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C56 == Pl

Rigid E-

Common (10%-20%7?) in F-theory landscape
Independent of moduli
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Higgs + unavoidable 3 gen of SM
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Can compute full vector-like spectrum
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v N

Higgs + unavoidable 3 gen of SM
vector-like exotics chiral matter+Np

X =Y ny,Py, likely toget y = 3
Can compute full vector-like spectrum

* Remove exotic (3,2)_5/6
* Induce doublet-triplet splitting

[Beasley, Heckman, Vafa]



Removing exotic (3, 2)_s/4

* Achieved by manifestly integer hypercharge flux with minimal tadpole

Crem]

Giem —_ [ZDl + 4‘D2 + 6D3 + 4‘D4 + 2D5 + D6 + 3D7

with Cf,;y = —2 e.g. e; — €j in dP,

1
Ef Ge™ A GJe™ = 4



Rigid E-

Higgs + unavoidable
vector-like exotics chiral matter+Np
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Preserve hypercharge U(1)
* Remove exotic (3,2)_5/6
Induce doublet-triplet splitting

l

Automatic for bulk Higgs

X =Yany,Py, likely toget y = 3

Can compute full vector-like spectrum



Rigid E-

C56 == Pl

>SU(5) > Gsym
(x U(1)%)

Stickelberg mechanism from vertical flux

v

Global U(1) symmetries

Stringy instantons

v

Approximate global U(1) symmetries

|

Selection rules up to exponentially small error



/\M):—Pl/

| Y " »=dp,
ngld E7 > SU(S) > GSM
(x U(1)3)
XY couplings X CCC couplings X
Vanishing due to dP, Codim-3 (4,6) points
[Beasley, Heckman, Vafa] J 563 has no singlets

Y~CC couplings v

|

* SM Yukawa couplings v (with one copy of Higgs due to flux choice)
* Couplings with triplet Higgs ?
* Couplings mixing copies of D, L X (due to flux choice)

56 >Q+U+E+3x(D+L+Ng)+h.c.
133> H,+T,+3%x(Hz+Ty)+ -+ h.c.
Choose vertical flux such that only one copy is present



Proton decay

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

W o (leLE + azLLE + agﬁﬁﬁ

 CCC couplings are absent
* .l NO dimenSion'4 prOton decay (possible tiny violation from flux breaking?)



Proton decay

* Dimension-5 proton decay : %QQQL ?

W 2 4, T,QQ + A,T,QL + MT,T,

|

Violate U(1)3

* T, and T; do not have opposite U(1)3 charges



Proton decay
. . m
* Dimension-5 proton decay : WQQQL v (m < M)
W o> AT, 00 + A,T,QL + MT,T; + MT,T,; + mT,T; + mT,,'T,;’

* Inert T,,' and T

* . Dimension-5 proton decay is exponentially suppressed



Higgs sector
W > MH H + MH4H,, + mH,H; + mH,'H,'

* u-problem remains unsolved
e Gauge coupling unification at 10'® GeV, but...

Hw Hd

Chiral matter

H,,, H; + unknown inert fields with TeV masses

GUT multiplets



An explicit global construction

]Pl
Base B = hypersurfacein | P! |, gauge divisor X = dPg
A=1

O-=dP2

Normal bundles: N, = —h,N; = —40 — 3E;

Flux ¢ 1 2 3 4 5 6 7
o 0 0 0 0 0 1 0
E; -3 —6 -9 —15/2 -5 —7/2 —9/2
E, 0 0 0 0 2 1 0
F 3 6 9 15/2 3 —-1/2 9/2
r 2 4 6 4 2 1 3

Total tadpole = 36 < 49 = y /24



Many realistic features arise naturally from E- !
Computations of masses and couplings?
Moduli stabilization?

SUSY breaking?
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