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Motivation for study

L uminous, high-redsnift quasars are:

Irect probes of the early universe when the first generations of galaxies and
quasars formed.”

tial for studying the accretion history of BHs, galaxy formation, and
chemical evolution at very early epochs.”



Background info for HRSL Qs

Central BH masses of 10°- 10'°M g

RSL Qs emit near the Eddington limit
dicates rapid growth of central BH

I supersolar metallicity
ed from emission-line ratios
f “vigorous star formation and element enrichment in 1st



nvestigating High-Redshift Luminous Quasars

The study by Jiang et al. seeks to:
Obtain and fit spectra of the quasars
-rest-frame UV emission shifted to NIR- contains strong emission lines
-provides info about “physical conditions and emission mechanisms of the BLR

Use Mg Il emission lines to determine the redshifts of the quasars
etect and fit other individual emission linesin each quasar

ermine emission-line ratios

re gas metallicity in the quasar

etallicity/ abundances with redshift

allicity can confirm vigorous star formation and element enrichment

of the central BHs
h of the central BHs and accretion rates for quasarsin the early

rption systems in quasar spectra
lon --> usually galaxy halos or disks
ity of systems evolves with increasing redshift



Meet the Quasars

I
Six quasars discovered by SDSS, chosen from a paper by Fan et al.

5 quasars observed on Gemini South GNIRS, 1 quasar observed on Gemini
North NIRI

| have extensive follow up in x-ray, Spitzer, millimeter/submillimeter, and

S/IN Gemini data
t NIR coverage from Gemini
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The Data

Spectrain this study have better S/N than previous studies
GNIRS observations of 5 quasars covered wavelengths of 0.9 - 2.5 um
K-band spectrum for single quasar on NIRI, coverage from 1.9 - 2.35 um

Sufficient resol ution/minimum dispersion to separate Mg Il AA2796, 2803
oubl et

or F spectroscopic standard star observed for flux calibration and telluric
rection

s of datareduced using IRAF

Ing, distortion correction, wavelength calibration --> frames
0 extract 1-D spectra

flux calibrated and telluric correction applied from standard stars

spectra scaled to form a single spectrum

alibrated to J-band magnitude, NIRI data scaled to J
ing a power-law continuum slope of a,, = -0.5(f ~ v*)



=
-

= #

ira {||_|-I1" e med

Pz T—Briabiod HH ol | ep =i mlion. s faskinal o
v ke remn L geaners bevesiy peprs . Hagesie heee seripoonexidly '-rll'l e bleewid ! e o e eric] i e smeen e ben, [ SR LR R
noeas e beafto e sowes o coviarneeE T oo, The ol i v et b ol by corgprsoriin. Ton corqarme, wovom febow redilof sorpoaz
i ek e O g @ e D asrmdant o, 0?0 i frrawe b B, wliho i Wy [l el al 1F
wlild ] s e e SR W

'::_': ._'l..i:u.. R o

trafrom GNIRS

—_ e

FTERR O + 0054

'*""““""‘"‘1—-—'-\--—!-\_

~ h STER J O e k"' J
5 ""."F|I| 3 :t

[ ﬂ [W!‘-‘"ﬂ&“_ -

da s . a.l.h.____._a.___r'| =

d
4

S0SY. J1001-0.120 J

==

ISR S ek

'I'I.'i. __“u'.“\_____:l_b_" al

1. i = L
f. | 9 g 4
.H"'"_,.-hi o, -, "l_.':T.'".-:L-.—--- -

. e

ARSI la1i+1217 |

I}':_1] A9 H
]

HIF Sl

08 05 L0 LE 14 1A YE 2O 22

Tavelenaglth [um k\

b 0 i vl b o Gl Sl S L i o s o -

[ L e B e ettt L Dl B R L et L

Spectrafrom NIRI

;" " ma aa
. Ok HOEE sEE AT 1E
a | I L :
'l_ 34 - i 1 Al
sl ] ikl YN, |
:' 1% ! o
= /
é .'-'(-I:F' - - ;:..I... —

L5 I ER 22 21

Novelenglh {pand

P S 5EFEE S9/1AF | WOILLE NI T4 e TR Wil Oyl i
e F g o] B G,

Mg Il emission used for
redshift estimates

Strong telluric absorption
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tral Fit and Emission-Li1ne Measurements

st have to fit and subtract UV Fell emission
-contaminates most of the UV-optical region, blends w/ other linesin the spectrum

Done using a power-law fit to the continuum emission and a model fit to the Fe I
emission - repeat until left with smooth, featurel ess spectrum

Mg Il lines used to determine redshifts
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Continued

continuum:;

TaBRLE 2
Fumatin-l mF Rorer—E:

ral Fit and Emission-Line Measurements

er emission lines (if detected) were also fit after subtraction of Fe |l and power-law
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Emission-Line Ratios

atios used to measure gas metallicity in the quasars

Can track chemical evolution with redshift

Different elements form on different time scales

- C, O, Mg from explosions of massive stars --> rapid enrichment
-N Is 2nd generation element --> slow enrichment

e isprimordial e ement --> abundance changes little with time
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mission-L ine Ratios Continued

n-Line flux ratios are
ed tothe C IV fluxes

ssion-line ratios from quasars
range2.0<z<4.0 and-29.5
<-24.5 are taken from

1.0
et al. (2006) for g | - T |
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stimating Gas Metallicity from Emission- Line
Ratios

Photoionization models show that
emission-line ratios can be used to
estimate gas metallicity of quasars

Use methods of Hamann et al.
(2002) and Nagao et al. (2006) to
estimate metallicity from various
ratios as functions of redshift

Abundances are scaled to latest
solar abundances (Baldwin et al.,
2003)

Metallicity is supersolar ( typically
~47,)

Figure snows no strong evolution
of metallicity uptoz~6



t for understanding chemical
na HRS

n solar neighborhood from Snela -->
hment only on atimescale of 1 Gyr after
itial starburst

ion of elements like Mg dominated by
pesl, Ib, and Ic --> enrichment can
soon after initial burst

g ratio puts “useful constraint
hemical enrichment of the as
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Results are compared to HRS results from Barth
et a., Maolino et ., Freudling et ., and
Iwamuro et a. and LRS results from lwamuro et
a. (2002) and Dietrich et al. (2003)




Central BH Masses

Want to estimate BH masses of HRSL Qs to understand growth of BHs and
accretion rates for quasars in the early universe

BH masses can be derived from broad line emission line widths and
continuum luminosities

In this study BH masses are estimated using equations derived by Vestergaard
Peterson (2006) and McLure & Dunlop (2004):

~ N N
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Central BH Masses continued
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Central BH M asses continued

This means billion-solar-mass BHs formed in < 1Gyr after big bang!!
How could this happen?

seed black holes from Pop Il stars, assume M ~ 10%- 10/M
accretion at the Eddington rate gives mass at timet as M(t) = M, e -wheret=4.5x 108, isradiative efficiency

start with M, =10° My at z=20 --> 1 =4.5x 10" = e-folding time --->15 e-foldings to go from z= 20 to z=6
--> el =3.3x10° -->thenresultisBH massM,=3.3x 10° M,

asar shines at only 1/2 of Eddington limit --> only 7.5 e-foldingsto go from z=20to z= 6 --> e * = 2000
d to form BH with masses of 10°- 10 M, in first Gyr

limited accretion is via standard thin disks, BHs are likely to be spun up and the radiative efficiency and
ale will increase”

ddington accretion or lower radiative efficiency needed to form BHs

accretion rate for which a BH with = 0.1 has Eddington L uminosity
osity - largest value of L that still allows material to fall inward



Mg Absorption systemsat z < 6

e Lookedfor Mg Il AA2796, 2803 absorption systemsin 5 of the 6 spectra

L ooked for Mg Il absorbers with rest equivalent width> 1.5 A for z> 3 and
sorbers with rest equivalent width>1 A at z< 3

ese systems can be detected to 7 ¢ significance at lowest S/N portions of
Spectra

ch for lines w/ separations matching Mg |1 AA2796, 2803 doubl et
K for other emission lines in these systems

und --> redshift and rest-frame Ews are determined



sorption systems at z < 6 continued
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Mg |l absorbers continued
etermining number density of absorber systems

dN/dz =

N

a

> AZ (EW2'%)

a points from Mg |l absorbers at
Ift from Nestor et al., and Prochter

Indicate density doesn’t
Ift, but density of
does increase with

evolution up to z ~
toruleit out and
esults
SAMPLES!

o derived data points from this study

Where X AZ (EW?®) is the redshift path covered by a spectrum
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CONCLUSIONS

X ratios determined for detected emission lines --> ratios do not show
rong evolution with redshift

Gas metallicity determined from emission-line ratios --> metallicity found to
be supersolar --> no strong evolution of metallicity uptoz ~ 6

Fell/ Mg Il estimated --> estimates match low-redshift samples

hese investigations indicate vigorous star formation and element
ichment occurred in the 1st Gyr after the big bang

BH masses determined from C IV and Mg Il emission lines
e In good agreement with other z ~ 6 quasars

M| absorption systems were found --> the
Bl 4.8823 are the most distant absorbers to date
Sto confirm no evolution, but more data



