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from the ratio of FIR to observed (uncorrected) FUV luminosity densities (Figure 8) as a

function of redshift, using FUVLFs from Cucciati et al. (2012) and Herschel FIRLFs from
Gruppioni et al. (2013). At z < 2, these estimates agree reasonably well with the measure-

ments inferred from the UV slope or from SED fitting. At z > 2, the FIR/FUV estimates

have large uncertainties owing to the similarly large uncertainties required to extrapolate
the observed FIRLF to a total luminosity density. The values are larger than those for

the UV-selected surveys, particularly when compared with the UV values extrapolated to

very faint luminosities. Although galaxies with lower SFRs may have reduced extinction,
purely UV-selected samples at high redshift may also be biased against dusty star-forming

galaxies. As we noted above, a robust census for star-forming galaxies at z ≫ 2 selected
on the basis of dust emission alone does not exist, owing to the sensitivity limits of past

and present FIR and submillimeter observatories. Accordingly, the total amount of star

formation that is missed from UV surveys at such high redshifts remains uncertain.

Figure 9: The history of cosmic star formation from (top right panel) FUV, (bottom right panel) IR,
and (left panel) FUV+IR rest-frame measurements. The data points with symbols are given in Table
1. All UV luminosities have been converted to instantaneous SFR densities using the factor KFUV =
1.15 × 10−28 (see Equation 10), valid for a Salpeter IMF. FIR luminosities (8–1,000µm) have been
converted to instantaneous SFRs using the factor KIR = 4.5 × 10−44 (see Equation 11), also valid for a
Salpeter IMF. The solid curve in the three panels plots the best-fit SFRD in Equation 15.

Figure 9 shows the cosmic SFH from UV and IR data following the above prescriptions,

as well as the best-fitting function

ψ(z) = 0.015
(1 + z)2.7

1 + [(1 + z)/2.9]5.6
M⊙ year−1 Mpc−3. (15)

These state-of-the-art surveys provide a remarkably consistent picture of the cosmic SFH:

a rising phase, scaling as ψ(z) ∝ (1 + z)−2.9 at 3 ∼
< z ∼

< 8, slowing and peaking at some
point probably between z = 2 and 1.5, when the Universe was ∼ 3.5 Gyr old, followed by
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SF occurs on longer timescale!

the bin using the radio, averaging together radio detections and
nondetections. The green squares in Figure 17 show that the star
formation results from the stacked radio emission agree very well
with the relation that we derive from the UV light. This check
is important because it is based on an indicator that should, in
principle, be more solid than UV, and also because it allows us to
include many of the massive galaxies for which UV SFR could
not be estimated due to their faintness in the optical bands.

Due to the substantial presence of mid-IR excess objects at
z ! 2, we do not expect that this relation can be accurately re-
covered using the 24!mYinferred SFRs.This explainswhyCaputi
et al. (2006a) find a much looser correlation between SFR and
masses for z ¼ 2 galaxies. If we use 24 !mYinferred SFRs only
for those galaxies where this quantity is within a factor of 3 of
the UVone (the mid-IR normal objects), we obtain an SFR-mass
correlation fully consistent with that based on UV (Fig. 17b).

The z ¼ 2 correlation appears to have a slope similar to that at
lower redshifts. Instead, the normalization at z ¼ 2 is a factor of
3.7 larger than that at z ¼ 1, and 27 times larger than at z ¼ 0
(Elbaz et al. 2007; Noeske et al. 2007). At fixed stellar mass,
star-forming galaxies were much more active on average in the
past. This is most likely due to a larger abundance of gas, de-
pleted with passing of time.

The inferred correlation is quite tight, with a semi-interquartile
range of only 0.16 dex in the dispersion of specific SFRs. We
caution that, having used mainly the UVas an SFR estimator, we
cannot reliably rule out the presence of a larger number of out-
liers at low stellar masses, for which we might strongly under-
estimate the SFR from the UV. These cannot be reliably identified
to meaningful depths with radio data (due to the flux density lim-
its of current observations), nor at 24 !m (due to the existence of
mid-IR excess sources). We will have to wait for Herschel and
ALMA to address this issue accurately.

Submillimeter-selected galaxies are strong outliers to this trend,
however. Tacconi et al. (2006) estimate that SMGs in their sample
have typically LIR ¼ 1013 L# and dynamical masses P1011 M#
(for similar results see also Greve et al. 2005). For a given stellar
mass (assuming that most of the dynamical mass in the central
regions of SMGs is stellar), SMGs are forming stars at a 10 times

or larger rate with respect to ordinarymassive star-forming galax-
ies. Their space density is also approximately an order of mag-
nitude smaller. SMGs at z ¼ 2 appear to be like LIRGs and
ULIRGs at z ¼ 0, i.e., relatively rare objects and outliers of the
mass-SFR correlation (see Elbaz et al. 2007). In this regard, it
is not surprising that much shorter star formation duty cycles
and lifetimes have been inferred for SMGs and local ULIRGs
(T100 Myr; Greve et al. 2005; Solomon & Vanden Bout 2005).
These represent short-lived stages of the life of galaxies, due,
e.g., to ongoing mergers or some temporary perturbations (for
a discussion see, e.g., Dannerbauer et al. 2006). ULIRGs and
SMGs also generally have smaller physical sizes (Tacconi et al.
2006) than those of more ordinary massive, star-forming galax-
ies at z ¼ 2 (D04a; S. Ravindranath et al. 2008, in preparation),
suggesting that the SMGs are in more advanced merger states.
We have used the mock light cones fromKitzbichler &White

(2007), based on the Millennium simulations, to explore the com-
parison of mass and SFR at z ¼ 2 in these models (Fig. 18). As
emphasized already by Finlator et al. (2006), theoretical simu-
lations quite naturally predict the existence of correlations be-
tween galactic SFRs and stellar masses. However, we find that at
fixed stellar masses, themodel galaxies are forming stars at about
1
4 of the observed rate for galaxies with M $ 1011 M#. The cor-
relation is also substantially tilted, with decreasing specific SFR
at larger masses. It seems that a major change required for mod-
els would be to increase the star formation efficiency (and thus
the typical SFR) at all masses for star-forming galaxies at red-
shifts 0:8 < z < 3, while still keeping the current proportion of
massive galaxies in a passive/quiescent state. Interestingly, we
find that if we reproduce Figure 18 plotting simulated Millen-
nium galaxies at z ¼ 3 instead of z ¼ 1:9, we find that simulated
galaxies match the z ¼ 2 GOODS galaxies quite accurately, with
the same SFR versus mass normalization, slope, and with similar
scatter. This again reinforces the idea that SFR and mass growth
happen too early in the current version of the simulations.
The observedmass-SFR correlation defines amore basic dichot-

omyof galaxy properties than those based on colors, as emphasized
also by Elbaz et al. (2007). In future papers, we will investigate
other physical properties of z ¼ 2 galaxies ( like morphology) as

Fig. 17.—Stellar massYSFR correlation for z ¼ 2 star-forming galaxies in GOODS. Points are taken from the deeper GOODS-S field to K ¼ 22. We include only
24 !mYdetected galaxies: passive/quiescent galaxies are excluded from this analysis. (a) SFRs derived from UV, corrected for dust extinction. (b) The 24 !mYderived
SFRs; but we explicitly exclude all mid-IR excess galaxies. The large green squares are the result of the average SFR-mass relation in GOODS-N determined from radio
stacking of K < 20:5 galaxies in 3 mass bins. The blue line is SFR ¼ 200M 0:9

11 (M# yr%1), whereM11 is the stellar mass in units of 1011M#. The cyan solid lines are the
z ¼ 1 and 0 correlations, taken from Elbaz et al. (2007), that have a similar slope of 0.9. The cyan dashed line is a prediction for z ¼ 2 from theMillennium simulations,
based on the mock light cones of Kitzbichler & White (2007). The magenta star near the top shows the location of typical SMGs in this diagram.
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…star formation sequence is evident at all times…

Additional gas reservoir 
is needed to support 
(fuel) star formation!

Galaxies contain <10% of baryons, an huge 
reservoir is available in the IGM.

Accretion of gas from the IGM  
can supply galaxies at all epochs 

(especially at high-z)!
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Figure 9: Molecular gas – star formation scaling relation. Left: Molecular gas – star 

formation surface  density  relationship  (‘Kennicutt-Schmidt’ relation), for z~0 SFGs 

(open grey circles: Kennicutt 1998a, Gracia-Carpio 2008, Genzel et al. 2010, Armus 

et al. 2009), z=1-1.5 SFGs (black filled circles: PHIBSS, including Daddi et al. 2010a, 

Magnelli et al. 2012b), z=1.53 EGS13011166 (filled cyan squares: PHIBSS team, in 

prep.), z=2-2.5 detected SFGs (open crossed red squares, PHIBSS). The dotted grey 

and red lines mark the best fit linear (N=1) fits to the low-z and high-z data. Right: 

Distribution of depletion time scales inferred from the 50 z=1-1.5 SFGs in the left 

panel (black shaded histogram). The distribution has a median of tdepl=0.7 Gyr and a 

dispersion of 0.24 dex. For the SDSS selected, z~0 COLDGASS survey for main-

sequence galaxies matched to the same mass range and coverage of the main-

sequence as PHIBSS  (Saintonge et al. 2011a), the corresponding depletion time scale 
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What does it fuel star formation in galaxies?



What we know from simulations…

In the early Universe massive galaxies grow 
via accretion of gas through cosmic streams. 

Gas accretion fuel the intense star formation 
observed in such primeval systems.

Genel, Dekel & Cacciato 2012
Silk & Mamon 2012

Dekel et al. 2009

Sanchez Almeida et al. 2014
Keres et al. 2014

Ceverino et al. 2016
Nelson et al. 2015
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Figure 5. Mass-weighted projections of gas and stellar density at small scales (left two columns), and projected gas density and dark
matter density at large scales (right two columns). The first four simulated haloes are shown at z=2. All gas cells or particles within
a cube of side-length 1.0 rvir (small scales) or 5.5 rvir (large scales) are included, and distributed using the standard cubic spline kernel
with h = 2.5 rcell (gas) or h = r32,ngb (the radius of the sphere containing the 32 nearest neighbours of the same particle type, for
stars and dm) in orthographic projection. The white circles denote {0.05,0.15} rvir (left two columns) and {1,2} rvir (right two columns).
Densities are normalized to the critical (baryon) density at z=2.

ated with large-scale structure, and appear to have charac-
teristics distinct from the much larger filaments which are
clearly connected to features at larger radii. In particular,
although the small streams obtain similarly high inflow ve-
locity, their entropy and temperature are above that of the

IGM, and their overdensity with respect to the radial mean
is not as significant. Some of the other six haloes exhibit
similar features at various points in the past, but they have
generally disappeared by z = 2. Qualitatively, we observe
that these features can form between one and two times the
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ated with large-scale structure, and appear to have charac-
teristics distinct from the much larger filaments which are
clearly connected to features at larger radii. In particular,
although the small streams obtain similarly high inflow ve-
locity, their entropy and temperature are above that of the

IGM, and their overdensity with respect to the radial mean
is not as significant. Some of the other six haloes exhibit
similar features at various points in the past, but they have
generally disappeared by z = 2. Qualitatively, we observe
that these features can form between one and two times the
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Via Absorption
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CSC

Bouche+12 
Prochaska+15 

   Fumagalli+16 
   Bouche+16

Via Emission

models are used to obtain scaling relations between the observable
Lyman-a surface brightness from the intergalactic gas surrounding the
quasar and the hydrogen column densities (see Extended Data Fig. 3).
These scaling relations are consistent with analytical expectations. Note
that the estimated column densities for scenario (1) depend on the
ionized gas clumping factor (C 5 ,ne

2./,ne.
2, where ne is the electron

density) below the simulation resolution scale, ranging from about 10
physical kpc for diffuse intergalactic gas to ,160 physical pc for the
densest regions within galaxies.

The results are presented in Fig. 4. The observed Lyman-a emission
requires very large column densities of ‘cold’ (T , 5 3 104 K) gas, up
to NH < 1022 cm22. The implied total, cold gas mass ‘illuminated’ by

a b

Figure 1 | Processed and combined images of the field surrounding the
quasar UM 287. a, b, Each image is 2 arcmin on a side, and the quasar is located
at the centre. In the narrow-band (NB3985) image (a), which is tuned to the
Lyman-a line of the systemic redshift for UM 287, we identify very extended

(,55 arcsec across) emission. The deep V-band image (b) does not show any
extended emission associated with UM 287. This requires the nebula to be line-
emission, and we identify it as Lyman-a at the redshift of the quasar.
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Figure 2 | Lyman-a image of the UM 287 nebula. We subtracted from
the narrow-band image the continuum contribution estimated from the
broad-band images (see Methods). The location of UM 287 is labelled with ‘a’.
The colour map and the contours indicates, respectively, the Lyman-a (Lya)
surface brightness (upper colour scale) and the signal-to-noise ratio per arcsec2

aperture (lower colour scale). The extended emission spans a projected
angular size of ,55 arcsec (about 460 physical kpc), measured from the
2s (,10218 erg s21 cm22 arcsec22) contours. The object marked with ‘b’ is an
optically faint (g < 23AB) quasar at the same redshift as UM 287 (see Extended

Data Fig. 2). The nebula appears broadly filamentary and asymmetric,
extending mostly on the eastern side of quasar UM 287 up to a projected
distance of about 35 arcsec (,285 physical kpc) measured from the 2s
isophotal. The nebula extends towards the southeast in the direction of the
optically faint quasar. However, the two quasars do not seem to be directly
connected by this structure that continues as a fainter and spatially narrower
filament. The large distance between the two quasars and the very broad
morphology of the nebula argue against the possibility that it may originate
from an interaction between the quasar host galaxies (see Methods).
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IGM/CGM enrichment is particularly 
enhanced in overdense regions          
(e.g. protoclusters) due to the large 
presence of massive outflows 
(starburst and/or AGN driven) 

Under these peculiar conditions, gas flows and 
circumgalactic gas reservoir may be investigated exploiting 
other tracers, e.g., molecular gas, metals, dust… 

What does it happen in massive galaxies within overdense regions?

Krishnan et al. 2017             “Enhancement of AGN Activity in Distant Galaxy Clusters” 
Socolovsky et al. 2017         “Excess of Post-Starburst Galaxies in Distant Galaxy Clusters” 
Hatch et al. 2017                    Very good review



Let’s try with ALMA
ALMA (CO J=4-3) of the most massive galaxy in the redshift range 3<z<4 
within the 150 arcmin2 covered by the GOODS-S field. 

Mstar ⇠ 1.9⇥ 1010M�

z = 3.473

Z ⇠ 1/2 Z�

SFR ⇠ 200� 250 M�/yr

Ginolfi+17; Troncoso+14; Santini+15

CANDELS-5001

- Franck & McGauch 2016: based on a 𝛿(gal) criteria 
- Forrest et al. 2017: extreme [OIII] + Hβ emitters density 
- Lemaux et al. (in prep): extreme overdensity of star 

formation and stellar mass in the density maps from the 
VUDS spectroscopic survey  

- Len Cowie (private communication): huge excess in the 
850μ flux (SCUBA-2)

configuration  tailored  at  detecting 
molecular  gas  down  to  deep 
sensitivity on large scales !



Extended CO emission 

CANDELS-5001CANDELS-5001

10 kpc 10 kpc

a) b)

color image: HST F775W λrest = 1700 Å 
contours: CO(4-3) emission  (Briggs)

10 kpc 10 kpc

The CO emission is  extended over about 40 kpc in an elongated structure.

uncertainties: C0 J=4-3/CO J=1-0 and alpha_CO

Total gas mass of the system:  Only the 30% of the mass is 
associated with the central galaxy!Mgas ⇠ 1� 6⇥ 1011 M�

Ginolfi et al., 2017, MNRAS, 468, 3468 

40 kpc



 
Fig. 1. Molecular gas on multiple scales in the Spiderweb Galaxy. 12CO (J=1→0) total-
intensity contours from the Australia Telescope Compact Array (light blue) overlaid onto a 
negative grey-scale Hubble Space Telescope image taken with the Advanced Camera for Surveys 
through the combined F475W and F814W filters (HST image ©AAS, reproduced with 
permission (6)). Contour levels: 0.020, 0.038, 0.056, 0.074, 0.092, 0.110, 0.128 Jy beam-1 × km 
s-1. Red contours show the 36 GHz radio-continuum from our Very Large Array (VLA) data at 
0.20, 0.43, 0.80, 1.40 mJy beam-1. The top-left inset shows the CO (J=1→0) total-intensity 
contours from the VLA (dark blue) at 2.8σ, 3.5σ, 4.2σ, with σ=0.019 Jy beam-1 × km s-1. No 
negative contours are visible at this level around the central radio galaxy in the VLA data, likely 
because underlying large-scale flux skews the noise to slightly more positive values (Fig. S1). 
The uncertainty in the astrometry of the HST image is ~0.3". The two inner radio-continuum 
components (red contours in the top-left inset) likely trace the two-sided base of the radio jets. 
The dashed ellipses in the bottom left-hand corners visualize the beam-size at full width of half 
the maximum intensity (FWHM). Coordinates are given in epoch J2000. 
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Emonts et al. 2016, Science Tan et al., 2014, A&A, 569, 17  
Spiderweb galaxy, z=2.15 GN20, z=4

A&A 569, A98 (2014)

Fig. 2. PdBI maps (from left to right)
of CO(4–3) line, 3.3 mm, and 2.2 mm
continuum emission for GN20 (top),
GN20.2a (middle), and GN20.2b (bot-
tom). The CO(4–3) images are aver-
aged over the observed velocity range
of CO emission (see Fig. 1) and were
cleaned. The 2.2 mm and 3.3 mm
continuum maps were created by aver-
aging over the line-free emission chan-
nels and were not cleaned given the rel-
atively low S/N. The crosses show the
positions where we extract CO spec-
tra. For GN20, the contours level of
CO(4–3) are shown increase by a fac-
tor of 1.5 starting at ±2σ, with posi-
tive (negative) contours shown as solid
(dashed) lines. For all the continuum
maps and CO(4–3) maps of GN20.2a
and GN20.2b, contours start at ±2σ in
steps of 1σ. Beam sizes are displayed in
the lower right corner of each integrated
map.

consistent with the previous measurements (Daddi et al. 2009b;
Carilli et al. 2011; Hodge et al. 2012). A circular Gaussian model
fit with a fixed FWHM of 0.72′′ (we here adopt the FWHM of the
CO(6–5) image measured by Carilli et al. 2010) to the CO(4–3)
image of GN20 (Fig. 2) yields a velocity-integrated flux of
ICO = 1.68 ± 0.10 Jy km s−1, in line with the measurements in
Daddi et al. (2009b).

For GN20.2a, the fits with a single Gaussian and two
Gaussian functions yield FWHM of 820± 237 km s−1 and 763±
180 km s−1, respectively. The spectrum is extracted at the fixed
CO position from Daddi et al. (2009b). We find the CO spec-
trum of GN20.2a appears to be better described by a double
Gaussian profile (Fig. 1), given the relatively low uncertainties
of FWHM derived from double Gaussian fitting and the rapid
decrease of the flux at the edges of the spectrum, though there is
no clear indication of double-peaked emission in the spectrum.
The favored fit with two Gaussian functions could in principle
suggests either the existence of a rotating component, or kine-
matically distinct components undergoing a merger within the
system. We will further discuss the possibility in the following
section. The two components in the double Gaussian fitting have
peak flux densities of 0.82 ± 0.21 mJy and 0.69 ± 0.22 mJy,
respectively. A Gaussian fit to the CO spectrum gives a red-
shift of 4.0508 ± 0.0013. We used a circular Gaussian model
with a fixed FWHM of 0.53′′ (derived from CO(2–1) image in
Hodge et al. 2013) to fit the CO(4–3) map and derive a velocity-
integrated flux of 0.65 ± 0.08 Jy km s−1. All the measurements

derived for GN20.2a are consistent with published results (Daddi
et al. 2009b; Carilli et al. 2011; Hodge et al. 2013), but
exhibit significantly improved sensitivity and signal-to-noise
ratio (S/N).

The CO(4–3) spectrum of GN20.2b has been presented in
Hodge et al. (2013). Compared to the large uncertainty in the
line width fitted in Hodge et al. (2013), our deeper CO(4–3)
data provide a much better constraint on the estimate of the
line width. Similarly, we performed Gaussian fits to the spec-
trum (Fig. 1) extracted at the fixed position of 1.2 mm emission
in GN20.2b (Riechers et al., in prep.) with a single Gaussian
and double Gaussian functions, respectively. Both Gaussian fits
give a similar FWHM with value of ∼220 ± 40 km s−1, which
is much smaller than GN20 and GN20.2a, and also the SMGs
at z ∼ 2−4 with mean FWHM of 470 ± 80 km s−1(Bothwell
et al. 2013). The Gaussian fit to the spectrum has a peak flux
density of 1.17 ± 0.19 mJy and a redshift of 4.0563 ± 0.0003.
The velocity-integrated flux density derived from the CO(4–3)
map with a circular Gaussian model (fixed FWHM of 0.88′′; see
Hodge et al. 2013) is 0.27 ± 0.04 Jy km s−1.

We calculate the CO(4–3) line luminosities (in K km s−1 pc2)
using the standard relation given by Solomon et al. (1997):

L′CO = 3.25 × 107S CO∆Vν−2
obsD2

L(1 + z)−3 (1)

where S CO∆V is the velocity-integrated line flux in Jy km s−1,
νobs is the observed frequency in GHz and DL is the luminosity
distance in Mpc. With L′CO(2−1) measured by Carilli et al. (2011),

A98, page 4 of 17

something similar…



The kinematics ‘suggests’ that the gas in CGM is tracing radial 
streams moving towards the central massive galaxy.

position-velocity diagram

kinematics
Ginolfi et al., 2017, MNRAS, 468, 3468 



100 kpc

CANDELS-5001

CO emitters gas masses on 
250 kpc scales (>5 σ), with 
masses of   Mgas ⇠ 1010 M�
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these systems may be the densest regions of the large scale 
accreting filaments in which gas has cooled and fragmented, in line 
with models expectations…

Ginolfi et al., 2017, MNRAS, 468, 3468 

on larger scales…
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let’s have a look to simulations…

Simulation tailored at reproducing the same properties of our target

Dekel, Lapiner: private communication



We reported ALMA observations tracing the molecular gas around (on CGM 
scales) the most massive galaxy at z~3-4 in the GOODS-S field, revealing streams 
of molecular gas on scales from 40 to 200 kpc accreting onto the central galaxy.  
(see Ginolfi+17, MNRAS)                                  

Our idea: 
This may be a common behaviour among 
massive galaxies in overdense regions (e.g. 
protoclusters). These are peculiar systems where 
it may be possible to understand gas flows and 
accretion by looking at the molecular gas phase. 

direct observational evidence of gas flows sustaining star formation? 
we need confirmation and more statistics… 
We’re planning deep follow-up observations (ALMA, MUSE, SINFONI) to 
probe the multi-phase CGM around galaxies.  



take a protocluster

choose a massive galaxy

propose for deep (<10h) and                
large scale-sensitive ALMA obs.

cross you fingers 

acceptednot accepted IF

good stuff!



What does it fuel galaxies? 

What does it happen in galaxies? (e.g., metals and dust evolution) 
 

What is the imprinting of feedback on CGM? 

looking simple, isn’t it?     IT IS NOT

Surrounding 
Environment

gas 
inflows

outflows
(processed
material)

Star Formation Gas recycling 
in the ISM

galaxy evolution

The galaxy baryon cycle 



- Star Formation 
- Chemical Enrichment           

(metals/dust) 
- Pop III/Pop II transition 
- SN-driven Feedback 
- Galactic winds

bibliography
De Bennassuti+14; Valiante+14; Graziani+15; Valiante+16; Pezzulli
+16; Graziani+17; Schneider+17; Ginolfi+17

GAMESH - our model of galaxy evolution

Where does galactic dust come from?

local galaxies spanning a 
wide range of stellar masses 
and metallicities: 

KINGFISH (Kennicutt+11)   
and DGS (Madden+13) 

12 + log(O/H) = [7.14� 8.77]

M? = [3⇥ 106 � 1.4⇥ 1011]M�

Stellar dust is not able to account for the available observations of local galaxies spanning a 
wide range of stellar masses and metallicities, independently from the adopted stellar dust 
yields. Additional (non-stellar) mechanisms of dust growth at play?

Ginolfi et al. 2017, MNRAS, stx2572, in press



a) b)a) b)

Ginolfi et al. 2017 (in prep)

Lya Nebulae around quasars and powerful outflows

9’’    ~60 pkpk

8’’    ~50 pkpk

9’’    ~60 pkpk

8’’    ~50 pkpk

9’’    ~60 pkpk

8’’    ~50 pkpk

Deep MUSE observations of a BAL QSO at z~5

- Lya Nebula  extended over ~60 kpc; 

- An analysis of Lya Nebula sizes along the redshift reveals an interesting relation between     
  sizes of Lya Halos and DM halos around QSO. 
- The velocity dispersion map shows a FWHM>1000km/s in the inner regions of the CGM.                                  
Outflowing material escaping from the QSO? 

Cantalupo+14; Borisova+16; Fumagalli
+16; Wisotzki+16; Vanzella+16; Arrigoni-
Battaia+16; Vernet+17; Farina+17
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Thank you for your attention 
questions? 
comments? 

suggestions?


