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Yukawa couplings in F/M-Theory

m Need a framework that has all of
1010 H (5)° ¢, +5210 H(5), + N 5. H (5)°.
® important in /1 masses and SUSY flavor problem

m How to get such Yukawa couplings?

eg. with (p,q) 7-branes

(1.e. in F-theory), the u-
type Yukawa is OK.

| Gaberdiel Zwiebach *97]

m Hither E, or E; to get them all in EF/M. [Tatar TW 0]
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low-energy matter multiplets

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

for SU(5) bdle V within E8’ five D7-branes on 25 and an O7 on SO
l : -1/
10's = HY(Z;V), 10's = H (e, Te, " @E; ),
Ciop = 25 ° S

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

e 1 - A2
5's=H (Z A V) an extra D7-brane wrapped on 21,

C! 0 . —1/2 *
5's=H"(c;Tc, “®E ®E)
Type IIA on CY orientifold Cs = Z5 ' Z1

w/ D6-branes and O6-planes

F-theory [Type IIB with (p,q)

one chiral mutiplet at each D6-D6 interse gutelalialeitats 7-branes]

UV



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

[Andreas Cujste

10's = HY(Z;V) 2 H(T; Ky @ A%) P
5's=HYZ;AV)~H° (c5,K @/l/zv)ﬁ

Curio, Diaconescu Ionesei "98
Donagi et.al. 04, Blumenhagen et.al. ‘06



Het/(T? -Z — B,) <= F/(K3— X — B,)
e.g.Es — <SU (S)bdl > X SU (S)GUT'

[Andreas Cujste

10's=HY(Z;V) 2 H(Cp; Ky, @ ) P H'(Cu K ®4)
5's=HY(Z;A?V) = H° (05,K @/l/zv)ﬁH (05,K1’2®L').

Curio, Diaconescu Ionesei 98 Donagi Wijnholt *08
Donagi et.al. 04, Blumenhagen et.al. ‘06 Beaseley Heckman Vafa ‘03



{a] BN issue ZXD H ?

m [IB with D7 and O7 TIEFHHZELY. (p,q) 7-brane
MR ZET B codim.-3 HFE R TIIAMNEZTLNEHD

s ?

m matter curve (7-brane intersection) 0D £ 0D sheaf (&,
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Results 1

m c.g. in F-theory with unbroken SU(5) symmetry

r deg K1/2

B I
5's =H"(C, ,(Q(K + (0 +b“?) /24 7))
L (4)
Double points resolved. A~7" = f G
. . . . C
codim-3 singularity in Bg integrated over the

» vanishing 2-cycle

Itis C , not C , that parametrizes vanishing 2-cycles.



Results 11

m c.g. in F-theory with unbroken SO(10) symmetry

1/2
>
/ \

vec's=H’(C,.; (K +b® + 7))

Pl / 1 "
degree-2 coveron C,_ . . Y = f G,
vec 9
A ~ 7. | C
codim-3 singularity in B, integrated over the
vanishing 2-cycle

—=H°(C,.;E)  E:rank2bunde.



back-up slides



Fourier—Mukai Transform of A°V

C, : smooth
- V(:)(CV’/[/V) N/ alinebdlon C,
" AV = (C/\ZV ’/l/sz)
ic, N oy =RPL[P @ Kg" @ py(AV)],

(double curve)

)
/
“ “‘“‘//

if

spectral surface C

=

e

===

A2V

(pinch point)
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0
|
2 a
N (C/\ZV ’/l//\zv) ’ ne bdl on C,
N = Rp.[P
¢, N oy =RPL[PT @Ky @ p,(AV)]

(dollble CuWC)
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a line bdle




ct. Donagt et.al. 04
Blumenhagen et.al. ‘06

To Determine A, 0n C, .,

~

‘ N ., = Tpe(N, @ O(—R12))
= O(7p((r |5 =R)/2+ 7)),
T % where C(A)=T/2+7.

I r: ramification divisor of
7. :C, — B,.

R: ramification divisor of

7TD . D — C/\ZV




Heterotic—F Translation

m 2-form Jonc, = f.G(4) B ch(4)'
" determines G mod H*(B,;Q)

2 _ (4)
XA V)_fcmc; .

m C ., parametrizes a family of vanishing 2-cycle.

m divisor 75.(r |5 —R)
(most of its components are) identified with

codim.-3 singularities in base 3-fold of F-theory

A — ZC . ZC+2.



777772
777777 27N 8T z
7777 T ) <

Vec

degree-2 cover

C,

around a pinch point (rank V=4)
v
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