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LARGE LEPTON MIXING
IN A STRING BRANE WORLD
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Bl-LARGE MIXINGS ROR NEUTRINOS

ATOMOSPHERIC ) OSCILLATION
SMmy, = (2-3)= 10 2eV*"

(sin20,,)" = 4
Super K

SOLAR »  OSCUATION
Sm2, = 7-10" eV’

. 2
(&129.1) = 5
Super
SH0
Koes LAND
CHO0OZ BOUND

2
(&i'n 20,2 ) < 0.4

ChoO R,



WHY LEPTON MUXING
> QUARK MIXING 7

GEOMETRIC ORIGIN OF THE LARGE MIXING

IN HIGHER TDIMENSIONAL SPMETIME

Wotoy, . T\,



FINE - TUNING PROBLEM IN SUSY 6&UTs

av 0
CI@M) ) = 2v -
o -I‘V_‘v

SUS) gur = SUB)e x SU), xUty

HIG&S MULTIPLETS
Me
He= ( Mg )
THEIR  MASSES

W = MHH + A HZH



]
Mc = M + AV
o
m, = M -3V
6
Vs 0 &V
FINE TUNE . Mg < O(100) GeV

*

|a10® - v10"] < 10 r7?

e D=5 TPROTON DECAY

10 /ms"‘
l
@—)-< Ahai P
: He N, M,

{0 10

o Too FAST PROTON DECAY ¢
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PRODUCT - GROUP  UNIRICATION

TY. G Muayama ? o

SUPPOSE THE GUT BREAKING PRUVCES
E(3) E,ta‘}_ THEN, THE COLORED NI6GS

H() A A3 RAVE MASSES TOGETHER

|

WITH S, Anp §, .
W= H; Hcgr, "H:ﬁc!g

BUT, THE MHIGRS DOUBLETS Hy awp N,
REMAIN MASLESS , SINCE THEY NAVE NO
MASS PARTNER.

Masieve ot ol (1R85 2)

[ M HH 18 FmQIDEw g a smulu'r_l



NO D=5 PROTON
0
He ¥
0
oM
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PRODUCT- GROUP  UNIRICATION

IN TYPE TIB STRING THEORY

Wetai . TY. (0O%)
heevh /042160

D7
/o
S ST : BRANES

N DT BRAES

U(N) GAUGE THEORY
uithh

{6 SUPER- CHARGES REMAIN
8 (7+1) SPAETIME

N=4 SUSY
IN (3+1) SPACETIME,



CONSIDER 5 D-7 BRANES .
WE HAVE U(S) GAUGE THEORY,

WE IDENTIFY THE SU(S) SuB&ROUP
WITH THE SU(5) GUT,

INRDUCE 3 D-3 BRANES AT A C/g,.

SINGULARITY ON THE D-T BRANES,

C/z. *C (LOCALLY)

[
[ /‘ D] BRINES
D3 BR

8 SUPER- CHARGES TREMAIN oON D-3 BRANES.



WE WWVE U(3) GAUGE THEORY wITH
N=2 SUSY.

U(G) GAUGE MUWTIPLETS:

_ O o

P3

D3-D3 OPEN STRINGS
Q% + Q. (3.5%) HYPER MULTIPLETS
-
S - S—
Q
D3-D1 OPEN STRING

SUG)eur GAUGE  MULTIPETS :

_.-——Q— i
P1- DT OPEN STRING
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Colobe - Vau
Nel SUSY

b3 o7

SU(S) gy * SUG) - Utt)  THEORY
wWiTH N=1{ SUSY

IN (3+1) DM, SPACE:-TIME

BUT  LOCALLY WE HAVE AN=2 SUSY
SU3) = Ul) GAVGE THEDORY

GAUGE MULTIPLETES
{ Uy = (V% F*)  e=-d
ve, = (Ve 3°)

HYPER MULTIPLETS
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SUPERPOTENTIAL (N=2 SUSY)

o
2

W= {73, a,3" 0\ a

?E 31 5;.1 éd ()‘D )ih Q:‘
Luw

e - e w maw - -

D1

FLAT POTENTIAL FoR 3B°

WE SUPPOSE THAT SOME DYNAMICS GENERATES

ATTRACTIVE FORCE BETWEEN D3 AND DT T

FoRM  D3-DT BOUND STATE .

CONDENSATION OF ANTI- SYWMETRIC —B,w}
18 AN EXANPLE
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GENERATION OF FI1 R-TERM ( M=2 SUSY)

est

WFI = -E 31 U‘! iﬂ

SUSY - VACUUM
£ » —
$°> =0 bos
i J FIXED
< Q 2 » = v
v D1
g p1-03
BoUND S TAFE
~ . "
< Qﬂ- > [ ( A o0
or
GUT - BREAKING THERE (s NO FRLAT DIRECTION !

SU(5)gur * SU(»UWN)
—> SU(3)c *SU@, V() I

-u-
03 [l |
§l
a _’iﬁ'
Siow- Roll  INRLATION
OCCURS . Kollesh Aol |
Walor, T.¥.

DI
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¥ NOW ADD ONE MORE D-T BRANE :

- |

WE HAVE SU(6)xUl) oN THE DT BRANES,

WE INTRODUCE  NON- TRIVIAL BACKGROUND oF U(1)

FIELD STRENETH l_('” o
§Fv %0 ° ‘-s)

- SU(6) —> SU(S)gy U1

BUT, D3-DT OPEN STRINGS GIVE MASSLESS
HYPER- MULTI®LETS .




AFTER THE GUT BREAKING,

SU(S)” x SU(!Jbg U(”“
—> SU(Y)¢ =SUQ), = UC),

™me QL(3.1) ad Q2(3%1)

REMAIN  MASSLESS |

wege, [ SUB), = SU3)g, + SUBY,,
Uy = TUlgn + UM,

SU2), = S!Jf.ﬂ-)qn

SUG)eur * STy *Tltlger C SU(6)gy

Q= sea-3 « ¥%3)

5: - 8%1:‘3' < in.(B.)
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GAJGE COUPLING UNIWICATION :

oly d&ut
.lt.. = - * i
Ol oleur oty ny

APPROXI MATE  UNIRICATION
=% lda : d!]pl 2 ((0-100) Ngyr
Fig 1.

tﬁj(I) P - {00
(:_11,[?-':“)‘i (o=tee)

7
sTNG SHE [ ~ 10 &V

Zq P “Cyus DT wRAPPEP AROuND

4
MORERATELY LARGE VOLUME
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HIG&S MULTIPLETS : 1D1-DT OPEN STRING

.03
§{ —J0r—-- D7 BRANES
" al
How
H'(S) « Hi(S8Y)

SUPERPOTENTIAL :

V=x @, Haql +3a)h 5:..
Q> = U8 QL5 = 03,

> A0 HZ O du QLS

He . NS HAVE  GUT- SCAR MASSES

Hp + My RemAIN  MassLESS (00
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. QUARKS AND LEPTONS .

N SUC) e

QUARK (DOVBLET) MIXING a MDANG OF 10's

LEPTON (DOURET) MIXING = MiiNg oF S5

WHY 0.9 > B,(1) 7

i



CONSTRUCTION OF 10

L* E am - 3N,

gwrsRsECTIOn

,.1.".1

DT onN I,

PV oy
*"“T"’"“ O'7- PLANE

07 ma&E oF oN

10 \' D1-DT° OPEN STRINGS
{0

LVE OoN Z,-X/ (2 viMENSIoN)
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WE HWE [0+ (D' IN (5+1) DIM SMETME.

SUPPOSE  NON-TRIVIAL BACKGROUND fsg of Ull)s,

.
s A, ° )
) “-;

S By dx*dx® = N
{ TOGRHER , COMPACTIFICATION %

Tl
THEN , WE WAE N {Q’'s aw> 0O 10 .
kg2
WE oosE N=3 . {3 Famuss}
IN (341) DIM.
SPACETIME

BUT, THEORY HAS ANOMALIES

9



Ult) GAUGE THEORY wiTh <. and Wgq .

(R #0

VORTEX

ON X¢Z, WEWAWE A CHIRAL GAUGE THEORY

with P,

Ky 2,

Iﬁ’




o1

D (5+1) DIM, SPAETIME

A 1Y
Lsi-li } 1.'
lsl',.l'l T2
ANoMALIES TNFLOV
) 2 LNt PoINTS
z . I. ﬁ ,'l:‘ ‘

0y ARE W 2 DIM. SPACE (1,3.).

(f_q_il't ARE LOCALIZED AT 3 POINTS,
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- MIOORANA MASS MATRIX FRoR SINGLETS N(1) (s
NEARLY DIAGONAL UNLESS THE TPOINTS ARE

CLOSE TO EACH OTHER,

Pogy
Ne

JAN N

.'1 - v
NS, Ny* S5

. DIRAC YUKAWA MATRIX ROR STA;H IS

NEARLY DIAGONAL .

( Ny No-N3) [ My ¢ Ny
" )[N
E’ M'a Nt

('5*1 5’: 5*5) @ 2 Ny
b (N’:
)

= . XEUTRINO MASS MATRIx IS ALMOST DIAGWAL

4‘ Cawr
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LARGE NEUTRINO MIXINGS COME WROM

CHARGED LEPTON MUINGS .
Atbavedl; Fm,lin . Magina
hep-Ph/ouca155

Uuus . U;U"
> Ud
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B0+ H YUKAVA (OUPLING
L, CHARGED LEPTON

MASS MATRIX
(5% 5% 855)/a b ¢ {0,
- - ¢ o ¢
/¥ 5 C 0,
d v ¥
& b ¢ 0,
&Y ANARCHY
HJI.;HH‘UWH&
f
Unus ¥ Ue
o T YT
-/03 A s
5 pEmocRATIC
Fvitnsel : X‘"j
frndayills, Tuwmwels
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B/-LARGE MIninNG&S wiTH 9” *1 .

G~8& | bt , c~f

-2 Mg : Ty Wy x E‘* g:1

(100, 10, to, ) / &4 & £\ [0,

. B B
UCFH = E 4 g
| €' & 4
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CONCLUSION

L. PRODUCT- GROUP UNIFICATION SOLVES
THE DOUBLET - TRIPLET SPLITING PRODLEY

2, 1T IS NATURALLY EMBEDDED INTO

A BRANE WORLD IN TYPE IIB STRING
THEORY,

Uﬂtﬂ-‘f . . WY
(0o4)

3. SUCH A EXTENSION LEADS U8 TO
THE AEM MTHESLS; . AND THE OBSERVED
E~
Bl- LARGE MIXINRS OF ANEUTRINOS ARE

NATURALLY EXPLAINED.



PREDICTION

THE UNIRICATION SCALE IS LOWSR
THAN THE GUT SCALE,

THE 7PROTON DECAYS THROGH DIM=6
OPERATORS,

T(p=2¢e+m°) < ln1084 Years

1be, Jatar,
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