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OUTLINE

e Brane Induced Gravity

Breakdown of PT
e Features vDVZ
Two Branches

e Nonperturbative solution (and possible tests)

(De)coupling limit

e Implications Consistency of SA branch



Modification of Gravity
Motivation:

Accelerated expansion of the Universe

M DFE
G,uy — T,UI/_I_TILLV

T

modification

Could also address the CC problem (higher codim setups)



Example:

Fierz Pauli

G:U'V _I_ m‘g(hlu,]/ — ’r]lu,]/h) — Tlu]/

My ~ Ho ~ 10—42G6V

Immediate Problem!
5 degrees of freedom
massless — 2 tensor,2 vector, 1 scalar

e VDVZ discontinuity



Brane Induced Gravity (DGP)
G,uu + mC<K,UJ/ — guuK) — T,ul/

K,uy ~ 5ng_|_...

e Arises in higher dim theories

e Action Principle

s = [d*sygR+me [ d®o\/g5Rs + -

graviton has 2 Kinetic terms

e Perturbative Spectrum (Minkowski background)

Propagator ~ 1/(p? + me\/p?)
No massless graviton (p? = 0 residue vanishes)

Resonance graviton (lifetime ~ mgl)

V(r) ~1/r r << m;?!

Potential on brane V(r) ~ 1/r2 r>>m-1

e EXtrinsic curvature: non-local 4d interpretation
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Breakdown of Perturbation Theory

Selfinteraction introduces inverse powers of m. in
a perturbative expansion in Gy

This leads to a premature breakdown of Pertur-
bation Theory at scale rs = (ry72)1/3

Sun: r. ~ Kpc
Galaxy: ry ~ Mpc

This is related to the vDVZ discontinuity
Way Out

Perturbation theory should be defined around a
classical background created by a source

R # 0 outside the source up to distance ry
(unlike usual GR)



Clues from the equations
2 2
R = Kuv — K

linear terms quadratic and higher

trace equation:

e R # 0 outside the source

e Posible linearization artifacts



Schwarschild Solution

Non-Perturbative solution

ds® = —e dt? + eMdr? + r2dQ? + e dy? + ~drdy

e No vDVZ

e RA0 for r < ry

o 5d Mps~ M(rpr/re)t/3 (mass screening)

e Potential interpolates smoothly between 1/ and
1/r2 behavior
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To be contrasted with previos perturbative solutions
Gruzinov, Porrati, Lue-Starkman, Tanaka



Tests: Perihelion Precession

Dvali Gruzinov Zaldarriaga

Perturbative sol: Lue Starkman

Non-perturbative solution: PP per orbit

Ap =27 + 3rM iw 84 (T*>3/2 <L>0'04

T T x

Earth-Moon

r = 3.84 x 1019 cm
rBarth , 6.59 x 1012 cm
Additional £0.7x 1012 (current 2.4x10~11)

Sun-Mars

r=2.28x 1013 cm
rit" ~ 4.9 x 10%° cm
Additional £1.3x 1011 (current 9 x 10— 11)



(De)coupling Limit

Mpl — oo me — 0O M — oo

M
A= (Mpm?2)L/3 ~—  Fixed

e (Om)? —Agaua,mﬂ 1)

Wrong-sign kinetic term for m on SA background
Luty Porrati Rattazzi, Nicolis Rattzzi
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(De)coupling Limit

Mpl — oo me — 0 M — oo

M
A= (Mpm?2)L/3 ~—  Fixed

2 2
(O7)2 — (aﬂa,m)QjLR — 3RW_|_

R+3|:|7T e /\3 /\3
N3
R,uv — MPZRMV
L . R o3R2
huw = hyw + num — R =

3A3
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Consistency of Self-Accelerated Branch

Koyama, Gorbunov Koyama Sibiryakov
Charmousis Gregory Kaloper Padilla

Spectrum in SA background (dS brane)

e Continuum m2 > 9H?2/4
e m2 = 2H2 Normalizable
e m2 = 0 Non-normalizable

Empty brane: Effective action for m2 = 2H?2

Ly = L(Aw) — HA"(V,Vy — 70 = 3H v
9
—ZH2¢(D + 4H?)p
5AI~W = (vmuv,u + HQ/YMV)O‘(x)

Field Redefinition:
Less = Li(Bu) — pH(VmuVau — 5,0 — 3H?v,,) B*

Source-free theory quantized without ghosts (as NL QED)

With sources: Amplitude has two solutions

e Doble pole at m?2 = 2H?2 + continuum
e Massless pole 4+ continuum
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However, in the presence of sources one should
take into account screening effects found in the
nonperturbative solution

Performing perturbations around that background
may vield a consistent perturbative expansion

Further investigation is needed
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