
The Astrophysical Journal, 728:77 (12pp), 2011 February 20 Noutsos et al.

the TPC model, we determined {α, ζ } ∼ {52◦–57◦, 61◦–68◦}
to be a valid parameter range. For the OG model, we found
two separate ranges that satisfied the data constraints: {α, ζ } ∼
{62◦–73◦, 74◦–81◦} and {α, ζ } ∼ {72◦–83◦, 60◦–75◦}.

Given the presence of valid ranges for α and ζ for both
models, we could not exclude either of them based on emission-
geometry arguments. However, it was noted that the roughly
symmetric shapes of the γ -ray peaks in the light curve of
PSR J2043 +2740 favor the predictions of the OG model but are
incompatible with the asymmetric peaks predicted by the TPC
model.

In addition, we performed a spectral analysis on all γ -ray
events above 0.1 GeV, from the direction of PSR J2043 + 2740.
The best fit to the measured fluxes as a function of photon energy
was compatible with a power law of spectral index 1.1 ± 0.2
and an exponential cutoff at 0.8 ± 0.1 GeV.

Previous claims that pulsars become more efficient at emitting
γ rays as they age were also investigated in this paper. We plotted
the γ -ray efficiency of PSR J2043 + 2740 together with those of
other non-recycled γ -ray pulsars as a function of characteristic
age. Despite the large scatter present in the data, we saw an
evident trend toward higher efficiencies with growing pulsar
age. The position of PSR J2043 + 2740 in our plot is somewhat
lower than the expected efficiency based on the average trend
of the total sample.

Furthermore, we have also explored the possibility that
PSR J2043 + 2740 was born in the nearby, 12 kyr SNR, the
Cygnus Loop. By using the pulsar–remnant association as a pos-
tulate, we concluded that the pulsar’s γ -ray efficiency is compa-
rable, within the measurement errors, to that of most other pul-
sars of similar characteristic age as the age of the Cygnus Loop.

In an attempt to make a conclusive statement about the
above association, we used Jodrell Bank timing data from
PSR J2043 + 2740, in order to measure its proper motion through
pulsar timing: a proper-motion vector pointing away from the
center of the Cygnus Loop would unquestionably make the latter
the pulsar’s birthplace. Unfortunately, due to the high timing
noise present in the pulsar’s timing residuals, we were unable to
fit for proper motion.

Alternatively, we considered an indirect method of estimating
the pulsar’s proper-motion direction, based on the claims of
Johnston et al. (2005, 2007) that young pulsars tend to have
their spin axes and proper-motion vectors aligned. Therefore,
if PSR J2043 + 2740 is associated with the Cygnus Loop,
it should be young and have a proper motion directed along
the spin axis. From the rotating-vector-model fits to the radio-
polarization angles, the best determined value of the spin-axis
orientation of PSR J2043 + 2740 was 17◦ ± 6◦, measured from
north through east. The derived spin-axis direction points 19◦

away from the nearest SNR center, i.e., that of the Cygnus Loop’s
southwestern blowout. This result weakens the arguments for an
association: it means that either PSR J2043 + 2740 was not born
in the Cygnus Loop or possibly—although unlikely—that the
velocity vector of this pulsar is not aligned with its spin axis
and that the former does in fact point away from the center
of the SNR. If the latter is true, our calculations showed that
the current angular separation between PSR J2043 + 2740 and
the southwestern part of the Cygnus Loop implies a transverse
velocity of V⊥ ∼ 1770 km s−1 for the pulsar. If this pulsar is
indeed moving away from the Cygnus Loop at such a high
velocity, future VLBI measurements should be able to easily
measure it and shed light on this pulsar’s connection to the
Cygnus Loop.
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