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Why study quasar outflows?

Outflows

Relation AGN environment - BH - galactic evolution
(Gültekin+09)
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Lyα+NV SiIV+OIV] CIV

Quasar spectra 
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Broad (BAL)
Broad Absorption Lines 
             (BALs)

Lyα+NV

SiIV+OIV] CIV

Quasar spectra -  
High Velocity Outflows 

v ~ 10,000 km/s~ 0.03c



Quasar spectra -  
High Velocity Outflows 
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SiIV+OIV]
CIV

Lyα+NV

(Hamann+1997)
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CIV !

v ~ 51,000 km/s ~ 0.17c

(Hamann+1997)
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Quasar spectra - 
High Velocity Outflows PG0935+417 
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CIV !

v ~ 51,000 km/s ~ 0.17c

(Hamann+1997)

Ex
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ly!

v ~ 0.1c

Quasar spectra - Extremely 
High Velocity Outflows PG0935+417 

Lyα+NV

SiIV+OIV]
CIV

v ~ 0.2c
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NVOVI CIV

OVI

NV

Quasar spectra - Extremely 
High Velocity Outflows PG0935+417 
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(Rodriguez Hidalgo+2011)

! HST/FOS data 
! No other ions had confirmed detections 

OVI
NV

CIV

Quasar spectra - Extremely 
High Velocity Outflows PG0935+417 
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(Rodriguez Hidalgo+2011)

OVI
NV

CIV

Quasar spectra - Extremely 
High Velocity Outflows PG0935+417 
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Total Column Density:  NH ~ 5 x 1019  cm-2

Ionization:  log U ~ −0.5  

(Rodriguez Hidalgo+2011)

Coverage Fraction:  Cf =0.8

˙ 

  Mass Outflow Rate ∼8πΩRNHμmpv
˙ 

  Kinetic Luminosity ∼2πΩRNHμmpv3

CIV
NV

OVI

Quasar spectra - Extremely 
High Velocity Outflows PG0935+417 
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Total Column Density:  NH ~ 5 x 1019  cm-2

Ionization:  log U ~ −0.5  
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  Mass Outflow Rate ∼8πΩRNHμmpv

OVI
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Lyα+NV

CIV

v ~ 0.1cv ~ 0.2c

˙ 

  Kinetic Luminosity ∼2πΩRNHμmpv3

Lyα+NV

SiIV+OIV] CIV

CIV

CIV
The Kinetic Luminosity of an outflow 
at ~0.2c is 216 times larger than an 

outflow at 0.05c (!)

Quasar spectra - Extremely 
High Velocity Outflows PG0935+417 

SiIV+OIV]
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Balnicity Index  (BI)

Searching for  
Extremely-high velocity outflows

(Weymann+91, Hall+02)

Absorption Index (AI)



! SDSS DR9 Quasar spectra  (Pâris+12):  
•  87,822 quasars 
•  1300< spectral resolution (R) < 2500 
•  spectral coverage 3600-10500 A 

! Search for CIV λλ1548,1550 in the velocity range 
0.1-0.2c  

➡  zem > 1.9 

➡  S/N >= 10 (brightest quasars) 
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Searching for  
Extremely-high velocity outflows

                                6760 quasar spectra 



- Normalize all spectra with a simple power-law 
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Searching for  
Extremely-high velocity outflows

                                6760 quasar spectra 
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Searching for  
Extremely-high velocity outflows

Lyα+NV SiIV+OIV] CIV



- Normalize all spectra with a simple power-law 
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Searching for  
Extremely-high velocity outflows
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                                6760 quasar spectra 



- Normalize all spectra with a simple power-law 

- Identify absorption (10% below continuum) with width 
>1000 km/s  
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Searching for  
Extremely-high velocity outflows
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                                6760 quasar spectra 

- miss shallow absorption 

- miss absorption on top of  emission



- Normalize all spectra with a simple power-law 
- Identify absorption with width >1000 km/s  
- Visually inspect every case and remove possible 
other identifications (SiIV, CII, OI, SiII…)
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Searching for  
Extremely-high velocity outflows
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Searching for  
Extremely-high velocity outflows

- Normalize all spectra with a simple power-law 

- Identify absorption with width >1000 km/s  
- Visually inspect every case and remove possible 
other identifications (SiIV, CII, OI, SiII…) 
- Select cases that are not likely blends of  narrow 
lines

S
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                                6760 quasar spectra 



- Normalize all spectra with a simple power-law 

- Identify absorption with width >1000 km/s  
- Visually inspect every case and remove possible 
other identifications (SiIV, CII, OI, SiII…) 
- Select cases that are not likely blends of  narrow 
lines 

Just best and secured cases  
(additional list of  candidates not included,                    

but available upon request) 
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Searching for  
Extremely-high velocity outflows

                                6760 quasar spectra 
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! Examples: 

Extremely High Velocity Outflows

                                45/6760 quasars found 
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v ~ 0.1cv ~ 0.2c
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! Examples: 

Extremely High Velocity Outflows

                                45/6760 quasars found 

vmax~ 0.14c



! Examples: 
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Extremely High Velocity Outflows

                                45/6760 quasars found 

vmax~ 0.14c vmax~ 0.16c

NV always present when strong CIV and typically seems 
stronger; OVI probably too  
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Extremely High Velocity Outflows

vmax~ 0.20c

                                45/6760 quasars found 

zem= 2.076
zem= 4.696

vmax~ 0.16c

NV always present when strong CIV and typically seems 
stronger; OVI probably too  

! Examples: 
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Extremely High Velocity Outflows

                                45/6760 quasars found 

vmax~ 0.14c vmax~ 0.14c

NV always present when strong CIV and typically seems 
stronger; OVI probably too  

(similar to intrinsic NALs — Misawa+07; and mini-BALs at lower velocity — Moravec+17)

! Examples: 
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Extremely High Velocity Outflows

                                45/6760 quasars found 

vmax~ 0.14c vmax~ 0.14c

! Examples: 

No Lya stronger than NV in any case
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Extremely High Velocity Outflows

                                45/6760 quasars found 

vmax~ 0.14c vmax~ 0.14c

SiIV doesn’t seem to be present but(!) on top of  Lya+NV 
emission line 

! Examples: 
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Extremely High Velocity Outflows

!Constraints for theoretical studies:  

1) What we find: 
- NV always present when strong CIV and typically 
seems stronger; OVI probably too  
- No Lya stronger than NV in any case 

- SiIV doesn’t seem to be present but(!) on top of  Lya
+NV emission line  
- Similar radio-loudness ratio than lower velocity BALs 
(6+-2%; 3/45 cases have FIRST detections)  
- Typically* smaller depths than lower velocity BALs 
 — smaller coverage fractions?  
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Extremely High Velocity Outflows

                                45/6760 quasars found 

vmax~ 0.14c vmax~ 0.14c

! Examples: 
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Extremely High Velocity Outflows
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Fast and Furious

Strong BAL at v

vmax~ 0.17c vmin~ 0.12c
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Extremely High Velocity Outflows

!Constraints for theoretical studies:  

2) What we don’t find:  
- Saturated cases (zero or close to zero flux)  
- “Boxy” profiles 
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Extremely High Velocity Outflows

We have made a database of  these EHVO objects

(For theoretical and non-theoretical people:)
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Extremely High Velocity Outflows

We have made a database of  these EHVO objects

(For theoretical and non-theoretical people:)

Ready by Fall 2017 —Stay tuned! 

(Haas*, Rodriguez Hidalgo, et al. in prep)
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Extremely High Velocity Outflows 
at low z?

! What we don’t find: extremely high velocity outflows 
at low redshift (z<2)

Khatu, Rodríguez Hidalgo, & Abraham (in prep)
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Extremely High Velocity Outflows 
at low z?

                                0*/27 AGN show EHVO 
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Extremely High Velocity Outflows 
at low z?
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Extremely High Velocity Outflows 
at low z?
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Extremely High Velocity Outflows 
at low z?
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Extremely High Velocity Outflows

                                z<2:  0*/27 AGN show EHVO 

  z>2:  45*/6760 quasars show EHVO

In each category we are searching among the brightest

We are probing a significant population of  particular 
bins of  the parameter space
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But absorption lines tend to vary often! 
 

Extreme Variability
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Extreme Variability
          Study case of  PG0935+417

(Hamann+1997) (Bechtold+1984)

19821993
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Extremely High Velocity Outflows

The database includes previous epochs if  available
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• BOSS (DR9 & DR10) compared to SDSS/DR7 
quasar spectra searching for new emergent 
CIV outflows 

• Visual inspection & previous method (powerlaw 
normalization and BI search) 

• Redshift z > 1.68 and S/N >~ 9

Emergence Survey
Extreme Variability
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Emergence of  BALs

dBAL
dmax7

(Rogerson+17)
(Rodriguez Hidalgo, Hall, et al. +17)
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• 111/7510 in DR9/DR7 and 178/8940 in DR10/
DR7 

• Emergence of  troughs in both previous 
BALQSO and non-BALQSO 

• Rate compared to disappearance:  

 Probability of  appearance = 3.5+-0.6%

Emergence Survey
Extreme Variability
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Emergence of  BALs

- Survey of emergence BAL troughs between two SDSS observations (RH+ in prep) 

- Monitoring observations with Gemini to understand life cycles of these outflows 
                                                                                               (Rogerson+17) 

 

2) Photometric  
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(Rodriguez Hidalgo+12, Rodriguez Hidalgo+13)

Cross-correlation of our SDSS sample to VLT/UVES archival spectra.

Intermediate Phase:  
             mini-BALs are turning into BALs and BALs into mini-BALs 

Extreme Variability



Variability in Multiple Ions
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VLT/UVES

SDSS
CIV SiIV

NV Lyα

CIV

NV

Lyα

(Rodriguez Hidalgo+13)

Extreme Variability
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Summary

Thank you!


