

freedom: D-D-2.

i1} The dimension of the spinor represeantation in D dimensions is
2{9/2} and the Dirac equation reduces the degrees of freedom by

a factor 1/2. ([x] denotes the integer part of x).

iii} Ia the spin 2 case Lorentz gauge invariance reduces the degrses
. a :
of freedom to those of a symmetric tensor: [Vu} v [guv]. Taking
into sccount tramsversality (D+D-2) and subtracting the spin-

tess trace we get:

[v¢] = 20D DE3) (IIL.5.122)

it 2 2

iv) Ia the case of spin 3/2 we have, besides transversality, the gauge
condition Yuwz = 0 which eliminates the spin 1/2 part out of ¢:.
Hence the coordinate index 1y adds a factor [(D—2}—l] to the

spinorial degrees of freedom and we find

[ = 09 3 1272 (IT1.5.12b)
Using (I1I.5.12) we find that in D=5 the spin 2 graviton has 3, and

the spin 3/2 complex gravitino field has § {on-sghell) degrees of
freedom. The mismstch 8=5=3 between the fermionic and bosonic
degrees of freedom way be compensated by the presence of a spin | vector
field (Mawwell field). Thus we expect the minimal supergroup G to con~
tain, besides the nonpropagating Lorentz connection m:b, a fiinfbein
V:, a Maxwell field Bu and complex gravitino field Ez. This is
exactly the field content of the potentials in the Lie algebra of

su{2,2{1) (or in ome of its contractioms).
d

1ol
Indeed let

oA i oab —
”'”Tﬂ'zn Tyg * B Lo+ B0+ & (IIT.5.13}

be the G ES¥(2,2|i) Lie algebra valued soft |-form defined on the G

soft manifold; Qab

and B are 80(2,4) (anti de Sitter) aad U(!) real
bosonic I-forms aad £, E EE?FG, a fermionic i-form in the SU(2,2)

spinor representation.

In order to perform the coatraction giving the minimal grading of
I80(1,4) (i.e. the 5-dimensional Poincaré group), it is convenient to
gplit the anti de Sitter connection and generators according to their

50(1,4) Lorentz content:

- . as _ ,a

Ts &P, 3 [0 (1T%.5.14a)
. , ab _ ab

Tab E Jab H 8 Fuw (I11.5.14b)

vhere a,b=1(0,1,...,4), and b =(1,~1,-1,-1,-1).
Then (III.5.13) can be rewritten as follows:
_ i ab i = -
H= 5 w Jab + 5 v ?a + B Z@ + EQ + QF . (111.5.15)

To compute the curvatures (or, equivalently, the Maurer-Cartan equations)
related to u it is convenient to give an explicit matrix representation

of 1. We introduce a (4+1) % (4+1) super-matrix

4 1
L
Q= {-mm b - (II1.5.16)
[
¢, D/
!
Eqs. (11.2.58) and (I1.2.60) with
-T (T11.5.17a)

1 (III1.5.17b)
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where Fﬂ is the 4 x4 O-component of the Dirac T-matvices in 5 dimen-

sions. {For conventicns and properties of spimor algebra in D=5 see
Chapter I1.7). '

The SU(E,Ei]) (pseudo)connection 1 iz a I~form supermatrix

satisfying Eqs. (I1.2.58) and (I1.2.60). TIts most general structure
is the following

(111,5.18)

where Fa, rab are a complete set of Dirac matrices in D=5. From the
definition

s B0 o
RWRTA-duMi,u (I11.5.19)
we find
1. e 1 _ab | ]
R R NSRS ' o
R = (I11.5.20)
-5 ! 8®
where
ab _ , ab N b a b, 1z
R AT AL AR LS raby (II1.5.21a)
a_ mng LT a
R" = Gy -Eg LT (111.5.21H)
R*-am-1%
= i, L (I11.5.21¢)
i.a ;3
p=%e+=2y" reg-i=g,
2 R A 13 {111.5.214)

and where as usual

a
@V = AV - 2", Vb (111.5.22a)

783

ab

?r = di - L
PE=df T . Tt (111.5.22b)

are the Lorentz (80(1,4)) covariant derivatives.

For many purposes it is convenieat to use an $0{2) notation to

describe the complex gravitino field E: we set
E=y, *1iy, {111.5.23)

where ¥ and wz satisfy the pseudc-Majorana condition

0=t =, (111.5.26a)

0,5 T e@) = -y, (111.5.240)
Equations {I11.5.24} imply:

5=y v iy ' (111.5.252)

€ ==y -1y, 28, (11I.5.255)

(The last equation confirms the impossibility of imposing the Majorana
condition on &),
Introducing S0(2} indices (4,8%{1,2}) Egs. (I11.5.24) may be

rewritten as follows:

6" = oy ¥y (117.5.26)
which implies the following definition of the adicint of a pseudo-

Majorana spinor

- t (111.5.27)
L

Decompesing the S-dimensicnal spinors p amd Q as in {11%.5.23) ve

£ind analogous properties for the pseudo-Majorana curvatures p, and

. —

-

P

T
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the supersymmetry charges QA. From the previous formulae one easily

obtains:
EaTgEmleg v, . Ty (I11.5.28a)
g.TE=9, 1%y, (I11.5.28b)
E.E=0, .0, - (111.5.28¢)

Moreover, taking into acceunt that C?ab is symmetric while C and

CT  are antisymmetric in spinor space one alsc finds:
a

e by - Lo 0570 (I1.5.29a)
Eap ¥y - 43 = 0 (I11.5.29b)
"q]A DT 9,70 (I1I.5.29¢)

Finally, in order to be able to perform the Inonii-Wigner contrac-

tion, we rescale the generators and the |-forms as follows:

T * a3 R I S (£I1.5.302)
p o+ ; VPe 20t % 2ER° (IZI.5.30b)
a 28 3

2, —25g 2,5 BB ; B~ 28 (111.5.30c)

Qﬁmfi—EQA oy Ry e, (TRpy (I11.5.304)

Conventions have been chosen in such a way that formulae {I11.5.30}

be analogous to Eqs. (II.2.141) and (I1.3.25-26) in the case of the
Osp{4/N} groups.

Let us now rewrite the curvatures (II1.5.21) using the rescaled
quantities {III1.5.30} and the pseudoi&ajorana notation for the spinor-

fiolds, Equatioms (IIX.5.21) assume the following final form:
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ab . ab _ a mcb .2 .a b
c

- - b
tiEey ¥, . ré ¢ (II1.5.31a)
R*= 9y - % g - r? A (I11.5.31D)
& . =
R” = dB - 19, . ¥, (II1.5.31¢)
_ .3
p = Du, - BV g EAB+e-£eABBA¢B (I11.5.314)
- o= - - a -3,z
{pA QM:A *E gy €48 I’a Vo +e > B g SAB) (I71.5.31e}

Applying d to both sides of Eqs. (IX1.5.31) we find the Bianchi

identities:

ab _ goab , o2 [ b] .- - ab
(VR)™ = @R™ + BE° VLY R +2“€AB‘1’A*T pg-—ﬂ
(II1.5.323)
Rz GR® + k% 415, TRy, =0 (1I1.5.32b)
A
@ _ -
(R)” = 9K - 21y, .0, =0 (111.5.32¢)
Vp Ejp"e'val'ps +§éB Py E,., T
A A afsfan’ ~ P Fan
1 ab .
+ZI‘abgbA,R EEABTalPB‘RJ'
3 - @ _
PR g by~ B =0 (131.5.324)
- ~ .4 - 1. -
{VpAz@pA eV EABpBraJ(EeB“EABpB
] = ab - a
ZszﬁabR eeAszB,I‘Ri-
3. - &
$58 el R0 0) . (I11.5.32)

Let us now perform the Imonii~Wigner contraction €-+0. Equations

(I11.5.31) and (III.5.32} become:
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b b b
R AP AT o (111.5.332)
a_g.a_i-= a
R = 9y 5 ¥y - I, (II1.5.33b)
& _ . T
Ro=dB~-1i9, . ¥y : {II1,5.33¢)
Py = @Y, (111.5.334}
and
@R = o (111.5.34a)
a ab ;o a _
FR® + R, Vyvif, LT by =0 (1I1.5.34b)
] P _ .
2r 2“’{’.&. ~p, =0 (II1.5.34c)
1 ,ab _
QBpA + " RT T =0 (I11.5.344)
respectively.

When RA= 0 Eqs. (I11.3.33) define a new group denoted by
EEEETETTY, which contains IS0(!,4)®U(1) as a maximal bosenic subgroup.
Note that the definition of Eq. {III.5.15) is unchanged. In the con-
tracted case Jab and Pa are Lorentz end translation generators,

b

respectively; correspondingly we shall refer to w°> and Vo as

ab

Lorentz connection and filnfbein I~forms and to R and R® as the

Lerentz curvature and torsion 2-forms.

Finally we notice that Egs. (I11.5.31) and (III.5.32) are

invariant under the following rigid scalings:

e (111.5.35a)
vVaewt: 82w (II1.5.35b)
Bowbj R+ w® (II1.5.35¢)
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e, . 172 111.5.35d)
LA By 3o Py W Py (

grwla. E (111.5.35¢)

The same scaling invariance obvicusly holds for the contracted case,

Eqs. (II1.5.33-34), (Eq. (II1.5.35e) being shsent in this case).

111.5.3 ~ Comstruction of the Lagrangian

In this section we derive the action and the equations of motion
of D=5 supergravity in the nom contracted case, namely when G 3
SU(2,2)1). 4s usual the relevant formulae for G=90(2,2|1) can be

straightforwardly obtained by setting the contraction parameter e=0.
First we notice that the 8U(2,21) superalgebra has the required
structure discussed in Sect. II1.3.9 of Chapter III.3 (see Eqs.
(I111.3.136-141)).
Indeed we can write (using the same notation for the {super)-lie

algebraz as for the (super)-group):

sU(2,2]1) = so(l,eu(l) e (?,,qQ,)
+ + 3 {II1.5.36)

B = B e K

where S0(1,4) and U{}) are spanmned by the generators Dab and Dy
which are dual to mab and B respectively:

ab sy, 8D, 5y=1. (111.5.37)
W@ ) =6y Bl

On the other hand the subspace X is spanned by the tranglation (Da)
B i ively, dual to
and sypersymmetry (DA) generators vhich are, respectively,

v and Yy We can write:

i z {D 11.5.38)
K=1®8& where I & {Da} ;03 {DA} (I

Ean AT

L e T T e T

Fan

RN

AN T TN T

—

o~
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and using the definitions:

e =a' e “a wJe
v (Db) 6b H wA(DﬁlB) 68 GAB (I11.5.3%)

together with the equations (I11.5.21) we can verify that the structure
(I11.3.136-141) is indeed respected. Hence we can write the following

zssociations:
(wab,B) + H-subalgebra
(v®) =+ inner directions (I)
(&A) + puter directions {0) . (I31.5.40)

At this point we cam proceed to the constructioa of the Lagrangian

using the building rules A~E of Sect. IIL.3.9. For simplicity we shall
. Ao

impoge from the beginning the horizontality of the curvatures R with

respect to the gauge group H=50(1,4) x50(2); ramely,

A A III.5.41
EEéiIR Eié}ﬁ 0, ( }

-Consequently
§ = G(E/Mm,H) {II1.5.42)

and Bgs. {IIL.5.31) will be considered from mow on as the structure

equations of the superspace
- T et
&/ = ss(z,zi%)/éecl,A) 8 50(2) . (1I1.5.43)

Accordingly (Va(P), wA(P)) will be interpreted as a (super)-coframe
& .
on TP {G/H).

Following the building rule A, (i.e. Eq. {IIL.3.148)), the action
of D=5 supergravity has the general form:
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A A L
o= [ {h + R, vt R LR, “AE) {I1T.5.44)

W e G/

where RA are the Lie algebra valued 2-forms {III.5.31) znd

A A

T (I11.5.45a)
1+ -hs
by
vy = CAA TS (II1.5.45h)
ity
v.=C 1 (111.5.45¢)
a T tazin ¥ P2 e

are polynomials of order 5, 3 and | respectively, in the uA potentials

with constant coefficients € c Equations

Apo CA{Al...A3’ AT{E
(111.5.43a), {III.5.45b}, (IIL.5.45c) have indices in the scalar,

coadioint, coadjoint @ coadjoint representations, respectively.

The integration of {II1.5.44) is made on any five dimensional
surface MS embedded in G/H, to be identified later with the physical

space time.

The action must be stationary with respect to arbitrary 6aA

variations and to any arbitrarily chosen surface MS.

We apply next the requirements of H-gauge invariance and scale
invariance wnder the transformations (EI1.5.35) (building rules B and
C). Decomposing the adjoint and coadjoint indices of Eq. (IIL.5.44)

in an H-invariant way we can write:

- A A E _ ab . F:1
¥=h+r ., vy * R' . R . Vi = A+ RO v FE vt
fR® v o+ v +RY LR Ly (111.5.46)
-] A" A - * CAX
where
h=asle . vi. W vt vl vk.

- - ab
YR e et VgtV
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- - a
Ay, ey Yy Ty LV
+ (a4 Uy o~ ¥y oy Vg *
ta 50, Ty e v V). B (111.5.47a)
I B AR~ Yz ~ 'p! - -2-5i8
21 i B K a b
Vb T3 Capige ¥ AP AV e D VLV L n (II1.5.47b)
v.=1ie¢ ¥ Vv +ic, ¥ T % € Vb +
a 1% ~ ¥4~ Yy 2%~ tap Vg Fap -
ooy wA N Pa by o B . {I11.5.47¢)
. - a -
Vel Y, LT, Vi Ly, (I11.5.474)
vos ik, T4, LV LW ain, T oy LV B (II1.5.47¢)
A tab A~ - 273 ¥V e 3
and

Ao L _.a ® a e @
R LR . Vap = nk LR, va + {AR° Ra + v R®H LB .

(I11.5.48)

A mere detailed explanation of the previous "amsatz", is obtained

if we take into account the following points:

a) First of all A, {vab’ Vo Vg uA} and v must be forms of

AB
degree 5, 3 and | respectively, since ¥ is a 5-form.

b) ALl the terms we have written corresponé te terms in the Lagran~
gian with the scaling behaviour [w3] under. the transformations
(I1I.5.30). This is in fact the scale power of the Einstein term

ab Lo G4 L f in D=5

ROV € abedf

¢) The polynomials (A, Vot Var Ve uA) are good H{Z S0{1,4) &
80(2))~tensors, so that the corresponding Lagrangian is an H-scalar,
i.e. invariant under H-transformations. Also the terms (III.5.48) are,
of course, H-scalars. Apparently there are some missing structures in
A {III.5.47a}, namely:

N
- - a b,
Yy Tap by Vg T ¥V
b . gy Ty B
@A NS @B L reb ¥ B - (171.5.49)

The point is that they are related by Fierz identities to the terms
with coefficients ay, 3, 3¢ respectively. Indeed from Table IT.8.IX
one easily finds:

. _ - - s
/AN T S A A L

v, - r by oy 0 Ty by (111.5.502)

K -

- ab
=0 . (I11.5.50b)
$A A Ta WA . wB T ¢B

d) To obtain H~gauge invariance we still have to impose that the
coefficient in the Lagrangian of the gauge field B be a closed 4-form.
{See the discussion of H-geuge invariance given ia Sect. 1I.3.9 and
chserve that B is in fact the gauge field of the U(1} ZS0(2) subgroup
of H=80(1,4) x50(2}). Therefore we can have non rrivial solutions of

Bq. (II1.3.154).

Before implementing this equation, however, let us observe that
the terms we have written in (I11.5.47-48) are actually redundant.

Indeed some of them can be related to each other by adding to the

(3)
Lagrangian (I11.5.48) a totzl derivative, namely an exact S-form o
of the type
o3 - P (TI1.5.5%}

. 3 .
where w(h) must be an B-scalar 4-form with scaling powex [w } in

. . - "
order not to viclate the previously imposed conditions. There are only

three 4-forms satisfying these requirements, namely

mgl') = gva ~ Va B (112.5-528)

{1

P Py

P



72

(&) _ = a
By Ty ATl VLB

4y _ - a b
m3 = $A . Fab ¢B SAB PO AR A

(111.5.52b)

(111.5.52¢)

Let us differentiate these forms; we obtain:

dw§4) 2 @=ﬂ§4) =g? V.V . B R?
+ER LY, LTy, LB % V.
+RanR®.Va~iRa.$A.\¢A
* % R A R

dw§4) =29, LT 0, VL BERTLG,
R T Ry Ty

@ = a _
LA S

> - a
- i Y
S R R A

- 2 b
by~ Ty -V AV

[

dmga} =

- a b

Plegp Ty ¥y RV

Sy .3
SRR A A

PO
&
(II1.5.53a)
S, LB
B....
(111.5.538)

(IT1.5.53c)

where we have made repeated use of the definitions (111.5.31).

The previous expressions contain most of the terms appearing in

the Lagrangian. By adding them to ¥ with suitable coefficients we

can annihilare three arbitrarily chosen terms.

the terms whose coefficients are Cys Oy and

We chose to annihilate

h2 which indeed appear

in {II1.5.5%a), (E11.5.53b) and (¥I1.5.53¢) respectively. Hence with-
out less of generality we can set
¢, =c,=h, =0 K (IT1.5.54)
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Let us now impose $0(2)-gauge invariance. Calling S% the part of %

which is linear in B, we set (according to Eq. (II1.3.150)),

(1I1.5.55)

Taking into account Eqs, (I1I.5.46) and (II1.5.47-48) we have

- I - - Iy a b
Pwa by nby Vg g rageydy T g V0«

] a - . E -
+
Beg Ry T vy iy R, Lyt

?

+8R LR +yR%.R (I11.5.56)
Under 50(2) gauge variation, 6&B=4), we find:
§Fp =T . 6B=T  dh=dl LA+, 1), (II11.5.57)
Therefore we must set
dr = 0 {I1I.5.58}

according to the general discussion.

Differentiating (IIT.5.56) one obtains:

a b

(wbay = 2400y <0y w b n g FRag By LT VLV

- a b - ab
+ 435 e EAB ¢A ~ Pab WB ~ R LT+ {2bl ZS)R ~ Ra AV O+

b

. ab vl s, . a
4 zbl R, wA R Fa ¢A . Vb + 218 gA R ra wA LR+

s . @ - _
+ (4iv 21d2)R - ¢A “ by = 0. {ITI.5.59)
Equation (III.5.59) implies:
d2
bi m =03 y=-==-3, . (111.5.60)
2 4
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Inserting the results {(IIT1.5.54) and (T¥1.5.60) into the general ansatz

ve get the simpler form:

- =2 a b i 3
A a, e Eabijk L'ARE A A A A

ab i i 3
P L I P A A R
tagh, o b, by LT gy, V-
3V Yyt e T

-y ¢A - WA . $B N wB ~ B . {311.5.61a)

=t i ok
Vb =3 Sabijk Voo LY {I111.5.61b)
v, =1e wA - wA . Va (I11.5.61c)

s - a LT
v@ = 1 dl wA . Fa wA LV 2iy wA . wA . B (1I1.5.61d}
vo=ik Iy v, 4P (II1.5.6%e)
A | "ab "A " " e
i z . 2 ® @ @
R . R ., “Az =n R .k . Va +y R R .B. (111.5.62}

All the coefficients entering the coadjoint multiplet (4, Vab' Vo Vg
vA) will now be obtained from the requirement that RA= G be a solu-
tion of the equations of motion derived from (III1.5.46) (vacuum exis~
tence, i.e. building rule D).

4s it has been already remarked in the D=4, N=2 case, it is
sufficient to vary A asnd RA in the general Lagrangian {III.5.46)
and to use the Maurer-Cartan equations of SU(Z,Zf]) (that is, Egqs.
(111.5.31)) with RA= G so to express the derivatives of uA in terms
of the uA themselves., Alternatively (and egquivalently) one may use

directly the equations {III.3.58). In cur case they read

W, <0 & = ) : (I11.5.63a)
i ) .
ol W= 0 (at E'=0) (111.5.63b)
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Lo s0 (et B =0 (111.5.63¢c)
§v 3
@
B =0 et &40y . (111.5.634)
5\)A A

We choose this last method as an illustration of the general formula.
In this case one must compute the explicit form of the G-covariant
derivative V of the coadjoint multiplet Yy We use the following

trick: from

Movyzoet v (111.5.64)

V(R i A}

where D denotes the S0(1,4) @ 80{2) covariant derivative, using

Bianchi identities VRAz ¢, we find:

A . A N
(V- D}vA = DR | vy

- (-85t v RP - e, ¥ oy v+

ab a A
-R r wA} -V, + 2i @A " Py - Vg +

+ { . Vb —ipy .
-1 - [ ab | - - a -
P EV ey By T Yy T B Byt TR
-3 I & III.5.65)
S € e Yy ~ R Y. A (

where we used again the Bianchi identities (1I1.5.32) in order to
express pk® in terms of the curvatures themselves. Equating the

coefficients of the curvatures on both sides of Eq. (IT1.5.65) one

obtains:
W v[ - V) s 2 ?pA R (111.5.66a)
v, * g &7 Vb‘n Vap t & €43 EB ST vt @UA {iI1.5.66D)
Tvg = -—:;—'é £4p EB AV ¥ 9\4@ (111.5.66c)

—

P



776
- ab ;| - o2 -
VuA =2e €48 r wB "V r wA "V 2i wA Vg
-5y . 111.5.66d
SV e T vt Dy, { )

The covariant derivatives % and D appeariag in the r.h.s. of Eqs.

(111.5.66) are easily evaluated at RA =0 by use of Egs. (III.5.31}

at ®r=o:

A ie ik .
@vab (R =0}—-2~¢A“r RSN | €anijk (111.5.67a)
By B =0y eic ¥ oo iU T ¥ (I11.5.67b)

Va T YA~ Va7 ¥ ta B
G Mgy = 2i8d ¥ o1 b 8, . V0.7 -
Dog B =0) == 208 d) ¥y Ty ¥ Fpp n ¥V -
- ity 7 111.5.67
(4, + 2)¢AA¢AawBa ¥y { e)
g "—o)——sc'ér R LR L
o, R =0)=-kpel, Vgep~¥ ¥ »

a b

¥ N . 111.5.67d
th T ¥y ~¥g -0 ¥y { )

Here we made repeated use of the Fierz identities (ILL.5.503.

Inserting Eqs. (II1.5.67) into Eqs. (III.5.66) ome finds that the
Egs. (I11.5.63) imply the following set of relations among the para-

meters:
il é.k =0 d, + 3 k. =0 a, - ¢ =0
. ; d, N

3 ..}_ = —= — 5 = ()

ie) -3 kl 0 Iy o+ 3 0 3 * a8y
i =
E kl + 3a2 0

k] + Z(d] + a3) = {

4 204 =0 . (I11.5.68)
“gkl"““}*z?s"s{dl a3)

"

T

The last two equations have been cbtained with the aid of Tabie II.8.I%.
The solution of Eqs. (II1.5.68) is:

e ] s - =3
e, = 1 k] 2 d1 =3
a =-2, L -..i, .1
! 157 2 3’ 32
1
Uil {I111.5.69)

Inserting these values into (IIT.5.61) one gets the following

Lagrangian:

L I S LI L S A

15 abijk

_ 1~ ab i 4] k

LR A A A

T TR T S TN S A
T Y T4 TR I VYo~ - ¥p -
1 oab i j k a _
L AN AN AR S S A A
S S L T T

7 Ve Ve A" CapPAcn T -
—%RQAR®AB+nRaAR®,Va (111.5.70)

where only the coefficient n of the quadratic term is left undeter-

mined.

II1.5.4 ~ Superspace equations of motion and oa-shell supersymmetty

The value of n will now be determined by the requirement of

rheonomy (building rule B). Let us write dowan the equations of motion

" derived from {I11.5.70). With by now straightforward computations we

obtain:
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ab c s
Sw  -variation:
i k
Eabijk M.V .V + R . Va N Vb a (1¥1.5.71a)

a .
§V -~variation:

b kL .. =
abijk &~ VAV ZAR L d, L, -

i ® -
- - - . b
5 (3=n) R7 . LAPRN 9, - 4ie

Py Tty ¥t
$280m B, L0, LV + MR =0 (IT1.5.7ib)
dB-variation:
ab i a -
nk . Va A Vb i {3-n) R . wA N Fa wA +
3, .8 -
+ 2 . " a
5 1 RO, oy ¥ 1{3+n} By w Ty o V0
a L (-]
+n R ARa'*-[-’-R ~ R =0 (IIL.5.71¢)
6$A-varlat1on:
. a b . a b
211’52)%”'\! ¥ -21I‘ab\pAR LV
MRS AN S AR N LR TS M b
(I17.5.71d)

From (I11.5.71a) it easily follows that both R® and R® cannot have
outer components; expanding thea the 1.h.s. on the vielbein basis, one
obtains the general solution:

RO=F_,V ¥V (111.5.72a)

R==-=7q¢ PV v . (III.5.72b)

179

The mew feature here, with respect to the previously studied D=4 super-

gravities, is the non-vanishing value of the torsion on space-time.

It is easy to find the rheonbmic parametrization of oy using
the parametrizations (IIT.5.72} in the gravitino equation (I11.5.71d).
Indeed the VW content of (III.5.718) implies that the.§.% compo-

nent of A is zero.

Therefore, setting quite generally:

a b

Py = pA‘ab vV o+l v (111.5.73)

v
AB B " o
we £ind the following VVV§ content of Eq. (LIL.5.71d):

rs

. nab i t gt _

267 W g v g n@ T - Ommé Jeg o B Yy

i a b c
-1 =0. 111.5.74
2{3+a)rancu)A}ﬁvAvhv 0 (111.5.74)
Equation (II1.5.74) implies

€. ¢ I11.5.753
Hg = 84n B ( )

N ] c
and, according to rheonomy and scale invariance, H  must be expressed

in terms of the Fab joner components. Setting
¢ fe p g W p (111.5.76)

H=p?2? qe ri‘.m s

we find, after some T-matrix algebra, that (I11.5.73) is satisfied only

if

(I11.5.77)

In this case we also obtain

i 1
I =1 -y . (111.5.78)
P=3 q 16( n)

{%,;|<
{
(

(

—

P
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We still have to determine the outer components of the Lorentz curva-

ture. We set

ab ab ¢ d - .ab
R =R LANE ¢A @A‘c .V

II1.5.79)
od by

and we analyze the VVV§ projection of the Einstein equation {ITI.5.71b).

With = computation anzlogous to that given in Sect. III.3.5 for the

eabl‘: of the N=l, D=4 theory {8gs. (III.3.64), (III.3.73b)), ome fiads:

ab

ijkab _ 2 ijeefa ]y
GA!C * 1 Fki € 53 )pB 1j

=i EAB(I'Ck e

iy (Lige (1I1.5.80)
+2(2 n)G CQAIij.

The $yV¥ projection of the Finstein equation or, more easily, ;he same
. a
projection of the Maxwell equation (III.5.7lc), determines K AR One
obtains
ab i _ab i abijk
= Ce 1 -={l+n) € Fooo0) (111.5.81)
K™ = Sam (2 F 5 {1+n) i Tk

We leave to the reader the verification that all the other outer pro-

jections of Egs. (II1.5.71) are verified by the same rheonomic con-

. 2
straints (III.5.76) and (11I.5.80-81) with n"=1.

Finally the VVVV-projection of Egs. {111.5.71) gives the space-

time equations of motion.

They are:
am _ 1 . pmn o s LptE e 52 (111.5.82a)
R b 2 5b R mn ¥ Fbm 2 rs b
ab 31 ab _cd
vl a0 {I11.5.82b)
€abedm (n R cd (h 4 n )
ijkit . 0 (ITZ.5.82¢)
& ij pAlki
g = -0 gl (131.5.824)
mn 4 mnpg i
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R m an (T111.5.82¢)

where we have added to the VVVV projections of the Einstein, Maxwell
and gravitine equations, i.e. Eqs. (¥I1.5.71b,c,d), also the VyvwW

content of the torsion equation, i.e. (III.5.71a), in tensor form.

Notice that the use of the gravitino space-time equation
(T11.5.82¢c) simplifies the rheonomic constraint {I11.5.80) since the

second term is identically zero. The complete form of the rheonomic

curvatures is therefore;

E? - - % gBbedf U, .V, Fy (111.5.83a)
-, V. v (I11.5.83b)
Rab - Rade ve ) Vd - SAB $A ST 0 y E1]£ab I
+g e b Palij e R AR P -
-1y (oPLiK P %A STy (II1.5.83¢)
®a = Pali Yowl e é F, r* s
TR . o Yy, L v (IT1.5.83d)

We stress that the space-time equations of motion, Egs. {(III.5.82), are
actuyally the integrability conditions of the rheonomic constraints
(111.5.83) (and (II1.5.77)).

That this must be so is clear from the general discussion of this
property given in Sect. IIT.3.6 for the D=4 case and in the discussion

of the building principles, given in Sect. IIL.3,9. The actual proof

. of the statement consists in inserting the rheonomie parametrization

(III.5.83) inte the Bianchi identities {IIT.5.32) and in working out
the various projections, in analogy with the N=1, D=4 case. We leave

this exercige to the reader.
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Finally we explicitly write down the supersymmetry transformations,
which, a3 we know from our general discussion of Sect. 11%¥.3.7, close an
algebra of transformations only on-shell, that is on the egquations of
motion (III.5.82a,b,c), Using the general formula (I11.3.179) or

{¥11.3.175) and restricting the general tangent vector

e D+ 80 +6%D 4D ¢ {I11.5.84)

to the superspace directions, namely setting eabmes meamﬂ, we get

the first order form of the supersymmetry transformations:

Gwab == 24 EA ch pB[ij €18 gijiab v© 4
+ i(1-n) EA pAfij aijabc vc + % EA ¢A Fab -
- i (14n) £2PLK Pis S Tk Y (II1.5.85a) -
§v% =+ i g, r? v, {III.5.85b)
8B = 2iE, ¥, (I11.5.85¢)
o, =D, + [ % T, e, B T% (=m) O p T e v
(111.5.85d)

Comparison of the supersymmetry transformations (II1.5.85) with
those cbtained in the N=2, D=4 supergravity shows the similarity of the
two theories. One may therefore wonder why the same rheonomic coudi~
tions are obtained im one case in a purely geometrical way, while in
the other case (D=4) one needs the introduction of a O-form Fab which
essentially plays the double role of Lagrangian multiplier for the rheo-
nomic constraint and device to propagate the spin 1-field. The answer
is that §=2, D=4 supergravity is & subtheory of the theory obtained by
dimensional reduction of the present one and the O-form Fab is actually
one of the remainders, in D=4, of the wab 1~form in D=5, exactly in the

same way as it happens in ordinary Klein-Kaluza theory {see Part Five).
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Let us conclude this section with two remarks:

a)  The first order formulation:developed so far depends on the two
possible values of the n paramete}, namely n=%1, The rheonomic para-
metrization (111.5.83), the field equations (III.5.82) and the first
order supersymmetry transformation laws (I17.5.85) ave actually differ-
ent in the two cases. As we are going to show in the following, however,
when we g0 to the second order formulation the dependence of the theory

on the value of n disappears. Therefore the dichotomy n=%1 does

ot seem to play any fundamental role from the physical point of view.

b) We notice that the Maxwell equation (III.5.82) seems to be, at
first sight, an algebraic eguation and therefore does not seem to des~
cribe the propagation of the spin 1 field B. The B-field propagatien,
however, becomes apparent a3 scon as we go to second order formalism,
that is when we solve the torsion equation (I11.5.82d) for the spin
connection wab, 28 we anticipated in the introduction. This will be

the subject of the next section.

1I1.5.5 - The second prder formuiation and the comtracted version

pf the theory

In this section we present the usual calculations needed to
obtain the second order formalism: we solve the constraints (111.5.82d)
for the Lorentz comnection mab in terms of the other fields and then
ve insert the result in the first order Lagrangian. By expiicit calcu~
lation we shall demonstrate that the Hodge duslity operator

*® 1 F o+ *F (I1I.5.86}

. . b . . .
arises fyom the elimination of the w*P~connection field. This leads to

the Maxwell term

F_*F=2F. F det v ax
ab

(111.5.87}

of the second order Lagrangisn. Moreover we shall see that, surprisingly

o

PN

.
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enough, the second order Lagrangian turns to be independent of the

vaive of n.

We recall that because of rheonomy we may restrict all the equa-
tions emong forms to physical space-time. This is obtained by expanding
the differential form equations in the dx¥  space-time differentials
only; the transition from flat Latin indices to Greek curved ones and
vice versa is performed 2¢ usual via the components of the funfbein

v® and its inverse V- E{Vﬁl}”
i a a

Using these notations, Bq. (IIE.5.82d) may be written:

a a i- a A
g G VhH -2 F T =
T A R PR
! abedf
= e F
P o lu Velv Tae
R e III.5.88
=Ty nV A€ uv Fpo ( .88)

where wi s @H are the space-time components of the gravitino I-form
and of the Lorentz covariant derivative. ?df is defined by (IT1.5.82e)

and we have:

=% =vd v op, . (II1.5.89)

= F -1 ,}_,[ b ] ) (I11.5,%0)

where ?;U is given by:

. - , ' 111.5.91
F (ap B, - 2, Bp) ( )

pu

0o | -

The solution of (I1I.5.88) is:

W - gEd P (111.5.92)

H u b

[

cab . . s .
where wli is the usual 1-form setisfying the space time tersionless

condition
@@y v = abv (1I1.5.93)
[ ™ 7 v] “n V]
ab .
and hy is given by
ab _ _ali by
h e v v hkv‘u (111.5.94a)
(n (2)
hlv|u = hlvlu + hkvlu (111.5.94b)
(1 . o6
hlvau = Z Eluvoc ¥ (¥I1.5.9c)
(2 .
i -A A=A A -A A
hlviu Z ($p Fk ipv * wl rv ¢u * $h rp ¢v -
- ey (I11.5.94d)

Note that the dependence of m:b or % aad 5 is contained only in

hi\])%u )

If we introduce the decompositioms (II1.5.92,94) into the first
order supersymmetry tramsformetions (III.5.83), we see that the n-
dependent terms in the t.h.s. of this latter are cancelled by the h(;}—
contributions arising from the definitions of the covariant derivative

and the gravitine curvature pA(m).

Setting
(2) (1)

N hab - mab - l;ab ab

2 - geb +h (111.5.95)

one finds the following second order transformation laws:

n

8 = - i Gl upA (111.5.963)

SBU = 2i €y wA (IE1.5.96b)
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GwA]u = D(m)e - g VH T, Ep fp
1.0 1 vp 9T
+ (=T .
G Fou T hwper TOF )5y (1II.5.96¢)
ab .
Gio = chain rule. (IT1.5.964)

The spin connection transformation law has been omitted siace in
second order formalism it i¢ 2 consequence of the transformaticns
(111.5.96a,b,¢) {see the discussion in the D=4 case, Eqs. {II1.2.48,61)
and Egs. (1I11.3.126~127)}. The n-independence of the second order
transformations (111.5.96) indicates that the 2% order Lagrangian

and the equations of motion should also be a-independent.

Let us first see how it happens that the Maxwell equation
(TI17.5.82b) becomes a propagation equation when we go to second order

formalism. From the definition (II1.5.95) it follows that:

2% = 2%y + u?® (111.5.97)
where we have set
B (1) (1}
1% = @) nab - ELR L (111.5.98)

Using the explicit form of hab, (Bq. (111.5.%4c)), we find:

ab __ n sbers - - _

B = 3 ° (@{w)FrS SV HE B@) v.)
1 acdrs _ bpqt
v € £, th Vd N Vp Frs . (111.5,99)

Since
- -

Q(N}Vc = @(N)V + h i’) £
- a  _-a_i- a
=R+ 5 @A T wA R” = 5 Vs - r wA (111.5.100)

we obtain the following expression for Eah:

787
ab n abors 1 _arsed Eb 7 th V.. W -
L N G@F 16 ¢ .pqte s d
i gebers p G (I11.5.101)
‘“-gns Frsq}A‘frch'

Therefore
b - n _abrs. -
Rab (w) = r* (o) + " £ e -@‘d}(m)f‘rs +

AP b ogrs Qt (1I1.5.102)
* 16 € rs[c Ed}pqt

Introducing this result into (111.4.82b) we find

o mp 3 5 cab ed o (111.5.103)
3G, @FT + T ped T ¥

since we have identically

(@) = (IT1.5.104)
Bl jeq] @
The last equation is the cyclic identity of the Riemann tensor which
level when

follows from the Bianchi identity (111.5.32b) at the 3¥- .
instead of w .

s -
R?=0; indeed this is the case if we use &
n for the gpin I

Equation (TI1.5.103) is the expected propagation equatic
field B interacting with the spin 2 and spin 3/2 field

connection.

We also notice that the 2nd-grder Maxwell equation (I11.5.103)

ym F-F characteristic of the electro~
4., If the same

contains a self-interaction te

magnetic field in D=5 and which has no analogue in D=

tion
decomposition (¥I1.5.95) is used in the 1.h.s. of the Einstein egua ic

(111.5.822) one obtains:

{ .4 ,mn _ pan - J_ a gmn (g) +
Rambm(w) ) ab E mn(m) = R bm(m} > Gb =n
am 1 .a,mn {I1L.5.105)
+H — Gb H o

~ab
s through the &

.~ T T T e

Ean - .

B e

—

-

e NI

i S e
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Using the above formula and the Bianchi identity following from

(EIT1.5.32¢)

380 g G =0 (I11.5.106)

vhich implies

(1
abrsc _ _ Tt abrsc
e Qb(w)Frs =2 A F e
= &y Ft[a Fc]t 0 (I11.5.107)

equation (III.5.82a) becomes:

(@) = ~2- ag R“‘“ @ -
= % Gl S -5; P 6 (II1.5.108)
Finally, singe
L
p,(0) = 0, (@ - " Fle ht® by (11I.5.109)

the 3V projection of the gravitino equetion (IIT.5.71d} remaias unchanged
when @ab is used in place of wab. Therefore:
ez]kﬂt

r (I11.5.110)

i3 pA|k£(w) =0

Equations {II1.5.103,108,110) are the 208ugrder equations of the theory.

Finally we derive the explicit form of the D=5, N=2 second order
Lagrangian on space~time. Expanding all the 5-forms in (I11.5.70) alomg
the differentials dx''s and taking the coefficient of ésx we get:

ab (TR
: = V. det V +
(space~time) uv(w) Va b ¢

i UvpoT 3 a JvpoT
3 - F V E -
uv ¢p ¢ B_e . 5 & ¢ $
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. v omA A -3 A L@ uvpot

- +

Jin ¥ $u ¢v det V + 2 lpuv(w)Flm wp VG VT £ +

P LA AR B ya wvpat 1 LvpsT

3 wu 9 Fa ¢ V + 5 Fuv ?pd BT [
-—BFMFWdetV- 16 & det v -
i - =A ab A ] k SHVpaT

6 €48 Eabijk e $u T ¢U VD VU T {I11.5.111)

ab A s . ab

where R v and pw stiil depend on the full comnection my . We
notice the generation of the Maxwell kinetic term as a consequence of
the fact that the curvatures R° amd R° given by (I11.5.82d,e) have
components related by a duality transformation. Another contribution
to the Maxwell kinetic term comes alse from the Einstein term. In fact
using the decomposition (III.5.102) one obtains:

!-N+

ab Woovo uv 3
4 R uU{w) Va vb =4 R {m) * > Fuv F

. n - PTUVA
+ 1 5 FDU E])Ai T ‘iin\) £

N (111.5.112)

so that once more we generate the Maxwell term. If one decomposes the
gravitino kinetic term as in (1Y1.5.109) aad collects the various con-
tributions one finds that all the n-dependent terms cance}l, as expected.
The final form of the second order space-time restricted Lagrangian is

therefore:

iﬂ(zﬂd--m:der) -

- e @ @ - 3? Uiy A W - a0’

+

-4 B
1218 r“B:pg e eng: ¥ wip l"]detv+
RENE
¥ [4‘g¥v‘gb6 T E Ly, rv.$p y;r

B P -
‘.E qj\) wp rO’ !?T * 23‘(9 (LU) ‘b\) o1 SAB

+

=318 e w5 ) (111.5.133)
4 7 v T

vhere #20 has been defined in (IIL.S5.33a).
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This concludes our analysis of the D=5 N=2 theory in the non-contracted

version.

The contracted version of the theory based on SU(2,2]{1) can be
immediately worked out simply by letting E-+0 in all the equations

of the corresponding uncontracted case. In particular ome finds:

&) The equations of motion are the same as in the uncontracted case
if one replaces the uncontracted curvatures with the contracted ones
(Egs. {(I11.5.33)}. The Lagrangian looses the 4 fermion terms propor-

tional to the contraction parameter.

b) The only change in the transformations laws (I11.5.85) is given
by the absence of the term avt.r? in the r.h.s. of Eq. {II1.5.96c).
As a last point we also stress that im the contracted case the S0(1,4) x
50¢2) covariant derivative reduces to the 80(!,4) covariant derivative
since the S0(2) gauge coupling constant is proportional to &. Indeed
in Minkowski space the group $0(2) can be realized only globally on the
supersymmetry charges, exactly in the same way as it happens in the D=4

N=2 theory.

in Tables III,5.I-VI our results have been summarized for the

reader’s convenience. Let us make some observationm:

i) All the formulae written there are in first order formalism while
the corresponding ones in second order formalism are given in the
text.

i1}  We have set everywhere n=+] since in any case the theory in
gsecond order formalism is independent from the value of n.

11i) The YV component of Rab has been computed from the field equa-

tions; if we had computed it from the Bianchi identities, we
(Il)abEc
would have found the same expression as for O A

TI1.4.1 {with Ya+P£.
iv)  The supersymmetyy transformations of Table TIL.53.VI are a symmetry

of Table

{closed algebra} of the inner eguations of Table IIL.3.V and an
invariance (on-shell closed algebra) of the Lagrangian in the
first=order formalism {in second order formalism if the chain rule

for 6w3b is assumed).

™

TABLE I13.5.1
Summary of D=3 N=2 Supergravity

(Anti de Sitter supergravity if 840, Poincard supergravity if &0)

DPefinition of the SU(Z,ZII) curvatures

22 b - - ab
Rab—dmabwwacAwaMe L B, T Y
a_ gya 17 8
R = &V 2A‘? \}JA
8 IR
R =aB-id, .4,

a 3.
p =9¢A—év ‘PawBeAB+geEABB’¢B

TABLE I11.5.11

Action of D=5 N=2 Supergravity

e

MSCG/H
where:

if=—-’-§5~ézgabijkvaﬁvbnvﬂv3 L -
= %—E EA . Fab wB 4B Easzk Vi u Vj R vk +
N A A LT R T R
4%Rab”vi"vj“vkgabijkélRa“aA*‘pA“va"
SE 5 S A R AR O A
42i§AAFab\iJA,.VE,‘Vb—%R®,‘R®ﬂB-§'Ra,\R®,Va

and

&/ = §5¢2,2}1)/80(1,3) x50(2)

L e AT

e

PRy

P U

e,
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TABLE III.5.III

Superspace Field-Equations of D=5, N=2 Supergravity

TABLE III.5.V

Inner Field Equations

793

ik - 8 =
L R R 23 T A A A

. b & _
ABpA"?abq'B"v +2Ra"R =0

R 3., =
R SV J.R,\lpA,.I'az}iA'*EiR,\{!JA,\QJA

a
-~ R_*

- a
AlpA“ra‘bA"v + R a

. & a3 _
2T ¢, SR LU =0

@ el g
mn 4 mnpq
R® =¥
mn mi
am _ 1 &m0 am 1 .rs a
R bm 7 6b R wmn F Fbm * 2 F rs Sb
ijkee -
e Tij Pajie = 0
abled | 1 &b .ed _
(R MR abedm

TABLE II1.5.V]

Supersymmetry Transformation Laws

TABLE IIL.5.1IV

Rheonomic Parametrization of the §U(2,2|1) Curvatures

from Field Equations

]
R zE Vb"ngdf
=1, v?, "
ab
b= 0., Vool ry v
A A|1J - 1c AT
ab _ _ab e 4 - ¢ _ijfab
S A LT I, 8] ij +
i= ab _ i _abijk
MER 7 TR AN

8 B=21F, 4,

S ¥y T Fey mEV L ep ey +zira EA_Fab Yo

:, o (first-order) = - 2i ) Teg P34 “as (igab pe
* ';‘ By T % (20 TN

58 mab{seccnd~order) = chain rule.




