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MODULI STABILISATION










Perturbative vs Non perturbative :



Exponentially Large Volumes

BBCQ, CQS (2005)

* Perturbative (alpha’) corrections to K
At least two Kahler moduli (h,,>h,>1)
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‘ Y~ efsTs > 1] with Tg N ﬂ a.~2m/g_ N

Js

Exponentially large volumen !!!

String scale: M 2=M?
Ms=1 TeV problematic from 5t force

JV

Planc



Large volume AdS

Both minima
close



Scanning the Landscape

AbdusSalam et al



General Conditions for LARGE
Volume



General Scenarios

W,~10-1<<1 (or Wy~1 plus warping)

Fits with coupling unification

Natural scale of most (all?) string inflation models.
Axi-volume quintessence scale (w=-0.999....)

W,y~1
m,~1 TeV
QCD axion scale

neutrino masses LLHH

W~1
Most exciting, but 5th Force (volume modulus m~10-1° eV)



LARGE Volume Implies

= Magnetised D7 - Brane wrapping a small’
four-cycle =mmmp  (F-Theory)

* Fractional D3/D7 Brane at a singularity
(collapsed cycle)



» Standard Model in small cycle

 SM cycle NOT fixed by non-perturbative
effects:

Blumenhagen et al.

Cicoli et al.

MSSM: <®>=0, so W=0,
(singularity)? Or <|®|?>=



Universe

D3 Brane
or

DY Brane




Aldazabal,lbanez, FQ, Uranga 2000
Verlinde,Wijnholt 2006, Vafa et al 08



Local Brane Models
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Standard Model at Fractional
D3/D7 Branes at Singularities
Revisited



Simple Singularities/Quivers

e.g. del Pezzo 0= C,/Z,

n; D3 Branes (group MNMU(n;))
m; D7 Branes (group MU(m,))
Arrows=bi-fundamentals

W=closed arrows loop

(=0 in smooth P2, Conlon et al)

3 Families!

Anomaly/tadpole cancelation

Hypercharge (n;#n;)



Standard Models LR-Symmetric Models



e.g. LR Model

» 3 families SU(3)xSU(2), xSU(2)xxU(1)g,

* B-L normalisation 32/3 +
‘three Higgses’ === unification at 10'% GeV !
 Proton stability from global U(1)g, .

* F-Theory Realisation (compact CY)

L

X,=K3xK3/Z,

Aldazabal, Ibanez,
FQ, Uranga



Conlon, Maharana, FQ

E-values (M,M,0).
::> From global flavour symmetry SU(3) (?)

SU(2)xU(1) Flavour symmetry
(allows e-values (m,0,0)).

Higgsing ® gives spectrum of dP0!



e.d. Realistic dP1 Models



Moduli Stabilisation and
Supersymmetry Breaking



PHENOMENOLOGY

D7 terms

gauginos -10
scalars

A terms
m3 /2

(I

-'6 loglo Wo

(uplifting irrelevant
for soft terms)

D7 terms

—
-17.5 -15-12.5 -10 -7.5 -5 -2.5 logo it



LARGE Volume
Standard Model on D7 Branes



Universality
No extra CP violation

M; = mg, /'log (Mp/my),)
String scale 10" GeV

Solves hierarchy problem

See also Aparicio-lbanez



Stringy source of universality

Approximate no-scale + locality

Also: Anomaly mediation suppressed !!!

CP Violation



CKSAQ 0705.3460[hep-ph]



Renormalisation group running

Allowed Fegions



Low energy spectrum



MSUGRA

Intermediate vs
GUT scale



Use EFT valid close to singularity

Soft terms highly suppressed!

Am<<mg,

From loop corrections, Dilaton, other small
Kahler moduli, Complex structure, also
Gauge mediation through massive U(1),...

(in progress (CMQ)).



Towards a Compact Model

* hy>hy4>3 (e.g. h*4=3, h7y,=1)
* At least one blow-up
* Tadpole cancellation (D7s, Fluxes)



Conclusions



