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Abstract

We analyzed the MAXI/GSC data of 4U 1626−67 to investigate the relation between pulse period
derivative and luminosity. We obtained the pulse period and it’s derivative for each 60-day interval from
MJD 55110 (2009 October 6) to MJD 56550 (2013 September 15) by the folding method. We found that
the pulse period derivative (spin-up rate) increased by a factor of 1.3 along with a flux increase. We applied
a spin-up/down theory proposed by Ghosh and Lamb (1979) for this observation, and found that all the
data can be consistently explained if the source distance is about 7.5 kpc. We confirmed that the theory
can also account for both spin-up and down episodes in the past roughly.
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1. Introduction

4U 1626−67 is a low-mass X-ray binary pulsar with
a 7.6 second pulsation period (Rappaport et al 1977).
Since the discovery of the pulse period, 4U 1626−67 had
spun-up with an almost constant period derivative, and
the torque reversed in 1990 June to become spin-down
(Chakrabarty et al. 1997). Again, it returned to spin-up
in 2008 February (Camero-Arranz et al. 2010). When
it experienced the torque reversal in 2008 February, the
flux was increased by a factor of 2.5. Since then the flux
has been almost stable at about 30 mCrab. The mass of
the companion star is very low (∼0.06 M⊙; Levine et al.
1988). The surface magnetic field was estimated to be
3.2×1012 (1+zg) G, where zg is the gravitational redshift
(Orlandini et al. 1998). The distance of 4U 1626−67 was
estimated as 5−13 kpc by using an effective X-ray albedo
of the disk and the optical flux (Chakrabarty 1998).
By using the flux, the pulse period and the period

derivative observed by MAXI and the given surface mag-
netic field, we attempted to estimate the distance of 4U
1626−67 with a spin-up/down theory proposed by Ghosh
and Lamb (1979).

2. Observation

Monitor of All-sky X-ray Image (MAXI; Matsuoka et al.
2009) is an X-ray all-sky monitor. It has been moni-
toring the whole sky since 2009 August. MAXI scans
the all-sky in every 92-minutes. One scan lasts about 60
seconds, which is much longer than the pulse period of
4U 1626−67. We used MAXI/GSC data between MJD
55110 (2009 October 6) and 56550 (2013 September 15).

3. Analysis

4U 1626−67 is dim as about 30 mCrab, but it is almost
stable. We integrated the data for 60 days to obtain
enough statistics for a pulse period and a period deriva-
tive. The barycentric correction was applied to the data.
A subtraction of background events was not carried out
to the data. We calculated a pulse period and a period
derivative using the method as follows. Epoch folding
was carried out with a trial pulse period (P ) and a pe-
riod derivative (Ṗ ) in 2−10 keV. P is a pulse period at
the middle for 60-day span. We assumed that Ṗ is con-
stant within 60 days. We made a contour image of χ2 in
the P -Ṗ plane and obtained a pulse period and a period
derivative at the χ2 maximum. For example, for the data
between MJD 55230.0 and 55290.0, the pulse period and
the period derivative were obtained as P = 7.677863(2) s
at MJD 55260.0 and Ṗ = −(2.60±0.10)×10−11 s s−1.
The error of P and Ṗ are the region which has 80% of
the maximum value of χ2. Figure 1 shows the pulse
period and the period derivative for each 60-day inter-
val obtained by MAXI from MJD 55110 (2009 October
6) to MJD 56550 (2013 September 15). The pulse pe-
riods obtained by MAXI were consistent with those by
Fermi/GBM1 .

4. Spin-up/down theory

Ghosh and Lamb (1979) derived an equation between an
accretion torque and a period derivative in pulsating X-
ray sources. The main parameters of the equation are a

*1 http://gammaray.nsstc.nasa.gov/gbm/science/pulsars
/lightcurves/4u1626.html
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Fig. 1. Flux, period and period derivative of 4U 1626−67 observed
by MAXI/GSC. Top panel: Flux (2−20 keV). Middle panel: P .
Bottom panel: Ṗ .

surface magnetic field of a neutron star, a pulse period
and a period derivative. The equation is expressed as
follows :

−Ṗ = 5.0×10−5µ30
2/7n(ωs)S1(M)P 2L37

6/7 s yr−1(1)

where µ30 is the magnetic dipole moment µ in units of
1030 G cm3, L37 is a luminosity in units of 1037 erg s−1,
n(ωs) is the function of spin parameter ωs and S1(M)
is the function depending on the structure. Here µ was
obtained by

µ ∼ 1

2
Br3, (2)

where r is the radius of the neutron star, B is the mag-
netic field at the magnetic poles.

5. Application of the spin-up/down theory

We applied the eq.(1) to the MAXI data of 4U 1626−67.
Eq.(1) gives a theoretical luminosity (LGL = L37) from
P and Ṗ . The obtained fluxes by MAXI were average
for 60 days, the radiation from the neutron star can be
considered to be a isometric radiation (FX = LX/4πD

2).
We made a scattered plot in figure 2 whose horizontal
axis is flux obtained by MAXI and vertical axis is LGL

obtained by eq.(1), where lines express the distance of
4U 1626−67. We estimated the distance as about 7.5
kpc.
We also applied the spin-up/down theory to the past

observations which include spin-up and spin-down peri-
ods. Figure 3 shows a flux, P and Ṗ which are MAXI
and the past observations. Figure 4 shows LGL which
was obtained by the same method and fluxes. Then, the
distance can be estimated as 6.5−8.5 kpc. The distance
obtained by the past observations was consistent with
that of MAXI/GSC. However, the blue point is apart
from the lines. A possible reason may be that the obser-
vation is immediately after a torque reversal.

Fig. 2. Luminosity calculated from Ṗ by the equation of Ghosh and
Lamb and flux observed by MAXI/GSC. The lines express a dis-
tance (D) of 4U 1626−67 of 7, 7.5 and 8 kpc.

Fig. 3. Flux, period and period derivative observed by MAXI and past
observations. Top panel: Flux. Middle panel: P . Bottom panel:
Ṗ .

Fig. 4. Luminosity calculated from Ṗ by the equation of Ghosh and
Lamb and Flux observed by MAXI/GSC and past observations.
A red points are MAXI. A green (Camero-Arranz et al. 2010), a
blue (Chakrabarty et al. 1997) and a black (Levine et al. 1988)
point are past observations. The lines express a distance (D) of
4U 1626-67 of 6.5, 7.5 and 8.5 kpc.
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