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doi:10.1038/nature 12917

A millisecond pulsar in a stellar triple system

S. M. Ransom', I, H. Stairs?, A. M. Archibald®#, J. W. T. Hessels™*, D. L. Kaplan®’, M. H. van Kerkwijk®, J. Boyles®'®, A, T. Deller?,

S. Chatterjee'’, A. Schechtman-Rook’, A. Berndsen®, R. §. Lynch®, D. R. Lorimer”, C. Karako- Argaman®, V. M. Kaspi*,
V. I. Kondratiev*'?, M. A. McLaughlin®, J. van Leeuwen™®, R. Rosen"®, M. 8. E. Roberts'*"* & K. Stovall™*'®

METHODS SUMMARY

We have taken many hundreds of hours of radio timing observations with the
GBT, the Arecibo telescope and the WSRT over the past 2yr, with the best
observations having time-of-arrival uncertainties of 0.8 ps in 10s of data. These
TOAs are fitted using a high-precision numerical integrator, induding Newtonian
gravitational effects from the three-body interactions as well as special relativistic
transverse Doppler corrections and general relativistic Einstein and Shapiro delays
(the last two are not yet important for the fitting). Uncertainties on the fitted
parameters are derived using MCMC techniques.

The optical, ultraviolet and infrared photometry of the inner object was fitted
using an absorbed white dwarf atmosphere, yielding results very close to the spec-
troscopic values. On the basis of spectroscopic gravity, the photometric radius of
the inner white dwarf is (0.091 * 0.005)R -, (R, solar radius), which leads to a
photometric distance to the system. We see no emission from the outer object and
can reject all single or binary main-sequence stars as being the outer companion.
The data are consistent with a 0.4M -, white dwarf.

The radio timing fits benefitted from a radio interferometric position of
J0337+1715 determined from a 3-h observation with the VLBA. The absolute
positional accuracy is estimated to be 1-2 mas. A series of observations that has
already begun will determine the parallax distance to a precision of 1%-2% as well
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