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Fig. 4. (a) Color map of the 2–20 keV pulse significance in terms of χ2, for MJD 56300–56549, shown on the P–Ṗ plane. The best-fit values are P =
835.090 ± 0.002 s and Ṗ = −(6.3 ± 0.7) × 10−9 s s−1. (b) Background-subtracted 2–20 keV pulse profile of X Persei in MJD 56300–56549, folded with
the χ2-maximum parameters.

Fig. 5. (a) 3–12 keV fluxes of X Persei obtained with the RXTE/ASM (black
circles), the MAXI/GSC (red squares), and the RXTE/PCA (yellow trian-
gles). The MAXI/GSC fluxes have been converted as described in the
text. (b) Intrinsic pulse period of X Persei, after the heliocentric and
binary orbit corrections. In both panel (a) and panel (b), one data point
covers a 250 d time interval. (c) Comparison between Ṗχ2 (blue dia-
monds and green triangles) and Ṗdiff (black and red).

3.3.1 The MAXI/GSC data
The 2–20 keV energy spectra of X Persei with the
MAXI/GSC were accumulated over the same 250 d time
periods as in subsection 3.2, and fitted individually by
a power law with an exponential cutoff. The interstellar
absorption was fixed to NH = 3.4 × 1021 cm−2, derived
from an XMM-Newton observation (La Palombara &
Mereghetti 2007), because it cannot be determined indepen-
dently with the MAXI/GSC. The spectral fits were accept-
able in all the time periods, with a reduced chi-square of
χ2

ν ∼ 1. We then calculated the unabsorbed 3–12 keV fluxes
from the best-fit models. For example, the best-fit model for
MJD 56300–56549 has a photon index of # = 0.67 ± 0.13,

a cutoff energy of 5.57 ± 0.76 keV, and a normalization of
(8.4 ± 0.7) × 10−2 with χ2 = 119 for 105 d.o.f.

By analyzing all the MAXI/GSC spectrum in the same
way, the 2–20 keV fluxes were obtained as (9–14) ×
10−10 erg cm−2 s−1, and those in 3–12 keV as (6–10) ×
10−10 erg cm−2 s−1. The latter results are presented with red
squares in figure 5a, in comparison with the Ṗ determina-
tions made in subsection 3.3. (A correction factor of 0.78
was multiplied in order to match the data to the RXTE/ASM
data. See sub-subsection 3.4.2.) In figure 5a, we can recon-
firm the intensity variations seen in figure 1.

3.3.2 The RXTE/ASM data
By adding the dwell-time light curves in 3–5 keV and
5–12 keV, the 3–12 keV count rates averaged over the indi-
vidual 250 d time periods were obtained. We converted
the 3–12 keV count rates into 3–12 keV fluxes using the
WebPIMMS system.4 Since this conversion requires knowl-
edge of the spectrum shape of the source, we followed the
results of the MAXI spectroscopy and assumed a power-
law spectrum with # = 1.7 and NH = 3.4 × 1021 cm−2

(La Palombara & Mereghetti 2007) in all the 250 d time
periods. Although the MAXI spectra cover only the spin-
up phase after 2009, our assumption on the spectral shape
is justified by Lutovinov, Tsygankov, and Chernyakova
(2012), who analyzed the 2–20 keV RXTE/PCA data of
X Persei in both the spin-down and spin-up phases, and
found no significant difference in the spectral shape.

The unabsorbed fluxes thus estimated with the
RXTE/ASM data are shown in figure 5a by black
filled circles. Over the time range when the MAXI and
RXTE/ASM results overlap, we found that the MAXI fluxes
were systematically higher, by ∼25%, than those of the

4 ⟨https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3pimms/w3pimms.pl⟩.
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「An	applica)on	of	the	Ghosh	&	Lamb	model	to	the	accre)on-
powered	X-ray	pulsar	X	Persei」 -Yatabe	et	al	2018-	

Fumiaki	Yatabe	(RIKEN	/	Rikkyo	University)	
・The	X-ray	fluxes	and	pulse-period	changes	of	the	Be/X-ray	binary	
pulsar	X	Persei	were	invesJgated	over	a	period	of	1996	to	2017	by	
RXTE/ASM	and	MAXI/GSC.	
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・The	history	of	X-ray	fluxes	
suggest	a	7-years	super-orbital	
period.	
	
・The	pulsar	was	spinning	
down	for	1996-2002,	and	has	
been	spinning	up	since	2002.	
	
・The	spin	up/down	rate	and	
the	X-ray	flux	showed	a	clear	
negaJve	correlaJon.	
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・We	assumed	that	the	ranges	of	
radius(R)	and	distance(D)	of	the	
neutron	star	are	
R	=	9.5−15	km	(realisJc	range)	
D	=	0.77−0.85	kpc	(GAIA	DR2).	

↓	
The	magneJc	field	strength(B)	and	
mass(M)	of	X	Per	are	esJmated	as		
B	=	(5−23)	×	1013	G	
M	=	2.03	±	0.17M◉		

・dP/dt	vs	Fbol	showed	a	clear	negaJve	correlaJon	
→fided	with	Ghosh	&	Lamb	(1979)	relaJon	

D	=	0.81	kpc	
R	=	12.9	km	
B	=	8×1013	G	


