Recent binary-pulsar tests of gravity
and comparison with other experimen
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Testing a theory?
Useful tocontrastts predictions with alternative theories

Example: “PPN” formalism to studyveak-fieldgravity (orderNewtonx iz)
[Eddington, Schiff, Baierlin, Nordtvedt, Will] ¢
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Solar-system experiments
In the Parametrized Post-Newtonian formalism
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Binary-pulsar tests oulses
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* Time of flight across orbit] wt (“Roemer time delay”)
— orbital period P
— eccentricity € “Keplerian” parameters

— periastron angular position
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* Redshift] % + second order Doppler eﬁeﬁtzv—’éz (“Einstein time delay”)
— parameter Yriming \
* Time evolution of Keplerian parameters
L “post-Keplerian” observables
— periastron advance W (orderg2 [PSR B1913+16 « Hulse & Taylpr
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— gravitational radiation dampind? (ordergs) )
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PSR B1913+16
in general relativity
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Discovered by R. Hulse and J. Taylor in 1974

w =4.22661°/yr m, = 1.4408 m,
YV =4.294 ms

p = -2.421x 10712 Mg =1.3873
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PSR B1534+12
In general relativity
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Discovered by A. Wolszczan in 1991

5 observables 2 masses 3 tests

“Galactic” contribution to P[Damour—Taylor 1991]
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PSR J1141-6545

companion in general relativity
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2nd pulsar
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The most natural theories of gravity inclugle
ascalar fieldp besides thenetric gy,

« Mathematicallyconsistent field theories (no ghost, no adynamical field)

« Motivated by superstrings

—dilatonin the graviton supermultiplet

—moduli after dimensional reduction Imn Al b
\Y

- Scalar fields play a crucial role in modexasmol ogy
(potentialV(d) = negative pressurié accelerated expansion phases of the universe)
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« Only consistent massless field theories able l l
to satisfy theveak equivalence principle
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« Only known theories satisfying spectator / * \
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« Preserve most of general relativitggnmetries ~2 -

(explain the key role qBPPN and\/gp'\b

« Useful ascontrasting alter natives to general relativity
(simple, but general enough many possible deviations)



Tensorscalartheories
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Deviations from general relativity due to the scalar field

* At any order inin , the deviations involve at least twgfactors:
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matter-scalar
No deviation from  coupling function

General Relativity a(q))
in weak-field conditions \
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(at thecenter of the star)
“spontaneous scalarization”[T. bamour & G.E-F 1993]
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Strong-field effects
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PSR B1913+16
in scalar-tensor theorig¢s
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Solar-system & PSR B1913+16 constraints
on scalar-tensor theories of gravity
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Horizontal axis §g = O) : perturbatively equivalerto G.R.
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binary pulsarsin general relativity
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Solar-system & best binary-pulsar constrajnts
on scalar-tensor theories of gravity
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Mass plane for PSR J1141-6545
In various scalar-tensor theories
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matter-scalar a(0)
coupling function
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Conclusions

e Binary pulsars are ideal tools for testing tis¢rong-field regime of gravity.

¢ Qualitative difference between
first derivative of@ () matter

solar-system

nonperturbative effects matter

binary-pulsay [0 second derivative af (<P)

| _ apriori full shape ofz () ~ matter _~
andcosmologicabbservations. - '
but much more noisy

¢ Bestavailable system for constraining scalar-tensor thed?i®@R J1141-6545
Neutron star—white dwarf systeém large emission aflipolar scalar waves.
[Neutron star-black hole system would do even better.]
Almost as powerful as solar-system tests even in the rggrod

(where scalar-field effects are suppressed in the strong-field regime).

e Douple pulsaPSR J0737-303%ntastic system to test GR itself
and the physics of neutron stars
Two pulsard] direct measure of the mass ratig/m,
will merge in ~ 85 Myrincreases estimated merger rate
Fast and closé < very precise soon
~70 yr geodetic precession

Eclipsed] probes pulsar magnetospheres

e GR wave templatessuffice forLIGO/VIRGO , because possible scalar-field
effects are already tightly constrained by binary-pulsar tests.

Small scalar-field effects still possible {dSA [Scharre, Will & Yunes]

o General relativity passes all the tests with flying colors.
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