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Abstract

This Letter discusses the orientifold projection of the quantum corrections to type IIA strings compactified on rigid Calabi—Yau threefolds. It
shown thatv = 2 membrane instanton effects give a holomorphic contribution to the superpotential, while the perturbative corrections enter in
the Kéhler potential. At the level of the scalar potential the corrections to the Kéhler potential give rise to a positive energy contribution similar
adding anti-D3-branes in the KKLT scenario. This provides a natural mechanism to lift an AdS vacuum to a meta-stable dS vacuum.
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1. Introduction dS vacuum. After stabilizing all moduli except for the volume
moduluso of the compactification their potential regd3:

Solving the problem of moduli stabilization is of primary _
i o . L . aAe % a _ _ D
importance for deriving (semi-)realistic vacua from string the-y, 1 = — 5 (Wo+ 50Ae™7 + Ae™ | + —. Q)
ory compactifications. Building on the work of KKLT1], 20 3 o

subsequg_nt ir_westigations, mostly ir_] the cor_1text of OrientifOIdHere the terms in brackets originate from fluxes, instanton
c20 mgactlfllcatuf)ns ?}f the typﬁA”B s_tr|n3g sndhlléthe(_)ry dual corrections and gluino condensation, while the last term pro-
[2], but also for the type strind3—7], have given ev- Hortional to D corresponds to the positive energy contribu-

idence that suitable combinations of background fluxes an on which was added by hand. The first term of the potential

non-p_erturbativg _efl‘ects like instantons are capable of fixinql) vanishes when switching off the non-perturbative effects
all string moduli in an AdS vacuum. Astronomical observa-( etting A = 0). In this case the type IIB potential (without

tions, however, I|nd.|ca|te that our observablle unr:verse haﬁ a T(;n -brane contribution) is independent of the volume modulus,
positive cosmological constaf8], suggesting that one shou which is the known no-scale structure of 1IB orientifold com-

search Iforhstrlng theorfy r:/acua vlvlgh Sl.JCh ﬁlf[_?pertﬁ” 'g"hd%actiﬁcations. Stabilizing all (geometric) moduli in this frame-
vacua. In the context of the type 1B string, outlined the oy then requires the inclusion of non-perturbative effects as
construction of such vacua by first using background fluxes angliscussed above. Furthermore, fr= 0 the parameters, A

non-perturbative effects to _s_tablllze all modu_ll in an _AdS VaC-y can be chosen such thekkr has a meta-stable dS vac-
uum. Subsequently, a positive energy contribution in form of

aD3-brane was added to lift the AdS vacuum to a meta-stable In this Letter we focus on orientifold projections of type 1A

string theory compactified on a rigid Calabi—Yau threefold
" Corresponding author. (CY3). Herelitis po_SS|bIe to .stab|l|ze all (geometric) moduli in
E-mail addresses: f.s.saueressig@phys.uu(f Saueressig), an AdS vacuum using classical fluxes of8y6]. To our knowl-
ulrich.theis@uni-jena.d@J. Theis),s.vandoren@phys.uu.($. Vandoren). edge, the uplift of these vacua to meta-stable dS vacua has not
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yet been performed; the aim of this Letter is to derive a mechaform
nism for such an uplift. >
Starting from the perturbative and membrane instanton cork = _2”‘[(1 +2)° = 16C]~ 4)

rections to the universal hypermultiplet arising from compacti-yere the constant € R describes a loop correction, since it

fications of the type IIA string on a rigid G¥[9], we perform s syppressed by powers gf. Furthermore, we consider the
the 0r|enF|foId projection along the lines ¢10]. The res_ult superpotential

agrees with the standard folklore that the Kahler potential (de- )

scribing the projected hypermultiplet sector) receives perturbaW = 8Wy + Ae™ %, (5)
tive corrections, while the leading instanton corrections yield . .
a holomorphic contribution to th& = 1 superpotential. Sec- with two constant parametet, andA. We can assume with-

ondly, we study the scalar potential arising from a space—tim& IL:et Io§rshgf 25:;?;%:?%3 zi}é\;v?y:n[}] Eillze?oton?je ffon;'s
filling 4-form flux together with the leading instanton contri- piex. ' ' grou UXes,

butions. It will turn out that, at the level of the scalar potential,whIIe the expongntlal term can be understood as a membrane
nstanton correction.

the perturbative corrections to the K&hler potential give rise to . : . .
b P 9 We now investigate the properties of the scalar potential

positive energy contribution, analogous to adding>@brane Co .
in the potential1). Therefore, these corrections provide a nat—v(z’ 2) in the presence of a non-vanishinglt turns out to be

ural mechanism which can lift an AdS vacuum to a meta-stablgonvenIent to express the potential in terms of

dS vacuunt 1=2Jr +c+iv, (6)
2. The N = 1 orientifold model where we denote = € and require + ¢ > 0. As we show be-

low, this is the one-loop corrected complex structure inherited

pled to a single chiral multiplet. Our model describes a subsedind
tor of an orientifold _projgction of type IIA strings ona r_igid Wg Wo - . . cW02
CY3. Before the projection, th&/ = 2 supergravity effective V =-—> + -35(Ae "+ Ae™") — 5——+---, (7)
; . ) . o 4r 8rd/ re(r 4+ 2c)
action comprises the universal hypermultiplet (containing the . o
dilaton) andi1 1 vector multiplets. The combined scalar targetWherer should be understood as a functionzodndz via the
space is the product of a (four-dimensional) quaternion-Kahlefelation(6). We have included only the leading instanton con-
(QK) space and a special Kahler manifold parametrized by th&ibution to V'; subleading terms proportional to‘€+%), which
complexified Kahler moduli. belong to the 2-instanton sector not taken into account in the su-
After projecting toN = 1, the QK space becomes a (two- perpotential5), have been dropped for consistency. Moreover,
dimensional) K&hler space parametrized by a single chiral muve have expanded thedependent prefactor of the 1-instanton
tiplet containing the dilatos and RR scalap. Classically, they term for larger > —c and kept only the leading power.

define the complex structure The last term inV is induced by the constamtappearing
in the Kahler potentia(4). Comparing to(1), we find that for
7 =26? 4. (2) ¢ < 0 this term has the same effect as addin@3xbrane in

In our conventions the asymptotic value of the dilaton is relateéhe proposal of KKLT.‘ .Includmg th!s modification t.herfafore
to the string coupling constant by &</2 = ¢.. The special provides a way of realizing the positive energy contribution re-

Ké&hler manifold remains special Kéhler, but of lower dimen-qUIre<j for lifting an AdS vacuum to a meta-stable dS vacuum.

sion[10]. Classically, the total scalar manifold retains the prod-mdeed’ we find that for < 0 the potentia(7) has a range of

uct structure inherited from tha = 2 theory. Consistency of values ofA for which z can be stabilized in a meta-stable de

the orientifold projection requires that the tadpole for the RRS'tter _vacuum". This fQHOWS from thg obseryahon that, as we
how in the next section, the potential precisely corresponds to

7-form potential, arising from the presence of O6-planes, i ) . . i .

suitably canceled. This can be done by adding D6-br#les the \?;cis,?qagf:ge'[%hﬁere details and figures showing this
In the following, we consider the sector of the universal hyper- '
multiplet only, assuming that the Kéhler moduli have already, - . o
been stabilized (presumably by 4-form fluxes[5]). 3. Rigid Calabi-Yau compactifications

The potential for the chiral scalaris then given by ) . .
Ref. [9] studied perturbative and membrane instanton cor-
V= e’C[ICZZDZWDEW — 3|W|2], (3)  rections to the universal hypermultiplet arising from the com-
. ) o 1 ) pactification of type IlA strings on a rigid G It was shown
wherek(z, 7) is the Kahler potentialCc*® = (9:9:K)"~ the in-that these quantum corrections can be described within the
verse Kahler metricl (z) the holomorphic superpotential, and
D,W =9, W 4+ W3, K. We consider a Kéhler potential of the
2 Quantum corrections to complex structures also appear in three-
- dimensional gauge theories with four superchafg2sl 3].
1 In the context of type IIB orientifold compactifications a similar lifting due 3 Forc >0 this lifting does not work, and we can stabilizén an AdS vac-
to «’ corrections to the Kahler potential has been discussgtiLin uum only.
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framework of Przanowski—Tod metri¢$4,15], i.e., the most Furthermore, it was shown if9] that, upon including the
general four-dimensional QK metrics with (at least) one Killing leading membrane instanton correctiorfstakes the form

vector? In local coordinates, u, v, ¢ they read 1 _ _
€ =r+c+ ér_’”l/z(Ale'" + Bie ™ 4 c.c.)e‘z*/m

ds? = z—iz[f dr? + fe' (du? + dv?) + f e +©)%].  (8) S (15)

The metric is determined in terms of one scalar functionwherem; is an undetermined integer coefficient which has to
h(r,u, v), which is subject to the three-dimensional Toda equasatisfym; > —2, andA1, B1 are complex constants. R¢€]

tion then explained that this expansion can be completed to a full
solution of the Toda equatig®) and that it reproduces the lead-
(83 + af)h + afeh =0. (9)  ing order membrane instanton corrections to the four-hyperino

couplings predicted by string theof¥8]. Turning on a space—
time filling F4-form flux then induces a scalar potential in the

3 N = 2 theory corresponding to gauging the shift symmetry of
= _Z(Z_ rdrh), (10)  the axion. Upon including the perturbative and leading order
corrections in the one-instanton sector, the resulting scalar po-
tential read$9]

The functionf (r, u, v) is related to: through

while the 1-form® (r, u,v) = ©,dr + ®, du + ®, dv is a so-
lution to the equation

2 2
, _ %o €0

d® = (3, f dv— 3, f du) A dr + 3, (f€") du A dv. 1 V=22 20 +20

The metric has a manifest isometry that acts as a shift of the co- (2, ~(m1+9/2g=2Vr+c Re(A 169 + Ble—i“)

ordinater. A in (10)is the target space cosmological constant; L. (16)

for the universal hypermultiplet we hav&y g = —3G 4, thus
A=-3.

The coordinates, u, v, t can be identified with the fields
in the universal hypermultiplet coming from string theory
via

4. The orientifold projection

We now apply the orientifold projection to the universal hy-
permultiplet discussed above, thereby truncating the theory to
an N = 1 supergravity Lagrangian. According[tt0], this pro-
jection amounts to eliminating the axienand the RR scalar.
Here, x andg are the RR scalars originating from the dimen- Using the tensor multiplet description given in Appendix B of
sional reduction of the ten-dimensional 3-forfis, ¢ is the  [9], the truncated line element becomes

t=o, r=e?, u=y, v=0. (12)

dilaton, ando denotes the axion arising from the dualization f
of the 4-dimensional part of the NS 2-forfiy. With this iden-  ds? = 57 (dr? + € dv?). (17)
tification the universal hypermultiplet including the one-loop ) r. . o
correction off16,17]is described byo] Substituting the solutiofil5) and taking into account the lead-
ing instanton term only then yields
+ 2¢
d=rtc, f="_ O =udv 1) ., r+2 ., )
’ ’ ’ ds“ = ———|d d
r+c s 2r2(r+c)[r + @ +c) v]
For ¢ = O this solution gives the classical moduli space 1 5/ 5 _ 5 5
SU(@,2)/U(2) of the universal hypermultiplet. The one-loop + EV_('"” /2 Re(A1e” 2V T [dr? 4 1 dv?]
correction is determined through 4 (18)
__M@xX) _ (14) Here the first line arises from the perturbative correctidr,

1
=——(h11— h12),
2n)° 67r( 11—h12)
whereh1 1 andh 2 are the Hodge numbers of the CY three-
fold X on which the type IlA string has been compactified. For
rigid CY’s, wherehy » = 0, we have that < 0.5

while the second line displays the leading instanton contribu-
tion. N = 1 supergravity requires this metric to be Kahler. At
the perturbative level, this is easy to verify by defining the com-
plex structures as i(6) and substituting it into the metric

ds? = 2K,; dzdz, (19)

4 This Killing vector is present in the absence of fivebrane instantons. with Kahler potential given by4). If we now define the com-
5 Note that, in contrast tf9] wherex? = 1/2, we here work with the more plex structure
standard conventions in whiat? = 1. Compared t9] this results in a rescal-

ing of the scalar field metric by a factor/4, while the scalar potential is e T 1. —(m1+1)/2 o (2T Fc+iv)
multiplied by an overall factor of . We refer to Appendix A of] for details. < — 2V +ctiv — §A1r e ’ (20)

We expect that the numerical value ofobtained for a C¥ orientifold . . . L
differs from this N = 2 result, since projecting out states from the spectrumwe find that the Ieadmg order one-instanton contrlbutlo(riB)

will affect the resulting one-loop contribution. The signofhowever, should 1S Still _captureq by the Kahl?r pOtenti@)- Hence, the Kahler
not change. potential receives perturbative corrections stemming from the
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