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A 90 year-long successful story:
No free parameter and it works !

* equiv. principle 107 level
* Solar tests (weak field) 10-* level
¢ Strong field (binary pulsar) 10~ level

¢ Tested in the range 10! mm up to 10'® mm
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experiments ?

Wednesday, May 12, 2010



® Can we build up a version of GR, modified in IR
regime (large distances) consistent with
experiments ?

®* The task is not an easy one !

Wednesday, May 12, 2010



® Can we build up a version of GR, modified in IR
regime (large distances) consistent with
experiments ?

®* The task is not an easy one !

* First attempt: Fierz-Pauli 1939

Wednesday, May 12, 2010



® Can we build up a version of GR, modified in IR
regime (large distances) consistent with
experiments ?

®* The task is not an easy one !
* First attempt: Fierz-Pauli 1939

® Recently a number of attempts: GRS, DGP,
bigravity revisited, ......

Wednesday, May 12, 2010



® Can we build up a version of GR, modified in IR
regime (large distances) consistent with
experiments ?

®* The task is not an easy one !
* First attempt: Fierz-Pauli 1939

® Recently a number of attempts: GRS, DGP,
bigravity revisited, ......

® This talk mainly focused on exact solutions
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: dynamical field gy D.o.F =10 - 2 x 4 = 2
4 gauge invariance (Diffs)
Linearized analysis

Juv — Nuv h,uy R h,uu e

h, o =eallm T,
: dynamical field gy D.o.F =10 - 4 = 6
4 constraints

L 1 1 L mg M*
o, a(uh,/)a — §Dhlu,/ e (9M(9,/h H qu,/ (Dh — 0“0 hag) e > (bh??/u/ S CLh,u,/)

— S
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* When there is a ghost in the spectrum. No good !

¢ Fierz-Pauli (FP) a=b. In flat space, no 6th mode;
5 healthy D.o.F.

* Yukawa type modification of Newton force: gravity
shuts off for r >> 1/m,

(:

* However for FP:
(out of 25%, experimental accuracy < 10-4. vDz

discontinuity
e the ghost is needed for the light bending
e QOut of Minkowski the 6th mode (ghost) propagates !
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® In the presence of an heavy mass source
the one-graviton exchange approximation
may fail at the scale

# Before quantum correction are important
classical lin. approx. may fail at r = rm

® Vainshteins picture: vDVZ is fake, continuity
IS recovered non-linearly

® Whether the Vainshteins picture is correct
Is still an open problem

® FP theory is at least tricky classically and
inconsistent as quantum EFT
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The D.o.F. count for FP relies on LI

kin
what about giving it up ? B L e
M2
LLBmaSS = 4 (mO h —|— 2m1 hOz — M5 h2 - e h2 . Qmi hOOhii)
hoo = ¥,
hoy = Ui 6’770, 87,“@ = 0,

hij = Xij + 0585+ 0554 5 0@ == 07, 0;8; = 0jXij = 0ijXij =0

§p = —20,6° Su=AT18,0,E™ -2, bu; = 8¢k

(SXij:O, (55225%, 50':2A_1(9@'§i, 0T =0
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Instead of adding by hand masses, one introduces scalar
fields providing the required longitudinal modes

() m§ = (§° — B+ )" mf — 8,8°9,9° g mg

The wanted “tunings” like mo= O are casted in symmetries
of the scalar sector

®’ — Y4 ((d°, D)
(10 +4)-2X4=6
D% = B 4ughf ®¢ Background value
&% =0 Unitary gauge
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Stuckelberg Fields

Instead of adding by hand masses, one introduces scalar
fields providing the required longitudinal modes

() m§ = (§%° = h® +---)" m§ — 8,8°0,8° g m;

The wanted “tunings” like mo= O are casted in symmetries
of the scalar sector

(I)O Rt (I)O+C(CI)O, (I)z)

The D.o.F. is the same: (10 + 4) - 2 X 4 = 6

O = P ME to Background value
Unitary gauge massive

Wednesday, May 12, 2010



e / \/§d4x (M2R+ [fma,tt) + A* / d4$\/§'7:(xﬂvi7yij)
il _A—4guyauq)anq)O V’L s _A—4glivaluq)08yq)i |

Vi = —A4g" 0,89,

Wednesday, May 12, 2010



e / \/§d4x (M2R+ [fma,tt) + A* / d4$\/§'7:(xﬂvi7yij)
il _A—4guyauq)anq)O V’L s _A—4glivaluq)08yq)i |

Vi = —A4g" 0,89,

® The function F encodes all the physics: background properties,
masses, residual symmetries

Wednesday, May 12, 2010



i = / \/§d4x (M2R+ [fma,tt) + A* / d4$\/§'7:(xﬂvi7yij)
X =—A*¢"9,8%,8° V= _A*3"9,8%,P

Vi = —A4g" 0,89,

® The function F encodes all the physics: background properties,
masses, residual symmetries
£ When Lorentz inv. is broken the the background value of the
®s will be spacetime dependent
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Originally first found in bigravity

Goldstone action with the residual symmetry @' -> @' + [1($O)
=> m;=0 in a flat background

F = F(Xx,W9)

W4 = —A"%g"9,8'0,dT — A2 Xt g"9,0'0,8° 9?0, P°05 P’

Guv = Nuv PV — A2 t, Hl — A2 ot SO(3) preserved

The goldstone EMT is zero on-shell
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Can be the exterior part of asstar ?

Add matter EMT (perfect fluid), solve E.o.M. in the inner
part and then match with the exterior solution

Even for constant density it's hard,
we use perturbation theory (weak gravity)

Consistency requires a non-democratic perturbation
J=1+eh{r), did W tclei(r), Tl GGl o h = c'{"hi(r)
p=¢epo, p=epar)

The solution can be found and the matching with the ext. solution gives
18 m2 MSb R2
5(1 + )

4
M, = §7TR3 00 + AMg = Mgy + AMg AM, =

72T m? pg R ol

;
2% — Tye DG when

Gl
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Energy, slight return

Integral form of Komar energy with a time-like Killing vector
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€ The phase m;=0 is rather interesting

€ Modified spherically symmetric solutions with screening or
anti-screening of the "bare” mass

Perturbation theory around flat space is difficult: the

"naive” perturbation expansion is far form the exact solution

®»

£ What happens to the missing modes, propagate in generic
backgrounds; healthy ?
€  The missing modes may by relevant in the growth of
cosmological perturbation
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