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Stability of the complex structure/dilaton sector

Type-1IB flux compactifications

New Kahler

Uplifted Vacua KKLT framework: three-step approach

The complex structure and the dilaton are stabilised by the
background fluxes at a large energy scale compared to the SSB scale.

Introduction

The Kahler moduli are stabilised at a lower energies by the
non-perturbative effects at an AdS supersymmetric critical point.

Supersymmetry is broken at low energies by including D3, D—terms,
matter fields (F—term breaking)... , to uplift the vacuum to dS.
(Giddings et al. '02, Kachru et al. '03)
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The Kahler moduli are stabilised at a lower energies by the
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Supersymmetry is broken at low energies by including D3, D—terms,
matter fields (F—term breaking)... , to uplift the vacuum to dS.
(Giddings et al. '02, Kachru et al. '03)

Metastability of the complex structure/dilaton sector

m In the KKLT framework it is guaranteed by the large hierarchy
between the c.s. masses and the supersymmetry breaking scale.

m This large hierarchy requires the fine tunning of Wy = Wﬂux|z0 <1
(Gallego et al. '10, Baumann et al. '14)

m3/, = e |[Wol® < Mi, ~ O(1)
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Introduction

m The complex structure and the dilaton are stabilised by the
background fluxes at a supersymmetric configuration.

m The Kihler moduli are stabilised by the combined effect of o and
non-perturbative corrections.

m The volume of the internal space V is exponentially large.
B The configuration is a non-supersymmetric AdS critical point.

m Uplifting is still required to obtain a positive cosmological constant.
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Introduction

m The complex structure and the dilaton are stabilised by the
background fluxes at a supersymmetric configuration.

m The Kihler moduli are stabilised by the combined effect of o and
non-perturbative corrections.

m The volume of the internal space V is exponentially large.
B The configuration is a non-supersymmetric AdS critical point.

m Uplifting is still required to obtain a positive cosmological constant.

Metastability of the complex structure/dilaton sector
m The v.e.v. of the flux superpotential is not fine-tuned Wy ~ O(1).
m The volume modulus has a small mass my ~ V32,

m but there is no large mass hierarchy the c.s. sector and the rest of the
Kahler moduli, my ~ mz/, ~ 1/V.
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Introduction

m The complex structure and the dilaton are stabilised by the
background fluxes at a supersymmetric configuration.

m The Kihler moduli are stabilised by the combined effect of o and
non-perturbative corrections.

m The volume of the internal space V is exponentially large.
B The configuration is a non-supersymmetric AdS critical point.

m Uplifting is still required to obtain a positive cosmological constant.

Metastability of the complex structure/dilaton sector
m The scalar potential is an exponentially small deformation, O(¢/V?),
of the tree-level potential.

m The zero-order potential is positive definite, Viree = e/€| Do Wy |2 > 0.
m SUSY configurations of the c.s. sector are stable at zero-order.

m The stability is almost guaranteed after adding the corrections,
m but massless fields at tree-level could become tachyonic.
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m The complex structure and the dilaton are stabilised by the
background fluxes at a supersymmetric configuration.

Introduction

m The Kahler moduli are stabilised by the combined effect of o’ and
non-perturbative corrections.

B The configuration is already a dS critical point.
m The volume of the internal space is not exponentially large: V ~ N3/2.

m There is no need to include additional sources of SUSY breaking.
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Introduction

m The Kahler moduli are stabilised by the combined effect of o’ and
non-perturbative corrections.

B The configuration is already a dS critical point.
m The volume of the internal space is not exponentially large: V ~ N3/2.

m There is no need to include additional sources of SUSY breaking.

Metastability of the complex structure/dilaton sector

m The corrections of the tree-level potential are no longer exponentially
suppressed,

m they could destabilise c.s. fields with small masses at tree-level.

m we need to characterise the tree-level mass spectrum of the c.s.
moduli.



Type-lIB flux compactifications

Mass spectrum of the no-scale potential

New Kahler - . .
Uplifted Vacua Tree-level mass spectrum at a supersymmetric configuration

m The hessian in the the c.s and dilaton sector takes the simple form

Introduction

2
Viree = eK‘DI Wflux|2 = Hiree = eK (| WO‘ -1 a4 M)

m M is the 2(h2;1 + 1) x 2(h2,1 + 1) fermion mass matrix

(0  DDW
M= (D,-DJ-W 0 ) '

m We can express the scalar masses in terms of the fermionic spectrum.
After normalising all masses by ms3/,:

M — diag(£my),  piy = (1+my)?

K=-2logV — log[—i(T — 7)] — Iogi/ QAQ,
cYy

W= Gz N\ Q
cy
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Statistical analysis

Random Matrix Theory

ew Kihler 0 bib,w
U:Iifte:\:z:cua M= (D,—DJ—W I OJ ) ’

(Denef et al. '04, '05, Marsh et al. '12, Bachlechner et al. '12)

Joint probability distribution of the entries:

Statistical
Analysis

m Components of the fermion mass matrix
2 2
myms

E[D;D;,W]=0  E[D,D;W .DgD;W] = il

(6701 +0;10,%)

m mj measures the ratio between the typical fermion masses and mj 5.

m No higher moments are needed (universality of RMT).
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Joint probability distribution of the entries:

Statistical
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m Components of the fermion mass matrix
2 2
myms

E[D;D,W] =0 E[D;D;W . DgD; W] = o

(6701 +0;10,%)

m mj measures the ratio between the typical fermion masses and mj 5.

m No higher moments are needed (universality of RMT).

m With this choices M can be identified as an element of the
Altland-Zirnbauer C/ ensemble (Altland '97).

m To leading order in 1/h, 1 the density function of fermion masses (in
units of mj3/,) reads

2
p(my)dmy = ﬂ_—mﬁ m? — m3 dm.




Statistical analysis

Mass spectrum of complex structure moduli

New Kahler
Uplifted Vacua

Statistical
Analysis . 02
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m The plots represent the typical scalar mass spectrum of the complex
structure sector at tree-level, with mp = 2 (left), m, = 0.4 (right).

m my sets the ratio between the mass scale of the truncated sector and m3 >
(e.g.: mp ~ O(1) in LVS)
101Dy Wiy |

~ O(1-10
[ W | ( )

mp

m The spectrum contains no tachyons regardless of the value of my.
m If my > 1 typical configurations might contain arbitrarily light scalar fields.

m If my <1 all fermions are lighter than the gravitino and the scalar mass
spectrum develops a mass gap.

(P. Ortiz and KS '14)
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New Branch of Vacua

New Kahler
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Statistical
Analysis

O P N WA OO N

m We need to characterise the effect o’ and non-perturbative
corrections on the mass spectrum of the c.s. sector.

i = pialiee + O(E/V)
m Light moduli, u® < £/V, may be destabilised.

K==2log(V + §) — log[—i(r — 7)] — Iogi/ QAQ,
cy

W= Wf/ux + Z Aa e_aa Te

m the squared masses, (normalised by m§/2), receive O(£/V) corrections.
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New Branch of Vacua

New Kahler
Uplifted Vacua

Statistical
Analysis

O P N WA OO N

m We have calculated the percentage of light fields on the c.s.
sector, i.e. p? < &/V ~ 1072 — 1074, (right).

m There are three stability regimes:

For mp, > 1 a large mass hierarchy protects stability (KKLT case).

NEW REGIME: For m, < 1 the mass gap protects stability.

Mi,\ =(1+ m/\)2

For £/V < 1 we approach the no-scale limit (in LVS £/V ~ 10—10).




Engineering the fermion mass spectrum
“Type-1IB Attractor Equations”

New Kahler
Uplifted Vacua Type-1IB Attractor Equations:

At any supersymmetric critical point (To,z(‘j) the quantised fluxes fa, h, can
be decomposed in terms of the period vector M, = (Z', F):

Construction f — 70 h = 1 eKcs [ao . ﬁ(ZO) = 5,’ ° D,-I_l(zo)]

(Hodge decomposition of the fluxes)

f/(,5=€I2 F e Z, Z’:/Q, F,:/Q
AlB, Al By
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Engineering the fermion mass spectrum
“Type-1IB Attractor Equations”

New Kahler

Uplifted Vacua Type-11B Attractor Equations:

At any supersymmetric critical point (To,Z(I;) the quantised fluxes f5, h, can
be decomposed in terms of the period vector M, = (Z', F):

Construction f— T0 h=1 eK“ [30 0 ﬁ(Zo) —3; - D,'”(Zo)]

(Hodge decomposition of the fluxes)

m Given a particular compactification, (i.e. a period vector ;),

m the fluxes obtained by the above formula ensure that (To,Zé) is
supersymmetric with:

a0 = Wiry,z, aj = D:DiWlryzy  DiDjWirg 2y = fijk ak
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Engineering the fermion mass spectrum
“Type-1IB Attractor Equations”

New Kahler

Uplifted Vacua Type-11B Attractor Equations:

At any supersymmetric critical point (To,Z(I;) the quantised fluxes f5, h, can
be decomposed in terms of the period vector M, = (Z', F):

Construction f— 70 h=1 eKcs [ao o ﬁ(zo) — 5, . D,H(ZO)]

(Hodge decomposition of the fluxes)

m Given a particular compactification, (i.e. a period vector ;),
m the fluxes obtained by the above formula ensure that (To,Zé) is
supersymmetric with:

a0 = Wiry,z, aj = D:DiWlryzy  DiDjWirg 2y = fijk ak

We have some control over the properties of the fermion mass spectrum

m in order to have a large mass hierarchy between the c.s. sector and
the SUSY breaking scale (my > 1) we choose |ao|* < |ai|*.

m Conversely, if |ao|?> > |aj|? the fermion masses will be small compared
to the gravitino mass (my < 1).

10




Engineering the fermion mass spectrum

New Kahler Given a CY compactification:
Uplifted Vacua

Construction

Choose a tentative field configuration (o, Z)
and the expectation value of the superpotential agp = Wo.

Solve for the fluxes

f—foh=ie" ay-N(%)
m with this fluxes (7o, Z) is a supersymmetric critical point,

m and all fermions in the c.s. secto have zero mass M = 0.
m However (f3, ha) will not be integers in general.
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Engineering the fermion mass spectrum

P
Choose a tentative field configuration (o, Z)

and the expectation value of the superpotential agp = Wo.
Solve for the fluxes

Construction ~

f—foEZieKcs ao~ﬁ(fo)

m with this fluxes (7o, Z) is a supersymmetric critical point,
m and all fermions in the c.s. secto have zero mass M = 0.
m However (f3, ha) will not be integers in general.

m Find the closest quantised flux configuration (f, h,) — (f, h.).

m With these fluxes solve the SUSY critical point equations for the
moduli (7, z")
D- Wz, =0, DiW|ry,z =0

B The resulting supersymmetric configuration (7o, z(’)) has a light fermion
mass spectrum my < 1,

® and thus, the tree-level mass spectrum of the c.s. sector will have
mass gap of order O(mjz5).

L3



Example: dS vacuum in the Pﬁ,1,1,6,9] model

B E , ),
Uplifted Vacua Candelas et al. '94, Denef Douglas and Florea '04

m The moduli space contains h;; = 2 Kahler and hy ;1 = 276 c.s.
moduli.
VY = % ((Tl + T1)3/2 — (T2 + T2)3/2)

m We consider the dynamics of the only two c.s. moduli {z', z°}
Eg : Pliiigg] invariant under the symmetry I' = Zg X Z1s.
m The c.s. and flux configurations were constructed as described before.

B the stabilisation of the Kahler sector following the method in Rummel
et al. '11, Louis et al. '12 for "swiss-cheese” Calabi-Yau's.
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B the stabilisation of the Kahler sector following the method in Rummel
et al. '11, Louis et al. '12 for "swiss-cheese” Calabi-Yau's.

. ph
Eg : Pliii69)

Co +ig, ! <zl > <zZ2> <V> [ Wo=mypV <V>
—0.057 +il.7 | 0.35+i1.9 | 0.31+il5 | 376.1 6.7 8.7 x 10~°
my Nix M2—>\ Nf, H?Q m§ 2 £/(2v)

0.33 1.8 0.43 0.013 475 | 3.2x107* [ 1.9x 1073
0.21 1.9 0.60 | 0.0028 | 42.4 — ——
0.071 | 1.1 0.89 — —— ——

m The masses are in units of ms/; and V in units of /s.
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Conclusions

New Kahler
Uplifted Vacua

m We have discussed the perturbative stability of complex structure
moduli at Kahler uplifted dS vacua.

m Using tools from RMT we have characterised the tree-level mass

spectrum of the complex structure moduli sector.
m when Wy ~ 1 the tree-level mass spectrum typically contains a large
E

. ph . . .
& Phieg] fraction of light fields,

m which can be destabilised by the o’ and non-pertubative corrections.
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Conclusions

New Kahler
e m We have discussed the perturbative stability of complex structure

moduli at Kahler uplifted dS vacua.

m Using tools from RMT we have characterised the tree-level mass
spectrum of the complex structure moduli sector.

m when Wy ~ 1 the tree-level mass spectrum typically contains a large

E fraction of light fields,

. ph
& Pli1169)

m which can be destabilised by the o’ and non-pertubative corrections.

m We have presented a new class of metastable configurations where

m the chiral fermions in the c.s. sector are lighter than the gravitino.

B The mass spectrum of the c.s. sector presents a mass gap,

m which ensures metastability after adding corrections to the tree-level
potential.

B It does not require a large mass hierarchy

B or the exponential suppression of the non-separable corrections.

m We have provided a systematic way to construct these vacua,

m and presented an example in the Calabi-Yau Pj11169]-

4
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