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Observations of early black holes – some warnings

- Observationally focused

- Only scratch the surface and likely 
influenced by my own biases

- Main ideas, pointing to more 
literature and some anecdotes
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Observations of early black holes – three lectures

1.- Introduction to AGN and Quasars

2.- Quasars in the first billion years: 
What we knew before JWST

3.- JWST insights into Quasars in the 
early Universe
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Quasars in the first Gyr: What we knew before JWST

- Historical Overview – Redshift frontier

- Key pre-JWST observational results

- Key open questions



Most distant galaxies known pre-JWST
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z=8.7

Zitrin+ 2015

z=11.0

Oesch+ 2016



Most distant galaxies known pre-JWST
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z=8.6 candidate

Bunker+ 2013

Even confirmation is hard!

5 hours VLT and 11 hours Subaru



Most distant galaxies known pre-JWST
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Even confirmation is hard!

Vanzella+ 2014



Quasars are bright! 
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z=7.54 „Pisco“ 
quasar

Bañados+ 2018a

Multiwavelength is key
• X-ray: Hot corona/jets
• UV/optical: accretion disk
• Mid-infrared: hot dust
• Far-infrared: cold dust/ISM
• Radio: jets

z=7.54 quasar
Bañados+ 2018b

X-rays
See also 
Connor, EB+ 2019, 2020, 2021
Vito+ 2021 (incl. EB)
Wang+ 2021 (incl. EB)
Zappacosta+2023



Quasars are bright! 
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!

TheAst rophysical Journal , 785:154 (22pp), 2014 April 20 Leipski et al .
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Figure 2. Schematic representation of the components used for SED fitting. As
an example, we use the observed photometry of the z= 5.03 QSO J1204−0021.

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

The rest frame UV/optical and infrared SEDs of these
10 objects can be fitted well with a combination of these 4
components. The best fitting model combinations are shown
in Figure 3 and Table 6 summarizes some basic properties
determined from the fitting. Using these fits we also determine
the relative contributions of the different components to the total
infrared SED. For this we combine the dust component in the
NIR and the torus model, both of which are likely to be powered
by the AGN. We compare this AGN related emission to the
additional FIR component and show their relative contributions
to the total infrared emission as a function of wavelength in
Figure 4. We see that in the presence of luminous FIR emission
(LFIR ∼ 1013 L⊙), this component dominates the total infrared
SED at rest frame wavelengths above ∼ 50 µm for all 10 objects.
This means that in such cases of strong FIR/ submillimeter
emission, rest frame wavelengths 50 µm isolate the additional
FIR component without the need for full SED fits (at least
in our modeling approach). The possible heating source for
the additional FIR component (AGN versus star formation) is
further discussed in Section 4.4.

We also extend a similar SED fitting approach to objects
with fewer Herschel detections. In cases where two PACS
detections are available (nine sources), these data provide
sufficient constraints for the torus model, while the upper limits
in the SPIRE bands (and in the millimeter where available; see
Table 4) limit the contribution of the additional FIR component
(fixed to a temperature of 47 K). These fits are presented in
Figure 5 and some basic properties derived from the fitted
components are presented in Table 6. From this table we use the
UV/optical luminosity and the AGN-dominated dust luminosity
to show that the ratio of the AGN-dominated dust-to-accretion
disk emission decreases with increasing UV/optical luminosity
(Figure 6). This behavior may reflect the increase of the dust
sublimation radius for more luminous UV/optical continuum
emitters (e.g., Barvainis 1987) which, under the assumption of a
constant scale height, is often explained in terms of a decreasing
dust covering factor with increasing luminosity in the context
of the so-called receding torus model (Lawrence 1991).

The measured FIR fluxes for our 10 FIR-detected objects fall
only moderately above the 3σ confusion noise limit (Table 5).
Thus, the photometric upper limits for the nine FIR non-
detections (i.e., only detected in PACS) yield upper limits on
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Figure 3. SEDs of the 10 quasars detected in at least four Herschel bands. The
plots shows νFν in units of erg s−1 cm−2 over the rest frame wavelength. The
colored lines indicate the results of a multi-component SED fit as described
in Section 4.1. They consist of a power-law (blue dotted), a blackbody of
T ∼ 1200 K (yellow dash-dotted), a torus model (green dashed), and a modified
blackbody of ∼ 47 K (see Table 6; red long dashed). The black solid line shows
the total fit as the sum of the individual components.

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

LFIR that do not differ significantly from the detection on an
individual basis (Table 6). Further constraints on the average
FIR properties of the PACS-only sources are provided by a
stacking analysis as presented in Section 4.4.

4.2. The SEDs at λrest < 4 µm

For two-thirds of the sample, the upper limits in the Herschel
observations do not provide strong constraints to MIR or FIR
components to allow full SED fitting. We therefore chose to
limit the fitting to rest frame wavelengths corresponding to the
MIPS 24 µm band (∼ 3–4µm rest frame) and shorter where
the majority of the sources is well detected. For these data we
fit a combination of a power-law in the UV/optical and a hot
blackbody in the NIR. To minimize the influence from emission
lines (e.g., Lyα, Hα) and the small blue bump on the fitted
power-law slope, we limit the data points to Spitzer bands at
λobs 5.8 µm and only using the y-band photometry in the
rest frame UV. In those cases where no y-band photometry is
available (five objects), we use the z-band instead. For selected

10

¾

z=7.54 „Pisco“ 
quasar

Bañados+ 2018a

Rest-frame 
UVMultiwavelength is key

• X-ray: Hot corona/jets
• UV/optical: accretion disk
• Mid-infrared: hot dust
• Far-infrared: cold dust/ISM
• Radio: jets
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Outline

• Discovery and demographics

• SMBH → ~pc scales

• Galaxy / Close envs. → ~kpc scales

• Environments /IGM → ~Mpc scales

• Obscured quasars/AGN?
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2000 - The first quasar in the first Gyr of the Universe

Eduardo Bañados



2006 – First SDSS sample of z~6 quasars
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~2009 

Extragalactic seminar – Assignment: 
30 min talk sumarising this recent review
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~2013-2014
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2018
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Motivation for this lecture

2006 2023
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Fan, Bañados & Simcoe 2023
ARA&A 61, 373

- Unobscured quasars at z>5.3
- IGM studies based only on quasars
- Status of the field pre-JWST



Outline

• Discovery and demographics

• SMBH → ~pc scales

• Galaxy / Close envs. → ~kpc scales

• Environments /IGM → ~Mpc scales

• (Obscured and jetted quasars/AGN?)

Eduardo Bañados



Quasar selection
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Quasar selection
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M L T

Stars



Finding the quasars in the haystack
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Very rare
~<1 Gpc-3 at z=7 

→ ~<1 per 100 deg2

Schindler, Bañados+2023
Matsuoka+2023

Overwhelming amount of
contaminants

Dusty z~2 
galaxy

T dwarf

z=7.5 quasar 



Finding the quasars in the haystack
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Fan+2000



Finding the quasars in the haystack
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Stripe 82
CFHQS
UKIDSSSDSS

Fan+ 2000-2006
Jiang+ 2008-2009
Willott+ 2007-2010



Finding the quasars in the haystack
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The search for quasars in the first Gyr

Fig. 1
Fan, Bañados, Simcoe 2023
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The search for quasars in the first Gyr

Fig. 1
Fan, Bañados, Simcoe 2023
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The search for quasars in the first Gyr

Fig. 1
Fan, Bañados, Simcoe 2023

SDSS
PS1

HSC/DELS
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The search for quasars in the first Gyr

~50% of all quasars
~90% of bright quasars

(Mostly)

Pan-STARRS1, 
DES, DECaLS

HSC
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Reionization-era quasars

Fan+06 ARAA review Fan+23 ARAA review [draft]



>500 Reionization-era quasars
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Database with 
properties published 
with the review

Coordinates, redshifts, UV 
magnitudes, Black Hole 
Masses, references …

Fig. 3
Fan, Bañados, Simcoe 2023

~300 at z>6
8 at z>7
3 at z>7.5
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Identifying and confirming quasars is not trivial
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Identifying and confirming quasars is not trivial

Recent claim of a new z~7.5 quasar
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Identifying and confirming quasars is not trivial

Recent claim of a new z~7.5 quasar

It’s an asteroid! 
(#43838) 1993 FW49

Bosman, Davies & Bañados 2023



Quasars at the reionization frontier
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Wang+ 2021 (incl. EB)

Bañados+ 2018

Yang+ 2020 (incl. EB)



What does it take to make a Pisco Sour?
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What does it take to make a Pisco Sour?
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In 2016 … testing Magellan telescope capabilities



What does it take to make a Pisco Sour?
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Who wants to observe with me?

(observations in ~1 month)



What does it take to make a Pisco Sour?
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~5 am of the last night … a new redshift-record was born …



What does it take to make a Pisco Sour?
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Slide from 
Xiaohui Fan



Pisco sour time
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Wikipedia page in <1 hour

Eduardo Bañados



I never said this
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>500 Reionization-era quasars
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Database with 
properties published 
with the review

Coordinates, redshifts, UV 
magnitudes, Black Hole 
Masses, references …

Fig. 3
Fan, Bañados, Simcoe 2023

~300 at z>6
8 at z>7
3 at z>7.5



Outline

• Discovery and demographics

• SMBH → ~pc scales

• Galaxy / Close envs. → ~kpc scales

• Environments /IGM → ~Mpc scales

Eduardo Bañados



Quasars look the same across cosmic time

Eduardo Bañados

Composite spectra at 
z~2, z~6, and z~6.6

No evolution of the Broad Line Region 
metal enrichment up to z~7.5

*See also Schindler+2020 (incl. EB), Onoue, Bañados+2020

Fig. 5
Fan, Bañados, Simcoe 2023
Adapted from Yang+2021



The growth of supermassive black holes
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All MgII-based black hole mass 
measurements at z>5.9 

Eddington ratios 0.08 – 2.70
Mean: 0.92
Median: 0.79

Fig. 6
Fan, Bañados, Simcoe 2023



What were the “seeds” of supermassive black holes?
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M87

0

13.7…

…

Fig 7.
Fan, Bañados, Simcoe 2023
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Mass growth of a black hole

HOMEWORK:
Derive the following equation:
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M87

0

13.7…

…

Seed 
formation 
models

Fig 7.
Fan, Bañados, Simcoe 2023

What were the “seeds” of supermassive black holes?



Outline

• Discovery and demographics

• SMBH → ~pc scales

• Galaxy / Close envs. → ~kpc scales

• Environments /IGM → ~Mpc scales
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Quasar as a phase of a galaxy
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Quasar as a phase of a galaxy
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23/06/2016% %Distant%quasars%and%their%host%galaxies,%Fachbeirat%MPIA%%! %%Bram%Venemans%

ProperQes%of%z>6.5%quasar%host%galaxies%
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Häring & Rix 2004
Kormendy & Ho 2013

Local black hole – bulge mass relation
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Habouzit, Onoue, Bañados+2022

Simulations diverge 
at high redshift

BLACK 
HOLES 
GROW FIRST

GALAXIES 
GROW FIRSTLo

g 
M

B
H
/M

G
A

LA
X

Y

Redshift

What came first, black holes or galaxies?

Observational test: In which galaxies do black holes live?



Where is the stellar light in z>6 quasars?
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Extremely hard in the UV/Optical even with HST

Quasar PSF model Quasar - PSF

Mechtley+ 2012

See also Decarli+2012



Quasar host galaxies
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• No stars seen yet - we need JWST

• With ALMA and NOEMA we can observe the host :

• Dust continuum

• Interstellar medium (ISM) lines: [C II], [O III], CO, …

Quasar spectral energy dist ribut ion

accret ion

disk (BLR)

torus

host  

galaxy

dust  &

ISM lines

ALMA

NOEMA

F
lu

x

Leipski+2014

Why radioastronomy?
Radioastronomy plays an essential role in modern-day astrophysics and is a key 

complement to optical astronomy. Compared to optical astronomy, which is 

sensitive to the hot universe (stars are generally a few thousand degrees Celsius), 

radiotelescopes that operate in the millimet er wavebands, such as the Plateau de 

Bure observatory, probe the cold universe (around -250 degrees Celsius).

Millimeter radioastronomy is therefore able to:

●   detect star formations hidden behind clouds of dust mak ing them invisible to 

optical telescopes

●   identify interstellar molecules and study cosmic dust , key elements of star and 

galaxy formation

●   observe galaxies and quasars a t the outer limits of the universe

●   help us understand the evolution of the universe

Plateau de Bure

2012

x12
NOEMA 

NOEMA a new telescope to explore the invisible universe

NOrthern Extended 

Millimeter Array

JWST

The host galaxies dominate at rest-frame FIR
• Dust continuum
• Interstellar medium (ISM) lines: [CII], [OIII], CO, …



First [CII] on a z>6 quasar. - 2005

Eduardo Bañados

L52 R. Maiolino et al.: First detection of [CII]158 µm at high redshift: vigorous star formation in the early universe

using the bright C+ emission line, when redshifted into submil-

limeter atmospheric windows, was proposed by Petrosian et al.

(1969), and further discussed by Loeb (1993), Stark (1997) and

Blain et al. (2000). However, [CII] has so far only been de-

tected in local galaxies (z < 0.1) from space and airborne ob-

servatories (e.g. Luhman et al. 2003), while all the searches for

C+ at higher redshifts have been unsuccessful. Deep searches

for C+ were carried out in z > 3 infrared luminous galaxies

and quasars having massive reservoirs of molecular and neu-

tral gas detected in CO emission lines. Specifically, C+ was

searched for in the z = 3.13 damped Lyα absorption system

towards PC 1643+4631A (Ivison et al. 1998), the z = 4.12

quasar PSS 2322+1944 (Benford et al., in prep.), the z = 4.69

quasar BR 1202−0725 (Isaak et al. 1994; van der Werf 1999,

Benford et al. in prep.), a z = 4.92 lensed galaxy in the cluster

CL 1352+62 (Marsden et al. 2005), and the z = 6.42 quasar

SDSS J1148+5251 (Bolatto et al. 2004, the same object dis-

cussed here).

In this letter, we report the detection of C+ in

J114816.64+525150.3 (hereafter J1148+5251) the most dis-

tant quasar known whose redshift of 6.42 puts it at the end

of the epoch of re-ionization (Fan et al. 2003). Millimetric

and submillimetric continuum detections indicate that the host

galaxy of this quasar radiates a far-IR luminosity2 of ≈2 ×

1013 L⊙, which, if ascribed to starburst activity (and not to the

QSO itself), would imply star formation rates of a few times

103 M⊙yr−1 (Bertoldi et al. 2003a; Robson et al. 2004). A mas-

sive reservoir of molecular and neutral gas of a few 1010 M⊙has

been detected via CO line emission (Walter et al. 2003, 2004;

Bertoldi et al. 2003b). The detection of copious amounts of

dust and molecular gas indicates that the insterstellar medium

in J1148+5251 is significantly enriched in metals. This en-

richment is also seen through the detection of prominent iron

line emission in the rest-frame UV spectrum of the quasar

(Maiolino et al. 2003), although the latter samples its nuclear

region.

The deep observations described in this paper, improve sig-

nificantly the noise–level reported by Bolatto et al. (2004) and

enabled us to achieve the first detection of the C+ emission

line at cosmological distances as well as the first detection

of this line in a galaxy with an infrared luminosity in excess

of 1013 L⊙. We discuss the implications of this detection for

the physical properties of the ISM and of star formation in

J1148+52513.

2. Observations and results

Observations were carried out with the IRAM 30 m telescope in

two observing runs: February 2–3 and March 8–10, 2005. We

used alternatively the C and D 150 receivers with filter banks

covering a bandwidth of 1 GHz with 256 channels spaced by

4 MHz. The receivers were tuned to 256.1753 GHz correspond-

ing to the frequency of the [CII] emission line (rest frequency

2 Thanks to new submm data Beelen et al. (in prep.) obtained a

new estimate of the far-IR luminosity, which is in the range 1.2−3.2 ×

1013 L⊙.
3 In this letter we assume the concordance Λ-cosmology with H0 =

71 km s−1 Mpc−1, ΩΛ = 0.73 and Ωm = 0.27 (Spergel et al. 2003).

Fig. 1. Spectrum of the [CII] 157.74 µm emission line in the quasar

J1148+5251 at z = 6.42 shown with a velocity resolution of 56 km s−1

(top panel) compared to the CO(6–5) emission line (bottom panel –

from Bertoldi et al. 2003b). The dashed curves show the gaussian fits

to the line profiles (see Table 1).

1900.539 GHz) redshifted to z = 6.4189, the redshift of the

CO emission lines, but we also observed with the frequency off-

set by ±100 km s−1 to minimize, and check, the effects of pos-

sible instrumental artifacts. At this frequency the Half Power

Beam Width is 9.6′ ′ and the 1 GHz bandwidth corresponds to

1170 km s−1. The observing conditions were generally good:

low opacity, with τ256 GHz < 0.1 during the March run and

τ256 GHz < 0.2 during the February run, and system temper-

ature Tsys ∼ 350 K. The observations were done in wobbler

switching mode with a switching frequency of 0.5 Hz and

a wobbler throw of 200′ ′ . In total, the source was observed

for 12.4 h. Calibration was obtained every 15 min using the

standard hot/cold-load absorber measurements. Pointing was

checked about every 1.5 h by means of one of the two 3 mm

receivers (A100/B100) and the pointing accuracy was found to

be in the range 1−3′ ′ . The focus was checked about every 3–4 h

and was found not to change significantly.

The data were processed using the CLASS software. After

dropping some bad scans, only linear baselines were subtracted

from individual spectra. The individual scans were realigned

in frequency and co-added by weighting with 1/rms2. The

resulting profiles were re-gridded to a velocity resolution of

56 km s−1 leading to an rms of about 0.3 mK (2.8 mJy)4. We

estimate the flux density scale to be accurate to about 30%.

The final spectrum of the [CII] emission line in

J1148+5251 is shown in Fig. 1. The C+ fine-structure line is

detected with a confidence 8 σ. The velocity integrated flux is

0.44 ± 0.05 K km s−1 (in antenna temperature, Tmb = 1.91 TA),

or 4.1 ± 0.5 Jy km s−1, and the line center corresponds within

4 The conversion between antenna temperature and flux density

scale at 256 GHz for the 30 m is 9.5 Jy/K.
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dust and molecular gas indicates that the insterstellar medium

in J1148+5251 is significantly enriched in metals. This en-

richment is also seen through the detection of prominent iron

line emission in the rest-frame UV spectrum of the quasar

(Maiolino et al. 2003), although the latter samples its nuclear

region.
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nificantly the noise–level reported by Bolatto et al. (2004) and
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two observing runs: February 2–3 and March 8–10, 2005. We
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covering a bandwidth of 1 GHz with 256 channels spaced by
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receivers (A100/B100) and the pointing accuracy was found to
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The final spectrum of the [CII] emission line in

J1148+5251 is shown in Fig. 1. The C+ fine-structure line is

detected with a confidence 8 σ. The velocity integrated flux is

0.44 ± 0.05 K km s−1 (in antenna temperature, Tmb = 1.91 TA),

or 4.1 ± 0.5 Jy km s−1, and the line center corresponds within

4 The conversion between antenna temperature and flux density

scale at 256 GHz for the 30 m is 9.5 Jy/K.

L
e
tt
e
r 
to

 t
h
e
 E
d
it
o
r

12.4 hours with IRAM/30m telescope

What was the highest redshift [CII] detection before?



Second [CII] on a z>6 quasar - 2012

Eduardo Bañados

6.3 hours with IRAM/PdBI



Quasar host galaxies

Eduardo Bañados
Fig. 3.— ALMA spect ra of [C i i] and underlying cont inuum of the QSOs in our sample.
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Fig. 3.— ALMA spect ra of [C i i] and underlying cont inuum of the QSOs in our sample.

4

(see e.g., Andika+2019; Bañados 2015, 2019, 2024, Decarli+ 2018-2022,
Eilers+2020, Venemas+2020, Yang+2021, Khusanova+2022, 

Izumi+ 2018-2021, Pensabene+ 2021)

ALMA/NOEMA make it look „easy“ 

Before 2013: Only two [CII] detections at z>6
(Maiolino+2005, Venemans+2012;
See review by Carilli & Walter 2013)

Now: More than 90 [CII] detections at z>6



Quasar host galaxies – a diverse population

Eduardo Bañados

Fig. 9
Fan, Bañados, Simcoe 2023
Adapted from Neeleman+2021

Morphology

• 1/3 dispersion dominated
• 1/3 rotating disk
• 1/3 disturbed, merger/companion

General properties

• [CII] Sizes: 1 – 5 kpc (average ~2kpc)
• SFRs = 50 – 1500 MSUNyr-1

•

MDYN = 1 – 10 x 1010 MSUN

• MGAS = 4 – 40 x 109 MSUN

• MDUST = 0.5 – 5 x 108 MSUN



Galaxy/Black Hole co-evolution

Eduardo Bañados

Fig. 10
Fan, Bañados, Simcoe 2023
Adapted from Neeleman+2021

Current measurements 
~10 times above local 
M-sigma relation



Pushing ALMA resolution to the limits

Eduardo Bañados

z=6.6 Quasar host

400 pc resolution

Venemans+19

140 pc resolution

Meyer+25see also Walter+22, Meyer+23



Outline

• Discovery and demographics

• SMBH → ~pc scales

• Galaxy / Close envs. → ~kpc scales

• Environments /IGM→ ~Mpc scales

Eduardo Bañados



Overdensities around high-z quasars?

Eduardo Bañados

z=6.2
Costa+ 2014

z=0
Illustris simulation

Observations (before JWST) are still inconclusive …

?



Overdensities around high-z quasars?

Eduardo Bañados

Overdensity

Zheng+ 2006
Bosman+ 2019
Overzier+2022

Utsumi+ 2010

Stiavelli+ 2005
Kim+ 2009
Morselli+ 2014
Balmaverde+ 2017
Decarli+ 2019
Mignoli+ 2020
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No overdensity

Willott+ 2005
Kim+ 2009
Bañados+ 2013
Husband+ 2013
Simpson+ 2013
Mazzucchelli, Bañados+ 2017
Goto+ 2017
Ota+ 2017 



Before JWST: Two confirmed Mpc overdensities

Eduardo Bañados

Fig. 11
Fan, Bañados, Simcoe 2023
Adapted from Overzier+2022 
and Mignoli+2020



A recent interesting result

Eduardo Bañados

Lambert+24 (incl EB)

Search for LAE over 3 deg2 

centred on a z=6.9 quasar

< 5 Mpc – Nothing
>10 Mpc – Overdensity!

Argue previous experiments had 
FOV too small



Outline

• Discovery and demographics

• SMBH → ~pc scales

• Galaxy / Close envs. → ~kpc scales

• Environments /IGM → ~Mpc scales

Eduardo Bañados



Mapping reionization with quasars

Eduardo Bañados

Fig. 16
Fan, Bañados, Simcoe 2023
Adapted from Jin+2022

• Ends at z~5.3
• Rapid transition at z>6
• Largely neutral at z~7.5

?



Quasar damping wings …

Eduardo Bañados



Quasar damping wings …

Eduardo Bañados

Miralda-Escude 1998

Example with a QSO at z=7.5

Sensitive to neutral IGM:   fHI > 0.1



Quasar damping wings …

Eduardo Bañados

Miralda-Escude 1998

Sensitive to neutral IGM:   fHI > 0.1

IGM
ionized



Quasar damping wings …

Eduardo Bañados

Miralda-Escude 1998

Sensitive to neutral IGM:   fHI > 0.1

IGM
10% Neutral

IGM
50% Neutral

IGM
100% Neutral

IGM
Ionized 
+ DLA



Did I find an IGM damping wing at z=6.4??

Eduardo Bañados

Bañados+ 2019b

z=6.4 (15% of cosmic time)

IGM
100% Neutral



Proximate DLA at z=6.4

Eduardo Bañados

Bañados+ 2019b

z=6.4 (15% of cosmic time)

IGM
100% Neutral

˚

˚

˚

IGM
Ionized 
+ DLA

*PDLAs are rare: <1% of quasars at z=3



Proximate DLA at z=6.4

Eduardo Bañados

See also 
D’Odorico+18 for a similar result on 
a z=6.0 quasar
Sodini+24 for “a sample”

No indications of Pop III yields yet (cosmic age: 850 Myr) 

Bañados+ 2019b



IGM damping wings at z>7

Eduardo Bañados



IGM damping wings at z>7

Eduardo Bañados
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See also
Greig, Mesinger & Bañados 2019
Davies, Hennawi, Bañados+ 2019
Ďurovčíková+2020, Reiman+2020

Bañados+ 2018a



We need more quasars at z>7

Eduardo Bañados

Fig. 16
Fan, Bañados, Simcoe 2023
Adapted from Jin+2022

All z>7 quasars show IGM damping wing signatures*

*All that have a good S/N spectrum and are not Broad Absorption line quasars



Future is bright

• Discovery and demographics

• SMBH → ~pc scales

• Galaxy / Close envs. → ~kpc scales

• Environments /IGM → ~Mpc scales

Eduardo Bañados
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