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Abstract: Within the context of F-theory compactified on Calabi-Y au fourfolds, we describe a class of string theory vacua which contain several
features necessary in supersymmetric grand unified models of particle physics. Focussing on a simple class of local Calabi-Yau fourfolds, we
explain how the matter content and superpotential in four dimensions are determined by a topological gauge theory. Along these lines, we present
some minimal examples of GUT models.
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Motivation
Standard Model/MSSM C Strings?

Assume: 4d N =1 = GUT, e.g.:

B
MSSM: *~—e

E, = SU(5) o—o—I

Es = S0O(10) *~—e I .
Es I




Strategy:

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) Mcgur/Mpianc 7 0 BUT could in principle decouple

Surprisingly restrictive




Type 1IB N GUTs

D-branes: localized gauge d.o.f = can decouple gravity

gs — 0 limit:

5{,{_}” "-:'H X l{_]_u X ]_D_U — () .

— Requires &;jrim

SO(10): No 16y,

No such problem in Heterotic Eg x Eg




1) 4 a GUT 2) 4 Decoupling Limit

Heterotic Es x ER? IIB D-branes?

G‘r heoD

Caveat: The vacua we find do NOT have a heterotic dual
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F-theory Review

™

F-theory = geometrize 7776 = Cy + e ¢

4d N =1 = F / R>'x Elliptic CY;

SN

-
“
-
L]
_“
-

S = cplx surface C Bs

Locally: CYy ~ S x C?/T' ape = ADE Gauge Group




Setup
4d N =1 GUT, no gravity = F / R>!x non-cpct CY;

OY: — T:_EHE — B3. B3 non-cpct

7-brane / S

(GUT lives here) Cplx Curve in S

-~ =/

( M

— o d | i)
(DY (M
Point in S

6d hyper here )
— H:—Lr_f

5.10 € SU(5). 16 € SO(10)...




Superpotential

D Treat 8d and 6d fields as

dimc

2 1 0

4d N = 1 superfields

v
¥
3¢

W=Ws+ (Wsg, +--)+ (W, +---

”'5' — J T?“’(BA( 0,1) T A(E'}.l'} A *‘l((].l}) A (Du‘_?.m
S

Ne— J ‘-\?1,_.-’2*[}:] (0 + “1(0-1.‘:' 15 AE(J.U)*’\(l_ﬁ-"‘l-i]ﬁ?
U-'p — _\.1 _-\_;'3 ;\.3 p Beasley JJH Vafa ‘08

(see also Bershadsky, Johansen,
Pantev, Sadov '97)



4d Spectrum & Yukawas

instanton
Gs > I's %

4d matter <= zero modes in instanton background

S Modes: 94¥ =0
:l = Index Computation

> Modes: Q4,40 =0

II"”-’.f.f' — ITTEQI)[_]. :L[]. ;\{}: —+ .-




Superpotential

Treat 8d and 6d fields as
| dimc| 2 - 0 4d N = 1 superfields
W=Wsg+(Wg, +-- )+ (Wp, +---
S555: Ws = f Tr(0Ap.1) + Aw.1) N Aw.1)) N P20
S
533 Ws: = J A1 /2.0) (0+ A1) + *_IEU_I})Afxla,-"l.l.}]
YYY

W, = A1 A2A3), Beasley JJH Vafa 08

(see also Bershadsky, Johansen,
Pantev, Sadov '97)



4d Spectrum & Yukawas

instanton
Gs > [ >7f/

4d matter < zero modes in instanton background

S Modes: 94¥ =0 —

= Index Computation

> Modes: Q440 =0 —3

II'fff == IITE(D[]. :l”. ;'\L{}: -+ - -
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Consequences of Decoupling

3 limit Mgyr/Mp — 0 = § Shrinkable: Surprisingly Restrictive

R

Shrinkable S = “del Pezzo” = only 10 choices, ¢; > 0

No Adjoints & No Wilson lines BeasleyJJH Vafa 08



A Minimal Spectrum

U(1l)y instanton

Gs = SU(5) SU3) x SU(2) xU(1l)y

No bulk exotics = Juniquelinternal flux

> e |
S — Hu|+H(3.1)_1/3
Higgs Curves: | Fy (1), #0:

n out
9 X gu

Matter Curve(s): [ Fy(1), =0




Yukawas:

Curve touching S

v

1 to S

W D AijrAiAI AR

Aijk = > Yi(p)V;(p)Yr(p)
P




Yukawas Inside S:

Example: W, = \;;Q'U? H,

One overlap: A = O(1)

4\ ......... Ny = L.‘ég(D)L‘{—(_O)L'H” (0) = outer product
U
Q) F 0 .
HH
Mass Matrix = 0
i m

More overlaps = higher rank




Gauge Singlet Wave Functions

U | R ~ —MgG¢, -+ for del Pezzo

b (4 i ;}"—l’R)lIf-—O
\ 9z0z 2 =

2§42
¥, ~ exp (im rrl2l )

Attraction: Repulsion:

v, (0) ~O(1) W, (0) ~ exp (—iBin_[T]

= as if inside S = Suppressed Yukawas




Vector-Like Pairs:

Vector-like pairs couple via singlets outside S

i problem: W D uH,H; BUT u < Mgurt?

_ #5> >> *\[u'f-ﬁrfﬁf
W DexsH,H, » 1 H, H;

A
S asssssEmE l_i e __1[”.‘””#

Similar for Dirac neutrinos

W Dex H,LNg

(Seesaw also available)




Conclusions/Future Directions

GUT N IIB = F-theory 7-branes

“Decoupling Criterion” = Extra Structure

w‘?

Compact CYy”




SU(5) Example

Wiq O 510,710y, ~ ':UFM D, SHS_U].U_U

*Waqg DO 5udmNR

Waa O pH Hgy




