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Questions for string
phenomenology

¥ Derive realistic low-energy scenarios
¥ SUSY Dbreaking + moduli stabilisation

¥ Consistent cosmological evolution



SUSY Challenges for String
Scenarios

¥ Explicit N=1 Compactification
¥ Concrete SUSY breaking mechanism

¥ Moduli Stabilisation (small cc)

(+ avoid CMP (plus gravitino+ dark radiation excess,etc!))

M Chiral visible sector

¥ Computable soft terms
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Cosmology challenges

\. J

¥ Big-bang singularity |

¥ Cosmological inflation or alternatives

¥ After inflation

¥ Current acceleration

¥ Consistent with low energy phenomenology?



This talk Mostly Revisits

¥ Getting de Sitter
¥ (Getting Inflation)

¥ SUSY Breaking

Crucial i1ssue: Moduli stabilisation
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1.!'Fluxes: GVW W = G#!
Fix CS moduli: z and dilaton: S

2. Warped throats
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LARGE Volume Scenario

Fluxes determine superpotential W, (U,S) (GKP 2002)

0
Perturbative corrections to K: K=-2In V+ Q

Nonperturbative contributions to W: | o
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Exponentially large volume for weak coupling !
(SUSY broken by Fluxes, AdS) BBCQ, CQS 2005



Other de Sitter OUpliftC

¥ From F/D terms, hidden matter ckxkmvov 2013

T-branes (Cicoli, FQ, Valandro arXiv:1512.04558 )

¥ From non-perturbative effects on

hidden brane at singularities
BCMQ 2011



Concrete Compactifications

¥ From explicit compact Calabi-Yau + Chiral

maltter e.g. Cicoli, Klevers, Krippendorf,Mayrhofer, FQ,
Valandro arXiv:1312.0014

¥ Fully supersymmetric EFT
¥ All geometric moduli stabilised
¥ Volume only moderately large  V~10°-107

¥ Sequestered scenario: <Tg,>=0, <F;5,>=0



dS Kahler Moduli Stabilisation
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Relevant Scales

_ 1/4,
String Scale M, =% Mp
ATy
| Vo~ Mp
Kaluza Klein Scale T Jany2/3’
2 .
.- gs WoMp
m —~
Gravitino mass 3/2 (zm) Y

Volume modulus mass "V = m3/2/VV. _

| 3
Vacuum decay rates e! eV



Constraints on the volume

¥ Validity of EFT (m,,<<M,,) : V>>103
¥ CMP (m >30 TeV): V<10°

volume

Ranges of relevant scales (GeV)

1017 >M, > 104
10> >mg,,> 1010
102 > M, > 1072
107 >Tgry > 1
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Large Volume and Warping
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Anti D3 brane sits at tip of throatatr
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g=1 (-1) D3 brane (antibrane)
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Inter- brane attraction
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Talks by Dudas,Kallosh, Wrase



_Nilpotent Superfields EFT |

X = Xo(y)+ 2u(y)0+ F(y)0@
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(G)BH-/'6/$AFH'(I'BJ=$56J$""},$

Goldstino: Nilpotent chiral XZ(CE "y = 0.
superfield ’

KKLT K ="3log(T+ T )+ c(T+T)"XX"'+ ZCC' + 44
Z=(T+TH™+b(T+THXX'

W = Wy + Whatter + Whp +

Plug into SUGRA expression for V, V=V ++V
||| |2

uplift -

Vupiitt = o(T + T )3 (like KKLT, KKLMMT)

Kallosh et al. 2013-15
see also Polchinski

Antibrane uplift from manifestly SUSY EFT! @ SUSY 2015
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Field SO(@3,1) SO(6) U(N)
Gauge boson  vector 1 Ad]
Scalar 1 6 Ad]

Fermion spinor 4 Adj @& for anti D3 brane

Masses from fluxes Ga !l )
G,=10 (ISD) + 10 (IASD)
Mass term 14 2 @10  (10=6+3+1 and 4=3+1 of SU(3))

3 massive 1 massless fermion (N=1 goldstino )



[Anti D3 Brane/O3- Spectrum]

NS Fluxes Kallosh, Uranga, FQ
arXiv:1507.07556

Garcia-Etxebarria, FQ,
Valandro
arXiv:1512.06926

Wrapped D7 Brant

Throat
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e.g.

Local to Global Throats
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Garcia-Etxebarria, FQ, Valandro
arxiv:1512.06926

First concrete
realisation of warped
throats in compact
CY?



SUSY Breaking
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SUSY Breaking in LVS

M Fluxes break SUSY

¥ In EFT: F-terms of Kahler moduli  (plus
subdominant F ¢, F)

¥ Standard Model on a D3 or D7 brane

¥ Several scenarios



Summary of Soft terms

KKLT LVS
Soft term D3 ) DSA
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1
Whatter = (M )H Hg + c a,BV(M)CQC’BCW 4.

Kmatter = Ko(M,M)C“C* + [Z(M,M)H,H, + h.c.].

Yukawas Y _ _K/2 YQ.'B,Y(U, S) Conlon, Crer_nades, FQ
afy — € + Conlon, Witkowski

VEaKsK,

¥ Approximate: OLocalO
Ko = ha(S,U) K73

¥ Exact: OUItralocalO




Different SUSY Scenarios

Scenario String Scale | W) mg 9 Soft masses CMP
Intermediate Scale | 10 GeV | O(1) | 1TeV Mgope ~ 1 TeV Yes
Tuned GUT Scale | 10 GeV [ 1071 | 1 TeV Moo ~ 1 TeV Yes
Generic GUT Scale | 10" GeV O(1) 101 GeV Mot ~ 101 GeV No
Sequestered Unsplit | 10 GeV | O(1) | 10" GeV Mgopt ~ % ~ 1 TeV No

Sequestered Split | 10" GeV | O(1) | 10" GeV | Myjs ~ 55i% ~ mf,/ 2~ 1TeV | No

¥ First two not yet obtained from compact CY+ chiral matter
¥ 3rd: high scale SUSY breaking (e.g. Ibanez et al.)

¥ 4th +5th SUSY OsolveO hierarchy small OtuningO by flux
dependence of GUT soft terms.




Sequestered Soft Terms

Soft term | Local Models | Ultra Local 1 | Ultra Local 2
# o1 "
My o Ci/2 M3/o Tﬂgf In n':/';z b2
m?, Co Mz oMy2 | Co |n£n,\,|3/132/|\r¢]152) (C©0)aM$,
Aapy (Ca)apsy M2
1l Cu My
B Cg M3

Coefficients c: functions of fluxes




Cosmology:



Kahler+Fibre Inflation

Stringy realisation of !-attractors ) /
_ _ _ “i" V~A-Be"23
¥ 1=2 (flbre mflatlon) Burgess, Cicoli, FQ (2007) , \

¥ 1=(VInV) -1 (Kahler blow-up inflation)

¥ Conlon, FQ (2006)

-

¥ ...I=(InV) 1 (polyinstanton inflation) cicoli, Pedro,
Tasinato (2011)



Inflation: Fibre+Kahler

-1F
I =2 fiber inflation
-2F Cicoli, Burgess, Quevedo
> +)4?-1%7/$<46(=0$ l =1, r=31 103
541@4)<+=$+A)+5.4)%%$$
-3}
H
-4}
-5}
From Kallosh
I <<1 Kahler
talk * Conlon Quevedo
B 0.960 0.965 0.970 0.975



After Inflation



Cosmological Moduli OProblemO

InRation After inRation

Modulus decay/reheating Present

1
S

1 My T>0(] MeV),so my ! 3-10° GeV

mJ
8' M F2’| Coughlan et al 1983, Banks et al, de Carlos et al 1993

L'




e.g. After Kahler Inflation

Explicit computation of Vacuum misalignement

7V __ 7V __

#$ 2 2 M.Cicoli, K. Dutta, A.
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Thermal History Alternative History

Scale Scale A

L Planck 1 Planck
+ Radiation Phase

10%5 GeV L Inflation -— (instant reheating) T 110" GeV __ Inflation

Scalar Oscillations Dominate

TeV T

Gevd < Thermal DM Freeze-out

Mev L BeN Particles Decay and Reheat e
eV + CMB eV 4+ CMB

From S. Watson, SUSY 2013



Thermal vs Non-Thermal
MSSM



Nonthermal MSSM*

¥ Assume: MSSM parameters

(Mg, m;, m,,, m,q, A, tan#, signu plus Tg)
Tr<T:=m/20

¥ REWSB with #125 GeV Higgs

¥ Constraints:

Colliders (LEP, LHC)

CMB (Planck)
Direct DM dtection (LUX, XENON100, CDMS, IceCube)
Indirect DM detection (Fermi)

¥ Warning: at this stage is purely phenomenological not stringy
¥ Used SUSYHD. (Pardo-Villadoro)



Non-thermal Higgsino DM
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¥ Mostly Higgsino LSP

¥ Thermal: Relic density if m ~1 TeV. If LHC
observes (<400 GeV) then <0.2 of density

¥ Non-Thermal: T=2-10GeV, m,=350-600 GeV
possible at LHC, definitely at 100 TeV
Il Sfermions much heavier (10-30 TeV)
Il Gauginos heavier 25 TeV pass neutrino floor
Il NT increase density, coahinilations reduce it
I Gauginos may be lighter for p<O.

'l Future experiments (...,CTA) can probe most of
parameter space.



CONCLUSIONS

¥ Several stringy (EFT) de Sitter scenarios (anti
branes+ Nilpotent superfield...)

¥ Several inflationary scenarios with concrete

predictions (blow-up: r<<1, low-energyy SUSY, loops?
Fibre: r<0.01, too large SUSY scale)

¥ CMP: after inflation sighature of strings (e.g.
dark radiation, non-thermal MSSM,...)

¥ Most known ingredients used  (stringy vs

simplicity) . geometry, fluxes, branes, perturbative, non-
perturbative effects, antibranes.,...



