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F-theory / elliptic fibered CY4

elliptic fiber: 2 independent 1-cycles
{0, 5}

(p,q) string in Type 1B
= M2-brane wrapped on ( pa+q3)
(P,q) 7-brane = locus in B, where
(pa+gB) degenerates.
A=4f°+27g°=0.

discriminant locus

B,

) y2 — x° + f x+ oF non-Abelian gauge theory in a case

f € T'(B,;0(—4K,;,)), (A=0)=nS+S"+---.
g € I'(B;;O(—6Ky,)).
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F-theory w/ unbroken SU(5) symmetry

y? = X° +a.xy +a,zx’°

+a,2°y+a,2°x+a,z° +---.
Bershadsky et.al. ‘96
10: a;, =0,

5. P® :=aa’—a,aa, +a,a’=0.

6 Andreas Curio '99

Hayashi ct.al. 0805 A ox 7° (a;‘P(5) +0(2)).
Donagi Wijnholt 0808 5S + S

Charged Matter chiral multiplets: hol sections of a line bundle on a curve
Hayashi et.al. 0805.
Yukawa: recombination of M2-branes on 2-cycles
Tatar Watari ‘06

Ec — A,  up-type Yukawa generated. Donagi-Wijnholt 0802

Beasley et.al. 0802
D6 — A4 down—type Yukawa generated Hayashi et.al. 0805.



yet to be done (topic of this talk)

® Yukawa from codim.-3 singularity, but F-theory
does not have any microscopic formulations.

m How to deal with SU(5) neutral fields (like RH

neutrinos)

a side remark

m Harvard group’s claim “triple intersection at E-type
singularity : actually not generic.

MLADRRZ—)

(taken from Beasley Heckman Vafa 0802)



References

m R. Tatar (U. Liverpool), JEA!|(Berkeley) th/0602238

® Donagi Winholt 0802.2969

m Beasley Heckman Vata 0802.3391

m MR ORI0) | Tatar, 5 H 2 {HIPMU), JEH] (R
) | HikEPRE A (AR2) 0805.1057

m AR, JIEFIE Z CRY) , Tatar, JEM]APMU) 0901.4941
m Tatar, TE5— CORH) | JEF] 0905.2289




plan of this talk

m Theoretical progress
® Hield Theory LLocal Models
m Heterotic--F duality revisited

m Some results in phenomenology
® proton decay

® richt-handed neutrinos: Yukawa couplings and
Majorana masses

® cubic couipling of NMSSM



Field-theory LLocal Models



intersecting D7—D7 in field theory
UN+M) Super Yang-Mills

— Ay (M=0,-7)
d=(XE+iX%)/a'"

intersecting configuration

4)p (D)(u,u,)=0.

Higgsed, and SU(N)xSU (M ) unbroken symmetry
D7—D7 open string in bifundamental (N, M) representation:

mmm [ocalized mode under the bg. <c1)> 60 = f (uy)exp[—|u, '],
5A, = T (U,)expl— | ]



(the same config. in F-theory language)

X — B, (elliptic fibration) U(N ‘H\/[) Super Yang—MﬂlS
(A=0)=NS+MS'+---.

=) A, (M=0,--7)

S, S": cpx codim.-1 in B,
3 b (locally cpx scalar)

local geometry of X around S-S':
y2 = X° - z" (Z — Zo(ul’uz))M paiay
<=p (D)(u,,u,) = diag(0", z,(u,,u,)").
AN+|\/|—1 singularity X A+ Ay
SU(N +M) sym. SU(N)xSU (M)
D7—D?7 open string in bifundamental (N, M) representation:

mmm [ocalized mode under the bg. <c1)> 60 = f (uy)exp[—|u, '],
5A, = T (U,)expl— | ]




B deformation of E6,7,8 . use E6,7,8 gauge theory
with Higgs vaccum value (¢).

B field: section of K, =A*T'S on S, not on N, .
S ’ S|B;
Katz Vafta '97, Donagi Wijnholt 0802, Beasley Heckman Vafa 0802.

B action on 7+1 dim.
S f [tr(F, F™) -+(supersymmetric)]+O(g.l.)
R>* xS Beasley et.al. 0802, Hayashi et.al. 0901.

®m meaning of this action
m capture some D.O.IF of F-theory (EEBLADERRE—)

m cffective action. unknown part of F-theory shoved
into higher order terms. (hidden under the carpet)



eff. theory below the KK scale

m need to see the entire (e.g. A, ) singularity locus S.

m X — B,looks locally an ALE fibration onU_ CS.

ALE fiber space of ADE type ADE gauge theory

partially deformed partially Higosed

ADE singularity ADE gauge theory

fiber spaces glued together gauge theories glued together
between two adjacent patches U between two adjacent patchesU




field theory local models

D., A gauge theories

along codim.-2 curves

E, gauge theory
(for up-type Yukawa)

D, = SO(12) gauge theory
(for down-type Yukawa)
A, = SU (7) gauge theory

around codim.-3 points

"How to translate local geometry into<90>?
"How to glue local models together? ~#<A . LEADKRRT—)

"to calculate Yukawa, use AW = ftr(ga/\ F)< fQ/\ G.
S X



Heterotic-F duality revisited



Het /T2 —F /K3 duality

Het: Narain compactification
F: cpx str of elliptic fibration on IEDl

T'\O(2,18:R)/O(2) x O(18)

moduli space

Fiber this duality adiabatically, to obtain
Het/(T° -=Z —B,) <= F/(K3— X —B,)

cg¢ By — <SU (5)de>>< SU (5) gyt




moduli map I
(Het sugra / F stable degen. limit)

m moduli D.O.F counting, 90's
m follow symmetry breaking / singularity deformation on

both sides Morrison Vafa '96, Bershadsky et.al. '96, ‘07

® [cpx str of Z + bdle moduli (Het)] to [cpx str of X (IF)]
m moduli map [incl. mixing and normalization]
m 1[2] vanishing Wilson line(s) to codim.-2[3] singularity

Line bundles on matter curves: determined by these data

Codim.-3 singularities: detected by /A in any cpx str in F-theory
Hayashi et.al. 0805, 0901



moduli map 11
(Het sugra / F stable degen. limit)

m Het side (E; < E;) w/ rank V = N <5 bndle
= N Wilson lines (A, —1A,) on T% = N points on T*

=zero points of elliptic fcn FEERYEEr: I G- RS- E-)
on the elliptic curve (fiber) (YR EEEE SRR

= N pnts S = 0 in each fiber defines C,, in Z.

. .. ) 1 Friedman Morgan Witten ‘97
m [F side K3 (elliptic fibration onP")

y? = (X’ + f,2*°x+9,2°) + (a, yx +a,zx* + a,2°y +a,2°x +a,2°).

~

l f = f024+a223—|—[—%af—|—%a5a3]22_|_...
y2:)"<3_|_ f )’Z"_g,{

Katz Mayr Vafa '97
Curio Donagi 98

1
6 5
g g0 0 3 4 0] Hayashi et.al. 0805




F-theory in field theory
m SUSY condition of the background

IOéI

WA F ——[p,p] =0,
3 5@20,

02 _

F _O OﬂS:Bz-

Ey — (SU(5) )X SU (5) g
adj. — (adj.,1) + (1, adj.) +[(5,10) 4 (A°5,5)] + h.c.
A=(A)+6A=(A)+v, ©=(p)+p=(p)+x.

o’
~ WA D@b — 5 ,O(QO)X =1 Cp(V) (spectral surface)

7 =@y =0, det(¢x 1d — p(p,,)) =0
- 0yY=0. divisor in Ks — A°T’S




F-theory in field theory
m SUSY condition of the background

| o[ (in Heterotic theory)

CwAF———[p,p]=0,
2 wAwAF =0,
N 8o =0, ﬁ{FO’ZzO
0,2 —
~F=0 on S=B,. P2 A on Z.

Ey — (SU(5) )X SU (5) g

adj. — (adj.,1) + (1, adj.) +[(5,10) 4 (A°5,5)] + h.c.

A=(A)+6A=(A)+v, ©=(p)+p=(p)+x.

o _
2 - C o(V) (spectral surface)

7 =@y =0, det(¢x 1d — p(p,,)) =0
- 0yY=0. divisor in Ks — A°T’S




a new understanding of Het-F duality
Hayashi et.al. 0901

m moduli map
Het/elliptic CY3 F w/ D=8 field theory F / elliptic CY4

(K3/del Pezzo fibration)

vector bdle Higgs bdle ALE fibration

(Cp(V)’ (V))HEt (Cp(v),./l/p(v))lz. mm) dcformed ADE

(Hitchin/Katz—Vafa map)
m spectral surface C , in F-theory description

= one for each one of adj.— (adj.,1)+ (L, ad}.) &, (U,,R,)

(unlike discriminant locus)

® was the missing link in the Het — IIB duality.
<A LECADRRE—)



Proton Decay



proton decay

Tatar TW 0806

B Friedman-Witten '02 for M /G2:

m decay rate “diverges® when matter localizes

2 2
AL ~ 9501 107101070 x| 2 + 61019057,

2
KK KK

KK

= enhanced T'(p — 7°¢, )/ T(p — 7'7).

m [n F-theory, all charged matter are along the
curves, not localized at points. codim.-2.

str

2 —_— —
+3eur 101055,

KK

2
AL ~ 25110101070 In

KK

KK

only log enhancement.



F-theory w/ unbroken SU(5) symmetry

y? = X° +axy +a,zx’

+a,2°y+a,2°Xx+a,z° +---.
Bershadsky et.al. ‘96
10: a;, =0,

5. P® :=aa’—a,aa, +a,a’=0.

6 Andreas Curio '99

Hayashi ct.al. 0805 A ox 7° (a;‘P(E’) +0(2)).
Donagi Wijinholt 0808 58 _|_ S I

Charged Matter: hol sections of a line bundle on a curve

despite all these singularities
Hayashi et.al. 0805.



Right-handed Neutrinos
and NMSSM



What do we expect for RHneutrinos?

m SU(5) singlets.
m have neutrino Yukawa couplings

m (hopetully) have Majorana masses; at least one

of them is below ()\V)Z/ /Am; ~ 10" GeV.

®m We do not know how many. (2 or more, but not
necessarily 3)



m In Het E;xXE; on a CY3, gauge-field modul

have couplings suitable for neutrino Yukawas.
Witten ‘86

Tatar et.al. 0905.

m [n Het—F duality, gauge field moduli are
mapped to cpx str moduli of F-theory. o)

m [F-theory cpx str moduli have neutrino Yukawa
couplings  [use the field theory local models]

AW = \5d5.

m [-theory flux compactification: Majorana masses
for the cpx str modul:

M, ~ M, ~LI(RM2) ~ My Jog s e



Singlet Field in the NMSSM

m Anothoer type of moduli H™* (X;C)

= usually there are not many, often none.
® Those moduli also have AW = \5®5.

m But, no masses from flux compactification, or
no trilinear terms from AW = f QAGY.
X

m Candidate for the NMSSM singlet, with a
suppressed cubic coupling?

AW = SHH.



back up slides



Use Heterotic FF duality e e 0

Het/(T? -Z — B,) <= F/(K3— X — B,)
By — (SU (5) 5 )% SU (5) gur-

Andreas Cu/ste)

10's=H*(Z;V) = H"(B,;R'm,.V) = H’(c,p; KIZ @ L),
Curlo Dlaconescu Ionesel 98

5's = HY(Z;A?V) = H°(B,; R'm,. A*V) =~ H'(c,;2




spectral surface vs discriminant locus

discriminant locus




Charged Matter Yukawa Couplings



field theory local models

® Yukawa couplings from singularity

m [F-theory lacks microscopic formulation

h- Donagi-WIjholt 0802,
" Beasley-Heckman-Vafa 0802
something like DBI dealing with intersecting D7-branes

m cffective field theory approac

T + as yr + dgzr™ + agz” ¥+ dgz” + f,:, 2 I+ (302 + 9o =P I

ra i [ y 2 2 3 Sin
" + fozr r+ oz ) + lasTy + agzx” + agzz"y + a2 T 4+ apz’),




field theory local models

® Yukawa couplings from singularity

m [F-theory lacks microscopic formulation

h- Donagi-WIjholt 0802,

L effectlve ﬁ@ld thCOfY ap panC Beasley-Heckman-Vafa 0802

local model around (a,,8;) = (0,0) Hayashi et.al. 0901.

T + as yr + dgzr™ + agz” ¥+ dgz” + f,:, 2 I+ (302 + 9o =P I

R | = i [ | o o a S
(2" 4+ foz z+ qoz" ) + (asTy + a4z +azz"y +azz" + apz”),




field theory local models

® Yukawa couplings from singularity

m [F-theory lacks microscopic formulation

h- Donagi-Wijholt 0802,

L effectlve ﬁ@ld thCOfY ap panC Beasley-Heckman-Vafa 0802

local model around (a,,8;) = (0,0) Hayashi et.al. 0901.




field theory local models

® Yukawa couplings from singularity

m [F-theory lacks microscopic formulation

h- Donagi-WIjholt 0802,

L effectlve ﬁ@ld thCOfY ap panC Beasley-Heckman-Vafa 0802

local model around (a,,8;) = (0,0) Hayashi et.al. 0901.
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field theory local models

® Yukawa couplings from singularity

m [F-theory lacks microscopic formulation

h- Donagi-WIjholt 0802,
" Beasley-Heckman-Vafa 0802

local model around (a,,8;) = (0,0) Hayashi et.al. 0901.

m cffective field theory approac

Standard form of deformation of E6 singularity to A4 (SU(5))

U(2) doublet background ( for SU(5)-10 repr.)

II. .;-‘ |

=)+ 1.,_ | |l4::'|3 — ‘:;"E--

— _ I:_ ::;'. 4

solve the 0-mode wavefcn

{
' - P .
i I |
P

M2 _ &
21

— I:_ :':;'.l._l | I:_ |I 4 _."I

under this background,
For SU(5)-5 repr. Yukawa 1s from overlap
ey (010 integration




u, d, e-Yukawa matrix

® Yukawa matrix (up/down type) generated at a

singularity: APProx. rank-1. Beasley et.al. 0806.

m oood for the 3rd oeneragion Yukawas, Hayashi et.al. 0901.

m All the contributions from singularities add up.

® problem, if all the Yukawa eigenvalues are O(1).

B Heckman—Vata 0811 assumes only one singularit pt.

® subleading eg.values suppressed in powers of Heckman-Vata 0811.

(M / Mstr)2 ~ (Qgyr )"? ~0.2,

. ,
= refined analysis: (] ) ~AJOgur [T Tatar etal. 0905.

The GUT coupling sets the largest hierarchy possible.
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