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F-theory in a Nutshell

Geometrize |IB string coupling as complex structure of an elliptic fiber

Elliptic fiber encodes physical information

@ Gauge group:
e non-Abelian factors: Codimension 1 singularities
o Abelian factors: Freely acting Mordell-Weil group:  (Morrison Park12; Braun,Grimm,Keitel'13]
o Quotient group factors: Mordell-Weil torsion:  [morrison, Palti,Till Weigand'14]
o Discrete symmetries: n-sections [sraun, Morrison '14]
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F-theory in a Nutshell

Geometrize |IB string coupling as complex structure of an elliptic fiber

Elliptic fiber encodes physical information

@ Gauge group:
e non-Abelian factors: Codimension 1 singularities
o Abelian factors: Freely acting Mordell-Weil group:  (Morrison Park12; Braun,Grimm,Keitel'13]
o Quotient group factors: Mordell-Weil torsion:  [morrison, Palti,Till Weigand'14]
o Discrete symmetries: n-sections [sraun, Morrison '14]

@ Charged matter: Codimension 2 singularities

© Yukawa couplings: Codimension 3 singularities
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Description of the Fiber

u

How to describe the elliptic fiber

Canonical choice: The Weierstrass form as vanishing degree six polynomial
P32)[6] in [u, v, w]:

vZ — w3 — fwu* — gub =0, A =27g% + 4f3

@ zero section: [u,v,w] = [0,1,1]
@ Discriminant: A = 0 — singularity directly visible
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How to describe the elliptic fiber

Canonical choice: The Weierstrass form as vanishing degree six polynomial
P32)[6] in [u, v, w]:

vZ — w3 — fwu* — gub =0, A =27g% + 4f3
@ zero section: [u,v,w] = [0,1,1]
@ Discriminant: A = 0 — singularity directly visible

o Not best starting point to engineer (discrete-) Abelian symmetries




Description of the Fiber

How to describe the elliptic fiber

Start from a different ambient space such as P%:
51u3 4 52u2v aF 53uv2 aF 54v3 + 55u2w + SﬁuVWS7V2W + 58uw2 + SgVW2 + 510W3 =0

— Genus-one fiber with three-section: Z3 symmetry [cuetic Donagi Kievers Piragua Poretschiin'1s]

Benefit:
@ Using tops, additional non-Abelian sectors can be added

[Bouchard,Skarke'03;Braun, Grimm, Keitel,Borchmann,Mayrhover, Palti, Weigand; Cvetic,Klevers, Piragua'13]

@ the above sector of the theory is invariant of the top completion
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How to describe the elliptic fiber

Start from a different ambient space such as P%:
51u3 4 52u2v aF 53uv2 aF 54v3 + 55u2w + SﬁuVWS7V2W + 58uw2 + SgVW2 + 510W3 =0

— Genus-one fiber with three-section: Z3 symmetry [cuetic Donagi Kievers Piragua Poretschiin'1s]

Benefit:
@ Using tops, additional non-Abelian sectors can be added

[Bouchard,Skarke'03;Braun, Grimm, Keitel,Borchmann,Mayrhover, Palti, Weigand; Cvetic,Klevers, Piragua'13]

@ the above sector of the theory is invariant of the top completion

Usefull to fully analyze those invariant sectors!
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Choose one of sixteen
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Our program
Describe the fiber as a hypersurface in one of all the 16, 2D toric varieties!

@ What is the generic F-theory spectrum?

[Braun, Keitel, Grimm;Cvetic,Klevers, Piragua;Borchmann,Mayrhofer, Palti, Weigand'13]
@ Are there relations among those theories?

@ Check all consistency conditions for a general two dimensional base
— Globally consistent family of 60 A = 1 SUGRA theories




The Network

Fig SUB)*/Zs
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= The SUGRA spectrum of F-theory
23T Fuosue esue Fosvercun Fsue<uar Fruyt covers all generic features:
H o From quotient to discrete
2T Fy su@ xu() Fs v()? Ssymmetries [saw E. Palti's talk]
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The Network

Fig SUB)?*/Zs

(SU(M) x SU(2)2)/Zs SU(3) x SU(2)? x U(1)

Fi3 Fiy Fi5 su@)/z, x u(1)

4T su@ xsu xua) Fu Fya SUER? % UQ)? The Network

4
& /l><i \ The SUGRA spectrum of F-theory
gs 3T Fiosu@) xsU@ Fs sU@xu)  Fo su@xuay  Fr vy covers all generic features:
E \l ><l/ @ From quotient to discrete
2T Fs su@) xu) Fs v? symmetries [Saw E. Palti’s talk]
/l / @ All theories connected to a
1T Risuexz VF F U0)xZ network y
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The Network

Toric Higgs Effect

The Geometry Side

Extremal transitions:

@ blow-up(/down) in the fiber
@ Matching of divisor classes

Ve
Fy SU@) xU(1) Fs U(1)
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Fysu) xz U EFy Fy U)xZ The Field Theory Side
A The 6D Higgs effect:
@ non-adjoint VEV
@ Matching of field multiplicities
© D-flatness
Q ..

© Effectiveness of all divisors
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The Network

5T F @ H|gh||g S
(Srwxmﬂmxsm.z“-m o MW-torsion [Mayrhofer,Morrison, Till, Weigand'14]
T hs fi Fo su o Fig : Trinification
\l\ o Fi3: Pati-Salam
4T SU(3) x SU(2) x U(1) Fi; Fy SU@)? x U(1)? e Fll : The Standard MOdel

/l><l \ @ F3:qg=3 U(1) charged matter

Fio SUB) xSU@2) Fg su@?xu() Fysu@ xu()p? Frua)y?

© Multi sections:
\i><l/ o discrete symmetries

Fs SU@) x Uy Fs uay?

[Anderson,Garcia-Etxebarria, Grimm, Keitel'14]
/l / [Mayrhofer, Palti, Till, Weigand '14]

LT sz V0 F B U0)xZ @ Mirror-Symmetry:
MW-torsion
0+ F 7, 2
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Conclusion

Our Construction
We have constructed a network of

o globally consistent families of 6D SUGRA theories within F-theory where
@ the fiber is realized as a hypersurfaces in one of all 16, 2D toric varieties and

o gave their full spectrum and the Higgs-connections.

Our Highlights

@ Various examples of discrete symmetries and matter charges
@ The first g > 2 U(1) charged matter field

o Interesting fibrations for particle physics (Trinification, Pati-Salam and
Standard model) [Saw Denis Talk, See D.Mayorga's talk]

@ The network is fully mirror-symmetric
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o gave their full spectrum and the Higgs-connections.

Thank You !
Our Highlights
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