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e Standard Model (SM) describes strong and electroweak
interactions

e Gravitational interactions not negligible at E ~ Mpj,nck

— Quest for a unified theory
Bottom-up approach:

— SM
— MSSM

—

—

— (Superstring/M-theory)
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@ Supersymmetry and supergravity

© Compactification and dimensional reduction

© Fluxes

@ Original part: type IIB supergravity
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Why supersymmetry?

Solves the hierarchy problem Mg, /Mp; ~ 1016
Improves the of the theory

Coupling constant unification
Candidate for Dark Matter

e 6 66 o6 o
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What is supersymmetry?

@ Supersymmetry: symmetry which relates bosons and fermions
@ Maximal extension of the Poincaré group (HLS theorem)
@ Algebra with N spin-1/2 generators ( )

@ Supermultiplets: contain particles with the same mass (exact
susy) = supersymmery broken
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What is supergravity?

@ Supergravity: gauge theory of supersymmetry
e Gravity supermultiplet: (spin 3/2, spin 2)
@ gravitino and graviton

= describes gravitational interactions: supergravity
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The supergravity action

Complete action depends on three functions:
o Kahler potential K
@ superpotential W

@ gauge kinetic function f(,p)
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1
Loure = —5 eR+ e V,5,0,V, + ...

Some notations:
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o DiW =W, + KiW

35



The N =1, d = 4 supergravity action

Some pieces from the N = 1, d = 4 supergravity Lagrangian:

1
Loure = —5 eR+ e V,5,0,V, + ...

Lkg = e Kji(a“fj)(auzf) + ...

Some notations:

@ z; complex scalar fields
o W:=0o;W
o DiW =W, + KiW
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The N =1, d = 4 supergravity action

Some pieces from the N = 1, d = 4 supergravity Lagrangian:

1
Lowre = =75 e R+ e VU,7,0,V; +.

Lkg = e Kj,-(a‘?j)(auz") +

Some notations:

@ z; complex scalar fields
o W:=0o;W
e DIW=W,+ KW
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What can we do?

Superstring theory/ M-theory

Need for an effective theory in d = 4
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Starting point

: supergravities in D = 10,11

*Theory Bosonic fields

| ¢ Gun A

| © Guv P By An) gauge

| = Gun _ ® Bp ‘= Crn S S Go o Sy
Gun _ ® Bp) o= G G Ce)  Cay = G
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Compactification and dimensional reduction

— D =10 (11) space-time
(d = 4 Minkowski) x (k =6 (7) compact space)

— Expansion of the D = 10 (11) fields in an infinite tower of
d = 4 fields

— Dimensional reduction — truncation: L — 0

l

— Result: d = 4 theory for a finite numer of fields
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Compactification and dimensional reduction

Simplest example
Free massless complex scalar field in D =5 on a circle of length L

@ Action:

S5 = /d5x (Ome)* (8" ), M=0,1,2,3,5

o Identification y =y + L
s= [t [ Y [omer@™a)] . =)

@ Periodicity conditions

o(x,y + L) =p(x,y)



Simplest example
Free massless complex scalar field in D =5 on a circle of length L

@ Fourier series expansion

p(x,y) = Z«pn

nGZ
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Simplest example

Free massless complex scalar field in D =5 on a circle of length L

@ Fourier series expansion

1 i( 2zn y
p(x,y) = WZ%(X)G( ©)

nez

@ Infinite d = 4 scalars

s=[axy [(awn)*(awn) - (”[)2 |son|2]
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Simplest example

Free massless complex scalar field in D =5 on a circle of length L

@ Fourier series expansion

p(x,y) IZ%

nez

@ Infinite d = 4 scalars

5= [ d*x [m) (awn)—(%L”)anF]
neZ

@ Kaluza-Klein tower of states

wr-(2)
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Simplest example

Free massless complex scalar field in D =5 on a circle of length L

@ Truncation: L — 0

5 / d*x [(Dup0)” (8"0)]
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Simplest example

Free massless complex scalar field in D =5 on a circle of length L

@ Truncation: L — 0

5 / d*x [(Dup0)” (8"0)]

@ (o is massless

5%



Next-to-simplest example
Introduction of the Scherk-Schwarz twist in the previous example

@ Action as before

5O



Next-to-simplest example
Introduction of the Scherk-Schwarz twist in the previous example

@ Action as before

o Identification y =y + L

60



Next-to-simplest example

Introduction of the Scherk-Schwarz twist in the previous example

@ Action as before
o Identification y =y + L
@ Scherk-Schwarz twist with U(1) symmetry

oy +L)=e"o(y), [u] = (mass)

61



Next-to-simplest example

Introduction of the Scherk-Schwarz twist in the previous example

@ Action as before
o Identification y =y + L
@ Scherk-Schwarz twist with U(1) symmetry

oy +L)=e"o(y), [u] = (mass)

In general

ey +L)=To(y)

T symmetry of the action
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Next-to-simplest example
Introduction of the Scherk-Schwarz twist in the previous example

@ General solution

: 1 i( 2=n y
o(x,y) = e’“yﬁan(X)e( )

nez
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Next-to-simplest example

Introduction of the Scherk-Schwarz twist in the previous example

@ General solution

: 1 i( 2=n y
o(x,y) = e’“yﬁan(X)e( )

nez

@ with action

sz/d“xz

nez

[@@n)*(awn) |

2
Iwn\zl
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Next-to-simplest example

Introduction of the Scherk-Schwarz twist in the previous example

@ General solution

: 1 i( 2=n y
o(x,y) = e’“yﬁan(X)e( )

nez

@ with action

sz/d“xz

nez

[@@n)*(awn) |

2
Iwn\zl

o Kaluza-Klein tower of states with

2mn
Mo =0
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Next-to-simplest example
Introduction of the Scherk-Schwarz twist in the previous example

@ Truncation: L — 0

5= [ d'x [(@uen) (@0) il ]
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Introduction of the Scherk-Schwarz twist in the previous example

@ Truncation: L — 0

5= [ d'x [(@uen) (@0) il ]

@ now massive!

mo = |u| # 0
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Next-to-simplest example

Introduction of the Scherk-Schwarz twist in the previous example

@ Truncation: L — 0

5= [ d'x [(@uen) (@0) il ]

@ now massive!

mo = |u| # 0

Observation

Dimensional reduction ~ local redefinition

o(x,y) = €™ p(x)
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Aim:

N=1 d=4
effective
supergravity
theory

60



Supergavity compactifications

Aim:

N=1 d=4
effective
supergravity
theory

through

orbifold
compactifications

70



Supergavity compactifications

Aim:

N:].,d:4 Orbifold(’):/\/l/g
effective @ M manifold
supergravity @ G discrete group
theory acting on M
through

orbifold

compactifications

71



Supergavity compactifications

Aim:
N:].,d:4 Orbifold(’):/\/l/g
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@ Examples:
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Supergavity compactifications

Aim:

N:].,d:4 Orbifold(’):/\/l/g
effective o M manifold
supergravity @ G discrete group
theory acting on M

@ Examples:
T2 = R?2/(Z x Z),
SY) 7y, T2 )7, ...

through

orbifold
compactifications
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Six cases studied (bosonic sector)
@ N =1 (heterotic) supergravity (without YM)
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Supergravity compactifications

Six cases studied (bosonic sector)
@ N =1 (heterotic) supergravity (without YM)
@ IIA with O6 orientifold
@ 1IB with O3/07 orientifold
Q 1B with O5/009 orientifold
© M-theory (— lIA)
@ M-theory (— heterotic)
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Torus compactifications

@ Supergravity theory in D dimensions — compactify it to 4
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Torus compactifications

@ Supergravity theory in D dimensions — compactify it to 4
dimensions on a k-torus, k =D — 4

e coordinates x" = (x* x'), (1 =0,...,3), (i =5,...,D)
e identification x' = x' + 27R
@ metric reduction Ansatz:

Gty = (S 0 ) ©)

o Weyl rescaling: string frame — Einstein frame

Al A
Guw =58 " Gu

86



Orbifold compactifications

Orbifold action Zy x Z/ on the coordinates

x2 xP xT x8 X9 xI0
Ly |- — — — 4+ +
Zy |+ + - - = =
Ly | — — + + — -

— three invariant two-tori T® = T? x T? x T2

Q7



Orbifold compactifications

Metric components:

G — { blockdiag (5~ Gy, Gijrs Giipy Gijy) D =10
(3)
where
i ((R+P2) Da
Gipja = A < Da 1 (4)
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Orbifold compactifications

Metric components:

. _ ) blockdiag (3 ! =
YN blockdiag (387G, Gijy» Gijy» Gijs, ¥) D =11

where

G _%A((fli+ﬁf\) ﬁA>
I'AjA_i A~

LAIA 19\ 1
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Orbifold compactifications

Consequence:
o D =10,
_ 5
e 26 — Y
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Orbifold compactifications

Consequence:

e D =10,
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Supergavity compactifications

Result:
o N =1, d =4 effective theories

(o))



Supergavity compactifications

Result:
o N =1, d =4 effective theories
@ 7 complex scalar fields S, Ta, Ug (A, B =1,2,3)

03
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Result:
o N =1, d =4 effective theories
@ 7 complex scalar fields S, Ta, Ug (A, B =1,2,3)

@ Kahler potential K:
3
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B=1
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Supergavity compactifications

Result:
o N =1, d =4 effective theories
@ 7 complex scalar fields S, Ta, Ug (A, B =1,2,3)

@ Kahler potential K:
3

K(57A7UB) - _Iog(s—‘r?)—Zlog(TA_i_?A)_i_
A=1
3 —
- Z log(Ua + Ua)
B=1

@ Superpotential W =0<= V =0

(0]



@ Ordinary dimensional reduction — V =0
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@ Ordinary dimensional reduction — V =0
@ Need for moduli stabilization:

e long range forces mediation
o loss of predictivity

Q7



@ Ordinary dimensional reduction — V =0
@ Need for moduli stabilization:

e long range forces mediation
o loss of predictivity

generate a scalar potential by using fluxes \

= moduli stabilization?




1. Fluxes

(e]6]



Different kinds of fluxes

Two kinds of fluxes considered:
@ potential p-form fluxes

@ Geometric fluxes
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Potential p-form fluxes

Potential p-form fluxes
@ Theory with p-forms A,y and field strengths F(, 1) = dA(,)
@ Fluxes are non-trivial VEVs for the internal components of
Flor1)

o
e d = 4 Poincaré symmetry preserved
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Geometric fluxes

Geometric fluxes

@ Scherk-Schwarz twist with global symmetry — mass
parameter
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Geometric fluxes

Geometric fluxes

@ Scherk-Schwarz twist with global symmetry — mass
parameter

o effect absorbed in local redefinition
° local

@ Interesting case: gravity, invariant under GCT

Twisted torus
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@ Generalized dimensional reduction: — fields depend on x'
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Geometric fluxes

Generalized dimensional reduction: — fields depend on x’
@ Then:

e ordinary dimensional reduction limit = equal number of d.o.f.
o effective d-dimensional theory

(]

— dependence on x' cancels due to a symmetry

— Lie Group with CUk

o .k k
gravitational case: w;" ~ C;

—> geometric fluxes
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Scalar potential from geometric fluxes

Geometric fluxes generate a scalar potential

Ve = 8 —Gy 571 [2wjk'wi,JGk/ —I—wjk'wm,,lG,-/GJmGk”]
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Consistency conditions

@ No sources
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@ No sources = Consistency conditions (Discussion of the
NS-NS sector)
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H=dB +H, H = const.
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@ No sources = Consistency conditions (Discussion of the
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Consistency conditions

@ No sources = Consistency conditions (Discussion of the
NS-NS sector)
Bl: dH +wH =0 H=dB
solution:
H=dB +wB +H, H = const.
if wH = 0 “tadpole conditions”

@ Jacobi identity:

k i
Witi Y] =0

@ Invariance of the volume form:

i
wij—O
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IV. Original part: type |IB
supergravity
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Original part

Study of two examples:
a) 1B with O3/07 orientifold
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Original part

Study of two examples:
a) 1B with O3/07 orientifold
a) 1B with O5/09 orientifold
In each case:
@ turn on some fluxes
@ computation of V and W

@ study of vacua and moduli stabilization
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lIB with O3/07 orientifold

[IB with O3/07 orientifold
Fluxes and superpotential

@ No geometric fluxes
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[IB with O3/07 orientifold
Fluxes and superpotential

@ No geometric fluxes
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lIB with O3/07 orientifold

[IB with O3/07 orientifold
Fluxes and superpotential

@ No geometric fluxes

@ Turn on: Fs79, Fs710, Fes10. Fe710, He710
Then

Wosjor = 2V2e™ [l’ Fs79 — UsFs710 + U1 U2 Us Fegio +

— i U1 UsFe710 + SU1 UsHer10
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lIB with O3/07 orientifold

[IB with O3/07 orientifold
Fluxes and superpotential

@ No geometric fluxes

@ Turn on: Fs79, Fs710, Fes10. Fe710, He710
Then

Wosjor = 2V2e™ [l’ Fs79 — UsFs710 + U1 U2 Us Fegio +
— i U1 UsFe710 + SU1UsHe710

Independent of Ty
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lIB with O3/07 orientifold

[IB with O3/07 orientifold
Consequences

@ Scalar potential positive semi-definite

Vozjor = \/—546‘K“(5+§)W5—W\2+
3

+ 3 |(Us + Ug) W, — WH
B=1

Lin the absence of sources
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lIB with O3/07 orientifold

[IB with O3/07 orientifold
Consequences

@ Scalar potential positive semi-definite

Vozjor = \/—546‘K“(5+§)W5—W\2+
3

+ 3 |(Us + Ug) W, — WH
B=1

@ Vacua (susy and not) only for trivial values of the fluxes?
—> Maldacena-Nuiez no-go theorem

Lin the absence of sources
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lIB with O3/07 orientifold

[IB with O3/07 orientifold
Consequences

=—> Moduli not stabilized
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lIB with O5/09 orientifold

[IB with O5/09 orientifold
Fluxes and superpotential

@ Geometric fluxes: yes
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lIB with O5/09 orientifold

[IB with O5/09 orientifold
Fluxes and superpotential

@ Geometric fluxes: yes

9 7 8 10
@ Turn on: ws;”, Wsg', We1p°s Wes
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lIB with O5/09 orientifold

[IB with O5/09 orientifold
Fluxes and superpotential

@ Geometric fluxes: yes

o Turn on: we,?, weg”, We10°, Weg™®
@ Then
WO5/09 = 2\/§ e'” |:u)597 T2 U2 — iw6108 T2 U1 U3 +

— wer? TaUs + i weg™® TsULUs
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lIB with O5/09 orientifold

[IB with O5/09 orientifold
Consequences

@ Scalar potential accidentally positive semi-definite

3

V(z') = \/—@eK[Z|(TA+TA)WTA—W\2+
A=2
3

+ 5" (Us + Ug)Wy, — WP~ \WF]
B=1
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lIB with O5/09 orientifold

[IB with O5/09 orientifold
Consequences

@ Scalar potential accidentally positive semi-definite = only
Minkowsky vacua

3

V(z') = \/—@eK[Z|(TA+TA)WTA—W\2+
A=2
3

+ 5" (Us + Ug)Wy, — WP~ \WF]
B=1
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lIB with O5/09 orientifold

[IB with O5/09 orientifold
Consequences

@ Scalar potential accidentally positive semi-definite = only
Minkowsky vacua

3

V() = ,/_?;4e’<[Z|(TA+TA)WTA—W\2+
A=2
3 —_—
+ 5" (Us + Ug)Wy, — WP~ \WF]
B=1

o trivial susy vacuum ws;® = wee’ = we1o® = weg'® =0
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lIB with O5/09 orientifold

[IB with O5/09 orientifold
Consequences

@ Scalar potential accidentally positive semi-definite = only
Minkowsky vacua

3

V() = ,/_?;4e’<[Z|(TA+TA)WTA—W\2+
A=2
3 —_—
+ 5" (Us + Ug)Wy, — WP~ \WF]
B=1

o trivial susy vacuum ws;® = wee’ = we1o® = weg'® =0

@ I non susy vacua for non-trivial values of the fluxes
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lIB with O5/09 orientifold

[IB with O5/09 orientifold

Consequences

— stabilization of some moduli with geometrical fluxes

145



Vacua in IIB with O5/09 orientifold

Classification of non-trivial vacua:
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Vacua in IIB with O5/09 orientifold

Classification of non-trivial vacua:
i) Case wg10® = 0 = wgg'?, ws7?/wee” < 0 (non susy)

@ = i ()
<l/2> = <l/3>:0 (5)
(r2) = (m3)=0
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Vacua in IIB with O5/09 orientifold

Classification of non-trivial vacua:
i) Case wg10® = 0 = wgg'?, ws7?/wee” < 0 (non susy)

9
() = —2 (42)

<l/2> = <l/3> =0 (5)
(r2) = (m3) =

i) Case wgg'®/wg10® < 0, we, /wsg” < 0 (non susy)
() = /o sy ()
() = \fLreg () (6)
(o) = (v3) =
(r2) = (m3) =
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Spectrum in type i) vacua

Gravitino mass

1
m§/2 = <eK ‘W|2> = —ZW579 wso' ((strur) ™t
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Spectrum in type i) vacua

Gravitino mass

1
m§/2 = <eK ‘W|2> = —ZW579 wso' ((strur) ™t

Field Squared mass
ty—tytuz—up 2
(= 32 m3,
/ / / ! 2
Ty, T3, Vo, V3 8 m3
t3+t2+“3+“2 0

(t3+t2 uy— “2)
( 3—t— “3+“§>

/ l
s, o tl, 7'1, ul, Vl

0
0
0
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@ Supersymmetry
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@ Supersymmetry — SM extension

152



@ Supersymmetry — SM extension

@ Supergravity
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@ Supersymmetry — SM extension

@ Supergravity — includes gravity
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@ Supersymmetry — SM extension
@ Supergravity — includes gravity

@ Superstrings/M-theory
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@ Supersymmetry — SM extension
@ Supergravity — includes gravity

@ Superstrings/M-theory — supergravity in D = 10 (11)
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@ Supersymmetry — SM extension

@ Supergravity — includes gravity

@ Superstrings/M-theory — supergravity in D = 10 (11)
@ Compactification and dimensional reduction
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@ Supersymmetry — SM extension
@ Supergravity — includes gravity
@ Superstrings/M-theory — supergravity in D = 10 (11)

@ Compactification and dimensional reduction — moduli
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@ Supersymmetry — SM extension

@ Supergravity — includes gravity

@ Superstrings/M-theory — supergravity in D = 10 (11)
@ Compactification and dimensional reduction — moduli
o Fluxes
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@ Supersymmetry — SM extension
@ Supergravity — includes gravity

@ Superstrings/M-theory — supergravity in D = 10 (11)
@ Compactification and dimensional reduction — moduli
°

Fluxes — moduli stabilization
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@ Supersymmetry — SM extension
Supergravity — includes gravity

Superstrings/M-theory — supergravity in D = 10 (11)

o
o
@ Compactification and dimensional reduction — moduli
@ Fluxes — moduli stabilization

o

Original part: 11B on T®/(Zy x Z5)
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The End

The End
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supergravity action

1
Sii = — [ d'x (—G11)1/2 [Rll -5 ‘F(4)‘2] +

“% / Ae) N Fay A Fa

In general, given a p-form F(,), we use the convention

1
[Fio)l* = 5y G- GMP% Py, P
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supergravity action

S / dx (~Gio)"? & 2°[Rig + 4(00)(9,9) +
= |Hz —ﬁTl"v\Fﬂz
‘ ()’ e o]

where

- k2
Hs) = dB2) — gTo w(3)

the Chern-Simons 1-form is
2i
we =Trv (A(l) NdAw) = 3 Ag) Ay A A(l))

and gyo is a gauge coupling parameter
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supergravity action

Sia = Sns + Sr + Scs

where
1 _
Sns 2 dx (~Gyo)'/? e72° [Rm +
10
+4(0"0)(2,9) — 5 |Hy ]
1 10 1/2 2 2 = |2
Sp=-— TR d*"x (—Gip) M +’F(2)‘ +‘F(4)‘
i0
1
Scs =~ | By NFay N
10
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supergravity action

and with

1
F(4) = dC(3) + EMB(2) N B(Z)

Fay = Fa) — Ca) A Hgs)
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supergravity action

Sie = Sns + Sr + Scs

where
1 _
Sns 2/(120 d0x ( G10)1/2 e 2® [Rlo—F
1
+4(0"9)(9,9) — 5 |H) |
Sp = 1 leX( G10 “Fl‘ +’F ’ +
4/<120 )
2
+5[Fol ]

1
Scs =42 / Cay A Hig) A Fes
10
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supergravity action

and with

Fis) = F@) — Co) A Hs)

- 1 1
Fs) = Fi5) = 5C2) N Higy + 5B2) A Fa)
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Torus compactifications

0
\

1 _ 1 2
%/dex/—GDe 20 {RD+4(8“¢)(8H¢) - §e2¢ |Fps1)] } =
1 ~ ~
2—2/014“/—@4\/@ (e*”@*l) [R4 - g§*2(aug)(a“§)+

Ky

v (5, (o Les.)) (o (o Jec.)) +

1
— 4 G™"GPT (9 Gnp) (9" Gq) + (04 Bup) (0" Bug)) +

1o
-8 Hywp HM P +

2(P|)§262¢ G Gmpﬂan(FMl’P'M‘“mpﬂ) (Fuupm-wnpﬂ) +
1,1
-5 TG G Dy A my) (8“A,,2...,,P+1)]
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Orbifold compactifications

s = 2 [ax/-G Ve (e ) [Ri- e (@000 +
2k} 2
1
— 3 G™GP® (0, Gmp)(0" Gna) + (0 Bimp) (0" Bra)) +

1,
-5 82 Hyyp HHYP 4

1
a 2( |)§2e2d> G- Gmp“nPH(FHl’Pmr--"’pﬂ) (Fuupnr'-npﬂ) +
p!
1 1
= S G G (O Ay ) (9 Aryn )]
p!
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N = 1 (heterotic) supergravity (without YM)

Fields in A/ = 1 supergravity
Dilaton B (>
Metric moduli . ta, Qa, Da
NSNS two-form B(2) : Bsg, Brg, Boig, Bl“’ — 0
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N = 1 (heterotic) supergravity (without YM)

Define
71 = Bsg, T2=Brg, T3= Boio
Reduced action:
1 ~ = 1(8,3)(0"8) + (9u0)(8" )
S = = [d**\/ -G |Ry — = -
22 ] ©F [R5 2 *
_ L5~ Q@) + Oura)(@7a)
2 t2
A=1 A
1

1 é (94 04) (9" 12) E GG

N
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N = 1 (heterotic) supergravity (without YM)

Redefinitions:
S=S5, ta=ta, Us=lUa, va=ip, A=1273

Seven complex scalar fields:

S = s+io
Tao = ta+ita
Up = ua+ivy

Kahler potential

3 3
K =—log(S+5) — ) log(Ta+Ta)— ) log(Us + Up)
A=1 B=1
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1A with O6 orientifold

5 6 .7 .8 9 10 5 6 7 8 9 10
R: (¥, x7,x",x°%,x7,x7) = (—=x>,+x°, =x", +x°, —x7, +x)

Combined orbifold/orientifold actions
T35 X6 7 8 9 10
R -+ -+ =+
ZrR S s S =
ZHR e S
LoZoR @ + — — 4+ + -

Four O6-planes:

(6810), (5710), (679), (589)
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1A with O6 orientifold

Orientifold action on the fields
o — 40
B — —-B
G — 4G
—
—

C)
C(3)

—C)
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1A with O6 orientifold

Fields in type 1A with O6
Dilaton $
Metric moduli  ta, 0a
B2 Bse, Brs, Boo
Cp) Cs710, Gss9, Cor9, Cosio
G;AJA=<tA(;JA 2) . A=1,2,3 (7)
ua
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1A with O6 orientifold

+

+

L 9 a“ Outa)(OHt
Z ( #UA iin) + (Ou ta)( A):| .
2 12
A= A
[(GB 8ﬂB 9 B1s) (0" B 0, B "B
,[( ) 56) 4 (Ou 782£ 78) | (O 91022 910)] N
2 2 2
1/ &2® o
2 % 0 G O G
2 (t1t2t3) [aw (On Gs710) (0" Cs710) +

(a,u Co79)(0" Cor9) +

aon (a,u C589)(8'u C589)
upu;

0 B2 013 (0, Co10) (0" C6810)]
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1A with O6 orientifold

71 =Bs¢, T =Brs, T73= Boio

v1 =—Cer9, v2=—Csgg, 13=—Cs710, 0 = Ceg10

Non-linear redefinitions:
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1A with O6 orientifold

Reduced action:

Ky

1 {(aﬂuA )(9%ua) + am)(aw)]
— +
iy {(a 4 EA)(0" 1) + m)(a“m)}
D J
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1A with O6 orientifold

Redefinitions:

th = ta, A=123

The reduced action describes, besides the supergravity multiplet,
seven complex scalar fields:

S=s+ic, Ta=ta+tita, Us=ua+iva

with Kahler potential

3 3
K= —log(S+S)— Z log(Ta+ Ta)— Z log(Ug + Ug)
A=1 B=1
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lIB with O3/07 orientifold

R:(56789

X7y X7, X, X0, X 7X10) - (7X577X677X777X877X977X10)

Combined orbifold/orientifold actions
T35 X6 7 8 9 10
R = = = = = =
ZrR T T
ZHR - - 4+ 4+ 4+ o+
LyZoR : + + — — +  +

1 invariant O3-plane and 3 invariant O7-planes:

(5678) , (78910), (56910)

181



lIB with O3/07 orientifold

Orientifold action on the fields
o — 40
B — —-B
G — +G
Cop — +Co
Co)p — —Cp
Cay — +Ca

Fields in type IIB with O3/07
Dilaton $
Metric moduli  ta, 04, D4
RR 0-form o)

Cua) Gse78. Cs6910, (78010
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lIB with O3/07 orientifold

1 — .1
5 = 5o d4x\/—G4[R4—§§*2(8M§)(6“§)+
Ky

- ;i {(améam) 4 (Ouba)(0" ) + (MA)(auﬁA)} .

Ua

1 6‘24> 2‘3
— = | == — (0, G MG
5 (t1t2t3) [t1t2 (O Co678) (0" Coe78) +

t, t
+ = (9 Cs6010) (0" Cs6010) + +=— (D Cra010) (9" Crgor0) +
ti1t3 btz

+ titts (8, Co)(OM CO)H

183



lIB with O3/07 orientifold
Axions:

71 = C7g010, T2 = Gspo10, 73 = Cse78

I/AIZI)A, UE—C(O), A:1,2,3

Define
Stitots
ta
Y
ta
s
S= 4| x=
titots
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lIB with O3/07 orientifold

s = L [ at/ G R L@ Ou0)O)

2f<c s2

-3 Z [(@LUA)(O”UA):Z (0uPa)(0"Da) n
A=1 Ua
(3u ta)(0%ta) + (BMA)(d“TA)H

t

18K



lIB with O3/07 orientifold

Finally

A

Up=1lp, S=S5

S=s+ic, Tao=tatita, Up=ua+iva

Kahler potential

3 3
K= —log(S+S)— Z log(Ta+ Ta)— Z log(Ug + Ug)
A=1 B=1
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lIB with O5/09 orientifold

5 6 .7 .8 9 10 5 6 7 8 9 10
R: (¥, x%,x",x%,x7,x77) = (+x7,+x°, +x", +x°, +x7, +x)

Combined orbifold/orientifold actions
T35 X6 7 8 9 10
R S+ + + + + +
ZrR e s o
ZHR s
ZoZyR @ — — + + - =

One invariant O9-plane and three invariant O5-planes:

(5678910) , (910), (56) , (78)
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lIB with O5/09 orientifold

Orientifold action on the fields
() — 4o
B — —-B
G — +G
oo = —CQo
Co)p — +Cp
Cay — —Ca

Fields in type 1IB with O5/09
Dilaton ()
Metric moduli  ta, U4, Da

Co) Gse, C7s, Co10, G < 0
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lIB with O5/09 orientifold

~2
Ua

_ %i {(auaA)(auaA) + (auﬁA)(awA)] N

3

1 (GM?_“A)(('?”?A)

3 > e T
A=1 A

1 0, Cs6)(0H G 9, Grg) (O G
_1 20 [( b 5622 s6) , (On 7822 ) |

2 22 2

(9 Co10)(0* Co10)
e /]

3
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lIB with O5/09 orientifold

Axions:

A

1=GCe, m=0CGs, ™=Cw, va=0a, ©

Definitions:
52
th = AN
titots
S = .’S\%lli'g,f:;
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lIB with O5/09 orientifold

L s V& [ - LRSI+ 0)@) |

52

%Z[ (0,14) (9" 01a) +(a va)(@"va) |

(3 ta)(9"ta) + (9 TA)(a’ TA)H
th
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lIB with O5/09 orientifold

Finally

~

Upa=1lp, S=5

Seven complex scalar fields
S=s+4ioc, Ta=ta+ita, Ua=ua-+iva

Kahler potential

3 3
K= —log(S+S)— Z log(Ta+ Ta)— Z log(Ug + Ug)
A=1 B=1
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M-theory (— IIA)

5 6 .7 .8 9 _10 11 5 6 7 8 9 10 11
R: (¥, x2,x",x°,x7, x7,x™) = (=x,+x°, =x", +x°, =x7, +x7°, =x*7)

Combined orbifold actions
5 X0 7 3 9 10 11

: xt x® X7 x7 x

R -+ - 4+ =+ =
ZrR e s s
ZHR S e e
LoyZoR @ + — — 4+ + - =
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M-theory (— IIA)

R action on the fields
G — 4G
Az = HAE)

Fields in M-theory (— I1A)

Metric moduli %4, U4
A@s) Ase11, As710, Asgo, Ae79, Assio, Arsi1, Agioil
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M-theory (— IIA)

1 ~r~ 1
S = — [d'x\/-G [R4 — 2572(9,8)(8"8) +
2k} 2
1 1
= 2 GG (0 Cmp) (0" Gng) — 15 G™GPIG™ (BuAmpr)(a“Anqs)]
Axions:
1 = Ase11, T2 = A7811, 73 = Aoi011

v1 = —Astio, V2= —Asgg, V3= —Aer9, 0 = Assio
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M-theory (— 11A)

s = %/d“X\/—iG‘;[ 4_75 ~2(9, 5)(alw)_1w+

V2

2
4
%i {(am(am) . (aum(auaA)} .

1

2

1 1 (i
x5 | —— (9 o
2t1t2t3[a1“ (Ours)(9vs) + 5
o

A2 (auvz)(3”V2) +

(aul’l)(a“vl) + s (8#0)(8“0)“
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M-theory (— IIA)

Redefinitions: introduce r such that
rrl=vis Tt e—=5=0r
and t4 such that

2 Ai0<:>tA=\/5,t\‘A
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M-theory (— 11A)

s - L /d4x@[4—§r (Bur) (0¥ ) +

2
4

A=1 t o5
L i (OuTa)(0*Ta) +
2 2y O
e [2 @A) + o )@ 2) +
20tk Lono 5z, (O
fll

(aul’l)(a“vl) + s (8#0)(8“0)“
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M-theory (— IIA)

Redefinitions:

ujupu3

a = 5, =/suitpus
SUA
Then
_ 1 4 6#5 (8%s) + (8p0) (8% a)
T 263 I \/_764[ 52 +
1 (Ouua)(0*up) + (0uba)(0FDa)
-5 Z : N
A=1 vl
_ 1 (Outa)(8"ta) + (auTA)(a”TA)]
2 ff\
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M-theory (— IIA)

VAEﬁA, A:1,2,3
Seven complex scalar fields
S=s+4ioc, Ta=ta+ita, Ua=ua-+iva

and Kahler potential

3 3
K= —log(S+S)— Z log(Ta+ Ta)— Z log(Ua + Ua)
A=1 B=1
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M-theory (— heterotic)

5 6 .7 .8 9 _10 11 5 6 7 8 9 10 11
R: (¥, x2,x",x°,x7, x7,x™) = (+x7,+x°, +x", +x°, +x7, +x7°, —=x77)

Action on the coordinates

T35 x0T 8 9 0 IT
R S+ + + + 4+ + -
ZoR : — — — — + + —
ZHR S s S -
LoZHR @ — — 4+ + — = -
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M-theory (— heterotic)

Invariance of the Chern-Simons term under the R projection calls
for a non-trivial action on the fields:

Action on the fields
G — +G
A — —Ap)

Fields in M-theory (— heterotic)
Metric moduli  ta, 04, Da

As) Ase11, A7zg11, Agro11, Al < O
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M-theory (— heterotic)

Axions:

1= Ase11, T =A1, T3= A1l

s - 21/ \/_7@[4_1572(85)(0,‘) 1w+

7 X
li |:(8 tA)(thA) ( “uA)(a‘L”A)+(8uVA)(8“yA):|
2 A=1 tA "’A

13 -

2 %:1 (OuTa)(OH7A) — 5% (aug)(aug)]
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M-theory (— heterotic)

Introduce a field r such that
rl=vis Tt e—=5=0r
and t4 such that

2 Ai0<:>tA=\/5,t\‘A
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M-theory (— heterotic)

s = L a/ - [f - L@ Gr)0)

i 2
2k .

S (Op0a)(0"1a) + (8uDA)(0*DA)
_22{ B s A]+

~2
A=1 [y

- E (Outa)(0"ta) + (auTA)(a"TA)]
2 tf\
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M-theory (— heterotic)

Finally:
UAE’,-)Ay V2EﬁA7 s=r, A:17273

S=s+ic, Tao=tatita, Up=lia+iva

Kahler potential

3 3
K=—log(S+5)—> log(Ta+Ta)— > (Us+ Up)
A=1 B=1
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Supergravity compactifications

N=1
(heterotic)
supergravity

(without
YM)
n= B55
T = B78
73 = Boo
S=S

th = ’fA
up = II:IA
VA = 17,4

IIA with O6
orientifold
71 = Bse
Bz
73 = Bo1o
v1 = —Cero
vy = —Csgg
v3 = —Cs10
o = Gespo _
— Sujupus
ua = —
5
_ 5
5= iy fp i3
th = E'A

1B with _

A

orientifold - / ;

orientifold

71 = Crs010 1 = Css

2= G001, = Cp

73 = Csers 73 = Coro

va = Da VA = Dp

o= —C(o) g

_  [shbty o, — 7

ta = & AT\ Tkt

s = ~ A§A S =/ §§1’fgi‘3
ft2t3 up = bp

Ua = Ua s=5

S=5

207

M-theory
(—> ||A)
71 = Asp11
T2 = Ars11
73 = Agio11
v1 = —As710
vy = —Asgg
v3 = —Ag79
o= A6810
=08
5% =30
V3 2
r—3 (1.“11‘21’3)§
52: 1
r3 t1t2t3)3
o= |/
r=./suiuauz
vp = 17,4

M-theory
(—>
heterotic)

T1 = As611

T = Ars11

73 = Ao1011
1= \[5—1
Ef‘ =120

V3 2

r—3 (1‘11‘21’3)§

52: 1

r3 (t1t2t3)§

up = fIA

vy = ﬁA

s=r



Orbifold compactifications

After some non-linear re-definitions

s = L [aw/ R - LOO Gu)r)
2
A=

i |:(8#tA) (0Mta) + auTA)(a”TA):| ]

A=

I\)‘l—‘ -J>I\.)

(8ua) (0" up) + auuA)(auuA)] N

-

MH—!
NN
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Orbifold compactifications

The reduced action describes, besides the supergravity multiplet,
seven complex scalar fields:

e S=s+io

@ To=ta+iTp

e Ug=ug+ivg
(A,B=1,2,3)
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lIB with O3/07 orientifold

@ No geometric fluxes
@ 8 3-form fluxes from the NSNS sector,

Hpmnr = Hs7g, Hs710, Hsgo, Hsgio, Herg, He710, Hesa, Hes1o

@ 8 3-form fluxes from the NSNS sector

F@y : Fs79, Fs710, Fsgo, Fssi0, Fer9, Fer10, Feso, Fesio
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lIB with O5/09 orientifold

24 geometric fluxes

5
W79

5
W7105
Wag
5
m . YWg10
: 6

nr
W79

6
w710
6

Weo

6
Ws10

7
Wos

7

u11058
Wos
w105

7
Wog

7
“106
8

Wog

8
“106

8 3-form fluxes from the RR sector:

F3) : Fs79, Fs710, Fsso, Fss10, Fe79, Fe710, Fes9, Fes10
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