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Σ = 𝑑𝑑𝑃𝑃𝑛𝑛

𝐶𝐶𝟓𝟓𝟓𝟓 = ℙ1

Rigid 𝐸𝐸7
• Common (10%-20%?) in F-theory landscape
• Independent of moduli



Σ = 𝑑𝑑𝑃𝑃𝑛𝑛

Rigid 𝐸𝐸7 SU(5) 𝐺𝐺𝑆𝑆𝑆𝑆
Vertical flux
𝐷𝐷𝑖𝑖 ∧ [𝐷𝐷𝛼𝛼]

Remainder/hypercharge flux 
𝐷𝐷𝑖𝑖|𝐶𝐶𝑟𝑟𝑟𝑟𝑟𝑟

[Beasley, Heckman, Vafa; Donagi, Wijnholt; 
Blumenhagen, Grimm, Jurke, Weigand; 

Marsano, Saulina, Schafer-Nameki; Grimm, 
Krause, Weigand]

(generic non-toric base)

𝐶𝐶𝟓𝟓𝟓𝟓 = ℙ1



Σ = 𝑑𝑑𝑃𝑃𝑛𝑛

Rigid 𝐸𝐸7 SU(5) 𝐺𝐺𝑆𝑆𝑆𝑆
Vertical flux
𝐷𝐷𝑖𝑖 ∧ [𝐷𝐷𝛼𝛼]

Remainder/hypercharge flux 
𝐷𝐷𝑖𝑖|𝐶𝐶𝑟𝑟𝑟𝑟𝑟𝑟

(generic non-toric base)

𝟏𝟏𝟑𝟑𝟑𝟑 𝟓𝟓𝟓𝟓

𝐶𝐶𝟓𝟓𝟓𝟓 = ℙ1

𝜒𝜒 = ∑𝛼𝛼 𝑛𝑛𝛼𝛼𝜙𝜙𝛼𝛼, likely to get 𝜒𝜒 = 3
Can compute full vector-like spectrum

3 gen of SM
chiral matter+𝑁𝑁𝑅𝑅

Higgs + unavoidable
vector-like exotics



Σ = 𝑑𝑑𝑃𝑃𝑛𝑛

Rigid 𝐸𝐸7 SU(5) 𝐺𝐺𝑆𝑆𝑆𝑆
Vertical flux
𝐷𝐷𝑖𝑖 ∧ [𝐷𝐷𝛼𝛼]

Remainder/hypercharge flux 
𝐷𝐷𝑖𝑖|𝐶𝐶𝑟𝑟𝑟𝑟𝑟𝑟

(generic non-toric base)

𝟏𝟏𝟑𝟑𝟑𝟑 𝟓𝟓𝟓𝟓

𝐶𝐶𝟓𝟓𝟓𝟓 = ℙ1

3 gen of SM
chiral matter+𝑁𝑁𝑅𝑅

• Preserve hypercharge U(1)
• Remove exotic 𝟑𝟑,𝟐𝟐 −5/6
• Induce doublet-triplet splitting
[Beasley, Heckman, Vafa]

𝜒𝜒 = ∑𝛼𝛼 𝑛𝑛𝛼𝛼𝜙𝜙𝛼𝛼, likely to get 𝜒𝜒 = 3
Can compute full vector-like spectrum

Higgs + unavoidable
vector-like exotics



Removing exotic 𝟑𝟑,𝟐𝟐 −5/6

• Achieved by manifestly integer hypercharge flux with minimal tadpole

𝐺𝐺4𝑟𝑟𝑟𝑟𝑟𝑟 = 2𝐷𝐷1 + 4𝐷𝐷2 + 6𝐷𝐷3 + 4𝐷𝐷4 + 2𝐷𝐷5 + 𝐷𝐷6 + 3𝐷𝐷7 �𝐶𝐶𝑟𝑟𝑟𝑟𝑟𝑟
with 𝐶𝐶𝑟𝑟𝑟𝑟𝑟𝑟2 = −2 e.g. 𝑒𝑒𝑖𝑖 − 𝑒𝑒𝑗𝑗 in 𝑑𝑑𝑃𝑃𝑛𝑛

1
2
�𝐺𝐺4𝑟𝑟𝑟𝑟𝑟𝑟 ∧ 𝐺𝐺4𝑟𝑟𝑟𝑟𝑟𝑟 = 4



Σ = 𝑑𝑑𝑃𝑃𝑛𝑛

Rigid 𝐸𝐸7 SU(5) 𝐺𝐺𝑆𝑆𝑆𝑆
Vertical flux
𝐷𝐷𝑖𝑖 ∧ [𝐷𝐷𝛼𝛼]

Remainder/hypercharge flux 
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(generic non-toric base)

𝟏𝟏𝟑𝟑𝟑𝟑 𝟓𝟓𝟓𝟓

Higgs + unavoidable
vector-like exotics

𝐶𝐶𝟓𝟓𝟓𝟓 = ℙ1

3 gen of SM
chiral matter+𝑁𝑁𝑅𝑅

• Preserve hypercharge U(1)
• Remove exotic 𝟑𝟑,𝟐𝟐 −5/6
• Induce doublet-triplet splitting

Automatic for bulk Higgs

𝜒𝜒 = ∑𝛼𝛼 𝑛𝑛𝛼𝛼𝜙𝜙𝛼𝛼, likely to get 𝜒𝜒 = 3
Can compute full vector-like spectrum



Σ = 𝑑𝑑𝑃𝑃𝑛𝑛

Rigid 𝐸𝐸7 SU(5) 𝐺𝐺𝑆𝑆𝑆𝑆

𝐶𝐶𝟓𝟓𝟓𝟓 = ℙ1

(× U 𝟏𝟏 𝟑𝟑)

Stückelberg mechanism from vertical flux

Global U 1 symmetries

Stringy instantons

Approximate global U 1 symmetries

Selection rules up to exponentially small error



Σ = 𝑑𝑑𝑃𝑃𝑛𝑛

Rigid 𝐸𝐸7 SU(5) 𝐺𝐺𝑆𝑆𝑆𝑆

𝐶𝐶𝟓𝟓𝟓𝟓 = ℙ1

(× U 𝟏𝟏 𝟑𝟑)

ΣΣΣ couplings ✘
Vanishing due to 𝑑𝑑𝑃𝑃𝑛𝑛

[Beasley, Heckman, Vafa]

𝐶𝐶𝐶𝐶𝐶𝐶 couplings ✘
Codim-3 (4,6) points
𝟓𝟓𝟓𝟓3 has no singlets

Σ𝐶𝐶𝐶𝐶 couplings ✓

• SM Yukawa couplings ✓ (with one copy of Higgs due to flux choice)
• Couplings with triplet Higgs ?
• Couplings mixing copies of �𝐷𝐷, 𝐿𝐿 ✘ (due to flux choice) 

𝟓𝟓𝟓𝟓 → 𝑄𝑄 + �𝑈𝑈 + �𝐸𝐸 + 3 × �𝐷𝐷 + 𝐿𝐿 + 𝑁𝑁𝑅𝑅 + ℎ. 𝑐𝑐.
𝟏𝟏𝟑𝟑𝟑𝟑 → 𝐻𝐻𝑢𝑢 + 𝑇𝑇𝑢𝑢 + 3 × 𝐻𝐻𝑑𝑑 + 𝑇𝑇𝑑𝑑 + ⋯+ ℎ. 𝑐𝑐.

Choose vertical flux such that only one copy is present



Proton decay

• Dimension-4 proton decay (R-parity violation)

𝑊𝑊 ⊃ 𝛼𝛼1𝑄𝑄𝐿𝐿�𝐷𝐷 + 𝛼𝛼2𝐿𝐿𝐿𝐿 �𝐸𝐸 + 𝛼𝛼3�𝐷𝐷�𝐷𝐷�𝑈𝑈

• 𝐶𝐶𝐶𝐶𝐶𝐶 couplings are absent
• ∴ No dimension-4 proton decay (possible tiny violation from flux breaking?)



Proton decay

• Dimension-5 proton decay : 1
𝑆𝑆
𝑄𝑄𝑄𝑄𝑄𝑄𝐿𝐿 ?

𝑊𝑊 ⊃ 𝜆𝜆1𝑇𝑇𝑢𝑢𝑄𝑄𝑄𝑄 + 𝜆𝜆2𝑇𝑇𝑑𝑑𝑄𝑄𝐿𝐿 + 𝑀𝑀𝑇𝑇𝑢𝑢𝑇𝑇𝑑𝑑

• 𝑇𝑇𝑢𝑢 and 𝑇𝑇𝑑𝑑 do not have opposite U 1 3 charges

Violate U 1 3



Proton decay

• Dimension-5 proton decay : 𝑟𝑟
𝑆𝑆2 𝑄𝑄𝑄𝑄𝑄𝑄𝐿𝐿 ✓ (𝑚𝑚 ≪ 𝑀𝑀)

𝑊𝑊 ⊃ 𝜆𝜆1𝑇𝑇𝑢𝑢𝑄𝑄𝑄𝑄 + 𝜆𝜆2𝑇𝑇𝑑𝑑𝑄𝑄𝐿𝐿 + 𝑀𝑀𝑇𝑇𝑢𝑢𝑇𝑇𝑑𝑑′ + 𝑀𝑀𝑇𝑇𝑑𝑑𝑇𝑇𝑢𝑢′ + 𝑚𝑚𝑇𝑇𝑢𝑢𝑇𝑇𝑑𝑑 + 𝑚𝑚𝑇𝑇𝑢𝑢′𝑇𝑇𝑑𝑑′

• Inert 𝑇𝑇𝑢𝑢′ and 𝑇𝑇𝑑𝑑′

• ∴ Dimension-5 proton decay is exponentially suppressed



Higgs sector

𝑊𝑊 ⊃ 𝑀𝑀𝐻𝐻𝑢𝑢𝐻𝐻𝑑𝑑′ + 𝑀𝑀𝐻𝐻𝑑𝑑𝐻𝐻𝑢𝑢′ + 𝑚𝑚𝐻𝐻𝑢𝑢𝐻𝐻𝑑𝑑 + 𝑚𝑚𝐻𝐻𝑢𝑢′𝐻𝐻𝑑𝑑′

• 𝜇𝜇-problem remains unsolved
• Gauge coupling unification at 1016 GeV, but…

𝐻𝐻𝑢𝑢,𝐻𝐻𝑑𝑑
Chiral matter

𝐻𝐻𝑢𝑢′ ,𝐻𝐻𝑑𝑑′ + unknown inert fields with TeV masses 
GUT multiplets



An explicit global construction

Flux 𝜙𝜙 1 2 3 4 5 6 7
𝜎𝜎 0 0 0 0 0 1 0
𝐸𝐸1 −3 −6 −9 −15/2 −5 −7/2 −9/2
𝐸𝐸2 0 0 0 0 2 1 0
𝐹𝐹 3 6 9 15/2 3 −1/2 9/2
𝑟𝑟 2 4 6 4 2 1 3

Total tadpole = 36 < 49 = 𝜒𝜒/24

Normal bundles: 𝑁𝑁𝜎𝜎 = −ℎ,𝑁𝑁𝐴𝐴 = −4𝜎𝜎 − 3𝐸𝐸1

Base 𝐵𝐵 = hypersurface in 
ℙ1
↓
𝐴𝐴

ℙ1
↓
𝜎𝜎

=
, gauge divisor Σ = 𝑑𝑑𝑃𝑃6

= 𝑑𝑑𝑃𝑃2



Many realistic features arise naturally from 𝐸𝐸7!

Computations of masses and couplings?

Moduli stabilization?

SUSY breaking?
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