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1.7 billion stars on this imageMMW = 9.6 x 1011 Msol





Large Magellanic Cloud

Small Magellanic Cloud



Large Magellanic Cloud
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Galaxies have different shapes
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Galaxies have different colors
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Alatalo+14

Red Sequence

Green Valley

Star-Forming 
Cloud
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What are the mechanisms  
responsible for galaxies’ quenching?
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We find more passive galaxies in dense environment

Two observational 
evidences

Silk+77, Kauffmann+06
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Massive galaxies become more rapidly passive

Two observational 
evidences

Silk+77, Kauffmann+06
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Several scenarios 
proposed

Slow process: Strangulation 
e.g. Peng+15

Gaz

Peng+15



Laure Ciesla 

What are the mechanisms  
responsible for galaxies’ quenching?

22

Several scenarios 
proposed

Fast process: Gas stripping 
e.g. Gunn&Gott72, Larson+90, Tonnesen&Bryan09

Gas

Peng+15
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Several scenarios 
proposed

Nuclear   
e.g. Croton+06, Gitti+12

Feedback processes
Stellar   

e.g. Genzel+14
Morphological   

e.g. Martig+09

Fusion
e.g. Conselice+06

e.g. Schreiber+15, Ciesla+17

Diminution of  
Star Formation Efficiency







Probing the SFR with Halpha and UV

107 yrs

108 yrs

1011 yrs

Hubble Space  
Telescope GALEX



Probing the SFR with infrared



Probing the SFR with infrared



Probing the SFR with infrared

attenuation



Probing the SFR with infrared



Probing the SFR with radio

In supernova remnant:  
synchrotron emission seen in radioSupernova: death of a massive star 



Probing the SFR with X-ray

Gilfanov+04



Kennicutt & Evans 2012

Star Formation Rate Calibrations
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Spectral Energy Distribution (SED)

Wavelength

Flux
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Spectral Energy Distribution (SED)



Active Galactic Nuclei



Active Galactic Nuclei



Active Galactic Nuclei



Active Galactic Nuclei

Ciesla+15
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AGN: 
Fritz+06

Bruzual&Charlot 03
Maraston+05

Stellar Populations:
Analytical (exp-dec, delayed, …)

Complex (SAM, etc…)

SFH:

Synchrotron from SF: 
FIR-radio correlation

     Dust emission: 
Dale+14,  

Draine&Li 07 + updates 
Casey+12

       Attenuation: 
Calzetti law, power law,  

Charlot&Fall

   Nebular emission: 
Inoué models

Boquien +, in prep 
Ciesla+15 (AGN) 
Lo Faro+17 (Attenuation laws)

Analysis: 
 χ2 computation +  

probability  
distribution function  

analysis

Code is public: http://cigale.lam.fr/
Modeling SEDs with CIGALE



Star Formation Rate Density

Big Bang Now 

Madau & Dickinson 2014



Redshift



Star Formation Rate Density

Big Bang Now 

Madau & Dickinson 2014



The galaxy star-forming Main Sequence

M*

SFR

©CANDELS collaboration

Noeske+07, Elbaz+07, Daddi+10, Rodighiero+11, Elbaz+11, Schreiber+15



The galaxy star-forming Main Sequence

Rodighiero+12 Guo+13



The galaxy star-forming Main Sequence

Schreiber+15



The galaxy star-forming Main Sequence

SFR

M*



Star Formation History of Galaxies

Lee+10, Pacifici+13, Behroozi+13, Pacifici+16Papovich+01, Maraston+10, Pforr+12, Gladders+13, Simha+14, Buat+14, 
Ciesla+15; Abramson+16, Ciesla+16, Iyer&Gawiser17, Ciesla+17a, Abramson+17



SFH of individual galaxies

Star Formation History

SFH of individual galaxies 

expected to be more 

stochastic

Pacifici+16

Ciesla+15



The galaxy star-forming Main Sequence

SFR

M*



Thank you!


