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Millisecond pulsars: fast and very stable rotation
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PULSARS IN BINARY ORBITS Observations show periodic

variation in pulse arrival time

-
Incorporate motion of the pulsar as it orbits the GOM of the binary

Five Keplerian parameters - Orbital period, projected semi-major orbital axis,

g\_orbital eccentricity, longitude of periastron, epoch ot periastron passage

bl

Including relativistic effects due to strong gravitational field

Five Post- Keplerian parameters - Orbital decay, relativistic advance of
periastron, Einstein delay, Shapiro delay
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Post- Keplerian parameters ~ f(m1,m2,Keplerian parameters)




Advance of periastron

T1me delay

m. (Solar mass)

TESTING GENERAL RELATIVITY

Measurements of post-Keplerian parameters

T — 3G2/30_2(Pb/27r)_5/3(1 - m2)2/3

T — G2/3c_2(Pb/27r)1/36m2(m1 + 2mg)(my + mg)_4/3

'

my = 1.4398 = 0.0002M meo = 1.3886 = 0.0002M,

1.8 ~r—r—r—r—r—r—r—r—r—y T —

PSR B1913+16

m,, (Solar mass)

Weisberg et al., 2010

Any further pK measurements can be
used as tests of the theory

N. Wex, 2014



TESTING GENERAL RELATIVITY
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Model dependent tests Model independent tests
lTest predictions from individual Devise tests that give generic
theories predictions to test model

, 3ny V2 independent deviations from GR
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PPE FRAMEWORK

Deform the GR waveform with model independent parameters

h— BGR(I + af?) expwfb
Recover GR BD prediction
(aa a, 57 b) = (07 a, 0, b) (057 a, 67 b) = (07 a, 5BD7 _7/3)
2 -

GW amplitude depends on rate of change of orbital frequency

'

L E = Ecr(1 + a(4n)‘u®)? -
F = E(dE,/dF)™!
e =

-

GW phase depends on rate of change of orbital frequency

E = Egr (1 e (d%GR) _ )
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ORBITAL DECAY - PPE PARAMETERS
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Connecting GW luminosity
with binary pulsar observations

P_
= =

Corrections to the orbital decay
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TESTING GENERAL RELATIVITY

Double Pulsar : JO737 - 3039A/B Kramer and N. Wex, 2009, N Wex 2014.
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CONSTRAINTS ON PPE PARAMETERS

L 10737-3039

10° 1 —— Yunes & Hughes (2010)

104_

102 -

100_

10—2_

10—4_

10—6_

—-2.0 —1.8 —-1.6 -1.4 —-1.2 —-1.0 —0.8 —0.6
b

5 - 5 0
— 48b(b — 1) (4n)dubt5/3

(5. 6).
obs GR



105_

103_

101_

10—1_

10—3_

10—5_

10—7_

10—9_

CONSTRAINTS ON PPE PARAMETERS

d=20

—— Yunes & Hughes (2010)
- == This work
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masses fixed(??)
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CONSTRAINTS ON PPE PARAMETERS

d=0

—— Yunes & Hughes (2010)
—-== This work - masses fixed
------ This work - masses free
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m ~ N (u,0)



ONGOING

+ Finding similar constraints on amplitude corrections

+ Compute the mapping between other post-Keplerian parameters and ppE
corrections

LOOKING AHEAD

Testing deviations from GR using GW by employing a Bayesian analysis of the ppL
framework — we presented the most stringent constraints obtained on the ppE
corrections from binary pulsar observations that can be used as informative priors

for the Bayesian study.
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