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Abstract

Observations of LMXB 4U 0614+091 by past satellites report that features of the X-ray spectrum are
bright of 30 mcrab with large soft excess around 0.7 keV and hard-tail emission (photon index of 2) up
to 100 keV of which a break energy has not been found. Suzaku observed the 4U 0614+091 to reveal
a character of the soft excess and determine a break energy of hard-tail thanks to wide-band and high
sensitivity detectors of XIS/BI and HXD. The observation was performed from October 14 to 15 2013.
Spectrum of the Suzaku data showed clear soft excess and steeper hard tail emission with index of 4
than that of previous reports. We will report the spectral analysis of 4U 0614+091 observed by Suzaku
and discuss models of the spectrum in comparison with results of other LMXB/NSs such as thermal
comptonization model in low/hard state and so on.
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1. Introduction

4U 0614+091 is Atoll type Low Math X-ray Binary and
X-ray Burster with Neutron Star - White Dwarf system
at distance of 3.2 kpc. It has very short binary period
less than 60 min, so called ultra compact X-ray binary.

In optical observation the emission lines of oxygen and
carbon and the lack of hydrogen and helium lines were
found in the spectra. It is imply that the accretion disk
almost purely made out of matter from helium stripped
WD donor (Nelemans et al., 2003). In soft X-ray spec-
tra, Grating spectrum found K-edge absorption of Ne
and O (O. K. Madej et al, 2010, N. S. Schulz, et al.,
2010). They reported that the abundance of O and Ne
was unusual over/under abundance and indicated broad
OVIII emission reflected from disk. Broadband X-ray
spectrum was reported by BeppoSAX (Piraino et al.,
1999) and Swift/XRT-RXTE (S. Migliari et al., 2010).
Both observations were detected hard tail up to 100 keV.
Assuming that an origin of the hard tail was comptoniza-
tion by hot plasma, electron temperature were calculated
as about 200 keV. Suzaku observed the 4U 0614+091 to
reveal a character of the soft excess and determine a
break energy of hard-tail thanks to wide-band and high

sensitivity detectors of XIS/BI and HXD.

2. Observation

Suzaku observation of 4U 0614+091 was performed from
October 14 to 15 2013. During the observation XIS was
restarted to observation at Oct 14 17:40 because of a re-
covery for trouble of XIS0 editing mode after SAA hap-
pened at Oct 12. At the restart the observation mode of
XIS was changed from Window 1/4, Burst (W/B) mode
to Window normal, Normal (N/N) mode. The data of
N/N mode was piled-up over than 10 % within 2 arcmin
from the source. We applied to the data of W/B mode
for spectral analysis although the exposure was small of
about 1 ksec. In HXD, data of GSO was not detected.

3. Spectral Analysis

At first we performed spectral analysis by only XIS1 and
3 spectrum to study structure of soft excess. The sim-
ple model of power-law absorbed by ISM absorption NH

(wabs in XSPEC) was not well fitted in χ2/dof of 2.31.
From the reports of absorption structures by x-ray grat-
ing spectrum we added an absorption by accretion mat-
ter (varabs) as C, O, Ne to the simple model of which
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emission lines were detected by the grating and optical
spectrum. The χ2/dof of fitting with the new model was
1.31 which improved significantly from the simple model.
Abundance ratio of O and Ne by varabs was < 0.5 which
was roughly consistent with the results of O. K. Madej
et al., 2010. So we applied this absorption features for
the soft excess.

In HXD, PIN spectrum was fitted with power-law of
photon index of 4.5 which was steeper than that of the
previous reports. It imply to change accretion state
from hard to soft. we applied to two models for fit-
ting, [1] multi-color blackbody (diskbb) and blackbody
(bbodyrad) absorbed by wabs and varabs for soft state,
and [2] thermal comptonization model for low/hard state
as diskbb and comptonized blackbody (nthcomp) ab-
sorbed by wabs and varabs in joint-fit spectral analy-
sis with XIS1, 3 and HXD/PIN. Figure 1 shows the fit-
ting results by these models and χ2/dof of model [2] was
improved significantly from that of model [1]. Figure
2 shows E2f(E) unfolded spectrum in model [2]comp-
tonization and Table 1 lists the fitting parameters.Tel
From the parameters of nthcomp compton y parameter
was calculated as 0.53 ± 0.06.

Table 1. Fitting parameters with thermal comptonization model [2]

Component Parameter Value
wabs NH 0.06 ± 0.01 (1022cm−2)
varabs C 1.2 ± 0.1 (1022cm−2)

O < 0.8 (1022cm−2)
Ne 1.03 ± 0.08 (1022cm−2)

diskbb Tin 0.48 ± 0.02 keV
Rin 12.5 ± 1.1 (1/

√
cos θ1 km)

nthcomp Tbb 0.90 ± 0.05 keV
(bbody) Rbb 3.45 ± 0.42 km

Te 4.95 ± 0.69 keV
τ 3.71 ± 0.38

Fit goodness χ2/dof 763.7/639 (1.20)

4. Discussion and Summary

Suzaku observed LMXB 4U 0614+091 from October 14
to 15 2013. Because of XIS restart trouble the exposure
of XIS for analysis was small of 1 ksec. The soft excess
is explained by continuum and absorption by accreting
matter filling the Roche lobe in close binary system of
NS-WD. HXD/PIN spectra showed that hard tail was
steeper than that of past observations. The broadband
spectrum by XIS1, 3 and HXD/PIN was well fitted by
thermal comptonization model and luminosity of X-ray

*1 θ is the angle of the disk
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Fig. 1. Residuals of the fitting data with each models. Black, Red,
Green points are XIS1, XIS3, HXD/PIN data in each.
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Fig. 2. E2f(E) Unfolded spectrum in model [2]

emission is 2.7×1036 erg s−1 which is ∼10−2 LEdd. It
confirmed that the state would be hard but the tem-
perature of hot plasma was lower than that of the past
observation. One of explanation for the difference of the
spectrum is that it would be the time to change from
hard state to soft state at this observation.
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