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~;_ _" The Iargest puzzle of .
cosmclogy Unlverse content

W Atoms
e 4.9%
: Dark
Tt Matter
PRERN 26.8%

Neutrinos

Photons

2 S 13.7 BILLION YEARS AGO
e (Universe 380,000 years old)

® Recent results from Planck:

g These 4.9 % of barionic matter

consists of:

& Neutrinos -

A
.
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Dark ener;gy property as we
Lo knewoitnow:

Fills the Universe uniformly )

f Has negative pressure

Causes the accelerated
expansion of the Universe

Behaves like the
& cosmological constant of
g Albert Einstein

Keeps the Universe precisely

L c
{=15 bifion years)

B Big bang 10 billion years ago 5 billion years ago
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N S0’ - rI studies c_) the forma_tif the ar Scale |
i Structure in the Universe required accelerated expansion

- Peebles et al. (1984) : Omega_Lambda clearly need

-Kof f man et  artherafgk 0.8(B4) :
B COBE mi s s < 08n(e.g. Bunm& Sugiyama 1995)
SNe la; Riess et al. 1998; Perimutter et al. 1998
gl The 2011 Nobel Prize in Physics was awarded to Saul
s Perimutter, Brian P. Schmidt and Adam G. Riess for
S their leadership in the discovery.

Since that time the research in 'dark energy' field
B strongly accelerated.
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I\/Iethod.s .of dark energy
determlnatlen

—

’
SR s - v

o 2 |st of methods:

N . Large Scale Structure
N - BAO (Barion Acoustic Oscillations)
S using galaxies, quasars, or Lyman alpha forest
» Cosmic Microwave Background
3 » Supernovae la
N - Weak gravitational lensing
> - statistical studies
° - Individual sources
» Sunyaev-Zeldovich effect
B . Standard sirens in gravitational waves
g « Gamma-ray bursts
g, - Quasars

B They have different maturity levels.
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I\/Ieasurmg ~the expansmn of t .e
Umversevxﬂth a smgle object

distance

269,

L—,lubble dlag?ﬁ Fodn .. e A e




- Measuring.the expansion of the -
o -Universewathia single ahject

-
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Y 0*PARSECS 2x10® PARSECS
FIGURE 1 ‘

_ Velocity-Distance Relation among Extra-Galactic Nebulae.
‘Original-Hubble paper © .~ "%+ « ss 0 T 0
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So the problem reduces to
determination of the

@8 absolute liminosity NOT [ el
g from the redshift but T SRR N (EE i ‘
e independently . 4k 1 |

& In SN la this happens . - eaplosion e -- ARl
@ since SN la are 'standard JESe. | @R

A andles

ST ’ s, https //www1|n| gov/str/SepOctOB/hOffm/an html

Days afle ; HuH
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Now We have te do the same’f’or quasars "

> .t d o~ . Y ” - ’



Quasar‘..slructure standard

i e 0;
Quasars are extreme cases of
active galaxies.

§ Most of the radiation comes from
accretion of matter onto the
central black hole.

Nuclear emission exceeds up to
1000 times the stellar radiation.

® Nuclear emission is broad band:
& from radio through optical to X
and gamma.

All regular galaxies contain
8 supermassive black holes.

Only large galaxies were
il quasars, others went through a
g period of moderate activity.

Now most galaxies are only
weakly active.

~ Uiry-&- Pad‘ovanl SRR RN

L995 =il

= View -

Black hole

Molecular/dusty
torus

TYPE1

®
D
@

Accretion
disk

TYPE 2

A
®
=% »




.,;;; . Theactiverole of - . |
quasars/actlve gaIaX|es

Active gaIaX|es apparentl shape the evolution of normal galaxies by regulatlon of
4 their star formation rate. Energy production close to a supermassive black hole leads

® to host galaxy irradiation, and mass outflow in the form of a jet or a wind. This in turn
enhances/quenches the blrth rate of new stars. The phenomenon is known as

feedback It was flrst noted in 1998 through a dlscovery of two surprlsmg relatlons

- Boylé and -
" Trelevich
(1998)& L
~Richstone: -

et al. (1998)

L S

2 .M»agqr_‘r’ianjet al. ('1998) plot of the gosm ;,evotutlon‘af quasars

*.'Mbh = '0“005\'2;I\7Ibu|ge" T ; clile Star Formatlon Rate (SFR)



Qua.sars as a tool m
C@smology

uasars arenumerous we know now 187 OOO (DR? + B
DR9IQ; Schneider et al. 2010; Paris et al. 2012) e

a8 Quasars are seen up to redshift 7

Quasars do not show significant evolution with redshift
In their properties

8 SO WHY NOT TO USE THEM TO TRACE THE
8 EXPANSION OF THE UNIVERSE AND THE DARK
B ENERGY ?

8 But quasars are not standard candels. They differ in o
BE luminosity by orders of magnitude. We need a method to [
g determine the luminosity of a given quasar from some
2 observables
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B Dusty Hryniewicz 2013
B Molecular
P [Orus
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" Absoloteduminosity.lls
T BB Theory outlined in

g Czerny & Hryniewicz
1 (2011):

| » Large outflow forms in the region

® Where the disk temperature is

g below 1000 K and allows for dust
&8 formation

T=1000K _

BLACK
HOLE

* =

+ Ouflow is caused by radiation
pressure acting on dust grains

\ OUTFLOWING

vl AR :
s ' s v s+ Far from the disk the dusty clouds
DISK I(f:\llf(l).olgvslNG/OUTFLOWING are irradiated and dust evaporates §
LOU

= . Dustless material looses support
against gravity and falls back

! . Failed wind forms

Fig. 1. The BLR region covers the range of the disk with an effective
temperature lower than 1000 K: the dusty wind rises and then breaks
down when exposed to the radiation from the central source. The dusty
torus is the disk range where the irradiation does not destroy the dust : , B SR g s RV S $)s
and the wind flows out. A e - e g

Bl FRADO - Failed Radiatively Accelerated Dusty Outflow
FRADO means something/somebody rather ugly, dirty etc.
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" Absefute luminosity.llI:

rom Shakura-Sunyaev accretion disk model the disk temperature,
a function of disk radius is

3SGMM
STR3

F(R) =0Tz =

(1)

1.e. assuming that BLR starts at T,y = 1000K, where dust forms in the disk
atmosphere we can obtain this radius R = RpLRr

samym  ?

8o (1000K )4

RprLr =

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

v 1/3

W (.\[.‘\[)2/3(051 (3)

L, =0.91

/3

This gives the know trend with frequency, L, o« v*/°, and for a fixed frequency,

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

{'1,("( i\"(:‘ g{-[h’.txi(\b»
2
Rprr = const L}/- (4)

const contains only known physical/mathematical constants, does not depend

on M or M.




Lmes goul i for. reverb'era‘ti‘cﬁ)n
s t‘hefoptlcal band

i Proper Ilnes to be conS|stent Wlth our BLR — ] s
28l picture, should not show net outflow e iy

Hbeta - nearby objects

Mg Il -intermediate quasars

88 CIv - high redshift quasars ?

This line oes not belongto LIL




Spectroscoplc studles of tJme
delay of Ime vs contlnuum

- .
-
-
-

Tk AstRopitysical Joumnar Lurroks, T40:LAY (Spp), 2011 October X

T &l' - “'(;'f_'”':

e - ’-'-;-Past reverberatum studles
about 40 nea.rby AGN
.. abouglO 2<04 quasars :

~of distant; ob]ects but only' |
T tentatlve detecﬂon' :

. "
Rprr = CONST L,I/“

B Our FRADO model
| solves the problem wh

the distance scales wit
the monochromatic flux
and NOT with the
lonization flux which

1 was a puzzle since many
years!




Spectrescoplc stuelles of tJme

delay of lme vs contlnuum

Rprr = const L,'_/2 F A iy
e SALT Sauthern Afrlean Large
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["Construction similar
# to Hobby-Eberly
Telescope

® 91 mirrors, 1.2 m
each
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' Exemplary SALT spectra. <

F o . % = - ¢ R <
& .. - S . - - - . o -

Spectra are nice but
we need about 5

& spectra per year, for

¥ 5 years, to measure

the expected delay
2 of about 500 days
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' Monitgring progress *
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-
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OGLE photometry + SALT B Results for the ?uasa CTS C30.10 (z 0.9000) -
& spectroscopy 4 for 15 months of data (Modzelewska et al. 2014)

. v - e
- ' ~ - AR

S -
- s

Table 2. Summary table of the fits of Mg II with errors for the template 13 and two Lorentzian components in emission for five individual spectra
obtained with SALT between December 2012 and March 2014.

Obs. Mg II Mg 1I Mgl Mgl Mgl  Mgll Fell Fell
EW L FWHM EW FWHM EW EW L
total fotal comp.l comp.l comp.2 comp.2

A 10 Mergs ' em™? km s~ A kms! A A 107 Mergsem™?

1 25.63:%55 :.952_-%_2)5 2871 1% 17. 1;[}% 34?0%%% 8.5;5;_2; 6.95;?92 D.S:Jjg;gg

2 26517 2.80% 285077 16.97 34387 9.67 5 8.387¢ 0.917535

B 3 & IOy SR . s . o | B S50 831

3 27.457% 2937, 27507 19.77 26367 7.87 10.2175 1.087

| 5o 47093 3 04088°  Sqzniido +18 388 ,:18 Ry ,+830

4 29.47 T "94‘%25 283 G‘H@ 18.3_? ; 3666‘5’8 1 1__B o1 1'30‘8 s 1.1._E H

z +0.3 4 = 0.0 ey ! +1. 5 k: +0. .

5 20.82°033 2.76%%  2728*1% 103710 3338020 105108 1101703 1.03+59°

o ’

- - ) : = . & ~ ; - 5 - .
- . 5 . - x y 3 -n =,
- . -, . : -

¥ The accuracy of the measurement of theM% 1l line is bout2 pe cent. We estimate
that in this caes the measurement error of the time delay will be about 6 per cent, and

the corresponding error in the distance modulus is 0.13 mag. This is comparable to
the SN la accuracy.
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. t|me delay in this source.

3y - > . X - - SR -
" . = - y »
== 2P - . g x ’

t I\/lomt’onng progress -

TR CATALINA Survey OGLE

o i o600 5800 6000 6200 6400 6600

e W JD — 245 0000

We still need a few more . = .7 . ‘Modzelewska®t al. 2014
years to actually measure the §8 RN e R s s R . >

4y

. \
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Possrble sy,stematrc errors — '.
furthermodel development S
medel tests - - work in” progress;

s -5 :
| s The issue of the inclination angle and ways to determlne the inclination

a Cloud dynamics

Teff = 1000 Czerny et el. 2015

s Line profiles as tests of the cloud dynamics

a Global outflow pattern resulting from our FRADO model

a Transition to objects with no broad emission lines at low values of the luminosity
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Spectros.copic stu d |es..
alfernatlve to SALT =

i Advantages and
| disadvantages:

§ © A few thousands of §#
quasars in
{ comparison with
g three in SALT

© Much lower
¥ accuracy; 6 — 10
& percent error in line
SR Mmeasurement in
@ comparison with 2
: percent In SALT




-« Other sky.surveys under way, ... -
aiméd at.distant quasars ~ " .
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«SDSS Reverberation Mapping Project - only six month
& project so far (Shen et al. 2015)

& . OzDES spectroscopic survey (500 quasars for 5 years
iIn 30 deg? of DES Supernova field; King et al. 2015)

. Quasars with Gaia (proft and Wambganss 2015) —

B reverberation will be possible for a small sample



Pure photometﬁc multr,
Chaenel studres

E We also S|mulate now the possrbllltles to use the future LSST (Lar e Synoptlc
§ Sky Survey) Prelrmrnary estimates of the line contrlbutlon to the p otometrlc

Mg II content [%]

C IV content [%]

redshift




Other |deas Io use quasars to_..f"-
traee CostC expansmn |
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» Selection of the exactly Eddington rate quasars

| (Mar2|an| & Sulentic 2013)

< Doing reverberation by the dusty torus in the optical and »

alEd |R (Hoenig 2014, Yoshii et al. 2014)
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\Flrst qu‘\asa'r WIth tentatlvely
measure@l delay from HET .

- M(G) + aX; - BC

-

-~
-~
Il
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H = HACDM

1
'Y

B 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.

Quasar 85 0836+7
HET 7 yr monitoring

3 Kaspi et al. (2007)
8 tau = 595 days

z=2.172

§ Deltamu=+0.39

Our source CTS C30.10:

| tau 260 days (?)
12=0.9

Delta mu = +0.28




s Quasars can be used to determine the expansion
B rate of the Universe, i.e. the cosmological model
g and the dark energy properties

s The accuracy of a single measurement is likely to
be comparable to SNla in spectroscopy

: 1 - The number of available quasars can be larger,
A and the redshift higher than in SNla

8 . They will describe — but not explain — the dark e
8 energy nature but better quantitative measurements i
&% ill provide good starting point e -

e - So far, cosmological constant provides good
g cnough description...

Voo




