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Fig. 1 Typical CCD of Atoll (left) and Z (right) sources. The (inferred) increasing mass accretion rate () is indicated by the

arrows. Two states are clearly defined for Atoll sources, the Island State (IS), and the banana states (LB, UB), corresponding

to hard and soft states, respectively. As for Z-sources, three branches are distinguishable: the horizontal branch (HB), the

normal branch (NB), and the flaring branch (FB). Adapted from Ref.[2].
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Fig. 2 Left: power spectral density of the Z-source Sco X-1 showing a pair (lower and upper peaks) of kilohertz QPOs.

Adapted from Ref.[4]; Right: constraints on NS mass and radius from the observed maximum kHz QPO frequency

(identified as the orbital, Keplerian frequency of the matter in the disk) as indicated. The hatched area is excluded

if the maximum orbital frequency is 1220 Hz. Adapted from Ref.[5].
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Fig. 3 Left: power spectral density of the Z-source Sco X-1 showing a pair of kilohertz QPOs observed by Insight-HXMT, with
the QPO frequencies of ~550 Hz and ~824 Hz. Adapted from Ref.[8]; Right: the root mean square (rms) of kilohertz QPOs
evolves with photon energy. The circles, asterisks and squares represent upper kHz QPOs from RXTE, lower kHz QPOs from
RXTE and upper kHz QPOs from HXMT, respectively. The arrows and dashed lines indicate the simulated values for the
upper kHz QPOs with HXMT data. Adapted from Ref.[9].
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Fig. 4 The joint fitting of the broadband spectrum of Sco
X-1, in the energy band of 2 — 240 keV. The dashed line
represents the COMPTB component, the dash-dotted line
represents the Gaussian line component, and the dotted line
represents the nthcomp component, respectively. The
residual distribution of the fitting is also displayed, in the
units of the standard deviation (o). Adapted from Ref. [11].
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Fig. 5 Left: IXPE colour-colour diagram of XTE J1701-462. The hard color and soft color are defined as the count rate ratios
in 5—8 keV/3-5 keV and 3—5 keV/2-3 keV, respectively. BOX1 and BOX2 correspond to Epochl on the HB, while BOX3
corresponds to Epoch2 on the NB. Right: contour plot of PD and PA at 68.27, 95.45, and 99.73 percent confidence levels in the
2-8 keV band obtained with XSPEC. The polarization-spectral fitting was performed using model: tbabs*polconst
(diskbb+thcomp*bbodyrad+gaussian). Adapted from Ref.[12].
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Highlight Sciences on Low Magnetic Field Neutron Stars X-ray
Binaries with Insight-HXM'T

BU Qing-cui
(Institute of Astrophysics, Central China Normal University, Wuhan 430079)

AsstracT Low magnetic field neutron stars X-ray binaries are the systems where the magnetic field
strength of the primary star (neutron star) is less than 10 Gauss. In these systems, the neutron star
undergoes Roche lobe overflow, whereby matter is accreted from its companion star through an
accretion disk. During the accretion process, a substantial quantity of gravitational energy is released
and transformed into X-ray radiation in the vicinity of the neutron star. The X-ray emissions from
these systems typically exhibit rapid temporal variability with short time scales, along with changes in
spectral characteristics. These celestial objects are of great significance in fundamental physics,
particularly in testing general relativity and strong gravitational field effects, as well as studying the
equation of state of ultra-dense matter. This review presents a summary of observational research on
weakly magnetic field neutron stars in low-mass X-ray binaries, with a focus on recent advancements in
the study of kilohertz quasi-periodic oscillations, hard X-ray tails and the evolution of the accretion
disk-corona geometry along the accretion state, since the launch of the Insight-HXMT (Insight Hard X-
ray Modulation Telescope) satellite.

Key words X-ray: binaries, compact object: accretion, stars: neutron star
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