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2 Motiva—+ion
To understand the flavor structure of —he

Standard Model| /s a big challenge.
Besides the phenomenological approach,
we woule |ike to invoke the +top~ down appreach

— String tTheory .

In an N =1 Supersymme-h-ic compac+/Fi/cation,

the holomorphy fac!|itates the computa-tion of

y

the Miﬁﬂs\\uoi'm.\.llor— \.\.O\S Q::(M ' <§ﬁ929 noxv\.,r,uu.



\ ) "
IOZQ\NW ) V><w.n.9_ /.\ST.».(& nosv:x%h Can be

obtained , onhs affer +he kinetic terms —take
+he canonical Form. Thus, one needs o know
+the kinetic terms , but they are imcluded
in the D—+ferm , which is not protected by The
supersymme-try .

Inthis talk , T will report —the resul+ts of
our first attempt +o compute —the kinete

“terms of nrn.\%mo\ matters In F - theory

compact/f/ cations.



Tn an F—theory no.s_voo.«..._..“nﬂic? the charged
matters of a grand unitied model| are located ot
“intersections of ¥-branes. Although their kinetic
Terms are apparently given by the integra| over

the whole ¥-branes Supporting the GUT gauge F/eld,
We will see below that they actually local i Ze
Just on the ....:.?whmni.g.m\.

In our paper, although we can see the localization

in more realistic compactifications, I will

9&19“3 1t with h~.§\v\n mxhssv\mh in this +alk.



M F - i\.moJ\ no§vnn4..+~.n.9¢,,§>w

An F- .l..wc...% noiﬁhﬂ.}.*.\ns.?.g +o0 4 dimensions
]

type IIB -theory compactiFied

on a b6-dim. Kahler mfn B
w/ the R-R 0-formFile|ld Co & the ol//aton

varying over B.



The N~ &:P\I‘K in type ILB theory transforms

T=Ce+ i’ —> T'= M.._m.”.h
w/ o (a v»m\ﬂ.;a 2)
c d ’

On the Kahler m¥d |3, T may have a monodremy ;
—lWl Z2 —> Z mh.ao

y

AT+ b

T > ¢'=4128
ct+d

I+ h:&niu. that a compas,fe of 7-branes

'3 located a+ = 0.



Thus, the ¥-branes are of codimension 1
in 6=dim. mfd B, and namely, they are wrappeel
onh @ 4-dim. Kahler Subm¥d N < B and extend

in the 4-dim. Minkowsk, Space \N.wl.

0/23 4856787
—_——— o~

R B
(3+1)dim . L s E=o
_ 4-of im




- cdent)'ty

The S-dual T...v\ > +the modular +transFformaion

O of a forus
One can think about
an m:..*l...n F/bration X over B

TP Q .n:b%

Ta

N =1SUSY in4dm. = X shouldbe
a Calabi~Yau 4-fold.



An F - theary GUT model
|
The world volume theory on ¥-branes wrapped
on divisers (4-dim. submfols such as S )

'»» The base B .

monodromi e,s



m ¥-brane wor/dvolume theory
* The gauge group G
*  the #/eld contents
&-dim. gauge fleld Ap=o.-s. Amsr.s, Az
(z"""; complex local coordinates of S )

A (z,0)~-Form freld in +he s&\.. vww.
Pmn = - @:! N + MN..... \

-+ |_.rn..... *nw.s..e:.‘ﬂ \u:\vms.\vapw.*sn?\a



e The covarian+t deriva—tives

Du@ = 942 + LA, 21,

a2 =32 +[A,31],

where _ 0 ) .
@ = 2 HSSQN!\,&N - g.&&N.)&Ns
A = Az dE" 3 = dF" oz .

* The fleld strength

mQ;v

ﬁ.)? H%\»NIM.\P? +ﬂ>?.”)”—\
_H.>o.t = JA + N>m).\
ﬁ..»“.: : QA+ 3AF AnA + ArA



* The besonic action .\15_ ()
] 2 2
a.—.. = - “1@0 \M4TMI|NI8>8 A|I$v.—||~ﬂ\<+..|~—lv V
R..:n.—v..ﬂ

— . .e. o, &
-+ U?H._‘mvrﬁ |e£> ﬂﬂ?xﬁa) o Q*Mﬁwm

(0nd)

- D(I[2,8"] + {(wATFa )« Dterm

' (0,2) . o
-2 FA"AFa + 2iwAGAG & F-term

+ 2GaA D+ 20BAG |,

where _s
LW = (9ma dZ AdZ | the Kéhler form of hq\

G=Gsdz™, D ; auxiliary Fields
in the adj. rep, of G



 The Superpotential
W = \.:,m Faia @1

* The BPS condition
 F-term condition

(0,2)
A = o y) m)w = 0.

c D-+erm condi+ion
A~.~\

w A Fa = MHW~W+M.



m WVM VSnmww.o::lh «u vacuum .wo\s..?.o:.hv

Let us take the gauge group G = SU(N) Hfor Simplici+y.

(0,2)

The BPS conditions Fa =0, 9a3 = o can be
Solved Jocally in +terma of an Nx N matrix V

ond a holomorphic Z-Torm P by

A=VIVI @ = VeV,
Under a complex gauge -hransformation,

V. - V-A, ¢=>n"9 A,
with A & holomorphic matrix in GL(N,C) .



The Vn.SP..:us& BPS condition is the D-+erm condi+tion

(0:0) | o + .
P..).ﬂnn.u t Mﬂsm ..._~ and 1t §Pv. be rewritfen as

wad (H9H)= il He*H].

with the IQJSI...PS §n+§.n I = /\.* V .

A soflution (H,P) to this epuation yields

a BPS background , around which Fluctuations

give rise <to the 4-dim. Spectrum of the theory .



X qu:s_v_«u of BPS T»orm..o::&h

6 ‘+he ..s+m<.mmn+“$u brane vsor%&s:\
For G = SVU(2) , for simplicity ,

X

] + [}
Since _.rn_v , Av u = 0 , (-t Solves The D—+term cond i+ion.



@ the Z. monodromy background
(r)
e’ |

—'— = mlhmc.» ) ﬂ = X . ,
/

.w. cc~'w
w/ r = Mﬁnl 121> € w = £ (dg'hdZE" dZ'ndE).

In terms of +hem , The PD-term condi+lon m..<ﬂn

“the sinh ~ Gordon mnkﬂ.r.o:

d J .
($+ +5F) 2t =L sinazn),

. Mc Coy, Tracy.

which has been »:n‘v)...nﬂ:v selved. [ Wy , (7z%)
Zamaolodeh' kw

(%44



S Local)zed Motters

Around a BPS backgroand (V, ), let us expand

+the fields ~>| D) with fluctuations (( «, ¥ ) ;
A= d{(A)+a =VaV'+ VaVv',
E=4(BY+VeV'= Vev'+vev'

The Hlactuations | «., @) satifying the BPS condi+ion

(-the 2eromooles ) gives riseto 4~odim. massless

Va.l...ﬂsnm.



In fact , the 2ero modes are locally given by

X = o0, 9= h=+Le,v]

in terms of on N x N modrise U and a holomorphic
N x N matrix 2~forms h .

Under an infinitesimal complex gauge transformation,
, h = h-[<e, €]

Zm-_.r an N x N s.o\c :ao.)vr..n SQ.JJ.X € .

v = U + €



® &xnr;—v_nu o+ ‘the 2Zero-mode solutions

@ ‘he intersecting brane background
= L [* = (x.
¢ = L A -xw L ow/ (22 = (xy)

One can find the 2ero modes (U, h)
ho(x.Y) h+ (v)

h = he(Y) “ho (X¥) v Ih a gauge ,

where the bi-fundamentals h+(Y) are Jocal/2ed on

the carve Z i Xx = o, and may be written as

ﬁ_.- fv -[¢. L2 ] auﬁ-r...r.,w.



@ The Z. s:o!oﬂﬁo‘s% rﬂnku\o.»:.&

o [
I"A %p\euﬂx ).
{ 0

where we tosk G = SU(3 ), instead of SU(2) .

The localized 2ero modes are Q..eas by

0
ruﬁ 0 T...Q\V"ﬂG\.quN“—s

h-(y) 0

vN - A o > 4?+~<»
b -—-h_1y’ 0 .



More .wmwlvor:v.\ \onA?.Nn& modeS on o curve F = 0

Can be given in the form

Heekman, Vate

j
h=[e¢,F b

Cecotti . Corvlova.
7 ] ﬁ
The charged matters of a grand unified mode[ in an
F- theory compactification are given by the localized
2ero modes.

l_.smwuonowm\ \m.-. us Jnon:u on them and discuss

their kinetic terms.



The .‘nSP..:.,sM mass|ess m D-term \ condi+tion

- . -/
wa d(H-vr-H)+i[d' HyH ] =0
determines U  n ferms of h.

In the example ®, infoct. one Finds that

-1
1|

Ut (e.y)=hstw) = (€ £ = 1)

wi+h +he Kahler form

Ww = W-b«pﬁ dx an dx + dyady ) .

In the example @), one alse observes a similar

localization with decays at infinity Ixl~ o



M “The Kahler pofential of |ocalized modes

mﬁrnn_,_,._‘:._;.sb +he locali2zed modes
A=VIV +Z Xitx"y- V-avi-V

-1

g

a BPS sol. Z—dim. +he local 2ed
Ffilelds Solution
d =VoeV' + TLXitxm V- 9 V'
hi+ [, vui]

in+o the kinetic +erm

\&Aﬁr \% tr ﬁl U&@.Jv:mlw + (WA .ﬁ.wrnm A ﬂn,.c) H—\

one obta/ns
I‘v
|m \&% Nij owxid"x; |



where the normalizat/on Ni; is given by

ZC. = MM..:ﬁ r.m> H sr\.+~unv\¢\.uvIr.H_.

For the Jocalized mode
|
hi = [ ¢ .ﬂf.._ on Fi= o,
tt yields

Zn\. = \u.ljw_wdmﬂ o al._ﬂev> A!mr») IMCJ..I!C..,_
A~
— (it S (F:)dF:



Thus, +he normaliz2a-+,on ZrC.. ) S ,w?\ms by

J..}m. w\l.mu.\allos ovepr ..I‘.m matter curve Mm ‘ *m = e\

bu+t not over +he whole surface N'.

Forthe example @ ~®; one can more explicjtly

ob+ta/n the kineticterm

= [ ™ (Now 3uxXT "X+ N3 X 87X )

Nzi¢ = ﬂm\ b~rHr+»s<>tvﬂ

where



M _Umn ﬁermm“osm

Since & localized mode is |localized on & curve
L. F=0 , its effective action may be obtainesd
by +the K=K . reduction of &-dim. N =1 hypermults
on the curve I with the metric ds’= 2 9e: d2dz .
+o 4 dimensions .

However, the reduction on the generic Kahler mfd T
break supersymmetry completely. Theretore, one
heeds to ...wzs.u.a: the bosonic frelds ( mn ) of the
hypermultiplets. Kwnnu\n y, Heckman & Vata , Qm.»



After ...*t,,a.?.:,u .H the two complex one-time scalars

~ /2
(%.3) take values in :AN»\.

where Kz is the
canonical bundle on L .

Their Lagrangian 15 given by

- ~ 1 ~ +
- TE% [o:s Tvuw:vzw? (D.3) (DY)

+ .umz.\ :vum\: bE ¥ )+ «vmwﬁvww»yu



For 4-dim. massless particles given by
DETX =0, D3 = 0
One can expand (3, m\\ In terms of holomorphic
sections hi(2) of (K= v..\~8 The vector bundle ag
T = X XilxM hil2),
¥ = T X" hite)

"

X

and Substitute them into the Lagrangran +o obtain

~ +
l&&#ﬂlmzm\.Nb}.K-mN\.‘.&rNe X sw



where
- +
Nij = &gmgm [9:5 hi - hj
) M

The normali 2at/on Z..s. /S ,w..<n: w% the

integral over the curve, and i8 consistent with

our previous results derived from +the ¥-brane

worldvolume ..1..007% .



me:s;&’%

I:-Jux [ #[D@ D2 - iwaFOFI]
=D = “&.wn Z.s U? x..” UTXs for O\Sﬁ.%n& 39.:636»

where

\/\.«.s. ul._dh.rneoc .3.—. -~+. T_.ww..-.qm Vj - H H_

f

+he ?1.«&2«\ over the curve . ¢ =0



