View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by CERN Document Server

CERN-PH-TH/2007-015

On the supergravity formulation of mirror symmetry
in generalized Calabi-Yau manifolds

R. D’Auria’, S. Ferrara®, M. Trigiante®

§ Dipartimento di Fisica, Politecnico di Torino
C.s0 Duca degli Abruzzi, 24, I-10129 Torino

Istituto Nazionale di Fisica Nucleare, Sezione di Torino, Italy

E-mail: riccardo.dauria@polito.it, mario.trigiante@polito.it

HCERN, Physics Department, CH 1211 Geneva 23, Switzerland.
INFN, Laboratori Nazionali di Frascati, Italy

E-mail: sergio.ferrara@cern.ch

Abstract

We derive the complete supergravity description of the N = 2 scalar potential which
realizes a generic flux-compactification on a Calabi-Yau manifold (generalized geometry).
The effective potential Y.y = #(9,%—0), obtained by integrating out the massive axionic
fields of the special quaternionic manifold, is manifestly mirror symmetric, i.e. invariant
with respect to Sp(2ha + 2) x Sp(2h1 + 2) and their exchange, being hi, ho the complex
dimensions of the underlying special geometries. ¥.;; has a manifestly NV = 1 form in terms
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of a mirror symmetric superpotential W proposed, some time ago, by Berglund and Mayr.
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1. Introduction

Geometries which generalize Calabi-Yau manifolds in the presence of generic fluxes [I} 2, 3]
4,5, [6] (for comprehensive reviews on flux compactifications see [7]), have received considerable
attention, as they realize schemes of compactification which incorporate supersymmetry breaking

and moduli stabilization.

On the other hand the scalar potential originating from a compactification on such gener-
alized geometries can be computed, from a supergravity point of view, as a deformation of an
N = 2 supergravity Lagrangian. This N = 2 theory contains hypermultiplets which define a
special quaternionic manifold Mg, obtained by c-map from the complex special geometry Mxg
(of dimension h;) underlying a mirror Calabi-Yau manifold [8]. The deformation of the N = 2
theory is effected as an abelian gauging of the 2h; + 3 dimensional Heisenberg algebra of isome-
tries of the special quaternionic manifold [9]. We denote by hg + 1 the number of vector fields in
the model, and by hq + 1 the number of hypermultiplets, so that hy = hq1, he = hi12 in Type II1B
setting while hy = hia, he = hy; in Type ITA. The resulting potential for generic fluxes e, ez a
(I =0,...hg, A =0,...hy), was determined in [I0]. The condition for an abelian gauging of

the Heisenberg algebra requires that

e[IAeJ}A = 0. (1)
The generators of the Heisenberg algebra of quaternionic isometries [I1] are denoted by X, X, 2.

It is convenient to group the first 2h; + 2 generators in a symplectic vector X4 = (X, X*) in

terms of which the commutation relations among the Heisenberg generators read
[Xa, XB] = 2CupZ, (2)

all the other commutators vanishing. We have denoted by C the symplectic invariant matrix

e (%N .

The adjoint action of the remaining quaternionic isometries on the X 4 generators preserves this
symplectic structure. These isometries comprise those of the special Kéhler submanifold M gg
of the quaternionic manifold, of complex dimension h;. The generators X 4 are parametrized
by (2h1 + 2)-dimensional Sp(2h; + 2)-vector of axions Z4 = (¢4, <~A)> originating from the ten
dimensional R-R forms, while the central charge 2 is parametrized by the axion a dual to the
Kalb-Ramond antisymmetric 2-form B,,. The electric fluxes erd = (er®, era), together with
an additional vector ¢y, can be viewed as the electric components of and embedding tensor [12]

which defines the gauge generators 17 as linear combinations of X 4, 2

T = eIATA-I-CIf. (4)

In what follows we shall suppose that ho < h; and moreover that the rectangular matrix e

have maximal rank ho + 1. The gauge transformation rules for the axionic fields read

674 = et s Sa=Eer+ e My —Elerat =€ler+ e Cap 2P (5)



where ¢/(z) are the gauge parameters: 5A£ = a“gf . In the Type ITA framework the entries e;*

with I > 0 can be characterized as geometric fluxes describing a deformation of the Calabi-Yau
cohomology and eg? as the components of the NS-NS 3-form field strength H®) along the basis
of 3-forms labelled by A [5, 0]. The parameters c; are interpreted as R-R fluxes associated with
the forms F(©, @ F@ F©) iy the Type IIA setting, and with the 3-form F®) in the Type
IIB setting.

On the other hand, in order to have a symplectic covariant formulation of this gauging we
need to dualize hy + 1 axions, out of the h; + 1 Z4, to antisymmetric tensor fields, along the

IA I g oA

lines of [I3]. This will allow us to introduce the magnetic counterpart m , ¢r. For an
interpretation of these parameters in terms of generalized Calabi-Yau geometry see [5]. An other
way for introducing magnetic fluxes would be to use the duality covariant formulation in [12]
which describes at the same time the scalar fields and their tensor duals, coupled to both electric
and magnetic vector fields. This procedure would eventually require a gauge fixing to be made
and to solve certain non-dynamic equations. In next section we shall choose a different approach
consisting in dualizing axions parametrizing abelian quaternionic isometries while keeping the
theory covariant with respect to both the symplectic structures on Mg (i.e. with respect to the
group Sp(2hg + 2) of electric-magnetic duality transformations) and on Mg (i.e. with respect
to the group Sp(2h; + 2) acting on ZA). It is convenient to group the electric and magnetic

fluxes ey, m!4 into a single (2hg + 2) x (2h1 + 2) rectangular flux matrix Q
A er’
Q = Q)= A (r=1,...,2ha +2), (6)

and introduce the symplectic vector of R-R fluxes ¢, = (cz, ¢!). [ These parameters define a
2hs + 2 dimensional symplectic vector of gauge generators T, = Q4 X4 + ¢, 2. The abelianity

condition [T}, T5] = 0 now implies
(@"Qs"Cap)=QCQ" =0, (7)
while consistency of the theory with electric and magnetic charges requires [12} 13|, [14]
(QAQEC™) =QTCQ=0; (C Q") =CQ=0. (8)

The above conditions were found in [5] [I0 [15]. We shall also use the quantity Q=CcTqQcC=
(Q"4). Let us anticipate the main result of the paper, namely the Sp(2 hy + 2) x Sp(2hy + 2)-
invariant expression of the N = 2 scalar potential #". We shall denote by 2% (a = 1,...,hy) and
by w' (i = 1,...,hs) the complex scalars parametrizing Mg, submanifold of Mg, and Mgk

respectively. Moreover let Vi*(z,2) and VJ (w,w) denote the covariantly constant symplectic

'Here we shall use the same symbol C to denote the Sp(2h1 + 2)-invariant matrix C4p and the Sp(2hs + 2)-
invariant matrix C,s, both having the form (), though different dimensions. Which of the two matrices the

symbol C refers to will be clear from the context, in particular from the dimension of the object it multiplies.



sections on M gg and Mgk respectively. The scalar potential reads

v - —§§@+2chﬂcﬂﬁpﬁmcw+chm_
VTR (Her) Vi -

8 _ _
el T QT WV, +Vovf)QCw, 9)

VS Qi (Nics) Q" Vo —

where .# (/") denotes the (negative definite) symplectic matrix constructed in terms of the
real and imaginary part of the period matrix .4 on a special Kahler manifold [16]. It then
follows that the terms in the first two lines of (0) are non-negative. Note that scalar potential
depends on Z4 only through the combinations QCZ = (QTA(CABZB) which do not contain
he + 1 axions, since it is gauge invariant, provided the matrix @ satisfies (7). These are precisely
the axions that are dualized to antisymmetric tensor fields which acquire mass, in virtue of the
anti-Higgs mechanism, by eating the vector fields. The combinations QCZ turn out to depend
only on hs + 1 of the undualized axions, which then acquire mass from the potential and can
be integrated out. The remaining 2(h; — he) R-R scalars are flat directions. They are absent
for a self-mirror manifold, characterized by having hy = hs. In this case ) is a square matrix.
The condition which fixes the hs + 1 axions at the extremum value is c+2Q C Z = 0. After the

massive axions Z4 are integrated out we find the effective potential

%ff(¢7w7w7375) = ‘%:0:
2 7y - 2 1 .
_Evl Q ///(JVSK)QVl—gvz QM (Nks) Q" Vo —
8 _ _
-3 Vi T QT WV, + Vv QCw. (10)

This potential is manifestly mirror symmetric, namely symmetric if we exchange Mgk with
Mg and replace Q by Q. Tt is now possible to show, and we shall do it in the last section,
that Ve has an IV = 1 form with superpotential given by

_Ksgt+Kks
2

W = e Va(w, w)T QCVi(z, %), (11)

which coincides with the expression proposed in [I7], and Kéhler potential of the form

Kip = Ks+ Ksik + Kks,
Ky = —log(i(S—5)) : Ksx =—log(iV, CVi); Kxs=—log(iV; CVa), (12)

Kgg and Kkg being the Kéhler potentials on Mg and M gg respectively.

The paper is organized as follows. In section 2] we perform the dualization of the axion a
and of those components of Z4 which transform non trivially under the gauge group. We then
introduce the magnetic components of the embedding tensor in the resulting Lagrangian. In
section [B] we extend the results of [10], using the general formulae of [13], [12], to write the full
Sp(2 hg +2) x Sp(2 hy + 2)-invariant scalar potential. Finally in section [£] we make contact with

the N = 1 potential proposed in [I7]. We end with some conclusions.



2. Dualization with electric and magnetic charges

Let us start by introducing the notations. We consider a special quaternionic manifold Mg

of real dimension 4 (h; + 1), which is parametrized by the scalars

qu = {¢7 a/’ <A7 5[\7 Za}? (13)

where, from Type IIB point of view, a is the scalar dual to the 2-form NS tensor B,,, 0= Clo),
A= C(g), (A > 0), (o is dual to Cuv, Ch = Cayns (A > 0), ¢ describes the four-dimensional
dilaton and the complex scalars z are the Kéhler moduli of the Calabi-Yau and span the special
Kahler submanifold Mgg of complex dimension hj. In the Type IIA description the axions
¢A, Cy arise as the components of the R-R 3-form along a basis ay, 3* of the third chomology
group H® of the Calabi-Yau, while 2% describe its complex structure moduli. We can introduce
on Mgg the projective coordinates X which define the upper components of a holomorphic
symplectic section: X0 = 1, X* = 2. As anticipated in the introduction, there exists a subgroup
of the isometry group generated by a Heisenberg algebra (X4, 2) = (X, X A g ), whose action

of the hyperscalars has the following form:

5§A = aA,
5 = B,
da = v+atly—Bach, (14)

and which close the algebra (2)). Using the notations of [I1], we introduce the following one

forms
v = K dp—i(da+{Td¢—¢Tdl),
U = Qieg.XT(dg—c/VstC),
E = ie 7 PN U(dl — Ngdl),
e = PdX, (15)
where
- 1 e2¢ o 1 efxs
K K
et = —=—; € = — = i (9 >0), 16
20 2 X' Nx 2 (>0 (16)

where ¢ denotes the four dimensional dilaton and Kgg is the Kahler potential on M g defined
in ([I2)).

The metric on the quaternionic manifold reads:

ds> = vv+uu+EE+ée=
7 1 1 1
K jdz*dz° + I (dg)? + I (da+ dzZTCZ)? - 35 dz% i (Ngs)dZ , (A7)



where A% g is the period matrix on Mgg H, the symplectic matrix .# (.4") is defined as follows:

1 —Rest Im.A" 0 1 0
MN) = , 18
(H) (0 1 )( 0 ImJV_1><—ReJV ]1> (18)
CA
and the axion vector Z4 = <<~ > was defined in the introduction.
A
The Killing vectors associated with the abelian gauge algebra generators 77 defined in ()
read:
- 0 0 0
I (er+erCa—em () 5- +er 8CA+€1A8CA (19)

Let us start with the deformation [9] of the quaternionic Lagrangian (7)) which corresponds to

the chosen gauging of the Heisenberg isometry algebra:

7 1
P = —Kgdz" Axdz’ — e (Da — ZACap DZB) A x(Da — ZACap DZP) +
1
+ﬁ DZA M (Nis)ap NxDZB
(20)
where the covariant derivatives are defined as follows:
Da = da—c; Al —eIA(CABZBAI,

DzA = dzt — et AT, (21)

The electric charges e;4 satisfy the cocycle condition (@) corresponding to the requirement that

the gauge algebra be abelian:
e[AeJ'B(CAB = 0. (22)

As a consequence of the above condition the charges e;? select an abelian “section” of the
Heisenberg algebra to be gauged. Using e;, we can split the RR scalar fields in two orthogonal

sets Z1, ZA, as follows:
ZA4 = ezl + 24, (23)

It is also useful to define the scalars Z; = e;ACapZ8 = e;ACApZB. We may define the above

splitting in a more formal way by introducing a matrix é4! satisfying the conditions
éale/ = PMB exlet =0, (24)

where P(t) 48 is the projector on the hs + 1 dimensional subspace corresponding to the non

vanishing minor of e;4. We also define the orthogonal projector P() 4 & = 5§ — P 4B Using

2Tn our conventions ks = i A where 4, is the period matrix used in [IT].



these projectors we can define Z! = é4! P4 A ZB and 74 = P A ZB, Note that under

gauge transformations

ozl = ¢ sz4 =0, (25)

namely the Z4 components are gauge invariant. In other words the embedding tensor e;%, ¢;

defines an abelian subalgebra of the Heisenberg algebra spanned by the axions a, Z!. Our aim
is to dualize these scalars. We start from rewriting the vielbein along the 2 direction on the

tangent space, in the following form
da+dz"Cz = da+ Z;dz' — 7' dZ; — ZACapdZ®. (26)

From the above expression we see that, if we make the redefinition a — a + Z; Z!, all the
scalars Z! in eq. ([26), and therefore also in (20), can be covered by derivatives and thus a
and Z! can be dualized into closed 3-forms H = dB, H; = dB;. To this end we introduce
a set of unconstrained 1-forms 7, U’ replacing the differentials da,dZ’ in the Lagrangian (20)
and add the 3—forms H, H; as Lagrange multipliers. Note that the H; can be expressed as
combinations of 2 (hy; + 1) 3-forms H4 and similarly the corresponding antisymmetric tensors

By can be expressed as combinations of 2 (h; + 1) 2-forms By:
Hy = e*Hy; By=e/*"By; Hy=dBy. (27)

The resulting first order Lagrangian reads:

|
Ly = —Kal;dza/\*dzb—w(n—i—ZZ[UI—R)/\*(n—i—ZZIUI—R)+
(U — AN Apy Ax(UT — AT 42U — ATy e Aup AxdZP +dZ4 App NxdZP +
+H A (n—da)+ Hp A (U —dz?!), (28)

where we have used the following notation:
R = 27 A"+ c; AT+ Z4CupdZ?,

1
Aap = 20 M(Ngs)ap s Ay =ertes’ Aup. (29)

By varying the Lagrangian with respect to a and Z! we obtain H = dB, H; = dB;. The field

equations from the variations with respect to U’ and 7 are:

%:0 = n+272;,U —R=-2¢>x H,
0L J 2 J J 2 A ~> B
W:O = Z[(7]+2ZJU —R)=2A]J(25 (U —A)+2(25 er”“ AapdZz” —

—¢? x Hy. (30)

Solving the above equations with respect to n, Ur and substituting in the first order Lagrangian

we obtain the dual Lagrangian:
7 1
Zop = —Kgpdz*Axdz® — (¢ —AY Z;Z;)HA +H + ZA”HM*HJ —AYHAxH; Z; —
—(H[—QHZ[)AIJEJAAABAdZB+HAZACABdZB+(H[+C[H) A AT+
+dZA Aap ANxdZB, (31)



where
A Ay = 68 Aup=20up— A" e;%Acaer” App (32)
The dual Lagrangian is invariant under the following gauge transformations:
AT = da¢! . 6By =d=;; 6B =d=, (33)

where the 1-forms Zj, = parametrize the tensor-gauge transformations. We can complete the

Lagrangian (28) by adding the kinetic and theta term of the vector fields:

1
Lee = Im(Asr)rg FEAxF7 + 5 Re(A5K)1s FIAF7. (34)
It is straightforward to generalize the above construction by including magnetic charges m!4, ¢,

according to the following prescription [13]:

e In %, substitute F! by Fl=Fl + m!ABy+ ¢! B.

e In ZpHp substitute the topological term Hy A Al = et " Hoa N AT = —efA By A F! by
—e/BBg A (FI — %mm By — %cl B). The same for the term —c; B A F'.

In conclusion the final Lagrangian describing scalar, tensor and vector fields coupled to each

other by means of electric and magnetic charges reads:
AL n L pd L AL o ]
p = Im(JKgK)[JF AxF +§Re(</‘{s‘K)[JF N F7 —

5 1
—Kpdz Axdz® — (¢ =AY Z; Z))H A «H + ZA”HI/\*HJ—A”H/\*HI Zy—
—(H]—QHZ])AIJGJAAAB/\dZB-l-H/\ZA(CABdZB —

| 1 < .
—(Br+¢rB) A (F1 — 5m“‘BA— gclB)erZAAAB AxdZB . (35)

The above Lagrangian enjoys the extra tensor—gauge invariance:
6By =d=;; 6B=d= ; A = -—m!A=4—(=, (36)
provided the following conditions are met:
er*m!B —ePm = 0; ¢m!P—eBd =0, (37)

which are equivalent to (8). The form of Lagrangian (35]) is consistent with the construction given
in [13] as far as the kinetic metric of the tensors and the tensor—scalar couplings are concerned.
This is the case since, although we introduce 2 hy 4+ 2 tensors B4 formally corresponding to all
of the symplectic scalars Z4, only the combination B; = e;*B4 and B are actually propagating
and they mirror the scalars Z!, ¢ which parametrize an abelian subalgebra of the Heisenberg

algebra, due to condition (22)). A related observation is the fact that in paper [I3] the choice

3In [13] to role of the indices I, A is exchanged.



of dualizing the parameters of an abelian algebra was made from the very beginning so that
condition (2Z) was not needed. Let us note that also the combination m!4 B4 can be expressed

in terms of the only propagating tensors By. Indeed we can write

JA B JB A A

mIABA = m () éBIBA:m ey éBIBA:mJBéBIBJ, (38)

where the first of conditions (37 has been used.

3. Scalar potential with electric and magnetic fluxes

The general form of the .4 = 2 scalar potential is [18]:
V = Aho kWK L' T + g5 k5kS L' T + (U1 — 3LIT)) 2% 27 (39)

where the second term does not contribute to the gauging we are considering, which involves
quaternionic isometries only since it is abelian. The vectors L! denote the upper part of the
covariantly holomorphic symplectic section V on the special Kéhler manifold Mgx parametrized

by the vector multiplet scalars w?, w*. The expression for the momentum maps D7 is:
X7 = kiwy, (40)

where w? is the SU(2) connection. This form is Heisenberg-invariant and so is therefore the

SU(2) curvature. This justifies the absence of a compensator on the right hand side of eq. (@Q).

It is useful to rewrite the scalar potential in two equivalent ways:

VY = Ay kYKL T + (UY — 3LIT) ) K kYt Wt (41)
1 —
Vo= =5 (mAs) M RS Wl + 4 (e — Wl wf) KRS LT (42)

where we have used the special geometry identity:
1 _
Ul = -5 (ImAsx) M —T LT, (43)

In order to evaluate the expression on the right hand side of eq. ([42]) it is useful to compute the

following quantity [11]:
Gryg = k}EY (hy —wlwl) =kl kS ov+au+ EE— (00 +40u)y- (44)
Using the following notation:
_ AF Ay . _ 2
rro= cr+2(erCa—em () s s =em —er (Sks)sa, (45)
we can express Gy as follows:
1 Kks

G[J = 2€R§[ASJE (%—3Z£T)AE; %:—g(IHL/VKs)_l—ZﬁT ) L=e2 X(46)




In deriving the above expression for GGy we made use of the following properties:
N7'PIPN~! = K (N4 LT,
1 — _
—5 (mAig) = —N7T' 4 LT +Zc7. (47)

Now we can evaluate the two equivalent expressions for the scalar potential given in eqs. (A1)

and ([42)) [10]:

— 1 2
y = 'L/ [E(C[+2€]CZ)(CJ+2€JCZ)—EGI%(JVKS)GJJ}+
i(U—3[7/LT)(IJ) L’r'[TJ—|—8§1ASJEZA£Z (48)
2¢ 2¢ ’
v = —L(ImJV )~ ir ry+ 85I S il
16 SK 26 Iy IA ST
=1 _;_ = AY
5L L saqnsps (% —3LL7)" (49)
er®

where we have introduced the following vectors: ey = < > The first equation (48] is useful

€IA
for those gaugings which involve just the graviphoton Ag, e.g. Type ITA with NS flux or Type

IIB on a half-flat “mirror” manifold [I]. Indeed in these cases the term in the second line of

([8)) does not contribute for cubic special geometries in the vector multiplet sector since:
(U—-3LLTH)Y = 0. (50)

Similarly the expression (49)) is of particular use for those gaugings which involve only isometries
A = 0, like for instance Type ITA on a half-flat manifold or Type IIB on the “mirror” manifold

with NS flux since, for cubic special quaternionic geometries:

)00

(% —3CLT)" = 0 = efrs= —é (ImAgcs) ™ . (51)

Let us now rewrite the scalar potential ¥ as a symplectic covariant form in terms of the elec-
tric and magnetic charge matrix Q = (Q,*) defined in the introduction. To this end we use

the covariantly holomorphic symplectic sections Vo and Vj, associated with Mgx and Mgkg

o= <v;>=(L1) ; v1=<vf‘>=(£A). (52)

respectively:

Using the properties
sia (ImAgg) M sy = e M (Nis)aper®,
sin L = —e*Cap VP, (53)

the scalar potential ¥ in (48]), or equivalently in (49), has the following Sp(2 hy + 2) invariant

extension

v - —&(c+QQ(CZ)T(CT///(JI@K)(C(C4-2Q(CZ)—



—% VIO M (M) OVi — %VQT QM (Nics) QT Vs —
—%WTCTQT VL + Vv QCn, (54)

where ¢ denotes the symplectic vector of R-R electric and magnetic charges defined in the
introduction: ¢ = (cz, ¢!). Note that ¥ depends only on the gauge invariant component Z4 of

Z4 and not on the Z! which have been dualized to tensor fields, in virtue of the property ()
QA CapZ? = Q*Cape® 2"+ Q" CapZ? = Q,* CapZ?. (55)
The equation of motion for Z imply the following condition
c+2QCZ = 0, (56)

which fixes part of the undualized Z axions. To illustrate which of these axions are fixed and
which are flat directions let us choose a basis for Z4 so that, if we split the upper index A in
A = (I,\): det(er”) #0, et* = erp = 0. Conditions QCQT = QTCQ = 0 then imply that the

A

only non vanishing components of m! 4 are described by the non singular matrix m!” satisfying

17 ¢; KT = 0. The combinations QCZ then single out the only scalars ¢;, which

the condition m
therefore are the only components of the vector Z# entering the potential, and thus fixed by

condition (B6]). Therefore in this case the fate of the original Z4 scalars is summarized as follows

(ha +1) Z'=¢! — dualized to tensor fields Buur,
(hg+1) Zy=¢( — fixed by (G6),
2(h1 — hg) C, ¢ — flat directions for ¥ . (57)

Upon implementation of conditions (56), the first term in the scalar potential (54]) vanishes, and
the resulting effective potential ¥ s, as a function of the remaining scalar fields, acquires the

following mirror symmetric expression

21~ - 9 _
%ff(¢7w7w7z7 2) = n//IBBZiA:O = _5 VlTQT'%(c/KS’K) Q‘/l - g V2TQ%(</VKS) QT‘/2 -
8 et QT MV, + VeV Qe . (58)

¢
The above formula for ¥ is manifestly invariant if we exchange Mgk with Mgg and Q) with

Qr.
4. Formulation in terms of an N = 1 superpotential

In this section we show that the expression for ¥ in (54]) can be described in terms of the

N =1 superpotential proposed in [17]

_Ksx+Kks

W = e 2 o vlQCw, (59)

10



where Kgi(w,w) and Kkg(z,z) are the Kéhler potentials on Mgk and Mg defined in (I2) .
The scalars of the N = 1 theory are S, S, w', @, 2%, 2% and span a Kéhler manifold with Kéahler
potential given in ([I2]). The N = 1 scalar potential reads

Yoy = e (9“5 DW Dy W + 7 D;W D;W + g5 DgW DgW — 3 |W|2) ., (60)

where the covariant derivatives are defined as D, W = 0, W + 9, Ko W, where x = i, a, S. Note
that W is S-independent and therefore

5 DsW DgW = ¢55 DgKgDsKg|W|? = [W|2. (61)
Let us now use the following properties of special geometry
¢O DDV = 3 C .l (Nigs)C - TV
I DVDVy = o O A (Ner )T - VoV (62)
and write the relevant terms in Vy—
GO DW DW= T (—% VI Q4 (Nics) QT Vs — vﬁ@%T%Vf@@ﬁ) ,

- _ 1 - - _ _
gm DZWDJ—W _ e KSK;FKKS <_§ ‘GTQT %(%K) QVI _ VlT(CTQTVQVYQTQC‘/l) ,
WP = 2o UGS yTeT Ty, T OC, . (63)
The scalar potential therefore can be recast in the following form
KS 1 — T ~T ~ 1 — T T
IN=1 = e —§V1 Q ///(«/%K)Qvl—a‘/Q QM (Nks) Q" Va—
2V QT (R, + Vi) QC W) | (64)

which coincides with the expression in (54]) provided ImS = —exp(—Kg)/2 = —¢/8.

5. Conclusions

We have derived the scalar potential for an N = 2 supergravity theory with general electric
and magnetic gauging of an abelian subalgebra of the Heisenberg isometry algebra of a special
quaternionic Kéhler manifold. Although we have only discussed the bosonic action, by applying
the results of [I3], the full Lagrangian, including fermionic terms and the transformation laws
are known.This Lagrangian is supposed to describe the effective theory for a compactification of
Type II superstring on a generalized Calabi-Yau manifold, which, in this context, is viewed as a
deformation of a Calabi-Yau manifold when general fluxes are turned on. One limitation of this
description is that classical c-map has been used to obtain a manifest Sp(2 hg +2) x Sp(2 hy +2)-
symmetric description. It would be interesting to describe a situation in which a quantum
c-map [19], encompassing both perturbative and non-perturbative effects for the quaternionic

geometry, is used in this context of generalized geometries.

11
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