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What: Gravitational effect of Domain Walls in IR-modified gravity

Why: Gravitating DW solutions in DGP can be found exactly.
Useful information about intrinsically non-linear theory.

Main Results 

1) Screening of the tension. 
Analog to screening in Schwarzchild-like solutions.

2) Domain Walls are short-distance probes 
of large-distance modified gravity.
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Generic IR-modified gravity

Linearized Einstein’s eqs:

DGP

Fierz–Pauli Massive gravityconst



vDVZ discontinuity

IR modified

(more d.o.f.’s)
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GR

way out: higher orders in Perturbation Theory 
become important at short distances



Non-perturbative continuity
(DGP)
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Non-linearities:
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Weak field expansion breaks down.
Large      expansion is OK.



Non-perturbative continuity
(DGP)

gr *r cr
4D GR 4D scalar-tensor 5D

3/ 22
*

2
g

N
c

rr
r r

r
r

φ ⎡ ⎤
⎢ ⎥⎣ ⎦

− +� 5
2

2B G M
r

−g

r
A

r
−

Schwarzchild-AdS-like



‘Schwarzchild-DGP’
(Gabadadze-Iglesias)
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OUTLINE

• Domain Walls in GR

• Strings in GR (sub-critical, super-critical) 

• Domain Walls on a DGP brane
- Conventional Branch
- Self-Accelerated Branch

• Screening of the tension (both 4D and 5D)

• Extension to other IR-modified gravity



Domain Walls in GR                  
(co-dimension=1)



Domain Walls in GR                  
(co-dimension=1)

( )( ) diag 1, 1, 1,0T zµν µν
σ δ= − −
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Domain Walls in GR                  
(co-dimension=1)
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DW inflates. 

Hubble rate= H

(Vilenkin-Ipser-Sikivie)
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Domain Walls in GR                  
(co-dimension=1)

geodesicRepulsive force
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Strings in GR        
(co-dimension=2)

( )2 ( ) diag 1, 1,0,0Tµν µν
µ δ ρ= −
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Strings in GR        
(co-dimension=2)
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Strings in GR        
(co-dimension=2)

22  Pmµ π= 2δ π=‘critical string’
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Transverse space compactified. 

D
(flat worldsheet)



Strings in GR        
(co-dimension=2)

22  Pmµ π> 2δ π=‘super-critical string’

(Transverse space compactified)

Topological Inflation
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Domain Walls in DGP
Puzzle: 
How can the solution interpolate between 

4D - and       5D - regimes ???

Cod=2 => does not inflate !Cod=1 => inflates

Intuitively, it seems that 

if                    =>   actually no Horizon

if                    =>   Horizon

(Naïve-) DW Horizon:
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Domain Walls in DGP:               
Perturbative arguments

*rWhat is                for a DW??
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screening inside the wall



Domain Walls in DGP:                
Exact Solutions

0κ =Flatmaximally symmetric 
Domain wall 1κ =(2+1) De Sitter

Birkhoff Theorem:

5D Minkowski bulk Non-singular

Non-compact bulk



Domain Walls in DGP:                
Exact Solutions

Cartesian
Rindler

0κ =
1κ =

Induced metric on the brane:

Brane parametrization (embedding):
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Domain Walls in DGP:                
Exact Solutions

Equations for the embedding: 
Israel junction conditions ( )3 2 (4)
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Domain Walls in DGP:                
Exact Solutions

A) (Outside the DW)



Domain Walls in DGP:                
Exact Solutions

B) Junction condition on the DW



Domain Walls in DGP:                
Exact Solutions

Subcritical Wall  (Conventional Branch)



Domain Walls in DGP:                
Exact Solutions

Subcritical Wall  (Conventional Branch)

0κ =

‘brane
bending’
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Domain Walls in DGP:                
Exact Solutions

Subcritical Wall  (Conventional Branch)

0κ =

5D: No 5D-screening

0!!=4D: Complete 4D-screening



Domain Walls in DGP:                
Exact Solutions

Subcritical Wall  (Conventional Branch)

Domain wall

‘Mirror’ 
Domain wall 
produced by K µν

ξ

0
0T



Domain Walls in DGP:                
Exact Solutions

Super-critical Wall  (Conventional Branch)

1κ =

Partial 4D Screening



Domain Walls in DGP:                
Exact Solutions

Super-critical Wall  (Conventional Branch)

0R =brane DW Horizon

DW thicknessbulk

identify

Domain Wall



Non-zero 
brane tension

0H ≠



Domain Walls in DGP:                
Exact Solutions

Self-Accelerated Branch ( 1)κ =

(4 ) !!D
effσ σ>

4D ‘anti-screening’

0!!δ <
5D ‘over-screening’



Domain Walls in DGP:                
Exact Solutions

Self-Accelerated Branch

remove remove

Domain wall

0
0T ‘Replica’ 

Domain wall 
produced by K µν



summary

??

??

Schwarzchild-DGP



Super-critical walls                
and 5D-screening



Super-critical walls                
and 5D-screening

0D ≠
0P ≠

With No DGP ‘induced gravity’ term         
(supermassive codimension-2 brane) thickness

pressure along 
normal direction



Super-critical walls                
and 5D-screening

With No DGP ‘induced gravity’ term         
(supermassive codimension-2 brane)



Super-critical walls                
and 5D-screening

With No DGP ‘induced gravity’ term         
(supermassive codimension-2 brane)

With induced gravity term,

The SAME suppression factor!! 



DW

Schwarzchild-DGP



Generic IR-modified gravity

Linearized Einstein’s eqs:
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DGP

Fierz–Pauli Massive gravity



Generic IR-modified gravity

Couples to conserved source as

For DWs, diag(1, 0, 0, 0)∝

‘pure gauge’ form

Lowest order 

Tree-level amplitude



Finite size DWs 
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CONCLUSIONS
• Screening mechanism in DGP -> Extrinsic curvature

• In DGP, sub-critical DWs do not gravitate
=> short distance probe of gravity

• expect the same in other IR-modified gravity theories
(non-linearities do not contribute for DWs)

• Almost identical screening pattern as in Schw-DGP 
(Gabadadze&Iglesias)

• Super-massive codimension-2 branes

• Screening of the 5D-tension


