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Quasar Outflows

Using quasar absorption lines 
to study ouflows !

(ESA/AOES Medialab)

Image of quasar and outflows
(White twisting stream)

(Proga et al. 2000)

Quasar outflows are important
element for 

(i) quasar growth, 
(ii)  chemical evolution for host galaxy 
and intergalactic space

Mechanisms to launch outflows 
(candidates)

・Radiation pressure (Proga et al. 2000; 
Nomura et al. 2012, 2015)

・ Magnetic Force (Everett 2005) 
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Quasar Absorption Line

・Intervening Absorption Lines: IGM , CGM etc

・Intrinsic Absorption Lines : Outflow Gas

Intervening Absorption Lines

Intrinsic Absorption 
Lines



Quasar intrinsic absorption lines: BALs, mini-BALs and NALs   

Misawa, Astronomical 
monthly report, 2007

Hamman et al. (2012)
filled circle: outflows
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Velocity Width (km/s)

BALs: The main current of outflow study

mini-BALs and NALs: They are attracting 
attention in recent year

Estimation of physical parameters is possible ! 

FWHM ≧ 2000km/s

FWHM < 500 km/s

2000km/s ≦ FWHM < 500 km/s



About Broad Absorption Lines (BALs) 
• Definition for BALs: Balnicity Index (Weymann et al. 1991)

• Velocities are usually set to 3,000 and 25,000 km/s

• BI(maximum) = 20,000 km/s (=25,000-3,000-2,000) km/s

normalized spectrum

1 : Quantity in brackets is continuously
greater than zero for more than 2,000 km/s

0: otherwise

To avoid ambiguities with Si IV 
emission and absorption 

To avoid strong absorption complexes 
around blueward of C IV emission  
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Samerr et al. (2018) : ABSTRACT
• Theme: X-ray and optical/UV study of eight BAL to non-BAL transforming quasars at   z ≈

1.7–2.2 over 0.29–4.95 rest-frame years.  
• Data: 

SDSS, BOSS, Gemini, and ARC 3.5-m (optical), Chandra (X-ray) 
• Results: 

New Chandra observations show αOX and ΔαOX of are consistent with those

• Conclusion: X-ray and optical/UV observation
・(At least) The X-ray absorbing material moving out of the 

line-of-sight, leaving an X-ray unabsorbed non-BAL quasar. 

・ The UV absorber might have become more highly ionized 
(in a shielding-gas scenario) or also moved out of

the line-of-sight   (in a wind-clumping scenario).  



An Example of non-BAL transforming 

The quasar became a non-
BAL quasar within two years 
in rest-frame ! 



Comparing X-ray-to-optical power-law slope αOX and ΔαOX



X-ray, optical, and radio properties 



New Chandra Observation



Consideration about ancillary mechanism 

Luo et al. (2013)

Eight transforming BAL quasars show no 
evidence for intrinsic X-ray absorption

→ X-ray absorbing material moving 
out of the line-of-sight !

Are ionization states in outflows influenced by changing optical thickness of 
X-ray shielding gas observed by X-ray !?

Generally, BAL quasars show strong 
intrinsic X-ray absorption  
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Wang et al. (2018) : ABSTRACT
• Theme: The discovery of a luminous quasar at z = 7.021, DELS J003836.10– 152723.6 

(hereafter J0038–1527), selected using photometric data.  
• Photometric data : 

DESI Legacy imaging Survey (DELS), Pan-STARRS1 (PS1) imaging Survey,  
WISE mid-infrared all-sky survey

• J0038–1527 is the most luminous quasar known at z > 7 (LBol=5.6×1013L⊙)
💫 Eddington ratio of 1.25±0.19 
💫 Outflow velocity = 0.08c to 0.14c   → extremely high velocity !!

• J0038–1527 is the first quasar found at the epoch of reionization with such strong outflows ! →
These contribute the growth of the most massive galaxies ! 



Spectrum of J0038–1527 

Gemini/GNIRS, with a total exposure time of 4.2 hours

GNIRS ⓒGemini



Normalized spectrum and BALs with extremely high velocity   

• Normalized spectrum of J0038–1527 

• The quasar has three absorption systems at 
0.14c, 0.10c, and 0.08c !

• BI = 3400 km/s (A), 890 km/s (B),   1010 
km/s (C) for CIV BAL



Derived Parameters of J0038–1527

• J0038-1527 has high 
Eddington-ratio.



Summary of the two studies 
• Conclusion: X-ray and optical/UV observation
・(At least) The X-ray absorbing material moving out of the 

line-of-sight, leaving an X-ray unabsorbed non-BAL quasar. 

・ The UV absorber might have become more highly ionized 
(in a shielding-gas scenario) or also moved out of

the line-of-sight   (in a wind-clumping scenario).  

• J0038–1527 is the most luminous quasar known at z > 7 (LBol=5.6×1013L⊙)
💫 Eddington ratio of 1.25±0.19 
💫 Outflow velocity = 0.08c to 0.14c   → extremely high velocity !!

• J0038–1527 is the first quasar found at the epoch of reionization with such strong outflows ! → These 
contribute the growth of the most massive galaxies ! 

Sameer et al. (2018)

Wang et al. (2018)



Appendix I : SED (Samerr et al.  2018)



Appendix II : CIV Emission Blueshift (Wang et al. 2018 ) 


