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e Motivations

e Framework

Type I string theory with magnetized D9 branes

e 7% example with O9 planes I.A-Maillard ‘04

SUSY conditions

tadpole cancellation

positivity requirements

explicit example

infinite discrete class with large volume(s)

e 7°/7, orientifold with O3 planes
combined with 3-form fluxes
I. A-Kumar-Maillard ‘05

fix also the dilaton



Moduli stabilization with 3-form fluxes:

significant progress but

- NO exact string description

- fix only complex structure

Type I with internal magnetic fluxes:

alternative/complementary approach
- exact string description

- Kahler class stabilization

- natural implementation in intersecting

D-brane models



General framework

e Type I string theory compactified in 4d
on 6d Calabi-Yau
= N = 2 SUSY in the bulk, N =1 on branes

e Magnetic fluxes on 2-cycles
= SUSY breaking

. : . m
Dirac quantization: H = )

H: constant magnetic field
m: units of magnetic flux /1st Chern class
n. brane wrapping

A: area of the 2-cycle

Spin-dependent mass shifts for all charged states

[pi, pj] = iqHe;; g: charge
= Landau spectrum



Exact open string description:

q— q1, + 9Rr endpoint charges
gH — 0, +0r ; 0pr=arctang; pHo'

weak field limit = field theory

T-dual representation:
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Magnetic fluxes can be used to stabilize moduli

[.LA.-Maillard 04

e.g. T°: 36 moduli

internal metric: 6X7/2=21 =9+42x6
type IIB RR 2-form: 6 x 5/2 =15 =942 x3

Kahler class J
complexification =
complex structure

O complex moduli for each

magnetic flux: 6 x 6 antisymmetric matrix F
complexification =
F(Q,O) on holomorphic 2-cycles: potential for r

F(1 1y on mixed (1,1)-cycles:  potential for J



T parametrization/complexification
s'=z'4+1 y=y,+1 i=1,2,3
orientation choice: /T6 134 (da;i A dyi) =1
2t = gty T: complex structure matrix
592-3 . Kahler deformations — J = 5gz-3idzz-/\d2j

wy. real basis of 2-cycles

H?2(T®) cohomology

T



N =1 SUSY conditions:

(1) Fi0)=0 =7 7Tput— (7 "pay+pyet) +py =0
(2) INIANFanhy=Fapnr AFanrFaly =J
Appropriate choice of magnetic fluxes F¢

in several abelian directions U(1)q, =

all moduli vanish except the 6 radii of T©

which are fixed in terms of the quantized fluxes

T® =TJ3_, T? < orthogonal 2-torus

Fr

_RI — / a —
T = —=f Jr = RrR; HY =7,

=7
(1) fixes the ratios 7y

(2) fixes the sizes J;

H{+ H>+ H3 = H{HoH3 & 01 +0>,+4+63=0



DBI action:

{[JANIANT—IANFAF?+[JANJAF—FAFAF])?}1/2

becomes polynomial

Soet = ~To [ Vg (1~ |H1Ha| + |HaHs| + | H1 Hs))

or permutation of the minus sign

I.A.-Maillard, Bianchi-Trevigne

Tadpole conditions

Qo = > a Nad orst Krstngngnd = 16 «— O9 charge

sign due to orientation choice
@5 = 20 Na X5t K stnymgmy = 0
e volume positivity: JAJAJ —JAF*ANF* >0

e no antibranes: K,gnining > 0



Main ingredients for moduli stabilization

1. “oblique” magnetic fields =

fix off-diagonal components of the metric
2. magnetized D9's = -ve 5-brane tension

3. Non linear DBI action = fix overall volume

(1)4(2) : necessary for Qs cancellation

(2)4(3) : not valid in six dimensions



Stabilization of RR moduli

e Kahler class: absorbed by massive U(1)'s
dCo> AN *x(A* N F?) =

4d G-S kinetic mixing with magnetized U(1)'s
= need at least 9 brane stacks

e Complex structure: get potential
through mixing with NS moduli

Bianchi-Trevigne ‘05



Stack Fluxes Fixed complex 5 — brane | Fixed Kahler
i structure local. class
f1 (B} Fry) | m1=m32=0 [x3,93] | Viz— Vo1 =0
px1y27_11 = TQQP;QM
12 (FZ.,. F2,) T21 = T3 =0 (22, yo] Viz—Vay =0
p£1y37-11 - T33p§3y1
u3 ( T1T2) y1y2 713 =0 i [$3, y3] Vli + V21 =0
T11720 = — AR
]j4 ( Tox3) y2y3 T12 — 0 [xla yl] V2§ + V32 =0
]j5 ( r1x3) yly3 [$2, y2] Vl?) + V31 =0
Ii6 ( T2Y3’ a?3y2) [xl’ yl] VQZ_’: - V3§ =0

Vi=UANJ)5=0= J;=0 ViF£j

4th column: 5-brane charge localization on the 2-cycles [z, yi]

Compatibility condition: p*, p°,p® constrained by pt,p?, p3, so that

T;; remain unchanged




Fix areas of the 3 T2's = add 3 more stacks:

Stack Fluxes 5 — brane
f localization

- [xla yl]

ﬂ7 ( r1y1’ Izyz’ FI3y3 [332, y2]

[33‘3, y3]

g [ZB]_, yl]

ﬂ8 ( Tr1y1? I2y27 FI3y3 ['/'B27 y2]

[$3, y3]

. [x1,y1]

ﬂg ( 21Y1? x2y27 Fx3y3) [IQ, yQ]

[33‘3, y3]
7 7 7 707 7
F1 F2 F3 JoJ3 F1 F2 F3
= | F¢ F§ F% NJz | = FPFSFS
9 9 9 9 79 9
F1 F2 F3 J1Jo F1 F2 F3

Consistency conditions and tadpole cancellation are ok

e |large volume:

- rescale F/°?

/\F17’8’9 = J; — AJy : one large T7?

- rescale all fluxes and all J; :

three large T2



Geometric moduli: fixed without breaking

gauge symmetries

e Mmore magnetic fields:

in general incompatible unless special fluxes or

turn on open string moduli
charged states modifying the D-terms
= - fixed at non trivial values

- break gauge symmetries

e fixing the dilaton?
combine magnetic and 3-form fluxes

loose the exact string description

3-brane charge = T°/Z, with O3 planes

I.LA.-Kumar-Maillard ‘05



T-duality to T°/Z»

magnetic flux m <~ winding number n

e non-trivial because of 0-eignevalues (m = 0)
e weak string coupling = minimize

the 3-brane charge of magnetized branes
e new infinite discrete series

with the same values for all moduli

Models
- use 3-form fluxes to fix only the dilaton

compatible with the values of T© moduli

- part of moduli are fixed by magnetic

and part by 3-form fluxes



N = 1 SUSY condition for Kahler moduli:
‘]/\J/\J:J/\F(l,l)/\F(l,l) =

Spe1 = —To [ /9 (|H1HoH3|—|H1| + |Ho| + |H3|)

or permutation of the minus sign
Tadpole conditions

Q3 =20 Nad rst ’Crstmgmgm? = 16—N3
/!

3-form fluxes

Q7 =2 aNad2 ot Krsgmingnd =0  V 2-cycle r
e volume positivity: FOAFANFC*—JANJAFY >0

e no antibranes: K,gmimimy > 0

O-eigenvalue = Krgnymgmyd > 0



Example

e branes 1-6: - add 2 diagonal fluxes in each

- min 3-brane charge = 6
= fix the complex structure in a diagonal form
e branes 7-9: take out 1 diag flux from each
— vanishing 3-brane charge
= Kahler form diagonal and fixed
e particular rescaling of diag. fluxes in all branes
rescaled 7-brane charge of 1-6 cancel with 7-9

= new oo series with the same moduli values



e 3-form flux compatible with above values =

N3 =hf 2= (Im733)£

g
N ’
NS-NS  R-R

gs min = A min f max allowed by N3

1

e special rescalings = large radii + small gs



