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ブラックホールと銀河の共進化

AKARI J1757+5907のHDS観測 

mass flow rate, kinetic energyの算出

他のアウトフローとの結果の比較、考察

今後の展開
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Figure 1. Normalized spectra of J2123-0050 showing the variable C iv systems A-E in the two high-resolution observations: 2006.64
(black curve) and 2008.67 (red). The velocity scale across the top applies to the short wavelength lines in the doublet, C iv λ1548,
relative to the emission redshift, ze = 2.278. The 1σ variance spectra are plotted as dotted black and red curves across the bottom. Much
narrower absorption lines not labeled are cosmologically intervening and unrelated to the variable outflow systems.

Figure 2. Synthesized spectrum of J2123-0050 showing the absorption lines in the Keck 2006.64 data relative to the broad emission
lines and overall spectral shape defined by the SDSS measurement in 2002.68. All of the C iv λλ1548,1551 absorption doublets detected
in this wavelength range are marked by open brackets above the spectrum. The variable outflow systems are labeled A-E. Various broad
emission lines are labeled across the top. A small featureless segment near 4970 Å observed (drawn in red) uses the average VLT 2008.67
spectrum to fill a small gap in the Keck wavelength coverage. The Keck and VLT spectra are shown after binomial smoothing to improve
the presentation. The dashed curve is a powerlaw fit to the underlying quasar continuum.
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アウトフロー (3)
•  低光度AGNにも存在する。 Crenshaw et al. 

1999



アウトフロー(4)
•およそ半数のAGNにアフトフローが存
在する。 Ganguly & Brotherton 2008



Ganguly & Brotherton 2008



ブラックホールと銀河（バルジ）の共進化

BH質量とバルジ質量には
相関関係がある。

理論解釈：AGNによるガ
ス加熱、放出が星形成を
止め、この関係を作る
（eg. Di Matteo et al. 

2005）”AGN feedback”

Gultekin et al. 2009

MBH

! (km/s)



銀河とBHの共進化とアウトフロー現象

銀河とBHはどのような機構で関係し合っているの
か？AGN feedback?

観測されているアウトフロー現象がそれなのか？

アウトフローは定量的にどうなのか？足りるのか？

アウトフローガスの物理を知るためには
高分散分光観測が必要。

明るいAGN



AKARI J1757+5907

AKARI衛星のIRCサーベイによって「発見」された。

MIR excess source    [F"(9#m)/F"(Ks)=11.1]

SDSSのサーベイ範囲の外。

Palomar survey, 2MASSで既に見つかっていたが（可
視15等、Ks=12.3等）、分光されたことがなかった。

分光してみると、、、、、



z=0.61525 吸収線 

Mg II, He I*

AKARI 1757+5907の可視スペクトル

輝線
Mg II, H$, 

[O III], H%, 

Fe II

FOCAS新CCDによるスペクトル



Subaru/HDSによる観測
2010年6月観測所時間

波長分解能 36,000

天気が悪かったが、吸収線 Fe II 2600, 2586,            

Mg II 2786, 2803, He I* 2945, 3188, 3889, Mg I 2852, 

Ca II 3934, 2969, He I* 2829が受かった．

Fe II* 2612, 2757は受からなかった．



低分散 vs. 高分散

Mg II 2796, 2803

HDS: R=36000

FOCAS: R~480



結果



部分掩蔽を考慮した柱密度
residual intensity
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柱密度の測定



距離Rを求める方法
同じイオンの基底状態と励起状態の吸収線の柱密度比か
らガスの個数密度 ne (~nH)を求める。

いくつかのイオンの吸収線の柱密度 Nionを求める。

光電離モデルを使い、ガスの電離パラメータUH, 全水素中
密度NHを求める。

UH, 個数密度 nH、中心核光度（電離光子数）QHから距離 

Rを求める。



光電離モデルとの比較
Table 3. Measured and model predicted column densities

Measurement Method / Model parameter NHe I∗
∗ NFe II(0)

∗ NMg II
∗

Measurements

Apparent Optical Depth 156.9 ±0.8 24.9 ±0.6 160.9 ±0.7

Covering factor 179.3 ±8.0 29.1 ±3.0 226.7 ±6.7

Power Law 180.2 ±3.2 30.4 ±3.7 602 ±246

Models

SED Z/Z" logNH logUH lognH

MF87 1.00 20.82 -2.15 3.8 176.5 30.9 1341.5

Soft 1.00 20.81 -2.15 3.8 180.5 32.4 1364.6

MF87 4.23 20.66 -2.17 3.8 172.3 31.2 1815.5
∗in units of 1012 cm−2
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log NH=20.82



中心核からの距離 Rは？

log UH=-2.15,  QH=2.2x1057 s-1

励起状態の吸収線が受からなかったことから、nH < 103.8 cm-3

→ R > 3.7 kpc



ガス流量を観測的に求める

R

NH

!v中心核

mp: proton mass

µ: mean 

molecular 

weight



他のアウトフローとの比較Table 4. Properties of Measured Outflows to Date

Object log LBol R log NH log UH log Ėk
∗

Ṁ∗
out Reference†

(ergs s−1) (kpc) (cm−2) (ergs s−1) (M# yr−1)

AKARI J1757+5907 47.57 > 3.7 > 20.82 > −2.15 > 43.30 > 70 1

QSO 1044+3656 46.84 1.7 ± 0.4 20.84 ± 0.10 −2.19 ± 0.10 44.81 +0.09
−0.11 120 ± 25 2

QSO 2359−1241 47.67 3.2 +1.8
−1.1 20.56 ± 0.15 −2.40 ± 0.15 43.36 ± 0.27 90 +35

−20 3

SDSS J0838+2955 47.53 3.3 +1.5
−1.0 20.80 ± 0.28 −1.95 ± 0.21 45.35 +0.23

−0.22 300 +210
−120 4

SDSS J0318−0600 47.69 5.9 ± 0.4 19.90 ± 0.17 −3.08 ± 0.05 44.55 +0.10
−0.15 60 ± 60 5

∗Calculated using equation (3) assuming Ω = 0.2. The values for the last three objects are half of those founds in the reference due to the

use of an improved estimate for M" and Ėk given by equation (3), over those given by equations (9) and (10) in Dunn et al. (2010).

† 1-This Work, 2-Arav et al. (2010), 3-Korista et al. (2008) & Bautista et al. (2010), 4-Moe et al. (2009), 5-Dunn et al. (2010)
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z V (km/s)

AKARI 1757 0.615 1000

Q 1044 0.701 3600

Q 2359 0.868 1400

SDSS 0838 2.043 4900

SDSS 0318 1.967 4200



考察 (1)アウトフローの位置
中心核からの距離が数kpc, log UH=-2~-3

&narrow line regionに伴うアウトフロー　BLR

バイアス

Fe IIをターゲットにしている。 低電離ガスにバイア
ス．cf. C IV BAL   log UH~-1.5

FeII*の弱いアウトフローをターゲットにしている。よ
り低密度ガスにバイアス．



考察 (2) feedback 効果

理論モデルの期待する                     （数％）より小さ
い。高分散分光できる明るい天体を選んでいるから
かもしれない。Vが大きくて、暗めの天体は                        

が大きくなる。

z V (km/s) log Ekin/Lbol

AKARI 1757 0.615 1000 > -4.3

Q 1044 0.701 3600 -2.0

Q 2359 0.868 1400 -4.3

SDSS 0838 2.043 4900 -2.2

SDSS 0318 1.967 4200 -3.1



今後の展開

より高電離、高頻度、高速なC IV - Si IVアウトフロー
では mass flow rate やエネルギーはどうか？　大きい
のか小さいのか？

S IV 1063 (Elow=34.8 eV, Eup=47.3 eV ), S IV* 1073 (951 

cm-1)

Si IV 1393, 1402 (33.5 - 45.1 eV)と同じ電離状態

４月にHDSで観測予定

密度、距離を求めるのが難しい



The Cosmological Impact of Quasar Outflows (Arav et al)

In recent years, the potential impact of quasar outflows on their environment has become widely recognized, including
the effects on: growth of super-massive black holes (Silk & Rees 1998; Blandford & Begelman 2004; King 2003), evolution
of the host galaxy (Di Matteo et al. 2005; Hopkins et al. 2005; Springel et al. 2005; Menci et al. 2006), enrichment of
the IGM (Cavaliere 2002; Furlanetto & Loeb 2001), entropy of the IGM (Oh & Benson 2003; Scannapieco & Oh 2004),
cluster cooling flows (Wu et al. 2000; Ciotti & Ostriker 2001; Borgani et al. 2002; Platania et al. 2002; Vernaleo &
Reynolds 2006), magnetization of cluster and galactic gas (Furlanetto & Loeb 2001), and the luminosity function of quasars
(Vittorini et al. 2005). However, for the lack of a better alternative, these theoretical studies use the physical properties
of the wind (metallicity and kinetic luminosity) as free “knobs” in their models with few observational constraints. It is
therefore essential to obtain the kinetic luminosity (Ėk) of real quasar wind

Ėk ! 4πΩRNHmpv
3, (1)

where Ω is the fraction of total solid angle occupied by the outflow, R is the distance of the outflow from the central
source, NH is the total hydrogen column density of the outflow, mp is the mass of the proton and v is the outflow’s
velocity. Spectral observations straightforwardly determine v, and our current work is able to determine NH and R, to
better than a factor of two (Korista et al. 2008). This is a great improvement over the more than 3 orders of magnitude
uncertainty, of previous estimates (Arav et al. 2003). In the best constrained case (Arav et al. 2008), we found Ėk =0.1–
0.2 Ω × LBol (1047ergs s−1). Assuming Ω =0.2, we obtain Ėk =2–4% LBol. Scannapieco & Oh (2004) found that with

Ėk =5% LBol, quasar outflows will strongly affect the evolution of the host galaxy. Our measurement depends critically
on the value of Ω, which here was chosen to match the observation that 20% of all quasars show broad absorption lines
(BALs, Hewett & Foltz 2003). However, for the outflows we analyze so far, this assumption is not robust (see below).
Our proposed Subaru/HDS observations will measure Ėk for outflows that are known to have Ω !0.2 and
therefore clearly establish if quasar outflows are a major component of AGN feedback.

To date, AGN jets receive most of the attention of feedback mechanisms This is mainly due to the ability to quantify
to some degree the kinetic energy deposited by the jet (via radio lobe or X-ray cavity measurements, e.g. McNamara
et al 2005). Quasar outflows seen in absorption gets less scrutiny simply because the value of Ėk is uncertain by several
orders of magnitude. Our program is the first reliable effort to eliminate this uncertainty and experimentally find out the
importance of outflows to feedback processes. Subrelativistic outflows carry much more mass per unit energy compared
with the relativistic jets. It is therefore plausible that the outflows will dominate at least the feedback processes growth
of super-massive black holes and enrichment of the IGM

Up until now, we were able determine both NH and R in a subset of outflows, where the observational requirements are:

1) Finding objects that show narrow meta-stable (e.g., Fe ii*, Ni ii*, Si ii*) outflow troughs (width<
∼ 600 km s−1), such

that lines from doublets and multiplets do not blend. Meta-stable troughs give the number density of the outflow, which
yields R through photoionization models (see Fig. 2); C iv does not have metastable levels.

2) Observing these objects with high spectral resolution and high S/N so the velocity-dependent covering factor can be
solved across the troughs, yielding reliable Nion measurements, which are essential for determining NH.

Figure 1: One of our targets: in the spectrum
of SDSSJ1509+2432 (shown is the spectrum
taken by the SDSS) we identified troughs from
S iv and S iv*. High resolution data of these
troughs, will resolve the Lyα forest and al-
low us to determine the number density for
the S iv outflow, thus determining its distance.
Troughs from other ions (e.g., C iv, Si iv and
Al iii) will yield NH and the combination
will give us the first Ėk determination
for the ubiquitous high ionization out-
flows.

Key proposal motivation: measuring Ėk for the majority of outflows
Outflows that show low ionization species are quite rare, only 1% of the ubiquitous high ionization C iv outflows show
Fe ii*, Ni ii* or Si ii* troughs (Trump 2006). There are two competing explanations for this fact. a) We are looking at
a normal C iv outflow, but in order to see the low ionization species we need to be on a special line of sight that passes
close to the putative torus where the enhanced obscuration reduces the ionizing photon flux and lower the ionization
parameter (Hall et al. 2003). A similar situation can arise with intrinsic ionization-luminosity decrease in the quasar.
Such a situation is seen in NGC 4151, were in a high state no low ionization species troughs are seen, but when the flux
drops by a factor of 20, Fe ii* troughs are detected (Crenshaw et al. 2002). b). Alternatively, the lower detection rate can
argue that the actual Ω of low ionization outflows is much smaller than that of the C iv ones. In this case we may have
to reduce the Ėk estimates by up to two orders of magnitude, which will render them less significant for AGN feedback.

The best way to bypass this issue is to analyze outflows that show metastable troughs from high ionization species. We
have not done it so far since the only metastable transitions longward of the Lyα forest are from low ionization species.



まとめ
新発見の近傍高光度クエーサーAKARI J1757+5907の
アウトフローの諸元をSubaru/HDS観測から求めた．

Fe II, He I*の観測から求められた現時点でのアウトフ
ローは数kpc の所に存在し、~100 M_sun/yr,

   　　　　　　= -2 ~ -4.


