
Spectral study of a changing-state 
Seyfert 1 galaxy called H0557-385 

AIM OF THIS LAB 
 

(A  two state spectrum…) 
 

à Understand (if possible) 
whether (intrinsic) X-ray 

source emission has shut-
off, and is now reflection 
dominated or whether it 
has experienced strong 

absorption along the l.o.s. 

L2 A. L. Longinotti et al.

Table 1. Observation log of H0557−385 as observed by XMM–Newton. The fluxes have been estimated assuming a soft and hard X-ray power-law model
(0.3–2 and 2–10 keV, respectively).

Observation ID Date pn exposure !soft Flux0.3–2 !hard Flux2–10
(yyyy-mm-dd) (ks) - (10−12 erg cm−2 s−1) (10−12 erg cm−2 s−1)

0109130501 2002-04-03 4 1.69 ± 0.08 10.37 ± 0.07 1.60 ± 0.03 36.01 ± 0.05
0109131001 2002-09-17 6.5 1.53 ± 0.07 10.91 ± 0.06 1.63 ± 0.02 43.30 ± 0.30
0404260101 2006-08-11 40 2.15 ± 0.13 0.42 ± 0.20 −0.09 ± 0.07 3.06 ± 0.12
0404260301 2006-11-03 52 2.10 ± 0.15 0.37 ± 0.15 −0.02+0.07

−0.03 2.60 ± 0.15

of the two exposures, so the analysis will be performed on the
spectra integrated during each epoch.

As for the RGS data, for the 2002 observations, we will refer to the
analysis by A06. For the 2006 exposures, RGS data were processed
with the task RGSPROC according to the standard method proposed in
the SAS threads. Due to the flux decrease in 2006, the source was not
detected in the RGS images, therefore no high-resolution spectra
are available for this epoch.

The source was observed with the Optical Monitor (OM) tele-
scope with optical and UV filters. Photometry is available for the
following filters: 5430 (V), 4500 (B), 3440 (U), 2910 (UVW1), 2310
(UVM2) and 2120 (UVW2) Å. The data have been analysed with
the standard pipeline OMICHAIN. The source is detected in all the im-
ages in each band. From the fluxes derived from the observed count
rates, the level of variability is lower than 15–20 per cent within the
two epochs (2002–2006).

3 SPE C TRA L A NALYSIS

In order to apply the χ 2 statistic, the EPIC data were rebinned so
as to oversample the instrumental resolution by a factor of >3 and
to have at least 50 background subtracted counts in each spectral
bin for the 2002 data and 25 counts in the 2006 observations. A
Galactic column density of 4 × 1020 cm−2 (Dickey & Lockman
1990) is included in all the following spectral fits. Errors are quoted
at 90 per cent (confidence level) for one parameter. Spectral fits are
performed over the 0.3–10 keV energy range.

Fig. 1 displays the 2002 and 2006 pn data in the full EPIC en-
ergy band (0.3–10 keV): unmistakably, the source undergoes an
extraordinary spectral change, with a flux decrease of more than
one order of magnitude between 2002 and 2006 (see Table 1). The
two epochs are therefore referred to as ‘high and low flux states’ in
the following and they are analysed separately.

The final best-fitting models for the pn data (which are described
in the next sections) have been applied to the MOS spectra in each
spectral state. This confirms that the MOS spectra are in excellent
agreement with the pn data; for the sake of brevity, we quote in this
Letter only the parameters obtained from the pn fits.

3.1 The high flux state: 2002 data

The XMM–Newton observations of H0557−385 obtained in 2002
were published by A06. In the analysis presented herein we assume
the two warm absorbers model proposed by these authors based on
RGS data.

The co-added EPIC pn spectrum of the high flux state was fitted
in the 2–10 keV band with a power-law continuum and a narrow
(zero-width) Gaussian line to account for emission in the Fe Kα line
at 6.4 keV. The best-fitting parameters are ! = 1.65 ± 0.02, E =
6.40 ± 0.10 keV, line flux of 1.60 ± 0.70 × 10−5 photons cm−2 s−1,

1 2 5

0.
01

0.
1

1

no
rm

al
iz

ed
 c

ou
nt

s 
s

 k
eV

1

Energy (keV)

2002
2006

Figure 1. EPIC pn spectra of H0557−385 in 2002 and 2006.

with a 2–10 keV luminosity of ∼1 × 1044 erg s−1. The equivalent
width (EW) of the Fe line is 33+21

−11 eV. If the line width is left free to
vary the measured value is σ = 0.20 ± 0.10 keV, with EW = 97 ±
33 eV, in agreement with the values reported by A06, yielding
χ 2/d.o.f. = 284/225. If the Fe line is fitted with a relativistic pro-
file (DISCLINE, Fabian et al. 1989), the statistic worsens (χ2/d.o.f. =
294/226). The non-zero-width of the Fe line may indicate the pres-
ence of additional emission components from a higher ionization
state. We tried to fit the data with two zero-width Gaussians around
6.4 and 6.67 keV (mean energy of the Fe XXV triplet). The fit statistic
is χ 2/d.o.f. = 290/224, slightly worse than the broad Gaussian fit,
but the parameters for the Fe XXV line are affected by large uncer-
tainties (E = 6.56 ± 0.62 keV and flux =1.34+0.56

−0.95 × 10−5 photons
cm−2 s−1). The evidence for the presence of a complex profile or of
two Fe line components in this spectrum is none the less very loose,
so we assume the model with a single narrow Gaussian Fe line to
compare directly the two spectral states (see Section 4).

When this model is extrapolated below 2 keV, the data present
soft X-ray residuals, therefore two warm absorbers with ionization
parameters and column densities initially fixed to the A06 values
have been added in the fit. The model ZXIPCF available in XSPEC as
the local model was used. Based on XSTAR, this model was originally
developed to describe the effect of a partial covering from ionized
matter (Reeves et al. 2008). In the present analysis, the covering
factor is fixed to 1 so to mimic a warm absorber with full cover-
age. Beside the multiphase ionized absorber, neutral photoelectric
absorption is required by the data at more than 99.99 per cent confi-
dence level, consistently with what is reported in A06, so we model
it with the XSPEC model ZPHABS obtaining NH = 7 ± 1 × 1020 cm−2.
The final best-fitting parameters are listed in Table 2. We briefly
note here that there is a good consistency with the analysis by A06;
the small discrepancy can be probably attributed to the fact that
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PLAN – Spectral study 

     
   Goals:  

Obtain a best-fit model for the low state spectrum  
(2-10 keV) in case of: 

i) reflection-dominated scenario 
ii) absorption-dominated scenario 

 
   Optional:  

2a) Expand best-fit down to 0.4 keV 
2b) Obtain a best-fit model for the high state spectrum 

     2c) Or try one of the physical models for either the relativistic     
FeK line, or the relativistic reflection (tbc) or the absorption/wind 
model (tbc) 

 



Low state 

1) Extract image, light-curve and spectrum of the source, 
and fit the “hard” X-ray (E=2-10 keV) continuum of pn (only) 
 

1a) Using a power-law (PL) model plus one Gaussian 
emission line  

 
1b) Using a PL model plus a reflection continuum plus 

(one or two) Gaussian FeK emission lines. 
 
1c) Using a PL model plus 1 partially covering models, 

either neutral or ionized, plus (one or two) Gaussian 
FeK emission lines. 



Optional 

2a) Expand best-fit down to 0.4 keV 
 
2b) Obtain a best-fit model (2-10 keV) for 
the high state spectrum, to compare to the 
low state spectrum  
 
2c) Or try one of the physical models for 
either the relativistic FeK line, or the 
relativistic reflection or the absorption/wind 
model 



H0557-385 
 

References:   
 
Longinotti et al. 2009 (http://arxiv.org/abs/0810.0918) 
Coffey et al. 2014 (http://arxiv.org/abs/1406.7129) 
 
 
Source INFOs: 
 
Classification: Seyfert 1.2 
 
Z=0.03387 (10154 km/s) 
 
M=5x107 MΘ 
 
Nhgal=3.7x1020 cm-2 (Kalberla et al. 2005)  


