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Outline of the Lectures

® An QOverview

¢ Motivation

¢ D-branes and Flux Compactification (in a broad brush)

e D-brane Constructions of the Standard Model

# |Intersecting branes, magnetized D-branes, branes at singularities,...

¢ MSSM flux vacua: Moduli stabilization, SUSY breaking, ..

¢ Warped throats in string theory: Hierarchy problem, brane inflation, ...
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String Phenomenology

® Model Building
® Calculation of the low energy effective action.

® Studies of phenomenological features.
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String Phenomenology

i Focus of
® Model Building h these lectures

® Calculation of the low energy effective action.

® Studies of phenomenological features.

See review: Blumenhagen, Cvetic, Langacker, Shiu,
e o0 hep-th/0502005 + references therein.



Motivations




Motivations

String theory unifies gravity and gauge interactions, thus
provide a consistent UV completion of:

Particle Physics beyond Early Universe
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Motivations

String theory unifies gravity and gauge interactions, thus
provide a consistent UV completion of:

Dark Matter?
Inflation? '

Dark Energy?

_ Particle Physics beyond Early Universe

+he St+andard Maodel Coemoloav



ranes and Extra Dimensions
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Branes and Extra Dimensions

-
Large Dimensions:

Arkani-Hamed,
Dimopoulos, Dvali




Branes and Extra Dimensions

- ) ) Y
Large Dimensions:

Arkani-Hamed,
| Dimopoulos, Dvali

Warped Dimensions:

Pal 1l oliiglainiigy
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Many Roads to the SM
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Many ways to construct D=4, N=1 SUSY vacua
with non-Abelian gauge groups and chiral matter.

Heterotic on CY3

Type |l Orientifold
Horava-Witten

lux compactification

M theory on G2

Generalized geometries, F theory on CY4
W%geometric Vacua‘ L e /141
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Why D-brane Models?

@ Branes are essential in many new testable scenarios
of string theory & BSM physics.

@ Related to other constructions by known dualities.

@ D-branes: best understfood non-perturbative objects
of string theory (open strings).

@ Geomeftric: What you see is what you get.

@ Can be combined with other tfools: background
fluxes, warped throat, AdS/CFT, ...



D-branes and Fluxes
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D-branes

collective coordinates

Open strings: 1 ™ -
of D-branes Y

Worldvolume fields:

— U(1) gauge field
mrsa o000 @ — p Scalars (resp. fermions), i.e., Goldstone bosons (Goldstinos)



D-branes

Coincident D-branes:
U(1)N — U(N)

non-Abelian
gauge symmetry!

Norldvolume fields:

— U(N) gauge field
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D-branes

Coincident D-branes:
U(L)N — U(N)

non-Abelian
gauge symmetry!

Norldvolume fields:

— U(N) gauge field

irsa:
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Fluxes

e Just like particle couples to gauge fields via:

4'1
/wortdiine

e D,-brane couples to p+1 form gauge fields A4, 4 (NSNS & RR fields):

A
/wnrldvnlume rri

Note: *4p+1 lives in the bulk, not to be confused with gauge fields
localized on D-branes.

e Thus p+ 2-form field strengths (i.e., fluxes):

Foyo=dA, 4,



Flux Compactification

On various
cycles: 7

Y 7 o
Energy ~ — [ (E© + B®) V ni.no L (Oz)

=g 1iNiMize flux induced potential stabilize modulil....



Type |IB Flux Vacua

Summing over all contributions to tension:
T - T —12 e 2
Vitur = Taux + T+ Toa = /k_ e where =G5 = +iG3
-
which can be derived from the superpotential:
= /.M QAG3 Gukov-Vafa-Witten

The vacuum energy is minimized for ISD flux: *¢ G3 = iG3

- v

3 3 *G3=1G
E xS H; F3 3 3
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Type lIB FluxVacua

Summing over all contributions to tension:
r — — il = = St
Vitue = Thux + Tp3z +Toz = /Y 1G5 where »6G3 = +iG3
A6
which can be derived from the superpotential:
W=[ aae kov-Vafa-Witte
f.—M NG3 Gukov-Vafa-Witten

The vacuum energy is minimized for ISD flux: ¢ G3 = iG3
Fs *G3FiGy

Y

T3x T3
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Flux-induced SUSY breaking

Several sources of SyS’f:/ fluxes, KKLT effects, uplifting, ...

D7

< _- 4 ' UJI : -
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Flux-induced SUSY breaking

Several sources of 598’{ KKLT effects, uplifting, ...

ISD G 4
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Flux-induced SUSY breaking

Several sources of Sy&‘{ KKLT effects, uplifting, ...

D7

Gravitational attraction
cancels RR repulsion G

D7 feels no force:
no soft terms
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Flux-induced SUSY breaking

Several sources of 598{ KKLT effects, uplifting, ...

Gravitational attraction
& RR repulsion add up

Attract to region e
with max ISD flux: ' =

soft terms
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Warped Geometries

Fluxes gravitate = backreact on underlying metric and induce warping.

N
. &
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Warped Geometries

Fluxes gravitate = backreact on underlying metric and induce warping.

At — Z(.I?m) - 1..-"'20:-5% -+ Z(Im)l_.’QQr”nd__rden
VZ = gs|G3|"+gsY_ 6(D3) —gs Y 6(03)
X6
Z = |
Pk &
| }'14
B IR e el | N - —J
| ~
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Strongly Warped Throats

If the fluxes are localized, e.g., warped deformed conifold:

e F=M
g _ Y (27 )2 s
‘“""‘*—L—-_—ﬂ_h__ ——— e T *
_H_d_ﬁ_""'-x__ —— | ff — “—I'L.
ﬁ"'m___‘_%_—_h = (27) 2a/ / B
AdSs
IR ) Uv

Stringy realization of the Randall-Sundrum scenario.

IR: warp factor is stabilized to . 3
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Brane Inflation

See McAllister’s lectures
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Plan of the lectures

@ D-branes & Chiral Fermions

@ Intersecting brane: spectrum & SUSY

@ Compactification: new featurs & constraints

@ Orientifold: ingredient for compact SUSY models
@ Explicit intersecting brane models

@ MSSM flux vacua

# Models with Warped throats



Plan of the lectures

@ D-branes & Chiral Fermions

@ Intersecting brane: spectrum & SUSY

@ Compactification: new featurs & constraints

@ Orientifold: ingredient for compact SUSY models
o Explicit infersecting brane models

® MSSM flux vacua

® Models with Warped throats
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