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Ques0ons	
  Addressed	
  

•  Does	
  the	
  AGN-­‐star	
  forma0on	
  connec0on	
  
change	
  with	
  physical	
  scale?	
  

•  Is	
  the	
  rela0onship	
  dependent	
  on	
  AGN	
  
luminosity?	
  



•  ~28,000	
  galaxies	
  from	
  SDSS	
  DR7	
  
– 5	
  σ	
  Hα,	
  Hβ,	
  [NII]	
  6584	
  Å,	
  [OIII]	
  5007	
  Å	
  detec0ons	
  

Seyfert	
  2s	
  
12,444	
  

Composites	
  
15,508	
  



Quan0fying	
  Key	
  Parameters	
  
•  AGN	
  intrinsic	
  luminosity	
  
–  Ex0nc0on	
  corrected,	
  AGN-­‐only	
  [OIII]	
  luminosity	
  (Wild	
  
et	
  al.	
  2010)	
  

•  SFRfiber	
  
–  Calibrated	
  on	
  Dn(4000)	
  break	
  (Brinchmann	
  et	
  al.	
  2004)	
  

– Agrees	
  w/	
  IR	
  SFR	
  indicators	
  (LaMassa+	
  2012a)	
  

•  z/zmax	
  as	
  distance	
  proxy	
  	
  
–  0.06	
  <	
  z	
  <	
  0.14	
  (1.7	
  –	
  3.5	
  kpc)	
  

•  Completeness	
  via	
  V/Vmax	
  =	
  0.5	
  ±	
  0.1	
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(d) (e) (f)

Fig. 2.— (a) SFRfiber as a function of AGN luminosity and (c) sSFRfiber as a function of Ed-
dington parameter in increasing z/zmax bins, (b,d) associated dispersions and (c,e) legends.

The legends give the median redshift of the galaxies in each bin: with increasing redshift,
the projected physical aperture size grows, encompassing greater amounts of the host galaxy.

The relationship between AGN luminosity and star formation shows a dependence on the

amount of the host galaxy that is sampled at lower AGN luminosities, but not at higher
ones. The slope of the relation between sSFR and Eddington parameter becomes flatter

as the aperture size grows, meaning the star formation in more luminous AGN is centrally
concentrated.
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dispersion does not evolve with z/zmax in these AGN luminosity and Eddington parameter
bins. Thus, we are comparing similar galaxies in aggregate over increasing z/zmax values.

Adopting the bolometric correction for the extinction-corrected [OIII] luminosity from
Kauffmann & Heckman (2009) and the conversion from σ to MBH from Tremaine et al.

(2002), our sample covers ranges from roughly 109.2 to 1012.2 L⊙ in bolometric luminosity

and from roughly 10−2.8 to 1 in L/LEdd. Over these broad ranges we are reasonably complete
and the effects of cosmic evolution are modest.

3. Results

Separating galaxies into bins of z/zmax, we plot SFRfiber as a function of AGN luminosity
(L[OIII],corr) and sSFRfiber as a function of the Eddington parameter (L[OIII],corr/σ4), and

the associated dispersions, in Figures 2. Within each z/zmax bin, we further bin in AGN

luminosity and Eddington parameter, including at least 20 sources in each bin. We then
calculate the median SFR and sSFR in these bins. The dispersion (disp) is the associated

1σ error for a Gaussian distribution, i.e., half the difference between the 83rd and 17th

percentiles of the SFRfiber and sSFRfiber distributions in each bin.

As z/zmax increases, the 3′′ spectroscopic fiber covers larger physical scales of the host

galaxy. The median galaxy redshift ranges from ∼0.06 to ∼0.13 between the lowest and
highest z/zmax bin, corresponding to physical aperture radii of 1.7 - 3.5 kpc. As can be seen

in Figure 2, the SFR (sSFR) increases slowly but systematically with the AGN luminosity
(Eddington ratio), within a given z/zmax bin. It is also clear that there are systematic

differences between these relations as a function of SDSS aperture size (z/zmax). At low to

moderate AGN luminosities there is a trend for the SFR to grow for a given AGN luminosity
as the projected aperture size increases, although this trend is not clear at higher AGN

luminosities. Moreover, the slope of the relationship between sSFR and the Eddington-ratio

proxy flattens as z/zmax increases.

To see these trends with distance more clearly, in the left panels of Figure 3 we plot the

star formation rate (top panel) and sSFR (bottom panel) as functions of z/zmax, and bin the
data by the AGN luminosity (top) and Eddington ratio (bottom). These plots demonstrate

that the radial variations of SFR and sSFR are dependent on the AGN luminosity and
Eddington ratio, respectively. To visualize and quantify how the radial distribution of SFR

and sSFR vary as a function of increasing AGN luminosity and Eddington ratio, we have

calculated the slope, a, of the correlation between

(s)SFR ∝ (z/zmax)
a, (2)
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(a) (b)

(c) (d)

Fig. 3.— (a) Log (SFRfiber) as a function of z/zmax in increasing L[OIII],corr bins and (b)

the best fit slope in each bin. (c) Log (sSFRfiber) as a function of z/zmax in increasing
L[OIII],corr/σ4 bins and (d) the best fit slope in each bin. At higher AGN luminosities and

accretion rates, galactic star formation becomes more centrally concentrated. The lines
in (a) correspond to the best-fit parameters from SFRfiber = SFRnuclear + SFRdisk, where

SFRnuclear = α (M⊙/yr) ×(L[OIII],corr/1042erg/s)β and SFRdisk is SFRfiber associated with

the lowest AGN luminosity bin (i.e., 40.0 < log(L[OIII],corr < 40.5 dex). From a reduced χ2

minimization, we find α=0.44±0.02 and β=0.36±0.04.
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in each AGN luminosity and Eddington parameter bin. For the linear regression fit, we
weighted the data points by the error in each bin, taken as disp/

√
N , where disp is the

dispersion in the distribution within the bin (half the difference between the 17% and 83%

percentiles) and N is the number of sources per bin. We note that the lowest z/zmax bins
have the smallest number of sources, which results in the associated errors being larger.

The results in the right panels of Figure 3 show the same systematic trend. As the AGN
luminosity increases, the increase in star-formation inside the SDSS aperture becomes smaller

with greater projected aperture size. At lower AGN luminosities, the relationship between
SFR and increasing projected size of the host galaxy is roughly linear, showing that star

formation is distributed over the whole range in radial scales we probe in these host galaxies.

However, at higher AGN luminosities, star formation is predominantly circumnuclear: we do
not see evidence that the SFR increases significantly as the size of region we observe increases

from 1.7 to 3.5 kpc (the physical size of the fiber radius at the median redshifts from lowest

to highest z/zmax bins). Similarly, at high Eddington rates, the negative slope between
sSFR and projected aperture size further suggests dominant circumnuclear star formation:

as the size of the observed region grows, stellar mass is added, but is not compensated by
an increase in star formation.

4. Discussion

These results indicate that circumnuclear star formation associated with AGN activity

(SFRnucleus) only dominates over omnipresent disk star formation (SFRdisk) when the AGN
is very luminous. During such a stage, host galaxy star formation will appear to be centrally

concentrated. Let us assume

SFRfiber = SFRnucleus + SFRdisk, (3)

The star formation in the nucleus is associated with AGN fueling, parametrized by

SFRnucleus = α(M⊙/yr) × (L[OIII],corr/1042erg/s)β. (4)

We use SFRfiber from the lowest AGN luminosity bin, 40.0 < log (L[OIII],corr) < 40.5 dex,
as the omnipresent SFRdisk. We solve equation 3 for all log (L[OIII],corr) > 40.5 dex bins

in Figure 3 (a) simultaneously by minimizing χ2. Here we take the error on each bin to
be disp/

√
N , where disp is half the difference between the 83rd and 17th percentile and N

refers to the number of sources in the bin. We find α = 0.44 ± 0.02 and β = 0.36 ± 0.04,

and plot these fits in Figure 3 (a); the errors represent the 95% confidence interval, where
∆χ2=3.84. These results indicate that star formation associated with SMBH fueling rises
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Our results are consistent with the hypothesis that circumnuclear star formation is
associated with AGN activity and thus dominates over omnipresent galactic disk star for-

mation when the AGN becomes luminous. The dependence of the SFR on SMBH fueling is

sub-linear: on radial scales <1.7 kpc, SFR ∝ Ṁ0.36. This sub-linearity may indicate that
accretion is a “demand” rather than “supply” driven process. Angular momentum trans-

fer through the disk may be relatively inefficient, limiting the accretion rate, regardless of
the amount of fuel provided via stellar mass loss. Remaining material could potentially be

ejected in winds and/or jets, or perhaps accumulate in the obscuring “torus.”
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Physical	
  Implica0ons	
  



Mergers?	
  	
  
– Trigger	
  circumnuclear	
  star	
  forma0on	
  (e.g.,	
  Springel	
  +	
  
2005)	
  	
  ✓



– Not	
  lopsided	
  (Reichard	
  +	
  2009)	
  	
  ✗	
  
– Not	
  luminous	
  enough	
  (Treister	
  +	
  2012)	
  	
  ✗	
  

Bars,	
  bars-­‐in-­‐bars,	
  spiral	
  arms?	
  	
  
– Galac0c-­‐scale	
  star	
  forma0on	
  (Hopkins	
  &	
  Quataert	
  
2010)	
  ✗



Stellar	
  mass	
  loss?	
  	
  
– Recycled	
  circumnuclear	
  gas	
  is	
  radia0vely	
  unstable:	
  
feed	
  BH	
  while	
  triggering	
  SF	
  (Cioq	
  &	
  Ostriker	
  2007)	
  ✓	
  

	
  



Conclusions	
  (ApJL	
  765,	
  33,	
  2013) 	
  	
  
•  Connec0on	
  between	
  AGN/SF	
  on	
  
circumnuclear	
  scales	
  
– Consistent	
  with	
  Kauffman	
  +	
  (2007)	
  &	
  Diamond-­‐
Stanic	
  &	
  Reike	
  (2012)	
  

•  Dependence	
  on	
  AGN	
  luminosity	
  
•  Contrains	
  theories:	
  circumnuclear	
  instead	
  of	
  
galac0c	
  scale	
  SF	
  

•  Sub-­‐linear	
  dependence	
  of	
  SFR	
  on	
  SMBH	
  
accre0on	
  


