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Some business

• No lecture next week! Happy Thanksgiving 

• No lectures: Nov. 26th or Dec. 3rd

• Physics with a Bang! Dec. 3rd, 11am - 4pm

• Last lecture - with luncheon, Dec. 10th

• PS: I will discuss the superluminal neutrino news at 
the end
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General relativity
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Massive gravity

2 “tensor” fields

2 “vector” fields

1 scalar field
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Boulware-Deser Ghost
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what’s a ghost?



The revival
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5D gravity, out here

The DGP idea:

4D gravity
 (and us) here

infinite extra dimension



“brane bending”





Galilean symmetry
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with mass!



mid-2010

purely 4D theory

no ghosts
!



Controversy Erupts!

late-2010



Really, NO ghosts!

2011



physical
consequences



Yukawa Force
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“Degravitation” of 
cosmological constant?

Yukawa = finite range force!
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Universe today



or: self acceleration?
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~kpc = 106 AU

~Mpc = 30 galactic 
            radii 

~10 Mpc = 10 virial radii



Observational tests



N-body codes



massive gravity Einstein’s GR

simulations of this models



Weak lensing
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Modification to NFW tangential shear



Neutrino update



Neutrino update

still faster
than light!

10,000 ns


