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Renewed interests in type-lIA compactifications:

 New 4d classical vacua (more generic than in type-1IB and Heterotic cases)

Improvement in understanding of generalized geometries

(i.e. non CY compactifications with fluxes and torsion...)

AdS,/CFT, in lIA/M-theory

(may provide non-perturbative description of lIA string in AdS backgrounds)

Intersecting brane model building — phenomenology

(easy geometrical construction of chiral gauge theories)



Renewed interests in type-lIA compactifications:

 New 4d classical vacua (more generic than in type-1IB and Heterotic cases)

Improvement in understanding of generalized geometries

(i.e. non CY compactifications with fluxes and torsion...)

AdS,/CFT, in lIA/M-theory

(may provide non-perturbative description of lIA string in AdS backgrounds)

Intersecting brane model building — phenomenology

(easy geometrical construction of chiral gauge theories)

Final goal:

— Find a "reliable" string construction (aka vacuum) compatible with experiments —
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Many ways to attack the problem:

— top-down
(start from the strings, find vacuum, stab. modul...)
— bottom-up

(start from the model, embed into branes, stab. modul....)

more control on the string side
less powerful from the phenomenology side and viceversa...

key — "try to find a good compromise":

derive an EFT from string theory such that it allows
to implement both the constraints and the corrections from string theory
and
to model a successful low energy description
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GV, Zwirner, DeWolfe et al,
Camara, Font, Ibanez...

« All moduli stabilized:
« infinite number, with small g_large V;

» good for AdS/CFT;
* not good for phenomenology:

- Non susy AdS,:
* (twisted)-Toroidal Orbifolds (+fluxes+sources); Camara, Font, Ibanez...
e All moduli stabilized:;
» good for phenomenology (uplifting with D-terms?, other F-terms?...);

continue...
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...continue

« Susy Mink,:
« flat directions with geometrical fluxes;
 All moduli fixed with non-geometrical fluxes? Aldazabal et al.
- large V, and small g_? (Micu, Palti, Tasinato '07);

 not good for phenomenology:

 No-scale models: see e.g.
. . : Derendinger et al., ...
* (twisted)-Toroidal Orbifolds (+fluxes+sources) Camara, Grana...

» good for phenomenogy (after no-scale moduli stabilized radiatively...)
e QO-dominated? (J-dominated? - non geom.)

 dS4 vacua?
* Silverstein '07 (EFT?)




From the compactification to the EFT

closed strings — metric [ g (J,Q2) ], dilaton [ & ],
[B, J-field, RR-fields [ C*'], ...

open strings — D6-D6 gauge sector [A , Z¢],
D6-D6' chiral sector [ ¢']



From the compactification to the EFT

closed strings — metric [ g (J,Q2) ], dilaton [ & ],
[B, J-field, RR-fields [ C*'], ...

open strings —> D6-D6 gauge sector [A , Z¢],
D6-D6' chiral sector [ ¢]

N=1 4d Effective SUGRA determined by:
 Kahler function G(q,g*) = K(qg,g*) + log|W(q)|?
- Gauge kinetic function f,_(q)

* Killing vectors X(q)

Most of the 4d EFT can be derived from dim.red. from 10d SUGRA
EFT only partially known for generic background
Explicit formulae known for particular orbifolds
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RR-tadpole < RR Bianchi Id.
d.G=Q.,, = 0 G? + HAG? =X [r ]

NSNS-tadpole < NSNS Bianchi Id.
d d =0, = ow=0, ®H=0

with sources d, d, =Q, . .= OO=X [K ], ©OH=X [v.]

NSNS

Localized tadpoles < loc. Bianchi Id. .
dHQRR=O = o[t ]=0, HA [7-56]:0 Maldacena, Moore, Seiberg,
Q. G=0 = [V.JAG=0, [ ]G=0 GV, Zwirner

( + branes on branes)

Crucial for gauge (+susy) inv. of the EFT:
* classical: gauge inv. of W
 perturbative: cancellation of 1-loop anomalies
e non-perturbative: gauge inv. of instanton corrections



1. EFT for bulk fields

. . 1 f | _
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: ) 1 [ 1 [, —
Kahler potential: K = —1log (37/.] AJN .7) — 2 log (37/52’ A £2’)

From dim. red. on T‘”/szZ2 =

= — Iog(su 3) — Iog(t1 . 3) ... (twisted sector)
see Lust, Reffert, Stieberger...

Superpotential:

- 1 T , . J¢ = . ' O = Re O/ ' ‘j(fﬂ}
I _/ (G — idy ) J°=J+iB., Q°=ReQ +iC®,
Mg

dg=d+w+H G=Y a7

p=even

D2 domain wall argument: AW ~ [AG® a la' Gukov Vafa Witten

W= [G®

with G® complexification of the solution of d, G=0



Gauge kinetic function: (from DBI+W2Z)

[N, (Re S / o(-‘”) SN, QL

From dim. red. on T°/Z xZ, =

f = NTs (mimamsS — minonsU; — nimansUs — ninamsUs)

Cremades, Ibanez, Marchesano '02



Gauge kinetic function: (from DBI+W2Z)

f ab = (5(1 b AT& (Re Q!:Ta + 1 / (YH )) — da b i\'rt'z QO

¥}

From dim. red. on T6/ZZXZ2 =

f = N1 (mymamsS — minan3U; — nymanzUs — ninamsUs)

Cremades, Ibanez, Marchesano '02

Killing vectors: (of the gauging)

iX° = 2N pgningng = —2N ugq®,

iXU1a = 2N penampme = 2N ug q"i ,






Ref= NTs\/(ReQ,)2 + (Tm Q)2




D-terms: (= iKaXa) Im Q,; = Vsuiugus D

N T
ni1nons ’ nAMpBMc qU ’ q‘J‘
D:¢\T . —¢\T 6 - —
a S lezl U A H S lezl uA
...but from DBI reduction on generic configurations
— Right SUGRA results
Ref= NTyy/(ReGr) + (Im )2 only in the 2-der. limit
l.e. Im Q. |
— | <
;o1 1 > 2 Re Q)
ID = 3 D~ = .
2 N T Re €y .\/1 + (%11%)‘ 1 GV, Zwirner '06
eQxq

lesson for anti-D-branes....



2. EFT for the D6-D6 sector

Kahler potential: for arbitrary configuration of D6-branes

From dim.red. of DBI action (involving highly non-trivial field-redefinition)
(assuming S__ =X S__(D6,) from dim. red. on T°/Z xZ,)

DBI

s'fB 3 f' ) 2 -‘
) H uA — Py + Z daBc JJB
A A=1 ta B,C=1 J

unpublished with F. Zwirner '06
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2. EFT for the D6-D6 sector

Kahler potential: for arbitrary configuration of D6-branes

From dim.red. of DBI action (involving highly non-trivial field-redefinition)
(assuming S__ =X S__(D6,) from dim. red. on T°/Z xZ,)

DBI

A=1 A B,C=1

{ 3 .2\ 3 o 2 -‘
PR Jig 4. . * a “A .
K = —log fﬁgﬁg ( —F;lz_lp‘_l A ) H wA p ) + Z daBc EJB J

unpublished with F. Zwirner '06

up to quadratic fluctuations it gives:

3 a2

K = —log (t1 to t3 suq ug ug)+ph '
(f1t2t3 sy 3) “Z?‘-M Z

3

-_é’lc':._" 3(13
(1{“ +Z daBc PR — )Jr(’)(‘.ﬂ

u
B(—1 tauc

Notice that z,=Re Z,
l.e. there are Giudice-Masiero-like terms (like in Heterotic) good for u-terms



For special configuration of D6-branes (or equiv. magnetized branes) results are already
present in the literature — (Lust, Stieberger..., Kors, Nath...Font, Ibanez... )



For special configuration of D6-branes (or equiv. magnetized branes) results are already
present in the literature — (Lust, Stieberger..., Kors, Nath...Font, Ibanez... )

In several cases these results seem not to agree with ours,
in particular O(z?) coefficients are not constant but proportional to

)]

: 1)
£
oy

[Ar Ar a 2
2 ». [TrTe T, — 1 4
(my + n_,l)\:.n T A= gt

| A Ut Sy




For special configuration of D6-branes (or equiv. magnetized branes) results are already
present in the literature — (Lust, Stieberger..., Kors, Nath...Font, Ibanez... )

In several cases these results seem not to agree with ours,
in particular O(z?) coefficients are not constant but proportional to
[T Yo T, = my® | ng’
T 4 ' uguy  s'uy

[m AN H\

however they simplify (and agree with our results) when we notice that

(m2 + n2 [TeYc  [(po pa pB pr'* Lo Im (). "\  these terms must be
fi'? f — - — — — - . o
At i) \ YA sy Uy upn Re (Y /) discarded for consistency



For special configuration of D6-branes (or equiv. magnetized branes) results are already
present in the literature — (Lust, Stieberger..., Kors, Nath...Font, Ibanez... )

In several cases these results seem not to agree with ours,
in particular O(z?) coefficients are not constant but proportional to
TH T{ T_a_ _ H}ff{'_) Hf.f!‘_‘*
T 4 ' uguy  s'uy

[m 4+ n H\

however they simplify (and agree with our results) when we notice that

[TeYc (pj PA DB pr'*) Lo (111151;“) these terms must be

(m% +n 15'\ Ta — T - Re (). ) discarded for consistency

._.r ! !

Notice also that mixed O(z°z°) terms do not agree in the N=2 limit
with the prepotential proposed by
Ferrara, Minasian, Sagnotti,... Antoniadis et al...

connected with p-problem, see below...
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(with G®® complexification of the solution of d,G=Q_.)
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_l M _l Ta -

unpublished with F.Zwirner '06
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Superpotential:
from dim.red. + DBI fluctuations

agrees with the domain-wall argument: W = [G®

(with G®® complexification of the solution of d,G=Q_.)
I T e L [ .
W = / (:'-’Ej (G — Z('!_ngf') -+ / w‘%'_\[
_.L ,1\/{6 _L Ta o

unpublished with F.Zwirner '06

w'g"__\_[ = /' Nw/'e + §3.,}(E;EL ib chza NZ®NZe

la __ la
Zia = | 7!

n{da® + médax® + Zia ngdax” + mSdx® + gio ngda? + mdx'’
V(mi)? + (nf)? V(m$)* + (n$)? V(m§)? + (n)?

in agreement with Martucci, Marchesano, Camara, Grana
but valid also for susy-breaking and/or non-Mink vacua,
automatically holomorphic



0 3 A 0 A

3
Da:ﬁ_ZQ_?: da Z da

1,_12

u
e D Y| ‘LtA A=1 UA—PD ta +ZBC 1 daBe P~ =

* Only non-abelian D-term

2 ¢he . Py Py Ph P
M QA _— / - ’ - / !
ta Uy S

D@'a = ZKZ;{’ (X@a)ifi = Q?q fiaja ke



D-terms:
* D6-D6 sector uncharged under U(1) part
0 3 A 0 3 A
p,=da N % _ da B 9a
> 'y ' 2

1 ] 5 7] 5 3
3 z 7 z0° 2 z 2~
A=1 s+ 2 A—1 P4 S Aslua —pgo + > _p.o=1 daBC P o

i

e Only non-abelian D-term

,T C!J; 0% — P N Py P B - Pe
tA A - C B

D{a — ZI{ZE_‘E': (){z"a )f—li — ("giil -fja ja- ‘{"CL

Gauge kinetic function:
faOCQ';a:Q;ﬁzb fﬂ Zibcl>ib[nb]=£2;a+zb(n0n hol.)XI ,

dual to the type-IIB "p—-problem".

e solution 1: (Berg, Haack, Kors '04) — 1-loop from open strings (see Akerblom et al. '07 for IIA)
» solution 2: (Baumann et al. '06) — tree level from closed-strings inter-brane backreaction



D-terms:
« D6-D6 sector uncharged under U(1) part
T S B o y

! ig 2 Jia 2 . _ig 2
u \—«:} Z 4 Z 4 \—«.; z 4
A=1 A s+ ) g Ph o A=lua — Py + 2B o=t 9ABCPE -

£ to

e Only non-abelian D-term

,T C!J; 0% — P N Py P B - Pe
tA A - C B

oy - Ny a g
D;, = ?]&Z-z)()iz'a_)j = Q% fiqjaka

Gauge kinetic function:
faOCQ';a:Q;ﬁzb fﬂ Zibcl>ib[nb]=£2;a+zb(n0n hol.)XI ,

dual to the type-IIB "p—-problem".

e solution 1: (Berg, Haack, Kors '04) — 1-loop from open strings (see Akerblom et al. '07 for IIA)
» solution 2: (Baumann et al. '06) — tree level from closed-strings inter-brane backreaction

Conclusions:
EFT is known up to quadratic fluctuations,
higher-power terms only partially known, not under control...




3. EFT for the D6-D6' sector

(not from supergravity)

Kahler potential: from string amplitudes (Lust et al... Bertolini et al...)

o 1—0L)0(1— 62%,)0(—63,)

\ ab

3 o e 9 .
L L (B1E0l ) (ol L@ (%) (1 + 63
[\ ab — f)?'_,f bf—u | | ['I (B+¢ 84:“‘)] TI (y+¢ Qub}\/r( { uh) { ub-] [ frh-]
I=1
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3. EFT for the D6-D6' sector

(not from supergravity)

Kahler potential: from string amplitudes (Lust et al... Bertolini et al...)

u 5. S _(1HZr 3"'“’9[(; +~39 ) r{ﬁuh)r{yg ]r(l _H:h) .
U ” r(l_Hih)r(l _Hz ]r( H(i)b)
recently proposed (by Akerblom et al. '07)
ab _ 1+ Lsign(I,,)607,) (0L )T (0%)(1 4 63,)
Kij = H[ \/Fu — L)1 —6%)(—03,)

still to be confirmed...

Superpotential:

=Y 000" + g, 'O Z 0000

. () Cremades, Ibanez, Marchesano
Y from w.s. instantons, . 5(r) : » e ’
ijk Yijk = hquOabe | | J ) (k') Cvetic, Papadimitriou

(~1IB perturbative calculus) —

Killing vectors: known (gauge transformation properties of chiral fields)
Gauge kinetic functions: (corrections are higher order, from threshold....)
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Extra interesting ingredients:

 KK5-monopoles:
e w ®w # 0 (alternative description of twisted sector, stabilization, ...)

 Phenomenology (N=1 configurations)
e dual to D6-branes
* D6-KKS intersecting models — KK6 M-theory configuration

 May help with dS vacua? (siwverstein 07)

e Non-geometrical fluxes:
» how far one can go with EFT?

* Add Coisotropic branes (non-commuting fluxes) in EFT;

e Other important subjects not discussed here:
o, g_corrections to EFT (threshold corrections...);

* Non-perturbative corrections (E2-instantons...);
e Inflation...
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Conclusions:

The EFT of the bulk sector is sufficently known for several compactifications
(Orbifolds, twisted tori, coset spaces....)

EFT for untwisted sector (vector sector)

* mainly known up to quadratic fluctuations on orbifolds,
 calculable in many other compactifications from DBI

« still unknown above quadratic fluctuations (up to special cases)
EFT for twisted fields (chiral sector)

* it is partially known for orbifolds (still some open questions)

* it is not known for other compactifications

Soft terms are partially known (rely on the info above) for special cases

» deserve a more careful study

Next step — Start putting everything together....



