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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






GENERAL RELATIVITY

2 “tensor” fields
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MASSIVE GRAVITY

2 “tensor” fields

2 ‘vector’ f1eléds

O Q O O O 1 scalar field



VAN DAM, VELTMAN,
ZAKHAROV DISCONTINUITY

A 1970

tensor graviton tensor graviton
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“scalar” graviton






VAINSHTEIN EFFECT
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BOULWARE-DESER GHOST
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WHAT’S A GHOST?
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THE REVIVAL
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THE DGP IDEA:

5D gravity, out here
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infinite extra dimension



“BRANE BENDING”







GALILEAN SYMMETRY
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graviton
with mass!

2009



purely 4D theory

Formalism: Define the tensor H,,, as the covarianti-
zation of the metric perturbation, g,, = Ny + by =
Hyw + 1ab0u6°8,¢°, where the four Stiickelberg fields ¢®
transform as scalars, and 7. = (—1,1,1,1), B] The
helicity-0 mode 7 of the graviton can be extracted by
expressing ¢* = (z® — n**0,7), such that

H‘_(u - hl'”/ + 21-.[1_“/ - T]aﬁH”aHay, H“y = a“ayﬂ-. (1)

We may therefore define the following quantity

K29, H) S dEE, (@)
n=1

with d, = (3)

(1—2n)(n!)24n "
Here HY = g"*Hay, and (H™){ = HE HS: -+ Hy" 7 de,
notes the product of n tensors Hg. Below, unless giat®0
that

K;H/ (gs H
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CONTROVERSY ERUPTS!

late-2010



REALLY, NO GHOSTS!

3
S = —1\([3 / d*z\/—g [R—?Trb2 23 ()
n=0

where the (3, are given in terms of the a, of (3) as,

By =6 —4az + oy, B1 = -3+ 3a3 — a4,
AB'2=1—2043+Q4, ,33=03—a4. (5)

The ex(X) are elementary symmetric polynomials of the
eigenvalues of A. For a generic 4 X 4 matrix they are

given by,

eo(X)=1,
e1(X)=[%4],
e2(X) =3 ([4]* — [X?), (6)
e3(X) =g ([A]* — 3[A][X?] + 2[X°]),
ea(K) =57 ([X]* — 6[X*[X?] + 3[X*)* + 8[X][X°] - 6[X7]),
ex(X)=0 fork >4,

2011



PHYSICAL

CONSEQUENCES




Force

YUKAWA FORCE

distance




“DEGRAVITATION” OF
COSMOLOGICAL CONSTANT?

Yukawa = finite range force!

Universe todaz



OR: SELF ACCELERATION?
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Force

EXTRA SCALAR FORCE

total force!
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r* / Vainshtein effect

- R < rx

R > rx
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— ~KPC = 10° AU

—» ~MPC = 30 GALACTIC
RADII

—_—~10 MPC = 10 VIRIAL RADII




OBSERVATIONAL TESTS




N-BODY CODES
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SIMULATIONS OF THIS MODELS

- Einstein’s GR
2 g ™2 R ¢.‘




WEAK LENSING

Without Shape Noise

Unlensed




shear
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Modification to NFW tangential shear




NEUTRINO UPDATE

CERN NEUTRINOS TO GRAN SASSO
Underground structures at CERN

LEP/LMC tunned

Connection
10 TI&/

Fig. 1: Artistic view of the SPS/CNGS layout.
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NEUTRINO UPDATE
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