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« Moduli' Stabilisation and the String
Landscape

* Exponentially Large Volumes
« SUSY Breaking

« Cosmology

« Conclusions
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String/M-Theory unigue but has many solutions

or vacua. Moduly; | Dilaton S,
Kahler T

Complex structure U
Wilson lines W, Brane separation Y

Some solutions resemble the Standard Model
and MSSM but moduli unrealistic.

Degeneracy : Discrete + Continuous (SUSY) .

Outstanding Problems: | susy breaking + Vacuum degeneracy.
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« Type lIE String on Calabi-Yau

« Turn on Eluxes
J.aF3=na ij3=mb

Size of cycle a = U,

Superpotential W=|G, A Q, G,=F,—iSH,
Scalar Potential:  V=eX |D,W|?2

Minimum D_W = 0 Fixes U, and S
T moduli unfixed: GKP



« To fix Kahler moduli: Non-perturbative D7 effects

Fluxes INen-perturbative

NS Fluxes

Wrapped 07 Brane

7 — ok [Eri.j D;WDW - 3w |1] "

SUSY AdS minimum

RE Fluxes

aw ok

Adti D3 Rranes DW=—+W—=0.

a0

(Wp << 1)



« Lifting to de Sitter (add anti D3 branes, D-terms, etc.)

KKLT, BKQ, SS,...

SUSY breaking term

axion volume




e Candscape

* Huge number of
discrete vacua >102%0

« Statistics AD, DD, GKTT.CQ,BGHLW.

« Randall-Sundrum .-
warping from strings!

* Non SUSY de Sitter
« Dark energy? er







BBCQ, CQS

« At least two Kahler moduli (h,>h,>1)
« Perturbative corrections to K

_8Sam
= f"l

W =W FEZI + Aye s

Exponentially large !
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String scale: Ms*=Mp?/V/




Non SUSY AdS

16 le,

Both minima
merge

W<10:""







BLOW-UP




K (P, D) = —2 V 4 — i K f}) —In(S + 5).
uj ;

Wi(d) =

W (®) + p()H1Hz + §Yagy(2)CCCT + ...

K(D,®) + K,5(2.9)C°C% + [Z(2, ®)Hi Hy + hee] + ...
fal®).

Conlon, Cremades, FQ




« |Large Volume (SM on D3 brane)

CQS, AQS

g I8
s Woll

Gauginos Mpa [@“—Flfi-"u Mp
41

3.6 x 101 GeV | 3.6 x 10MGeV
3.6 10°GeV | 3.6 % 107CeV | 3.6
ﬁfmpﬁj Mp | 3.2 x 101GeV | 3.2 x 10° GeV
L WoMp | 3.2 % 10MGeV | 32 x 10° GeV

ARE
Bterm iB | —fapWyMp | 3.6 x 10" GeV | 3.6 x 10°GeV

Scalars m,

A-term A
p-term ji

Matter on D3

Ms~10"° GeV  Gauginormasses ~ 10?2 GeV, scalars m ~ 107 GeV

Ms=Mgr viable i warping,

Ms=Tev viable’ if SM anti D-brane (but 5" force and cmp?)
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« Intermediate Scale Split SUSY

SMien D3 brane, Ms=10"2Gev

« Stringy mSUGRA

SMien D3 brane, Ms=10""Gev



« Solve hierarchy problem M, = 1011 GeV!

string
« Wo~1 (no fine tuning)

« Kahler potential for matter computed

Conlon, Cremades, FQ
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Simplest case

Conlon et al.

Universality!

No extra CP violation!

M; = my; /log (Mp/mj))
String scale 10" GeV
Solves hierarchy problem!

M, = —

o1,

Mg = VAl 1;.

Angy = —3AM;,
B = —(A+1) M,

\Viere general case



(approximate)

<= Kihler moduli,
d="T_ . _
susy-breaking ™ v <= Complex structure moduli.

—— |}, ¢ = {argB}, oc = {arg(M,)}-

Also: Anomaly mediation suppressed !



« Stabilise Moduli

« SUSY broken withi hierarchy

« “Realistic® Observable sector
Soft SUSY Breaking terms@Ms
RG-Running of Soft terms to TeV
Event Generators

Detector Simulators

« Data Analysis
« Estimate overall uncertainty
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Allewead Regions

200 400 L &00 1000 1200
MiGeV




C

Tilg

1011

tan 4

23

M

1000

SO

€L, 1L

TH2

G661

CR.IR

TL

779

TR

G618

Mass Spectrum [GeY¥]

.1

1527

ita. C2

1580

1166

1448

1512

1585

1405

1455

643

822

S62

927

521

924

1042

1046

1745

TEO

771

11=

4.42

day, /1010

—4.3

Qh?




random LV, M3=500

random LV, M3
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e+e- + mu+mu- endpoint
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Gaugino masses

1. Dilute flux limit
Tsu) =
fsue 1. Dilute flux limit i
foay = by My = Mz =
2. Physical case 2. Physical case
. T CTT o 1 -—_—
fsuz) = 5=+ hsu(F)S. 2(te + 2mhy (F)Re(5))
F.!

Py = _~‘ + hgrreay [ EF)S. T T T ot
fst, (2 o LS. (..)t._ 4 21s + 2ha lF 1Re(S) )

. T e 5
Toy =y (F + gy (F .J-‘-*-) : I

2(ts + 2mhg (F)Re(S))

Spectrum Beyond MSSM
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* Gaugino masses

(Ms : Mo : My)

ﬂl..f A

(M = My : M)

M z




(Inflation, Cosmological moduli
problem, etc.)



* Need to compute scalar potential from String
theory satistying slow-roll conditions:

Number of e-folds N>60

L fend . Wend H 1 L Vv
No= [ CHEw - [ 24w - o [
i
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tinie tndt ﬁb PJP!EHER: Uend

Density perturbations
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« Brane-antibrane inflation (also DBI)

« Racetrack inflation

First explicit inflation realisations in string theory

Fine tuning 1/1000 or large fluxes ?



Calabi-Yau:
N3 >h1 =2

C=Kes — Jln[{r(rf'“ Z}u 3’2)

VAo 414

V= ngui l. 1”—! g 2Ty z-l “u e — 3&“” .

Small field inflation
No fine-tuning!!
0.960<n<0.967

GUT scale Ms?, Loops?

volume

Conlon-FQ

Bond-Kofman-Prokushkin
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« Cosmological moduli problem

U,S: trapped at their minimum

T: except for volume, heavy ad decay fast ! (No
CMP nor gravitino overproduction)

Volume: (mass MeV) CMP (thermal inflation?).
Dark matter?

* Observational implications of light volume
modulus?

X-rays,Gamma rays, e'-e- (511 KeV?)



« Exciting times for string phenomenology!

« Soft terms calculable for first time == rich
phenomenology.

« Intermediate scale strings: hierarchy, QCD
axions, neutrino masses

* Concrete models of inflation
« Model independent light modulus
« Many open questions
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