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Introduction

GR vs not GR...

GR has passed all tests so far with flying colors!

✴Very well tested in the solar system (e.g. Mercury perihelion advance, light 
deflection, Gravity Probe B, LLR...)

✴But...not well tested in the strong-field regime

Credit LST
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GR has passed all tests so far with flying colors!

✴Very well tested in the solar system (e.g. Mercury perihelion advance, light 
deflection, Gravity Probe B, LLR...)

✴But...not well tested in the strong-field regime

Evidence for breakdown?

✴Dark matter - dark energy problem

✴inconsistent with modern theories (e.g. super-strings)

Credit LST
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Esposito-Farese (2005)

Introduction

Alternative theories
If the mass of the scalar field is small enough it could pass the solar 

system tests.
For Neutron-stars it could still be energetically favorable to become 

scalarized
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The Pulsar Phenomenon
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The Pulsar Phenomenon

Orbital Period, Pb

Eccentricity, e
Inclination, i

Epoch of periastron, To
Longitude of periastron, ω
Longitude of ascension, Ω

Projected semi-major axis, x

Orbital decay , Ṗb

Precession of periastron, ώ
Shapiro-delay “range”, r
Shapiro-delay “shape”, s

relativistic delay, γ
Longitude of ascension, Ω

Projected semi-major axis, x
Spin precession

...

TOA Residual

Fold Fold

Model

Credit David Champion
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GR: Emission of quadropolar gravitational radiation Scalar fields: + Dipolar radiation

Weisberg & Taylor 2003



Example: Orbital decay due to the emission of gravitational waves

Introduction

GR: Emission of quadropolar gravitational radiation Scalar fields: + Dipolar radiation

Needs systems with large difference in scalarization
Effect small: Stable timer

Measurable only in close PSR+WD binaries

Weisberg & Taylor 2003



Example: Orbital decay due to the emission of gravitational waves

PSR J1738+0333

5.86 ms PSR + white dwarf binary, 8.15 h highly circular orbit
Observed for 7 years with Arecibo

Freire et al. in preperation

Measured orbital decay , Ṗb = -27.9±3.8 fs/s



PSR J1738+0333

Antoniadis et al. in preperation
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Antoniadis et al. in preperation



PSR J1738+0333

“Excessive” decay:



PSR J1738+0333

“Excessive” decay:

Most constraining limit on scalar-matter coupling strength :



PSR J1738+0333

“Excessive” decay:

Freire et al. in prep.  

See Lazaridis et al. (2009) for details



PSR J1738+0333

Does the same limit apply to Tensor-Vector-Scalar theories? 
(relativistic MOND)

If so (Bruneton & Esposito-Farese 2007), the former limit makes these 
theories “unnatural”
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Does the same limit apply to Tensor-Vector-Scalar theories? 
(relativistic MOND)

If so (Bruneton & Esposito-Farese 2007), the former limit makes these 
theories “unnatural”

UNDER INVESTIGATION...



The need for more pulsars..

HTRU survey

Effelsberg (North) + Parkes (South)
>1000 expected new discoveries (>150 MSPs)

D. Champion, E. Bahr,  C. Ng, M. Kramer et al.



New instumentation...

Instrumentation

Feed design by Sandy Weinreb (JPL)



New instumentation...

Instrumentation

Feed design by Sandy Weinreb (JPL)

Being developed:
New 600-3000 MHz ultra-broadband receiver @ Effelsberg

Feed design by Sandy Weinreb (JPL)
ERC consolidated grand (2.1 ME, Paulo Freire)

Whole bandwidth coherently dedispersed!

Higher S/N
ISM effects removal



New discoveries

New PSR+WD in a 2-hour orbit

Preliminary results show that there is a high chance for the NS to be 
above 2.2 solar masses

If so ~20 times more luminous in 
dipolar radiation than J1738

Ongoing observations with Arecibo 
(Lynch et al.)

Observations with VLT scheduled for 
this December (Antoniadis et al.)
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STAY TUNED!
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