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motivation

Some motivation.



motivation — the landscape

Compactifications of string theory give rise to an abundance of lower-dimensional
theories — the string theory landscape.

Famous estimates for its size are 10°00, 10930, 101900 1 (272000,

Bousso, Polchinski — 2000
Schellekens — 2016

Lerche, LUst, Schellekens — 1987
Taylor, Wang — 2015

But one Is often only interested in four-dimensional theories with no or few
massless scalar fields.




motivation — moduli stabilization

In type |IB orientifold compactifications on Calabi-Yau three-folds, fluxes generate
a mass-term for the complex-structure and axio-dilaton moduli.

An underlying assumption of the KKLT and Large-Volume scenarios is that all of
these moduli can be stabilized in a suitable regime.

This assumption can fall.

Bena, Dudas, Grana, List — 2018
Betzler, EP — 2019
Braun, Valandro — 2020




motivation — tadpole conjecture

The tadpole conjecture states that for a large number of complex-structure moduli,
not all of them can be stabilized by fluxes. /
Bena, Blaback, Grafia, List — 2020 //
= | T
Goal for this talk :: = Explain why it is difficult to prove this conjecture, » /
= show that in the large complex-structure limit | T
generically the conjecture is satisfied, and //

= discuss moduli stabilization in asymptotic regions.
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the tadpole conjecture

Explanation of the tadpole conjecture.



the tadpole conjecture — the conjecture

D-branes and O-planes are charged under Ramond-Ramond gauge potentials and therefore contribute to
Slanchi identities. The integrated expressions are the tadpole cancellation conditions.

In F-theory, the D3-brane tadpole equation reads (with X the Euler number of the four-fold)

Nﬂux X
Noys 4 — A
b3 9 24
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the tadpole conjecture — the conjecture

D-branes and O-planes are charged under Ramond-Ramond gauge potentials and therefore contribute to
Slanchi identities. The integrated expressions are the tadpole cancellation conditions.

In F-theory, the D3-brane tadpole equation reads (with X the Euler number of the four-fold)

Nﬂux X R3 11 Nﬂux h3,1
Nps - = = < — .
b3 9 24 29 = 4

~-

The tadpole conjecture states that in the large h31-limit, the flux numlber satisfies

Nﬂux hg’l
> —
2 3

Bena, Blaback, Grana, List — 2020



the tadpole conjecture — discussion

Implications ::

Comments ::

f true, the tadpole conjecture implies that the landscape of theories with
N0 massless scalar fields is smaller than expected.

The conjecture also applies to type |IB orientifold compactifications.

In a number of examples the tadpole conjecture is satisfied, even for

A scenario which vio

Nﬂux

ates the tac

by Marchesano, Prie

> 0.44 X Nmod -

Bena, Blaback, Grana, List — 2020 & 2021

pole conjecture has lbeen proposed

0 & Wiesne

g
Marchesano, Prieto, Wiesner — 2021

see also :: Lust — 2021
Grimm, v.d. Heisteeg, EP — 2021
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boundary behaviour

—stimating the behaviour of Naux when approaching a boundary.




boundary behaviour — type IIB flux compactifications

Consider type |IB orientifold compactification on Calabi-Yau three-folds with NS-NS and R-R fluxes ::

= [he global minimum of the scalar potential corresponds to the self-duality condition

*G3 =1G3, Gs = F3 —TH;3,

T=c+18.

= [he Hodge-star matrix M depends on the complex-structure moduli, and the above
relation reads In matrix notation

0 1
F3:[77M8—|—]IC]H3, nz(_]lJr()).

m [he flux number is defined and satisfies

Nfux = FanH, > 0.



boundary behaviour — bloch-messiah decomposition

The Hodge-star matrix M is a real, symmetric, symplectic matrix. It can therefore be decomposed as

A0
77T _
M—U ZU, Z_<O )\1)7
A = diag (eigenvalues /\/l) ,

U € Sp(2h*! +2,R) N O(2h*" +2,R).

The self-duality condition and the flux number (at the minimum) can then be expressed as

~ Ic Xls \ ~ =
F3:< )H37 Hs = UHs, F3 =UFs,




boundary behaviour — flux number

The flux number (at the minimum) can be expressed in the following way

Naws =35 3 M ()" + 5 (hr)?].

I

Boundary behaviour of the flux number (for b’ £ 0) ::

= At a boundary in complex-structure moduli space, the matrix M is
expected to degenerate. This implies

A7 — OO . Naux — 00.

= [or the boundary in axio-dilaton moduli space one finds

S — OO > NHUX%OO.



boundary behaviour — growth of flux number

For simple examples and generic configurations, the flux number grows significantly near a boundary ::

5L 107 |
Niux " ¢ Niox |
i A-_A—"‘ 106
1045_ ._‘—""‘ :
C ~~~.,“ 105?
1000 - 104
1000
100 : S
- . 100 //’vf
U o &
2III4III6III8III1O éélléé1lo
boundary parameter boundary parameter
h2.1=2 (LCS) h2.1=3 (LCS)

Grimm, v.d. Heisteeg, EP — 2021



boundary behaviour — discussion

Summary :: = Near a boundary in moduli space, the flux number Naux generically diverges.
(The behaviour in non-generic situations is not derived here.)

Implications :: = [he smallest values for Naux will be found in the interior of moduli space.

= |t can thus be challenging to prove the tadpole conjecture or to find
computationally-controlled counter-examples.

Comment :: = [he same behaviour Is found using asymptotic Hodge theory.

Grimm — 2020
Grimm, v.d. Heisteeg, EP — 2021
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large complex-structure

The tadpole conjecture in the large complex-structure regime.



large complex-structure — scaling behaviour

Consider the large complex-structure regime, for which the moduli space is described by the prepotential

1 l{iijinXk Zi:Xi/XO:Ui—FiUi,

F = :
3! XY i k=1,... h2!.

Using the self-duality condition, the flux number (at the minimum) can be expressed as

Nix = 8| £ (h)? + 2k (h* —u'h?) Gyi; (W — uw/h?) Gz = Kahler metric,
1 : | | | | : K — Iiijk?}i?}j?}K .
+ g _ % (f0)2 + %li (fz — uzfo) Gij (fj — ujfo) _ ,

Using statistical results by Demirtas et al. for x;;x , the scaling of the flux number can be estimated as

(R2HT2 1y for i = f0 =0,

Nﬂux Z {

2,1\—1/2 3
(h™7) U else . Demirtas, Long, McAllister, Stillman — 2018
EP — 2021



large complex-structure — complex-structure cone

At large complex-structure, the complex-structure moduli space is mirror-dual to the Kahler moduli space

complex-structure
moduli space

mirror symmetry

bounded by
"‘complex-structure cone”

Kahler
moduli space

bounded by
Kahler cone

Statistical data on the Kahler cone has been determined by Demirtas et al. for the Kreuzer-Skarke list.

Demirtas, Long, McAllister, Stillman — 2018



large complex-structure — (stretched) kahler cone

The Kahler cone contains all Kahler forms such that curves, divisors and the CY3 itself have positive volume.

Demirtas, Long, McAllister, Stillman — 2018



large complex-structure — (stretched) kahler cone

The Kahler cone contains all Kahler forms such that curves, divisors and the CY3 itself have positive volume.

The stretched Kahler cone contains all Kahler forms such that all volumes are larger than a constant c.

C dmin

wide Kahler cone narrow Kahler cone

Demirtas, Long, McAllister, Stillman — 2018



large complex-structure — statistical data

For the Kreuzer-Skarke list, one finds that the Kahler cone °
becomes narrower for larger dimensions h'.1, |
J -
£ ot
S, i
The narrowness can be encoded in the distance between 54 i s
the ordinary and stretched Kahler cones S AA’V/
2 A
dmin [C] ~ 10—1.4 (h1,1)2.5 C . ! :
00 2.0

Demirtas, Long, McAllister, Stillman — 2018



large complex-structure — statistical data

For the Kreuzer-Skarke list, one finds that the Kahler cone °
becomes narrower for larger dimensions h'.1, | )
6 !
E i
S, |
The narrowness can be encoded in the distance between §4j s
the ordinary and stretched Kéhler cones S
2.
dmin [C] ~ 10—1.4 (h1,1)2.5 C .
00

A lower bound can be estimated from the data as

dmin[C] z 10—2.6 (h1’1)2'76.

Demirtas, Long, McAllister, Stillman — 2018



large complex-structure — scaling of the flux number

The result from above can now be combined in the following way (here v = 1.3 ::

Nitux 2 (B2 ||o|]? [Vl > dmin 2 10720 (R*1)* 7

AN /

NﬂuX[C] z (h2,1)1—% [10—2.6 (h2,1)2.7 C}’Y

he constant ¢ parametrizes minimal volumes of cycles on the mirror-dual side. For a well-controlled
large complex-structure limit, ¢ should not be much smaller than one.




large complex-structure — comparison

Even for small values of ¢, t
exceeds the linear bound o1
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ne flux number in the large complex-structure regime (orange curves) quickly
" the tadpole conjecture (blue curves).
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large complex-structure — summary

Summary :: = [For generic flux choices and in the large complex-structure limit,
the tadpole conjecture is satisfied.

= A smaller flux number, violating the conjecture, may be found
outside of this regime or for non-generic flux choices.
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summary

Summary :: = [he tadpole conjecture states that for large h2.1, not all moduli can be stabilized.
= \When approaching a boundary in moduli space, the flux number diverges.

= |n the large complex-structure regime, the tadpole conjecture is satisfied for
generic flux choices.

Implications :: = [f true, the tadpole conjecture implies that the landscape of theories with no or
few massless scalar fields is smaller than expected.

= A common assumption in the KKLT and Large Volume scenarios may not be
satisfied.



