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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
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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

Beasley JJH Vafa '08 (BHV |, II), Donagi Wijnholt | [l '08 See also talks by Tatar,
(see also Hayashi et al. ‘08 '09) Blumenhagen, Weigand

Bs:

*
*

7-brane / S : :
(GUT lives here) TNT N7 =pt.C S
E S5g X 10p X 10p...
7TNT = curve C S
5,10 € SU(5), 16 € SO(10)...




Higgsing By Geometry

|5H10M10M needs ENl




Monodromy

Location of 7-branes = roots of polynomials

y? =a® + 2°(z —tq)(z — t-)

Hayashi et al. '09

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)

Beasley JJH Vafa | '08
Donagi Wijnholt | ‘08




Minimal Spectrum

Beasley JJH Vafa Il '08

U(1)y flux > SU(3) x SU(2) xU(1)y

Gs = SU(5)

No bulk exotics = unique internal flux

BH: Td Td Td Hd

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

out 1n

Matter: fFU(l)y =\ 3 X 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




Minimal Ingredients

With Minimal Ingredients

What Yukawas Do We Get?

3 10,,’s on X1p curve

3 5pr’s on X curve

‘—I— Flux‘

1 5H X 1OM X 1OM pOil’lt

1 EH X EM X 10,; point




Quark Yukawas:

R3.1. WD)\g.QinHuJF...

Meg: 0¥ =0: U, Wi Wy ...

S

See Beasley JJH Vafa Il ‘08
And Hayashi et al. ‘09

(outer product)




Two light generations

What corrects this structure?

|0B(0,2) # 0]

Cecotti, Cheng, JJH, Vafa
In Progress




U(1) Selection Rules

Tp Ay - Tl ~

' No CKM Hierarchy

local*




Pdown — Pup

U(1)iocar — U(1)] = CKM Hierarchy

local

Es : 55103,10
6 - 9O 1Up LUp \ B
SO(12) :5H5M10M/,




CKM Matrix

37 &%~ Flux?/M?
2

~ VOZ(S)_l/Mf ~ GUT




Neutrinos

Curve touching S

Beasley, JJH, Vafa '08
Bouchard, JJH, Seo Vafa ‘09

H="T7Tqcur N 73_

L =T7Taur ﬂ7’j_

Nr=7, N7/




v Mixing Hierarchy

U(1)iocar — U(1)] = Mild PMNS Hierarchy

local




v Masses

: . 2 . :
My,  Myy t My, ~E3 tEN 1= “Normal Hierarchy”

m2 m2

Predict: m?:mgl ~ oaaur ~ 0.04

Close!

A
v

m m
Observe: —2——t = —3L ~ (.03

2 2 2

m atm




PMNS Matrix

Bouchard, JJH, Seo Vafa ‘09
41 V2

ViG]~ | 045 0.77 045
0.2 045 0.87

|VI§3§§3§> ~ | 022056 044 —0.73 0577080
| 0.21-0.55 0.40—0.71 0.59—0.82

‘:> Predict V]i’]\?} ~g close to current bound




CKM + PMNS = FExg




Point Unification

Beasley JJH Vafa Il '08

E¢ = 551037100 - SO(12) = 55510,




Point Unification

E- = 510,10, +5H5M1()M




Point Unification

Extra Matter?
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Monodromy and FEx

Es 5 SUGB)aur x SU() L

Monodromy: 108) 108)
v’....“’ v’....“’

Flavor + Monodromy = Small List of Available Groups:

ZQ) Z2 X ZQ) Z?)) 53) Dlhél




GUT Singlets




Lett-Overs?

Es D SU(B)gur x SU(5) L+ Monodromy =

Almost no room left except: JJH Tavanfar Vafa '08

T
SEBY: U(1)pq, [d*0XHutle and [ 20X VRYL

(X) =x+ 0°F = p-term and min. Gauge Mediation

In nearly all cases messengers in 10 @ 10

Some Singlets: TeV Dark Matter?




PQ Deformed GMSB

JJH, Vafa ‘08
String Theory = U(1)pg gauge boson

X7 Q1

Apg

Heavy U(1)pg exchange =

(see Arkani-Hamed, Dine, Martin '97) /

X Q

. 2 _ 2 2
Q@ UV: msoft = My,gMSB — qAPQ

For most common 10 & 10 scenario

71 is typically the quasi-stable NLSP







LHC?

JJH, Kane, Shao Vafa ‘09

NLSP is either quasi-stable 71 or X9
71 NLSP: 71 track = mass reconstruction of Apg

X! NLSP e.g. 5@ 5 case

can STILL distinguish F-th(A),

) and F-th(AD))

5 bt +£100 GeV 50 fb~1: +£10 GeV




TeV Dark Matter?

Must be nearby P(Q brane to get TeV mass  JJH Tavanfar Vafa '09

Singlets from FEg all decay too rapidly = no candidate




Any Dark Matter?

JJH Tavanfar Vafa '08

S)M — 10 — 100 MeV LSP Gravitino

“Gravitino Problem”: Predicted €25 /2h2 > 17

Oscillation and decay of saxion dilutes thermal relics

F—th
Qg,, "h* ~ 0.1

= astrophysical origin for PAMELA, ATIC, FERMI, ...

JJH Tavanfar Vafa '09




Conclusions

Bottom Up GUTs and F-theory

Flavor = Eg

10 @ 10 Messengers Most Common

10 — 100 MeV Gravitino = Dark Matter




