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This paper is a continuation of /1/. There we introduced a
geometric framework in harmonic superspace consisting of a gauge
group with analytic parameters (A §70up ) and unconstrained analy-
tic prepotentials for N=2 SG. The latter turned out to be the viel-
beina }{*+ of the harmonic covariant derivative D7 . Ingpecti~
on of the W/ gauge showed that those prepotentials contain the set
of components of off-shell version of N=2 Einstein SG given in/%ifhen
we developed the differential geom-try formalism for that theory. The
vielbeins and connections for the spinor and vector covariant deriva-
tives were expressed in terma of the vielbeinsH™~ for the harmonic
covarient derivative® . The latter were related to the prepoten-
tials W by a linear differential equation, and we gave the
perturbative solution to that equation. We built from H™~ a number of
useful quantities with simple transformation laws. They allowéd
us to easily construct a density for the full supervolume of harmonic
superspace in the analytic basis.

The remaining problem which is solved in this paper is to write
down the invariant action for the version of N=2 SG under c¢onsidera-
tion.We do this in section 1.The action turnas out to be covariantiza~
tion of the action for the Maxwell-like superfialdH*"s'(the latter
is the vielbein ofsﬁ*"'responsible for local central charge transfor-
mations).The rest of the paper is devoted to the proof of the invari-
ance of this actlion,which makes use of a new "hybrid" basis in super-
space.The appendix contains the proof of some importent identities.

In this paper a number of results from/1/, we refer to, are numbe-
red by Romar and Arabic numerals (e.g, (II1.5)), and those in this paper
only by Arabic numerals (e.g. (5)).

1. The action formula

We ahall show that the action is the following integral of the
correct dimension ( [Hfl=mt )
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We point out that this is nothing but the covariantization of the flat-

space action for a Maxwell superfleld/3 4/

. This is not a coincidence.
According to /57 the version of N=2 SG under consideration can be
viewed as the coupling of N=2 conformal SG to an N=2 Maxwell multiplet
and an N=2 "non-linear" multiplet. Actually, the Maxwell multiplet

v¥s , with ite transformation law (II.24)

is represented by |4
whereas the non-linear one is gauged away in our acheme. More details
72/conformal 3G and the various compensators for it will be given in
The proof of the invariance of (1) conslsts of two parts. The
easy one involves the transformations of ™ EBP' (I1.17). Under
them H**S and M™% behave as acalars, and E” gompen-
sates the transformations of the voplume element (IV.14), The difficult
part concerps the Tts transformation (I1.17) (which is in fact
an abelian gauge transformation for }{*‘5 ). In the process
we will learn how to integrate by parts the covariant derivatives
§b++ and qa—- . A very useful new concept will be introduced.
It is a "hyhrid" basis in superspace, in which the spinor derivative
Zx+ (II1.33) becomes simply fbd . We will also make use of
several non-trivial identities, for quantities built from the prepo-
tentials. They can be (and have been) proved directly using an iden-
tity derived in the Appendix. Instead, we prefer an indirect proof,
It ies based on showing that the identity under investigation
transforms as a tensor, and then checking that there are no fields
of the same dimension and index structure in the WZ gauge.
Before plunging in the details of that proof, we would like
to demonstrate that (1) contains the right component action/z/.

2. Checking the component action

To make sure that the invariant ‘(1) coincides with the desired
component action, it is sufficient to show that at leact one of the
auxiliary fields enters (1) properly. The remaining fields will
then have their correct action terms due to supersymmetry and
gauge invariance. The easiest auxiliary componert to look for is
the field :SLJ (x) . In the W2 gauge (II.28) it appears in
the prepotential F{++5— only. Suppressing all the other fields
one finds that [E~% in  {1),which does not depend on H*'S
or }{—-;' , reduces to 1, Purther, in this case }4*+s_1s simply

HY*® = i (8% -89 + e (6" S uTuj

one can also check that f‘__-f becomes (see (II,3))

H™™% = 0[10)- (8] + §(07)*S% uhut -
2R Tgrg (5 + (677 6787) S ut uj +
+ ET(00(F +(04)(a-)+46%6781 8] St u; W

Plugging all this into (1) one finds

So L (ddu H" 1™ ~
ot dBadu (69)°(67) ST S utwuug~ ' SIS

which is indeed the right action term for this auxiliary field.

+ -
3. Integration by parts for fZY* and TE)

As explained in sect, 1, the hardest part of the proof of the
invaﬂzfnce oﬁkthe action (1) concerns the transformations

___1 + 5 r [ i -
SHY'S = Y1 A%(3, ,w) and SH 5= "5 (sce

(I1.24), (II1.2)). Varying (1) one obtains

5S = & (da duw e[ (2T W)+ (2" H'TF)-

“A(TTHTTER AT
{2)

Each of the three terms in {2) will be separately shown to vanish.
In this subsection we deal with the first two terms. For this we
need to prove the following two rules for integration by parts for

:D*'* and DT :
ydzﬁdu E gt ¢~ :jo‘.?kolu (‘DHJ,'D**&,EJ[E-JICP--):O

) (a)
Sdz‘ol,\k E o ¢t :SJ%AJu (@7 +2 7 dmE)(e1 Cb”) = 0. (b)

)



++
In order to calculate éLaEE we first consider

25 dat €oF = 024 25 DT HF* -

Cet g (aH R 0P

- H++F+ ) H+*F+ wl o+ ,2 H»——m
++
Here we used the fact that ‘b o and CB commute (in the

gauge (I7.23)), (IV.6), (III.3) end the apalyticity of f{++ +
In a similar way one finds

++ ™o n ++m

n b
Hm ++wm v+ -1v + (-
HL 7= T e "oy N0 g,

As a consequence of (4) one gets

®++_§d&. :rb++(e'm e“f&):

e H++M oto(_e eppe H++A€ - 0

£5)

therefore (see (IV.12), (IV.13))

++ - f
<D+fF=(2) Fd‘“:O {6)
in sgreement with (II.31), (I1.32).
The net result for O i E is
++ - “'

(7

= (DM ;0 H*™™ m=(m,ft),

¥inally,

PRI LA Y P LI TR O+ {*'1)M("}M H%-*M):

e % (KT
18)

which proves  {3a).
For the proof of (3b) we shall use the existence of central
basis, We start by calculating '

_ M
D o B :3 = 9t Bex (SNM+'()NUM),
(9)

M7
where U {? lL) are the bridges from central to analytic
basis (II.15). In the central basis %CB = 'E)+ y 80 it
commutes with ’b =9)22M . Using (I1.23) we find

D b B 7)2* =(1+2w) . Vo HTTM cM_

2»4 H¥t™ oM = DY E

)
{10)
This means that
D on [E7 B (224 /92)] = 0
which implies
2 A [E7 Ben (93, [92)]= 0. (1)

Repeating the steps (9), (10) with & we obtain

— ™M Ay-~
2T E = (-D7 9, H M_ (12)



4. Hybrid basis in superspace

The last term in {2) is the trickiest one. Using (III.3) one
can rewrite it as ~27A5 g1 o H++¢ . Thus, one has to
show that the integral

I={d'xd'osd"o;du 2" E~* 27 H"*5

(13)
vanishes. The idea of the proof can be traced back to the flat case,
There the corresponding integral is ( D"" is the flat value

of 7))
o= fd ¥ du 2% DT HMTE -

-—goi"xﬁd'*e A6, (DY (2 D H*)=0

+ A5 +32 ++ (1)
since Dy 1 :0) (D*)*D""H ;:_ZD+°‘D:H++5:0
{ H""’5 ie analytic). The covariantization of this procedure

is not so easy. PFirat of all, the Berezin integration rule
2 — + ot
(46, — 7, {
15)
9

produces a non-covariant operator in our case. Indeed, ’QA‘ ?)9—"
tranaforms as follows A
: .  —
39;; :’fa:.( ;\P~9.Q;-?:¢ AP F‘):[a . \
{18)
In order to perform the trick {14 ) covariantly, one should be
able to goto & special basis in which 3/ . transforms homogene-

ously., Fortunately, such a basis exists, To see this let us consider
*
(I11.38) ). Its solution is

+ T
":Ad ‘I”‘ y
(17}

where W’"‘ is a new bridge with the following transformation
law:
*) + F ’

The easiest way to prove (1I1.38) is to show that A(,( Fp, trans-
forme homogeneously (using (I1.33) and (I1I,34)). However, there is
not sny suitable component of this t;ype in the WZ gapge (II1.28)
of the prepotentials, so A (o FP)" must vanish,

6

— - — ,: - - . + - S
3¢l = -$rT, AL =0, (18)
The A ~term in{l18) corresponds to the inhomogeneous term in SF“"

(11.34), and the @&  term is a "pregauge" transformation. Further,
(17) 1s an algebraic equation for F M which can be solved:

. — -— —_ =1 A
Fof= 2, P (7-34.9“)/4 r (19)

Then one sees that after the following change of coordinates:

— » —— o m——

e,,“‘ = eA""-W‘

3
™, § ™, 5 Af -
(XH 9 ) (x ) :) 9: ) {20)
the operator A': = A_'( -+ F 5 t becomes simply
7
(A )H = 90‘—- .
{21)

The mesning of the change {20) is that a new basis is defined
where the constraint ‘

A b=0- b=t 0% 65)

is covariant. Indeed, in the basis  (20) 59}44 = -a “A P 3
'I’ij: new ki_—nd of analyticity (22) 18 & hybrid of the analyticity
2hd =35 P=0 andofchirarity 9 P=2,.¢=0 ,

therefore we call the basgis {20) the "hybrid basis". We point out

that the bridge ‘f’/“ - is not an independent object. One can
show that the following expression (see the Appendix)
- - —— --—ru» 1
¥ " 9’“ -H R (a87%), a
. . {23)
AT = Q,’l " "1 v F f“
r M v
v -1y -1 v v
- - e a - .
Bs e " F,

satisfies  (17) identically,



+
: . transformation law for the quantity A F in the expression
. Armed with the new tool, the hybrid basis,we can start the (II1.36) for the Lorentz connection A+°¢_u . In fact one can show
covarismization of the procedure (14). The change of varisbles that \P = 2 A+ ‘(M F P&
® .

{20) in the integral  (13) produces the following Jacobian: From (27) it follows that the expression in the brackets

(B)GZ ra21‘1" -4_ M 'Bén [ [ Py v + Soay in  (26), O ‘f”: -+ \P"'"l?: , 18 & tensor. So, it must corres-
E- - 28 = ( Mo DA/'. 4 ) = J. ‘ pond to a Lorentz scelar isotriplet {charge +2) field of dimension
: A 4, The only such field in the WZ gauge (II.QB) is in the prepotegtisgl
(24) H**S but the ingredients of do not involve M
Then  {13) b : s ; ; . + uw e ingredlents o \ro“ o .
(13) becones A( A is analytic, i.c. haHo( A% = 0 The conclusion is that the sbove term vanishes, This result means
I = 55{9 Xy d"é’: 0(99“_ du 25 J'E -1 fb"‘ HH‘S - that the full invariant volume of superspace vanishes as well:

(d2adu E7* = [dzyda TE™ =

= (A, d 00 418y du A% (94%07 ) (TE 427 H**%) <
Ao, d 05 4185 du 3700405, ) (TE 17 H**¢) = - [, %t 75 (9])2 (7€) =

4 % 1= g +32 -1 ++5
= (', d0j d "85 du 2 {()(TE™). 2 H (25)
1 12 s o 1 + +5 This fact was first estadlished in a different approach in/ 1/.
- — -+ - -
+3JE [(an) 2 H “f‘szﬁ e/"l (IE )- 'B;M:Z) H ]} Finally, we turn to the second term in {25). Using (111.2)
- and the analyticity of p{* 7 5 we find
The two terms in the last integral in £25) venish se \
parately, -—pgtts ——m Mt t+5
First consider the teru % H - A H r 9%1 f«-f H
2

(2)*(3e7) = 37 L8 € (TE™) 4+
P (TEY). O A (TET ]

a0 it is sufficient to show that

(A+)1H”"W)P‘++2‘€+d A‘L H"’M)F"' :__-w%)/a*: 0.

The quantity ‘P, "?Ho( e/h(jE )- A“(’/h(jE ) has & simple 28)
transformetion law (mee (IV.14), (18), (19), (24)): {
4 + S The quantity W transforms as follows (see (III.2), {27) and use
5 \Pd - - Ao( )P Lpﬁ + A: [_' (BM AM (__”M + the analyticity of 2’%1)}&+ )
1 A M Ful» wm f;+ " 3+ A w,ﬁ+
Aty v s+ "r'u— _tT ypA- RT -~ oA 3 ___( +ol A 3 ) )
(19T T (33 70 20 2k o P))- Swr RS (aryw R w0 R
A
- p) f - f"‘ + M- Once again, we deal with a covariant object of dimension 0 [f.or m)
A‘*A .\P +A 9'\4';} +9 ﬁ +?/« ;\ + or /2 (for ;n'* ). Inspection of the WZ gauge (II.2B) o 2
+'-3 2r F + --r;_, shows that no such fields are contained in the prepotentials H+ )‘M+
3 + ?Hf‘" f ] = involved in {28).
_ 4 . « This concludes the rather lengthy proof of the invariance of the
o -Ao( A P \PP + ‘5 A P A+ A - action 1). All these results will be used in the accompanying
+ P N Ld {27) paper /6 for the development of the conformal SG formalism and its
Here we used the relations A o = 2 Ha and ?Ho& 9{4—‘_ 0 - applications,

+ Avm +
(18} an§ Ad A )R = ( . Note that (27) is similar to the



‘Append ix

Here we shall provz tbat the expresslon (v.23) for Y’/" satis-
fies (V.17 ). Since A Qf"__ F IS s one has to show that

- - -—rﬂ- o S -
AL [H e 4= (A8 1= )

+ -~
The left-hand gide of (A.1) car be rewritten as H " A+ (AB 1)"
80 the problam is to prove the identity

AL (AR "= 0.

(#£.2)
W¥e ‘introduce the notation
A <
e [ -1 X e o
A = . = - - F
Cf‘ Bﬁ“ € A € F x (a.3)
and calcuiate N
F) o . & )
+ L4 -1 p
A C -‘QA Ade’\ (4 "'e:\ A+FD‘
r ? § r x {4.4)
With the help of the identify (which will be proved 1ater on)
x + f s
AR =g, (9 J"e,fh‘\?ﬁ‘"e ZF”? € )CA (1.5)
i f I
and g d F.. =2A (see (1v.12,13)) we find

- + A -
x Pat 0.5 *
A+v CA = - Co\ A e- A
g M « p Cf (A.6)
Using this result it is very easy to check (A.2),

ol
Finally, we have to prove (A,5), From (IV,12) and A = ‘ F E‘;
one derives the identity

NLFPP = (al § on A SIS +E L FIRO-5TAF YY)

(A7)
This reduces the problem to calculating A; fN‘ and
A jl J‘J‘ (see (IV.10a)):
10

$ re
Al JC)'I‘— eN‘ £55 (a%e ﬁ;)e‘m ’
VIV e«f«‘;*f“; (ahegs)ell o we

A straightforward calculation produces the following results
(bee (IV.5,6,8)): ) A
¢ L Y '
k1 N’ ™t 1 L e A
Fo el kf 307 e, M

At e el = SN
iy owt PEAL
el [T+ 50 es‘“r%

N N

A”‘;‘ gm‘ e;{r

ai

¢ 3y vt $S - J'J; Y

£95 (a ey el = 457 el LR el L
s

+5ss"a el Mrd, i

’ So +

O TIUEEE A N vap s S ALY
fff? er Mr“‘ )

where -1V

Kot =B (BVHTTTg totef. e SOGHTT
-

2

Vs HT™

_ - + = pt f“ i
[m <ot (BRI

- -1y ~ My 4 ~1 P p
ﬁ;;”erxrgd‘ elava;}fﬂf*e“ f“‘ e/') E 7

Putting all this in (A.8) and then in (A.7) one observes that the
terme containing K and L cancel and one easily derives (A.5).
The 1dentity (A.5) can be rewritten in the equivalent form

d ol + -“F"’F /\é = .
578N : C"‘ 0 (4.9)

With the help of (A.9) one can prove a number of relations which were
established in sectioms 4,5 using tensor arguments.

11
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N=2 cyneprpaBuTalnyds B CyNepnpocTpaHcTBe:
HHBADHAHTHOE OencTsBHe )

B naxHof paboTe MPOOOHAXEHO NOCTpPOEeHHEe CyIeprpaBHTalHH
B rapMOHMYeCKOM CYyNepnpocTpaHcTBe. [laeTcs HHBapHaHTHOE
BelicTBHEe N8 NepBOoit BHeMaccoBoll BepcHM TeopuH. [okasa-
TeNnhCTBO WHBAPHAHTHOCTH OCHOBHIBAEGTCH HA CYMECTBOBAHHH HO—
Boro “"ruGpupHoro' 6Gasuca B rapMOMHYeCKOM CYHEpHpOCTpaHCT
Be, B KOTODOM HapsAy C aHANHTHYHOCTBIO HANONOBHHY HABHON
CTAHOBHTCH KHPAJABHOCTH.

Pabora sumonHeHa B JlaGopaTopuu TeopeTHUecKOoH (GHIHKH
OHAH.
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Galperin A.S., Sokatchev E. E2-87-85
N=2 Supergravity in Superspace:
the Invariant Action

This paper continues the formulation of harmonic su-
perspace supergravity. We write down the invariant action)
for the first off-shell version of the theory. The proof
of the invariance relies on the existence of a new "hyb-
rid" basis in harmonic superspace in which semi-chirality
combined with analyticity are manifest.

The investigation has been performed at the Laborato-
ry of Theoretical Physics, JINR.
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