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ABSTRACT

We confirm the leading o3 correction to the 4d, N' =1 Kahler potential of type IIB orientifold
compactifications, proportional to the Euler characteristic of the Calabi-Yau threefold (BBHL
correction). We present the explicit solution for the a’3-modified internal background metric in
terms of the non-harmonic part of the third Chern form of the leading order Calabi-Yau mani-
fold. The corrected internal manifold is almost Calabi-Yau and admits an SU(3) structure with
non-vanishing torsion. We also find that the full ten-dimensional Einstein frame background
metric is multiplied by a non-trivial Weyl factor. Performing a Kaluza-Klein reduction on the
modified background we derive the a/3-corrected kinetic terms for the dilaton and the Kéahler
deformations of the internal Calabi-Yau threefold for arbitrary h!. We analyze these kinetic
terms in the 4d, N = 2 un-orientifolded theory, confirming the expected correction to the Kahler
moduli space prepotential, as well as in the 4d, A = 1 orientifolded theory, thus determining
the corrections to the Kahler potential and Kéahler coordinates.
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1 Introduction

Supersymmetric flux compactifications of type IIB superstring theory constitute a vast and rich
arena for the study of the implications of string dynamics on 4d physics. Comprehensive reviews
on the subject include [1-5]. A common feature of several flux compactification scenarios is
the crucial role played by o/ and/or gy corrections to the leading-order effective action. One
of the most prominent perturbative corrections to the 4d low-energy effective action is the '3
correction to the Kéahler potential proportional to the Euler characteristic of the Calabi-Yau
threefold used in the compactification. This correction was first computed in a paper by Becker,
Becker, Haack, and Louis (BBHL) [6]. It plays in essential role in the Large Volume Scenario
for type IIB compactifications |7H9].

The 10d origin of the Euler characteristic correction to the 4d Kahler potential resides in
the leading o’ corrections to the bulk type IIB supergravity action. This is an eight-derivative
coupling built with four Riemann tensors, accompanied by several additional couplings involving
other type IIB fields as a consequence of SL(2,7) symmetry. For the derivation and discussion
of these couplings see e.g. |L0H19|. The authors of [6] infer the corresponding correction to the 4d
Kahler potential in a somewhat indirect way. Exploiting mirror symmetry, the starting point of
their analysis are the results of [20,21] about the corrected metric of the hypermultiplet moduli
space of a Calabi-Yau type II compactification to four dimensions with N = 2 supersymmetry.
Making use of the results of [22] these corrections are then reformulated in terms of 4d field
variables whose 10d origin is manifest, in such a way that the orientifold projection to N =1
supersymmetry can be performed.

The aim of this paper is to provide a direct derivation of the Euler characteristic correction
to the 4d Kahler potential by means of a completely explicit Kaluza-Klein reduction of the
relevant o3 couplings in the 10d bulk action. Not only is this approach more transparent, but
it also presents other advantages. Firstly, we do not have to make any assumption about the
superpotential or the scalar potential of the full 4d, A/ = 1 low-energy effective action, since
our conclusions are entirely drawn from the examination of the kinetic terms for the dilaton
and the Kéahler moduli of the Calabi-Yau threefold for arbitrary hA%!. Secondly, our approach
allows us to derive both the correction to the 4d Kahler potential and the correction to the
Kahler coordinates as a function of the Kahler moduli. Finally, in the process of the derivation
one necessarily has to analyze the background solution and show how it gets modified by the
o' corrections under examination. In particular, we are able to provide an explicit solution
for the a’-corrected internal metric in terms of the non-harmonic part of the third Chern form
c3 of the leading order Calabi-Yau threefold background. The corrected metric is Kéhler but
not Ricci-flat. As a result it no longer has SU(3) holonomy, but rather an SU(3) structure
with non-vanishing torsion. The corrected geometry fits in the framework of almost Calabi-Yau
manifolds [23]. Similar results were derived in [24] in the case of M-theory compactifications
on a Calabi-Yau fourfold. Additionally, we find that the 10d background metric is corrected



by an overall Weyl factor at order '3, in analogy with the findings of the three-dimensional
M-theory analysis of [24-28].

The main results of our paper are summarized in equations (4.18)) to (4.21)). We reproduce
the Euler characteristic correction to the Kéahler potential originally found by BBHL [6]. We
also compute the leading a’3 corrections to the Kéahler coordinates and the 4d axio-dilaton in
terms of the Kahler moduli, and find that they are vanishing. Finally, we exclude the possibility
that the effect of the correction to the Kahler potential can be undone by a Kéahler coordinate
redefinition, and we reformulate our findings in the formalism of linear multiplets [29-31] in
order to elucidate the physical relevance of the correction. Let us remark that our analysis does
not take into account explicitly localized sources of the N =1 setup, such as seven-branes and
orientifold planes.

This paper is organized as follows. Section [2]is devoted to the computation of the relevant
o' corrections to the 4d kinetic terms of the dilaton and Kahler moduli. In particular, in
section we present the relevant higher-derivative corrections to the 10d action of type I11B
supergravity, in section we discuss the background solutions of interest, while section
is devoted to the dimensional reduction to four dimensions. The results of the computation
are then analyzed in section [3]in the context of the 4d, N = 2 effective theory obtained in the
absence of orientifold planes and D-branes. We show that our findings are compatible with
the expected perturbative correction to the prepotential for the Kéahler moduli space metric.
We then proceed in section [] to analyze the 4d, A = 1 setup obtained after implementation
of an orientifold projection. We verify that the a’-corrected kinetic terms of the dilaton and
Kahler moduli can be written in terms of a corrected Kéhler potential. We determine the
latter, reproducing the correction of BBHL [6], and we identify the a'-corrected form of the
Kahler coordinates. Section [5| summarizes our conclusions. Our conventions, together with
useful identities and some technical material, can be found in the appendices.

2 Four-dimensional o Lagrangian

This section discusses the dimensional reduction of IIB supergravity action including a suitable
class of eight-derivative corrections, on a Calabi-Yau threefold to four dimensions. In particular,
we restrict our analysis to purely gravitational terms and dilaton terms. We fluctuate the
background metric by Kahler deformations and focus on couplings that carry two external
spacetime derivatives and are at most quadratic in the infinitesimal Kahler deformations. We
first review the relevant eight-derivative a3 corrections to 10d type IIB supergravity and the
supersymmetric background.



2.1 Type IIB higher-derivative action

The starting point of our analysis consists of the type IIB supergravity action including the
leading order a'3 eight-derivative correction built with four Riemann tensors |10-19]. For our
purposes this gravitation coupling has to be supplemented with suitable dilaton couplings
discussed below.

In order to set up our notation, let us first record the gravitational and axio-dilaton terms
in the two-derivative type IIB supergravity in the Einstein frame,
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where 2%, = (2m)7a/*, M =0,...,9 is a 10d world index, and the axio-dilaton is defined as
7:71+Z'72=Oo+’i67$. (22)

The action (2.1)) is invariant under the SL(2,Z) symmetry of type IIB superstring theory, under
which the Einstein frame metric is invariant and the axio-dilaton transforms as
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Next, let us consider the o’ correction constructed with four Riemann tensors. It takes the
form
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where the explicit tensor contractions are given by
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and the tensor tg is defined in terms of the metric in the standard way [12]. We have also
introduced the function fo(7,7), which is the non-holomorphic, SL(2,Z)-invariant function
defined as

3/2

frm= Y —2 (2.6)
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It is useful to note that in the large 75 limit, which corresponds to the small string coupling
limit, we have
27'('2 -1

fo(r,7) =2¢(3) 2% + N 2L o(e ) . (2.7)

Our analysis requires the consideration of additional higher-derivative terms involving gra-
dients of the dilaton. Such terms can be obtained following the approach of [14,/17,|18], by
replacing each occurrence of the Riemann tensor in (2.5)) according to

Run®™? = Run"? + e1gu Vi V90 + eagin VoV 96 + G g U vicov i, (2.8)
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where antisymmetrizations are performed with weight one, and ¢;, ¢, ¢3 are real numerical
coefficients that we leave unfixed for nowf| In order to achieve SL(2,Z)-invariance several
other terms have to be added to the action [32,33], but they are not relevant for our discussion.

In summary, the total action utilized in the analysis of the following sections is obtained by
summing the two-derivative terms in with the terms generated by the replacement rule
in the terms given in . We only keep terms which can correct the kinetic terms of
the resulting 4d dilaton and discarding higher derivative terms thereof, as well as terms for the
axion Cy. We also retain only the leading term in the large 75 expansion of fo(7,7), see .
We thus obtain
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where the quantities fi, fM¥, f3 are homogeneous polynomials of degree three in the compo-
nents of the Riemann tensor and are given explicitly in appendix[B] For notational convenience
let us introduce the dimensionful constant

¢(3)a”
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(2.10)

which plays the role of the small expansion parameter relevant for our problem. Note that we
adopt conventions in which the 10d metric components and the dilaton are dimensionless, while
coordinates ™ have dimension of length.

2.2 Supersymmetric background

In this section we study how the supersymmetric Calabi-Yau background solutions of type 1B
supergravity are modified in the presence of the higher-derivative terms in and we present
the relevant dilaton and Kéhler fluctuations around the corrected background. Let us note that
we cannot analyze directly the supersymmetry properties of the background, since the type 11B
supersymmetry variations are not completely known at the required order in o/, but we can
give necessary conditions for the o’ modification of the background by solving the equations of
motion.

3The analysis of the 4-point tree-level dilaton scattering amplitude gives the value ¢, = —1 (see [14,|17,/18]
and also [32,/33]), while ¢, ¢3 cannot be fixed in this way. In what follows, however, we proceed treating all ¢
coefficients on the same footing.



2.2.1 Corrections to the background

Our problem fits into the framework of supersymmetric flux compactifications of type IIB super-
string on a Calabi-Yau threefold Y3. Let us first recall some facts about these setups neglecting
higher-derivative corrections to the 10d supergravity action [34]. For compactifications to flat
four-dimensional spacetime the background metric has the form

dsiy = ¥ datda” + e gl dy dy® | (2.11)

where p,v = 0,1,2,3 are 4d external spacetime world indices, z# are Cartesian coordinates,
Nuw 1s the Minkowski metric, a,0 = 1,...6 are real internal world indices associated to the
coordinates y¢, and g;(;: denotes the Ricci-flat metric on Y;. The warp factor A only depends
on the internal coordinates and also determines the background Fj flux via

Fy = (1+%19) de** Ada® Adxt Ada® Adat (2.12)
The F5 flux has to obey the Bianchi identity
dF5:H3/\F3+,06 s (213)

where H3 = dBy and F3 = dCy — CydBs, are the usual NSNS and RR three-form field strengths
and the six-form pg encodes the D3-brane charge density associated with possible localized
sources. Integrating (2.13]) on the internal manifold yields the D3-brane tadpole cancellation

condition ]

2R%OT3 Y3

Hg/\F3+QD3:O , (214)

where T3 = (27)73(a’)? is the D3-brane tension and @)ps is the total D3-brane charge, propor-
tional to the integral of pg[f] If all local sources are removed, all fluxes have to vanish and the
warp factor is necessarily trivial.

The inclusion of higher-derivative corrections to the type IIB bulk action induces modifi-
cations in the previous picture. In what follows we analyze the 10d equations of motion in
presence of higher-derivative corrections of order o o< @3 but without introducing any local
source in the problem. Even though this setup yields an effective 4d, N = 2 low-energy effective
action, we argue that the following analysis is sufficient for the purpose of studying the Euler
characteristic correction to the Kahler potential in the 4d, A = 1 theory after performing the
orientifold truncation in section [4l

We adopt the following a’-corrected Ansatz for the 10d background metric,

dsi, =e® [62A N datdz” +e 4 gabdy“dyb] , (2.15)

4Recall that Qps generically receives contributions not only from D3-branes and O3-planes, but also from
higher-dimensional defects with flux- and/or geometry-induced D3-brane charge, such as D7-branes and O7-
planes [34].



where

d = ad?+0(a?),
A = aAY+0(a?),
Jab = gop +agl) +0(a?) . (2.16)

The quantity ® is an overall 10d Weyl rescaling of the metric, and it has been introduced
in analogy with the analysis of [24]. This parametrization of the prefactors multiplying the
internal and external metric is general and is useful for the following discussion. The zeroth-
order metric is the Calabi-Yau Ricci-flat metric. Accordingly, ® and A have no O(a?) term.
All quantities depend exclusively on the internal coordinates in order not to break Poincaré
invariance in the external directions. The corrections to the dilaton profile are parametrized as

¢ =do+ad®+0(a?) , (2.17)
where ¢q is the constant uncorrected dilaton VEV.

The 10d Einstein equation at order o can be written in the form
0= Ry —3(Rop 977 giin + Tuw - (2.18)

The first two terms capture the contribution coming from the two-derivative part of the Einstein
equation evaluated on the a-corrected Ansatz (2.15). The symbol R\, is used to denote the
O(a) part of the 10d Ricci tensor computed using the metric (2.15)), while g\, is used for the
O(a) part of . The quantity Tysn encodes all the contributions coming from the higher-
derivative part of the Einstein equation, derived from (2.9), upon evaluation on the O(a) part

of the metric Ansatz (2.15). We find
Tw=0, Tw=0, Tu=768ae:% ] JOlv0v)Q (2.19)

where V© ., J© denote the Levi-Civita connection and complex structure associated to the
zeroth-order metric, respectively, and the quantity () is the six-dimensional Euler density,

Q= 1_12 (R(o) asas RO) asag RO) aiay _ QR((;)l)azblbz Réz)%beSRg;)al bsbl) . (2.20)
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This object satisfies
Q=(2n)? *g)) céo) , f Q *g)) 1=(27)%x, (2.21)

where y is the Euler characteristic of the internal space, *éo) is the Hodge star operator with
respect to the zeroth-order metric, and c3 is the third Chern form built from gg;)), defined in

appendix [A]

It is convenient to use holomorphic and antiholomorphic indices m = 1,2,3, m = 1,2,3
associated to the zeroth-order complex structure, in such a way that J©,," = +id,,”. One may
then check that all components of the order-a Einstein’s equation are solved by imposing

OV =-192¢72%Q , RY)=-1536e 22 vOVYQ, R, =0, RY. =0, AD=0, (2.22)



where R™ denotes the linearized Ricci tensor of the metric correction g. Let us also point
out that we can exhibit an explicit expression for g®. To this end we start recalling that, as a
consequence of the d0-lemma, the (3,3)-form c3 can be decomposed as

c3 = Heg +i00F | (2.23)

where Hcs denotes the harmonic part of c¢3 with respect to the zeroth-order metric and F' is a
suitable co-closed (2,2)-form[| We can express the Euler density @ in terms of F' as

2m) 3 Q=+ Heg+ 1 A 1O (JO A F 2.24
( ) 6 2 6 )

where A© = 2g@miyVgY9 denotes the scalar Laplacian of the zeroth-order metric, and we
exploited the co-closure of F'. Let us also stress that the first term in is constant on
the threefold as a result of the harmonic projection. Utilizing one can observe that the
equations for R®™ in (2.22)) can be solved by setting

G =0, gon=0, gl =-1536(21)%e 2% VOV 5 (JO A F) . (2.25)

As we can see, the corrected metric g\or + aglh. is still Kihler and belongs to the same Kihler

class as g'". .

The dilaton also receives a correction sourced by the higher-derivative terms in (2.9)). The
relevant terms in the dilaton equation of motion yield the relation

0= gOPmyOVOeM —1152¢71% ¢ g0y OTOQ | (2.26)

and is solved by [
¢ = 11526 e 3%(Q) . (2.27)

An integration constant has been set to zero because, up to O(a?) terms, it can always be
reabsorbed in ¢y. Our findings about the modification of the background dilaton profile and
internal metric are in line with previous work [13,36-39].

In closing this section let us remark that a full determination of F}, G5, Fy at order «
would require a detailed knowledge of order-a corrections to their equations of motion, which
are related to the SL(2,7Z) completion of the higher-derivative terms recorded in (2.9)). This
investigation is beyond the scope of the present work. Since we focus on couplings involving
the metric and the dilaton, however, we only need the expressions and for the
order-a Weyl rescaling factor and dilaton correction.

5 The existence and co-closure of F' can be seen by the following argument, similar to an argument in [35].
Let us first apply the Hodge decomposition theorem to the 6-form c3 and write c¢3 = Hcs + dbs for a suitable
globally defined 5-form bs. Since the form dbs is d-exact, d-closed, and 0-closed, the 00-lemma ensures that it
is 00-exact, so that dfs = 0f, for a globally defined 4-form fs. We can now apply the Hodge decomposition
theorem to f; and write fy = H f4+dgs + g5, where § denotes the codifferential and g3, g5 are a globally defined
3- and 5-form, respectively. We now note that H f; is harmonic on a Kéhler manifold and hence O-closed, and
that 00d = 0. It follows that we can write c3 = Hes + 006gs. We can thus set F' = —idgs, which is co-closed
because it is co-exact.



2.2.2 SU(3) structure on the internal manifold

In this section we show how the SU(3) holonomy of the zeroth-order Calabi-Yau internal metric
is deformed to a specific SU(3) structure of the o/3-modified background. Our discussion applies
to gfl%) + géllf and does not involve the overall Weyl rescaling factor of the 10d metric.

The Kéhler form and the (3,0)-form of the uncorrected Calabi-Yau metric are subject to
o' corrections but remain nonetheless globally defined on the internal space. As a result, the
structure group of the internal manifold is reduced from SO(6) to SU(3) even after taking
corrections into account. This guarantees the existence of local SU(3) coframes, consisting of
triplets ef, I = 1,2,3, of complex one-forms together with their complex conjugates &, with
the property that {e/, &’} is a local basis of T*Y3® C and on overlapping patches the transition
functions for e take values in SU(3). We may express locally J and €2, as well as the metric,
in terms of the SU(3) coframe as

J=id;5el ne’ | Q:%EUKeI/\e‘]/\eK, ds®>=26;5¢ele’ | (2.28)

where €193 = 1. The coframe can be written as the sum of an uncorrected contribution and a

correction,
el =e®f 4 qe®! (2.29)

Since the uncorrected geometry is Kahler, we can adopt complex coordinates and choose the
coframe e©7 in such a way that its only non-zero components are e/, e,

The relevant correction to the SU(3) coframe takes the form
! = T68(2m) e 2% e, VOVO" ) (JO A F) d2™ (2:30)

It is indeed straightforward to check that the associated correction to the metric reproduces

g™ in (2.25). We also have

J=JO 4+ JO  JO = 21536 (27)%e 29 9000+ (JO A F) | (2.31)
and therefore
dJD =0 . (2.32)
The correction to the (3,0) form reads
Q=00 +aQ® QW= [—384 (27)3e73%0 A©) 2O (O A F)] QO (2.33)
which implies
dQW = —768 (27m)3 2% dQ A QO (2.34)

We can summarize our conclusions in the language of SU(3) torsion classes, reviewed for
instance in [40]. The most general SU(3) structure can be described by

dJ = =3ImW Q) + Wi A J + W3,

AQ=IWJANT+WoAJ+ W5 Q| (2.35)



with suitable torsion classes Wi, Wa, W3, Wi, Ws. We can then see that in our case all torsion
classes vanish, with the exception of

Ws=0+aW, , W, =-768(2r)% 5% §OQ . (2.36)

The corrected geometry is still Kdhler and the manifold is an almost Calabi-Yau threefold [23].

2.2.3 Fluctuations associated to Kahler moduli

In order to derive the relevant couplings in the four-dimensional effective action of type I1B
compactified on Y3 we need to activate Kahler structure deformations of the internal metric
entering the 10d background solution. We thus imagine to pick a fixed, reference point in the
complex structure and Kahler structure moduli space of Y3 and to switch on small deformations
in the Kahler structure moduli space directions.

It is well-known that, at zeroth-order in «, the Kahler structure deformations of the internal
Ricci-flat metric take the form

SGmn = =1 0V Wim (2.37)
where ¢ = 1,... hb1(Y3), dv' are real deformation parameters, and w;,; denote a basis of

harmonic (1, 1)-forms whose cohomology classes are Poincaré dual to an integral basis of the
homology H(Y3,7).

At first order in « the structure of the internal metric deformations can be written as
S(g% +a gty = =i 00" (Wimm + @ VOVY ) + v;;?v;f)éﬁ +0(a?) . (2.38)

The p; functions parametrize deviations from the harmonic representative within each cohomol-
ogy class in H''(Y3), while §F denotes the variation of the function F' = +{”(J© A F') appearing
in ([2.25)) induced by the zeroth-order deformation (2.37). Both kinds of modifications can be

combined in a single expression of the form
(g0 + a gl = =i 0" (Wimm + @ VOVON) + O(a?) (2.39)

for suitable functions \;. Similar results were found in [25,/26]. Crucially, these functions drop
out from the dimensional reduction discussed in the next section. As a consequence, we do not
need to discuss their specific form, and moreover it seems that they do not have any physical
significance. Let us point out that the deformation of the zeroth-order metric induces
also a modification of the quantity () entering the order a expressions for the Weyl rescaling
function @ and the dilaton correction ¢®. Since we are working up to quadratic order in
fluctuations, we can consider a truncated Taylor series expansion for () of the form

Qg + 69 =Q + Qi(gvi " %Qij(;vi(gvj . (2.40)

10



In order to compute the 4d effective action we treat the fluctuation parameters dv’ as
arbitrary functions of the external coordinates. In a similar way, we promote the O(a?) dilaton
profile ¢y from a constant to an arbitrary function of external spacetime. In summary, the
Ansatz utilized in the dimensional reduction takes the form

ds?y = exp {—192 ae 39 (Q + Q00" + %Qij&)iévj)} X (2.41)
x lguydm“da:” + 2(gﬁ2>ﬁ +a gt —i0v (Wi + aV,(fL)Vi—?/\i))dzmdz”] +0(a?) +O0(5°)
o(x,y) = p(z) + 11528 e 29 (Q+Qidv" + 1Q;60'007) + O(a®) + O(6v%) . (2.42)

Note that we have replaced the external Minkowski metric with an arbitrary metric g, (z).
We will drop the explicit dependence of the spacetime coordinates, writing ¢ for ¢(x), for
notational simplicity in the following.

2.3 Reduction results

This section is devoted to the discussion of the results of the dimensional reduction of the
various terms in according to the Ansatz . In section we present the outcome
of the computation and we address the problem of uplifting it from small fluctuations dv’ to
a full, non-linear dependence on the Kéhler structure moduli. Section is then devoted to
the Weyl rescaling that casts the 4d Einstein-Hilbert term into canonical form.

2.3.1 Results and uplift

To begin with, the reduction of the Einstein-Hilbert term to four dimensions yields
f Ranl— [ (QR+P;V,00'vhw + PV, 00'7") #41 | (2.43)
Mo My
with
Q = ', [1 — 100" Wi ™ + 2006V (Wignaw; "™ = Wi MWy ") — 384+ 2 o e~ 290 Q] 1 (2.44)
P, = f [%wimﬁwﬁm — Wi " wjn" — 384 - 2390 Q (%wimﬁwﬂm + wimmwjn”)] 1, (2.45)
Y3
Po= | -384-6ice 20w, Q +"1. (2.46)
Y3

The terms proportional to « originate from the 10d Weyl rescaling factor in the backreacted
metric Ansatz (2.41)). Let us point out that terms involving other quantities such as g, and \;
drop out of the final result because their contributions can be organized into total derivatives

11



in the internal space. It is also crucial to make use of the fact that the fluctuation of ¢3 under
a Kéhler deformation is an exact six-form, in accordance with c3 being a characteristic class[f]

Next we consider the reduction of the dilaton kinetic terms. Note that V,¢ can be effectively
considered to be a fluctuation of the same order as dv?, and as a result terms of the schematic
form dvVPV ¢ or dvVovV¢ have to be neglected. To linear order in fluctuations we have

V= Vud [1-1728 061 e Q| + 115406 €730 Q, V00" (2.48)
Combining this observation with the effect of the Weyl rescaling factor we obtain
/Mm 1V ovMhxi1 — fM (U V.0V )+ U; V,,0V"60 ] %41, (2.49)
with
U=-12ra/)V© +384a(1+26)e 2% (21)x ,  Ui=-384a-3ié wp™ (27)%x ,  (2.50)

where V© denotes the volume of Y3 in units of \/27wa/ computed with the zeroth-order metric
g\ and we used (2.21) and the footnote for the integrals of Q, ;. We have also recalled that
wim™ 1s constant on the threefold.

We can now record the results of the reduction of the higher-derivative terms. First of all,

: . . .
[ e 2? (tsts + —610610) R* 191 — / [_384 ’ 2(27)36_%¢X R+ P; Vu5UZV“(5U]] *al,
Mo 8 Ma
(2.51)
where

P;= 384(271’)36_%(15—/; Wimaw; ™" C3 - (2.52)

3

Let us remind the reader that the internal six-form c¢3 is the third Chern form defined in
appendix |[Al and was related to @ in (2.21)). Secondly, the reduction of the higher-derivative

dilaton couplings in (2.9) yields
fM 6_§¢(51VMVM€27f1 + & Vb VNG 3TN + e Mo Vngf?)) (2.53)
10

— 384(27)° fM e-id’l — 3(36) + 28 +483) X V0V G + 30 & Wi ™ X V0V 60" [ 41 .
4

As mentioned above, in the process of dimensional reduction we have implicitly chosen a
reference point in the complex structure and Kéhler moduli spaces of the threefold Y3 and we

5This observation allows us to derive useful identities involving the variation of the zero-form . Recalling
Q = (2n)3 *éo) c3 and taking into account the variation of the metric implicit in the Hodge star, one can show
that

L [Ql - iwimm Q] *<60> 1=0 s —/;/ [Q” + (Wim»ﬁ Wjﬁm + wimm (ann)Q] *é(]) 1=0 s (247)
3 3
where the quantities Q;, Q;; were introduced in ([2.40).
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have only activated Kéhler fluctuations dv?, retaining terms up to quadratic order. Our next
task is to infer the form taken by the couplings written above when the fluctuations dv’ are
promoted to a full dependence on the moduli space of Y3. At two-derivative level this is a
standard procedure that we briefly review in order to set up our notation.

Recall that the (1,1) forms winm, ¢ = 1,...,hb! are the harmonic representatives of the
cohomology classes dual to an integral basis D; of the homology H,(Y3,Z). The threefold
intersection numbers are denoted

Kijk = D,L . Dj : Dk = (27’(’0/)73 / Wi ANWj AWk - (254)
Y-

3

We have inserted the appropriate power of 2ra’ in order to make the intersection numbers
ICiji dimensionless. Indeed, the components wj,; are dimensionless, so that the (1,1)-forms
Wi = Wimn d2™ A dZ™ have mass dimension —2.

The Kahler class of the zeroth-order metric at the reference point in moduli space can be
expanded onto the basis of forms w; as

JO = 0P, (2.55)
where v are taken to be dimensionless. We also define the quantities
©) _ k © _1 i 0k _1 IMOYIOL:
Kij = Kijk’l}(o) s lCz = §/Cijk1}(0)]l)(0) s V(O) = EIC]'Z'}CU(O)ZU(O)JU(O) . (256)

The quantity V© is the volume of the threefold in units of \/2wa’, so that we can write

/Y w5 1= (2ma/)? V. (2.57)
3
Let us record the useful identities
Ko . KoK
Wi = iVZo) ’ Wimati™™ xg) 1= wi Awj A = V(0>2j x5 1 (2.58)

and stress that harmonicity of w; guarantees that w;,,™ is covariantly constant on Y3. Using
these identities we can immediately compute the O(a?) part of P;; defined in (2.45),

0) 4-(0)

, KOk
P, = 2r«a )3 %]Ci.;) + %W] +0(a) . (2.59)

This expression is initially understood to be evaluated at the reference point in Kéahler moduli
space, but given its topological nature it uplifts naturally to the full moduli space dependence.
This is achieved simply by replacing v©? with an arbitrary v*. The quantities defined in ,
in terms of v®¢ are promoted to v-dependent quantities denoted V, K;, K;; without
the © superscript. In a similar way, the quantity €2’ naturally uplifts to the full v-dependent
threefold volume form, which integrates to the full volume.
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The uplift of higher-derivative couplings is considerably less under control in general, due to
the fact that corrections are expected to lift some of the naive flat directions of moduli space,
making the identification of the correct massless modes a hard problem. Nonetheless, we can
recast the reduction results of the higher-derivative terms under consideration in a simple form.
Exploiting the fact that w;,,™ is covariantly constant we can immediately perform the uplift of
integrals of the form

K; KiK.,
im X = i Win" - . 2.60
fYSw 03—>2XV [ng Wjn €3 —> —X V2 ( )

A similar manipulation for the integral
Wimn W n C 2.61
-/}/3 J 3 ( )

is not straightforward, since the non-harmonic part F' of c3 introduced in (2.23) poses an
obstruction to the factorization of this expression. In the present context, however, the overall
coefficient of this term in the dimensional reduction is zero and we do not have to address this
complication.

Let us introduce the field-dependent, dimensionless quantity
3
2%

)4

e

3
2

< 3 o So., _ 1
In what follows it plays the role of the effective expansion parameter for the problem at hand.

Combining all contributions after uplift the 4d effective action takes the form

- 1 N 1 N\ G ; ~
S4d=m‘//MLL{V(l-Fle)R-‘rl(§+bQX)Kij+(§+b3X) VJ]VNUV“UJ

1 .
+V(—§ +b4>~<) VudVH o +bs X K; V;LQW“UZ} *g 1. (2.63)

In this expression we have promoted the fluctuations dv? to full 4d fields v*. For notational
convenience we have introduced the numerical coefficients

b1:—4, bgz(), b3=2, (264)
b4 = 1 - 362 - 653 y b5 = 6 . (265)

2.3.2 Weyl rescaling

Our next task is performing a Weyl rescaling of the external metric in (2.63)) in order to bring
the 4d Einstein-Hilbert term into canonical form. Let us record the identities

G =G,  R=e[R-6V,AV"A-6V,V'A] . (2.66)
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In our case, we set

A=-3log[V(1+bix)] . (2.67)
Dropping the tilde on the new metric, the Weyl-rescaled 4d action can be written in the form
S1a = Gryar fM [R + Guis V' V0 + Gy V9V + 2 G V0 0 | 54 1, (2.68)
where
1 . 1 N
gvz‘vj = —ﬁ [1 + X (—bg - gbl)] ICZICJ + ﬁ [1 + X (2b2 - bl)] ICij s (269)
1 -
Goo = —5 [1+ X (=b1 = 2b4)] (2.70)
K
G = (%b1 + %55) X3 (2.71)

This form of the reduction result is a convenient starting point for the discussion of the 4d
N =2 and N =1 theories in the following sections.

3 Correction to the N =2 prepotential

In this section we analyze the result of the dimensional reduction from the point of view of
the 4d, N = 2 effective theory obtained without including branes or performing any orientifold
projection. We show that our findings are compatible with the known results about the cor-
rection to the geometry of the N = 2 hypermultiplet scalar manifold induced by a perturbative
o’ correction to the Kéhler moduli space prepotential [21,39,41].

3.1 Translation into N =2 field variables

Let us recall some well-known facts about the 4d, N = 2 effective theory arising from com-
pactification of type IIB superstring on a Calabi-Yau threefold [20,22,/42,/43]. The complex
structure moduli of the threefold fit into ny = h'? vector multiplets. Their scalar manifold is
special Kahler and its geometry is tree-level exact both in g, and o’. The Kahler structure
moduli, the dilaton, the axion, as well as the scalars coming from the expansion of By, Cj,
Cy onto internal even harmonic forms, all fit into ny = A% + 1 hypermultiplets. Their scalar
manifold Mg is quaternionic of real dimension 4(hb! +1).

The structure of the metric on Mg is most conveniently analyzed using the string frame
Kéhler moduli v! and the 4d dilaton ¢4. In terms of these variables the quaternionic metric on
M can be written schematically as [204/42]

dsQ(MQ) = (doy)* + Giz(ws, Ws) dw'® dw? + Gy (W5, Ws, Pa, q)dq” dg¥ . (3.1)
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In this expression wi = uf +iv? are the complexified Kéhler moduli arising from expansion of
By +iJs onto the basis w; of harmonic (1, 1)-forms. The metric G; is the special Kahler metric
on the Kahler moduli space Mgk of the threefold. The fields ¢* denote collectively all real
scalars in Mg different from ¢4, uf, v¢. The metric components G,, are entirely determined by
the special Kahler metric on My. For this reason, the quaternionic metric on Mg is sometimes
referred to as special quaternionic [20,42]. Let us stress that the structure of the metric
on Mg is expected to hold not only at tree level, but also including o’ corrections, thanks to
mirror symmetry considerations, reviewed for instance in [44,45].

In our analysis all the fields ¢ as well as the axions u? are effectively frozen to zero. Our
next task is therefore to connect the string frame Kéahler moduli v! and the 4d dilaton ¢4 to
the Einstein frame Ké&hler moduli v and the 10d dilaton ¢. At two-derivative level we have
the relations

e 2= 20Y vi= eyt (3.2)

S

Let us remind the reader that in our conventions V is the volume of the threefold in units of
V2ma!. In order to take into account the effect of higher-derivative corrections we deform these

relations into
P 1Y (1+71x%) , v;':eéd)vi (1+7T2x) , (3.3)

where T, Ty are constants that will be fixed momentarily.

We can now invert (3.3]) to leading order in o’ to obtain v?, ¢ in terms of v!, ¢4, and plug
the resulting expressions into the 4d effective action (2.68)). The result is conveniently expressed

in terms of the quantities
VS = %ICW Ui ’Uj ?Jk ICS = 1]Cijk Ug ’Uf y K:Z = K@'jk Uéf . (34)

sUs Us » i 2

Furthermore, it is convenient to introduce a new field-dependent dimensionless quantity s,
which is the string-frame analog of y and is given by

. 1
%= BB 35
With this notation, the 4d effective action can be written as

1 GG

1 - s ~ i j
S4d:m.//vt4{R+l2Vs (1+a1XS)ICij—2VS (1 +a2xs) V. ]vuvsv“vg

Cs ,
~2(1+a3Xs) Vaha V' Pu + aa Xs 3 vmv“vs} a1, (3.6)

where the numerical coefficients a are given in terms of the b coefficients introduced in (2.63)
by

a1=262—b1 , CLQZ—?—gb1+%b2—%b3—%b4—ib5+2ﬁr2,

as = %bl —%bg—%bg—%b4+gb5 s Ay = —%bl —%bg—%b3+b4—%b5+2Tl . (37)
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If we plug in the values of the b coefficients given in ([2.64]), we find

CL1=4, a2=7+%62+353+2T2,

az = —1+ 28, + 36 | (s = 1333, — 633 + 27T . (3.8)

We are now in a position to discuss the correction to the N = 2 prepotential.

3.2 Implications for A =2 prepotential

As noted above, the form of the quaternionic metric on Mg should be preserved by o’
corrections. In particular, cross terms between ¢4 and v? are not allowed, and also vi-dependent
corrections to the (d¢4)? terms are forbidden. These considerations lead us to impose az = 0,
as = 0. As a result we can fix the value of T; and derive a linear constraint on the dilaton
coupling coefficients ¢s, 3,

T,=-4, 3¢y +663-2=0. (3.9)

We now aim at demonstrating that the effective action (3.6 can be written as
S = m A/u {R— QVM@V”@ - 2sz V,ﬂ}éV“vg} *y 1 , Gij = 8w§'(9u—)gKN:2('LUS,U_JS) s (310)

where we remind the reader that w? = ul +iv! are the complexified Kéhler moduli, and where
the Kihler potential KV=2(wg,w,) can be derived from a holomorphic prepotential.

In order to set our notation, it is useful to review the relation between the Kaher potential
and the prepotential. The geometry of the h! complex-dimensional Kahler moduli space is
conveniently described by h! + 1 complex projective coordinates X! = (X, X?) related to the
complex coordinates w! by .

i X
Ws = 35 -
The geometry of Mk is encoded in a holomorphic prepotential F'(X), which is a homogeneous
function of X7 of degree 2. The Kihler potential KV=2(wy, ws) for the metric on My is then

extracted from F' via

(3.11)

e KV wen) - y(XTF, - X'),  Fr=0xF(X). (3.12)

Mirror symmetry considerations [21},44,45] ensure that the prepotential F'(X) takes the form

11 _
F(X)= Fé/ciijZXJX'f+M(X0)2+... : (3.13)
where the first term is the classical prepotential, the second is a perturbative o’ effect, and
the ellipsis stands for terms that are exponentially suppressed in the large volume limit and
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originate from worldsheet instantons. The N = 2 Kéhler potential derived from ({3.13)) using
(3.12) is, up to instanton corrections and an immaterial constant,

KN=2 = —log [Vs+ 3A] (3.14)
We can finally relate this to our dimensional reduction by comparing the metric computed

from (3.14) with the metric in (3.6). We find that, in order for the match to be possible, we

have to impose

To=0. (3.15)
The constant A is then fixed to be
A=-LC@) (3.16)
so that the N = 2 Kahler potential reads
KN=2 = ~log ST B3 x| - (3.17)
(2ra’)? 4

In this last expression we have reinstated all factors of o’ and V;, denotes the dimensionful
volume of the threefold. Let us close this section with a comparison between our findings and
the analogous quantities in BBHL [6]. Using equations (3.11), (3.12), (3.13) and the comment
before (3.15) in that paper, we infer that their N = 2 Kahler potential in our notation coincides

exactly with (3.17)).

4 N =1 Kahler coordinates and Kéhler potential

In this section we analyze the results of the dimensional reduction and identify the Kahler
coordinates and Kahler potential in the 4d, A/ = 1 effective action. We briefly comment on our
findings.

4.1 Correction to the Kahler potential and coordinates

Upon dimensional reduction on a Calabi-Yau threefold, the two-derivative action of type I11B
supergravity yields a 4d effective action with N = 2 supersymmetry. If orientifold planes are
included in the setup, the 4d spectrum is suitably projected and one obtains an effective action
with 4d, N = 1 supersymmetry [29-31]. For definiteness, we consider here the projection
relevant to the case with O3/O7-planes. The dilaton ¢ and the Kéahler moduli v* fit into 4d,
N =1 chiral multiplets whose scalar components are of the form

T0=Co+ie™? (4.1)
Ti=pi+iki+ G .
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Several remarks are in order. We used the symbol 7y to denote the 4d axio-dilaton. Its real part
Cp is the straightforward dimensional reduction of the fluctuations of the 10d axion around its
zero background. Its imaginary part is built with ¢ which is not directly identified with the 10d
dilaton because of the backreaction term ¢® discussed in section 2.2.1 This discrepancy has
consequences for the transformation property of 4d fields under the 10d SL(2,Z) symmetry, as
discussed in [6]. In the expression for T}, the scalars p; come from the expansion of the RR four-
form, and (; denotes a complex quantity built with the scalars coming from the reduction of the
NSNS and RR two-forms. Since we are freezing all such scalars to zero, the quantity ¢; vanishes.
Let us point out that the orientifold projection to A/ = 1 supersymmetry is implicit in the range
of the index 7. Indeed, by an abuse of notation, the index 7 in (4.1]) runs only over the elements
of HI''(Y3), i.e. the (1,1) forms that are even under the isometric involution of Y3 considered in
the implementation of the orientifold projection. Let us stress that equations still hold
after restricting the range of ¢, by virtue of the restrictions imposed on intersection numbers
by the orientifold projection, as explained in detail in [29-31].

The kinetic terms of 7y and 7T; are governed by a Kéhler potential K. If we write Ty = 7
and introduce the collective index I = (0,7), the effective action contains the terms

S4d o) m /;\44 [R + GTITJ VMTIVHTJ] *4 1 s (43)

where

Gpr7,=-201,07 K, K=¢-2logV . (4.4)
The Kihler potential is understood as a function of 77, T'; determined implicitly via (4.1)).

Upon inclusion of higher-derivative terms in the 10d action, the coefficients of the terms in
the two-derivative 4d effective action are modified, but the form of the action is still expected
to obey the constraints deriving from 4d, A/ = 1 supersymmetry. In this section we show that
our results are consistent with this expectation.

Let us introduce the notation v° = ¢, in such a way that v! = (¢,v?). The kinetic terms
specified by (2.69) can be written compactly as

gUIUJ VMUIVMUJ = g¢¢ Vugbvugb + gvivj Vuviv“vj + ZQW, VuviV“gb . (45)

Recall that Cy, p; and (; are frozen to zero in our discussion. The problem at hand is the
determination of the O(x) corrections to 77 and K in such a way that the relation

Gorpr V' V07 = =2 (87,05 K) v, T1v*T (4.6)
holds including terms up to order .

The first outcome of our analysis is the observation that, regarding the b coefficients in
(2.63) as input data, a solution exists only if the following linear constraint is satisfied,

11b1 - 12b2 - ]_8b3 - 8b4 + ]_2b5 =0. (47)
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Plugging in the values of the b coefficients given in (2.64)), we obtain
36, + 663 -2=0, (4.8)

which is the same constraint on ¢, ¢3 found in (3.9) in the analysis of the N = 2 case. If this
requirement is met, the Kahler coordinates and Kéhler potential are given in terms of the b
coefficients by

To=i€_¢[ 5(( % 1+ 5 53—55)] ) (4.9)
T‘ :ZIC[ )Z (i 1+2b2+§b3)] , (410)
K=¢-2log[V(1+x (bi+by+2bs - 1b5))] . (4.11)

The actual values taken by these quantities upon substituting the numerical values of the b
coefficients are summarized at the end of this section.

An important feature of the zeroth-order Kahler potential is the property of extended no-
scale structure [29-31]. This property is tested by computing the following quantity,

0K . 0K

7T ) =4[1+0- Y+ 0] , (4.12)

1J T,
where (K-!);; denotes the inverse of the matrix K1/ = Or, 07 K. The zeroth order value 4
signals extended no-scale structure, and interestingly the leading correction has a vanishing
coefficient for any value of the b coefficients. This does not mean that the correction under
examination has no physical effect. For instance, in a scenario like KKLT the axio-dilaton and
the complex structure moduli are stabilized first at a supersymmetric value by means of the
Gukov-Vafa-Witten superpotential [46]. The relevant quantity in the computation of the scalar
potential for the Kéhler moduli is no longer the quantity in , but rather the same object
with summation restricted to i, j indices only, implicitly evaluated at the fixed value of the
axio-dilaton. One finds

OK
IT;

oK
K™)iy—==3[1+(Zbi -b) ¥+ O] . (4.13)
oT’;
As we can see, the zeroth-order value 3 associated to no-scale structure receives a non-zero
correction at order y (%bl —by=-2).

In order to elucidate further the physical effects of the correction to the Kahler potential
an alternative formulation can be used, in which the chiral multiplets T; are dualized into
linear multiplets L; [29-31]. The dynamics of the system is encoded in a kinetic potential K,
which is the Legendre transform of the original Kahler potential K. Let us adopt the following
conventions for the Legendre transform,

OK . . 0K

Li=- K=K+ LimT, . ImT, =2~ 414
oImT; | TR, = A (4.14)
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A straightforward computation gives, up to terms of order 2 and higher,

Li= 2 [1 (30— §0s)] . (4.15)
LT, = 3[1+ % (<by +2by)] - (4.16)

In this formulation the hallmark of zeroth-order no-scale structure is the value 3, which again
receives corrections at order x. As a further check that the 4d dynamics is really affected by
the corrections under examination we can examine the expression for the kinetic potential K
in terms of the fields L,

K =3 -logIm7 +log (2K L' L7 LF) + £¢(3) x (=2by + 4by) (Im7)* \ /1K LILILF | (4.17)

which has manifestly a different functional form as compared to the zeroth-order result. Note
indeed that —2b; + 4by = 8.

Let us now summarize the expressions for the Kahler coordinates and potential after plug-
ging in the values of the b coefficients given in (2.64). We have

To = Z'e—¢ , (418)
T, =ik (4.19)
Y 1 3
K=¢—210g[(27m/)3 —ZC(3)6 2¢Xl ’ (4.20)
v 1 (27a’)3 3
L; = v [1 Y1V ((3)e ¢x] : (4.21)

, 1 (2ra’)?
L'ImT; =31+ -
[ 4 Y
Clearly these expressions are valid up to a’ corrections of higher order than the o/? corrections

under examination. We have utilized the explicit expression (2.62) for ¥ and we have used V
for the dimensionful volume of the threefold, thus reinstating explicitly all factors of o’ for the

C(3)e 30 X] | (4.22)

convenience of the reader. As we can see, the leading correction to 7y, 7; is vanishing. Let
us also remark that our finding for the correction to the N/ = 1 Kéahler potential is in perfect
agreement with the corresponding result in BBHL [6].

4.2 Some comments

Some comments about the results of the previous section are in order. We consider the 4d, N' =1
theory arising from a Calabi-Yau orientifold with O7-planes and D7-branes, but we do not take
into account explicitly the backreaction of these extended objects. For instance, the Chern-
Simons part of the effective action for a D7-brane wrapping a divisor in the Calabi-Yau threefold
contains higher-curvature terms which are essential in the derivation of the contribution of D7-
branes to the D3-brane tadpole cancellation condition [34]. From the point of view of the uplift
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to F-theory, D7-branes and O7-branes are encoded in the Calabi-Yau fourfold geometry, and the
metric Ansatz for dimensional reduction to three dimensions is modified by higher-derivative
corrections [24-28]. These considerations suggest that D7-branes and O7-branes could play
an important role in the context of higher-derivative corrections to the bulk N' = 1 Kéhler
potential, which is however beyond the scope of this work and left for future investigation.

It is interesting to observe that our computation shows that the leading correction to the
N =1 Kaihler coordinates 1y, T} is vanishing. As far as the 4d axio-dilaton 7y is concerned,
this result is consistent with the expectations from F-theory, since in the context of F-theory
compactification the axio-dilaton is identified with one of the complex structure moduli of the
elliptically fibered Calabi-Yau fourfold, and is therefore expected not to receive corrections from
the Kahler moduli sector proportional to the Euler number y of the base threefold.

5 Conclusions

In this paper we revisited the leading '3 perturbative correction to the Kahler potential of a
4d, N = 1 orientifold compactification of type IIB superstring theory on a Calabi-Yau threefold.
We reproduced the result of Becker, Becker, Haack, and Louis (BBHL) [6] by showing that a
correction to the Kéhler potential emerges, which is proportional to the Euler characteristic of
the leading order Calabi-Yau threefold background.

Our derivation is based on an explicit Kaluza-Klein reduction of the type IIB bulk action
from ten to four dimensions. The 10d two-derivative action is supplemented by the well-known
gravitational correction of the schematic form (tgtg + %eloelo)R“ [10-19], as well as by related
dilaton couplings. Since the latter are not completely known, we parametrized them in terms of
three constants ¢;, ¢o, ¢3, see . Supersymmetry considerations in four dimensions allowed
us to derive the linear relation among these parameters in the 10d action, which could be
checked against proposals in the literature for the complete axio-dilaton a/? sector.

The background geometry used in the dimensional reduction at two-derivative level must
be modified in order to solve the higher-dimensional equations of motion in the presence of
the a’3 corrections under examination. We presented an explicit solution for this backreacted
background in terms of the non-harmonic part of the third Chern form c3 of the zeroth order
Calabi-Yau threefold. The a’-corrected internal metric is still Kahler but no longer Ricci-flat.
As a result, the manifold is no longer a Calabi-Yau threefold with SU(3) holonomy, but rather
an almost Calabi-Yau threefold [23] endowed with an SU(3) structure for which the only non-
zero torsion class is Wj in the notation of [40]. We also found that the entire 10d background
metric is corrected at order o3 by an overall Weyl factor proportional to the Euler density of
the zeroth order Calabi-Yau threefold. This is in analogy with the results of [24/-26] in the
context of three-dimensional M-theory vacua in the presence of higher-derivative corrections.
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The dimensional reduction is performed by allowing for small spacetime dependent fluc-
tuations dv¢ of the Kéahler moduli of the threefold, for arbitrary hl. We have showed that
the outcome of the dimensional reduction can be uplifted from infinitesimal variations to a
full non-linear dependence on the moduli space. The latter is captured by simple topological
expressions proportional to the Euler characteristic of the threefold.

The resulting kinetic terms for the dilaton and the Kahler moduli are consistent with 4d, N =
2 supersymmetry, once the appropriate N = 2 field variables are identified. The prepotential
for the special Kahler geometry of the Kéhler moduli space is found to be corrected by the
expected term proportional to the Euler characteristic of the threefold [41].

The kinetic terms in the 4d effective action can also be truncated in accordance with the
standard O3/07 orientifold projection, yielding a theory with A/ = 1 supersymmetry. We
reproduce the expected BBHL correction to the N/ = 1 Kahler potential proportional to the
Euler characteristic of the classical Calabi-Yau threefold. We also computed the leading o’
corrections to the Kahler coordinates as a function of the threefold Kéhler moduli, and found
that they are vanishing.

Our investigation can be extended in several directions. It would be desirable to switch
on additional type IIB fields, for instance the axion Cj, and examine their kinetic terms to
confirm the structure of the Kéahler potential. It would be also interesting to repeat a similar
analysis for the complex structure moduli sector, even though no analogous correction to the
Kahler potential is expected. Finally, it would be interesting to consider explicitly the effect of
both local sources and bulk higher-derivative corrections on the background solution. To pursue
these directions further, however, a preliminary investigation of the complete a/3-corrected type
I1B bulk action would be probably necessary. By a similar token, the detailed knowledge of the
a’-corrected 10d gravitino and dilatino supersymmetry variations would allow a direct check of
supersymmetry of the background in the presence of higher-derivative corrections.
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Appendices

A Conventions, definitions, and identities

In this work we denote 10d spacetime indices by capital Latin letters M, N = 0,...,9, 4d
spacetime indices by p,v =0,1,2,3, and the internal complex indices by m,n,p = 1,...,3 and
m,n,p =1,...,3. We occasionally also make use of real internal indices a,b = 1,...,6. The
metric signature of the ten-dimensional space is (-, +,...,+). Our conventions for the totally
anti-symmetric tensor in Lorentzian signature in an orthonormal frame are €y12. 9 = €g123 = +1.
The epsilon tensor in d dimensions then satisfies

ERI'“R”NI"'Nd‘pERl‘_.Rlede_p = (—1)8(d —p)!p!(SNl [M; --- 5Nd‘pMd7p] s (Al)
where s = 0 if the metric has Euclidean signature and s =1 for a Lorentzian metric.

We adopt the following conventions for the Christoffel symbols and Riemann tensor

1
[N = §9RS(8M9NS +ONngms — Osgmn) s Run =R yrn
RM yps =0T Mgy — 0sTM gy + TM pp T gy = TM g0 T gy R=Ryng""V, (A.2)

with equivalent definitions on the internal and external spaces. Differential p-forms are ex-
panded in a basis of differential one-forms as

1
A= _'AMl...Mpdle AN dIMp . (A3)
p:

The wedge product between a p-form A® and a g-form A@ is given by

VESING (@)
(AP ANDY g = Tl A[ng...MPAJ\q/h...Mq] . (A.4)

Furthermore, the exterior derivative on a p-form A reads

(dN)Ny.ar, = (P + DO AN vy (A.5)

while the Hodge star of p-form A in d real coordinates is given by

1
(*aM)Ny.Ng, = HAMI"'MPEMl...MpNI...Nd_p : (A.6)
Moreover, the identity
pl M

holds for two arbitrary p-forms A and A®2),
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Let us specify in more detail our conventions regarding complex coordinates in the internal

space. For a complex manifold M with complex dimension n the complex coordinates z1!,..., 2"
and the underlying real coordinates y!,...,y?" are related by
(o) = (L + i), (2w i) (A8)
Using these conventions one finds
n— n 1
VIdyt A Ady? = \/§(—1)( PUAE A A ANAEY A A dE = — T (A.9)

n!

with g the determinant of the metric g, in real coordinates and /det g, = det g,,;. The Kéhler
form is given by

J = igmadz™ AdZ". (A.10)
Let w4 be a (p,g)-form, then its Hodge dual is the (n —¢,n - p) form

(n-1) |
(- in (=1 S it iig

plgl(n—p)l(n—gq)l T FLTaop

X
51...5n—-q

* Wpgq
= _sn-p
X dzSV Ao AdZIAdZTY AN ANdZT .

Finally, let us record our conventions regarding Chern forms. To begin with, we define the
curvature two-form for Hermitian manifolds to be

R™, = R"™,,:dz" AdZ° | (A.11)
and we set
TR = R"pps, d2" AdZT

TrR? R™, 6o R pys, A2 AAZS A2 A dZ™2

TrR? R™ s R prass RPmpgss A2 AdZ A2 AdZ AdZ™ AdZ™ . (A12)

nrisi

The Chern forms can then be expressed in terms of the curvature two-form as

Co = 1 s
L

Cl=—11r

1 27'(' )

1 1 ) )

Co = Wé(TrR - (TrR)?) | (A.13)

1 i
== — e ATIR? - ~-TrR?

e 7 £ RN CPS £ R

4= * - L 6cITrR? - ! 8ic; TIR? | + L 1((T1r7€2)2—2T1r724)
214\ (22 (27)3 (27)* 8 '

The Chern forms of an n-dimensional Calabi-Yau manifold Y,, reduce to

L THRd and ey(Vins) = ——S((TeR2)? - 2TeRY) . (A.14)

esYns) = =5 533 (27)1 8

25



B Higher-derivative dilaton terms

In this appendix we record the expression of the quantities f1, fM¥, f3 introduced in (2.9). We
have

f1=192Ry 0" RMNOP Ry pr — 48Ry n ™ RMNOP R s
+ 576RMNMORNPRSROPRS + 384RMNMORNPPRROSRS
_ 72RMNMNROPRSROPRS _ 576RMNMORNPORRPSRS

+ 288RMNMNROPORRPSRS - 24RMNMNROPOPRRSRS , (Bl)

f2MN _ gMN(192RRQOVRRSOPRSVPQ _ 48RRSQVRRSOPROPQV
+ 576 R RO RsP9V Ropoy + 384R™ RO RsP b9 RoY gv
~ T2R™ psRopov ROP9Y - 5T6 R RO Rs" 0 RpY gy
+ 288 RES po ROV GORpY v — 24RPS e ROF o p RV oy ) + - = gMN fi+... (B.2)

where the ellipsis denote terms where the free indices M, N are on the Riemann tensors and
thus will not contribute to our discussion. Furthermore,

f3 =T68R1 0™ RMNOP Ry ppg + 384Rp 0" RMNOP Ry spr
— 96 Ry N RMNOPR e + 1536 RMN 1O Ry Roprs
—384Ry NI RMNOP R ps + T68RMYN 1 O Ry Rorps
+ 1536 RMN ) O RnT p R0 pg — 240 RMYN 1 n Roprg ROT RS
—1920RMN O RnF 0B RpS pg + 1152RMN ) v ROT o Rp% g

~96RMN ) Ny ROP 5p RIS kg (B.3)
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