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Introduction
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AGN and Quasar Outflow

Why AGN/QSO outflow winds are important?
Ø They exclude angular momentum from accretion disk and promote the evolution of black 

hole(e.g., Murray et al. 1995).
Ø They eject metals and promote a chemical evolution of ISM pf host galaxies and nearby 

IGM(e.g., Dunn et al .2010 ).
Ø They eject energy and momentum and inhibit star formation (e.g., Di Matteo et al. 2005).
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But difficult to observe directly

������
���	����

�10kpc

Ø Gas flow  launched from the AGN accretion disk. 

�!"#$pc�@!"%&⨀�



Inclination model for BAL outflow
l Broad Absorption Line (BALs) with FWHM>2000km/s have frequently been 

used for outflow studies.

l But, Only a small fraction of quasars have BALs in their spectra  (about 10-20%: 
e.g., Trump et al. 2006, Hamann et al. 2012).

Current results from observations and simulations support the inclination model.

FWHM>2000km/s

BAL
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Properties of BAL outflow support “Inclination model”

Proga et al. 2000
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Inclination model for intrinsic NALs? 5/13

• Outflow is also observed as Narrow Absorption Line (NALs) with 

FWHM<500km/s.

• They are detected in ~50% of all quasars (e.g., Misawa et al. 2007, Nestor et al. 

2008, Hamann et al. 2012).

• NALs have not been statistically 

explored for BAL quasars.

• NALs may coincide with BALs in 

same quasars.
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NAL region

BAL region
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Open question
We should test if the inclination model is still acceptable when we consider 

intrinsic NALs as well as BALs.



Data & analysis
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Partial coverage analysis

→If R" and R# are known, 
we get covering factor ; %&.
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If '( < * ,
intrinsic NAL

%& =
-. − 1 1

-2 − 2-. + 1

• Distinguish intrinsic absorber from intervening absorber by 
Covering factor; '(.

kpc-Mpc scale
≲ *678 −1pc scale
R9:;< R=>?
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Sample data

Ø SDSS DR5 BALQSO Catalog (Gibson et al.2009) containing 5039 quasars.

Ø S/N(≥ ". $) , Resolution(≥ %$$$$)
Ø Spectra covering from λ=1216Å-1550Å (at rest frame)
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• Sample selection

Ø Partial coverage analysis requires high-

resolution spectra with R > 30,000 .

⇒ We use archive data taken with VLT/UVES.

Credit:J.L. Dauvergne & G. Hüdepohl /ESO

→We chose 9 quasars for our targets.



Result & Discussion
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Result 10/13

• 39 NALs are detected in 9 BAL quasar spectra, of which we identified 3 
intrinsic NALs in 3 BAL quasars.

Intrinsic NAL absorbers locate 
at least 30% of line of sight toward BAL quasars.

Detectability of Intrinsic NALs in BAL quasar spectra  

• An example of  reliable (> 3! significance) intrinsic NALs (SDSS J0242-0049).

Covering factor 
"# = %. '( ± %. %(



Velocity distribution of intrinsic NAL 11/13

outflow velocity of BAL
outflow velocity of intrinsic  NAL

• High velocity intrinsic NAL• Low velocity intrinsic NAL

v_ej≅1,600km/s
R  ≅ kpc

low velocity
&

far away

v_ej ≥10,000km/s
R  ≤ pc 

high velocity
&

inner region



Outflow model 12/13

Clumpy gas
(high density)

�. Interstellar outflow
(Faucher-Giguere et al. 2012)

• Low velocity(≤ "###km/s)
• In a scale of ISM (~kpc)

Some NAL absorbers are known  
to locate at kpc scale.
(e.g., Arav et al. 2013)

�. Clumpy outflow in a main gas stream
�Takeuchi et al. 2013, Kobayashi et al. 2018�

• Wide range of ejection  velocity( ≤90000km/s )
• locate at small distance from the source(~pc )

Accretion disksource

Main stream
(low density)



Summary
• To test the inclination model of AGN outflow wind, we searched for intrinsic 

NALs  in BAL quasar sight line using partial coverage analysis.

• We detected 3 intrinsic NALs in 3 out of 9 BAL quasars, which suggests that 
the detectability of intrinsic NALs does not depend on the existence of BALs.
⇒Existence of intrinsic NAL does not depend on inclination angle.

• Intrinsic NALs in BAL quasars have a wide range of outflow velocity,  1500-
38000km/s.

• We proposed a possible model in which intrinsic NALs have origins at the 
main stream of the outflow and ISM host galaxies.
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Future work
• We plan to increase a sample size to ~40 targets for reliable statistical analysis.

• We plan to perform photoionization models, to classify the origins of intrinsic 
NALs into absorbers at the main stream and those n ISM.
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(Ohsuga et al. 2005, Takeuchi et al. 
2013�&clumpy outflow)
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