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350MHz Drift Scan Survey during Track Repair
Lorimer, McLaughlin, Ransom, Boyles, Lynch, Hessels, Kondratiev, Stairs, 

van Leeuwen, Archibald, Kaspi, Roberts, Stovall, Karaku-Argaman, + 
several undergraduate students...

~1350 hrs of obs @25 MB/s ~ 135 TB   (~25% of the full sky!)

35 new pulsars, including 7 MSPs plus dozens(?) of RRATs

Boyles et al. 2013, ApJ
Lynch et al. 2013, ApJ

J0337+1715



GBT Driftscan discovery by Jason Boyles



PSR J0337+1715
Bright:  ~2 mJy at 1.4 GHz
Fairly Fast:  2.73 ms
DM of 21.3 pc/cm3

(distance of ~750 pc)



Arecibo PUPPI observations:
• ~0.8μs TOAs in 10 seconds (from ~13,000 TOAs)!
• Likely a ~100ns MSP or better!

L-band
Linear poln
Circular poln



Optical Counterpart in SDSS etc...

18-19 mag
GALEX source



Optical Counterpart in SDSS etc...

18-19 mag
GALEX source
Outer star is WD

Main seq star
doesn't fit IR data

WD does

Inner WD



Optical spectroscopy on inner WD...

Teff = 15,800K  log(g) = 5.82
Therefore He WD of 0.15-0.2 Msun
RVs give mass ratio of 7.32+/-0.08
W/ timing masses, gives ~6% radius:

• D = 1,300+/-80 pc
Kaplan, van Kerkwijk et al in prep.



Pulsar timing over past 1.5 years...
26,000+ arrival times now cover more than 1 outer orbit
WSRT near daily, GBT weekly, Arecibo every other week

Arecibo    GBT    Westerbork
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Keeping pulse 
count was a 

nightmare:  6 or 
7 derivatives for 

each orbital 
parameter!



Marten van Kerkwijk made a modified 2 Keplerian orbit model
- The inner orbit's T0 is perturbed by outer orbit
- Keeps phase to within 10% of pulse phase
- Allows real-time folding at observatories

Arecibo    GBT    Westerbork



Roemer Delays

Zoomed region above



Major timing breakthrough!
by Anne Archibald

• We can't get “normal” pulsar timing solution
• Full three-body Newtonian dynamics 

integrations (using long double), fit to 
phase-connected timing data

• Huge dynamic range: microsecond arrival 
times over more than 1 year (1013)

• Was able to get a good fit....



Pure Newtonian 3-body solution 

Inner Orbital Phase

Predicts to +/- 5% of pulse phase

MJD



~1.34us weighted RMS for 26,260 TOAs!

Full Newtonian + Relativistic Doppler Shift

Modified Two-Keplerian Ellipse Model

Arecibo    GBT    Westerbork



PSR J0337+1715:  fully solved!
• High precision masses:  Mpsr = 1.4378(13) Msun

Mwd_i = 0.19751(15) Msun        Mwd_o = 0.4101(3) Msun
• Orbits are co-planar to < 0.02 deg!  (i = 39.24 deg)
• Apsides aligned (despite e_i ~ 7x10-4 and e_o ~ 0.035!)

InnerOuter

WD

WD

PSR
Inner



System Evolution?
• Questions:

• Why so co-planar?
• Why so circular?
• Multiple mass xfers?

• Possible Answers:
• Common envelope(s?)
• Mass xfer-ed 3 times!
• Multiple LMXB phases
• WDs fall on predicted 
mass/Porb relation

Tauris and van den Heuvel, 
2014, ApJ, in press



Unique Tests of General Relativity
• Strong Equivalence Principle states:

• Weak Equivalence Principle (i.e. Mgrav = Minertial) holds for 
self-gravitating bodies as well as test bodies
• And local Lorentz and position invariance

• GR is the only viable metric theory that embodies the SEP



Unique Tests of General Relativity
• Strong Equivalence Principle states:

• Weak Equivalence Principle (i.e. Mgrav = Minertial) holds for 
self-gravitating bodies as well as test bodies
• And local Lorentz and position invariance

• GR is the only viable metric theory that embodies the SEP

• Pulsar + white dwarf binaries can make interesting tests

• Orbits “polarized” due to different accelerations in 
Galactic gravitational field due to different self-gravities
• See Cliff Will, 2006, Living Reviews of Relativity and 
Freire, Kramer & Wex, 2012, CQG, 29, 18 



Unique Tests of General Relativity
• Gravitational binding energies:

• NS ~
• WDs ~ 10-6

• For planets/moons ~10-11 to 10-9 (i.e. Solar System tests)

• J0337+1715:  the NS and inner WD fall in strong grav. field of 
outer WD rather than Galaxy:  field is 6-7 orders-of-mag larger

• “G” effectively different for NS and inner WD if SEP invalid
• Tests with this triple should be many orders-of-magnitude 
better than any previous others – and very soon!

                                     Archibald et al. in prep



PSR J0337+1715:  Summary
• A unique, clean, and beautiful 3-body system

• Has already provided extremely precise masses and 
inclinations via model-independent gravitational effects

• Will provide:

• High-precision tests of the Strong Equivalence Principle
• High precision, clean examples of 3-body perturbations
• 1-2% VLBA distance will calibrate low-mass WD models
• Much fodder for binary / stellar evolution models
• Potentially one of the best timing pulsars in NANOGrav

Ransom et al. Nature, in press (Due 8 Jan 2014)



Orbital Animation





Sigurdsson et al. 2003, 
Science, 301, 193

NASA/G. Bacon (STScI)

e.g Thorsett, Arzoumanian, &
Taylor. 1993, ApJ, 412, L33

PSR B1620-26
in globular cluster M4
(MSP+WD+Planet)

~0.3 M⊙ WD
191 day orbit

~1MJup planet in
~100 yr orbit

Nasty long-term
timing effects

Shorter time-scales + stronger effects



Similar evolution to J1903+0327?

- Fully recycled MSP
- 95 day, eccentric orbit
    (e = 0.44)
- Massive MS companion
- Massive (1.67 M⊙) NS

- Previously a triple system?
    - Ejected WD in dynamical

Instability?

Bill Saxton, NRAO/AUI/NSF

Champion et al. 2008, 
Science, 320, 1309

Portegies Zwart et al. 
2011, ApJ, 734, 55



Changing inner inclination and period

Days

Days

Variations at ½ orbital 
periods of both inner 
and outer orbits, as well 
as secular effects

Osculating 
orbital 

elements 
easily visible



VLBA Distance Soon
 Already have 1st epoch of approved VLBA campaign...  

1-2% distance on the way (Adam Deller and co)

– - Will be a perfect “calibration” source for 
low-mass He WD models

– - Astrometric reflex motion from outer orbit is 
~237/Dkpc μas, easily measurable with VLBA

– - Since size of orbit is known from timing, will 
also give independent geometric distance
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