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Role ef qU'aears |n Cosmelo‘gy

.

ol Actlve role quasars affee,t thegal'axy '
formatlon b L 1 f. Y

-8, Pass:ve r“ole qu'asars can be used -
.tostraee the' expansmn hlstory of the

Unlverse e



Quasars..— thelr place |n the
| Unlverse g

B -Quasars are distant/bright subclasof

2l Active Galactic Nuclei

*Only 1 in a milion of normal galaxies is a

B quasar but all galaxies went through some
™ AGN activity stage at some point

BN - AGN activity is a non-stellar radiation due |8
S to material generously falling into the

88 central black hole
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Magorrin et a. ;
E Mbh = 0.0052 Mbulge

,,\
=

It implies the existence
of the mechanism
g regulating the common
g growth of a galaxy and a
| central black hole.
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o ol = Nowadays mostly in M-
Myuige/ Mo B sigma relation form.
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Central black hole and host
galaxy coexstence

: °MaSS|ve Central black holes are in aII
= galaxies

 In most galaxies the activity is low (e.g. Sgr § .

B A" in the Milky Way) but there is no strict
B border between AGN and non-active
B galaxies

*Thus again BH and galaxies likely evolve
& together
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1 B (1998) - the plot of the
B cosmic evolution of

B quasars and Star

g Formation Rate (SFR).

f Also Richstone et al.98
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Most recent .versmn of quasar-.-
SFR cd‘evolutlon-plot .
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Cosmologlcal S|mulat|ons
“need AGN mput

lurninosity

welght

ed
L —

"(_)the-r 'és-péé'ts: =

i 2013)

Slmulatlons by McCarthy

@ ct al. based on

OverWhelmingly Large

B Simulations project.
B Without (REF) and with
AGN input.

g% Black histogram: data
& from Loubser et al. 2009

@

galaxies in®rease in size .’

| -with time but their masses

do-not grow —AGN induced"
puffs up‘shlbashl etal. .

*Too many.stars, . .»
* Wrong shape of
lumipeosity fumction -
- **C galames too

o massiver. . .



In generaL the AGN feedback;.‘_
| |s*requwed =

e

o In clusters of galaxies (to stopthe -

=8 cfficient cooling flows)

B group structure through regulation of

B -1 groups of galaxies (to control the

e 0as mass fraction)

B -In individual galaxies to control the star §
g formation and cold gas and provide M- |
B sigma relation
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Qua.sars asa to I
cesmology
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b © Quasars are numerous
B « Quasars are seen up to redshift 7
B - Quasars do not show significant evolution
g with redshift in their properties

Y '.- SO WHY NOT TO USE THEM TO TRACE

=% THE EXPANSION OF THE UNIVERSE AND ..'.-
¥ THE DARK ENERGY ?




The Iargest puzzle of
cosmo[ogy-g Unlverse content

Atoms
4.9%

Dark
Matter

26.8% B Recent results from Planck:

8§ These 4.9 % of barionic matter
consists of:

Neutrinos Dark M Stars - 0.5 %
10% Matter SR8 Gas - 4.1 %
63% B Neutrinos - 0.3 %

Photons
15%

Atoms

12% - 3 :
13.7 BILLION YEARS AGO : i~

i e 380,000 years old)
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Measurmg the expansion of
the Uni\ier!se with a smgle
ObjeCt s '

; ¢
F : --
- -" ;
5 &
0® PARSECS 2210° PARSECS =2
FIGURE 1 : 5
Velocity-Distance Relation among Extra-Galactic Nebulae. e

- Or/glna/Hubb/epaper Sal .,.--’ i s



Measurmg the expansion of
the UniVErSe with a smgle
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Lummo'slty dlstance

So the problem reduces to g
determination of the '
ape absolute liminosity NOT
s from the redshift but
; independently

B8 |n SN la this happens 0 R -
# since SN la are 'standard S - 20 e

candles

L T R, __. https //www IInI gov/mr/SepOctOS/hoffmﬁn html

..""- o ™ ’ -

Now we have to do 'the same"f’or quasars




= & + -.l

* Absolute luminosity.l." <

- -

T e Dusty Hryniewicz 2013
I Molecular

Accretion oo
Disc ok o
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" Absolute-luminosity.Il” <

-

T Theory outlined in
£ Czerny &
j Hryniewicz (2011):

+ Large outflow forms in the
~ region where the disk
BLACK I @ temperature is below 1000
oS 4t %w KK and allows for dust
® | e formation

* Ouflow is caused by

\ OUTFLOWING 8 radiation pressure acting on

ACCRETION \ e dust grains

L
DISK INFLOWING/OUTFLOWING

CLOUDS \ B > Far from the disk the dusty
\ 8 clouds are irradiated and
| il dust evaporates

Fig. 1. The BLR region covers the range of the disk with an effective . 3 DUStleSS material IOOSGS

temperature lower than 1000 K: the dusty wind rises and then breaks 3 - :
. down when exposed to the radiation from the central source. The dusty _ Su port agalnSt graV|ty and
B torus is the disk range where the irradiation does not destroy the dust [ fal S back
and the wind flows out.

4 Failed wind forms
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1akura-Sunyaev accretion disk model the disk temperature, 1oy, as
a function of disk radius is

3SGMM

4
ER) =oler = —g pa

(1)

Le. assuming that BLR starts at T,.rr = 1000/K, where dust forms in the disk
atmosphere we can obtain this radius R = RprRr

1/3

ho__ 3GMM
BLE = Q6 (1000K )

(2)

1.e. depends on the black hole mass, M and accretion rate, M. But again from
Shakura-Sunyaev accretion disk model the monochromatic lnuminosity trom the
whole disk at a fixed frequency is given by

v 1/3

10557, (MM )2 cosi (3)

L, =0.91

This gives the know trend with frequency, L, o /3, and for a fixed frequency,

v, combined with Eq.™ reproduces the result known from reverberation of nearby

active galaxies

Rprr = const Li,’/z (4)

const contains only known physical /mathematical constants, does not depend
on M or M.




Llnes gQQd.for reverberatlon
m t‘he-xoptlcal band
i Proper Ilnes to be conlstetW|th our =
M picture, should not show net outflow LA

; '_ Hbeta - neraby objects

® Mg Il - intermediate quasars ]
'_;7‘-:'."_"' CIV - high redshift quasars ? ':'-';.‘.

This line does not belong to LIL
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Spectrosco

~.delay of Ilne'--_vs contlnuum

WATSON ET AL.

NGCSS4E @
¢

NGC 3516 6;’({( *
-
. /N'ﬁ'_ 327
h

NGC 7469

NGC 4051 @ /‘

s
L~

log(ratio)

0.001 0.01 0.1
Redshift (z)

Figure 2. AGN Hubble diagram. The luminosity distance indicator £ /+/F is plotted as a function of redshift for 38 AGNs with HA lag measurements. On the right
axis the luminosity distance and distance modulus (m — M) are shown using the SBF distance to NGC 3227 as a calibrator. The current best cosmology (Komatsu et al.
2011) is plotted as a solid line. The line is not fit to the data but clearly follows the data well. Cosmologies with no dark energy components are plotted as dashed and
dotted lines. The lower panel shows the logarithm of the ratio of the data compared to the current cosmology on the left axis, with the same values but in magnitudes
on the right. The red arrow indicates the correction for internal extinction for NGC 3516. The green arrow shows where NGC 7460 would lie using the revised lag
estimate from Zu et al. (2011). NGC 7469 is our largest outlier and is believed to be an example of an object with a misidentified lag (Peterson 2010).

(A color version of this figure is available in the online journal.)

Past reverberatlon st dles

- about 40 nearby AGN

i abouL1O z<04 quasars

+.7 distant, obJects but only
-1 detectlon

1'/

Watsn et aI 201 1
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Spectrescoplc studles of tJme
delay ef Ime vs contmuum

8 R — const

1/
L

z SALT Southern Afncan Large
Telescope e ;

e Poland ha§ 10 % SAL ttlme ¥
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' Exemplary SALT spectra

L
- o e -

8 Spectra are nice but
we need about 5
@ spectra per year, for
g4 5 years, to measure
the expected delay
W of about 500 days
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Hryniewicz et al. 2014
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: Advantgs an
disadvantages:

© A few thousands
@ of quasars in
{ comparison with
three in SALT

© Much lower
8 accuracy; 6 — 10
& percent error in line
SN measurement in
g comparison with 1
¥ percentin SALT
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Pure photometnc multh- 3 .
- chanel studles "

R We also S|mulate now the pOSS|b|I|t|es to use the future LSST (Large Synoptlc Sky |
§ Survey). Prellmlnary estlmates of the line contribution to the photometrlc chanels.

-
)]

(&)

Mg II content [%]
)

C IV content [%]

redshift




Other rdeas to use- quasars to
trace cosmlc expansron

| Selectlon of the exactly Eddlngton rate quasars (Mar2|an| "y
| & Sulentic 2013) |

Bl ° Doing reverberation by the dusty torus in the optical and

IR (Hoenlg 2014; Yoshu et aI 201 ,
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"JF lrst quasaf with tentaﬁvel .
‘measured delay- from HET .

b Quasar S5 0836+7
HET 7 yr monitoring
Kaspi et al. (2007)

M tau_rest = 595 days

R Z=2172
i Delta mu = + .9

Fig. 8. Top: Hubble diagram of the combined sample. The dis-
| tance modulus redshift relation of the best-fit ACDM cosmol-
ogy for a fixed Hy = 70kms™' Mpc~! is shown as the black
line. Bottom: Residuals from the best-fit ACDM cosmology as
a function of redshift. The weighted average of the residuals in
logarithmic redshift bins of width Az/z ~ 0.24 are shown as

black dots. oy g
. 3 . o5 E . : - i e 2 14 = ! #



2 - Quasars are |
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mportant ingredients of the Universe &8

B - Quasars can be used to determine the expansion

rate of the Universe, i.e. the cosmological model
and the dark energy properties

s They will describe — but not explain — the dark

g energy nature but better quantitative measurements
4 will provide good starting point

= So far, cosmological constant provides good
enough description...
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