OO0 0o (oodd

bbb g o obooood

+

w [ [0 [

e OO O0ODOOO0DOO0O00 O
s J 00000000 heterotic M-theory
s JO0O00 0o

= "Symmetry” [ [0 “Geometry” [
s 000000 ooon
= (100




il.

s (OO 000000ttt o
s 0000 bulk + brane
=« Branell U0 0 OO0

m [][]
m ][]
e O OO0

+

Joboobobodddoodnt
s U HOHOHOOOOODoo0oon
s OO0 oboobobon




|

O obbogbbodboogd
Joooddogooooodooddot

» OO0 oggg
 JUOUOO000000000n
» OO0 000 ogoodooogn

» OO0 of
 JO0000000000 (Dmbhooo
« 0000000 (DM ooooooood

s OO0 0googot
» U000 ooogoo

U bbb odooogbgog

N I I I N N N
oo oobg

s 000 OO0 MOO bDodoo!'ood
oot b dd

(x,))

= [J 00O model buildingd O 0O O OO OO0 O
Joddooooooooooooooao
Jodododoo oo




oottt botgtdbood
oo gdoogo

000 doobdn >MP_<
« 00000 o »(gY)q/EV

HEERERERERE

« 00000 o» G2E? » (G\E?)? /E?
0000000000 GyE?»g?

HRERERN E»l/GNllz»Mm rgodooood




Hk
kS

+

s 4+ 00 Flatd0 M 000 0dodood
Juoouuod
1/r21 1/

e OO OOOOODOLOOO0O0O0ODOOO O
= 00000 gy, 2E"
s 1[0 GN (4+n) E2+n




|

OooooooooOnDoooooo (ood
000 0000R, =M1 OO 0000

=
hip]

00 00M, 00O
000000

0 0000000000000 McOMplOOOO
oo (boomoood
Joooooooo v ooood

= JO0OMe» MplOO O OO O OOO0ooOad

= [ O Operturbative string0 O OO0 OO0 O O
0000

= No room to play!!!!
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= Duality
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i Brane-like Objects

s 000000000000 00000
[bulk)O localizeOOO O O

= D-brane
= Orbifold fixed point
= Domain wall

= Fermion localization under solitonic
background
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Open string[]
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:-L Heterotic M theory
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* Heterotic M theory

« 0000 0000 MOO 0000
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Witten ‘ 96

Gauge Coupling Unification scale 10°GeVO OO
[0 000 OO O EgXEg heterotic string O [ [ [
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= my, ( Higgsd mass parameter

s ScalarJ D00 00000 ogmn
= 00 00MMOO0OUVeut-off 0000000
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OOm,0000ddoouodogidootdon
O Moooood

= [ONo elementary scalar Higgs: (Landau-
Ginzburg description) Compeling
model???

= 2. Supersymmetry (00O 0O OO
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My VS. My,
i Which is fundamental?

= Conventional Approach

s MpllD OOOOOOOOOOOooooooao
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« (00O MplO OOfundamental energy scaleld
dooooo

= Try to explain the small weak scale

= eg). SUSY

= Weak Scale A Scale of Dynamical Supersymmetry
Breaking
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Large Extra Dimensions:
A Radical Approach

Arkani-Hamed,Dimopoulos&Dvali 98
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Set Up
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« 00000000 (Planck scalel0 O0)O OO O
Rc » 10°17+30/n cm (1TeV/My) (0+2)/n

= M=1TeVUUO OO nOUOOOOOOO OO
n=1R.» 10B¥cm M O000000O0O

2 10-2cm (ruled out by astrophysical
argument, e.g. SN cooling)
3 10-’"cm OK[

:-L Constraints

s 000000 oooon
= RC. mMm

= Supernova cooling (cf. axion)
= M; & 100TeV for n=2
= M; » 1TeV OK for higher n

= Diffuse photon background

= Graviton production in early universe & its
late decay into photons ! Ty, M;
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= [0 0O 4+10 0O OO massless particle
4+1000000 pM=(p*; p°)
P¥py=p*p,-(p°)*=0
« 0000000000 mMoog
000000000 oooooo

| Kakuza-Klein mode
s 000000 $ Kaluza-Klein tower
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« 0000000 (LHC, LC)O

000 0/Stringd 0 O!

s O O00O0 :
=« many Kaluza-Klein modes of graviton

= Black hole production at LHC

=« Low fundamental scale
= String Excitations
= KK modes of SM particles Gkk




Kaluza-Klein Resonance

* @ L H C’) Nath,Yamada&MY 99

= Drell&Yan process
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= Photon, Z-boson(]
KK modeld I [J

o+

s U0 000000000000000
00 Odynamics??!!!
s 0000000000000 on
Radion Stabilization?
= Cosmology:
Inflation, Baryogenesis
fundamental scalel 0 O OO0 OO0 OO O
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= very low inflation scale
- J0000000000000
= very low reheat temperature: T & 1 MeV

= ( constraint from diffuse photon background
= Difficulty in baryogenesis !

= Radion potential is supposed to be very flat
= Radion cannot stop or disappear at T=1MeV.

i Warped Extra Dimension

= Randall & Sundrum 99  RSI

5D anti-de Sitter slice
sandwiched by two
branes

ds’ =e " L dx dx” + dy’

SM branel] 0 [
Odooood
Odododn
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NOTE:
= AdS background in the bulk is essential
= May be disturbed by light bulk fields

+

3. "Symmetry”
“*Geometry”
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= Squark/Slepton O OO0 O OO0  (SUSY)

= Quark, Lepton Masses & Mixing
(LED/SUSY)
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» 00000000 r1,&10% yrs @SuperK
qqql / Mx? g: quark I: lepton
Mx & (a few) x 10 GeV

e O OUOOOOOO
= Low Scale GUT (model dependent)
= Low Fundamental Scale (LED)
= SUSYO OO Mx2!Mx M

susy

Mx & 10%7 GeV!!




Squark/Slepton
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= Quark (Lepton) OO OO O O Squark (Slepton) O
Jo0(loooD@muoooooodoon
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Kaon mixing, u!ey etc.
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Quark/Lepton Masses & Mixing
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= Quark Mass Hierarchy
= Mt A Mc A Mu etc.

= Small Mixing in Quark Sector
(CKM matrix)

= Large Mixing in Neutrino Sector
= Large mixing for v -v_(atmospheric v)
= Large mixing for v,-v, (solar v)
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& Geometry of Extra Dimensions

= Conventional Approach

s O OOOO0OO000doodobotdn
« [ [Flavor Symmetry

e OO OOOO0O O
= Use of Geometry of Extra Dimension
= Separation of Fields in Braneworld
| Suppressed Interaction!!
Small Coupling!!

Out of this world supersymmetry
breaking

Randall and Sundrum
Nucl.Phys.B557 (99) 79

“Essentially the higher dimensional theory
generalizes the notion of naturalness: the
absence of counterterms might not be
obvious from symmetries of the low-
energy theory, but can be nonetheless be
guaranteed by assumptions in the higher
dimensional theory.”
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i Suppression of Proton Decay

Arkani-Hamed & Schmaltz
(in the context of LED)
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i Drbifold GUT

Kawamura
Hall & Nomura

s 00O SYZ,orbifold SU(5) GUT
OO0 000 y=0, nR: fixed points

= [ 00 fixed point(y=0)OSUG)D O OO0OOO
HRERENERERE
m AR (X -y)=A2 (xy) a=1,---,12
| fo_r unbroken generator
o Al (X -y)=-Alxy) 1=13,---,24
for broken generator




:-L Gauge
+12 [ cos (ny/R)

AM w24 [ sin(n+1/2 y/R)
= Unbroken Generator T
oooobgobodg =2 —
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[0 massless O 0 O O mode
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» J0O0fixed pointDO0OSUG)ODOOOOO

I SU(5) non-invariant [0 counter-terms[]

0 fixed pointd O [

= Explicit BreakingD O O O OO0

= BRSO OO

= Gauge Coupling Unification (strong couplingd OO0
= A more realistic model S/Z, x Z,°

= SUSY GUT

= 3-2 splitting in Higgs
= Proton decay] OO 0 OO O
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