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F-theory effective action on elliptically fibered CYj:

N =1 supergravity in (3 + 1) dimensions
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Motivation

F-theory effective action on elliptically fibered CYj:

N =1 supergravity in (3 + 1) dimensions
sW = / TR w1 - K;pM' A xDM?
M3 1

1 1
— 5Re(f),\zF" AxFE — E/m(f)AzF" AFE+ Vsl
What can we say about the gauge-coupling fax (M) in terms of CY4?
For gauge-theory on seven-branes = not relevant

For bulk gauge-theory: = Emerge from non-trivial three-forms of CYjy

Goal: Study three-forms of CY; = Consider toy-example: 1A on CYj!
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Outline

@ Type lIA Supergravity

@ Properties of CY,

@ Dimensional reduction of Type IIA Supergravity on a CY;
@ Mirror Symmetry at Large Volume

® Summary and Outlook
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Action of Type lIA Supergravity

Three parts: 5,(,? = Sns + Skin + Scs

Neveu-Schwarz

(10)

1 1
Sns = / e i (§R(1O) Al + 2dgiD) A dlld) — ZH3/\*H3)
Mg

with R(10) Ricci-scalar, H3 = dB»
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Action of Type lIA Supergravity

Three parts: 5,(,?) = Sns + Skin + Scs

Neveu-Schwarz

1
Sys — / o260 ( RO A 41 4 2d {1 A xdglY) — T *H3)
Mo 1

with R(10) Ricci-scalar, H3 = dB»

Ramond-part (gauge-kinetic)

1 = .
Sidy = ——/ FoAxFo+FaAxFy
4 I Mos

with Fo = dCy, F4 = F4 — C1 A Hs
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Action of Type IIA Supergravity

Three parts: 5,(,?) = Sns + Skin + Scs

Neveu-Schwarz

1
Sys — / o260 < RO A 41 4 2d {1 A xdglY) — T *H3)
Mo 1

with R(10) Ricci-scalar, H3 = dB»

Ramond-part (gauge-kinetic) Ramond-part (Chern-Simons)

1 ~ ~ 1
5kin——/ FoAxFo4F4N\*Fy 5c5——/ BoAFaNFa
4 ./\/(91 4 ./\/(91

with F> = d(q, I—:4 =F4— Ci ANHz = topological
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h1,1

gi+0g;=—idzg=—iY vA(X)wp; wa€H(Ya,Z)

A=1




Deformation of Moduli - Kahler Moduli
Calabi-Yau fourfold compactifications due to [Haack,Louis,...]
Kahler deformations

hl,l

gi+0g;=—ils=—i> vA(wuz wa€H(Ya,Z)
A=1

= hb! real scalar moduli v#, large volume = large expectation value (v)
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Kahler deformations

hl,l
gi+0g;=—ils=—i> vA(wuz wa€H(Ya,Z)
A=1

= hb! real scalar moduli v#, large volume = large expectation value (v)

Two-form deformations

hl,l
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Deformation of Moduli - Kahler Moduli

Calabi-Yau fourfold compactifications due to [Haack,Louis,...]
Kahler deformations

hl,l
gi+0g;=—ils=—i> vA(wuz wa€H(Ya,Z)
A=1

= hb! real scalar moduli v#, large volume = large expectation value (v)

Two-form deformations

= hb1 real scalar moduli b*

A = combine to bosonic part of

53;] = Z ob (X)WA,'j twisted-chiral multiplets
A=1

hl,l
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Deformation of Moduli - Kahler Moduli

Calabi-Yau fourfold compactifications due to [Haack,Louis,...]
Kahler deformations

hl,l
gi+0g;=—ils=—i> vA(wuz wa€H(Ya,Z)
A=1

= hb! real scalar moduli v#, large volume = large expectation value (v)

Two-form deformations

= hb! real scalar moduli bA
hh! A = combine to bosonic part of
58;]‘ = Z ob (X)WAij' twisted-chiral multiplets
A=1
h'1 complexified Kahler moduli: = e )
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h3,1

og; = Z 6zK(x)XK,-—j
K=1




Deformation of Moduli - Complex Structure Moduli

Complex structure deformations:

31 = h3! complex scalar moduli zK
(5gu Z 6zK XK’J = bosonic part of chiral multiplets
_ 1 olmn 3,1 Q2 Q QUK
Xkij = Q2 Ppimny P € H(Ya) Q7 = a1 ik
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Deformation of Moduli - Complex Structure Moduli

Complex structure deformations:

31 = h3! complex scalar moduli zK
(5gu Z 6zK XK’J = bosonic part of chiral multiplets
1 oimn 3,1 2 okl
Xk = WQT‘ Py Pk € H(Ya) Q7 = 5 QukIQ
Without further moduli: Mmoduti = Mk X Mes J
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Deformation of Moduli - Complex Structure Moduli

Complex structure deformations:

31 = h3! complex scalar moduli zK
(5gu Z 6zK XK’J = bosonic part of chiral multiplets
1 oimn 3,1 2 okl
Xk = WQT Py Pk € H(Ya) Q7 = 5 QukIQ
Without further moduli: Mmoduti = Mk X Mes J

. : 200000 = L 2000y L / 4
. e 1A = ——e P\ pY=_— J
Dilaton expansion: V(x) 4 Jy,
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Note: h10 = 0 for CYj and 2d-vectors auxiliary = drop vectors!
Left: three-form moduli arising from C3 € H>1(Y3) @ H?(Y4)
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Deformation of Moduli - Three-Form Moduli

Note: h':0 = 0 for CY, and 2d-vectors auxiliary = drop vectors!

Left: three-form moduli arising from Gz € H>Y(Y,) @ HY2(Y,)

Kinetic term: dC3 A *dC3 = Hodge-star depends on moduli!

precisely: w«p = iJANY, € H>(Y))

= Choose three-form basis W/ depending on complex structure moduli!

V!(2,2) = JRe(f)™(am — ifmk3%) € HY2(Ya)
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Deformation of Moduli - Three-Form Moduli

Note: h':0 = 0 for CY, and 2d-vectors auxiliary = drop vectors!

Left: three-form moduli arising from Gz € H>Y(Y,) @ HY2(Y,)

Kinetic term: dC3 A *dC3 = Hodge-star depends on moduli!

precisely: xp = iJ ANp, 1p € H>1(Yy)
= Choose three-form basis W/ depending on complex structure moduli!
V!(z,2) = JRe(f)™(oum — if mcB¥) € HY2(Ys) )
Three-form deformations:
2ol
5Cs=> NV +c.c.
I=1
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Deformation of Moduli - Three-Form Moduli

Note: h':0 = 0 for CY, and 2d-vectors auxiliary = drop vectors!

Left: three-form moduli arising from Gz € H>Y(Y,) @ HY2(Y,)

Kinetic term: dC3 A *dC3 = Hodge-star depends on moduli!

precisely: w«p = iJANY, € H>(Y))

= Choose three-form basis W/ depending on complex structure moduli!

V!(z2,2) = 3Re(f)™(am — if mkB¥) € H*2(Ya) )
Three-form deformations:
h2’1
5Cs = ZéN’wl e = h?1 c9mp|ex scala.rs N, .
= = bosonic part of chiral multiplets
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Three-Form Ansatz

Suggested by [Grimm '10]: 1 _
(Lk,m=1,..., h%%) v = ERe(f)””(am — ifmkB) € H'2(Ya)
Properties:

o ay, ¥ basis of H3(Y4, R) = topological
o fim(z) holomorphic (three-form periods)
o flapk=0
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Three-Form Ansatz

Suggested by [Grimm '10]: 1 _
(k,m=1,..., h>1) W' = 2 Re(f)™(am — iTm3*) € H2(Ya)
Properties: Result:

o ay, B basis of H3(Y4,R) = topological ovl  ov

0 fim(z) holomorphic (three-form periods) 9zK ~ 9zK v

o BIABk=0

Sebastian Greiner (MPP Munich) Mirror symmetry of CYy Ringberg Castle 2016 9/15



Three-Form Ansatz

Suggested by [Grimm '10]: 1 _
(k,m=1,..., K0 W' = 2 Re(f)™(am — iTm3*) € H2(Ya)
Properties: Result:

o ay, B basis of H3(Y4,R) = topological ovl ov

0 fim(z) holomorphic (three-form periods) 9zK ~ 9zK v

o BIABk=0
Advantage: CAf, = [wahasA Bk topological intersection numbers

L 7} Imrk A
= ViAW" = ——Re(f)"™Cx,,v
Ya 2
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Three-Form Ansatz

Suggested by [Grimm '10]: 1 _
(Lkom=1,... 1Y W' = 2 Re(f)™(am — iTm3*) € H2(Ya)
Properties: Result:
o ay, B basis of H3(Y4,R) = topological ovl ov
0 fim(z) holomorphic (three-form periods) 9zK ~ 9zK v
o BIABk=0
Advantage: C,i\(/ = [wahasA Bk topological intersection numbers
= W AUk — f}Re(f)lmCi\(va Goal of our work:
Y 2 calculate f!
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Dimensional Reduction on M ; X Y}

N = (2,2)-dilaton supergravity (A = {z, N} chiral, t twisted-chiral)

1 _
S = / e~2ia (§R(2) A #1 +2d¢E) A xdd\l) + dth A +dEEK 5
M1

R nd R A q#A R A
— dAR A xdR Ker = AR A dE Kz + IR A dtA K, )
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Dimensional Reduction on M ; X Y4

N = (2,2)-dilaton supergravity (A = {z, N} chiral, t twisted-chiral)

1 _
S = / e~2ia (§R(2) A #1 +2d¢E) A xdd\l) + dth A +dEEK 5
M1

R nd R A q#A AR A
— dAR A xdR Ker = AR A dE Kz + IR A dtA K, )

e : _ 5, 262
with kinetic potential K = logV — log fy4 QAQ+ e PSS
S = Re(N),(/ v A *W’") Re(N)m = Im(N); axionic!
Ys

= Interactions between chiral and twisted-chiral multiplets!
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Mirror Symmetry at Large Volume

Observations: [Gates,Gukov,Witten '00]

= Mirror symmetry maps IIA on a CYy to IIA on the mirror CYy

= Pure N' = (2,2) dilaton-supergravity is invariant

= Mirror symmetry maps chiral to twisted-chiral multiplets and vice-versa

= Kahler moduli and complex structure moduli are mirror

New: Three-form moduli are self-mirror, but change representations!
= Representation change via Legendre transformation of kinetic potential
= Explicit dependence of three-form metric

— 1
Hk = / WA TR = —5Re()" v = (Mo )i
Ys
on Kahler moduli v in both pictures known

= Gauge coupling f(z) linear in complex structure moduli z!
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Summary

Introducing the ansatz

W' = LRe(f)™(atm — if mi3%) € HY2(Ya) )

we can include the massless-modes arising from non-trivial massless
three-form modes into dimensional reductions on Calabi-Yau fourfolds.
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Summary

Introducing the ansatz

V! = IRe(F)™(cm — if mkB¥) € H2(Ya) J

we can include the massless-modes arising from non-trivial massless
three-form modes into dimensional reductions on Calabi-Yau fourfolds.

Using type IIA supergravity and N = (2,2) supersymmetry, we obtain a
very simple mirror map. This enables us to calculate f;,(z) at large
complex structure to be

fim(2) = 2Cly | 6[5:/@A@,AB’”
Ya

(Hatted objects are defined on the mirror fourfold Yy)
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Outlook - Current Work

Also included

o M-theory on CYy with h #£0
= derive proper Kahler coordinates

o M- to F-theory lift for elliptically fibered CY;y
= three-forms induce U(1)™1-gauge theory in the effective

supergravity action

s(4) — / ER(“) x1— KEDM' A xDMY
Ms1
1 1
_ ZRe(f)/\z,‘:/\ A *Fz — Zlm(f)AZFA VAN Fz

and we calculated fs(z) and KF at large complex structure!
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Outlook - Current Work

Also included

o M-theory on CYy with h #£0
= derive proper Kahler coordinates

o M- to F-theory lift for elliptically fibered CY;y
= three-forms induce U(1)™1-gauge theory in the effective
supergravity action

s(4) — / ER(“) x1— KEDM' A xDMY
Ms1
1 1
_ ZRe(f)/\z,‘:/\ A *Fz — Zlm(f)AZFA VAN Fz

and we calculated fs(z) and KF at large complex structure!

o Continued in [Corvilain,Grimm,Regalado '16].
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Thank you for your attention! Questions?
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o Construct examples via toric geometry
= done! hypersurfaces in toric varieties
= three-forms arise from blow-ups of singular Riemann surfaces
= calculate three-form periods as regular periods of these surfaces
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o Construct examples via toric geometry

= done! hypersurfaces in toric varieties

= three-forms arise from blow-ups of singular Riemann surfaces

= calculate three-form periods as regular periods of these surfaces
o Apply ansatz to M/F-theory

= phenomenological applications: axions for inflation

= include open string moduli and fluxes

= new information about brane dynamics
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= calculate three-form periods as regular periods of these surfaces
o Apply ansatz to M/F-theory

= phenomenological applications: axions for inflation

= include open string moduli and fluxes

= new information about brane dynamics

Distant future:

o Proper geometrical interpretation of three-form moduli
= probably moduli of quasi-coherent sheaves or branes
= generalize to open/homological mirror-symmetry concepts
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Outlook - Future Work

o Construct examples via toric geometry
= done! hypersurfaces in toric varieties
= three-forms arise from blow-ups of singular Riemann surfaces
= calculate three-form periods as regular periods of these surfaces

o Apply ansatz to M/F-theory
= phenomenological applications: axions for inflation
= include open string moduli and fluxes
= new information about brane dynamics

Distant future:

o Proper geometrical interpretation of three-form moduli
= probably moduli of quasi-coherent sheaves or branes
= generalize to open/homological mirror-symmetry concepts

o Include three-form moduli in topological string/CFT framework
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