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Introduction

-~ In recent years there has been vast progress in the study of F-theory
effective actions in four and six dimensions using an approach via M-
theory.

= The understanding of geometric properties and the physics in the effective
actions are going hand in hand.
»classical moduli action
+ fluxes and charged spectrum
» massless and massive U(1)’s, gauge theory branches and resolutions
+ o/ corrections ...

= Main motivations:
» phenomenology: Grand Unified Theories, ...
+ general effective theories within string theory ("minimal models’)
+ formulating string theory away from weak coupling (M-theory)

Monday 7 July 14



Computing the F-theory etfective actions

~ F-theory encodes physics of seven-branes in higher-dim. geometry:  [vafa]
»singularities of the elliptic fibration: y2 — 5 flu)z + g(u)
+seven-brane locations (gauge group, matter, ...): A =27g° +4f°

~ No twelve-dimensional low-enegry effective action for F-theory.

| 1S
/

— " I"#"$Y

Analyze and define F-theory via M-theory

(1) A-cycle: if small than M-theory becomes Type ITA
(2) B-cycle: T-duality = Type IIA becomes Type IIB
(3) grow extra dimension: send T“. volume T-dual = B- -cycle becomes large

= M-theory to F-theory limit connects 6d and 5d effective theories
4d and 3d effective theories

Monday 7 July 14



I'-theory effective actions via M-theory

~ effective actions can be computed via M-theory / 11-dimensional
supergravity on the resolved Calabi-Yau manifolds

F-theory on singular M g /6 M-theory on resolved M 8/6

3d/5d effective theory with
only abelian gauge symmetries

4d/6d effective theory with

non-Abelian gauge symmetry G
and non-Abelian tensors

1-dim. compactification

explicitly compute

3d/5d effective theory pushed compare characteristic data
to Coulomb branch

determining
the action
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I'-theory effective actions via M-theory

~ effective actions can be computed via M-theory / 11-dimensional
supergravity on the resolved Calabi-Yau manifolds

F-theory on singular M g /6 M-theory on resolved M 8/6

3d/5d effective theory with
only abelian gauge symmetries

4d/6d effective theory with

non-Abelian gauge symmetry G
and non-Abelian tensors

0 P _ a) can be a circle (standard approach)
W b) can be an interval for Spin(7)
[Bonetti, TG,Pugh] [Bonetti, TG,Palti,Pugh]

3d/5d effective theory pushed — talk Tom Pugh
to Coulomb branch c) can be an fluxed circle
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(Goals of this talk

~ I like to discuss axions and U(1) gauge symmetries in F-theory
compactifications on Calabi-Yau fourfolds and threefolds:

= Stepwise introduce:
(1) Systematics of axions in F-theory
(2) Axion decay constants and their moduli dependence
(3) U(1) gauge symmetries that are massive by “eating’ axions

(4) Massive U(1) gauge symmetries to describe physics of
elliptic fibrations without section

Monday 7 July 14



(1) Axions and their decay constants
In F-theory




Generaliies: Axions in'lype 1IB

~ Axions are generically present in Type IIB string compactifications:

» zero-modes of R-R, NS-NS form fields: form-field axions

CO C12 =@ Wa 04 — Pa W By = b* Wa

e @ e non-trivially transform under SL(2,Z)

» can arise from D7-branes: Wilson line axions

Apr = aP &, < one-forms on brane world-volume

+ symmetry points in geometrical moduli spaces: geometrical axions

example: ‘large complex structure point’ in complex structure moduli
space of Calabi-Yau manifold

Monday 7 July 14



Axions 1 F-theory via M-theory

~ F-theory on elliptically fibered Calabi-Yau fourfold Y, with base B3
obtained obtained via M-theory

~ Axions are arising from M-theory three-form:

Cy = A% ANw, +iG* ¥, — i@,

Tt o

(1,1) - forms on CY fourfold (2,1) - forms on CY fourfold
two legs in B3 one leg in fiber, two legs in B3

A’ —— yields C4 axions !

(G — unifies form-field and Wilson line axions: ¢?, b?, af

= geometrical axions arise from complex structure moduli space of Yy
= (U is geometrical axion in F-theory
= no shift symmetry in general F-theory setting
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Axion decay constants |

~ focus on the (2,1)-form fields G* in the following (assume h*'(B3) = 0):

+ complex fields G live on complex N-dimensional torus:

YL H271(Y47 C)

7
H>(Y4, Z)

N = h»Y(Yy) ! h*Y(Bs)

—— complex structure on T is induce by complex structure of Y,

o
» choice of basis: U, = %Im(hab)—l(ﬁb = hchéC) (as, 8”) integral
three-forms

—— K% is a holomorphic function of the complex structure moduli of Y,

+ couplings of classical effective theory does only depend on G* — G
—> shift symmetry for Im G (e.g. R-R two-forms, D7-Wilson lines)

10
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Axion decay constants |l

= metric for G, axion decay constants:

J, V is Kdhler form and
volume of

2 2 —
oy /y ’

—> fa Vvaries non-trivially over Kédhler and complex
structure moduli space

~ Question: Can the axion decay constants be large at special points?
+ simplest example: N =1
write locally: ¥ = 1Im(7) '@ A (dz — 7dy)
1

f2:V_ (ImT)_lJb/\&J2
b JB

—> fap can receive large contributions from strong coupling
regions on B3, also needed for GUTs in F-theory

11

Monday 7 July 14



Axion potential

~ Large axion decay constants might allow for interesting models of
natural axion inflation [Freese,Frieman,Olinto]

~ Axion potential in F-theory:

+arises from M5-brane instantons in dual M-theory picture

(G - dependence through a theta-function ©(G, h) on the torus 7"

a5 ~T [Witten] [Ganor] [TG]
WMS(Z’ G7T) f(z) @(G’ h) . TG,Kerstan,Palti, Weigand]

Kerstan,Weigand]

O(G,h) = Z exp(%ihabnanb - z’naG“)

ng €N

+axion decay constants large where higher harmonics become relevant,
i.e. for h"’° <1 —— no parametrically safe realization,
fine-tuning in special setups?
12
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(2) Massive U(1) gauge symmetries

13




Massive U(1})s from geometric Stuckelberg

~ weakly coupled Type IIB theory: D7-brane U(1)s can admit Stiickelberg
coupling

dualize Cg: shift gauging of C, axions ¢*
Ssy = / Cs N Fu() il :
Difes Dc® = dc® +m® Ay purely geometric

[Jockers,Louis]

~ geometrically massive U(1)s in F-theory: [TG,Weigand] [TG,Kerstan,Palti, Weigand]

» ' f(2,1)-f 10NS:
gauging of (2,1)-form axions non—closed (1,1)-form

dC?f” — 1dG® N \Ifa 3= AU(l) /N dwU(l) S G / e / 1@
= PDEIAT, L cic. aC

+ non-Kéahler resolutions: include massive U(1)s in effective theory

+ beautiful explicit geometric realization [A. Braun,Collinucci,Valandro]
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I'-theory on manifolds without section

~ (Calabi-Yau threefold with genus-one fibration without section:

» base B, is not a submanifold locally described by embedding equations

+dilaton-axion 7(u) can be still extracted at each point of B
= F-theory well-defined on this space, despite having no Weierstrass model?

» M-theory on Calabi-Yau threefolds without sections is well defined and can
be analyzed using 11d sugra = 5d effective description of F-theory setup!

= QOur Proposal: [Anderson,Garcia-Etxebarria, TG, Keitel]

(1) F-theory setup contains geometrically massive U(1)s and
charged spectrum under these U(1)s

(2) Derivation from M-theory requires a fluxed circle reduction from 6d — 5d

— new massive and massless 5d combinations of circle Kaluza-Klein
vector and 6d massive U(1)

= agreement of 5d effective theories after integrating out massive fields

= recent analysis of geometries without section [V.Braun,Morrison] [Morrison, Taylor]
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L.ocal checks via'l-duality

~ metric for T*-fibration Y3 without section can locally only brought to form:

0 & o« e 2
2 = i -5 , U X=dzx+ X non-trivial 7T’
ds”(X) = gizdu'du’ + Im7‘|X — 7Y Y =y % K et

~ non-trivial field strength in simplest situation

(dX) = —n&  (dY)=0

~ M-theory on Y3 connects to Type IIB theory on extra S :

» non-vanishing flux G3 = F3 — 7Hg3: Fs=!nl"" dy

flux along the circle
- Fluxed circle reduction induces gauging with Kaluza-Klein vector A"

De = de+ n A° __, gauging of the C; axioil arising
from the expansion in w
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I'luxes cirele reduction with massive U(1)

~ combining 6d Stiickelberg gauging with gauging from fluxed circle
reduction:

Do = dC—I—mAU(l) +n A°

-~ Massive AY and massless A™?% linear combinations:

L= f2 DC’2 — e = fQImAU(l) 5 nAO|
\/
A mass

~ 5d effective theory for massless modes can be compared with M-theory
- need to compute the charges of the 6d states on S! under massless A"

i g N j N j CEe ) N — geometry of manifolds
x v l'n m with bi-section:
=2l =l
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Integrating out all massive states

= 5d massive states: - charged 6d matter in the 5d Coulomb branch
- Kaluza-Klein states to all 6d multiplets
Coulomb branch mass ¢'a;
My = Mce + Mgk < Kaluza-Klein mass (level n) n T

~ one-loop Chern-Simons terms “see’ massive spectrum:

1 ' y 1
| Kr- AR " A" T(R" R
48' 2 i M 384] ek M s r( )Au or gu|
ks = ki &g o gy sign(m)
mass. states AH A or g
i M H!
L) = . aq sign(m)
mass. states spin-1/2  spin-3/2  tensor
O are the charges of the states K, 1 5 =
under the massless 5d U(1)s ' 1 19 8

[Bonetti, TG,Hohenegger]
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Global checks by computing 1-loop C.S terms

~ compare 1-loop Chern-Simons terms with intersection numbers and
second Chern class for Calabi-Yau examples Y3 without section

» concrete examples with one massive 6d U(1) have a ‘bi-section’

+ to check proposal in global models compute hypermultiplet spectrum

charged under massive 6d U(1) by using conifold transition to models with
two sections = massless U(1) in 6d = find perfect agreement

many works on F-theory with multiple U(1)s:

[TG,Weigand], [Morrison,Park] [Borchmann,Mayrhofer,Palti, Weigand], [V.Braun, TG,Keitel],
[Cvetic,Klevers,Piragua,Song] [A.Braun,Collinucci,Valandro] [Kuntzler,Schafer-Nameki] ...

+ to apply proposal: compute hypermultiplet spectrum by using Chern-Simons
terms, i.e. intersection numbers and Chern-classes of Y3

— more on geometry and the proposal: talk by Ihaki Garcia-Etxebarria

~ extension to Calabi-Yau fourfolds with four-form flux is an important open

problem = Yukawa couplings and U(1) selection rules?
i
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Conclusions

~ Axions in F-theory

+ F-theory allows to unify axions from bulk supergravity (form-field axions)
and seven-brane sector (Wilson line axions) = (2,1)-form axions

+axion decay constants of (2,1)-form axions depend on complex structure and
K&hler moduli = controlled large at special points in complex structure
moduli space (special seven-brane configurations, strong coupling effects)

+ (2,1)-form axions: key to understand physics of geometrically massive U(1)s

~ Massive U(1)s and F-theory on geometries without section
+ proposal: F-theory effective action for such geometries using M-theory dual

+crucial to include 6d /4d massive U(1)s perform fluxed circle reduction
= Kaluza-Klein vector mixes with U(1)s into massless/massive combination

+ spectrum including modes charged under massive U(1) can still be
determined
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