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Compactification

Extra dimensions must be very small 

=   4D mode +   higher-dimensional modes

no evidence of extra-dimensions

a traditional scheme
4D effective theory is obtained as the result 

of spectral decomposition

4D spectrum (GR+SM) from higher-dimensions

mass of higher modes ~1/(size of extra space) 

Branes
the most important ingredients to construct higher-

dimensional cosmological and particle physics models
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Presence of the branes

allowing large or non-compact extra-dimensions 

Branes 

4D theory is locally reproduced

Special choice of BC leads to localization of the 
higher-dimensional fields on a brane.

: submanifolds embedded into higher-dimensional 
spacetime
: give boundary conditions for the field propagating 
into the extra space

new type of singnatures
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Arkani-Hamed, Dimopoulos and Dvali(1998)Large extra dimensions

6≥D

compact extra space 
SM particle : confined on the boundary branes
Gravity: propagate into whole spacetime

Braneworld
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(4+n)-dimensional Planck scale 

size of extra-dimensions

TeVM ~6mmL 1.0~2=n

may lead to resolution of hierarchy problem

no brane gravity

Undemocratic treatment of gravity and SM  

effective 4D Planck mass

does only work in dimensions
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Randall Sundrum (1999)

warped structure

Randall-Sundrum

hierarchy problem is not resolved

5=D

gravitons are trapped around the brane 

brane tension curves the 
extra space 

We will consider a kind of higher-dimensional 
extensions of RS

4D gravity is recovered in low energy regime 

in spite of the infinitely extended extra space 
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may lead to the SM model

mainly considered in 
flat background 

in higher-dimensional spacetime, there would be 
intersections of branes

Localizability of fields with various spins which 
appear in SM 

We are going to investigate… 

in curved background 

with brane self-gravity 

Intersecting branes models  



two intersecting 4-branes and a 3-brane residing 
on intersection are embedded in 6D AdS
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0=H Minkowski  

0≠H Sitter   de 
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Minkowski 3-brane0=H

gluing copies of a patch of AdS space 
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Intersection with general angles
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4-branes are at          and 0=v
A 3-brane is on the intersection

new coordinate
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identify

brane2

brane 1

intersection

Brane tensions
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0=u

Intersecting brane solution in 6D AdS
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4-branes       at          and 0=v
3-brane        at the intersection



warped AdS 

Localizability of fields, which appear in SM 
spectrum, is going to be investigated.
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TeV scale gravity

graviton zero mode is localized at the 
intersection

reproduction of 4D gravity at the intersection
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The localization of fields of various spins will be 
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scalar mass
mass of the vector field

Dirac spinor (8 components)     
(      4D Dirac spinors)

 fM

coupling to curvature

fermion mass matrix (     )88×

covariant derivatives
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3-brane
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Boundary conditions on 4-branes
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normalizability 01 <− ±α 0=γ

boundary conditions ( ) 0
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Zero mode can be localized

massless, minimally coupled scalar is localized 
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Fermionic perturbations

Mass matrices
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Mode decomposition

Equation of motion

4D effective theory

Identifying 4D spinors as a chiral pair of (a)
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zero mode 

Only the left mode is localized.

Chiral asymmetry
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Higher modes corrections are suppressed by 
factor

25

wave function of higher modes
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In general, it is not straightforward to find coefficients            iqiq ba ,

In massless and minimally coupled case  

41 M
iqiq ba , are suppressed by factor                for smaller q               

and by factor          for  maxqq ≤

4M



6D intersecting branes have interesting property

A hybrid construction of LED and RS

4D gravity

TeV scale gravity in 6D

For appropriate choices of the parameters, all 
the spin-0, ½, 1 particles are localized at the 
brane intersection. 

two 4-branes intersecting on our 3-brane in 6D AdS

reproduction of SM 
spectrum at the intersection
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Massless, mininamally coupled scalar is localized

Vector field must have coupling to the curvature
Chiral asymmetry is naturally realized

Remarks

Higher modes are unimportant at the intersection

Future prospects
: thin brane       thick brane

curing the codimension-two singularity
more realistic

more bound states     
may reproduce 3 generations of quark and leptons

: multiply intersecting branes
may give rise to a new localization mechanism
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