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Abstract

We investigated the shapes of the Comptonizing coronae of neutron star low-mass X-ray Binaries
(LMXBs) in both high-soft state (HSS) and low-hard state (LHS), by comparing the Comptonization
strength of dipping and normal X-ray binaries. The broadband Suzaku spectra of dippers XB 1916-053
(in HSS) and EXO 0748-676 (in LHS) were analyzed. The data suggested that dippers, regardless of
their spectral states, exhibit stronger Comptonization, namely larger Compton y-parameters, than normal
LMXBs (e.g., Aql X-1). These results indicate that the Comptonizing coronae may have disk-like or oblate
shapes, and hence their optical depths increase towards higher viewing inclinations. Moreover, the similar
anisotropy of the coronae shape in both spectral states might provide, in the first time, a connection
between the soft- and hard-state coronae together.
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1. Introduction

It was widely known that low-mass X-ray binaries
(LMXBs) present Comptonization phenomenon in both
LHS and HSS by hot electron coronae in the vicinity of
the compact objects. Although the Comptonization pro-
cess was widely studied by modern X-ray satellites, the
geometry of the electron corona has only been under-
stood to some extent; it was suggested that the coronal
shape in the LHS is likely to be spherical because the
entire neutron-star surface is emitting a blackbody emis-
sion at least in Aql X-1 when its luminosity is ∼ 3×1036

erg s−1 (Sakurai et al., 2012). While in the HSS the
corona shape is even less understood. One candidate is
a “hot atmosphere” spreading along the disk, with a low
scale height and a larger optical depth. However there
is no confirmation of this assumption, nor any evidence
was found which connects the soft- and hard-state coro-
nae together.

Thus we further investigated the coronal shape and lo-
cation of LMXBs in both spectral states, by comparing
the Comptonization strength of dipping and non-dipping
LMXBs. Dipping LMXBs are a category of LMXBs
which show periodic dips in their X-ray intensity. They
are thought to be essentially the same to normal LMXBs
except for their averagely higher inclinations. If the coro-
nal shape is more oblate or even disk-like, we predict that
dipping LMXBs exhibit stronger Comptonization than
normal LMXBs, because a higher inclination may make
the line of sight longer through some part of the corona.
For this purpose we chose Aql X-1 as a normal LMXB,
which has an inclination angle of ∼ 45◦. Sakurai et al.,

(2012) has reported its spectral shape in both soft and
hard states. For dipping LMXBs, we utilized archived
Suzaku observations of 4U 1915-05 in the soft state and
EXO 0748-676 in the hard state.

2. Suzaku Observations

Suzaku observed 4U 1915-05 on November 08, 2006 (Ob-
sID: 401095010) for 39 ksec, and EXO 0748-676 on De-
cember 25, 2007 (ObsID: 402092010) for 55 ksec. For
both observations we co-added the data from XIS 0 and
XIS 3, and utilized the data from HXD-PIN. The XIS
CCD clock mode was “normal” for 4U 1915-05, and
“burst” for EXO 0748-676. In order to avoid pile-up
effects we chose the source events from an annulus with
the inner and outer radii of 0.5′ and 4′ for 4U 1915-05.
While for EXO 0748-676 the source region was chosen
within 4′. The background events were obtained from
an outer annulus from 4.5′ to 6.5′ for both sources. The
background-subtracted XIS 0 plus XIS 3 source count
rate in 0.8-10 keV is 20.20±0.03 cts s−1 and 22.80±0.03
cts s−1, respectively. We made use of HXD-PIN data up
to 45 keV and 55 keV, with the signal count rates being
0.29± 0.01 cts s−1 and 0.60± 0.01 cts s−1, respectively.

3. Non-dip Spectral Analysis

The broad-band nop-dip spectrum of 4U 1915-05 and
EXO 0748-676 were investigated by simultaneously fit-
ting the XIS and HXD-PIN data. The cross normaliza-
tion of HXD-PIN relative to the XIS was fixed at 1.158
(Kokubun et al., 2007). The energy ranges were cho-
sen to be 0.8-10 keV for XIS data, and 12-45 keV and
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Fig. 1. (a) – Unfolded υFυ plot of the non-dip Suzaku spectra normalized by distance square. (b) and (c) – Model fittings of the non-dip

spectra of 4U 1915-05 and EXO 0748-676. We only show the continuum components (diskbb in blue plus nthcomp[bbody] in red).

Table 1. Spectral parameters of dippers and Aql X-1 fitted with diskbb+nthcomp(bbody).

Target LX T in Rin Tbb Rbb Te τ y

(1036 erg/s) (keV) (km) (keV) (km) (keV)

4U 1915-05 6.0 0.70(0.01) 10.4(0.2) 1.31(0.03) 2.2(0.1) 9.4+3.3

−2.9

‡7.2+2.4

−1.6

‡1.5(0.15)
Aql X-1 (HSS) 15.0 0.73(0.02) 15(2) 1.40+0.20

−0.10
3.0(0.7) 3+28

−2
6.0(4.0) 0.21+0.32

−0.16

EXO 0748-676 1.7 0.23(0.10) > 48 0.20(0.08) 11.7(2.0) 17+6

−2
4.5(1.6) 1.48(0.01)

Aql X-1 (LHS) 2.6 < 0.3 21(4) 0.51(0.02) 10(2) 35+4

−5
> 2.5 > 1.1

‡ – These parameters of XB 1916-053 were corrected for the helium rich donor composition (Zhang et al. 2014).

12-55 keV for HXD-PIN data of 4U 1915-05 and EXO
0748-676, respectively. We show the derived spectra in
the νFν form in Figure 1, making a comparison of them
with the spectra of Aql X-1 in HSS and LHS (Sakurai et
al. 2012) in panel (a), and showing their best-fit models
in panel (b) and (c). For the spectral fitting we utilized
a uniform model diskbb+nthcomp[bbody], assuming a
disk blackbody emission plus a Comptonized blackbody
emission from the neutron star (Mitsuda et al. 1989).
The fittings are successful with χ

2
ν
= 0.99(157) for 4U

1915-05 and χ
2
ν
= 1.18(189) for EXO 0748-676. The fit-

ting results are listed in Table 1, together with the values
of Aql X-1 from Sakurai et al. (2012) for comparison.

4. Discussion and Conclusion

We noticed that in Figure 1(a), 4U 1915-05 presents a
curved spectra which is similar to Aql X-1 in HSS, how-
ever, shows much more spectral hardening above 10 keV.
While EXO 0748-676 has a powerlaw-like spectra com-
pared to Aql X-1 in LHS, but the slope is obvious harder.
These are evidences showing that higher-inclined dipping
LMXBs may have stronger Comptonization than normal
LMXBs in both soft and hard states.

To have a detailed investigation of fitting results in
Table 1, the derived model parameters (Tin, Rin, Tbb

and Rbb) are all physically reasonable of either dip-
per, and together with the bolometric luminosity, are

all comparable to Aql X-1 in the corresponding spec-
tral state. Thus the accretion schemes of these two dip-
pers are consistent with normal LMXBs. However, the
Comptonization term of dippers seems to be more signif-
icant. The Compton y-parameter, which was calculated
as 4kB(Te − Tbb)(τ + τ

2
/3)/mec

2, is 2.7σ higher of 4U
1915-05 than Aql X-1 in HSS, and the lower limit of y of
EXO 0748-676 is larger than Aql X-1 in LHS. Both dip-
pers show larger lower limits of the coronal optical depth
than Aql X-1 as well. At this point we suggest stronger
Comptonization effect for higher inclination LMXBs re-
gardless of the spectral states. This maybe an evidence,
for the first time, to connect the Comptonizing coronae
of LMXBs in HSS and LHS together, that they show sim-
ilar anisotropy towards higher inclinations. The coronal
shape thus is suggested to be disk-like or oblate as pre-
viously predicted.
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