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» Does not have to be something fundamental (strings, branes,
etc)

Experimentally not well tested at high energies
Diversifies inflation scenarios [Rubakov et al]

Gives more freedom in models with extra dimensions
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Nice IR behavior of field theories
[ dedE (@002 ~ (407 = (007

becomes Lorentz invariant in IR



Lorentz Invariant case

Zy symmetric AdSs orbifold with brane of constant tension

DA
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o
But brane NEC implies ( — & <0
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Microscopic Solution

2+1 Lifshitz model [Kachru Liu Mulligan]
1
S=- / ?FQ) A *F(2) + F(3) A *F(3) — C/ F(2) A 8(2) R

F(2):A9rA9t, F(3)ZBQ,/\9X/\9y,

Solution of Einstein equations Z = (/¢

Z2+Z+4
S TER
22(Z -1)

2 _
AE—E
4(Z -1)
2 _
B'="p—

To avoid tachyonic solutions Z > 1
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Il Recall that in these examples bulk NEC is inconsistent with
brane NEC !l
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Does it mean anything?

YES — one can proof NO-GO theorem
Let the following conditions be satisfied

1. 56d NEC ~ Tagt?¢B >0, gapc?cB =0
2. brane NEC  Tp 1 &ME” >0,  gp €MV =0

3. pp+0>0

4. Spatial brane curvature vanishes k =0

5. Ll is broken a(z) # b(z)
Then a static solution with symmetry SO(3) x T3 x Z, DOES
NOT exist [PK, Libanov]

The statement does not depend on the volume fj;o /g dz of the
extra dimension
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All conditions are important!

» In LI case everything is fine, e.g.

2
S — (z—20)°, 0<z< z),
0, z2>z.

But still bulk matter needs to be localized near brane
» k # 0 entails

(£ +26¢ +3¢%)e >k — 4k /k?
wz) = =g etk — 1ok
(6 + ()oK — 4r2/k?
2(26_2<kz _ 4/<;2/k2

w(z) =—

But one needs to have k/k ~ 1 which makes the model
useless phenomenologically
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Outlook so far

» Coordinate independent description of spaces with broken
Lorentz Invariance (canonical formulation)

» We considered only static backgrounds. What would happen
in time dependent case? Ways to evade the theorem?

» Transition from one “AdS” to another via domain wall can be
made possible

» Obtain these solutions from String Theory

» So what is the dynamics in these backgrounds?
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Localization vs Delocalization

Metric
ds? = e 222 g2 _ o=2b(2) gy? _ (72

Geodesic equation
A+ ThexBxC =0

for fifth component
. 242 /-0\2 —ob /-
53— de 2a (XO) — be 2b (x)2
After integration
. 2
52— 2028 _ (5') o2b

Which means &’ < b’ — localization and a’ > b’ — delocalization
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Localization for Scalars
Scalar 5D field

+oo
S= / dtdx / dz \/g g*B0pp0po

EOM
[—65 + (3 +36)0, + 22252 — 22| ¢ =0

Fourier transform, redefinition of ¢, and reparametrization of z
yield Schrodinger equation

X' +(E>=V)x=0

potential

1 9 1
V=_= 2 2 2 2(b—a) (A" bl/
22 —|-4b + pe 2(3 +3b")
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(De)localization — Features

» If the momenta-dependent term increases as y — oo, then
one has a discrete spectrum as in the box-type potential. The
potential might have local minima and maxima but the
behavior of this potential at infinity qualitatively defines the
character of the spectrum. On the contrary, if the potential
decays at infinity, then we have continuous spectrum of plane
waves propagating along y-direction. Some combination of
these two scenarios is possible when V — V,, = const as
7z — 00. Then those modes with E2 < V. belong to discrete
spectrum and modes with E2 > V,, contribute to continuous
spectrum.

» The sign of delta-function term affects zero mode existence.
In a delta-well there might be a zero-mode and none in a
delta-peak.
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a(z) = &k|z|, b(z) = Ck|z|
Potential
9¢%k?

Vo(y) = p*(1+ 5k’)/|)2(1_</£) + m

—3Ckd(y)
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Space of Metrics

Vo(y) = p? (1 + Ek\yl)z(H/O +

9C2k2

4(1+ €k|y|)®

A

— 3Ckd(y)
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The Model A

Metric
ds? = dt? — e 2Kzl gy2 _ 42

The potential
_ 22k7 9,2
V(z) = pte#l 4 Zk — 3kd(z)

Generic solution p
— F . klz|
x(z) = NK, (ke )

Matching



Spectrum of Model A
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Dispersion Relations

» Zero mode at small momenta

E? — 3p2 (1 - % + O(p2))

» higher modes at low momenta

72 k2n?

4log? 2

E? = %k2+

n

» large momenta — everything E =p+ ...
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Static Potential

Brane-to-Bulk Propagator
—92 — E? 4 p2e?lzl ¢ %k2 —3kd(z)| Ap(E, p,z) = 0(z)

Put E = 0 to find the Green function. On the brane z =0

k 1
Gp(0,p,0) = 202 + 2

Brane static potential
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Fermions
Action

S= /dtdx / dz \/g (iVfNW + my¥W)

Dirac equation
iTAV AW (x,z) + my¥(x,z) =0, my = msign(z)
In rescaled variables
(Evo—ek'z' pi =y 6)w—mw=o
Using special rep os y-matrices

Ex — ipo3pek?l 4+ 19/ — my¢p =0

k|z

E¢ + ipozxe!? — o1’ — myx =0
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Dispersion Relations

» At m > k/2 the dispersion relation is

2m
E ~
<2m—k) P

» At m=k/2

E~—plog

> At 0 < m< k/2



Higher modes

Higher modes at low momenta

2
mnk
E,=my| 1+
" <k—mp@)m+2mbgg>
The case m = 0 is very neat

wk(2n+1)

E,— —
n 4log £

+0O(p), neN

All modes at high momenta

E=p+0(p'?)
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Chirality

Left and Right fermions ¢ g = (1 F 75)%

k|z| k|z|
ViR = <§+§(§t) ). 75 > Z Co(Un s * Un )

Both left-handed and right-handed components do not vanish as
functions of z. E.g. zero mode contains both left-handed and
right-handed spinors, but right-handed spinor vanishes on the

brane z = 0.
For higher modes: if v = 1 only left-handed spinors are localized if
~ = —1 only right-handed spinors are localized on the brane

Depending on « the modes have different helicities
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Study other models with broken LI
Holography

Gravity and Cosmology

Low dimensional SUSY
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