
Higher dimensional membrane world models
Putting the standard model on a brane

Damien George

Supervisor: Prof. Ray Volkas

Theoretical Particle Physics

Damien George GOSS April 2007 – The standard model on a brane



Introduction

Brane world history:
Rubakov and Shaposhnikov, 1983: left handed massless
fermions can be trapped.
Dvali and Shifman, 1997: trap gauge fields by breaking the
gauge symmetry on the brane.
Randall and Sundrum, 1999: extra dimensions can be
infinite and gravity still 4D.

All the ingredients for a brane world standard model.

We present a 5D model which reduces to 4D standard model
and general relativity.
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Domain walls (branes)

Lη = 1
2∂

Mη∂Mη − V (η)

η(xµ,w) = v tanh(kw) + {modes}

Need χ also (for GUT breaking and multiplet splitting).
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SU(5) grand unified theories

SM is: SU(3)col ⊗ SU(2)L ⊗ U(1)Y
with gauge fields: Gµ

1−8 W µ
1,2,3 Bµ (break to Gµ

1−8 W µ
± Zµ

0 Aµ).

Can merge groups into SU(5).
Unified gauge field Xµ

1−24 also includes Y µ
1−6 Y ′µ

1−6.

only 1 gauge constant – but wrong predictions!
proton decay induced by Y and Y ′.
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SU(5) multiplets

SM contains: u(r ,g,b)L d(r ,g,b)L eL νL uc
(r ,g,b)L dc

(r ,g,b)L ec
L φweak

In SU(5) we
can pack them
together.

ψ5 =


dc

r
dc

g
dc

b
e
ν


L

ψ10 =


0 uc

b uc
g ur dr

0 uc
r ug dg

0 ub db
-ve 0 ec

0


L

unwanted coloured Higgs
wrong mass relations: me = md !

φ =

(
φcol

φweak

)
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The 5D theory

Sbulk =

∫
d5x

√
G

[
−2M3R − Λ

]

Lmatter =T (X , η, χ,Ψ5,Ψ10,Φ)− VDW(η, χ)

− Vtrap 1(Ψ5, η, χ)− Vtrap 2(Ψ10, η, χ)− Vtrap 3(Φ, η, χ)

− Vmass(Φ,Ψ5,Ψ10)
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Forming a domain wall

Set up boundary conditions.
Domain wall forms.

Coupling produces effective potential well.
Well traps all fields, but each type behaves and traps
differently.
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Trapping gravity – RS2

ds2 = e−2σ(w)gMNdxMdxN − dw2

Brane induces trapping potential.

Fgrav = GMm
(

1
r2 +

ε

r3

)
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Trapping gauge fields – Dvali-Shifman

When χ 6= 0 we break SU(5)→ SM.
Energy cost for SM bosons to become SU(5) bosons.

Bosons trapped when broken: trapped and broken on
brane.
Gauge universality – equivalent charge for all positions in
extra dimension.
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Trapping fermions – Rubakov and Shaposhnikov

Expand:

Ψ5 =

(
fL(w)dc

L + fR(w)dc
R

gL(w)lL + gR(w)lR

)

Similarly for Ψ10.
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Trapping Higgs

Expand:

Φ =

(
h1(w)φcol

h2(w)φweak

)

My paper hep-ph/0612270 (to appear in Phys. Rev. D).
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The standard model and general relativity

Almost there:
Use the standard electro-weak symmetry breaking to get
SU(3)⊗ U(1)EM.

We have made a brane world in 5D.

We have an economical SU(5) model:
No bad mass relations like me = md .
Suppressed proton decay due to splitting.

Completely dynamically generated!
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Conclusions and further work

The standard model and general relativity on a brane:
trapping fields η and χ.
gravity is warped and trapped.
gauge fields X are trapped and broken.
fermions Ψ5,10 and Higgs Φ are trapped and split.

Work to be done:
3 generations of fermions.
Neutrino masses.
Parameter count and parameter space search.
Phenomenology: proton decay; coupling to extra modes.
Gauge coupling unification.
Cosmology.
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