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BHXRB accretion and outburst
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Figure 4. HID obtained with MAXT observation of 2016 and 2018 outbursts.
The blue circles and orange triangles correspond to MAXI data of 2016
and 2018 outbursts respectively.The uncertainties are represented in grey.

Hardness ratio is taken as (6.0-20.0 keV/2.0-6.0 keV). The red stars and
black filled crosses represent the data obtained using AstroSat during the MAXl JO637 _430

2016 and 2018 outbursts respectively. The red star at the bottom corresponds O Utb u rSt I’ISI N g . |a Ck tra ns |t| on fro m

to Obs 3 from 2016 outburst. The arrows represent the direction of evolution
throughout the outbursts. Note that the HR defined here is different than the
one used in Fig. 3 (see the text for details). L H S to H SS

~30% failed outburst HSS:0.01-0.05 Lggq
Peculiar C-shape outbursts (Ma et al., 2022, MNRAS)
(Alabarta et al. 2021) (4U 1630-472) (without LHS)
(Baby et al. 2020, MNRAS)
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A peculiar outburst born out of SLX 1746-331

Discover:

Spacelab-2, 2-32keV, two coded mask telescopes
Observations of the Galactic Center 1985, July 29-August 6,
ended up with 7 hours exposure. Discovery of SLX 1746-331,
with a soft energy spectrum, thermal bremsstrahlung
temperature 1.5 keV. (Skinner et al., 1990, MNRAS)

Previous Observations:

Outbursts:2003, 2007, 2010, by Integral, RXTE, XRT, MAXI,
ASM (Atels)

RXTE data, assumed BH mass 10, distance 5 kpc. The
inclination angle takes 60 dg.

This gives via L~T A4 relation, Rin ~6.7 km, ~ 0.45 Rg (for 10
solar mass BH). (Dunn et al., 2011, MNRAS)

Take BHXRB samples, the rise and
decay time of outbursts follow
correlation with the total energy
output. With such a correlation and
the three outburst of SLX rise/decay
time, they estimated a distance of
10.81 + 3.52 kpc.
(Yan et al., 2015 Ap))



Observations and instruments

HXMT+NICER: MJD 60011-60125

Thorough observation covering soft X-rays, previous by RXTE only down to above 3 keV
Long-term observations of over 100 days.

HXMT+NICER covers a broad energy band and large detection area, high-quality data.

ME:Si-
PIN,5-30
keV, 952

/cm2

Star
tracker

LE:SCD,1-
15 keV,
384 cm?
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Hard X-ray Modulation Telescope (HXMT) satellite

BChina’s 1%t X-ray astronomy satellite
BSelected in 2011

BTotal weight ~2500 kg

ECir. Orbit 550 km, incl. 43°

B Pointed, scanning and GRB modes
B Designed lifetime 4 yrs

BlLaunched on June 15t 2017

B Dubbed “/nsight’

Zhang, S.-N. et al. Overview to the Hard X-ray Modulation Telescope (Insight-HXMT)
Satellite. Science China Physics, Mechanics, and Astronomy 63, 249502 (2020)
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Core sciences of Insight-HXMT

* Galactic plane scan and monitor survey for more weak &
short transient sources in very wide energy band (1-250 keV)

* Pointed observations: High statistics study of bright sources
and long-term high cadence monitoring of XRB outbursts

* All sky monitor for GRBs & pulsars (0.2 — 3 MeV)
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Effective area
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Insight-HXMT exposure map
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Insight-HXMT observation till June 30 2023:

19 BH XRB, 20.1Ms; 57 NS XRB, 33.2 MS; account for 51% of
total exposure.
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Outburst: dominated thermal emission and BH mass estimation
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Figure 1. Light curve of SLX 1764-331 during the 2023 outburst. Top panel: the light curve of Insight-HXMT LE 1-10 keV
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BH mass estimation: from a sample of BH outbursts
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NOTE:

Figure 5. The relationship between the mass of a black hole and the maximum temperature of the inner disk in the soft state . X L .
2 The maximum temperature of the inner disk in the soft state. The average value is taken for those

Left panel: The observed maximum temperature of the inner disk in the soft state. For different maximum temperatures c ; -
disks with different outbursts of BHXRBs, we took the mean value. Right panel: Estimated temperature of the inner disk at with multiple outbursts.
luminosity of 0.3 Lgda b Estimated inner disk temperatures for 0.3 Lgqq

BH mass: 5.2 + 45Mp
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Role of disk magnetic field in outburst evolution of BH XRB
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(Bei You=, Xinwu Cao* , Zhen Yanx* et al. Science, 2023)
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Role of disk magnetic field in outburst evolution of BH XRB

1078

107®

-

Q
L
Q

o
@

107"

1078

X—ray Colour (6—10 keV / 3—6 keV)

(Cao et al., 2018, A&A)
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The mass gap of 2.5-5.0 solar mass for BH

. = 90 GW events
Masses In the Stellar Graveyard 35 DBH

LIGO-Virgo-KAGRA Black Holes LIGO-Virgo-KAGRA Neutron Stars EM Neutron Stars

2 DNS

BN 3 BH-NS

2 mass-gap

1 EM
counterparts
(GW 170817)




From ULX to tiny BH

Outburst Peak
(Form 2017-11-03 to 2017-11-08)
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(Kong et al. 2022, ApJL) (Gao et al. 2022, MNRAS)

MAXI J0637-430 BH mass: 5.1 1.6 M ¢ SLX 1746-331 BH mass: 5.2 = 4.5 Mg

(Soria, et al., 2022, MNRAS) (Peng, et al., 2023, ApJ)
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The BH XRB Zoo: monster vs. dwarf ?

Monsters? ————

Dwarfs? Pop <12 h'!

SLX 1746-331 _

MAXI J0637-430

Tiny XRB family?
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Comparison with MAXI J0637-430

| e It MAXI J0637-430
» The hard state was absent or too quick to be detected, and - T

the outburst was dominated from the very beginning by i ﬁ
thermal emission. I ol
» Observed the soft-to-hard transition luminosity at the end
of the outburst.
(Ma et al., 2022, MNRAS) r
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Parameters of the MAXI J0637-430:
It is the currently known Milky Way BH candidate located 2500

farthest from the Galactic Centre.
BH~(5.1 + 1.6)M O, spin~.0.25, 2000 . |
Donor star mass ~ (0.25 + 0.07)M ©, s - SLX 1746-331
Peak Eddington ratio ~0.17 + 0.11 5 % . |
Binary period P o, ~2.2798 ¢ hr. This is the shortest period = N
measured or estimated so far for any Galactic BH X-ray §1000 s
binary. © o
500 P

(Soria et al., 2022, MNRAS)
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System parameters and future observations by EP/WXT/FXT

SLX1746-331: orbit period? Inclination angle? Mass function? Distance? B WXT (Wied fov X-ray Telescope)
More precise estimation of the lower limit of BH mass. * FOV: 3600 sg.deg.(1.1sr)

* 0.5-5keV
Sample for BHXRB that only experiences HSS? B FXT(Follow-up X-ray Telescope)
Sample of 2.5-5 solar mass gap for BH? * FOV: 30
EP WXT/FXT observation of the state transition from LHS? * 0.3-10keV

EP will be launched in early 2024.
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Figure 1. Light curve of SLX 1764-331 during the 2023 outburst. Top panel: the light curve of Insight-HXMT LE 1-10 keV s o

Middle panel: the light curve of Insight-HXMT ME 10-30 keV Bottom panel: the light curve for NICER 1-10 keV.
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Figure 3. Left panel: Evolution of the spectral parameters by the fitting of NICER with M1. Ny is the interstellar absorption,
Ty is the inner disk temperature, Norm(disk) is the normalization of the disk, and F is the flux of the unabsorbed disk from 1
i to 100 keV. Right panel: Evolution of the spectral parameters by the fitting of Insigth-HXMT with M2. Ti, is the inner disk
500 ’—’—'M e temperature, Norm(disk) is the normalisation of the disk, I" is the photon index, and Norm(powerlaw) is the normalisation of
the powerlaw component.
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Spectral analysis:
M1: TBABS*DISKBB (NICER data)
M2: TBABS*(DISKBB+POWERLAW) (HXMT+NICER data)

M3: TBABS(THCOMP+KERRBB) (HXMT+NICER data)

M = 3.4Mg M = 5.7TMg
D=7.29 kpc 6 =170°, a=0.8037; 0 =84, a=0.86";
D=10.81 kpc 0 =16°, a=0.93" 705 0 =55°, a=0.99"77;"
D =14.33 kpc 0 =0° a—099+8821 0 =18, a = 0.997 0
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R, 1s the physical inner radius, defined as Rj, = & fc201 ( ) , where N 1s the dics

‘hardening factor), & is the geometric correction factor described in Kubota et al. (1998),

Therefore, in LHS and IMS, color factor changes and hence Rin deviates from the real values. For
example, even If the inner disk keeps at around ISCO, because of the color factor, Rin is observed not at

ISCO, which causes the relation between F and TA4 does not hold any more.

In HSS observations show rough stable color factor.

Ledd within 0.001-0.3 Ledd is observed from XRBs, that the inner disk keeps at ISCO. At higher L, slim
disk results in deviation form L-T4 relation. Also disk is not standard one (geometrically thin optically
thick). Rin is not solidly measured at ISCO.

At lower L, color factor increases and this disk may be truncated, so L-T4 changes as well.

Note that it disk can be observed to truncate within 0.001-0.3 Ledd.

For SLX, a smaller distance could lead to smaller Rin and, if at ISCO, would corresponds to smaller BH
mass.

As we know, with Rin to measure the BH spin, one needs BH mass, distance and inclination angle.
Therefore, with different possible combinations of these parameters, the BH spin can be constrained
with model KERBB, as a moderate spinning BH.



