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Suzaku observation of the quasar PG 1211+143

M. Uchino, N. Anabuki, K. Hayashida (Osaka Univ.), Y. Terashima (Ehime Univ.),
J. Reeves, N. Iyomoto (NASA/GSFC), M. Turner (Univ. of Leicester), C. Done

(Univ. of Durham) and the Suzaku PG 1211+143 team

We present results of 100 ksec Suzaku observation of the quasar PG 1211+143, which is
classified as Narrow-line Seyfert 1 galaxy (NLS1). Increase of the 0.4-8 keV flux by factor
2 within a day and strong soft X-ray excess, which are X-ray attributes of NLS1s, were
observed. Furthermore, the absorption lines were detected at 0.76, 0.93, 1.81, 2.37, 6.7 keV
in the XIS spectra correspoinding to 0.83, 1.00, 1.96, 2.56, and 7.3 keV in the rest frame
of PG 1211+143. Though the latter four absorption lines have been reported as highly
ionized Ne, Si, S, and Fe with the outflow velocity of 0.14c, the energy of each absorption
line detemined by Suzaku is systematically low relative to that of previous results.

§1. Introduction

Feedback from Active Galactic Nuclei (AGN), especially quasars, is of substan-
tial importance to understand various aspects, galaxy formation, co-evolution of
supermassive black holes (SMBHs) and their host galaxies, prevention of star for-
mation in mergers, limiting of upper mass of galaxies, inhibition of cooling flows,
enrichment of the intergalactic medium, dust at high redshift, and so forth.1) Out-
flows observed as blue-shifted UV/X-ray absortpion lines in about half of quasars
are one of the way of quasars’s feedback.1)

By recent XMM-Newton and Chandra observations, relativistic blue- and red-
shifted absorption lines (the velocity of 0.1-0.4 c assuming that the absorption lines
are He-like and H-like Fe) have been found in both low-z and high-z AGNs.2) Among
them, unusually fast (∼ 25000 km s−1) outflow from absorption lines of Ne, O, Mg,
S and Fe were observed in PG 1211+143.3)

PG 1211+143 (at z = 0.0809) is a prototypical active galactic nuclei (AGN) with
prominent UV/soft X-ray excess of ’Big Blue Bump’,4) and one of the brightest AGN
in soft X-rays. It is also classified as a Narrow line Seyfert 1 galaxy (NLS1) and shows
all the X-ray characteristics of this class of AGN, strong soft X-ray excess and violent
X-ray variability. The X-ray emission was first detected by Einstein Satellite.5)

Since then, PG 1211+143 has been observed by various X-ray satellites, EXOSAT,
Ginga, ROSAT, ASCA, RXTE, Chandra, and XMM-Newton.6)7)8) In particular,
many authors reported the detection of blue- and red-shifted X-ray absorption lines
in this galaxy.3)9)10)11)12)

§2. Suzaku Observation and Results

To investigate these absortption lines, PG 1211+143 was observed as one of
Suzaku SWG targets between 2005 November 24 and 27 with the net exposure of
about 100 ksec. To improve the PIN detection efficiency, it was observed at the HXD
nominal pointing position.
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2.1. XIS Image and Light Curve

The left panel of Fig. 1 shows summed image from all 4 XIS in the sky coordinate.
PG 1211+143 (A) and the other X-ray source SDSS J121356.19+140431.3 (B) are
seen in the figure. We also described a circle with 3 arc min radius that is the region
we extracted a light curve and a spectrum.

The 0.4−8 keV light curve is shown in the right panel of Fig. 1. As seen in the
light curve, the flux variability by up to factor 2 within a day was observed.

Fig. 1. Left panel: summed image of XIS0, 1, 2, and 3. PG 1211+143 (A) and X-ray source SDSS

J121356.19+140431.3 (B) are seen in the image. The circle indicates the 3 arc min radius region

from which we extracted a spectrum and a light curve. Right panel: 0.4−8 keV light curve of

XIS1.

2.2. XIS spectra

2-10 keV AGN spectra, to first order, are described well by a single power-law.
In accordance with usual procedure, we first demonstrate the soft X-ray excess of
PG 1211+143 in the left panel of Fig. 2, by fitting a power-law over the 1-10 keV
band. PG 1211+143 showed the strong soft excess during Suzaku observation. The
simple power-law fit over the 1−10 keV band yielded a photon index of Γ = 1.71±0.04

Although the origin of the soft X-ray excess is still unclear, the curvature of the
excess continuum is well reproduced by multi-color disc (MCD) blackbody model.
Thus, we fitted the XIS spectrum with MCD + power-law including intrinsic and
Galactic absorptions. The Galactic absorption was fixed to NH = 2.74 × 1020 cm−2.
The right panel of Fig. 2 shows the XIS FI and BI spectra and the best-fit model,
MCD (kT = 117+6

−4 keV, NH = 0.4+0.3
−0.4 × 1020 cm−2) + power-law (Γ = 1.78+0.04

−0.05,
NH = 8+6

−4 × 1020 cm−2).
Galactic absorption corrected L0.3−1 keV and L2−10 keV were 6.6 × 1043 erg s−1

and 4.6 × 1043 erg s−1, respectively.

2.3. X-ray Absorption Lines in PG 1211+143

Fig. 3 shows 0.5−10 keV closeup of the XIS data to MCD + power-law model
ratio. Some absorption lines and Fe K emission line are seen in the figure. The
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Fig. 2. Left panel: conventional plot of XIS spectra showing strong soft X-ray excess sitting above

the hard power law. Right panel: XIS FI and BI spectra of PG 1211+143 with best fit MCD +

power-law model.

absorption lines are observed at 0.76, 0.93, 1.81, 2.37, 6.7 keV in the XIS spectra.
corresponding to 0.83, 1.00, 1.96, 2.56, and 7.3 keV in the rest frame of PG 1211+143.

Fig. 3. XIS FI and BI data of PG 1211+143 compared with a MCD + power-law fit over 0.2-10 keV.

§3. Discussion and Conclusion

We observed the quasar PG 121+143 as a part of Suzaku SWG observations.
Intense variability (increase by factor 2 within a day) in 0.4-8 keV and soft X-ray
excess were found. The absorption lines at 0.83, 1.00, 1.96, 2.56, and 7.3 keV in the
rest frame of PG 1211+143 were detected in the XIS spectra.

First we summarize the absorption line energies detected in both XMM-Newton
2001 and Suzaku 2006 observations in Table I. The energy of the four lines measured
in Suzaku data is systematically lower than that of XMM-Newton by 10−16%. If
we observed absorption lines originated from the absorbing matter same as that of
observed by XMM-Newton in 2001, the change of the ionization state and/or the
bulk motion speed could be attributed to the differences of the line energy.
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Table I. The specification of the DAQ system

Suzaku XIS 2006 XMM-Newton MOS 200112)

Element Eobs (keV) Eobs(keV)

Ne 1.00 ± 0.01 1.16 ± 0.05

Si 1.96+0.02
−0.03 2.17 ± 0.02

S 2.56 ± 0.06 2.88 ± 0.06

Fe 7.3±0.1 7.71 ± 0.08

Assuming that the outflow velocity of the highly ionized absorbing material is
constant, it is impossible to explain the variation of the energy because the observed
line energies are lower than neutral lines of each elements. Assuming that the ion-
ization state of each lines are same, on the other hand, only variation of the single
bulk motion speed of the absorbing material could not be also explained the energy
difference. The possible interpretation is that all the absorption lines are H-like with
the bulk motion of 0.02c.
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