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Abstract. PSR J0337+1715 is a millisecond radio pulsar in a hierarchical stellar triple sys-
tem with two white dwarfs. This system is a unique and excellent laboratory in which to test
the strong equivalence principle (SEP) of general relativity. An initial SEP-violation test was
performed using direct 3-body numerical integration of the orbit in order to model the more
than 25000 pulse times of arrival (TOAs) from three radio telescopes: Arecibo, Green Bank
and Westerbork. In this work I present our efforts to quantify the effects of systematics in the
TOAs and timing residuals, which limit the precision of an SEP test. In particular, we apply
Fourier-based techniques to the timing residuals in order to isolate the effects of systematics
that can masquerade as an SEP violation.
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Einstein’s strong equivalence principle (SEP) is a fundamental tenet of general rel-
ativity (GR): it postulates that gravitational interactions do not depend on the grav-
itational binding energy of self-gravitating bodies, and hence that gravitational mass
(MG ) equals inertial mass (Mi), even for objects with strong gravity. Given the relation
MG = (1+Δ)Mi , where Δ is a dimensionless parameter, the SEP states Δ = 0. It holds
only in GR and all plausible alternatives to GR violate the SEP at some level (Δ �= 0).
A straightforward method of testing the SEP is to compare how two bodies that have
different gravitational binding energies fall in the presence of an external gravitational
potential. Thus, hierarchical triple systems are ideal test-beds for the SEP. If the SEP
is violated (Δ �= 0), then the fractional difference in acceleration of the two bodies gives
rise to excess eccentricity of their orbits in the direction of the external acceleration.

The only known millisecond radio pulsar in a hierarchical stellar triple system is
PSR J0337+1715, which has two white-dwarf companions. The pulsar orbits an inner
white dwarf (hereafter WDi) every 1.6 days. In turn, this inner binary system orbits an
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Figure 1. “Arrow plot” of the residuals
of the full fit (blue arrows). The length
of each arrow represents the amplitude A
of the harmonic systematic in the data,
whose phase is the combination of integer
inner and outer orbital frequencies rep-
resented by values on the x and y axes,
respectively (see Eq. 0.1). The direction
of each arrow is the phase offset. Ellipses
represent uncertainties on the linear least-
-squares fit

outer white dwarf (hereafter WDo) every 327 days. If the SEP is violated, the pulsar-
WDi binary would acquire an excess eccentricity in the direction of WDo , keeping this
orientation as it moves in its outer orbit. This effect would lead to periodic changes in
the TOAs with an exact frequency of (−2ϕi + 1ϕo), where (ϕi) and (ϕo) are the inner
and outer orbital frequencies (ϕ = 2π/Porb). This signal can be detected in the residuals
of a pulsar timing fit, and hence the value of Δ can be constrained (see A. M. Archibald
et al., this volume).

Ideally, the fitted value of Δ and its uncertainty would determine how well we con-
strain an SEP violation and whether GR is violated. However, fit uncertainties are only
correct once we account for systematics in the residuals. Most importantly, such system-
atics could potentially masquerade as an SEP violation, especially if they have a similar
frequency structure. To quantify this, we used a Fourier-based technique to search for
systematics whose frequency is harmonically related to the inner and outer orbital fre-
quencies, assuming that these systematics have the same origin and, thus, roughly the
same amplitude as the one related to Δ with (−2ϕi + 1ϕo) frequency.

Quasi-Fourier search: We perform a linear least-squares fit of the periodic signal to
the residuals of the pulsar timing fit, in the form:

f(t) = A [ cos(kϕi(t−Tasc i) + lϕo(t−Tasc o)); sin(kϕi(t−Tasc i) + lϕo(t−Tasc o)] (0.1)

Here t represents the TOAs (in MJD), Tasc i and Tasc o are times of the ascending
nodes of the inner and outer orbits, respectively, k and j are integer number of inner
and outer orbital frequencies, and A is the amplitude of the harmonic systematic. As
parameters of the fit, we use the amplitudes of a sinusoid and cosinusoid with the same
frequency [Acos ;Asin ]. We fit these amplitudes to the residuals (and their uncertainties)
provided by the pulsar timing fit. As a result, we measure the amplitude and phase of the
signal at each frequency where k ∈ [−3; 3] and l ∈ [0; 3]. This fitting process is analogous
to the discrete two-dimensional Fourier-transform.

We performed our quasi-Fourier fit to all PSR J0337+1715 timing fit residuals (see
blue arrows in Figure 1). Our results show that some periodic structures remain in our
pulsar timing fit residuals that are not yet accounted for. The largest systematic that
we found in our data has amplitude ≈ 50 ns, which is a factor of a few larger than our
formal uncertainties.

The arrow that corresponds to the (−2ϕi + 1ϕo) frequency is smaller than the fit
uncertainty, which means that fitting absorbed any periodic structure in this frequency.
However, other arrows have not been absorbed, and their lengths can be used to estimate
the remaining systematics. Thus, the upper limit on Δ is set not by pulsar timing fit
uncertainty but by the systematic contribution, which we estimate with our quasi-Fourier
technique.
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