The Landscape of String theory:
Intersecting branes
(statistics and collider signatures)

and AdS flux vacua
Dieter Lust, LMU (ASC) and MPI Munchen
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LMU  Introduction: B

Count the number of consistent string vacua »»
_ 10B00—-1500

vacua!

(Lerche, Lust, Schellekens (1986), Douglas (2003))

Vast landscape with [V
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LMU  Introduction: ©

Count the number of consistent string vacua »

Vast landscape with N, = 10°99~ 1990 yacual

(Lerche, Lust, Schellekens (1986), Douglas (2003))

Two strategies to find something interesting:
® Explore all mathematically consistent possibilities:

top down approach (quite hard), string statistics.

® Do not look randomly - look for green (promising) spots
in the landscape ™ model building, bottom up approach.
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Questions we like to answer:

® |s the Standard Model realized in string theory!?
o [f yes, how often, i.e. what is the likelihood for the SM?

® What is the physics beyond the SM in string
theory - can we test string theory!?

® Does string theory make some predictions for
cosmology - string/brane inflation?

® Do we understand the cosmological constant in
string theory - statistical (anthropic) explanation!?

® Are there transitions within the landscape!

Today: We will discuss some aspects of the
landscape of intersecting branes and fluxes
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LMU General feature of string theory: m,ﬂ |

Geometrization of particles and their interactions!
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Gauge interactions:

STvTv] G=5SU®3) xSU(2) x U(1) 0 Ao e

T I 0

The Generations of Matter
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I_Mu General feature of string theory: W)

Geometrization of particles and their interactions!

Dictionary:
Particles physics Cosmology

Gauge interactions:

L4 Al mi
B “

geometry & topology of strings and branes
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String theory:
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LMU String theory:

e Unification of all particles and forces (including gravity)

(i) Closed string: Q Q ‘3?

X*(o,7): B, — MP

T

Soq = ) /z drdo 0, X" (o, T)aﬁXV(Ua T) (504[361(”1/) + EaﬁB[W])

Backgroungd G(MV) . metric of M"
space: By, : antisym. tensor field, H =dB

® Massless string excitations: background fluctuations: g,,,,

+ infinitely many massive Regge excitations:

1
M,, = Mstring n — \/— T

Oé/
e Conformal invariance Sy — D = 10
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LMU (ii) Open strings (type Il/l):

World sheets with boundary

X*(o,7): X D\\

Boundary action: S) = /N ds 0s X" (o, 7)A,(X)
)5

Background gauge field: A (X)), = dA

D(p)-branes: (Polchinski (1995))
p-dimensional hypersurfaces D,
on which open string end points
move:
\DE-brane
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LMU Facts about open strings and D-branes:

® Massless open string excitations on D-
branes are gauge fields A,

& .'-.\_ ."'b- a .._.
e

Dp-brane:

® electric & magnetic sources for additional
(Ramond) background fields:

A[ =  FPT2 — gArt!

M1 Pop41]

e Gravitating objects: open
closed interactions

® Curve space and induce closed string background:

G,uu#n,uua Fp+27é0
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LMU Facts about open strings and D-branes:

® Massless open string excitations on D-
branes are gauge fields A,

Dp-brane:

® electric & magnetic sources for additional
(Ramond) background fields:

= [Pt = APt

Al

M1 Pp41.

e Gravitating objects: open
closed interactions

® Curve space and induce closed string background:

GW#UW, Fp+27é0
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® Massless

.r"'-:_';;"* ;. ': \

open string excitations on D-

branes are gauge fields A,

Dp-brane:

® electric & magnetic sources for additional

(Ramonc

) background fields:

Al

M1 Pp41.

= P2 = qAPt!

e Gravitating objects: open
closed interactions

® Curve space and induce closed string background:
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I_MU Facts about open strings and D-branes:

® Massless open string excitations on D-
branes are gauge fields A,

Dp-brane:

® electric & magnetic sources for additional
(Ramond) background fields:

A = FPT2 = gArt!

M1 Pop41]

e Gravitating objects: open ~
closed interactions 0

® Curve space and induce closed string background:

Guu#nuua Fp+27é0
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LMU

Outline

e Type Il orientifolds models

Intersecting brane models and their statistics

® Stringy signatures at LHC
(The LHC string hunter’s companion)

® Flux compactifications and AdS4 string vacua
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LMU ) (Intersecting) D-brane models: @

{E‘w hrd
(Bachas (1995); Blumenhagen, Gorlich, Kors, Lust (2000); T TR T
Angelantonj, Antoniadis, Dudas Sagnotti (2000); Ibanez,

Marchesano, Rabadan (2001); Cvetic, Shiu, Uranga (2001);...)

Alternativ constructions: heterotic strings

F-theory ( @ talk Vafa)
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‘x i.-':,r
(Bachas (1995); Blumenhagen, Gorlich, Kors, Lust (2000); T TR T
Angelantonj, Antoniadis, Dudas Sagnotti (2000); Ibanez,

Marchesano, Rabadan (2001); Cvetic, Shiu, Uranga (2001);...)

Alternativ constructions: heterotic strings

F-theory ( = talk Vafa)

Consider open string compactifications with

intersecting D-branes " Type |[|A/B orientifolds:

CERN TH-Colloquium, July 23,2008



,;,

LMU Il) (Intersecting) D-brane models:

‘x i.-':,r
(Bachas (1995); Blumenhagen, Gorlich, Kors, Lust (2000); T TR T
Angelantonj, Antoniadis, Dudas Sagnotti (2000); Ibanez,

Marchesano, Rabadan (2001); Cvetic, Shiu, Uranga (2001);...)

Alternativ constructions: heterotic strings

F-theory ( = talk Vafa)

Consider open string compactifications with

intersecting D-branes " Type |[|A/B orientifolds:

Features:

CERN TH-Colloquium, July 23,2008



,;,

LMU Il) (Intersecting) D-brane models:

‘x i.-':,r
(Bachas (1995); Blumenhagen, Gorlich, Kors, Lust (2000); T TR T
Angelantonj, Antoniadis, Dudas Sagnotti (2000); Ibanez,

Marchesano, Rabadan (2001); Cvetic, Shiu, Uranga (2001);...)

Alternativ constructions: heterotic strings

F-theory ( = talk Vafa)

Consider open string compactifications with

intersecting D-branes " Type |[|A/B orientifolds:

Features:

® Non-Abelian gauge bosons live as open strings on
lower dimensional world volumes 7 of D-branes.

CERN TH-Colloquium, July 23,2008



,;,

LMU Il) (Intersecting) D-brane models:

‘x i.-':,r
(Bachas (1995); Blumenhagen, Gorlich, Kors, Lust (2000); T TR T
Angelantonj, Antoniadis, Dudas Sagnotti (2000); Ibanez,

Marchesano, Rabadan (2001); Cvetic, Shiu, Uranga (2001);...)

Alternativ constructions: heterotic strings

F-theory ( = talk Vafa)

Consider open string compactifications with
intersecting D-branes " Type |[|A/B orientifolds:

Features:

® Non-Abelian gauge bosons live as open strings on
lower dimensional world volumes 7 of D-branes.

e Chiral fermions are open strings on the intersection
locus of two D-branes: N, =1, = #(r.nm) =m, 07
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LMU Perturbative type |l orientifolds contain:
(Review: Blumenhagen, Kors, Lust, Stieberger, hep-th/0610327) ™+ NCK. CESELLECHATT

® (Closed string 6-dimensional background geometry:

-Torus, orbifold, Calabi-Yau space,
generalized spaces with torsion.
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I_MU Perturbative type Il orientifolds contain: ({57 )

(Review: Blumenhagen, Kors, Lust, Stieberger, hep-th/0610327) W PLANER G

® (Closed string 6-dimensional background geometry:

-Torus, orbifold, Calabi-Yau space,
generalized spaces with torsion.

® Space-time filling D(4+p)-branes wrapped around
internal p-cycles:

- Open string matter fields.
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I.MU Perturbative type Il orientifolds contain: ({57 )
(Review: Blumenhagen, Kors, Lust, Stieberger, hep-th/0610327) Ly

® (Closed string 6-dimensional background geometry:

MAX-PFLANCK-CESELLECHAFT

-Torus, orbifold, Calabi-Yau space,
generalized spaces with torsion.

® Space-time filling D(4+p)-branes wrapped around

internal p-cycles:
- Open string matter fields.

® Strong consistency conditions:

- tadpole cancellation with orientifold planes.
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LMU Intersecting Dé6-brane models:

MAX.-PFLANCK-CESELLESCHAFT

D6 wrapped on 3-cycles m, angles 0,

Tadpole condition: Z Nqmq = To6
a
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LMU Intersecting D6-brane models:

MAX.-PFLANCK-CESELLESCHAFT

D6 wrapped on 3-cycles m, angles 0,

Tadpole condition: Z Nqmq = To6
a

(Ibanez,Marchesano, Rabadan, hep-th/0105155;
Blumenhagen, Kors, Lust, Ott, hep-th/0107138)
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| MU (Intersecting) Dé-brane statistics
How many orientifold models exist which come close to
the (spectrum of the) MSSM?

(Blumenhagen, Gmeiner, Honecker, Lust, Stein, Weigand; related work: Dijkstra, Huiszoon, Schellekens,
hep-th/0411129; Anastasopoulos, Dijkstra, Kiritsis, Schellekens, hep-th/0605226; Douglas, Taylor, hep-th/
0606109; Dienes, Lennek, hep-th/06103 19)

Example: Mg = T°/(Zn % Zur) lIA orientifold:

Systematic computer search (NP complete problem):

Look for solutions of a set of diophantic equations:
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I_MU (Intersecting) Dé6-brane statistics

How many orientifold models exist which come cloﬁe to.
the (spectrum of the) MSSM?

(Blumenhagen, Gmeiner, Honecker, Lust, Stein, Weigand; related work: Dijkstra, Huiszoon, Schellekens,
hep-th/0411129; Anastasopoulos, Dijkstra, Kiritsis, Schellekens, hep-th/0605226; Douglas, Taylor, hep-th/
0606109; Dienes, Lennek, hep-th/06103 19)

Example: Mg = T°/(Zn % Zur) lIA orientifold:

Systematic computer search (NP complete problem):

Look for solutions of a set of diophantic equations:

(i) First study: 7, x 7, orientifold:

(Blumenhagen, Gmeiner, Honecker, Lust, Stein, Weigand, hep-th/041 1173 & 0510170)

One in a billion models gives rise

to a MSSM like vacuum!
However always chiral, massless exotics!
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LMU f/f\
(ii) Z6-orientifold: (exceptional, blowing-up 3- C)’cles' ‘Eﬁw ,» .

(Gmeiner, Lust, Stein, hep-th/070301 I)

In total 3.4 .10%° susy D-brane models.
5.7 - 10° of them possess MSSM like spectra!
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(i) Z6-orientifold: (exceptional, blowing-up 3- cycles'
(Gmeiner, Lust, Stein, hep-th/07030 1| I)

In total 3.4 .10%° susy D-brane models.
5.7 - 10° of them possess MSSM like spectra!

(|||) 26"0 rientifOId: (Gmeiner, Honecker, arXiv:0806.3039)

Millions of standard models!
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(i) Z6-orientifold: (exceptional, blowing-up 3-cycles!) ~— ..
(Gmeiner, Lust, Stein, hep-th/070301 I)

In total 3.4 -10°% susy D-brane models.
5.7 - 10° of them possess MSSM like spectra!

(|||) 26"0 rientifOId: (Gmeiner, Honecker, arXiv:0806.3039)

Millions of standard models!
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LMU /”'”
(ii) Z6-orientifold: (exceptional, blowing-up 3- cycles')h -
(Gmeiner, Lust, Stein, hep-th/070301 I)

In total 3.4 -10°% susy D-brane models.
5.7 - 10° of them possess MSSM like spectra!

(|||) 26"0 rientifOId: (Gmeiner, Honecker, arXiv:0806.3039)

Millions of standard models!
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(i) Z6-orientifold: (exceptional, blowing-up 3-cycles!) ~— ..

(Gmeiner, Lust, Stein, hep-th/070301 I)

In total 3.4 -10°% susy D-brane models.
5.7 - 10° of them possess MSSM like spectra!

(|||) Z6"0 rientifOId: (Gmeiner, Honecker, arXiv:0806.3039)

Millions of standard models!

25 30 35 40 45 50 55 60 65 70 75 80 8 90 95

SM gauge group, 3 generations with # of chiral exotics
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(i) Z6-orientifold: (exceptional, blowing-up 3-cycles!) ~— ..

(Gmeiner, Lust, Stein, hep-th/070301 I)

In total 3.4 -10°% susy D-brane models.
5.7 - 10° of them possess MSSM like spectra!

(|||) Z6"0 rientifOId: (Gmeiner, Honecker, arXiv:0806.3039)

Millions of standard models!

ISB models with
no chiral exotics
are possible!

40 45 50 55 60 65 70 75 80 8 90 95

SM gauge group, 3 generations with # of chiral exotics
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LMU Further developments in ISB models: O

MANK-PLANCK-CESELLECHAFT
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LMU Further developments in ISB models:

MANK-PLANCK-CESELLECHAFT

e Study of non-perturbative effects by gaugino
condensation & D-instantons:

@ talks Blumenhagen, Dudas
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I.MU Further developments in ISB models:

e Study of non-perturbative effects by gaugino
condensation & D-instantons:

@ talks Blumenhagen, Dudas
— moduli stabilization

— non-perturbative couplings (Majorana
neutrino masses, Yukawa couplings, ..)

e Comparison of ISB with old model by Bachas (1995):
< orientifolds without vector structures.

(Bachas, Bianchi, Blumenhagen, Lust, Weigand, arXiv:0805.3696)
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LMU

Outline

e Type |l orientifolds models

Intersecting brane models and their statistics

® Stringy signatures at LHC
(The LHC string hunter’s companion)

® Flux compactifications and AdS4 string vacua
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LMU

Outline

MAX. PFLANCK-CESELLSCHAFT

e Type |l orientifolds models

Intersecting brane models and their statistics
® Stringy signatures at LHC
(The LHC string hunter’s companion)

(D. Lust, S. Stieberger, T. Taylor, arXiv:0807.3333)
(Anchordoqui, Goldberg, Lust, Nawata, Stieberger,

T.Taylor, to appear)

® Flux compactifications and AdS4 string vacua
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LMU

l1I) LHC String Hunter’s Companion -

Test of D-brane models at the LHC:

New stringy physics of beyond the SM:

New massive particles:

_ Z’
- Massive black holes
- Regge excitations of higher spin l

- Kaluza Klein (KK) and winding modes
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I.Muw string scale and large extra dimensions (ADD)

MPlanck = Mstrlng VG

Ve M .. = O(10'°) = Myping = O(1 TeV)

string —

1/2
g%p MPlanck — strlng (H RL) (

BLOW-UP

UQ)

|« ™« SMlives on small
(Balasubramanian, . e ey C)’Cles of the CY!

Berglund, Conlon,

Quevedo, hep-th/
0502058)
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LMU Parton model cross sections of SM-fields: @|

-

R
B | R

MANK-PLANCK-CESELLECHAFT
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I_Mu Parton model cross sections of SM-fields: ”/@Q
N/

MAN-PLANCK-CESELLFCHAFT

Disk amplitude among 4 external SM fields (¢,1, 9.7, 2%, W*):

A(®, 0% % dY) =< Vg1 (21) Var(22) Vs (23) Vs (24) >disk
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I_Mu Parton model cross sections of SM-fields: @
N )

'l-1'|".II'|‘\-0h ERELLSCHAFT

Disk amplitude among 4 external SM fields(¢,1, 9,7, 2", W=)

A(®, 0% % dY) =< Vg1 (21) Var(22) Vs (23) Vs (24) >disk

(a) baryonic

(d) leptonic
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LMU Parton model cross sections of SM-fields:

MAX.PFLANCK-CESELI HAFT

Disk amplitude among 4 external SM fields(q,7, 9,7, Z Wi)
A(®, %, 8%, B%) =< Vi1 (21) Vipz (22) Vi (23) Vapa(24) >aisk
These amplitudes are dominated by the following poles:

CERN TH-Colloquium, July 23,2008
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I_Mu Parton model cross sections of SM-fields: ({7 )

N/
Disk amplitude among 4 external SM fields (¢, 9,7, 2%, W)
AL, &2, 8%, &%) =< Vg (21) Va2 (22) Vs (23) Vaa(24) >aisk
These amplitudes are dominated by the following poles:

® Exchange of SM fields
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LMU Parton model cross sections of SM-fields: \\mf |

MAX.PFLANCK-CESELI HAFT

Disk amplitude among 4 external SM fields (¢.1. 9,7, 2°, W™) ;
A(®, %, 8%, B%) =< Vi1 (21) Vipz (22) Vi (23) Vapa(24) >aisk
These amplitudes are dominated by the following poles:

® Exchange of SM fields

Exchange of string Regge resonances (Veneziano like ampl.)
= new contact Interactions:

Ak, ko, ks, ky; o) ~ —

(1 - 8/ strmg) (1 o U/ strlng) M- 4 M~
(1 o t/ strlng)

string strlng

=1 —

o
2
6

Vs(a') =

- —> 1’0/_)0
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LMU Parton model cross sections of SM-fields: ({7 |

NG
M‘M -
e

MAX.PFLANCK-CESELI HAFT

Disk amplitude among 4 external SM fields (¢.1. 9,7, 2°, W™) ;
A(®, %, 8%, B%) =< Vi1 (21) Vipz (22) Vi (23) Vapa(24) >aisk
These amplitudes are dominated by the following poles:

® Exchange of SM fields

Exchange of string Regge resonances (Veneziano like ampl.)
= new contact Interactions:

A(ky, kg, ks, ka; o) ~ — Z

0
(1 o 8/ strlng) (1 o U/ strlng)
(1 o t/ strlng)

® Exchange of KK and winding modes (model dependent)

CERN TH-Colloquium, July 23,2008
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I_Mu 4 gauge boson amplitudes: e
N/

MAX.-PFLANCK-CESELLESCHAFT

Disk amplitude:
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LMU 4 gauge boson amplitudes:

MANK-PLANCK-CESELLECHAFT

Disk amplitude:

Only string Regge resonances are exchanged =

These amplitudes are completely model independent!
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LMU 4 gauge boson amplitudes:

Disk amplitude:

Only string Regge resonances are exchanged =

These amplitudes are completely model independent!

Examples:
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LMU 4 gauge boson amplitudes:

MAX.-PFLANCK-CESELLESCHAFT

Disk amplitude:

Only string Regge resonances are exchanged =

These amplitudes are completely model independent!

Examples:
Migg = 990 =8 (35 + 35 + 1) | V@) = (V@) (5. )+ (5. )

(Stieberger, Taylor) = d Ij et events

1 1 2
Mlgg — g1 (Z)P = g2 Q4 (5 + 5 + 3 ) (sVa(e!) + Vi) + uViu(a))
(Anchordoqui,Goldberg,
Nawata, Taylor,

Observable at LHC for M ine = 3 TeV  axivorizosse)
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LMU

MANK-PLANCK-CESELLECHAFT

Disk amplitude:

Only string Regge resonances are exchanged =

These amplitudes are completely model independent!

Examples:
o' — 0 : agreement with SM!
5 1 1 1 ) 9

M99 — 99)|ar—0 — F 5 ) (87 u?)

U2

M(gg — v(Z°))|2

CERN TH-Colloquium, July 23,2008



LMU 2 gauge boson - two fermion amplitude: [ )

Only string Regge resonances are exchanged =
These amplitudes are completely model independent!

s + u? , , 4 1 , ,
M(qg — q9)|” = g3 3 Vi(@)WVu(a') — ——(sVi(a') + uVyu(a'))?

9 su

M(qg — qv(Z°))]? = ” uVu (o))

CERN TH-Colloquium, July 23,2008
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LMU 2 gauge boson - two fermion amplitude: [ )

MAX.-PFLANCK-CESELLESCHAFT

Fermions: boundary
changing operators!

Note: Cullen, Perelstein, Peskin (2000)
considered: 4+ —
ete” —

Only string Regge resonances are exchanged =
These amplitudes are completely model independent!

s + u? , , 4 1 , ,
M(qg — q9)|” = g3 3 Vi(@)WVu(a') — ——(sVi(a') + uVyu(a'))?

9 su
= dijet events

1 2 2
QAT (sVa(o!) + uViu(0)?

M(qg — q¢v(Z°))? =

CERN TH-Colloquium, July 23,2008
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I.MU 2 gauge boson - two fermion amplitude: '@;‘”/

MANK-PLANCK-CESELLECHAFT

Fermions: boundary
changing operators!

Note: Cullen, Perelstein, Peskin (2000)
considered: 4+ —
ete” —

Only string Regge resonances are exchanged =

These amplitudes are completely model independent!

o' — 0 : agreement with SM !

4 8%+ u? 4 1

(Mag = a9)lar—o = 93——5— |1 — g (s +u)°

M(qg — qv(Z°) |2 o = ——9362

25 + u?
ut?

(5 + u)?
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4 fermion amplitudes:

X a

Exchange c;f Regge, KK and winding resonances.

These amplitudes are more model dependent
and test the internal CY geometry.

Constrained by FCNC’s and/or proton decay.
E (Klebanov, Witten, hep-th/0304079; Abel, Lebedeyv, Santiago, hep-th/0312157)
g.

| M(gq — q0)* = (@) + (sFeg(@)” + (uGis()” + (u@it ()] + 2 - [(sFiba")
FFEO) 4+ (165 (00) + (165 (0)°] — o = Fl (@) Flb ) + Fis (o) Fi (o))
X

depend on internal geometry

CERN TH-Colloquium, July 23,2008



4 fermion amplitudes:

X a

Exchange o4f Regge, KK and winding resonances.

These amplitudes are more model dependent
and test the internal CY geometry.

Constrained by FCNC’s and/or proton decay.

(Klebanov, Witten, hep-th/0304079; Abel, Lebedey, Santiago, hep-th/0312157)
/ o
o' — 0: agreement with SM!

9

M(qq — qq)|5 0 — 3

5 4[52+u2} 4[32+t2}

w2 27 tu

CERN TH-Colloquium, July 23,2008
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These stringy corrections can be \
seen in dijet events at LHC:

! ‘ ! ‘ ! ‘
signal + SM background
— — SM background

(Anchordoqui, Goldberg, Lust,
Nawata, Stieberger, Taylor, to

appear)

P T T T

MRegge = 2 TeV
TRegge = 15 — 150 GeV

Widths can be computed in a
model independent way !

I \HH‘

I \\\HHV [

¥

NNy

I \\\HH‘

(Anchordoqui, Goldberg, Taylor,
arXiv:0806.3420)
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These stringy corrections can be 8
seen in dijet events at LHC:

! ‘ ! ‘ ! ‘
signal + SM background
— — SM background

P T T T

I \\\HH‘I I \I\\HH‘

¥

Y

I \\\HH‘

2.75 ] 3
M(TeV)

(Anchordoqui, Goldberg, Lust,
Nawata, Stieberger, Taylor, to

appear)

MRegge = 2 TeV
TRegge = 15 — 150 GeV

Widths can be computed in a
model independent way !

(Anchordoqui, Goldberg, Taylor,
arXiv:0806.3420)

There are possible also stringy Drell-Yan processes like

QQ%ZZ
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LMU

Outline

e Type Il orientifolds models
Intersecting brane models and their statistics

® Stringy signatures at LHC

(The LHC string hunter’s companion)

® Flux compactifications and AdS4 string vacua
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LMU

Outline

MAX. PFLANCK-CESELLSCHAFT

e Type Il orientifolds models
Intersecting brane models and their statistics

® Stringy signatures at LHC

(The LHC string hunter’s companion)

® Flux compactifications and AdS4 string vacua

(Lust, Tsimpis, hep-th/0412250)
(Kounnas, Lust, Petropoulus, Tsimpis, arXiv:0707.4270)

(Koerber, Lust, Tsimpis, arXiv:0804.06 1 4)
(Caviezel, Koerber, Kors, Lust, Tsimpis, Zagermann, arXiv:0806.3458)

(Lust, Marchesano, Martucci, Tsimpis, to appear)
CERN TH-Colloquium, July 23,2008




LMU

V) Flux compactifications

MANK-PLANCK-CESELLECHAFT
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LMU IV) Flux compactifications A%

MAX.-PFLANCK-CESELLESCHAFT

sofar: H,FP™ =
internal space is CY: d.J = d{) =0

external space: Minkowski 2!
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IV) Flux compactifications \ 8y

MANK-PLANCK-CESELLECHAFT

so far: H, FPT2 =
internal space is CY: d.J = d{) =0

external space: Minkowski 2!

2 ;
Now flux backgrounds: 7{ FPT2 H #0 = e
internal space: non-CY IR,
external: max sym. space: e.g. d5,, AdS, Dlprelsi

CERN TH-Colloquium, July 23,2008



Supersymmetric AdS, Compactifications:
Motivation to study these class of vacua:
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Motivation to study these class of vacua:
® Moduli stabilization
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Supersymmetric AdS4 Compactifications:
Motivation to study these class of vacua:
® Moduli stabilization

® Starting point for more realistic string vacua with

broken supersymmetry (KKLT uplift)
= soft SUSY masses

CERN TH-Colloquium, July 23,2008



Supersymmetric AdS4 Compactifications:
Motivation to study these class of vacua:
® Moduli stabilization

e Starting point for more realistic string vacua with

broken supersymmetry (KKLT uplift)
= soft SUSY masses

e Starting point for string cosmology g t4lks Taylor, Shiu
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Supersymmetric AdS4 Compactifications:
Motivation to study these class of vacua:
® Moduli stabilization

® Starting point for more realistic string vacua with

broken supersymmetry (KKLT uplift)
= soft SUSY masses

e Starting point for string cosmology g t4lks Taylor, Shiu

® Correspond to supersymmetric brane solutions
& domain walls
= Transitions in the landscape.

(similar to Coleman/de Luccia)

(see also:A. Ceresole, G. Dall‘Agata, A. Giryavets,
R. Kallosh, A. Linde, hep-th/0605266;
G. Dvali, D. Lust, arXiv:0801.1287)
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Supersymmetric AdS4 Compactifications:
Motivation to study these class of vacua:
® Moduli stabilization

e Starting point for more realistic string vacua with

broken supersymmetry (KKLT uplift)
= soft SUSY masses

e Starting point for string cosmology g t4lks Taylor, Shiu

® Correspond to supersymmetric brane solutions
& domain walls
= Transitions in the landscape.

(similar to Coleman/de Luccia)

(see also:A. Ceresole, G. Dall‘Agata, A. Giryavets,
R. Kallosh, A. Linde, hep-th/0605266;
G. Dvali, D. Lust, arXiv:0801.1287)

e AdS,;/CFT5 correspondence
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I-MU |IB orientifolds:

3-form fluxes on (warped) Calabi-Yau manifolds:
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I-MU lIB orientifolds:

"

L ll_..

e
e i

NSy

MAX. PFLANCK-CESELLSCHAFT

3-form fluxes on (warped) Calabi-Yau manifolds:

KKLT-Proposal: (Kachru, Kallosh, Linde, Trivedi, hep-th/0301240)
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I-MU |IB orientifolds:

3-form fluxes on (warped) Calabi-Yau manifolds:

KK I_T- PI"O Posal : (Kachru, Kallosh, Linde, Trivedi, hep-th/0301240)

Step |: Fix all moduli (preserving SUSY)

Dilaton and complex structure moduli U are stabilized
with 3-form fluxes, Kahler moduli T are fixed by non-
perturbative effects = SUSY AdS4 vacuum.

Superpotential: 1V = W (S, U) + Wyon.—pert. ()
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I-MU |IB orientifolds:

3-form fluxes on (warped) Calabi-Yau manifolds:

KK I_T- PI"O Posal ’ (Kachru, Kallosh, Linde, Trivedi, hep-th/0301240)

Step |: Fix all moduli (preserving SUSY)

Dilaton and complex structure moduli U are stabilized
with 3-form fluxes, Kahler moduli T are fixed by non-
perturbative effects = SUSY AdS4 vacuum.

Superpotential: 1V = W (S, U) + Wyon.—pert. ()

Step 2: Lift the minimum of the \%
potential to a positive value by |
introducing D3 branes or D7-
branes with F-flux = metastable dS4 | _
vacuum.
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LMU KKLT IIB examples with all moduli stabilized

MANK-PLANCK-CESELLECHAFT
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LMU KKLT 1IB examples with all moduli stablllzed )

MAX.-PFLANCK-CESELLESCHAFT

® Toric Calabi-Yau orientifolds (blown-up orbifolds):

(Denef, Douglas, Florea, Grassi, Kachru, hep-th/0503 124, Lust, Reffert, Schulgin, Stieberger, hep-th/
0506090; Lust, Reffert, Schulgin, Scheidegger, Stieberger, hep-th/0609 | 3,hep-th/06090 | 4)
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I.MU KKLT 1IB examples with all moduli stabilized:{s+

MAX. PFLANCK-CESELLSCHAFT

® Toric Calabi-Yau orientifolds (blown-up orbifolds):
(Denef, Douglas, Florea, Grassi, Kachru, hep-th/0503 124, Lust, Reffert, Schulgin, Stieberger, hep-th/
0506090; Lust, Reffert, Schulgin, Scheidegger, Stieberger, hep-th/0609 | 3,hep-th/06090 | 4)

(Berg, Haack, Kors, hep-th/0404087;

® large volume compactifications:  Balasubramanian, Berglund, Conlon,
Quevedo, hep-th/0502058; Blumenhagen

Moster, Plauschinn, arXiv:0711.3389 )
Large CY-volume after quantum effects:

VeMS . = O(10") = Mg = O(10'" GeV) (m3/2N v _ oy TeV))

string —
& Planck
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LMU KKLT 1B examples with all moduli stabilized{(+* )

® Toric Calabi-Yau orientifolds (blown-up orbifolds):
(Denef, Douglas, Florea, Grassi, Kachru, hep-th/0503 124, Lust, Reffert, Schulgin, Stieberger, hep-th/
0506090; Lust, Reffert, Schulgin, Scheidegger, Stieberger, hep-th/0609 | 3,hep-th/06090 | 4)

(Berg, Haack, Kors, hep-th/0404087;

® large volume compactifications:  Balasubramanian, Berglund, Conlon,
Quevedo, hep-th/0502058; Blumenhagen

Moster Plauschinn, arXiv:0711.3389 )
Large CY-volume after quantum effects

Strmg

e Orientifold of K3 x T2 * (Sen, hep-th/9702165)
(Angelantonj D’Auria, Ferrara, Trigiante, hep-th/0312019)

(Lust, Mayr, Reffert, Stieberger, hep-th/0501 139)
(Aspinwall, Kallosh, hep-th/05060 | 4)

3-form fluxes: break N=2 SUSY to N=|
stabilize S and U fields

gaugino condensation on D7-branes:
stabilize volume of K3

CERN TH-Colloquium, July 23,2008
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I.Mu In fact, one does not need u/“"i*’ﬁ’"\‘
Ny
non-perturbative effects to stabilize all moduli dvemm

Need only fluxes (FH) & geometrical fluxes = AdS4 vacua
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I_MU In fact, one does not need

ol
II"I“ L |
N T

non-perturbative effects to stabilize all moduli &

Need only fluxes (FH) & geometrical fluxes = AdS4 vacua
® [IA with fluxes on six-torus

M Replace fluxes by (2+p)-dim. branes (sources):
(C. Kounnas, D. Lust, M. Petropoulos, D. Tsimpis, arXiv:0707.4270)

= AdS4 Domain wall solutions
445, RS The corresponding sources are

oW " intersecting D4, NS5 and D8-branes:
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I.MU In fact, one does not need ":

b ]
x‘::r A

non-perturbative effects to stabilize all moduli &

Need only fluxes (FH) & geometrical fluxes = AdS4 vacua

e ||A with fluxes on six-torus
M Replace fluxes by (2+p)-dim. branes (sources):
(C. Kounnas, D. Lust, M. Petropoulos, D. Tsimpis, arXiv:0707.4270)
= AdS4 Domain wall solutions

445, RS The corresponding sources are
oW " intersecting D4, NS5 and D8-branes:

lIA with fluxes on cosets spaces (Aldazabal, Font, arXiv:

SU(S) Sp( ) G2 0712.1021;Tomasiello,
= P arXiv: . ; Koerber,
Mo = CP5, SU(2)’, T2 UQ) SUB)  roramaeasu

0804.0614)
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I_MU In fact, one does not need
non-perturbative effects to stabilize all moduli &

Need only fluxes (FH) & geometrical fluxes = AdS4 vacua

e ||A with fluxes on six-torus
Replace fluxes by (2+p)-dim. branes (sources):
(C. Kounnas, D. Lust, M. Petropoulos, D. Tsimpis, arXiv:0707.4270)
= AdS4 Domain wall solutions

The corresponding sources are
intersecting D4, NS5 and D8-branes:

e |IA with fluxes on cosets spaces: (Aldazabal, Font, arXiv:

2 SU(S) Sp(4) G2 0712.1021;Tomasiello,

arXiv:0712.1396; Koerber,

7 U(1)2 7 U(Q) 7 SU(S) Lust, Tsimpis, arXiv:
. . . . 0804.0614)
e |IA/lIB on Nilmanifolds (twisted tori)

Mﬁchg,SU( )
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I_MU In fact, one does not need
non-perturbative effects to stabilize all moduli

Need only fluxes (FH) & geometrical fluxes = AdS4 vacua

e ||A with fluxes on six-torus
Replace fluxes by (2+p)-dim. branes (sources):
(C. Kounnas, D. Lust, M. Petropoulos, D. Tsimpis, arXiv:0707.4270)
= AdS4 Domain wall solutions

The corresponding sources are
intersecting D4, NS5 and D8-branes:

e [IA with fluxes on cosets spaces (Aldazabal, Font, arXiv:

SU(S) Sp( ) G2 0712.1021;Tomasiello,
= P arXiv: . ; Koerber,
Mo = CP5, SU(2)’, T2 UQ) SUB)  roramaeasu

0804.0614)
e |IA/lIB on Nilmanifolds (twisted tori)

They all fall in category of non CY-spaces, wr talk Louis
i.e. generalized geometries with torsionk . cowcm sy 23,2008




LMu Some new developments:

MANK-PLANCK-CESELLECHAFT
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Vi
LMU Some new developments: g;j
® Non-susy flux compactifications A FLANCR GESELTSOHATT

(Camara, Grana, arXiv:0710.4577; Lust, Marchesano, Martucci, Tsimpis, to appear)

o talks Camara, Choi, Nilles
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LMU Some new developments: {s7)
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® Non-susy flux compactifications

(Camara, Grana, arXiv:0710.4577; Lust, Marchesano, Martucci, Tsimpis, to appear)

® talks Camara, Choi, Nilles
e String inflation with IIA/IIB orientifolds:

Compute phenomenological (experimental) quantities:

ns, r = nT/’TLS, G:u
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LMU Some new developments: |
® Non-susy flux compactifications

(Camara, Grana, arXiv:0710.4577; Lust, Marchesano, Martucci, Tsimpis, to appear)

® talks Camara, Choi, Nilles
e String inflation with IIA/IIB orientifolds:

Compute phenomenological (experimental) quantities:

ns, r = nT/”S) G:u

Examples:
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LMU Some new developments:
® Non-susy flux compactifications

(Camara, Grana, arXiv:0710.4577; Lust, Marchesano, Martucci, Tsimpis, to appear)

® talks Camara, Choi, Nilles
e String inflation with IIA/IIB orientifolds:

Compute phenomenological (experimental) quantities:

ns, r = nT/’TLS, G:u

Examples:

(i) A Nilmanifold with D4-branes

(Silverstein, Westphal, arXiv:0803.3085)

V(g) ~ ¢*/*
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LMU Some new developments:
® Non-susy flux compactifications

(Camara, Grana, arXiv:0710.4577; Lust, Marchesano, Martucci, Tsimpis, to appear)

® talks Camara, Choi, Nilles
e String inflation with IIA/IIB orientifolds:

Compute phenomenological (experimental) quantities:

ns, r = nT/”S) G:u

Examples:
(i) K3 xT2 with D3/D7-branes ™~

(Haack, Kallosh, Krause, Linde, Lust, Zagermann,
arXiv:0804.3961)

g%&? R m2 ., et
V= (1 + 4721 \/g) - ¢
7 \

D-term n.p. F-term
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Chaotic Inflation

———————
IIA on Nil manifolds
mp2 (O) —  prondes

MANK-PLANCK-CESELLECHAFT

N= 50

} Aot @)
N=50 (dash) @ m2¢2 o
N=60 (solid) @ _

N=70 (dash-dot) N-flation m?¢* o

IIIIIIIIIIIIIIIIIIIIIIIII,’IIIlIl/Illlll‘I‘I

o
NS}
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Chaotic Inflation

IIIIIIIIIIIIIIIIIIIIIIIII,’IIIlIl/Illlll‘I‘I

—r——————
IlA on Nil manifolds

mp2 (O) —  prondes
N=50 (dash) @ m2¢?

N=60 (solid) @ :
N=70 (dash-dot) N-flation m?¢

o
NS}

N= 50
\ Mt @

o
o

MANK-PLANCK-CESELLECHAFT

~0.94 0.96 0.98

ng

K3 x T2 orientifold

In addition cosmic strings G =7 x 10~
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Conclusions

MANK-PLANCK-CESELLECHAFT
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LMU Conclusions

MAX. PFLANCK-CESELLSCHAFT

® There exists many ISB models with SM like spectra
without chiral exotics.
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LMU Conclusions

e There exists many ISB models with SM like spectra
without chiral exotics.

LECHAFT

® One can make some model independent predictions:

(Independent of amount of (unbroken) supersymmetry!)

String tree level, 4-point processes with 2 or 4 gluons
@ observable at LHC ?? - Mtring /7
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LMU Conclusions

e There exists many ISB models with SM like spectra
without chiral exotics.

® One can make some model independent predictions:
(Independent of amount of (unbroken) supersymmetry!)

String tree level, 4-point processes with 2 or 4 gluons

@ observable at LHC ?? - Mtring /7

Computations done at weak string coupling !

M rin
Black holes are heavier than Regge states: My n. = string

Jstring
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LMU Conclusions

e There exists many ISB models with SM like spectra
without chiral exotics.

LECHAFT

® One can make some model independent predictions:
(Independent of amount of (unbroken) supersymmetry!)

String tree level, 4-point processes with 2 or 4 gluons
@ observable at LHC ?? - Mtring /7

Computations done at weak string coupling !
Black holes are heavier than Regge states: My n. =

Mstring

Jstring
Question: do loop and non-perturbative corrections

change tree level signatures! Onset of n.p. physics: My, j,
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LMU Conclusions

® There exists many ISB models with SM like spectra

without chiral exotics.

® One can make some model independent predictions:

(Independent of amount of (unbroken) supersymmetry!)

String tree level, 4-point processes with 2 or 4 gluons
@ observable at LHC ?? - Mtring /7

Computations done at weak string coupling !

Black holes are heavier than Regge states: My n. =

Mstring

Jstring

Question: do loop and non-perturbative corrections

change tree level signatures! Onset of n.p.p

® Further informations by cosmology (Planc

nysics: My, 3,

< satellite, ..)
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LMU Conclusions

e There exists many ISB models with SM like spectra
without chiral exotics.

INTERESTING TIMES FOR STRING
PHENOMENOLOGY ARE AHEAD OF US.

THANK YOU ! string

Jstring

change tree level signatures! Onset of n.p. physics: Mb h.

® Further informations by cosmology (Planck satellite, ..)
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