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OUTLINE

History (1975-2005) and Motivation

Integral Field Spectroscopy of Extended
Emission-Line Regions (EELRSs)

EELR—-Quasar Metallicity Relation
Star Formation in the Host Galaxies

Answers to Previous Questions




THE DISCOVERY OF 3C 273: THE
FIRST QUASAR
Edge et al (1959) - 1’ Hazard et al (1963) - Occultation, 1”

Schmidt (1963)
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QUASAR’S RAPID VARIATION
DISCOVERED BY SMITH & HOFFLEIT (1963)

Photon energy
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WHAT POWERS A QUASAR?

Accreting black hole inside a giant galaxy
Type 1 '

= .
¢ » ,Narrow Line

s o / Region

Broad Line

Accretion
Disk

10,000 pc




THE DISCOVERY OF
EXTENDED EMISSION-LINE REGION (EELR)

Sandage & Miller (1966)

Wampler et al (1975)
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WHICH QUASARS HAVE
EXTENDED EMISSION-LINE REGIONS?

Boroson & Oke (1984) - A Spectroscopic Survey

‘ |




WHICH QUASARS HAVE
EXTENDED EMISSION-LINE REGIONS?

Stockton & MacKenty (1983,1987) - SM87 Sample

An [O 111] Imaging Survey of 47 Quasars at z < 0.5
36 non-EELR Quasar




WHICH QUASARS HAVE
EXTENDED EMISSION-LINE REGIONS?

Stockton & MacKenty (1987)

@ EELR quasar

A non-EELR
quasar

Steep Spectrum

Nuclear [O 111] Luminosity

0.2 0.4 0.6 0.8 1.0

Radio Spectral Index



MORPHOLOGY OF EELRS
4C37.43 z=0.37

Stockton et al. (2002)



MORPHOLOGY OF EELRS

HST [O 1]




SUMMARY & QUESTIONS

EELR ~ Lo mj,nuclear & Radio Morphology
Independent Morphologies of EELRs

Photoionization by the central source

? Are EELRs shock-ionized?

? What makes EELR quasars special?
? Where did the gas come from?

How were the EELRs formed?




INTEGRAL FIELD
SPECTROSCOPY OF EELRS

Sketch of Gemini GMOS/IFU (Alligton-Smith et al. 1998,2002)

Telescope Spectrograph Spectrograph Datacube
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INTEGRAL FIELD SPECTROSCOPY OF

QUASAR EELRS
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EELR SPECTRUM
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QUASAR SUBTRACTION
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VELOCITY STRUCTURE

[O III] Flux

Velocity
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IONIZATION

EUV photon

Zp
0

Fast electron

Atom Slow ion

Photoionizaton

* by massive stars
(Kewley 2001)

* by quasars (Groves
et al. 2004)

MECHANISMS



CLASSIFICATION OF EXTRAGALACTIC
EMISSION-LINE OBJECTS

o - | T | | | |

Baldwin, Phillips and Terlevich (1981)

= —

[O mi]/Hf3




LOG ([Ol)/HB)

CLASSIFICATION OF EXTRAGALACTIC
EMISSION-LINE OBJECTS
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PHOTOIONZED BY MASSIVE
STARS? - NO.

| [O III]./H.B.V.S' [Q."].IHB |

N Seyferts ]
e i LINERs ]
¥ 05| _
\ -
~
o
8 L
E 0.0_ H II .o- . X p—
& [ i
=5
g
- =05 obcde-
OO AaDnO-
i : 3C 48
i . = %o Mrk 1014 |
Lo % PKS 2251
| 1 1 1 1 | 1 1 1 1 | 1
0.0 0.5 1.0

Logio([O 1] 3727/HB)

Fu & Stockton (2008b)



IONIZATION MECHANISMS

EUV photon Fast electron

2 v
o0

Atom Slow ion

Photoionizaton

* by massive stars
(Kewley 2001)

* by quasars
(Groves et al. 2004)

re-shock IO;&Pregyrsor

Shoék Shock+Precursor

* emission lines * emission lines
from cooling from both
post-shock gas  post-shock and

(Dop)ita & Sutherland pre—shock gas
1996



SHOCK IONIZATION? - NO.
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PHOTOIONZED BY QUASARS
[O 1)/HR vs. [O 1J/[O 1] & [O n}/[Ne ]
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Integral Field Spectroscopy of Quasar EELRs

Summary

» Globally disordered kinematics
» Low velocity dispersions ~ 100 km/s
» Photoionized by quasar continuum

» Gas pressure ~ 104- 10 K cm-3
» Ionized mass ~ 10° Mo







SECONDARY PRODUCTION OF

NITROGEN
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Log1o([O 1II] 5007 /HRB)

EELR METALLICITY

Fu & Stockton (2006,2007a,2008b)
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QUASAR METALLICITY FROM
BROAD-LINE REGION
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EELR QUASARS ARE
METAL-POOR QUASARS
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EELR quasars = Metal-poor quasars

+ lobe-dominated radio source
+ strong nuclear narrow-line emission

Nuclear Liouj vs. Radio ay

L 'ARREN RS g ET ;
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o 1043 N -
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: L :
£ % {@ EELR quasar
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Radio Spectral Index, a, (400 to 2700 MHz)



MASS—METALLICITY
RELATION FROM SDSS

12 + log(O/H)




ORIGINS OF METAL-POOR GAS

Cold Accretion Merging Companion  Cooling Flow

X

(Keres et al. 2005) (Stockton et al. 1983) (Fabian et al. 1987)

v metal-poor gas in v metal-poorgasin v metal-poor gas in
extended nebulae extended nebulae extended nebulae

* metal-poor gas in v metal-poorgasin v metal-poor gas in
nuclear region nuclear region nuclear region



X-RAY GAS COOLING RATE
data PSF residual

A o L

4
V4 ’—- \

a f I : v
. ] [ ! N
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300 kpc

(Stockton, Fu et al. 2006)

Upper Limits on X-ray Luminosity
=> Cooling Rate < 0.7 M, /yr (x < 20kpc)



THE ORIGIN OF THE GAS

Cold Accretion Merging Companion  Cooling Flow

(Keres et al. 2005) (Stockton et al. 1983) (Fabian et al. 1987)
v metal-poor gas in v metal-poorgasin v metal-poor gas in
extended nebulae extended nebulae extended nebulae

* metal-poor gas in v metal-poorgasin v metal-poor gas in
nuclear region nuclear region nuclear region

v Low pressure in * Low pressure in
X-ray halo X-ray halo



THE FORMATION OF EELRS

Tidal Interactions  Starburst Superwind  Quasar Superwind

Stockton & MacKenty (1983) Stockton et al. (2002) Di Matteo et al. (2005)
v disordered kinematics v disordered kinematics v disordered kinematics



H 1 GAS IN
INTERACTING GALAXIES

Hibbard et al. (1996-2001)



THE FORMATION OF EELRS

—Fidal-nteraetions- Starburst Superwind  Quasar Superwind

Stockton & MacKenty (1983) Stockton et al. (2002) Di Matteo et al. (2005)

v disordered kinematics v disordered kinematics v disordered kinematics

* no underlying v' no underlying v' no underlying
continuum continuum continuum

< high velocity clouds v high velocity clouds v high velocity clouds

(v>500 km/s) (v>500 km/s) (v>500 km/s)



UNIFICATION OF
QUASARS & RADIO GALAXIES

Barthel (1989)

Narrow Line
Region

Broad Line
Region

Radio Galaxy

Accretion
Disk

Obscuring
Torus

Quasar




3C79: AN EELR RADIO GALAXY

redshift = 0.256'

OSI/ L3 p |
3C79 [O III] HST WFPC2
-
U
=
=
*a = -
:
17°05' 55" ‘ -
10 h,," kpc
z=0.256
| |

0.5° 03" 10™ 0.0°
Right Ascension (2000) Fu & Stockton (2008)



3C79: RADIO MORPHOLOGY




LOwW METALLICITY

3C79
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3C79: BROAD
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3C79: STELLAR POPULATION

Fu & Stockton (2008)
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3C79: STELLAR POPULATION

Host Galaxy of 3C79

1. Age: 10 Gyr & 1.3 Gyr
QWZ Metallicity: 25 7o

\3 Stellar Mass:  2.6x10™ Mo

o oeecnoon 4, PDynamical Mass: 4x101 Mo

°§ % :g‘%\w
» }%’f%f & “5. Morphology: Elliptical f" = -
S + close companion o

1,278 Gyr/1.9E10 Mo




SPITZER MIR-TO-FIR SEDS

OF EELR QUASARS
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THE FORMATION OF EELRS
Frdal-interactions- Starburst-Superwind  Quasar Superwind

Stockton & MacKenty (1983) Stockton et al. (2002) Di Matteo et al. (2005)

v disordered kinematics v disordered kinematics v disordered kinematics
* no underlying v' no underlying v' no underlying
continuum continuum continuum
< high velocity clouds v high velocity clouds v high velocity clouds
(v>500 km/s) (v>500 km/s) (v>500 km/s)
** no significant young ¥ no significant young
stellar pop. stellar pop.
< metal-poor gas in the v' metal-poor gas in the

nuclear BLR nuclear BLR



SUMMARY

GMOS Integral-Field Spectroscopy of 6 EELRs
Disordered gas kinematics

Quasar photoionization

Gas (both nuclear & extended) in EELR
quasars is metal-poor

Stars in the host galaxy are old and metal-rich



ANSWERS

? Are EELRs shock-ionized?

 No. Quasar photoionization more likely.
? What makes EELR quasars special?
 Gas metallicity.

? Where does the gas come from?

A merging gas-rich galaxy.

? How are the EELRs formed?

* Remnants of quasar superwinds.




