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Introduction

We compute the Yukawa couplings of the MSSM via F-Theory.
Based on [1511.xxxx] with F. Marchesano and G. Zoccarato.
Related works:

1 Marchesano, Regalado, Zoccarato. 2015

2 Font, Ibañez, Marchesano, Regalado. 2012

3 Font, Marchesano, Regelado, Zoccarato. 2013

Structure of the talk:

Part 1. SU(5) GUT in Type IIB.

Part 2. F-Theory.

Part 3. The E7 model.
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Yukawa couplings.

In SM explicit fermion mass terms are forbidden by gauge + lorentz
symmetries.

Higgs Mechanism.
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In SM the Yukawa couplings are free parameters.

Need to be fixed by experiment
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Can String Theory solve this?

Particles are not fundamental: Strings are.

We want to realize a SU(5) GUT in type IIB String Theory.

Use D7 branes, wrapping cycles of a CY3.

Compute the Yukawa couplings
of the GUT.

Add fluxes to break down
SU(5)→ SU(3)× SU(2)×U(1)

Get the Yukawa couplings of the
MSSM.
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Yukawa couplings in MSSM

In MSSM there are 2 Higgs doublets, Hu and Hd .

The MSSM the Yukawa couplings are

WMSSM ⊃ yuijHuQ
iuj + ydijHdQid

j + yeijHdL
ie j

In the SU(5) GUT, higgses stay in a 5U and 5D representation.

Matter stays in 10M and 5̄M representation.

In the SU(5) GUT, the Yukawa couplings are

WSU(5) ⊃ Y u
ij 10M10M5U + Y

d/e
ij 10M 5̄M 5̄D

Can’t realize 10M10M5U in perturbative Type IIB.
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An introduction to F-Theory

Consider the axio-dilaton field τ = C0 + ie−ϕ.

z = x9 + ix10 perpendicular dimensions. ∇2τ(z) = δ(2)(z)

The axio-dilaton field diverges close to the D7.

Also, axio-dilaton undergoes SL(2,Z) monodromies.

Not a problem, IIB has a SL(2,Z) self-duality.

But still, hard to treat perturbatively.

Geometrize the axio-dilaton
profile.

Treat τ as the complex
structure of a torus.
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An introduction to F-Theory

Consider a “fake” 12d spacetime.

Use the extra 2d to encode the axio-profile.

Consider an elliptic fibration over the CY3.

τ diverges on the D7.

Where is the fiber degenerate?

The 7-brane is wrapped there.
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An introduction to F-Theory

Complex codimension 1 singularity.

Perform a blow-up to resolve it.

i.e substitute the fiber with a birational equivalent nonsingular one.

Resolving CP(1)’s intersect like the Affine Dynkin of G .

8d SYM theory.

Get all ADE groups.

Study the geometry of the
fibration.
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An introduction to F-Theory

Complex codimension 2 singularity.

Correspond to a 2d locus on the internal spaces.

Here different branes intersect.

We have chiral matter.

The singularity here is worse.

Therefore gauge group gets enhanced.
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The Matter curves for a SU(5) GUT
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An introduction to F-Theory

Complex codimension 3 singularity.

Correspond to a 0d locus on the internal spaces.

Here matter curves intersect.

Different chiral fermion interact. Have a Yukawa here.

Another enhancement again.

Ultralocal approach.
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All the ingredients together
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The computation

In one yukawa point, G is enhanced to E6. Mass for up.

In the other yukawa point, G is enhanced to SO(12).
Mass for down and leptons.

Up+Down in just 1 Yukawa point. [Heckman, Tavanfar, Vafa, 2009]

Find a group that contains both?

E8 [Marchesano, Zoccarato, Regalado 2015] or E7 [Marhcesano,
Zoccarato, F.C, to appear]

Dimensionally reduce the 8d SYM superpotential

W =

∫
S
F (2,0) ∧ Φ =

∫
S
∂̄A ∧ Φ +

∫
S
A ∧ A ∧ Φ

[Beasly, Heckman, Vafa 2008]

The Yukawa matrix has rank 1. Only the top is massive.

Federico Carta Yukawa couplings from F-Theory November 12th 2015 13 / 18



The computation

In one yukawa point, G is enhanced to E6. Mass for up.

In the other yukawa point, G is enhanced to SO(12).
Mass for down and leptons.

Up+Down in just 1 Yukawa point. [Heckman, Tavanfar, Vafa, 2009]

Find a group that contains both?

E8 [Marchesano, Zoccarato, Regalado 2015] or E7 [Marhcesano,
Zoccarato, F.C, to appear]

Dimensionally reduce the 8d SYM superpotential

W =

∫
S
F (2,0) ∧ Φ =

∫
S
∂̄A ∧ Φ +

∫
S
A ∧ A ∧ Φ

[Beasly, Heckman, Vafa 2008]

The Yukawa matrix has rank 1. Only the top is massive.

Federico Carta Yukawa couplings from F-Theory November 12th 2015 13 / 18



The computation

In one yukawa point, G is enhanced to E6. Mass for up.

In the other yukawa point, G is enhanced to SO(12).
Mass for down and leptons.

Up+Down in just 1 Yukawa point. [Heckman, Tavanfar, Vafa, 2009]

Find a group that contains both?

E8 [Marchesano, Zoccarato, Regalado 2015] or E7 [Marhcesano,
Zoccarato, F.C, to appear]

Dimensionally reduce the 8d SYM superpotential

W =

∫
S
F (2,0) ∧ Φ =

∫
S
∂̄A ∧ Φ +

∫
S
A ∧ A ∧ Φ

[Beasly, Heckman, Vafa 2008]

The Yukawa matrix has rank 1. Only the top is massive.

Federico Carta Yukawa couplings from F-Theory November 12th 2015 13 / 18



The computation

In one yukawa point, G is enhanced to E6. Mass for up.

In the other yukawa point, G is enhanced to SO(12).
Mass for down and leptons.

Up+Down in just 1 Yukawa point. [Heckman, Tavanfar, Vafa, 2009]

Find a group that contains both?

E8 [Marchesano, Zoccarato, Regalado 2015] or E7 [Marhcesano,
Zoccarato, F.C, to appear]

Dimensionally reduce the 8d SYM superpotential

W =

∫
S
F (2,0) ∧ Φ =

∫
S
∂̄A ∧ Φ +

∫
S
A ∧ A ∧ Φ

[Beasly, Heckman, Vafa 2008]

The Yukawa matrix has rank 1. Only the top is massive.

Federico Carta Yukawa couplings from F-Theory November 12th 2015 13 / 18



The computation

In one yukawa point, G is enhanced to E6. Mass for up.

In the other yukawa point, G is enhanced to SO(12).
Mass for down and leptons.

Up+Down in just 1 Yukawa point. [Heckman, Tavanfar, Vafa, 2009]

Find a group that contains both?

E8 [Marchesano, Zoccarato, Regalado 2015] or E7 [Marhcesano,
Zoccarato, F.C, to appear]

Dimensionally reduce the 8d SYM superpotential

W =

∫
S
F (2,0) ∧ Φ =

∫
S
∂̄A ∧ Φ +

∫
S
A ∧ A ∧ Φ

[Beasly, Heckman, Vafa 2008]

The Yukawa matrix has rank 1. Only the top is massive.

Federico Carta Yukawa couplings from F-Theory November 12th 2015 13 / 18



The computation

In one yukawa point, G is enhanced to E6. Mass for up.

In the other yukawa point, G is enhanced to SO(12).
Mass for down and leptons.

Up+Down in just 1 Yukawa point. [Heckman, Tavanfar, Vafa, 2009]

Find a group that contains both?

E8 [Marchesano, Zoccarato, Regalado 2015] or E7 [Marhcesano,
Zoccarato, F.C, to appear]

Dimensionally reduce the 8d SYM superpotential

W =

∫
S
F (2,0) ∧ Φ =

∫
S
∂̄A ∧ Φ +

∫
S
A ∧ A ∧ Φ

[Beasly, Heckman, Vafa 2008]

The Yukawa matrix has rank 1. Only the top is massive.

Federico Carta Yukawa couplings from F-Theory November 12th 2015 13 / 18



The computation

In one yukawa point, G is enhanced to E6. Mass for up.

In the other yukawa point, G is enhanced to SO(12).
Mass for down and leptons.

Up+Down in just 1 Yukawa point. [Heckman, Tavanfar, Vafa, 2009]

Find a group that contains both?

E8 [Marchesano, Zoccarato, Regalado 2015] or E7 [Marhcesano,
Zoccarato, F.C, to appear]

Dimensionally reduce the 8d SYM superpotential

W =

∫
S
F (2,0) ∧ Φ =

∫
S
∂̄A ∧ Φ +

∫
S
A ∧ A ∧ Φ

[Beasly, Heckman, Vafa 2008]

The Yukawa matrix has rank 1. Only the top is massive.

Federico Carta Yukawa couplings from F-Theory November 12th 2015 13 / 18



The computation

In one yukawa point, G is enhanced to E6. Mass for up.

In the other yukawa point, G is enhanced to SO(12).
Mass for down and leptons.

Up+Down in just 1 Yukawa point. [Heckman, Tavanfar, Vafa, 2009]

Find a group that contains both?

E8 [Marchesano, Zoccarato, Regalado 2015] or E7 [Marhcesano,
Zoccarato, F.C, to appear]

Dimensionally reduce the 8d SYM superpotential

W =

∫
S
F (2,0) ∧ Φ =

∫
S
∂̄A ∧ Φ +

∫
S
A ∧ A ∧ Φ

[Beasly, Heckman, Vafa 2008]

The Yukawa matrix has rank 1.

Only the top is massive.

Federico Carta Yukawa couplings from F-Theory November 12th 2015 13 / 18



The computation

In one yukawa point, G is enhanced to E6. Mass for up.

In the other yukawa point, G is enhanced to SO(12).
Mass for down and leptons.

Up+Down in just 1 Yukawa point. [Heckman, Tavanfar, Vafa, 2009]

Find a group that contains both?

E8 [Marchesano, Zoccarato, Regalado 2015] or E7 [Marhcesano,
Zoccarato, F.C, to appear]

Dimensionally reduce the 8d SYM superpotential

W =

∫
S
F (2,0) ∧ Φ =

∫
S
∂̄A ∧ Φ +

∫
S
A ∧ A ∧ Φ

[Beasly, Heckman, Vafa 2008]

The Yukawa matrix has rank 1. Only the top is massive.

Federico Carta Yukawa couplings from F-Theory November 12th 2015 13 / 18



Going to rank 3

Nonperturbative corrections. [Marchesano, Martucci, 2009]

Add a D3 brane completely wrapped in 4 internal dimension.

This is a E3 instanton. Generates an extra superpotential of the form

Wnp =
ε

2

∑
N

∫
S
θnSTr(ΦnF ∧ F )

Yukawa matrix now has rank 3.

Hierarchical structure
(
O(1),O(ε),O(ε2)

)
In our case:

YD/L =

 0 0 εY 13

0 εY 22 εY 23

εY 31 εY 32 Y 33

+O(ε2)
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Fluxes

As a last step we add fluxes to the model.
Fluxes are vevs of the RR forms and B-field, in the internal space.

They are needed to:

1 Generate chirality for the fermions.

2 Break down SU(5)→ SU(3)× SU(2)× U(1)

Chirality can be used to solve SU(5)-GUT field theoretical problems:

Doublet-triplet splitting

X and Y bosons

Finally, compare with empirical data.
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Fermion masses at GUT scale

Accomodate GUT scale MSSM masses for tanβ 10− 20.

tanβ 10 38 50

mu/mc 2.7± 0.6× 10−3 2.7± 0.6× 10−3 2.7± 0.6× 10−3

mc/mt 2.5± 0.2× 10−3 2.4± 0.2× 10−3 2.3± 0.2× 10−3

md/ms 5.1± 0.7× 10−2 5.1± 0.7× 10−2 5.1± 0.7× 10−2

ms/mb 1.9± 0.2× 10−2 1.7± 0.2× 10−2 1.6± 0.2× 10−2

me/mµ 4.8± 0.2× 10−3 4.8± 0.2× 10−3 4.8± 0.2× 10−3

mµ/mτ 5.9± 0.2× 10−2 5.4± 0.2× 10−2 5.0± 0.2× 10−2

Yτ 0.070± 0.003 0.32± 0.02 0.51± 0.04

Yb 0.051± 0.002 0.23± 0.01 0.37± 0.02

Yt 0.48± 0.02 0.49± 0.02 0.51± 0.04

[Ross Serna, 2007]
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Conclusions

In F-theory models Yukawa matrix has rank 1.

Inclusion of non-perturbative effects increases the rank and may
generate flavour hierarchies.

There is a unique consistent E7 model that gives a good hierarchy.

We generate correctly chirality and doublet-triplet splitting.

τ − b non-unification is achieved.

Separating the point a tiny bit generates a CKM.
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Thank you.
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