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Absorption lines are powerful
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1) Baryon cycle = accretion, 
star formation, feedback



Molecular gas mirrors  
SFR history
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Molecular gas mirrors SFR history
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2) Observational signatures  
of feedback



CGM physical properties vary with 
angular orientation in cosmo simulations
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Outflows have higher metallicity than 
inflows

• https://www.tng-project.org/peroux20/
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Metallicity is higher along the minor 
versus major axes of galaxies
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Ly-alpha stacking
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MgII emission stacking
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3) Multi-physics, multi-phase 
circumgalactic medium



Multi-physics CGM
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Mag field is higher along the minor 
versus major axes of galaxies
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Multi-phase CGM
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Spatially extended bckgrd source
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Alternative bckgrd sources: 
Fast Radio Bursts
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Fast Radio Bursts provide  
electron column density
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Large Samples of Fast Radio  
Bursts are coming
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 Early detection in galaxy stack
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versus major axes of galaxies?
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How does the absorbing gas relates  
to galaxies?



MUSE-ALMA Haloes: 
multi-wavelength dataset  

• neutral gas (HST UV spectro + 

VLT/UVES+Keck/HIRES)

• ionised gas (VLT/MUSE)

• molecular gas (ALMA)

• stellar content (HST)

➥ eso.org/~cperoux/MUSE_ALMA_Haloes.html



3D spectroscopy solved a  
two-decade long challenge
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Key result I: HI-rich galaxies  
trace over densities
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Key result II: Gas-selected  
galaxies probe wide M* range

A
ug

us
tin

, C
P+

 2
4

Ramona Augustin



Data processing (self-calibration)
Jianhang Chen



Molecular gas kinematics
Capucine Bartefy
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Key Result III: coupling of  
multiphase gas kinematics



Cold flow accretion
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Key Goal IV: condensed  
baryons census 
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4) Future: 
connect with simulations, 

statistics



Dark Matter Power Spectrum
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[CII] routinely used as a molecular 
tracer at high-z 
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Time-dependent  
non-equilibrium chemistry

ColdSIM
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Statistics



4MOST project

 2500 fibres

 shared focal plane

 5-yr project, 
start of operation 2026
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2.8 million fibre-hours

1000x #

10x Res

Bo
uc

he
+0

4,
  

Pi
er

i+
16

, L
eh

ne
r+

22
, W

els
h+

24

Ka
uf

fm
an

n+
19

, 
CP

+2
3,

 E
SO

 M
es

se
ng

er



The ByCycle experiment 

 1 million background 
quasars 

 1.5 million foreground 
objects:  
low-z gal, AGN, clusters, 
groups, Magellanic 
Clouds Pe
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➥ www.eso.org/~cperoux/ByCycle.html



Characterising abs with  
Machine Learning
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 Anomaly detection = 
find abs

 Dense/Convolutional 
auto encoders = derive 
physical prop (z, EW)
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Statistical approach to CGM map
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 Next generation survey 
increases x1000

Take home Messages

 Statistical obs feedback signatures 

 Obs accretion is essential

 Baryon cycle: accretion, SF, feedback
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Map the Circumgalactic Medium

 1000-fold increase  
wrt what is available now
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Which physical process drives 
the decrease in SFR history? 

Br
om

m
+1

1,
 M

ad
au

 &
 D

ick
in

so
n1

4 SFRHStellar Mass Density



Evolution neutral gas mass shallower 
than stellar density
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Small scales matter
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3D spectroscopy



3D spectroscopy solved a  
two-decade long challenge

➡ geometry
➡ physical prop
➡ metallicity
➡ kinematics
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Multi-phase gas requires  
multi-wavelength observations 
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Known atomic hydrogen column 
density
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HI gas column decreases  
with radius
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Absorbers within Rvir/2
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Towards mapping gas  
around galaxies
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Ionised Gas Molecular Gas CP
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[OIII] VLT/MUSE CO(1-0) ALMA
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[OIII] VLT/MUSE CO(1-0) ALMA



Broad agreement with  
observations
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Time-dependent non- 
equilibrium chemistry

ColdSIM
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Not yet a consensus on feedback



xStarlight 
(optical)

Low-redshift Analog
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MgII emission stacking
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Key Goal I: role of H2 gas  
in HI-selected galaxies 
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Do CGM physical properties vary with 
angular orientation?
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Current state of metallicity along the  
minor versus major axes of galaxies
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