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Motivation

Standard Model/MSSM C Strings?

What is possible in string constructions?




Hybrid Strategy:

Top Down: Specify All Details in UV (Global Models)
Where to look first?

Bottom Up: Decouple some of UV (Local Models)
Too flexible?

Local Model E + F-theory




Simplifying Assumptions:

1) Low energy supersymmetry & Unification:

p [nergy

10'% GeV 101 GeV




Assumption 1: GUTs

How much FE is necessary? How much is aesthetics?




ASSUHlptiOIl 2: MGUT/Mpl < 1

10D Gravity: R*!' x Mg = Gnewton ~ m

Gravity decouples when Vol(Mg) — oo

Gauge Theory on R*! x M C R*>! x Mg:

= Q%M ~ m e VOZ(Mk) 7‘4> 0,




Local Flexibility

Local Model suggests GUT from p - brane, p = 3,4,5,6,7

= Type Il strings

E-type Structure: g; — O(1)

F-theory branes: 3-branes & 7-branes

E-type and 4d Chiral Matter = 7-branes




2) 4 Decoupling Limit

l l

E-type Structures IIB 7-branes




Roadmap

Motivation: Bottom Up GUTSs

F-theory Ingredients




F-theory Review 1

F-theory = Strongly Coupled Formulation of IIB in 12d
115 = Co + ie~? is cplx str. of a T

This T2 pinches off near 7-branes:

ane

7-br




F-theory Review 11

1dN =1=F / R¥'x Elliptic CY,

2" 9 p

Local Model = Vol(B;) — 00 CYs~ S x C?/T 4pg = T-brane on S




Geometry = Gauge Theory

F—th/R3’1 X S X Cz/FADE = 8d SYM w/gp Gapk

Example: 8d SU(N) at z = 0 from y* = 2% + 2%

10d = Gravity (decoupled)

8d : 7 = Gauge Group

6d:7N7 = Matter

A4d : 7TNT7T N7 = Yukawas




F-theory GUTSs
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7-brane / S : 3
(GUT lives here) TNTNT =pt.CS

. 5H X 10M X 10M
TNT7 =curve C S

5,10 € SU(5), 16 € SO(10)...




Higgsing By Geometry

|5H10M10M needs ENl




Monodromy

Location of 7-branes = roots of polynomials

Important for two light gens from 55 X 105\? e 1()%24)
v.....W




4d Spectrum

instanton
Gs > I'g %

4d matter <= zero modes in instanton background

S Modes: 94¥ =0 = Index Computation

> Modes: Oppa0=0 — éCh(V)Td(M)




Minimal Spectrum

U(].)Y flux

Gs = SU(5) > SU((3) x SU(2) x U(1)y

No bulk exotics = unique internal flux

EH: Td Td Td Hd

bp=|T. T, T.,| H, H,

out 1n

Matter: fFU(l)y =0 3 % EM

PV

Matter: fFU(].)J_ =3

PV
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Quark Wishlist

Two Light Generations

Hierarchical CKM Matrix:

0.23 0.004
0.97 0.04
0.04 0.99




3 5pr’s on X curve

1 5H X 1OM X 1OM pOil’lt

1 EH X EM X 10,; point
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