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Plan of the Discussion

Importance of Stringy studies of SUSY Breaking
Gravity vs Gauge vs Anomaly vs ... mediation
General Moduli Mediation

Status of Moduli Stabilisation

Constraints from Cosmology

Heterotic vs IIB vs F-theory vs M-theory vs ....
Scenarios

Concrete String Inspired Scenarios



Importance of Stringy SUSY

UV completion of low-energy effects.

e Concrete case where UV effects relevant
(gravity+anomaly mediation but also gauge mediation)

* Potential to determine dynamically the relevant
scales Mg,; and M.

* Explore fundamental,SUfY and mediation
mechanisms.



Key: Moduli Stabilisation (MS)

* Relevant Physical Scales (in Planck units)
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* Note: in MSSM M ,=103=10'°GeV, M__.= 1TeV
are put in by hand, in string theory should be
output.



MODULI STABILISATION

4-cycle size: r
(Kahler moduli)

3-cycle size: U
(Complex structure
moduli)



Warning on A

* In MSSM: Leave the cc problem to some ‘other
mechanism’. Weakest point of MSSM!

* In String Theory (even worst)
* A is an outcome
* Cannot rely on ‘other mechanism’

* If for a scenario there is an ‘yet unknown

mechanism’, it most probably select very
ungeneric models

* For lIB there is a mechanism: The Landscape.



The Landscape

e Good: It allows for the first time to trust calculations
for low-energy SUSY breaking.

 Bad: missed opportunity to have new physics at low
energies from small A.

e Ugly: It allows not to use SUSY to address the
hierarchy problem (Split SUSY, High-energy SUSY)



Cosmological Constraints

Cosmological Moduli Problem (CMP)
M, ,,» > 10 Tev or a 2"d stage of inflation?

Gravitino (or gravitino induced CMP)

Overshooting (after inflation, large reheating T,...)

Dark Radiation (Neff = 3.04)



General SUSY Scenarios

* Moduli Stabilisation with sys’v, <F,,>#0
Moduli (gravity) mediation: M, .= M, ,
Problems: flavour, CMP, ...

* Moduli Stabilisation with SUSY, <F,,>=0

Two steps, suitable for gauge mediation
Problems: p-problem, light gravitino and moduli (CMP),
complicated in string theory,...(no concrete realistaion )



Effective Field Theory

V=¢cl (K’@DiWDjW — 3\W|2) + D-terms

W = W(®) + u(®)H Hy + . iy (P)COCPCT + ..

K = K(®,8) + K,5(®,$)CC? + [Z(®, ®)H1 Hz + h.c.] + ...

fa — fa(q))'




Soft S)Jfﬁ( Terms
= Gk/kaﬁDﬁV:V

Gaugini Masses: v - L 0mfa
“ 2 Ref,

Scalars (‘sfermions’) masses:




A-Terms:
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Explicit Scenarios

* General moduli:S, T, U

 Need to chose a string theory:

Heterotic (smooth or singular)
IHA

lIB/F-theory (smooth or singular)
M-theory

* Ingredients for MS: Fluxes, perturbative and non-
perturbative effects,...



lIB Scenarios

KKLT (Mirage mediation)
LVS (LARGE Volume Scenarios)
F-theory Gauge Mediation models



KKLT

W=W, +Ae?T with W,z 1013
Source of SUSY breaking: anti D3 uplifting to
de Sitter.
Mirage Mediation

Soft terms ‘z M., /In(M,,00/Ms3))) }nay need to
combine with Anomaly mediation =»Mirage
mediation.

Bunched spectrum +
My : My : M3 ~ (1+0.66c) : (2+ 0.2a0) : (6 — 1.8x),



LARGE Volume Scenarios (LVS)

U,S stabilised by fluxes. Not need to tune W,

, 2/3
Vo~ e > 1 with 74 ~ §—gﬁ .

* SUSY broken by fluxes <F;>#0

* No scale structure broken in a control way.
Leading order in 1/volume keeps no-scale.



Relevant Scales

String scalg Ms=M/V 2]

Kaluza-Klein scale 'VIKK=MPIV2/3

Gravitino mass| m;,=W, M./V

Volume modulus mass

Lighter (fibre) moduli

M= [V 72

M,=M_/V 53




Original Scenarios

MString = IVIGUTM 1016 GeV ‘
. W,~10-1"<<1 to get TeV soft terms, or W,~1 and 10'° GeV soft terms ?
. Fits with coupling unification
. Natural scale of most string inflation models.
. Axi-volume quintessence scale (w=-0.999....)

IVIString = IVlint.m 1012 GeV

W,~1

m,,~1 TeV (solves hierarchy problem!!!)
QCD axion scale

neutrino masses LLHH

Msing=1 TeV

W,~1
Most exciting, 5th Force OK m~10-3 eV, if SM non SUSY. Back reaction?




SUSY Breaking

 Approximate Universality

VU <= Kahler moduli, _
| ¢ = \I';Ju;s'}-’—l)reaking P Xflavour-

Y <= Complex structure moduli.

» Cases: ' FSMaﬁ?2 soft terms~m,,,
Ms~10 GeV

' Fg=0 soft terms <<m,,,
or~m,,, (loops)



Where is
the
Standard
Model?

Visible or
Hidden
Sectors

D3 Brane
or

D7 Brane



CHIRAL MATTER ON D7 BRANES N ms /o
Msoft — ,. - :
SOFT SUSY BREAKING TERMS T In(Mp fmy),)

M =,
2T
Me = VM. Approximate Universality
Az = —3A\M;, No extra CP violation
B=—(\A+1)M,. M; = mg, /log (Mp/mj),)
String scale 10" GeV ??
s";‘::?f Masae Solves hierarchy problem!

My:Ms: Ms=(15—2):2:6



But: Local/Global Mixing

« Standard Model in small cycle

« SM cycle usually|NOT|fixed by non-
perturbative effects:

Wnp= (H (I’imh{: r.'./> (H q’.‘./\'.\'_‘.l.y) “7”’1"‘”5”’.
Blumenhagen et al.2007
Dar Z (12 -&)°. €= (8v.K)lv.=o

MSSM: <®>=0, so Wnp=0, £ =0.
(singularity)? Or <|®|2>=¢



‘Fayet-lliopoulos’ =20

Kr, =10 7, — 0

E,=e"?(Wp + WK7p)

F* =0

‘Sequestered moduli/gravity mediated SUSY Breaking’
M3 M,

mewjf. v.,
—— ,

No-scale (vanishing soft terms) Suppressed !

\[f,
V2

Pl ~ P~




Sequestered Scenario

Mp 2.4 x 10'8 GeV,
Mtring ~ Mp/VV,
Mr, , ~Mq,, ~ MpInV/V,
mgio ~ My ~ Mg ~ Mp/V,

mqy, MP/VS/za

b
_ 2/3
my, < Mpe 2™

~ 0. Model independent !

b~
MP MP
MsofLN W<<m”' ~ W
Mgore ~ 1TeV m,, ~ 3 x 105 GeV.
*No CMP,

“No gravitino induced moduli problem,
“Volume reheating



Different Scenarios

Scalars 1/V32 others 1/V?2
All a/V3/2

All 1/V?

Loop corrections ~ b/V>5/3
M,ying~1013-1015 GeV

Field redefinitions at loop order: soft
terms 1/V except ‘ultra-local’ SM at D3

Controversy on AMSB->ino-AMSB!



F-Theory Models

Compact models not well understood yet
EFT similar to IIB

Local models: assume a version of gauge
mediation with a larger breaking scale

Phenomenology explored



Heterotic Scenarios

Heterotic Orbifold Models and
M-Theory Models



Heterotic Orbifold Models

* Moduli Stabilisation less understood.

e Version of mirage mediation

e Natural SUSY (light stops,...)



M-Theory Models

* Not explicit models
 Moduli stabilisation (even) less understood

* A version of ‘Mini-split’



Conclusions

Rich structure of soft terms from string
models

Moduli stabilisation is the key

All relevant energy scales should be
outcomes (strong constraints)

Several concrete string inspired scenarios
that can be put to test (mirage,inoAMSB,M-
theory, F-Theory, LVSn, Natural, mini-split,...)

Open questions before a controlled scenario
(loop corrections to matter K, flavour issues,...)



