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MANK-PLANCK-CESELLECHAFT

Calabi-Yau spaces,
mirror symmetry, generalized spaces,
D-branes, K-theory; ...

Entropies
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LMU String theory:

Describes the interactions and the spectrum of
| -dimensional extended (closed & open) strings.
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LMU String theory:

Describes the interactions and the spectrum of
| -dimensional extended (closed & open) strings.

o High energies (E ~ O(Mpianck), D =10):
Theory of Quantum Gravity (quantized space-time?)
® Intermediate energies (F ~ O(TeV), D = 4(67))

Perturbative (supersymmetric?) Standard Model
(by compactification) with 3 quark families.

e Low energies (E ~ O(GeV), D =4(57))
Can string theory provide some non-perturbative
informations for QCD?

Srd RTN-workshop, Valencia



I‘Mo“t the number of consistent string solutions

MANK-PLANCK-CESELLECHAFT

Vast landscape with N, = — 10°997 1909 discrete vacua!

(Lerche, Lust, Schellekens (1986), Douglas (2003))
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Vast landscape with N, = — 10°997 1909 discrete vacua!

(Lerche, Lust, Schellekens (1986), Douglas (2003))
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I‘Mo“t the number of consistent string solutlons )«@&

Vast landscape with N, = 10°00— 1500 dlscrete vacua'

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

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

top down approach (quite hard), string statistics
(perhaps some anthropic point of view is necessary?)
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Vast landscape with N, = 10°99—1909 discrete vacua!

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

Two strategies to find something interesting:

® Explore all mathematically consistent possibilities:
top down approach (quite hard), string statistics
(perhaps some anthropic point of view is necessary?)

® Do not look randomly - look for green (promising) spots

in the landscape "™ model building, bottom up approach.
3rd RTN-workshop, Valencia
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Outline

® Heterotic string compactifications

® Type |l orientifolds models
Intersecting brane models and their statistics

D-instantons: non-perturbative couplings

® The string landscape: fluxes and branes

AdSs flux vacua and black holes

AdS, flux vacua and domain walls
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® Heterotic string compactifications

® Type |l orientifolds models
Intersecting brane models and their statistics

D-instantons: non-perturbative couplings

® The string landscape: fluxes and branes

AdSs flux vacua and black holes

AdS, flux vacua and domain walls

(Review: D. Lust, arXiv:0707:2305) 3rd RTN-workshop, Valencia



LMU

10 dimensions: gauge group Gy = Eg x Eg, (SO(32))

3rd RTN-workshop, Valencia



LMU

10 dimensions: gauge group Gy = Eg x Eg, (SO(32))

lIl) Heterotic String Compactifications: ./

LANCR-CESELLESCHAFT

N =1 supersymmetric compactification to 4 dimensions:

3rd RTN-workshop, Valencia



I‘Ml'llll) Heterotic String Compactifications: ‘&./

10 dimensions: gauge group Gy = Eg x Eg, (SO(32))

N =1 supersymmetric compactification to 4 dimensions:

(i) Choice of internal 6-dimensial manifold M :
Calabi-Yau space, orbifold

3rd RTN-workshop, Valencia



I‘Ml'llll) Heterotic String Compactifications: ‘&./

10 dimensions: gauge group Gy = Eg x Eg, (SO(32))

N =1 supersymmetric compactification to 4 dimensions:

(i) Choice of internal 6-dimensial manifold M :
Calabi-Yau space, orbifold

(ii) Choice of stable vector bundleV = H over Mg:

SUSY: F,, = F.; = g"F ; =0; tadpoles: ¢5(V) = 0

3rd RTN-workshop, Valencia



LMU

10 dimensions: gauge group Gy = Eg x Eg, (SO(32))

lIl) Heterotic String Compactifications: &/

N =1 supersymmetric compactification to 4 dimensions:

(i) Choice of internal 6-dimensial manifold M :
Calabi-Yau space, orbifold

(ii) Choice of stable vector bundleV = H over Mg:

SUSY: F,, = F; — ¢""F - = 0. tadpoles: co(V) =0

4D gauge group G, : G1p D H x G4

Srd RTN-workshop, Valencia



LMU

10 dimensions: gauge group Gy = Eg x Eg, (SO(32))

1) Heterotic String Compactifications: ‘&./

N =1 supersymmetric compactification to 4 dimensions:

(i) Choice of internal 6-dimensial manifold M :
Calabi-Yau space, orbifold

(ii) Choice of stable vector bundleV = H over Mg:

SUSY: F,, = F; — ¢""F - = 0. tadpoles: co(V) =0

4D gauge group G, : G1p D H x G4

4D chiral matter fields: Np = CS(VQ

rd RTN-workshop, Valencia
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(Friedman, Morgan,Witten (1997); Andreas, Curio, Klemm
(1999); Donagi, Ovrut, Pantev, Waldram (2000); ...)
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(Friedman, Morgan,Witten (1997); Andreas, Curio, Klemm
(1999); Donagi, Ovrut, Pantev, Waldram (2000); ...)

H=SU@#4) — G4=250(10)
H=SU(5) — Gy4=SU(®5)

No adjoint Higgs: need discrete Wilson line to break

GUT Models:

G4 to SU@3) x SU((2)x U(1)
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(Blumenhagen, Honecker, Weigand (2005); ...)
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(i) (elliptically fibred) CY with H being a simple group:
(Friedman, Morgan,Witten (1997); Andreas, Curio, Klemm
(1999); Donagi, Ovrut, Pantev, Waldram (2000); ...)

H=SU@#4) — G4=250(10)
H=SU(5) — Gy4=SU(®5)

No adjoint Higgs: need discrete Wilson line to break

GUT Models:

G4 to SU@3) x SU((2)x U(1)

(ii) (elliptically fibred) CY with H being a non-simple group:

(Blumenhagen, Honecker, Weigand (2005); ...)

Flipped SU(5): H = SU(4) x U(l) = G4=2SU(5)xU(1)

SM: H=SUGB)xU(l) = G4=8U(3)xSU((2)xU(1)
3rd RTN-workshop, Valencia
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LMU Resume: heterotic strings:

o Heterotic CY compactifications are
mathematically interesting, but also complicated.

© 3 generation CY models without exotic partices

can be constructed. (Braun, He, Ovrut, Pantev (2005);
Bouchard, Donagi (2005))

© Nice SO(10) GUT models from orbifolds.

(Kobayashi, Raby, Zhang (2004);,
Buchmuiller, Hamaguchi, Lebedev, Ratz (2005);
Lebedeyv, Nilles, Raby, Ramos-Sanchez, Ratz,Vaudrevange (2006); ...)

® Moduli stabilization (bundle moduli!) with H-flux
is difficult.

(Strominger (1985), Becker, Becker, Dasguta, Green (2003); Curio, Cardoso,
Dall‘Agata, Lust, Krause (2003/04/05); Braun, He, Ovrut (2006))

Srd RTN-workshop, Valencia
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LMU IV) (Intersecting) D-brane models: ({7
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(Bachas (1995); Blumenhagen, Gorlich, Kors, Liist (2000); T TR T
Angelantonj, Antoniadis, Dudas Sagnotti (2000); Ibanez,

Marchesano, Rabadan (2001); Cvetic, Shiu, Uranga (2001);...)
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LMU IV) (Intersecting) D-brane models:
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(Bachas (1995); Blumenhagen, Gorlich, Kors, Lust (2000); S
Angelantonj, Antoniadis, Dudas Sagnotti (2000); Ibanez,
Marchesano, Rabadan (2001); Cvetic, Shiu, Uranga (2001);...)

Now consider open string compactifications with
intersecting D-branes " Type ||IA/B orientifolds:
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LMU IV) (Intersecting) D-brane models: ;
(Bachas (1995); Blumenhagen, Gorlich, Kors, List (2000); ..k. ."'J.J SCHAT

Angelantonj, Antoniadis, Dudas Sagnotti (2000); Ibanez,
Marchesano, Rabadan (2001); Cvetic, Shiu, Uranga (2001);...)

Now consider open string compactifications with
intersecting D-branes " Type ||IA/B orientifolds:

They exhibit several new 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

® Can be combined with background fluxes m=»
moduli stabilization (GKP) and dS-vacua (KKLT)

3rd RTN-workshop, Valencia
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LMU Perturbative type Il orientifolds contain:
(Review: Blumenhagen, Kors, Lust, Stieberger, hep-th/0610327) VA PLANCR GRS
® (Closed string 6-dimensional background geometry:

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

- Background fluxes: HéVS, Ff,

Wgeom
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(Review: Blumenhagen, Kors, Lust, Stieberger, hep-th/0610327) S PLER R
® Closed string 6-dimensional background geometry:

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

- Background fluxes: HéVS, Ff,
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® 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:
(Review: Blumenhagen, Kors, Lust, Stieberger, hep-th/0610327)

® Closed string 6-dimensional background geometry:

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

- Background fluxes: Hévs, Ff,

Wgeom

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

- Open string matter fields.

® Strong consistency conditions:

- tadpole cance
- space-time su

lation with orientifold planes.

bersymmetry (brane stability)
3rd RTN-workshop, Valencia
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(Review: Blumenhagen, Kors, Lust, Stieberger, hep-th/0610327) S PLER R
® Closed string 6-dimensional background geometry:

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

- Background fluxes: HéVS, Ff,

Wgeom

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

internal p-cycles:
- Open string matter fields. , ,
P 5 (diophantic
® Strong consistency conditions: equations with

- tadpole cancellation with orientifold planes.finite no. of

- space-time supersymmetry (brane stability) solutions!)
3rd RTN-workshop, Valencia
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LMU Space-time filling D-branes:

Geometrical, large radius regime:

lIA: special lagrangian submanifolds: D6 on 3-cycles at angles

t Mirror symmetry (SYZ)

lIB: points, (complex lines), divisors, (CY) with gauge bundles:
D3 (D5) D7 (D9)
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I_MU Space-time filling D-branes:

Geometrical, large radius regime:

lIA: special lagrangian submanifolds: D6 on 3-cycles at angles

t Mirror symmetry (SYZ)

lIB: points, (complex lines), divisors, (CY) with gauge bundles:
D3 (D5) D7 (D9)
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| MU  (Intersecting) D-brane statistics

._{bi i

How many orientifold models exist whlch |
come close to the (spectrum of the) MSSM?

(Blumenhagen, Gmeiner, Honecker, Lust, Stein, Weigand, hep-th/041 | 173, hep-th/0510170, hep-th/070301 I;
related work: Dijkstra, Huiszoon, Schellekens, hep-th/041 | 129; Anastasopoulos, Dijkstra, Kiritsis,
Schellekens, hep-th/0605226; Douglas, Taylor, hep-th/0606 109; Dienes, Lennek, hep-th/0610319)
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How many orientifold models exist whlch
come close to the (spectrum of the) MSSM?

(Blumenhagen, Gmeiner, Honecker, Lust, Stein, Weigand, hep-th/041 | 173, hep-th/0510170, hep-th/070301 I;
related work: Dijkstra, Huiszoon, Schellekens, hep-th/041 | 129; Anastasopoulos, Dijkstra, Kiritsis,
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Example: Mg = T°/(Zy x Zo) A orientifold:

Systematic computer search (NP complete problem):

Look for solutions of a set of diophantic equations:
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How many orientifold models exist which
come close to the (spectrum of the) MSSM?

(Blumenhagen, Gmeiner, Honecker, Lust, Stein, Weigand, hep-th/041 | 173, hep-th/0510170, hep-th/070301 I;
related work: Dijkstra, Huiszoon, Schellekens, hep-th/041 | 129; Anastasopoulos, Dijkstra, Kiritsis,
Schellekens, hep-th/0605226; Douglas, Taylor, hep-th/0606 109; Dienes, Lennek, hep-th/0610319)

Example: Mg = T°/(Zy x Zo) A orientifold:

Systematic computer search (NP complete problem):

Look for solutions of a set of diophantic equations:

There exist about 1.66 - 10° susy D-brane models

on this orbifold (with restricted complex structure)!

(Finiteness of models was recently proven by D.T.)
Srd RTN-workshop, Valencia
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Require additional further phenomenological restrictions:
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I_MU (Intersecting) D-brane model building f
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Require additional further phenomenological restrictions:

Restriction Factor
gauge factor U (3) 0.0816
gauge factor U(2)/Sp(2) 0.992
No symmetric representations 0.839
Massless U(1)y

I'hree generations of quarks
I'hree generations of leptons
Total
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Require additional further phenomenological restrictions:

Restriction Factor
gauge factor U (3) 0.0816
gauge factor U(2)/Sp(2) 0.992
No symmetric representations 0.839
Massless U(1)y

I'hree generations of quarks
I'hree generations of leptons
Total

Only one in a billion models gives
rise to a MSSM like vacuum!

Srd RTN-workshop, Valencia
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® D'brane statistics: (Gmeiner, Stein, hep-th/0603019; Gmeiner, Lust, Stein, 070301 I;

Gmeiner, Honecker, arXiv:0708.2285)

More results:

3rd RTN-workshop, Valencia
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MAX.-PFLANCK-CESELLESCHAFT

® D'brane statistics: (Gmeiner, Stein, hep-th/0603019; Gmeiner, Lust, Stein, 070301 |;
Gmeiner, Honecker, arXiv:0708.2285)

(i) Z6-orientifold: (exceptional, blowing-up 3-cycles!)

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

® D-brane statistics:

(Gmeiner, Stein, hep-th/0603019; Gmeiner, Lust, Stein, 070301 I;
Gmeiner, Honecker, arXiv:0708.2285)

(i) Z6-orientifold: (exceptional, blowing-up 3-cycles!)

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

(ii) Similar results are obtained for SU(5) GUT models.

® Explicit D-brane constructions:

there exist many models that come close to the MSSM.
Problem of exotic particles!
(Chen, Li, Mayes, Nanopoulos, hep-th/0703280; Chen, Li, Nanopoulos, hep-th/0604107; Blumenhagen,

Plauschinn, hep-th/0604033; Bailin, Love, hep-th/0603 1 72; Blumenhagen, Cvetic, Marchesano, Shiu, hep-
th/0502095; Marchesano, Shiu, hep-th/0409132; Honecker, Ott, hep-th/040718l; .....)

Srd RTN-workshop, Valencia
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I_Mu Non-perturbative D-instantons:
»

(M. Dine, N. Seiberg, X.Wen, E.Witten; K. Becker, M. Becker, A. Strominger; X FLANCK CESELLSCHATT
M. Green, M. Gutperle; J. Harvey, G. Moore; M. Billo, M. Frau, F. Fucito, A. Lerda, |. Pesandro;
N. Dorey, T. Hollowwod,V. Khoze; .... Recent review: M. Bianchi, S. Kovacs, G. Rossi)
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M. Green, M. Gutperle; J. Harvey, G. Moore; M. Billo, M. Frau, F. Fucito, A. Lerda, |. Pesandro;
N. Dorey, T. Hollowwod,V. Khoze; .... Recent review: M. Bianchi, S. Kovacs, G. Rossi)

Perturbative effective action:

® SM-sector: Contains global U(l) symmetries that
forbid certain couplings (neutrino masses, Yukawa
couplings)
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LMU Non-perturbative D-instantons:
»

(M. Dine, N. Seiberg, X.Wen, E.Witten; K. Becker, M. Becker, A. Strominger;
M. Green, M. Gutperle; J. Harvey, G. Moore; M. Billo, M. Frau, F. Fucito, A. Lerda, |. Pesandro;
N. Dorey, T. Hollowwod,V. Khoze; .... Recent review: M. Bianchi, S. Kovacs, G. Rossi)

Perturbative effective action:

® SM-sector: Contains global U(l) symmetries that
forbid certain couplings (neutrino masses, Yukawa
couplings)

e Hidden sector: Moduli stabilization by fluxes.

(Gukov, Vafa, Witten (2000); Taylor, Vafa; Mayr; (2000) Curio, Lust, Klemm, Theisen (2000);
Giddings, Kachru, Polchinski (2002) Lust, Reffert, Stieberger (2004); Lust, Tsimpis (2004);
Derendinger, Petropoulos, Kounnas, Zwirner (2004); DeWolfe, Giryavets, Kachru, Taylor
(2005); Camara, Font, Ibanez (2005);Villadoro, Zwirner (2007); ....)

Very often, not all moduli are stabilized.
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M. Green, M. Gutperle; J. Harvey, G. Moore; M. Billo, M. Frau, F. Fucito, A. Lerda, |. Pesandro;
N. Dorey, T. Hollowwod,V. Khoze; .... Recent review: M. Bianchi, S. Kovacs, G. Rossi)

Perturbative effective action:

® SM-sector: Contains global U(l) symmetries that
forbid certain couplings (neutrino masses, Yukawa
couplings)

e Hidden sector: Moduli stabilization by fluxes.

(Gukov, Vafa, Witten (2000); Taylor, Vafa; Mayr; (2000) Curio, Lust, Klemm, Theisen (2000);
Giddings, Kachru, Polchinski (2002) Lust, Reffert, Stieberger (2004); Lust, Tsimpis (2004);
Derendinger, Petropoulos, Kounnas, Zwirner (2004); DeWolfe, Giryavets, Kachru, Taylor
(2005); Camara, Font, Ibanez (2005);Villadoro, Zwirner (2007); ....)

Very often, not all moduli are stabilized.
® Unbroken space-time supersymmetry.
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LMU Non-perturbative D-instantons:
»

(M. Dine, N. Seiberg, X.Wen, E.Witten; K. Becker, M. Becker, A. Strominger;
M. Green, M. Gutperle; J. Harvey, G. Moore; M. Billo, M. Frau, F. Fucito, A. Lerda, |. Pesandro;
N. Dorey, T. Hollowwod,V. Khoze; .... Recent review: M. Bianchi, S. Kovacs, G. Rossi)

Perturbative effective action:

® SM-sector: Contains global U(l) symmetries that
forbid certain couplings (neutrino masses, Yukawa
couplings)

e Hidden sector: Moduli stabilization by fluxes.

(Gukov, Vafa, Witten (2000); Taylor, Vafa; Mayr; (2000) Curio, Lust, Klemm, Theisen (2000);
Giddings, Kachru, Polchinski (2002) Lust, Reffert, Stieberger (2004); Lust, Tsimpis (2004);
Derendinger, Petropoulos, Kounnas, Zwirner (2004); DeWolfe, Giryavets, Kachru, Taylor
(2005); Camara, Font, Ibanez (2005);Villadoro, Zwirner (2007); ....)

Very often, not all moduli are stabilized.

® Unbroken space-time supersymmetry.

Take into account non-perturbative instanton
corrections to the effective action!
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LMU String instanton corrections:

NCK-CESELLECHAFT

e String instantons arise in a geometric way frohi’
branes wrapped around internal cycles.
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LMU String instanton corrections:
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NCK-CESELLECHAFT

® |t is possible to compute string instanton

corrections from open string CFT (not only guess

them from field theory). ﬁt'p E_‘t'nggﬁelr;M-Cvetic,T-Weigand,

® String instantons can break axionic shift symmetries
and hence global U(l) symmetries.
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LMU String instanton corrections:

® String instantons arise in a geometric way from™
branes wrapped around internal cycles.

® |t is possible to compute string instanton

corrections from open string CFT (not only guess

them from field theory). g:P E_‘t'rl%zggﬁr;M-Cvetic,T-Weigand,

® String instantons can break axionic shift symmetries

and hence global U(l) symmetries.

Can generate new moduli dependent terms in the

superpotential and hence are important for the

moduli Stabilization, (S. Kachru, R. Kallosh, A. Linde, S.Trivedi (2003);F. Denef,
M. Douglas, B. Florea, A. Grassi, S. Kachru (2005); D.L,, S.

Reffert, E. Scheidegger, W. Schulgin, S. Stieberger(2006))
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LMU String instanton corrections: \g,,t\

FLANCR-CESELLSCHAFT

® String instantons arise in a geometric way from
branes wrapped around internal cycles.

® |t is possible to compute string instanton

corrections from open string CFT (not only guess

them from field theory). ﬁtp E_‘t'rl%zggﬁ?M-Cvetic,T-Weigand,

® String instantons can break axionic shift symmetries

and hence global U(l) symmetries.

Can generate new moduli dependent terms in the

superpotential and hence are important for the

moduli StabilizatiOn. (S. Kachru, R. Kallosh, A. Linde, S.Trivedi (2003);F. Denef,
M. Douglas, B. Florea, A. Grassi, S. Kachru (2005); D.L,, S.

Reffert, E. Scheidegger, W. Schulgin, S. Stieberger(2006))
e Can generate new matter couplings (Majorana masses,

Yukawa couplings) — see in a moment,
3"~ RTN-workshop,Valencia
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LMUSeometry Non space-time filling Euclidean D- ”ff \

branes:
Two kinds of string instantons:

"E“”_/’H
MAN-FLANCK-CESELLECHAFT
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Two kinds of string instantons:

e World-sheet instantons: exp(—J/a’). Tree-level in CF
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I_MUSeometry Non space-time filling Euclidean D/,

branes:
Two kinds of string instantons:

e World-sheet instantons: exp(—J/a’). Tree-level in CF

o Space-time Instantons: exp(—l/gs)

These are non-space time filling D(p)=E(p) branes
wrapped around internal (p+1)-cycles:
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LMl’Seometry Non space-time filling Euclidean D—
branes MAN-F '.:Qf.lt:::?-_-l?::-.l.:fjl.‘l HAF]
Two kinds of string instantons:

e World-sheet instantons: exp(—J/a’). Tree-level in CF

o Space-time Instantons: exp(—l/gs)

These are non-space time filling D(p)=E(p) branes
wrapped around internal (p+1)-cycles:

lIA: special lagrangian submanifolds: E2 on 3-cycles

t Mirror symmetry (SYZ)

points, (complex lines), divisors, (CY)
E(-1) (El) E3 (ES5)

3rd RTN-workshop, Valencia




n string instanton CFT: ﬁ\“
LMU Open string instanton C &)

(R. Blumenhagen, M. Cvetic, T.Veigand)

MANK-PLANCK-CESELLECHAFT
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LMU Open string instanton CFT:

(R. Blumenhagen, M. Cvetic, T.Veigand)

MANK-PLANCK-CESELLECHAFT

® /Zero mode fields: massless open strings on E(p)-branes
or at intersection of E(p) and D(p’)-branes.
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LMU Open string instanton CFT:

(R. Blumenhagen, M. Cvetic, T.Veigand)

MANK-PLANCK-CESELLECHAFT

® /Zero mode fields: massless open strings on E(p)-branes
or at intersection of E(p) and D(p’)-branes.

e Compute open string amplitudes between matter
fields and zero mode fields.
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LMU Open string instanton CFT:

(R. Blumenhagen, M. Cvetic, T. Weigand)

® /Zero mode fields: massless open strings on E(p)-branes
or at intersection of E(p) and D(p’)-branes.

e Compute open string amplitudes between matter
fields and zero mode fields.

e Finally, one has to integrate over all bosonic and

fermionic zero modes localised on E(p)-branes
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LMU Open string instanton CFT:

(R. Blumenhagen, M. Cvetic, T.Weigand) | “‘“‘““_ .3:-«*’ -

® /Zero mode fields: massless open strings on E(p)-branes
or at intersection of E(p) and D(p’)-branes.

e Compute open string amplitudes between matter
fields and zero mode fields.

e Finally, one has to integrate over all bosonic and
fermionic zero modes localised on E(p)-branes

e Not all instantons can contribute to the effective action:

- F-terms: E(p)-brane is half-BPS:
need two fermionic zero modes (),

- D-terms: E(p)-brane breaks all 4 supersymmetries:

need four fermionic zero modes 6,, 0;
Srd RTN-workshop, Valencia




instanton to the superpotential in type ||A orientfolds.
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instanton to the superpotential in type IIA orlentfolds.

The E(2)-brane is wrapping a 3-cycle = of the CY-space.

2w (1
. U=
_l§ (gS/ERe(Q)—z/ECg)>> ~ € =

Instanton action:
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LMU E(2)-instantons in lIA: )

In the following we will consider the contribution of a-E{2)=
instanton to the superpotential in type lIA orientfolds.

L as R
U
‘Ql-»rt"

The E(2)-brane is wrapping a 3-cycle = of the CY-space.
Instanton action:

<_21§ <gl /ERG(Q) —i/EC:a))> ~ o Us

In general the instanton action W, is not U(1), gauge
invariant (shifts in C3):

/ Cy — / Cs+ NoQuz,  Quz = I[T, NE]
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LMU E(2)-instantons in lIA:

In the following we will consider the contribution of- a E(2)
instanton to the superpotential in type lIA orientfolds.

The E(2)-brane is wrapping a 3-cycle = of the CY-space.

2m (1
. U=
_lf§ <gS/ERe(Q)—z/EC'3)>> ~ € =

Instanton action:

In general the instanton action W, is not U(1), gauge
invariant (shifts in C3):

/CSH/CS_I_NaQaEv QaE:I[HamE]

W,, must contain charged matter fields:

Wyp ~ H q)ae_SE

(U(1) selection rules will follow from fermionic zegpdm_lglslles )k oo Val
-WOrKshop, alencia




LMU

There are two possible cases:

MANK-PLANCK-CESELLECHAFT
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LMU

® E2 is wrapping a 3-cycle different from the
gauge group 3-cycle, i.e.

There are two possible cases:

MAX.-PFLANCK-CESELLESCHAFT

E2-brane describes a genuine string instanton.
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LMU

® E2 is wrapping a 3-cycle different from the
gauge group 3-cycle, i.e.

There are two possible cases:

E2-brane describes a genuine string instanton.

® E2 is wrapping the same 3-cycle as the gauge
group 3-cycle,i.e. = =[],

E2-brane corresponds to a gauge instanton.

~

4N . additional bosonic zero modes b, b, b, b.
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LMU

o E2is wrapping a 3-cycle differeg New matter
gauge group 3-cycle, i.e. couplings

There are two possible cases:

E2-brane describes a genuine string instanton.

® E2 is wrapping the same 3-cycle as the gauge
group 3-cycle,i.e. =

E2-brane corresponds to a gauge instanton.

L Z—

4 N additional bosonic zero modes b, b, b, b.
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I-MU There are two possible cases:

o E2is wrapping a 3-cycle differeg New matter
gauge group 3-cycle, i.e. couplings

E2-brane describes a genuine string instanton.

® E2 is wrapping the same 3-cycle as the gauge
group 3-cycle,i.e. =
E2-brane corresponds to a gauge instanton.

N -

4 N additional bosonic zero modes b, b, b, b.

Compute the |-instanton Veneziano-Yankielowicz/
Affleck-Dine-Seiberg (VY/ADS) superpotential from

string theory.

(N.Akerblom, R. Blumenhagen, D.L., E. Plauschinn, M. Schmidt-Som gafeldl_) .
§ RTN-workshop, Valencia




MANK-PLANCK-CESELLECHAFT
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LMU VY/ADS non-perturbative superpotential:

MAX.-PFLANCK-CESELLESCHAFT

1

Wn.. ~ €XP — a ree_l_ a,l—Iloo M
p det[q)abq)ab] p (f t f,l 1 p( ))

1
det[@ab@ab]O(T) eXp<_fa,tree(S, U)> SU(Nc), Nf — Nc
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LMU VY/ADS non-perturbative superpotential:  [[+7"
W 1/

MAX.-PFLANCK-CESELLESCHAFT

1
Wn_p_ = €XP — (fa,tree + fa,l—loop(M))

det[CI)abCDab]
1 /

det[i)abq)ab]C(T) exp<_fa’tree(87 U)> SU(NC)) Nf — Nc
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LMU VY/ADS non-perturbative superpotential:

MANK-PLANCK-CESELLECHAFT

1
Wn.p. = €XP — (fa,tree + fa,l—loop (M)>

det[CI)abCI)ab]
1 /

det[éabcbab]c(T) eXp<_fa’“ee<S’ U)> SU(N.), Ny = N,

From integration over
bosonic zero modes,
ADHM constraints.

3rd RTN-workshop, Valencia



I.MU VY/ADS non-perturbative superpotential: (77"

1
Wn.p. = €XP — (fa,,tree + fa,l—loop(M)>

det[CI)abCDab]
1 /

det[@ab@ab]O(T) eXp<—fa,tree(S, U)> SU(NC)) Nf — Nc

We also computed the ADS superpotential for
SO(NC), Nf = NC — 3 and USp(QNC), NC = Nf
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I.MU VY/ADS non-perturbative superpotential:

1
Wn.p. = €eXPp — (fa,tree + fa,l—loop(M)>

det[CI)abCI)ab]
1 /

det[(i)abq)ab]OCF) exp(—fa’tree(57 U)> SU(N(:), Nf — Nc

We also computed the ADS superpotential for
SO(NC), Nf = NC — 3 and USp(QNC), NC = Nf

Possible generalizations:

® SU(N.), Ny <N.—1, due to gaugino condensation?

® Non-rigid cycles (b1(Z) #0) ?
This corresponds to adjoint chiral fields in gauge theory,
which must get a mass by fluxes.

Srd RTN-workshop, Valencia



LMU Non-perturbative Yukawa couplings: 7

(R. Blumenhagen, M. Cvetic, D. Lust, R. Richter, T.Weigand, arXiv:0707.1871) \\@W /H

MANK-PLANCK-CESELLECHAFT
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I_MU Non-perturbative Yukawa couplmgs -:

(R. Blumenhagen, M. Cvetic, D. Lust, R. Richter, T.Weigand, arXiv:0707. I87I)

SU(5) GUT intersecting Dé-brane models:
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| MU Non-perturbative Yukawa couplings: | x

(R. Blumenhagen, M. Cvetic, D. Lust, R. Richter, T.Weigand, arXiv:0707. I87I)

SU(5) GUT intersecting Dé-brane models:

Consider two stack a and b of Dé-branes:

G=UDB)yxU)y,=8U(5)y xU(1)y x U(1)

sector | number | U(5), x U(1); reps.
. (a',a) | 34+ (1,1) 10(2,0)
Open strings: | (, ;) 5 511

<b/7 b) 3 1(0,—2)
(a’,b) 1

—H
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I_MU Non-perturbative Yukawa couplings:

(R. Blumenhagen, M. Cvetic, D. Lust, R. Richter, T.Weigand, arXiv:0707.1871) ""“1::*;;?_'_
SU(5) GUT intersecting Dé-brane models:
Consider two stack a and b of Dé6-branes:

G=UDB)yxU)y,=8U(5)y xU(1)y x U(1)

sector | number | U(5), x U(1); reps.

. (a’;a) | 34+ (1,1) 10(2,0)
Open strings: (a,b) 5(—1.1)

3
(b',b) 3 10,2
(a/,b) 1 5{_{’1) + 5(_17_1)

Abelian symmetries: U(1), x U(1),

One anomalous linear combination: global symmetry

One anomaly free linear combination U(1)x

Srd RTN-workshop, Valencia



I-MU Two different cases:

U(1)x massive: Georgi-Glashow model
U(l)x massless:flipped SU(5) model
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LMU Two different cases:

U(1)x massive: Georgi-Glashow model
U(1)x massless: flipped SU(5) model
From U(1)x charges it follows that:
Perturb. allowed couplings(e.g. u,c,t-quarks): (10,5115, ),

Perturb. forbidden couplings (e.g. d,s,b-quarks): (10,1005 ,))
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I-Mu Two different cases:

U(1)x massive: Georgi-Glashow model
U(1)x massless: flipped SU(5) model
From U(1)x charges it follows that:
Perturb. allowed couplings(e.g. u,c,t-quarks): (10,5115, ),

Perturb. forbidden couplings (e.g. d,s,b-quarks): (10,1005 ,))

These can be generated by E2-instantons:

|

The instanton has to wrap a rigid 3-cycle =
invariant under the orientfold projection ()&

and carrying gauge group (O(1)

3rd RTN-workshop, Valencia



I‘MU U(1)x charge of Yukawa coupling:
one needs 6 fermionic zero modes:

Instanton intersection numbers:

ENI,]T=[ENI]" =0, [ENI,] =ENI]” =1

D6y,
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I‘MU U(1)x charge of Yukawa coupling:
one needs 6 fermionic zero modes:

Instanton intersection numbers:

ENI,]T=[ENI]" =0, [ENI,] =ENI]” =1

D6y,

D6, : D6,

Instanton action: exp(—S;,s) = exp ((J;O 10} NN+ CP 5, A

Yukawa coupling: Wy = Y1) o5, Cikim 105510, 510 ¢~ 552 7
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Two features of non-perturbative Yukawa couplings e s

(i) depend on complex structure moduli:

Suppression factor Volgs/Volps = (Rp2/Rpes)”

7
with Rpg = > Rpo onegets exp(—Sg2) ~ 3 - 102
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Two features of non-perturbative Yukawa couplings i

(i) depend on complex structure moduli:

Suppression factor Volgs/Volps = (Rp2/Rpes)”

[
with Rpg = 5 Rpo onegets exp(—Sgs) ~ 31077

(i) Yukawa coupling factorizes into Ygg 1055) — yeyP

mw  Unit rank mass matrix!

3rd RTN-workshop, Valencia
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LMU

(i) depend on complex structure moduli:

Suppression factor Volgs/Volps = (Rp2/Rpes)”

7
with Rpg = > Rpo onegets exp(—Sg2) ~ 3 - 102

(i) Yukawa coupling factorizes into Y&ﬁ 1055) — yeyP

mw  Unit rank mass matrix!

E2-instantons also relevant for doublet-triplet splitting,

Majorana masses, masses for exotic states, ...

(Ibanez, Uranga, hep-th/060921 3; Cvetic, Richer,Weigand, hep-th/0703028; |Ibanez,
Schellekens, Uranga, arXiv:0704.1079; Antusch, Ibanez, Macri, arXiv:07062132;
Bianchi, Kiritsis, arXiv:0702015; Bianchi, Fucito, Morales, arXiv:O704.07851r)d
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I_M UString model buiding: What do we like to Iearn?l@i

MANK-PLANCK-CESELLECHAFT
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LMUStrlng model buiding: What do we like to learn? ({ Iimrf

MAX.-PFLANCK-CESELLESCHAFT

® Where is the fundamental string scale?
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I_MUString model buiding: What do we like to learn? ({7 )
N T

® Where is the fundamental string scale?

® Where is the scale of supersymmetry breaking?
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I_MUStrlng model buiding: What do we like to Iearn’

® Where is the fundamental string scale?

® Where is the scale of supersymmetry breaking?

® Where is the scale of the extra dimensions?
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I_M UString model buiding: What do we like to learn? ({+7" )

=aty
X
il T

MAX i k-0 F

® Where is the fundamental string scale?

® Where is the scale of supersymmetry breaking?

here is the scale of the extra dimensions?

nere are we in the landscape?
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I_MUString model buiding: What do we like to learn? ({

® Where is the fundamental string scale?

® Where is the scale of supersymmetry breaking?
nere is the scale of the extra dimensions?

nere are we in the landscape?
Plan for the next years:
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I_MUString model buiding: What do we like to learn?

® Where is the fundamental string scale?

® Where is the scale of supersymmetry breaking?
nere is the scale of the extra dimensions?

nere are we in the landscape?

Plan for the next years:
Bottom-up approach:

Work upstairs from experimatal data.
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® Where is the fundamental string scale?

® Where is the scale of supersymmetry breaking?

here is the scale of the extra dimensions?

nere are we in the landscape?

Plan for the next years:
Bottom-up approach:

Work upstairs from experimatal data.

Top-down approach:
Develop high scale theory from mathematical consistency.
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I_M UString model buiding: What do we like to learn?

® Where is the fundamental string scale?

® Where is the scale of supersymmetry breaking?

here is the scale of the extra dimensions?

nere are we in the landscape?

Plan for the next years:
Bottom-up approach:

Work upstairs from experimatal data.

Top-down approach: :I: Success?
Develop high scale theory from mathematical consistency.
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I_M UString model buiding: What do we like to learn?

® Where is the fundamental string scale?

® Where is the scale of supersymmetry breaking?

here is the scale of the extra dimensions?

nere are we in the landscape?

Plan for the next years:
Bottom-up approach:

Work upstairs from experimatal data.

Top-down approach: :I: Success?
Develop high scale theory from mathematical consistency.

(How good is the chain between fundamental
theory and the data?)

Srd RTN-workshop, Valencia
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Outline

® Heterotic string compactifications

® Type |l orientifolds models
Intersecting brane models and their statistics

D-instantons: non-perturbative couplings

® The string landscape: fluxes and branes
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(Weinberg, Bousso, Polchinski, Susskind, Linde, Schellekens, ....). k, , ——
(Review: D. Lust, arXiv:0707:2305)

Superstring theory in 10 dimensions is (almost) unique !

Compactification
There exist a huge number of lower dim. groundstates:

Many possibilities for different particle physics models!

Many possibilities for different cosmological models!
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LMU String landscape problem ()
(Weinberg, Bousso, Polchinski, Susskind, Linde, Schellekens, ...} f.h_.. R

(Review: D. Lust, arXiv:0707:2305)
Superstring theory in 10 dimensions is (almost) unique !

Compactification
There exist a huge number of lower dim. groundstates:

Many possibilities for different particle physics models!

Many possibilities for different cosmological models!

How to make any prediction in string
theory, i.e. how to determine the correct
string vacuum state!

3rd RTN-workshop, Valencia
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The landscape problem is closely related to the
moduli problem:

String compactifications contain many massless
moduli fields ¢ with flat potential:

(Geometrical) background parameters of the
compactification.
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Moduli:

The landscape problem is closely related to the

moduli problem:

String compactifications contain many massless

moduli fields ¢ with f

(Geometrical) bac
compactification.

at potential:

<ground parameters of the

However undetermined moduli result in uncalculable
couplings (and new forces)!

3rd RTN-workshop, Valencia
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Moduli can be stabilized, i.e. fixed by creating a (StEﬁlzi.c:j
potential for them:

R os [}
A J
e

® Tree level: background fluxes

® Non-perturbatively: string instantons

Srd RTN-workshop, Valencia



LMU Moduli stabilization:

Moduli can be stabilized, i.e. fixed by creating a (static) ”
potential for them:
® Tree level: background fluxes

® Non-perturbatively: string instantons

In this way one can obtain a discrete set of vacua with either

® negative cosological constant, A <0 (AdS vacua)

® zero cosmological constant, /A = 0 (Minkowski vacua)

® positive cosmological constant, A > 0 (dS vacua)

® and various possibilities for gauge and matter fields
3rd RTN-workshop, Valencia
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perturbative effects:
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LMU  Effective moduli potential:

MANK-PLANCK-CESELLECHAFT

Non-flat moduli potential after turning on fluxes and non-
perturbative effects:

V(o)

¢
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® String statistics (Anthropic answer): determine the
fraction of vacua with good phenomenological properties:

(A/Mpianer)* ~ 107120 G = SU(3) x SU(2) x U(1)
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Two possible solutions of the landscape probllélm"f o

® String statistics (Anthropic answer): determine the
fraction of vacua with good phenomenological properties:

(A/Mpianer)* ~ 107120 G = SU(3) x SU(2) x U(1)

®Entropy of string vacua (Entropic answer): determine a
wave function (probability function) in moduli space,

(o)

and see if W|2 is peaked, i.e. has maxima with good
phenomenological properties.

Srd RTN-workshop, Valencia



LMU Wave function: gﬂ )

MAX-PLANCK-CESELLECHAFT

Two possible ways to compute the wave function:
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(i) Computation of transition amplitudes:
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LMU Wave function:

Two possible ways to compute the wave function: ™"

(i) Computation of transition amplitudes:

(Hartle, Hawking, Coleman, De Luccia, Linde,Vilenkin, ...)
2412 M5 >
A(9)

Y(¢)]* ~ e M)

%U )

V(o)

Tunneling: ' ~ Mpexp (-
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Two possible ways to compute the wave function: ™"

(i) Computation of transition amplitudes:
(Hartle, Hawking, Coleman, De Luccia, Linde,Vilenkin, ...)

__E
Thermal T~ Mpe Tx
fluctuation:
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LMU Wave function:

Two possible ways to compute the wave function: ™"

(i) Computation of transition amplitudes:
(Hartle, Hawking, Coleman, De Luccia, Linde,Vilenkin, ...)

B

Thermal I~ Mpe Tu

fluctuation:

\/

(ii) ,,Stringy" computation of the entropy of string vacua:

()] = erinst?)

3rd RTN-workshop, Valencia
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| MU How to define an entropy for strlng
vacua/’

Similar problem in quantum grawty:

Compute the statistical entropy of black holes and
compare it with the Bekenstein/Hawking entropy:

Ahom’zon
Sen(p, @) = —

There exist many black hole solutions with different
electric and magnetic charges!

Which one has the largest possible entropy!?

Srd RTN-workshop, Valencia
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Black hole < (flux) landscape correspondence:
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Black hole < (flux) landscape correspondence

Probability distribution for AdS flux vacua in 2 dimensions is
the same as the entropy of certain charged (4D)

supersymmetric black holes:

3 kinds of entropies:
(i) Thermodynamic black hole entropy: Sthermo (p, q) 4

(ii) Microscopic stringy entropy of wrapped D-branes:
Sbrane (pa Q) v
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Probability distribution for AdS flux vacua in 2 dimensions is
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LM u Conjectu re: (Ooguri, Vafa,Verline, hep-th/0502211)

Black hole < (flux) landscape correspondence:

Probability distribution for AdS flux vacua in 2 dimensions is
the same as the entropy of certain charged (4D)
supersymmetric black holes:

3 kinds of entropies:
(i) Thermodynamic black hole entropy: Sthermo (p, q) 4

(ii) Microscopic stringy entropy of wrapped D-branes:
Sbrane(pa Q) v
(iii) Flux vacuum:  Sg () 7

Conjecture: Sihermo (P, q) = Sbrane (P, ¢) = Saux (@)
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Black hole < (flux) landscape correspondence:

Probability distribution for AdS flux vacua in 2 dimensions is
the same as the entropy of certain charged (4D)
supersymmetric black holes:

3 kinds of entropies:
(i) Thermodynamic black hole entropy: Sthermo (p, q) 4
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LM u Conjectu re: (Ooguri, Vafa,Verline, hep-th/0502211)

i GCESELLECHAFT

Black hole < (flux) landscape correspondence:

Probability distribution for AdS flux vacua in 2 dimensions is
the same as the entropy of certain charged (4D)
supersymmetric black holes:

3 kinds of entropies:
(i) Thermodynamic black hole entropy: Sthermo (p, q) 4

(ii) Microscopic stringy entropy of wrapped D-branes:
Sbrane (pa Q) v

(iii) Flux vacuum:  Sg () 7 ,

Conjecture: Sinormo (P, Q) i Shrane(Ps q) = Shux (@)

(Strominger, Vafa) 3rd RTN-workshop, Valencia
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I.MU Entropy of string (flux) vacua:

use the correspondence between flux potentials and
attractors of supersymmetric charged black holes coupled
to scalars:

Replace the fluxes by their correspond D-branes.

Black hole BPS (SUSY) conditions: o
(attractor mechanism)

DZyq(¢) =0 = ¢=0(p,q), Sp,q) =S(@(p,q))
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Replace the fluxes by their correspond D-branes.

Black hole BPS (SUSY) conditions: o
(attractor mechanism)

DZyq(¢) =0 = ¢=0(p,q), Sp,q) =S(@(p,q))

Conjecture:
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I.MU Entropy of string (flux) vacua:

use the correspondence between flux potentials and
attractors of supersymmetric charged black holes coupled

to sca
Re

Black hole BPS (SUSY) conditions: “o

DZyq(¢) =0 = ¢=0(p,q), Sp,q) =S(@(p,q))

Conjecture:

ars.

blace the fluxes by their correspond D-branes.

(attractor mechanism)

S(o(p, q)) is entropy function in the flux landscape.

(The black hole BPS conditions are very similar to the
flux SUSY conditions, replacing the central charge Z
b)l the superpotentia| W ') 3rd RTN-workshop,Valencia
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These flux vacua correspond to supersymmetric charged
black holes with electric/magnetic charges gy and p:
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LMU Example:

Consider IIB on 5% x CY with Ramond 5-form fluxes

qr and D through S? x ar(Br) (af,Br C CY)

These flux vacua correspond to supersymmetric charged
black holes with electric/magnetic charges gy and p:

D 3-branes around 3-cycles < 5-form fluxes through 5-cycles

B.h.chargespandq <« Fluxes p and q

Entropy S(¢) =3 Cosmol. constant —A (o)

Near horizon geometry < Vacuum geometry

AdS, x S? x CY

Srd RTN-workshop, Valencia
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Application: entropy maximization &/

(Cardoso, Lust, Perz, hep-th/060321 |; related work: Gukov, Saraikin, Vafa, hep-th/0509109;
Fiol, hep-th/0602103; Belluci, Ferrara, Marrani, hep-th/060216|
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(Cardoso, Lust, Perz, hep-th/060321 |; related work: Gukoy, Saraikin,Vafa, hep-th/0509109;
Fiol, hep-th/0602103; Belluci, Ferrara, Marrani, hep-th/060216|

Consider N/ = 2 flux vacua at the Calabi-Yau
conifold point in the moduli space, where additional
states become massless:
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Application: entropy maximization

(Cardoso, Lust, Perz, hep-th/060321 |; related work: Gukoy, Saraikin,Vafa, hep-th/0509109;
Fiol, hep-th/0602103; Belluci, Ferrara, Marrani, hep-th/060216|

MAX. PFLANCK-CESELLSCHAFT

Consider N/ = 2 flux vacua at the Calabi-Yau
conifold point in the moduli space, where additional
states become massless:

20

T

" log ¢

S(¢) = m| const. — %ng
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Application: entropy maximization _ )

(Cardoso, Lust, Perz, hep-th/060321 |; related work: Gukoy, Saraikin,Vafa, hep-th/0509109;
Fiol, hep-th/0602103; Belluci, Ferrara, Marrani, hep-th/060216|

Consider N/ = 2 flux vacua at the Calabi-Yau
conifold point in the moduli space, where additional
states become massless:

20

T

" log ¢

For 3 <0 (8>0) we get that the entropy exhibits

S(¢p) = 7| const. — %ng

a maximum (minimum) at ¢ = 0 :
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Application: entropy maximization </

(Cardoso, Lust, Perz, hep-th/060321 |; related work: Gukov, Saraikin, Vafa, hep-th/0509109;
Fiol, hep-th/0602103; Belluci, Ferrara, Marrani, hep-th/060216|

Consider N/ = 2 flux vacua at the Calabi-Yau
conifold point in the moduli space, where additional
states become massless:

20

T

S(¢) = 7| const. — %ng

¢” log ¢

For 3 <0 (8>0) we get that the entropy exhibits

a maximum (minimum) at ¢ = 0 :
Following the entropic principle infrared free
theories seem to be preferred!,

rd RTN-workshop, Valencia
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® Heterotic string compactifications

e Type |l orientifolds models

Intersecting brane models and their statistics
D-instantons: non-perturbative couplings

® The string landscape: fluxes and branes

AdS5 flux vacua and black holes

AdS, flux vacua and domain walls
by C. Kounnas, D. Lust, M. Petropoulos, D.Tsimpis, arXiv:0707.4270
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LMU Outline

® Heterotic string compactifications

MAX.-PFLANCK-CESELLESCHAFT

e Type |l orientifolds models

Intersecting brane models and their statistics
D-instantons: non-perturbative couplings

® The string landscape: fluxes and branes

AdS5 flux vacua and black holes

AdS, flux vacua and domain walls
by C. Kounnas, D. Lust, M. Petropoulos, D.Tsimpis, arXiv:0707.4270

(Related work: Cowdall, Lu, Pope, Stelle, Townsend, hep-th/9608173; Boonstra, Peeters, Skenderis,
hep-th/980323|; Behrndt, Cardoso, Lust, hep-th/0102128; Ceresole, Dall‘Agata, Kallosh,Van

Proeyen, hep-th/0104056; Behrndt, Cvetic, hep-th/0308045; Lust, Tsimpis, hep-th/0412250;
Ceresole, Dall‘Agata, Giryavets, Kallosh, Linde, hep-th/0605266; .....) 3rd RTN-workshop, Valencia




MANK-PLANCK-CESELLECHAFT

Q: Can one associate an entropy for 4D AdS, flux vacua?
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Q: Can one associate an entropy for 4D AdS, flux vacua?

| st. step: Replace fluxes by their corresponding branes
(sources).
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2nd step: Compute stringy entropy of branes.

AdSy . Like a domain wall in 4D (co-dimension one object):

Consider branes that fill 2 spatial dimensions in 4D.
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Q: Can one associate an entropy for 4D AdS, flux vacua?

| st. step: Replace fluxes by their corresponding branes
(sources).

2nd step: Compute stringy entropy of branes.

AdSy . Like a domain wall in 4D (co-dimension one object):

Consider branes that fill 2 spatial dimensions in 4D.

Two requirements:
Domain wall interpolates between AdS, and R4,
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Q: Can one associate an entropy for 4D AdS, flux vacua?

| st. step: Replace fluxes by their corresponding branes
(sources).

2nd step: Compute stringy entropy of branes.

AdSy . Like a domain wall in 4D (co-dimension one object):

Consider branes that fill 2 spatial dimensions in 4D.

Two requirements:
Domain wall interpolates between AdS, and R4,

All moduli are fixed to finite values on AdS, horizon.
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Q: Can one associate an entropy for 4D AdS, flux vacua?

| st. step: Replace fluxes by their corresponding branes
(sources).

2nd step: Compute stringy entropy of branes.

AdSy . Like a domain wall in 4D (co-dimension one object):

Consider branes that fill 2 spatial dimensions in 4D.

Two requirements:
Domain wall interpolates between AdS, and R4,

All moduli are fixed to finite values on AdS, horizon.

Is there an attractor mechanism for domain walls?
3rd RTN-workshop, Valencia
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Q: Can one associate an entropy for 4D AdS, flux vacua?

| st. step: Replace fluxes by their corresponding branes

(sources).
2nd step: te stringy entropy of branes.

AdSy . Like a domain wall in 4D (co-dimension one object):

Consider branes that fill 2 spatial dimensions in 4D.

Two requirements:
Domain wall interpolates between AdS, and R4,

All moduli are fixed to finite values on AdS, horizon.

Is there an attractor mechanism for domain walls?
3rd RTN-workshop, Valencia
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I-Mu AdSy flux vacua with all moduli fixed:

MANK-PLANCK-CESELLECHAFT

Type |IB with tree level 3-form fluxes:
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LMU AdS, flux vacua with all moduli fixed:

MAX.-PFLANCK-CESELLESCHAFT

Type |IB with tree level 3-form fluxes:

Normally, only complex structure moduli are fixed!

3rd RTN-workshop, Valencia



LMU AdS, flux vacua with all moduli fixed:

MAX.-PFLANCK-CESELLESCHAFT

Type |IB with tree level 3-form fluxes:

Normally, only complex structure moduli are fixed!

To fix all Kahler moduli one needs:

3rd RTN-workshop, Valencia
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I-MU AdS, flux vacua with all moduli fixed: W)

MAX.-PFLANCK-CESELLESCHAFT

Type |IB with tree level 3-form fluxes:

Normally, only complex structure moduli are fixed!

To fix all Kahler moduli one needs:

® D3-instantons wrapped around 4-cycles,

3rd RTN-workshop, Valencia
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LMU AdSy flux vacua with all moduli fixed: &)

MAX. PFLANCK-CESELLSCHAFT

Type |IB with tree level 3-form fluxes:

Normally, only complex structure moduli are fixed!

To fix all Kahler moduli one needs:

® D3-instantons wrapped around 4-cycles,

® geometrical (metric) fluxes,

3rd RTN-workshop, Valencia



LMU AdS, flux vacua with all moduli fixed:

Type |IB with tree level 3-form fluxes:

Normally, only complex structure moduli are fixed!

To fix all Kahler moduli one needs:

® D3-instantons wrapped around 4-cycles,

® geometrical (metric) fluxes,

® consider ,,compactifications”
without Kahler moduli (see later)

Srd RTN-workshop, Valencia



LMU Tree level type llIA flux vacua:

MANK-PLANCK-CESELLECHAFT

Srd RTN-workshop, Valencia



LM" Tree level type llA flux vacua: Vi A

Klemm, Lust, Theisen, hep-th/0012213; Derendinger, Kounnas, Petropoulos, "'@‘:’“ |
Zwirner, hep-th/0411276;Villadoro, Zwirner, hep-th/0503 1 69; De Wolfe, Giryavets, =
Kachru, Taylor, hep-th/0505 | 60; Camara, Font, Ibanez, hep-th/0506066;Villadoro, ™ """
Zwirner, arXiv:0706.3049)
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LM" Tree level type llIA flux vacua: A\

Klemm, Lust, Theisen, hep-th/0012213; Derendinger, Kounnas, Petropoulos, Wee= )

Zwirner, hep-th/0411276;Villadoro, Zwirner, hep-th/0503 1 69; De Wolfe, Giryavets, %ﬁ—
Kachru, Taylor, hep-th/0505 | 60; Camara, Font, Ibanez, hep-th/0506066;Villadoro,
Zwirner, arXiv:0706.3049)

Consider compactifcation on CYNSface Y with
Hodge numbers h“!t A1

MANK-PLANCK-CESELLECHAFT
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I_M" Tree level type IIA flux vacua:

Klemm, Lust, Theisen, hep-th/0012213; Derendinger, Kounnas, Petropoulos,
Zwirner, hep-th/0411276;Villadoro, Zwirner, hep-th/0503169; De Wolfe, Giryavets, |
Kachru, Taylor, hep-th/0505 | 60; Camara, Font, Ibanez, hep-th/0506066;Villadoro, .
Zwirner, arXiv:0706.3049)

Consider compactifcation on CYNSéDace Y with
Hodge numbers h“!t A1

Superpotential: Wia = Wg + Wr + Weeom
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LM” Tree level type IIA flux vacua:

Klemm, Lust, Theisen, hep-th/0012213; Derendinger, Kounnas, Petropoulos,
Zwirner, hep-th/0411276;Villadoro, Zwirner, hep-th/0503169; De Wolfe, Giryavets, | -
Kachru, Taylor, hep-th/0505 | 60; Camara, Font, Ibanez, hep-th/0506066;ViIladoro,1IH S
Zwirner, arXiv:0706.3049)

Consider compactifcation on CY~S£ace Y with
Hodge numbers h“!t A1

Superpotential: Wia = Wg + Wr + Weeom
Wp(T) = / ele N FR

1

1
= mo—/ (JCAJCAJC)+—/ (FQR/\JC/\JC)nL/
6 Y 2 Y Y

= imgFo(T) — miF(T) +i&iTi + &, (i=1,...,h"")

A A N~
O-form R-flux o form R-flux ~ 4-form R-flux  6-form R-flux
(massive 1A

SUGRA)

FfAJC+/Fg°~
Y
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LM” Tree level type IIA flux vacua:

Klemm, Lust, Theisen, hep-th/0012213; Derendinger, Kounnas, Petropoulos,
Zwirner, hep-th/0411276;Villadoro, Zwirner, hep-th/0503169; De Wolfe, Giryavets, | -
Kachru, Taylor, hep-th/0505 | 60; Camara, Font, Ibanez, hep-th/0506066;ViIladoro,1IH S
Zwirner, arXiv:0706.3049)

Consider compactifcation on CY~S£ace Y with
Hodge numbers h“!t A1

Superpotential: Wia = Wg + Wr + Weeom
Wp(T) = / ele N FR

1

1
= mo—/ (JCAJCAJC)+—/ (FQR/\JC/\JC)nL/
6 Y 2 Y Y

= imgFo(T) — miF(T) +i&iTi + &, (i=1,...,h"")

A A N~
O-form R-flux o form R-flux ~ 4-form R-flux  6-form R-flux
(massive 1A

SUGRA) 3-form NS-flux
4

.
WH(s,U):/ Qo A Hy = iaS + iemUpmn , (m=1,...,1>"
Y

FfAJC+/Fg°~
Y

3rd RTN-workshop, Valencia



LM” Tree level type IIA flux vacua:

Klemm, Lust, Theisen, hep-th/0012213; Derendinger, Kounnas, Petropoulos,
Zwirner, hep-th/0411276;Villadoro, Zwirner, hep-th/0503169; De Wolfe, Giryavets, | -
Kachru, Taylor, hep-th/0505 | 60; Camara, Font, Ibanez, hep-th/0506066;ViIladoro,1IH S
Zwirner, arXiv:0706.3049)

Consider compactifcation on CY~S£ace Y with
Hodge numbers h“!t A1

Superpotential: Wia = Wg + Wr + Weeom
Wp(T) = / ele N FR

1

1
= mo—/ (JCAJCAJC)+—/ (FQR/\JC/\JC)nL/
6 Y 2 Y Y

= imgFo(T) — miF(T) +i&iTi + &, (i=1,...,h"")

A A N~
O-form R-flux o form R-flux ~ 4-form R-flux  6-form R-flux
(massive 1A

SUGRA) 3-form NS-flux
4

.
WH(s,U):/ Qo A Hy = iaS + iemUpmn , (m=1,...,1>"

Y Metric fluxes (twisted tori)

FfAJC+/Fg°~
Y

Weeom (S, T,U) = z/ Q. NdJ = —ELXSTi — cZ%TZ-Um ,

Y 3rd RTN-workshop,Valencia



LMU

The fluxes induce a C7 tadpole:

Niux = / (C7r NAFy + C7 A (agHs + dFy))

Dé-brane charge, need Dé6-branes, Oé-planes.

3rd RTN-workshop, Valencia



LMU 1A flux solution with all moduli fixed:

MANK-PLANCK-CESELLECHAFT

Srd RTN-workshop, Valencia



2
|99

CR-CESELLECHAFT

I.Mu 1A flux solution with all moduli fixed:

Compactification on 6D torus: ¥V =77 x 75 x T5
(ﬁl’l _ p21 3)

3rd RTN-workshop, Valencia



LMU lIA flux solution with all moduli fixed:
Compactification on 6D torus: ¥V =77 x 75 x T5

(hl 1 _ h2 1 _
Prepotential: [ = /11515
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LMU lIA flux solution with all moduli fixed:
Compactification on 6D torus: YV =77 x T35 x T5

1,1 _ 7§
Prepotential: [ = /11573 (" =

3
Kahler potential: K = —log(S+5) | [(T;
1=1

3rd RTN-workshop, Valencia



LMU 1A flux solution with all moduli fixed: ;
Compactification on 6D torus: vV =77 x 15 x T5;

1,1 _ 7§
Prepotential: [ = /11573 (h" =

3
Kahler potential: K = —log(S+5) | [(T;
1=1

Flux superpotential:

Wia = 1e;,1; + 1tmoTi 1515 + 1a9S + 1¢,,,U,,

(no geometrical fluxes)

Srd RTN-workshop, Valencia



I.MU lIA flux solution with all moduli fixed:
Compactification on 6D torus: ¥V =717 x 15 x T;

1,1 _ 7§
Prepotential: [ = /11573 (h" =

3
Kahler potential: K = —log(S+5) | [(T;
1=1

Flux superpotential:
Wia = 1e;,1; + 1tmoTi 1515 + 1a9S + 1¢,,,U,,
SUSY solution: (no geometrical fluxes)

DWira=0 =» AdS,; vacuum.

3rd RTN-workshop, Valencia



I.MU lIA flux solution with all moduli fixed:
Compactification on 6D torus: ¥V =717 x 15 x T;

Prepotential: ' = 17155 (R =1
Kahler potential: K = —log(S + 9) ﬁ
Flux superpotential: -
Wita = 16,15 + imoTiT5T5 + 1a0S + 1¢,,Upn,
SUSY solution: (no geometrical fluxes)

DWira=0 = AdS,; vacuum.

~ 2
3m 37710 ao

5 2
|%‘Ti - \/ "yl/yzﬁyg‘ , S= vili, emUp = ———i1;.
0

o5 om
(vi = moé;) =0
3rd RTN-workshop, Valencia




LMU T-dual type |IIB description:

MANK-PLANCK-CESELLECHAFT

Srd RTN-workshop, Valencia



T-dual type |IB description:

MAX. PFLANCK-CESELLSCHAFT

Crn 7 01 (NS 3-form fluxes in lIA)

m  Need geometric (metric) fluxes on the |IB side.

3rd RTN-workshop, Valencia



I.MU -dual type |IB description:

Crn 7 01 (NS 3-form fluxes in lIA)

m  Need geometric (metric) fluxes on the |IB side.
Simple situation:

IIA: No complex structure moduli: /%' = () :

Wia = Wgr + Wy =26;1; + tmo1i1T515 + 1005

Srd RTN-workshop, Valencia



I.MU -dual type |IB description:

Crn 7 01 (NS 3-form fluxes in lIA)

m  Need geometric (metric) fluxes on the |IB side.
Simple situation:

lIA: No complex structure moduli: h2l =0 -
Wia = Wgep + Wy =16;T; + 1moTi 1515 + 1095
lIB: No Kahler moduli: (LG description)

(Becker, Becker,Vafa, Walcher, hep-th/0611001)

Then all [IB moduli can be fixed by 3-form flux
superpotential:

Wi = / QA (F?)R + SH?l)\IS) —1e;U; + 1moUUsU3 + 1agS
X

Srd RTN-workshop, Valencia




,r/’“ﬂ\
LMU Replace fluxes by (2+p)-dim. branes: \1&;;” x’

MAX.-PFLANCK-CESELLESCHAFT

2 common directions in uncompatified space
> AdS, domain wall.

3rd RTN-workshop, Valencia



Replace fluxes by (2+p)-dim. branes:

] &

! £
II il
\
b

MAX. PFLANCK-CESELLSCHAFT

2 common directions in uncompatified space
> AdS, domain wall.

Internal space: Brane flux dictionary:
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I-MU Replace fluxes by (2+p)-dim. branes:

2 common directions in uncompatified space
> AdS, domain wall.

Internal space: Brane flux dictionary:

(i) Ramond flux: Ff¢ flux through 2.,

D(2+6-n)-brane wrapped around i(ﬁ—n
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I-MU Replace fluxes by (2+p)-dim. branes:

2 common directions in uncompatified space
> AdS, domain wall.

Internal space: Brane flux dictionary:

(i) Ramond flux: F5¢ flux through 2.,

D(2+6-n)-brane wrapped around 26—71

(i) NS 3-form flux 3 through 3,

NS5-brane wrappeﬁl around f]g
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I-MU Replace fluxes by (2+p)-dim. branes:

2 common directions in uncompatified space
> AdS, domain wall.

Internal space: Brane flux dictionary:

(i) Ramond flux: Ff¢ flux through 2.,

D(2+6-n)-brane wrapped around 26—71

(i) NS 3-form flux 3 through 3,

NS5-brane wrappeﬁl around 533

(iii) Geometrical flux $

Kaluza-Klein (KK) monopole 3 RTN-workshop,Valencia



I-MU Replace fluxes by (2+p)-dim. branes:

2 common directions in uncompatified space
> AdS, domain wall.

Internal space: Brane flux dictionary:

(i) Ramond flux: F5¢ flux through 2.,

D(2+6-n)-brane wrapped around 26—71

(i) NS 3-form flux 3 through 3,

NS5-brane wrappeﬁl around f]g

(iii) Geometrical flux A T-duality

Kaluza-Klein (KK) monopole 3 RTN-workshop,Valencia



LMU SUSY conditions (calibrated sources):

U — (vu T iHMP T % > n Fnrupn) €

0 = ((’N) + sHP + % > (=1)"(b — n)FnPn) C .

3rd RTN-workshop, Valencia



LMU SUSY conditions (calibrated sources):

0 _ (vu +iH,P 4T Fnrum) e,

0 = (00 +LHP+ <5, (~1)"(5— ) FuPy) €
Bianchi identities: dF +HAF = -0 7,
dxF —HAXxF =Q a(j).
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I.MU SUSY conditions (calibrated sources):

U — (vu T iHMP T % > n FnFuPn> €

0 = (8@ + sHP + % > (=1)™(5 — n)FnPn) € .
Bianchi identities: dF +HAF = - 7,
dxF —HAXxF =Q a(j).
Theorem: Supersymmetric brane configurations that

satisfy Bianchi id. will automatically satisfy the dilaton
and Einstein eq, Of motion. (Koerber, Tsimpis, arXiv:0706.1244))
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I.MU SUSY conditions (calibrated sources):

U — (vu T iHMP T % > n FnFuPn> €

0 = (8@ + sHP + % > (=1)™(5 — n)FnPn) € .
Bianchi identities: dF +HAF = - 7,
dxF —HAXxF =Q a(j).
Theorem: Supersymmetric brane configurations that

satisfy Bianchi id. will automatically satisfy the dilaton
and Einstein eq, Of mOtion, (Koerber, Tsimpis, arXiv:0706.1244))

Properties of our solutions:
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I.MU SUSY conditions (calibrated sources):

1 e®
U — (vu + 71, P+ 5 > n FnFuPn> €

0 = (8@ + sHP + % > (=1)™(5 — n)FnPn) € .
Bianchi identities: dF +HAF = - 7,
dxF —HAXxF =Q a(j).
Theorem: Supersymmetric brane configurations that

satisfy Bianchi id. will automatically satisfy the dilaton
and Einstein eq, Of motion. (Koerber, Tsimpis, arXiv:0706.1244))

Properties of our solutions:
® Branes are smeared in transverse direction.
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I.MU SUSY conditions (calibrated sources):

0 — (vu T iHMP T % > n FnFuPn> €

0 = (8@ + sHP + % > (=1)™(5 — n)FnPn) € .
Bianchi identities: dF +HAF = - 7,
dxF —HAXxF =Q a(j).
Theorem: Supersymmetric brane configurations that

satisfy Bianchi id. will automatically satisfy the dilaton
and Einstein eq, Of motion. (Koerber, Tsimpis, arXiv:0706.1244))

Properties of our solutions:
® Branes are smeared in transverse direction.
® Near horizon geometry is AdS,
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I.MU SUSY conditions (calibrated sources):

1 e®
0 — (vu + 71, P+ 5 > n FnFuPn> €

0 = (8@ + sHP + % > (=1)™(5 — n)FnPn) € .
Bianchi identities: dF +HAF = - 7,
dxF —HAXxF =Q a(j).
Theorem: Supersymmetric brane configurations that

satisfy Bianchi id. will automatically satisfy the dilaton
and Einstein eq, Of motion. (Koerber, Tsimpis, arXiv:0706.1244))

Properties of our solutions:
® Branes are smeared in transverse direction.

® Near horizon geometry is AdS,
® Moduli are stabilized at horizon (attractor behavior)
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I.MU SUSY conditions (calibrated sources):

0 — (vﬂ T iHuP T % > n FnFuPn> €

0 = (8@ + sHP + % > (=1)™(5 — n)FnPn) € .
Bianchi identities: dF +HAF = - 7,
dxF —HAXxF =Q a(j).
Theorem: Supersymmetric brane configurations that

satisfy Bianchi id. will automatically satisfy the dilaton
and Einstein eq, Of motion. (Koerber, Tsimpis, arXiv:0706.1244))

Properties of our solutions:
® Branes are smeared in transverse direction.

® Near horizon geometry is AdS,
® Moduli are stabilized at horizon (attractor behavior)

® Non-vanishing C7 tadpole, same as for ﬁﬁ)ﬁﬁﬁl-workshop,Valencia



LMU lIA Examples:

(i) Not all moduli are stabilized:

Ramond 4-form flux superpotential:

WHA:/ Ff/\J:iéiT'
Y

DWia = 0 S and U-fields are not fixed!

3rd RTN-workshop, Valencia



LMU lIA Examples:

(i) Not all moduli are stabilized:

Ramond 4-form flux superpotential:
Wiia :/ Ff/\J:iéiT°
Y
DWiia =0

The corresponding sources are intersecting D4-branes:

S and U-fields are not fixed!

yl y2 y3 CL‘l 332 ZCS

&

&

SO
X
X

51
X
X

52
X
X

X

3rd RTN-workshop, Valencia




LMU |0 D metric and dilaton: ’1 f

tl‘}r'- 4

2 MAX PLANCE-CESELLSCHAFT
1 S H
2, = HAEY + \/HiHy dydy'dy + (/> Y Ej
ds?g T Ny d€HdE” + 1 Hy 6;;dy'dy’ + T, a:1(dx 7, (dx®)

—2 kl kl
€ ¢ HlHQ, Fm3x4yiyj = -9 €ijkayzH1, F = —0 gijkaylHQ )

wlp2yiyd

Cey d,
where 4mH, =14 |

y 2y

27

3rd RTN-workshop, Valencia



I.MU |0 D metric and dilaton:
ds?, = ! N, d€1de” + / HiHy 6;:dy'dy’ + \/@ i(dx o e— Z.dkazl >
10 /—H1H2 uv (¥ Hl —~ H2

= —5kl€ijk3ylH1, F. = _5kl5ijkaylH2 )

Y’y wlz?ytyd

(87 dO{
where 4mH, =14 Co 5, a=1,2
y 2y

H are not harmonic in overall transverse directions .
de

4y

e 29 H{Hy, F 3,4

Smeared sources: Jjo = —V H, = c,0°(y) —

Srd RTN-workshop, Valencia



I.MU |0 D metric and dilaton:

p VHiHa 6jdy'dy? + 4/ + 4/ )2
mnﬂydgdg+ 1 Hy 65y’ dy’ + ledx szda:

= =00, Hy,  F = 0" ey Ha

yiyj mlxzyiyj

(87 dC\{
where 4mH, =14 Co 5, a=1,2
y 2y

H are not harmonic in overall transverse directions .
de

4y

2
dsig

e 2% HHy, Fs,u

Smeared sources: Jjo = —V H, = c,0°(y) —

Near horizon limit ¥y — 0 :

y2

VD1 D,
Metric of AdS, x S° x T* \/;de

d 2
nuwd€tde” + /DDy i +/D1Ds dQ2

2 _
dsypg =

Srd RTN-workshop, Valencia



I.MU |0 D metric and dilaton: -
m N dErdE” + /HyHy 6;;dy'dy’ + ,/ T, Z (dz®) ,/ i Z da:

~::—5M€wk8wfﬁj F 'Zz_dmgﬁkgwf& ’

ytyl xla?yiyl

(87 dC\{
where 4nmH, =1 c Fo—, a=1,2
y 2y

H are not harmonic in overall transverse directions .
de

4y

2
dsTg

e 29 H{Hy, F 3,4

Smeared sources: Jjo = —V H, = c,0°(y) —

Near horizon limit ¥y — 0 :

y2

VDiD;
Metric of AdS, x S% x T* \/l? 24y

d 2
dsZyy = N detde” +  \/DiDs i + /D1 Dy d02

String coupling ¢, = e? — 0 Runawdy behavior
RTN-workshop, Valencia




LMU (ii) All moduli are stabilized:

MANK-PLANCK-CESELLECHAFT

Srd RTN-workshop, Valencia



LMU (ii) All moduli are stabilized:

MANK-PLANCK-CESELLECHAFT

Wia = ie;T; + imoT1 1515 + 1a9S + i¢c,,,U.,,
DWipa =0 = All moduli are stabilized !

Srd RTN-workshop, Valencia



I-MU (ii) All moduli are stabilized:

Wia = ie;T; + imoT1 1515 + 1agS + ic,,,U,,
DWiia =0 = All moduli are stabilized !

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

50 gl 52 Y 5171 5132 $3 5134 5135

® | K

® K
® X
®

X
X

X QXX QXX
X RXX QXXX
X RXX QXX

® K

Srd RTN-workshop, Valencia




I.MU Explicit form of the solution:

1
2

dsiy = {HD8 (Hi:1 HaD4) } M d&Hdg”
+ (Mo HYS) {HPS (TToy HDY)}E dy?

D4 pyD4
€ 53}3451)8 {HNS5HN85 (dx ) _'_H%\ISSHNS5 (dZEZ)Q}

HD4HD4
€ /HD4HD8 {H%\IS5H?1)\IS5 (de)Q i H%\IS5H}L\IS5 (d$4)2}

HD4HD4
b (ISP HES® (d2°)? 4 HYSSHSS (d29)2);

1
4 3 B -3
_ (Ha 1HNS5) (Ha 1HD4) (HPS) "%
— —(%H}L\I% (HDS)_ ] Hx2:c3:c5 = —8yH%\IS5 (HDS)
— —9,HNS (HP®) ™' Hyipaps = —0, HNS5 (HDS)
— ay}IlDLl; Fypip245.6 = ayH%DLL;
= 9,HPY F = 0,0 (]]

Srd RTN-workshop, Valencia



LMU Properties of this solution:

MANK-PLANCK-CESELLECHAFT

Srd RTN-workshop, Valencia



)
I.MU Properties of this solution: '@f’/

MANK-PLANCK-CESELLECHAFT

® Smeared (thick) branes:

D4y{1 -3 (

y 0

3rd RTN-workshop, Valencia



I.MU Properties of this solution:

® Smeared (thick) branes:

D4 {1—%( Yy < Yo
Do, Y = Yo

e Near horizon limit ¥ — 0: AdS, x T°
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I.MU Properties of this solution:

® Smeared (thick) branes:

D4 {1—%( Yy < Yo
Do, Y = Yo

e Near horizon limit ¥ — 0: AdS, x T°

e For y —o00: R» xT°
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I.MU Properties of this solution:

® Smeared (thick) branes:

Yy < Yo
Y = Yo

e Near horizon limit ¥y — 0: AdS, x T°

e For y —o00: R» xT°

® All moduli take finite, fixed values at horizon, agree
with those from minimizing the flux superpotential.

3rd RTN-workshop, Valencia



I.MU Properties of this solution:

® Smeared (thick) branes:

1 D4
5Ca Y0 Y 2 Yo

H{ Riyf1 -5 ( v < o
e Near horizon limit ¥y — 0: AdS, x T°

e For y —o00: R» xT°

® All moduli take finite, fixed values at horizon, agree
with those from minimizing the flux superpotential.

® Non-vanising tadpole: need (smeared) D6-branes
and Oé6-plane.

3rd RTN-workshop, Valencia



LMU T-dual type |l B description:

MANK-PLANCK-CESELLECHAFT

Srd RTN-workshop, Valencia



LMU T-dual type Il B description:
T-duality in 1 direction:

MAX.-PFLANCK-CESELLESCHAFT

Wi = i(e1U1 + caUs + ¢3Us + ¢1Th + €315 + e3T5 + moUrToT5 + apS)

This includes geometrical fluxes.
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I.MU T-dual type Il B description:

T-duality in 1 direction:
Wi = i(e1U1 + caUs + ¢3Us + ¢1Th + €315 + e3T5 + moUrToT5 + apS)

This includes geometrical fluxes.
Corresponding branes:

€O €1 52 Y 1 $2

®

D3
D5
D5’
D7
NS5
NS5’
KK
KK’

XXXV XXX
XXXV KXXKRXK
XQXKXXXXK
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I.MU T-dual type Il B description:
T-duality in 1 direction:
Whs = i(61U1 + ¢oUs + ¢3Us + 111 + €215 + 3T + moU T2 T5 + apS)

This includes geometrical fluxes.
Corresponding branes:

€O €1 52 Y 1 $2

®

D3
D5
D5’
D7
NS5
NS5’
KK
KK’

X

® ®
® K

norizon: AdS, x N, (Nilmanifold)

Srd RTN-workshop, Valencia
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LMU Resume:

We found new supersymmetric brane solutions
that correspond to AdS, flux vacua.
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LMU Resume:

MAX. PFLANCK-CESELLSCHAFT

We found new supersymmetric brane solutions
that correspond to AdS, flux vacua.

Open problems:
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LMU Resume:

MAX. PFLANCK-CESELLSCHAFT
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We found new supersymmetric brane solutions
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Open problems:

® Entropy count of brane configurations.

e Ubplift to dS and its brane description.

e Characterization of brane configurations via
generalized geometry.
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