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Transition Luminosities of Galactic Black Hole Transients with Swift/XRT and NICER/XTI Observations
Sili WANG, Nobuyuki KAWAI (Tokyo Tech), Megumi SHIDATSU (Ehime University)

Galactic black hole transients (GBHTs) show distinct X-ray spectral states at different X-ray luminosities in their outbursts. The state transitions are considered to be associated with the
change in the structure of the accretion flows, caused by the change in the mass accretion rate. A narrow distribution of transition luminosity in terms of the Eddington ratio has been found in
previous studies of GBHTs based on RXTE/PCA 2–20 keV data (Macarone 2003; Vahdat et al.2019) and this Eddington ratio at the transitions is often used in recent studies with instruments
covering softer energy bands, such as Swift/XRT and NICER/XTI, covering energies below 1 keV to 10 keV. However, the X-ray states characterized by the spectral parameters may have
different definitions depending on the energy ranges adopted in the spectral analysis, leaving the question whether the distribution of transition luminosity obtained with RXTE remains the
same when we use the instruments covering softer energy bands. In this work, we investigated the state transitions and the variations of luminosities of 8 outbursts of 7 GBHTs. Our results
show that the bolometric luminosity of the power-law component is tightly constrained to 1% Eddington luminosity at index transition when the photon index of that component starts to
decrease towards the hard state. This is consistent with the conclusions from the previous RXTE results (Vahdat et al. 2019; Kalemci et al. 2013). Moreover, our results suggest that the disk
truncation starts after bolometric disk luminosity drops below 1% Eddington luminosity.

Abstract 

sources that were observed transitions by Swift
/XRT or NICER/XTI are selected. 3 of them have the
simultaneous RXTE observations Those marked
with circles are employed in this study.

Source Selection 

Diskbb: accretion disk consisting of
multiple blackbody components

Tin (keV) : inner disk temperature

rin (km) : Innemost disk radius  

Power-law : simple photon power-law
Γ: Photon index 

A(E)= KE- Γ

(Miller et al. 2007)

hard photons

corona

X-ray Spectral Analysis

Soft State Hard State:

Tin ↓       rin ↑ Γ ↓

Model: Multicolor disk + Power-law 
Example of Spectral Fittings: XTE J1817 – 330 

(1) The overall trends of spectral parameters are similar between  
RXTE and Swift/XRT data

(2) The specific values may be different for simultaneous RXTE and Swift Spectra: e.g., photon index Γ is not the same in the LHS
(Comptonized plasma is more complex than a single zone structure: inhomogeneous coronae) 
Γ > 2.0 with XRT data is inconsistent with the typical value in LHS (RXTE definition)::specific threshold is not universal in X-ray state definition

Swift/XRT spectra (0.6 – 10 keV)  & RXTE/PCA spectra (3 – 25 keV)

High/soft State (HSS) Low/hard State 
(LHS)
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T i
n

(k
eV

)
r in

(k
m

)
Ph

ot
on

 in
de

x
Re

du
ce

d 
c2

53780 53800 53820 53840 53860 53880 53900 53920
MJD

Summary 1 



LDisk/LEdd before/after G transition LPL/LEdd before/after G transition

LDisk/LEdd before/after start of
disk recession

LPL/LEdd before/after start of 
disk recession

Avg: –1.88/–2.18
s: 0.37 / 0.39

Avg: –1.87/–1.82
s: 0.32 / 0.27

Avg: –1.94/–2.03
s: 0.48 / 0.38

Avg: –1.88/–2.00
s: 0.41 / 0.31

Bolometric correction: Disk flux: 0.01 – 200 keV
Power-law flux: Tin – 200 keV; 0.5 – 200 keV (no disk)

disk starts to recede (Ldisk < 1% Ledd ) 

High/Soft

Low/Hard

Distribution of distance estimate

Each outburst:
Distribution of flux measurement

Randomly select 1000 samples 
from each distribution

1000 samples of Eddington ratio for each outburst
Distribution of Eddington 
ratio for 8 outbursts

The average shape of the distribution of Eddington ratio
Converged µ, s (d < 10-3 )Final distribution

Repeat 1000 times 

Distribution of mass estimate 

Disk Luminosity Variations Near Disk Truncation

This figure shows how the
disk evolves along the disk
luminosity varies, the filled
star in the right side
represents the start point.
We can see that after the
disk luminosity decreases
to around 1%, though
there are some outbursts
deviate the “1% Eddington
ratio”, such as the MAXI
J1727 – 203.

To avoid the bias of applying  state definitions concluded from RXTE observations
in previous studies, we used two epoch to define the transition: disk recession 
and drop of  photon index.

Definitions of Transition Luminosities 
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Monte Carlo Simulation (MCS) Applied to Luminosity Distributions
(Accounting total uncertainties) To quantify the transition luminosity

distributions and to reduce the bias
from a specific outburst, we
performed a monto carlo simulation
and accounted the total uncertainty of
the Eddington ratio caused by the
errors of flux calculation, source
distance and black hole mass
estimates. The black hole masses and
distances are quoted from the table in
“Source Selection”, averaged values
were adopted when lacking
information (marked with blue in
table). The averaged final distributions
obtained after performing Monto
Carlo simulation are converged and
were fitted by gaussian curves.

Distributions of Transition Luminosities (MCS) (1) Distinct decrease in Ldisk when 
disk starts to recede (Ldisk < 1% Ledd )

(2) A narraow distribution of 
power-law Eddington ratio (HSS –
LHS index transition)
Siwft/XRT, NICER : 
Log (Lpl /Ledd ) = -2.00 ± 0.31 
RXTE (Vahdat et al .2019): 
Log (Lpl /Ledd ) = -1.70 ± 0.21

(3) The narraowest distribution of 
power-law Eddington ratio right after 
disk recession 
Siwft/XRT, NICER:
Log (Lpl /Ledd ) = -1.82 ± 0.27   
Important for constraining black 
hole mass with Swift/NICER data!
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