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Not dark energy 

Milky Way Andromeda 

Hubble Ultra 
Deep Field 



Although galaxies do have dark 
matter... 

http://www.templeilluminatus.com/photo/awsume-industrial/next?context=user 



The largest puzzle of 
cosmology: Universe content 

Recent results from Planck: 
 
 
These 4.9 % of barionic matter 
consists of: 
 
 
 
Stars        -   0.5 % 
Gas          -   4.1 % 
Neutrinos  -   0.3 % 

We need more 
independent tests to 
believe! 



Dark energy property, as we 
know it now 

Fills the Universe uniformly 
 
Has negative pressure 
 
Causes the accelerated 
expansion of the Universe 
 
Behaves like the 
cosmological constant of 
Albert Einstein 
 
Keeps the Universe precisely 
flat 



Who noticed its presence ? 

80'  - early studies of the formation of the Large Scale 
Structure in the Universe required accelerated expansion 
 
    - Peebles et al. (1984) :   Omega_Lambda  clearly needed 
 
    - Koffman et al. (1993):   ɋȿ  in the range 0.3 ï 0.4 
 
COBE mission:   ɋȿ  < 0.8  (e.g. Bunn & Sugiyama 1995) 
 
SNe Ia; Riess et al. 1998; Perlmutter et al. 1998 
 
The 2011 Nobel Prize in Physics was awarded to Saul 
Perlmutter, Brian P. Schmidt and Adam G. Riess for 
their leadership in the discovery.  
 
Since that time the research in 'dark energy' field 
strongly accelerated.  



How we detect dark energy? 



Methods of dark energy 
determination 

List of methods: 
 
 Large Scale Structure 
            - BAO (Barion Acoustic Oscillations) 
              using galaxies, quasars, or Lyman alpha forest 
 Cosmic Microwave Background 
 Supernovae Ia 
 Weak gravitational lensing 
            - statistical studies 
            - individual sources 
 Sunyaev-Zeldovich effect 
 Standard sirens in gravitational waves 
 Gamma-ray bursts 
 Quasars 

 
They have different maturity levels. 



Measuring the expansion of the 
Universe with a single object 

Hubble diagram 

distance 

velocity 



Measuring the expansion of the 
Universe with a single object 

Original Hubble paper 

distance redshift 



Measuring the expansion of the 
Universe with a single object 

Hubble diagram 

distance 

velocity 

redshift 

Luminosity 
distance 

Usual diagram for SN Ia 



Luminosity distance 

              L_intr        1/2 
D_L = --------------- 
           4 pi F_obs 

So the problem reduces to 
determination of the 
absolute liminosity NOT 
from the redshift but 
independently 
 
 
 
 
In SN Ia this happens 
since SN Ia are 'standard 
candles' 

https://www.llnl.gov/str/SepOct08/hoffman.html 

Now we have to do 'the same' for quasars 



Quasar structure – standard 
view 

~ Urry & Padovani 

1995 

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 
supermassive black holes. 
 
Only large galaxies were 
quasars, others went through a 
period of moderate activity. 
 
Now most galaxies are only 
weakly active. 



The active role of  
quasars/active galaxies 

Active galaxies apparently shape the evolution of normal galaxies by regulation of 
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 birth rate of new stars. The phenomenon is known as 
feedback. It was first noted in 1998 through a discovery of two surprising relations: 

Magorrian et al. (1998) 

Mbh = 0.0052 Mbulge 

plot of the cosmic evolution of quasars 

and Star Formation Rate (SFR). 

Boyle and 

Trelevich 

(1998) & 

Richstone 

et al. (1998)    



Quasars as a  tool in 
cosmology 

 Quasars are numerous: we know now 187 000 (DR7 + 
   DR9Q; Schneider et al. 2010; Paris et al. 2012) 
 
 Quasars are seen up to redshift 7 
 
 Quasars do not show significant evolution with redshift 
   in their properties 
 
 
 
SO WHY NOT TO USE THEM TO TRACE THE 
EXPANSION OF THE UNIVERSE AND THE DARK 
ENERGY ? 
 
But quasars are not standard candels. They differ in 
luminosity by orders of magnitude. We need a method to 
determine the luminosity of a given quasar from some 
observables... 



Absolute luminosity.I. 

Hryniewicz 2013 

Lines are 
delayed 
with 
respect to 
continuum ! 



Absolute luminosity.II. 
Theory outlined in 
Czerny & Hryniewicz 
(2011): 
 
  Large outflow forms in the region 

where the disk temperature is 
below 1000 K and allows for dust 
formation 
 
 Ouflow is caused by radiation 

pressure acting on dust grains 
 
 Far from the disk the dusty clouds 

are irradiated and dust evaporates 
 
 Dustless material looses support 

against gravity and falls back 
 
 Failed wind forms 

 

T = 1000 K 

FRADO – Failed Radiatively Accelerated Dusty Outflow 
   
FRADO means something/somebody rather ugly, dirty etc. 



Absolute luminosity.III. 



Lines good for reverberation 
in the optical band 

Proper lines, to be consistent with our BLR 
picture, should not show net outflow 
 
Hbeta  - nearby objects 
 
Mg II   - intermediate quasars 
 
CIV     - high redshift quasars ? 
 
            This line does not  belong to LIL 



Spectroscopic studies of time 
delay of line vs. continuum 

Past  reverberation studies: 
 
- about 40 nearby AGN 
 
- about 10  z < 0.4  quasars 
 
- 7 distant objects but only 
1 tentative detection 

Watson et al. 2011 

Our FRADO model 
solves the problem why 
the distance scales with 
the monochromatic flux 
and NOT with the 
ionization flux which 
was a puzzle since many 
years! 



Spectroscopic studies of time 
delay of line vs. continuum 

SALT – Southern African Large 
Telescope 
 
 
Poland has 10 % SALT time.   

Our SALT current campaign: 
 
Three z = 1 quasars 



SALT 

Construction similar 
to Hobby-Eberly 
Telescope 
 
Limited movement, 
difficult calibration. 
 
Size: 10-11 m 
 
91 mirrors, 1.2 m 
each 



Exemplary SALT spectra 

Modzelewska  et al. 2014 

Spectra are nice but 
we need about 5 
spectra per year, for 
5 years, to measure 
the expected delay 
of about 500 days 

Modzelewska et al. 2014 

CTS C30.10 



Monitoring progress 

OGLE photometry + SALT 
spectroscopy 

The accuracy of the measurement of the Mg II line is about 2 per 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 Ia accuracy.   

Results for the quasar CTS C30.10 (z = 0.9000), 
for 15 months of data (Modzelewska et al. 2014) 



Monitoring progress 

We still need a few more 
years to actually measure the 
time delay in this source. 

500 days ? 

Modzelewska et al. 2014 



Possible systematic errors –  
further model development – 

model tests - work in progress 
   The issue of the inclination angle and ways to determine the inclination 
 
   Cloud dynamics 

 
 
 
 
 
 
 
 
 
 
 
 
 
  Line profiles as tests of the cloud dynamics 

 
  Global outflow pattern resulting from our FRADO model 

 
   Transition to objects with no broad emission lines at low values of the luminosity 

Czerny et al. 2015 



Unexpected problems 

HE 0435-4312 

Modzelewska et al., in preparation 



Spectroscopic studies: 
alternative to SALT 

LAMOST spectroscopic survey telescope in China 

Advantages and 
disadvantages: 
 
 

 A few thousands of 
quasars in 
comparison with 
three in SALT 

 
 Much lower 

accuracy; 6 – 10 
percent error in line 
measurement in 
comparison with 2 
percent in SALT 



Other sky surveys under way, 
aimed at distant quasars 

  
SDSS Reverberation Mapping Project  - only six month 

project so far (Shen et al. 2015) 
 
  OzDES spectroscopic survey (500 quasars for 5 years 

in 30 deg2  of DES Supernova field;  King et al. 2015) 
 
  Quasars with Gaia (proft and Wambganss 2015) – 

reverberation will be possible for a small sample 
 

 
 



Pure photometric multi-
chanel studies 

We also simulate now the possibilities to use the future LSST (Large Synoptic 
Sky Survey). Preliminary estimates of the line contribution to the photometric 
chanels. 



Other ideas to use quasars to 
trace cosmic expansion 

 
  Selection of the exactly Eddington rate quasars 

(Marziani & Sulentic 2013) 
 
  Doing reverberation by the dusty torus in the optical and  

IR (Hoenig 2014; Yoshii et al. 2014) 
 



First quasar with tentatively 
measured delay from HET 

Figure from Betoule et al. 2014 

Quasar S5 0836+7 
 
HET 7 yr monitoring 
Kaspi et al. (2007) 
 
tau = 595 days 
 
z = 2.172 
 
Delta mu = + 0.39 
 
 
Our source CTS C30.10: 
 
tau 260 days (?) 
 
z = 0.9 
 
Delta mu = +0.28 



Summary 

 
 Quasars can be used to determine the expansion 

rate of the Universe, i.e. the cosmological model 
and the dark energy properties 
 
 The accuracy of a single measurement is likely to 

be comparable to SNIa in spectroscopy 
 
 The number of available quasars can be larger, 

and the redshift higher than in SNIa 
 
 They will describe – but not explain – the dark 

energy nature but better quantitative measurements 
will provide good starting point 
 
 So far, cosmological constant provides good 

enough description... 


