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Main purposes of the talk

€ Tadpole charge Nqu« appears in the F-term moduli potential

® Details of period vector is not needed

& Attractive properties of a certain background withi!! =0
® No Kahler moduli stabilization ab initio

® A possible playground for testing the Swampland conjectures

& Clarify the role of Nq. in the potential

® \Vhat happens to the potential minima with uncanceled Ngyx 7

2023/7/6 String Pheno 2023 | Keiya Ishiguro



Compactifications and Moduli Fields

& Compactifications of Type IIB superstring theory

® 10-dimensional (10d) spacetime
® Compactify 6d space > 4d effective field theory (EFT)

¢ Moduli fields
® Massless scalar fields from deformations of the internal 6d manifold
® Complex-structure (cs) moduli -+ “shape”
® Kahler moduli - “volume”

® Many moduli appear in the EFT

€ Flux compactifications
® Non-trivial three-form fluxes --- RR, NS-NS (NS) fluxes
® Generate a scalar potential for moduli fields
® Obtain VEVs --- Moduli stabilization
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Formulation of the Moduli Stabilization

® Flux compactification = Scalar potential of moduli

® Scalar potential
V=K [Kﬂ D,WD;W — 3|W]2] K= 0,0-K
D; =0; + K;
® Gukov-Vafa-Witten (GVW) type super potential

S. Gukov, C. Vafa and E. Witten, Nucl.Phys.B 584 (2000) 69-108.

WGVW=/G3/\Q:/F3/\Q—S/H3/\Q (Gs = F3 — SH3)
X

WRrr Wns

® Kahler potential
K = —4log |[—i(S — S)] —log [—z/ QA ﬁ]
X

-

specific property of the background (introduce later)
-1: usual case (no-scale type)
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Tadpole Cancellation Condition

€® The three-form fluxes are quantized:

/ngNFEZ, /Hg,:NHEZ.
> >

® [hese flux numbers discretize vacua

& Tadpole cancellation condition: consistency
® Fluxes cannot be arbitrary numbers
St = SNs + Sr + Scs + Siocal
1
87ImS

_ 1 1
/04 NG3 ANGs+ = | Np3 — =Nos | us3 Cy,
2 2 -

(F5 = dCy — %CQ N Hs + %BQ A F3)

1
Bianchi id. /X H3 4 F3 o ND3 T §N03 =0

Neux RR charges of D-branes and O-planes

1 ~ ~
D—g/F5/\‘kF5—|—
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Problems and Difficulties
€ Not all the moduli can be stabilized by the fluxes

® No-scale structure --- Kahler moduli are flat directions
® Non-perturbative effects

€ No principle for flux choices
® Tadpole cancellation constrains; but still many degrees of freedom remain

‘ Huge FIUX Landscape F. Denef and M. R. Douglas, JHEP 0405, 072 (2004), -
® Sect of whole vacua in flux compactifications
® Fstimation: ~ (’)(10272000) vacua W. Taylor and Y. N. Wang, JHEP 12, 164 (2015).

® SM-like models? Statistical approach?

M. R. Douglas, JHEP 0503, 061 (2005), -

€ Difficulties in building Standard Model-like models

® Cosmological constant, CP violation, flavor and inflation etc.

Understanding Landscape properties is still challenging!
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Swampland Conjectures

® Lowenergy EFT inconsistent with UV theory
® |n this talk, we call outside of the Landscape the Swampland.

€ Many Swampland conjectures are proposed;

Today: ® de Sitter (dS) Coniecture G. Obied, H. Ooguri, L. Spodyneiko and C. Vafa, arXiv:1806.08362 [hep-th].
® Absence of stable dS vacua with all moduli stabilized

Min(V,V,;V) < —¢c-V c: O(1) positive constant

® AdS/moduli separation conjecture oo Oy e Hemelmek and T en Riet Fortech. Fus 7
® [imitation on the size of the Moduli mass and AdS radius
Miight fTads < ¢ Miight: lightest moduli mass, Rags: AdS size
c: O(1) positive constant
® AdS distance conjecture D. List, E. Palti, and C. Vafa, Phys. Lett. B 767, 134867 (2019)
® [nfinite tower of light KK states appear in the limit : A< 1

Miower: Mass scale of the light states

A: cosmological constant
c,a: O(1) positive constant

Miower — ClA‘a
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Purposes of the Study

€ Understanding structure of the Landscape

® c.g., Classification by their cosmological constants

A. Strominger and E. Witten, Commun.Math.Phys. 101 (1985) 341.

P. Candelas, E. Derrick and L. Parkes, Nucl. Phys. B 407 (1993) 115.

0. DeWolfe, A. Giryavets, S. Kachru and W. Taylor, JHEP 0507 (2005) 066.
K. Becker, M. Becker and J. Walcher, Phys. Rev. D 76 (2007) 106002.

K. Becker, M. Becker, C. Vafa, and J. Walcher, Nucl.Phys.B 770 (2007) 1.
K. Becker, E. Gonzalo, J. Walcher, and T. Wrase, JHEP 12 (2022) 083.

‘ InSpeCtion Of the Swampland ConjectureSJ Bardzell, E. Gonzalo, M. Rajaguru, D. Smith, T. Wrase, JHEP 06 (2022) 166.
® A background with no Kahler moduli exists: Mirror dual of T°/(Z3 x Z3)

® A possible playground for testing the Swampland conjectures

& What does support the conjectures? (if they hold)

® Sharpen the boundary between Landscape/Swampland
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A clue from general properties of V

€ Sign of the scalar potential at minima

We factorize VvV =eff (KﬁDiWDjW _ 3|W|2) — Ky

o,V
K;

o0,V = K;V + eKﬁif/ -0 ——V =—¢f
> determined by the Kahler potential and 9,V (at minima)

€ Functional form of the scalar potential

® quadratic in the axio-dilaton S
® Kims <0,KRres =0

—— Dependency on ImS will be universal
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Ng.x appears in the scalar potential
@ Expand V = e~ KV with ImS... We find that

~ 1 ~ ~
—— | V= 5085V (ImS)? — e K Npyulms +C, C=V| >0

® Coefficient of the linear term is Ng.!
® 10d consistency appears in the 4d potential in the nontrivial way
® Ve observe this structure for both no-scale type and R1:1 = ( case!
® Some additional terms which does not destroy the structure are also OK.

® |mplication of Ngux in resulting vacua
® Restricted by the tadpole condition

® Ng,.. Can be a messenger of the consistency
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Implication of Nqux in resulting vacua

® Example: existence of a stable Minkowski vacuum
® If exists, we find

(ImS) = = with 92 ¢V >0 92 4V >0 (stability condition)

——— Since ImS = g,7} Ngux > 0is required.

(In the h''' = 0 case, SUSY does not require ISD flux*)

*K. Becker, M. Becker and J. Walcher, Phys. Rev. D 76 (2007) 106002.

& Stable dS vacuum? (w/ positive mass)
® Again, Nuux is constrained (via a complicated relation).

——Tadpole cancellation is now linked to the existence of dS.

® Numerical calculation in the A1 = 0 case would show the relation explicitly.
® \Ve consider only axio-dilaton and bulk moduli
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Numerical search of stable dS vacua

& Scarch configurations
® Fluxes: —20 < #(flux) < 20 with 0 < Ngyux < 300

® Tadpole cancellation condition: Ng, < 12
® \acua with Mg > 12 fall into the Swampland, but we searched intentionally!

® # of flux patterns: 7.9 x 109 and # of minima found: 6.7 x 108

® The dS conjecture holds — No dS vacua exist in the Landscape
® However, the dS vacua appear in the region Ny, > 12.

® The number of them increases as Nq, becomes larger.
® Naively, we cannot find inconsistency by focusing only on V.

— N4 characterizes the boundary between Landscape/Swampland in the 4d EFT
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Stable dS vacua are more likely to appear with larger Ngux
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Summary and Conclusions

® Ng,. is aparameter restricted by the 10d consistency.

In this talk, we pointed out;
® Appearing in the 4d EFT in the nontrivial way
® The Swampland conjectures are related to Ngx-
® Vg, as a messenger; resulting vacua notice its inconsistency via/Vgyx-
® Landscape/Swampland boundary in the 4d EFT is controlled by Nq .

® |Implying the importance of tadpole condition in proving conjectures
® QOther applications of the emergence of Nguxin V ?

ion!
Thank you all for your attention! Viore detaile in 210415030
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Appendix
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Na.. and AdS/moduli scale separation

® Ny, is also related to moduli masses and A;

® Moduli mass matrix in SUSY AdS vacua (isotropic tori)

2_£|x|2 25 _x_ Ty _T_
3 7 108 9Y 2v3  9v3 6vV3 _ \
M2 2 2 1_9|33’2 x _x Ty
phys,AdS _ oYy 3 7 108 6/3 273  9V3
AAdS _x Ty T —Z—L|ZIZ|2 1 ’
2v/3 93 _6V3 3 36
\ z z_ ay 1 _T_ 1 |:1:|2)
63 2v/3 93 3 36
D_W _ D_W;
with 2 = (S — §)(r — 7) =8y = (S — §) (7 — 7) =25

® Njg,.Jin the SUSY AdS vacua

Nfux  8(ImS)? (8 |22

— _ —) — These are linked via @

® Prediction

[myignt Rads| ~ — ~ 1.22 with  8(Im.S)?Aaqs > 9Nqux, Argr = Argy
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Na,supports the AdS/moduli scale separation conjecture

35000} . Peak at predicted value
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