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Motivation

Standard Model/MSSM C Strings?

What is possible in string constructions?




Narrowing the Options

Top Down: Specify All Details in UV
Where to look first?

Bottom Up: Decouple as much of UV as possible
Too flexible?

Simplifying Assumptions:
1) A GUT exists
2) Maur /Mpianck < 1

Surprisingly restrictive




Assumption 1: GUTs

SU(5>GUT D) SU(3)C X SU(Q)L X U(l)y

Laur D5y X 103 x 103, = ¢ quark mass

Lour D51 X 5 x 103 = b quark & 7 lepton mass




Stringy GUT's Need E

Stringy Matter From Adjoint Breaking:

Es D Fg x SU(3) 248 — (27,3) + - - -

adj(E(;,?,g) > 16 of SO(lO) ¢ adj(U, USp, SO)

Interaction Terms Embed in Bigger Groups Too:

Es D SU(5) x SU(5) 248% — 5 x 10 x 10 of SU(5)
3
Pert. forbidden in U(5) D-brane construction s




ASSUHlptiOIl 2: MGUT/Mpl < 1

10D Gravity: B>t x Mg = G432 ~ VO1(1M6)

Newton

4D Gravity decouples when Vol(Mg) — oo

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

= Q%M ~ m e VOZ(Mk) 7‘4> o0




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) 34 Decoupling Limit

l l

E-type Structures IIB 7-branes
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F-theory Review I

F-theory = Strongly Coupled Formulation of IIB in 12d

7118 = Co +ie? is cplx str. of a T? Vafa '96

This T2 pinches off near 7-branes:




F-theory Review 11

4dN =1=F / R¥'x Elliptic CY,

=9 o
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CY, ~C?/Typg — S = T-brane on S




Geometry = Gauge Theory

F—th/RB’l X S X CZ/FADE = 8d SYM w/gp GapEg

Further enhancements generically occur:

Singularity

G G
Type o P

dimc 2

Ingredient Gauge

Group

Main Idea: Treat as G, Higgsed down to Gx’s and Gg




F-theory GUTSs

~_

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

. 5H X 10M X 10M
TN7 =curve C S

5,10 € SU(5), 16 € SO(10)...

Beasley JJH Vafa '08
Donagi Wijnholt '08
See also Hayashi et al. '09




4d Spectrum

instanton
Gs > I'g %

4d matter <= zero modes in instanton background

S Modes: Ds¥ =0 = Index Computation

> Modes: Daya0 =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

Ty, Ty Ty Hd

out 1n

Matter: [ Fir1y, =0 3 x By

XM

Matter: fFU(l)L =3

XM
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SM/MSSM Flavor

W > mi - UiUL +mY - Dy D}y +my’ - EL B}, +mi - Nj N7
Diagonalize: Vi -m - V; = diag(m1, m2, m3)
Verar = Vik vyt

 0.97 0.23 0.004 |
0.23 0.97 0.04
- 0.008 0.04 0.99




Computing Yukawas

Treat as G, Higgsed down to G'g

Wga = [ Tr(0A+ ANA)ND

Specify Bkgnd: A = (A) + A, ® = (®) + §®
Zero Modes: D(6¥) = 0

ik = [ §A' A GA A SDF




Quark Yukawas:

R3.1. WD)\E;Z-QinHqu-“

Mg: DU =0: O, UL Ty -

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

(outer product)




Minimality

Adding more points leads to higher rank:

NI =305 (p)¥ (p)Va, (p) + -

One heavy generation = # p = 1 ‘




Cecotti, Cheng, JJH, Vafa '09
Geometry = Rank 1

Flux = Rank 3:
Gauge field flux F(9) = no change

H-flux H(; oy = Hr + THyns deforms F-terms = Hierarchies

Note H # 0 since: [ Hg A Hyg + Np3 = X(gi@)




H-flux & F-terms

H 9y = Hg + 7Hyg is chiral object: W(H ) = 7

D3-probe of Hp-flux experiences Myers effect:  See Myers '99

X, X9] = XFH, Y = %9 ()

Vb7 =HY +--.

. c.f. Kapustin '03
NC Deformation of B-Model Pestun '06




NC Yukawas

ng:fTr(é’A+A>1<A)>x<<I>

oW’ ~ 2 = U(1) charge +7

Nk = [ A« §A & 5B

xxy—yxx=nhe 0(z,y) ="he Opnz™y"
0mn has U(1) charge —2 +m +n

= Get hierarchies Cecotti, Cheng, JJH, Vafa '09




Main Idea

. . . . JJH Vafa '08
U ~ z' exhibits rephasing symmetry see also Froggatt Nielsen '79

Fluxes violate U(1) selection rule = hierarchical corrections




H-flux & Yukawas

Crude estimates suggest two structures: JiH, vafa’08

gd |
AMOVFlux) ~ | et & &? | & A(FluxV) ~
. : 1

e? ~ Flux? /M ~ agur ~ 1/25
Computations in NC toy models corroborate much of this

e.g. U(3) — U(1)? & 6(p) =0
Cecotti, Cheng, JJH, Vafa '09

Compute O(1) coefficients in examples
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Flavor and Geometry




Qualitative Ingredients

3 10p,’s on X9 curve(s)

3 5as's on Xz curve(s)

‘—I— Flux‘

5 x 1037 X 103, point(s)
5 X 5y X 1037 point(s)
Hierarchy = 1 curve and point of each type

For remainder of talk: Use crude Yukawa estimates




U(1) Selection Rules

Tr - Ay - Th ~

' 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 &2 ~ Flux?/M}
2

~ Vol(S) 1 /M* ~ agur

~ 0.04

0.2 0.008 |
0.2 1 0.04
0.008 0.04 1

0.97 0.23
0.23 0.97
0.008 0.04




Neutrinos

H="T7Tqcur N 73_

L =7Tqcur N 73’_

Nr=7, N7/

Curve touching S

Beasley, JJH, Vafa '09

Bouchard, JJH, Seo Vafa '09

see also Randall, Simmons-Duffin ‘09
Tatar, Tsuchiya, Watari '09




KK & Neutrinos

—weak A, Near GUT scale

Integrating out KK Modes Yields Seesaws:

Majorana: fd29(H wL)®

Ay




Heavy States & U(1)

Integrating out Heavy States = Neutrinos Light

Bouchard, JJH, Seo Vafa '09

Vypavy # Zero Mode = Bigger U(1) Violation

= Less Hierarchy:

3/2
EN
EN

EN
1/2
EN




v Masses

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

m2 m2

Predict: mgz_mgl ~ acyr ~ 0.04
r3 v

Close!

A
v

Observe: —*——=t = —5L ~ (.03

2
ml/2 atm

m?2_ —m? m?2




v Mixing Hierarchy

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

local




PMNS Matrix

Bouchard, JJH, Seo Vafa ‘09
41 V2

Vi~ | 045 0.77 0745
0.2 045 0.87

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

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




Point Unification

Beasley JJH Vafa Il '08

Eg = 55103105 SO(12) = 55510,




Point Unification

E- = 5510,,10,, +5H5M10M




Point Unification
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JJH, Vafa '08

(see e.g. Arkani-Hamed, Dine, Martin '97)
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