Title: Aethereal Gravity
Date: Dec 06, 2006 04:30 PM
URL.: http://pirsa.org/06120033

Abstract: Hints from quantum gravity suggest that a preferred frame may actually exist. One way to accommodate such aframe in general relativity
without sacrificing diffeomorphism invariance is to couple the metric to a dynamical, time like, unit-norm vector field--the "aether". | will discuss
properties and observational tests of a class of such theories, including post-Newtonian effects and radiation from binary pulsar systems.
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Einstein-aether Theory

Diffeomorphism-invariant theory with a
dynamical preferred frame
Frame = timelike, unit vector field—"aether”

Alternate theory of gravity—good for something?
Glimpse of quantum gravity?




AE-theory Action
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How to constrain the four c,?




Result

Exists a one-parameter family of theories that
passes collection of observational tests

Post-Newtonian
Two conditions

Binary pulsar (weak field)
One additional condition
Pulsar (strong field) and others
Mild bound:




Einstein-aecther Waves

Wave modes on flat metric, constant aether
background
2 spin-2, 2 spin-1, 1 spin-0

Wave speeds and energy densities vary with
spin, depend on c_
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Einstein-aether Cosmology

Effects In homogeneous, Isotropic universe
Spatial curvature renormalized
little effect in flat universe

Gravitational constant renormalized
Constraint from primordial nucleosynthesis:
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Collection of Constraints

Positivity
Stability
Cerenkov

Nucleosynthesis

Will reduce to just one condition when PN
constraints are satisfied




Post-Newtonian Efftects

PPN parameters

Next-to-Newtonian
gravitational | _ _ ‘
effects described £ non - linearity

by ten parameters

Parameter values

constrained by a,, preferred frame
weak-field |

experiments Ay.61554 -5 Weirdness

¥  Space curvature
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PPN Parameters

Observed

a, <10™

o, <4x107

Orbital polarization effect—constrained by lunar
laser ranging, PSR J2317+1439

Spin precession effect—constrained by
alignment of Sun and ecliptic plane




PPN Parameters

AE-theory
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Collection of constraints

Setting a, , to zero .
Imposes two
conditions: ¢, —(—2c, —¢cc e )/BC1

Stability, Cerenkov,
positivity, G, <o
then satisfied by: 0<q—¢ <(g+6)/A1—(+c))

Uce 46 <1




Binary Pulsar Tests

Pulsar timing measurements probe strong
field effects

“‘Post-Keplerian” parameters

Two unknown masses require three measured
parameters

Tightest tests: ~ (0.1)% from PSR 1916+13 and
“‘Double” pulsar
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Post-Newtonian Effects

PPN parameters

Next-to-Newtonian
gravitational _ _
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Binary Pulsar Tests

Pulsar timing measurements probe strong
field effects

“‘Post-Keplerian” parameters

Two unknown masses require three measured
parameters

Tightest tests: ~ (0.1)% from PSR 1916+13 and
“‘Double” pulsar




Strong vs. Weak

Effective action for fluid/particle bodies:

&= —mj d-r[l+5(v“ua —1)+A ]

Sensitivities s unknown, except:

S~C, (Oﬁ'g - )(%)_[_ Cj (%)2

Therefore, assume:
Results = (Weak field J(1+¢,0(s))




Radiation Damping Rate

Energy lost to gravity-aether radiation




Constraints

One new condition:

Only quadrupolar radiation
K

AE PostKep = GR PostKep

)‘E 2[%)&? Requires just A — 1
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Radiation Damping Rate

Energy lost to gravity-aether radiation
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Constraints

One new condition:

Only quadrupolar radiation
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Constraints
One new condition:

Only quadrupolar radiation

AE PostKep = GR PostKep

J Requires just A p— 1
+ GR




Radiation Damping Rate

Energy lost to gravity-aether radiation
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Constraints

One new condition:

Only quadrupolar radiation
a,,=0=
" AE PostKep = GR PostKep
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FIG. 1: Plot of the curves 4 = 1 (solid line) and ¢_ = ¢_/({3(1 — c.)) (dashed hine). The area
under the dashed curved is allowed by the collected, nondamping constraints. Both curves tend to

mfimity as c. — L




Corrections

AK
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obs weak

Constraint:

c,|<107,  |A-1<107
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FIG. 1: Plot of the curves 4 = 1 (solid line) and ¢_ = ¢ /(3(1 — c_)) (dashed Iine). The arsa
under the dashed curved is allbwed by the collected, nondamping constraints. Both curves tend to

mfimty as ¢ — L




Corrections

Aﬁgbs
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Conclusion

Einstein-aether Theory survives without
“‘down’-tuning—for now

To do:
Higher orders, spin-orbit
GWaves: phase, spin-1,0 modes
Spinning stars
2" [aw violation
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AE-theory Action
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How to constrain the four c,?




