
It might yet prove possible to account for the 
observed high-redshift (z~4) quasar 
populations with ... conventional cosmic 
structure formation theory

--- Ed Turner 1991



 



Star Formation in z~6 Quasar Host Galaxies

Xiaohui Fan (Arizona)
 Uluru, July 2013

ALMA Program:  Ran Wang, Carilli, Walter, Wagg, Riechers, Bertoldi, Omont, Cox, 
Strauss, Menton, Narayanan, Knudsen, Jiang +
Optical Program: Decarli, Walter, Yang, Carilli, Hennawi, Mechtely, Windhorst, 
Schneider, Wang, McGreer, Cai, Tang, Zuo +

  



BH Accretion and Star Formation 
at High Redshift

• Bench-mark z~6 quasar
– M_BH ~ 2x10^9 M_sun
– Eddington accretion
– accretion rate: 30 M_sun/yr (0.1 radiative efficiency)

• Hopkins and Quataert (2010): 

– Star formation rate: 800 M_sun/yr
• Haring and Rix:

– log(M_BH) = 8.2 + 1.12 log(M_bulge/10^11)
– M_bulge ~10^12 M_sun
– age of the universe: 10^9 yr
– Star formation rate ~ 1000 M_sun/yr 



• In merger driven galaxy evolution sequence:
– quasars have high SFR
– come after the ULIRG/SMG phase
– quasar/hosts less obscured through “blowout”
– quasar radiation provides energy for feedback through winds/outlows



Sub-mm and Radio Observation
of High-z Quasars

• Probing dust and star formation in the most 
massive high-z systems

• Advantage:
– minimum AGN contamination (?)
– Give  measurements to 

• Star formation rate
• Gas morphology
• Gas kinematics

• ALMA! 





Star Formation in z~6 Quasars

• 30% of z~6 quasars 
detected at 1mJy level 
in 1-mm -> 
– LFIR~ 1013Lsun

– T~50K
– SFR~1000 Msunyr-1 (if 

dust heated by SB)
• submm-faint quasars 

also show detections 
after stacking
– average SFR > 100 

Msunyr-1
Wang et al. 2008, 
2009,2011





















Evolution (lack) of M-sigma Relation?

• dynamical mass within [CII] 
emitting region based on [CII] 
line width, de-convolved size and 
inclination

• M_BH/M_dyn ~ 0.01 - 0.03
• local relation: ~1.4 x 10^-3
• one order of mag higher at z~6 

vs. z~0

Wang et al. 2008, 2010, 2011, 2013



But do we see strong UV/optical 
emission from the breakout phase? 



HST Continuum Imaging of J1148+5251 (z=6.42)

• Mechtley et al. (2012)
– HST WFC3 J and H bands
– contemporaneous PSF star observation with similar 

colors
– undetected host galaxy: m_(J/H) > 23
– SFR_UV < 200 M_sun/yr (FIR: 2000 M_sun/yr)



HST Ly alpha Imaging of z~6 Quasars

• Decarli et al. (2012)
– HST narrow-band imaging
– blue filter: Ly-alpha

+continuum
– red filter: continuum
– accurate PSF subtraction to 

detect faint extended Ly-alpha 
emission of the host galaxy

– L(Lya, extended) < 3x10^44 
erg/s

– SFR (UV) <=300 M_sun/yr
– no evidence for line-of-sight 

extinction based on quasar 
spectra..



But do we see strong UV/optical 
emission from the breakout phase? 

• Star formation in quasar hosts have to be highly 
obscured



Summary 

• Intense star formation traced by FIR emission
– 100 - >1000 M_sun/yr (if FIR heated by star formation)

• compact size in continuum and gas emission
– <=4kpc
– high star formation surface density

• many objects show clear velocity gradient in [CII]
– hint of rotating disk? ALMA Cycle-1 program

• narrow CO and [CII] line width
– FWHM 150 - 550 km/s
– implies small dynamical mass
– BH growth before galaxy assembly?

• lack of strong UV emission from host galaxy
– star formation in z~6 quasar hosts are highly obscured


