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Introduction

* Why High Redshift Quasars?
» Quasars are energetic sources in the universe
* A unique sample to study formation of the first supermassive black holes (SMBHs)

* Properties of High Redshift Quasars
« Compared to low redshift quasars,
* No evolution in UV/optical spectra
« Larger fraction of dust poor hosts
* Existence of SMBHs with 1080 M_ 10%]
« Higher Eddington ratio of A 4~ 1
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Introduction

* Theoretical Challenge for SMBH Formation
« Time requirements for growing to 10° M, SMBH
* 0.8 Gyr for seed BH of 100 M, with Agyy="1
* But only 0.5 Gyr from the first formation of seed BH (z~10) to z~6
* To solve this problem,
* Super-Eddington accretion (A\;44>1) of stellar mass (~100 M,,,) BHs
« BH growth from massive seed BHs with 104° M,
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Introduction

* For Testing the Scenarios,

» Understanding intrinsic A 4 of High-z quasars is required

* Intrinsic Ayq distribution of z~6 quasars (Willott+10)
« Using 17 bright quasars (L, > 1047 erg s7') = log Agygg = -0.22 £ 0.30 dex (black line)
* Biased sample toward luminous ones!

* Extending the luminosity range is required
« Low Agyqq quasars (L, =10%->47 erg s-') are discovered at z~6.5 (Mazzucchelli+17)
* Possible L, -Agyqq coOrrelation found at low redshift
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Introduction

«IMS J2204+0112

« One of the low luminous quasars at z~6 (Kim+15)
* M,450=-23.99 mag, z=5.926
 Supported by K-GMT Science Program by KASI (PID: gemini_KR-2015A-023)

« A good starting point to see the BH growth of quasar population at z~6
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Observation

* Magellan/FIRE Observation (Sep. 2015)
* Magellan Baade 6.5 m Telescope at Las Campanas Observatory, Chile
* Folded-port InfraRed Echellette (FIRE)

 Technical Description
* Focus on C IV A1549, instead of Mg Il A2798
* Longslit observation at A < 12,000 A e —
- Resolution: R,~500 (600 km/s) OSE@) —mmwapmam A 1
* Exposure Time
« 26 sequences of 908.8s (~6.7 hrs)
« Use 20 frames (~5.0 hrs) with seeing < 1"
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Spectral Modeling

* Continuum Components
* Non-stellar power law + Balmer pseudo-continuum
* ap = —1.121573
*log(Lpo/ergs™) = 46.217912 "2~ (
*C IV Line Measurement

» Single Gaussian Fitting
« Acry = 1540.32131% A, FWHMpy = 904671302 km s~ !
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Black Hole Mass (Mg, c\v)

*Using FWHM,, + L35, as a Mg, estimator
« Assuming virial motion of CIV emitting gas

loo Mpncrv) 1] L350 [ FWHMcyy |\’
o5 M i o8 1044 erg s—1 1000 km s—!

- Various Assumptions Considering Uncertain Mg, ,, Measurements
* Simple viralized gas with y=2
* log Mgy crv = 9.27-9.55 (Vestergaard+06; Jun+15; Park+17)
» Considering non-virial components with y=0.5
* log Mgy civ = 8.72 (Park+17)
* FWHM(,, correction with CIV blueshift (v, )
* log Mgy civ = 9.05-9.27 (Coatman+17; Jun+17)

* Instead of FWHM(,,, using line dispersion (o, Or o)
° lOg MBH,CIV = 8.59 (Park+17)

= We use a weighted-mean Mg, value (10209041 M_ ) as a proxy!




Eddington Ratio (Agy,)

* Aegqg Measurements

* For IMS J2204+0112, Aggq = 0.11
* Only chance of 0.03% (3.50) with the intrinsic Agyq distribution from Willott+10
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Eddington Ratio (Agy,)

- Comparison with Low Redshift Counterparts
 For completeness, scaling with quasar luminosity function (QLF)

10,000 sets of luminosity-matched z~2 quasars from Shen+11
« Comparable (CIV) or larger by 0.42 dex (Mgll)
* Considering small number (7) of CIV, we concentrate on Mgll-based sample

[ - C3z=6 7 _ C3z=6
15_ ClV-based C32=2 1 Mgll-based 03 2=2
-0.5940.43
- 1 -0.17+ 0.53
10 + —+ .
Z L 4 4
| -0.58+£0.55
St r0.58+023 T N
0 I ; /|/ ---L:J.u__ I




Low A; 4 for z~6 Quasars?

e Intrinsic A;y4 Distribution of Quasars at z~6 -
- 2D Fitting for density map on Mgy,-L,, plane "' :

« 21 observed quasars
« Mock 10 quasars
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Low A; 4 for z~6 Quasars?

* Intrinsic A,y Distribution of Quasars at z~6
* Best-fit Parameters:
* Peak of log(Agqq) = —0.707 540 with dispersion of 0.35%0%2 dex

*Inclusion of IMS J2204+0112 reduces Ay, at z~6
*log(Agqg) = -0.22 + 0.30 dex (Willott+10) = log(Agyy) = -0.70 + 0.35 dex
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Low A; 4 for z~6 Quasars?

* Intrinsic A4 Distribution of Quasars at z~2
» For z~2 luminosity-matched quasar sample,
» Generate Density map of the z~2 quasar sample
* Peak of log(Agqq) = —1.057332 with dispersion of 0.40%)15 dex
* But Ay at z~6 is still slightly higher (0.35 dex) than Ay, at z~2
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Implications for SMBH Evolution

*Low A4y for z~6 Quasars?
« Significantly worse situation if Agyy = 0.2

* For stellar mass seed BHs (100 M,,,),
l—€e)t—t
Mgnu(t) = Mpuo * (33{1}[)"E+1:1f]3l11y[ ) .
LEdd
log Mpno + loge x 10 X Agad fouy = 9

Ardd fDuy = 1.6

* For Agqq = 3, fpuy = 0.53, inconsistent with the intrinsic Agyq distribution
* Episodic high super-Eddington accretion (Ag4q > 10) with fp,,, << 0.1
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Implications for SMBH Evolution

*Low A4y for z~6 Quasars?

* For heavy seed BHs (10> M),
* Reduce accretion time scale by factor of 2 (~2.3 Gyr for Agy4y = 0.2 with fp,, = 1.0)

» Eddington-limited accretion until z~7 and then reduces to Ay ~ 0.2
when cold gas flows feed the massive seed BHs (Di Matteo+12; Smidt+17)

* Possible cosmological gas density evolution as (1+z)3 (Di Matteo+12; De Graf+12)
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Summary

*IMS J2204+0112: The Lowest A 4 Quasar at z~6

* Deep NIR spectroscopy with FIRE on Magellan 6.5 m Telescope
* hABFLC“/:: ’lCﬁi1 hA Lb0|:: 1()462 EH1; 5_1’;KEdd ::().11

sun/

* The lowest Eddington ratio quasar at z~6

* Intrinsic Ay, Distribution of z~6 Quasars
* Inclusion of IMS J2204+0112 (M,,450<-24 mag) reduces the intrinsic Agyy
* But still slightly higher (0.35 dex) than z~2 quasars

* Possible Scenarios for the Formation of First SMBHs
- Episodic super-Eddington ratio accretion (Agyy >10) with Mgy, ¢0eq=100 Mg,
* Aegq~1 accretion until z~7 and then reduces to Agyy~0.2 with Mgy, .oq=10> Mg,




