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B Motivations
B Flux compactifications
B Generalized geometry

B Examples: coset spaces

Based on
e DC and A. Bilal, Effective actions and N=1 vacuum conditions from
SU(3) x SU(3) compactifications ,
JHEP 0709 (2007) 076 [arXiv:0707.3125 [hep-th]]

e DC, Reducing democratic type Il supergravity on SU(3) x SU(3)
structures, JHEP 0806 (2008) 027 [arXiv:0804.0595 [hep-th]]

e DC and A. K. Kashani-Poor, Exploiting N=2 in consistent coset
reductions of type IIA , Nucl. Phys. B 817 (2009) 25 [arXiv:0901.4251 [hep-th]]
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Superstring compactifications
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* Goals %
e vacuum state of string theory

e low energy effective theory in 4d

phenomenology (MSSM)
e (N = 1) supersymmetry —
control on the compactification
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Type Il scenario :
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D-branes
Orientifolds

Compact geometry (Calabi-Yau)
D-branes, orientifolds — many ingredients
Fluxes

Quantum effects

We focus on interplay / \
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H . . Candelas, Horowitz,
Classical example: Calabi-Yau S

o

X (& ._.)
Minkowski_4 Calabi-Ya
__

* L
RiiCi'Tat inetric 3! spinor n with Vip = 0
solves 10d Einstein eq. Ll :
Ryn =0 preserves a fraction of susy

e 4d effective theory:

Type Il string theory — N = 2 supergravity

large number of fields. In particular: massless scalars
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Moduli problem

Moduli:

¢ “shape and size” deformations of
the compact manifold

o parameterize degeneracy of 10d
vacua

o from 4d viewpoint:
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Moduli:

¢ “shape and size” deformations of
the compact manifold

o parameterize degeneracy of 10d
vacua

o from 4d viewpoint:
propagating massless scalars

» long range scalar interactions never detected

» loss of predictive power

(vevs < 4d couplings)
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Flux compactifications

possible solution to moduli problem: generate a potential

\Y

\/

<t>

{ stabilizes vevs

yields mass to fluctuations

mechanism for a potential : ~ FLUXES

p-form field-strengths F), (Fp) # 0 along Ms

of 10d sugra

10d -
suga®

g(y,t) : metric on Mg

[Fp,=n#0

' / doy /g 8" " (Fp)my..my (Fp)ny..m,
Me
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Fluxes & 4d gauged sugra
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Type Il sugra on CY3 with fluxes
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Fluxes & 4d gauged sugra

Type Il sugra on CY3 with fluxes
A~ F
<
N

gauged N =2 sugrain4d
1

nontrivial scalar potential

1

stabilizes (part of) the moduli
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Flux compactifications

A<

However, ‘Calabi-Yau with fluxes’ background :
B Not consistent with the (pure sugra) EoM
10d level| — Fluxes backreact on the geometry

1
F, — en.-mom.tensor Tyn — Run —38unR ~ Tyn

4d level | — V has runaway behaviour

B Gaugings are limited
?? embed more general 4d supergravities in 10d ??

[m] = = =
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Program

Mg other than Calabi-Yau. Still preserve a fraction of susy

B General study
e Flux compactifications of type Il leading to N = 2 sugra in 4d

e How N = 2 data are determined by the compact geometry

B Concrete examples
e Coset spaces G/H

B Tools
e 6d : generalized geometry (Hitchin)

e 4d : gauged N = 2 supergravity




Type Il sugra and SU(3) xSU(3) structures
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4 1 structure group
a pair of SU(3) structures on M
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Type Il sugra and SU(3) xSU(3) structures

To preserve 8 supercharges:

10d| 4d] |6d

e = ¢ ®'r]1 + c.c.

e = 52®n2+c.c.

a pair of spinors ', n* on M;

4 1 structure group
a pair of SU(3) structures on M

A Best seen as an SU(3) xSU(3) structure on TMg & T* M

~ Generalized Geometry Grafia,Louis,Waldram '05,06
Hitchin '02, Gualtieri’'04

/ SU(3) structureon Mgy  —

relevant for our cosets G/H



Type Il sugra and SU(3) xSU(3) structures

Basic objects: 0(6,6) pure spinors @, and ®_

polyforms : &, € A®"T*Mg , ®_ € N°UNT* Mg

generalize J and ) of a CY

encode the whole internal NSNS sector (g,., Bun, ¢)

Graha,Minasian,
Petrini,Tomasiello’04’05

— polyforms via fierzing

@4 can be built as e #(n} ® )
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Moduli space of CY manifolds

holomorphic (3,0)-form Q
CY; characterized by . phic (3.0)
Kéhler form J
08mn
v Y
9] oJ
complex structure moduli K&hler structure moduli
K_=—logi [QNQ

Ky

log3 [JATAT
this fits into 4d, N = 2 sugra

More generic situations?
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SU(3)xSU(3) structure &, &_

0P, 0P _ ata point of Ms

11

Hitchin’02
Grafa,Louis,Waldram
Kahler potentials : Ky = —logi [(®4, )



Deformations of SU(3) xSU(8) structures ===

= /° tx)
% 5 v
% x \° O)
AW
SU(3)xSU(3) structure &, &_ 9 =
\4 el
/ A
0P, 0P _ ata point of Ms
17

Special Kéhler geometries Hitchin02

Grafa,Louis,Waldram
Kahler potentials : Ky = —logi [(®4, Py)

We computed:

e%*’ fvol()e’zo mn pfl(égmpégm[ + 53,71!,53”(1) _ 5h°|o(5a”ti[(_ + 5h0|06antiK+

~
metric on space of g,,, and B, deform. sp. Kéhler metrics for & and ®_ def.

b

4d scalar kinetic terms DC,Bilal 07
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Complex polyforms decompose in reps of SU(3)xSU(3) :

Sl 1,1
odd | 1,3 31
1,3 3.3 3,1
1,1 33 3,3 1,1
3,1 3,3 1,3
3,1 1,3
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Generalized diamond

SU(3)xSU(3) invariant polyforms :

2
! |

1,3 3.1
1,3 33 31
) 3.3 3.3 sy
3.1 3.3 1,3
3.1 1,3

nln’t
act with (anti)holomorphic v matrices — build a basis for the repr space
Grana,Minasian,Petrini,Tomasiello’'05



Deformations of SU(3) xSU(3) structures

Deformations of & (analogous for ®_) :



Deformations of SU(3) xSU(3) structures

Deformations of ®_ (analogous for ®_) :
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Deformations of SU(3) xSU(3) structures

Deformations of ®_ (analogous for ®_) :

s2.)
1,3 31
6%) 5&) 5&)
1,1 33 33 1,1
31 33 1,3
3,1 1,3
1,1

? relation with dgumn 5 OBy ?
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Deformations of SU(3) xSU(3) structures

e 8gun, 0B, are expressed in terms of 6y, «» 3,3, 6y_ « 3,3

e we arrive at:

2 JOx—,0x-)  [(Ox+,0x+)
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Deformations of SU(3) xSU(3) structures

e dgun, 0B, are expressed in terms of 6y «+ 3,3, dy_ < 3,3

e we arrive at:

e ,—2¢ mn ,pq S )6X*’6>_(* (5X 7(55(
%je 2@V016g g 1(5gmp()gnq + 531711)5811[]):_ j < > - J < i +>

J.<(I)*7(i>*> .].<(I>+,CI)+>

independent (ok N =2 in 4d)

e contributions of 5y, & dy_ are { .
symmetric

e Recall : Ky = —logi [(®4,®1). Then:

sholo santi g - _|_5holo5anti[<+ _ _f<5va oX-) _ f<5X+v OX+) 1 ab

f<q)*v(i>*> f<(1)+,(i>+>




Scalar potential

NSNS sector— Vns ~ [, volge 2% (Rg + 40,y 0™ $ — -5 Hippy H™™P)



Scalar potential

NSNS sector— Vns ~ [, volge 2% (Rg + 40,y 0™ $ — -5 Hippy H™™P)

Recast in generalized geometry language
(4d variables from NSNS sector are encoded in ®..)
L4 [Dvan] n o~ Rmnpq’ypqn
e derive formula relating Rs and &, ~ 7} ® nf
e ‘dress’ it with ¢ and B



Scalar potential

NSNS sector— Vns ~ [, volge 2% (Rg + 40,y 0™ $ — -5 Hippy H™™P)

Recast in generalized geometry language
(4d variables from NSNS sector are encoded in ®..)
L4 [Dvan] n o~ Rmnpq’ypqn
e derive formula relating Rs and @4 ~ 7} ® nf
e ‘dress’ it with ¢ and B

VNs = f (d®,,*p(dD.)) + (dP_,*p(d®_))
s / |(d®, @ )| +l<d®+,5_>\2
(@, B)

DC 08



Scalar potential

NSNS sector— Vns ~ [, volge 2% (Rg + 40,y 0™ $ — -5 Hippy H™™P)

Recast in generalized geometry language
(4d variables from NSNS sector are encoded in ®..)
L4 [Dvan] n o~ Rmnpq’ypqn
e derive formula relating Rs and @4 ~ 7} ® nf
e ‘dress’ it with ¢ and B

At — —
V=Vast Vi = 5 [(d0y () + (4B wp(dB )
— 2
/ [(dPs, @ )" + [(dDy, D)
(®,P)
2 DC '08

G: sum of internal RR fields
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Reducing to 4d

When 13(1 = need to truncate
reducing to a finite set of modes

B Truncation specified by a finite basis of (poly)forms

~A 1
_ (v _( B
to be used in expansions like :

(I)+ = XAwA — .7:A(:)A s ¢ = ZICY[ - glﬁ[

Grafa,Louis,Waldram

o foraCY:®, =BV & = andthe forms span H* (M)
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Reducing to 4d

B dP. #0 = ingeneral ¥, are not closed :
dy_ = Q.

Q : ‘geometric fluxes’ — more gaugings than CY with fluxes

B Postulate this system of expansion forms
(satisfying a set of constraints)

» derive the full bosonic action of N = 2 gauged sugra




Summary : Comparison with Calabi-Yau

| | CY&nofluxes | SU(3)xSU(3) + fluxes |

4d action N = 2 ungauged N = 2 gauged sugra
sugra charges: RR, NSNS-fluxes
d¥_ = Q¥4
Geometric oJ , 692 0D, , 6P_
moduli g, (include 6B, §¢)
Kahler Ky ~log [JNJAJ B
potentials K_~logi [QANQ | K+ =logi [(Py,Py)
Scalar potential V=0 V =V(ddy,fluxes)
nontrivial N = 1
Susy vacua trivially N = 2 conditions.




ifti = Grafa,Minasian,Petrini,
Lifting N = 1 vacua e i

7~

N=1 conditions :

10d A d®, =—-2nRe(®_)
sugra d®_ =-3ilm(pd )+ Le? +5G
with |p|2~—A

l dimensional reduction

- 4d N=2 . N='r1 )coglditions: ;n
<gravitini) = i
gauged (6.gaugini) = 0 under a single 0

sugra (d<hyperini) = 0 susye

N=2 —N=1 truncation

N=1 conditions :
F-flatness
D-flatness
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Cosets with SU(3) structure DG, Kashani-Poor '09

Concrete examples of Mg :

G Sp(2) SU(3)

SU(3) S(U(2) x U(1)) U(1) x U(1)

T T T

S CP3 Flag F(1,2;3)
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Cosets with SU(3) structure

Concrete examples of Mg :

DC, Kashani-Poor '09

Flag F(1,2;3)

» Admit SU(3) structure not SU(2)
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Cosets with SU(3) structure DG, Kashani-Poor '09

Concrete examples of Mg :

56 cPp3 Flag F(1,2;3)

v

Behrndt,Cvetic’04, Tomasiello’'07, Koerber,List, Tsimpis'08

» Admit SU(3) structure not SU(2)

» Group action simplifies the problem

» Support N = 1 AdS, vacua of massive type IIA
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The basis forms
Expansion basis = { Left-invariant forms }

SU@3)
U@ xu()

Left-invariant metric :

&mn = diag(vy, vy, va, v, v3,v3) vy >0 : geometric moduli

Basis of left-invariant forms :

12 34 56
(.U():l s w; = —e s Wy = ¢€ s w3z = —e

o= %(6135 ) 7 8= 5(

o0 — 123456 ol = 3456 o2 — 1256

136 |15 235 a6

)

OF = 1234

) i

Starting from type IlA, we derive the full 4d bosonic action
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Scalar potential V

V. = Vns + VrRr = 62“"(...) + 64“"(...)

0,V=0 = (V)=—(Ver) < 0 = justAdS vacua

4d version of Maldacena-Nunez no-go thm.

Holds for any SU(3) structure compactification

Interesting for AdS,/CFT; ABJM "08

Mechanism for dS?

Idea: modify V() by including string loop corrections
Establish the corrected V

& Don’tfindany dS &



Extremizing V

In the Nearly-Kahler limit (v* all equal) :

given a choice of flux — 3 extrema
\Nn/eﬁv
0

— V for &

SU@)
= ‘A ™~ N=1

eZap _ 5q2
) q I T 48m2v4

u]
]
ut




Extremizing V

In the Nearly-Kahler limit (v* all equal) :
given a choice of flux — 3 extrema

D b= E= o=

Stability
Breitenlohner-Freedman bound 728,y onic = —3(V)

all extrema are stable
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Consistency of the coset reduction

Can we trust solutions from 4d approach?

consistent truncation < all solutions of the reduced theory
lift to solutions of the 10d theory

We analyze the EoM of massive type IIA
il

precisely recover 4d N=2 gauged sugra EoM
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Conclusions

» Flux compactifications demand new mathematical tools

For N = 2 in 4d from type I
SU(3) and SU(3) xSU(3) structures, generalized geometry

» Generalized geometry provides the N = 2 data
» did a thorough analysis — complete 4d gauged N = 2 action

» Dimensional reduction on coset spaces:
e consistent reduction (justifying the truncation ansatz)

e both N =1 and N = 0 string vacua via extremization of V

e stringy corrections to the 4d action

» Interplay between 10d and 4d
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Type Il sugra on CY3

L1
ungauged N = 2 sugra in 4d
1

no scalar potential

1

moduli problem

4d fields are defined
expanding in harmonic forms

E.g. in llIA:
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Type Il sugra on CY3 with fluxes
A~ F
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A

ungauged N = 2 sugra in 4d
1

no scalar potential

1

moduli problem

4d fields are defined
expanding in harmonic forms

E.g. in llIA:
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A

gauged N =2 sugrain4d
1

nontrivial scalar potential

1

stabilizes (part of) the moduli

4d fields are defined
expanding in harmonic forms

E.g. in llIA:
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Fluxes & 4d gauged sugra

Type Il sugra on CY3 with fluxes
A~ F
&
A

gauged N =2 sugrain4d
1

nontrivial scalar potential

1

stabilizes (part of) the moduli

4d fields are defined
expanding in harmonic forms

E.g. in llIA:
C=8ay—&B8 +... 1=01,.p

l | €€ |
4d 6d

Fy=dCs—HNCy
With H flux: H = play — ;3!
F4:D§I/\Oé1—D£1/\ﬁl+---

L& | ¢¢E |
4d 6d

Dg" = dg' +p'C
D£~1 = dé, +q;Cy, C :graviphoton

scalar potential arises from [, H A «H



Deformations of SU(3) xSU(3) structures

compatible &, , &_

U
Re®4 , ' ,Re® .

7 =PI (750

. " " I . generalized almost
Je :TeT" =>TeT" , (Jz) = —idrer complex structure
where T4 = (df:A> : 0(6,6) gamma matrices

—1 —1
B
MetriconTe T : G=-7,7 = & g
g—Bg'B —Bg!
Deformations :
grnngpq((ngp(Sgnq +5Bm175Bnq) = —%Tr[dgég}

use: 0G=-0J+T-—J+(60T-)



Special Kahler Geometry

Period matrices

Important ingredient : G, = Mz, DG = M;;DZ’
. period matrix
R=ReM , IT=ImM
Moo [ ZHRITR -RITY _ — [{a,*a)  [{a,*p)
N —1717?, Iil f<ﬁv >I<BO‘> _f<ﬁv *Bﬁ>

o uses spe:=c Bx)(lPe)
e generalizes a result valid for the harmonic 3-forms of CY

o parallel expression for even forms — A & N
(valid for CY as well)



Special Kahler Geometry

Period matrices

Important ingredient: Gy = MyZ/ , DG = MyDZ’
N\ period matrix
R=ReM , T=ImM
_(I+RI'R —RI ) B <—f<a,*3a> [ (o 58) >

M R J(B.550)  — [{B.%sB)

o uses spe:=c Bx)(lPe)
e generalizes a result valid for the harmonic 3-forms of CY

o parallel expression for even forms — A & N
(valid for CY as well)

e Ine.g. lIA:
e ImN and ReN define kinetic & top. terms for gauge fields
o M enters in the hyperscalar kinetic terms
e Both M and N appear in the scalar potential



The basis forms

Closed system under d :

dv, = q.«
do =0 dB = g &
do* = 0

q. . geometric fluxes — new charges w.r.t. the CY case
Also closed under the Hodge = :

xa = [ , x0” ~ wp , *x0% ~ w,

Most general left-invariant SU(3) structure:

J =Vv'w, Q~a+if



The 4d theory

Starting from type A, we derive the full 4d bosonic action
N = 2 gauged sugra with :

e gravitational multiplet (g, AY)

e at most 3 vector multiplets

(b + i, A®)

e just the universal hypermultiplet (Buw, ¢, &, €)
(actually, tensor multiplet)
Fluxes — Gaugings
scalar field || electric ch. provided magnetic ch. | provided
under A%, A¢ by under A%, A¢ by
& qa dw, = g« — —
dual of B,,, €p, €y Gy, Gg mO, m¢ Gy, Go
~—— S~——
RR field-str. RR field-str.
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. - . 2 , 7
Ryn + 2V yOno — %LMHJLNH -9 lecO:O tmF gy nFy = 0
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Consistency of the coset space truncation

E.g. : (string frame) Einstein eq.

Rmn—i-Z@ma,,QS —%LmI:I_JLnH— e IiOOLm (k)_ll,n k) = 0

left-invariance =- all terms are constant along Mg
d5> = 220 g, (X)dx © dx’ + gun(x)e" () © €"(7)

8mn = diag(vi,vi,v2,v2,v3,v3)

Rmn + 2ﬁmand) = Ry + %3_24'0 (gpqaugmpaugnq - vzgmn)
1 !

ava VNS —|— |:8Va — Vua 8 a i|ghc( )6uvbalLV(,

= 4d EoM for the internal metric moduli ...efc...
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String loop corrections  (exploiting ¥ = 2)
AdS, arises from dilaton dependence of V = ¢2#(...) + e*(...)
Idea : modify it by string loop corrections (g, = e?)

Strominger'97, Antoniadis,Minasian,Theisen,Vanhove’'03

© one-loop correction to the 10d action : R* terms

by dim.red. : /d4x\/§ (e_Z‘P — Efggx(M(,)) Ry + ...

® Quaternionic metric

universal hypermultiplet - Calderbank-Pedersen:
3 isometries just one parameter ¢

two possibilities : c=0 or ¢~ x(Ms)

@ Loop-corrected scalar potential follows by N =2
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String loop corrections  (exploiting ¥ = 2)

o We establish the all loop corrected scalar potential.

e deSitter?
e Our tree-level no-go is evaded

o &M Dontfindany &eé
narrow is the way towards deSitter

e Uncover necessary condition :

& HyunpH™? — Rg > 0

e Destiny tree-level AdS Nearly-Kéhler vacua?
Numerically : they are still there.

For N = 1 vacuum: analytic study
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