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YukawaYukawa couplings in F/Mcouplings in F/M--TheoryTheory

Need a framework that has all of Need a framework that has all of 

important in important in q/lq/l masses and  SUSY flavor problemmasses and  SUSY flavor problem

How to get such How to get such YukawaYukawa couplings?couplings?

Either      or       to get them all in F/M.Either      or       to get them all in F/M.

10 10 (5) 5 10 (5) 5 (5) .ab cd e ab a
a aabcde bH H N Hε + +

10 10+ eg. with (p,q) 7-branes 
(i.e. in F-theory), the u-
type Yukawa is OK.
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lowlow--energy matter energy matter multipletsmultiplets

Heterotic theory on 
CY 3-fold Z w/ bundle V

Type IIB on CY orientifold X
w/ D7-branes and O7-planes

Type IIA on CY orientifold
w/ D6-branes and O6-planes

for SU(5) bdle V within 8,E
110' ( ; ),s H Z V=
1 25' ( ; ).s H Z V= ∧

five D7-branes on        and an O7 on      5Σ 0S
0 1/ 2 2

10 10 510' ( ; ),s H c Tc E− ⊗= ⊗
10 5 0.c S=Σ ⋅

0 1/ 2 *
5 5 5 15 ' ( ; )s H c Tc E E−= ⊗ ⊗

an extra D7-brane wrapped on 1,Σ

5 5 1c =Σ ⋅Σ

F-theory [Type IIB with (p,q) 
7-branes]one chiral mutiplet at each D6-D6 intersection point

?
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何が何が issue issue なのか？なのか？

IIB with D7 and O7 IIB with D7 and O7 では手が出ない、では手が出ない、((pp,q,q) 7) 7--brane brane 
が交差するが交差する codim.codim.--3 3 特異点では何が起きているの特異点では何が起きているの

か？か？

matter curve (7matter curve (7--brane intersection) brane intersection) の上のの上の sheaf sheaf は、は、

どのような構造を持っているのか？どのような構造を持っているのか？

単純にベクトルバンドルと思っていいのか、どの単純にベクトルバンドルと思っていいのか、どの
ようなバンドルか？ようなバンドルか？

だとかだとか といった代物の正確な定義といった代物の正確な定義

は何なのか？は何なのか？

1/ 2" "cK " "GL



やはり、やはり、HeteroticHeterotic--F duality F duality をつかってちゃんと調べをつかってちゃんと調べ

てみよう。てみよう。

詳細は、詳細は、 0805.1057 [0805.1057 [hephep--thth] (Hayashi ] (Hayashi et.alet.al.) .) をご覧くをご覧く

ださい。ださい。



Results I Results I 

e.g. in Fe.g. in F--theory with unbroken SU(5) symmetry theory with unbroken SU(5) symmetry 

0 ( 1) ( 2)
55 ' ( ; ( ( ) / 2 ))c c

Ss H c K b b γ= + + +O

5

1/ 2deg cK

(4).
C

Gγ = ∫7~ .zΔ
codim-3 singularity in 3B integrated over the 

vanishing 2-cycle

Double points resolved.

It is      , not      , that parametrizes vanishing 2-cycles.c c



Results II Results II 

e.g. in Fe.g. in F--theory with unbroken SO(10) symmetry theory with unbroken SO(10) symmetry 

0 ( )' ( ; ( ))c
vec Svec s H c K b γ= + +O

1/ 2deg
veccK

(4).
C

Gγ = ∫9~ .zΔ
codim-3 singularity in 3B integrated over the 

vanishing 2-cycle

degree-2 cover on          .vecc

0 ( ; )vecH c E= E: rank-2 bundle.
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To Determine       on      ,To Determine       on      ,

2 2

* 1/ 2
*

1deg ( | ) deg
2 V

B D D ci K r R Kπ
∧

⎡ ⎤
⎢ ⎥+ − =
⎢ ⎥⎣ ⎦

0,i jp p e⊕ =

0 ,k lp p e⊕ = , , , .i j k l bp E∈

u

v

Ξ

r:  ramification divisor of 

R: ramification divisor of 
2: .C VC Bπ →

2:D V
D cπ

∧
→

2V∧
N 2V

C
∧

cf. Donagi et.al. ’04
Blumenhagen et.al. ‘06

*

*

( ( / 2))

( (( | ) / 2 )),
D VV

D D

R

r R

π
π γ

∧
= ⊗ −

= − +
2N N O

O

where 1( ) / 2 .Vc r γ= +N2T fiberD



22--formform

parametrizesparametrizes a family of vanishing 2a family of vanishing 2--cycle.cycle.

divisordivisor
(most of its components are) identified with (most of its components are) identified with 

codim.codim.--3 singularities3 singularities in base 3in base 3--fold of Ffold of F--theorytheory

HeteroticHeterotic——F TranslationF Translation

on VCγ (4) (4).
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around a pinch point (rank V=4)around a pinch point (rank V=4)
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