
UNCOVERING THE ENERGETIC OF THE 
INTERSTELLAR AND THE INTERGALACTIC 

MEDIUM WITH THE SKA  

Fatemeh Tabatabaei  

Institute for Research in Fundamental Sciences- IPM 
Max Planck Institut fuer Astronomie & Radioastronomie- MPIA/MPIfR 

Instituto de Astrofisica de Canarias- IAC 



EAGLE HD Simulation: 
 Galaxy formation, ΛCDM cosmology 

(Schaye et al. 2015)



Observations: Galaxies Quenched Over Cosmic Time   

Massive star formation drops 
with cosmic time

Madau & Dickinson 2014

Driver+ 2013

Stellar mass increases

Galaxies shut down their massive 
star formation  

with time



Cosmological simulations:  
Supernova, AGN feedback can explain SFR 

evolution 

EAGLE HD Simulation: 
Thermal feedback (winds) with different speeds

Schaye+ 2007,2015



- AGN/SF winds & 
outflows (feedback) 

- Drop in the IGM 
accretion rate

Tumlinson+2017

Models: A loss in cool gas causes a loss in SFR



- Feedback can actually trigger formation of new 
stars! 

SN explosions,  
supper bubble shells, 
 (e.g. Ehlerova et al. 1997)

Credit: G. Hensler 

-AGN jets/outflows can damage their host galaxies, 
but unclear wether they can totally quench SF  

(e.g. Maiolino+2017, Silk 2005)  AGN outflows

Observations: Feedback can be positive!   



Observations: Cool gas always available   
τ =

 1
/S

FE

H2 drops slower than SFR,  
it is SF efficiency=SFR/H2=1/τ 

that falls over time  
(e.g. Tacconi+2018, Combes+2018) 

Tacconi et al 2018

Schinnerer et al 2019

What can prevent cool gas to 
form massive stars?

Quiescent gas fraction more dominant 
at higher resolutions (Schinnerer+2019)

ALMA

Quiescent

Ha
SF gas



Molecular gas

Ionized gas

Dust

Multi-phase ISM: thermal (ionized & neutral), turbulent, relativistic 

Multi-component ISM: gas, dust, magnetic fields, high-energy particles

Same as in  
The LMC & SMC: Hassani+ 2021 
NGC6946: Beck 2007

Nonthermal > Thermal 

Nonthermal processes dynamically 
important? 

Physics of the ISM/IGM: 
Energy & Pressure Balance   

SMC Warm ionized

Hot, non-thermal
Neutral gas

Credit: MPGM33: Tabatabaei+2008

MWAVLA



High-energy CRes scatter off from turbulent 
magnetic field pitch angles: 

1- Preserving flatter CRe spectrum  
2- Causing winds/outflows in starbursts

Higher SFR, Stronger magnetic field, 
Flatter synchrotron (CRe) spectrum flatter

I_Synch.

Nearby Galaxies: Cosmic-Ray-Driven Winds
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!CR-driven 
winds   

Tabatabaei+2017:

Effelsberg 100-m



Nonthermal processes 
even more important  
at centers of galaxies 

with SMBH

Fermi  -ray Bubbles in the Galaxy  

Physics of the ISM/IGM: 
Energy & Pressure Balance   

Radio synchrotron emission & magnetic field  

γ

Credit: MeerKAT

Credit: NASA



NGC1097: a green valley galaxy Star-forming nuclear ring hosting molecular clouds 
(N, B) with low SF efficiency 

D5

D4

D2

Star formation decelerated due to magnetic fields/cosmic rays  
(Tabatabaei et al. 2018, Nature A)   

uncorrelated w 
turbulence

anti-correlation w 
magnetic field

Magnetic field & CRs Controlling Clouds
SMA-Harvard

VLA



Braine+ 2001Condon 1993

Tidal tails in merging systems: 
excess RC, low FIR (Murphy+ 2012)  

 Taffy galaxies:  
tight radio-molecular gas correlation  

not associated with SF  

A 20 kpc polarized RC tidal tail  
(Basu et al. 2017)

Gas & Polarized 
bridge 

 @ UGC 12914/5

Controlling IGM structures/gas accretion?  

Importance of deeper 
radio observations for 

galaxy evolution studies

VLA

IRAM 
30-m



The SKA will be 50 times more sensitive and 10,000 faster than 
the best radio telescopes we have today. It will have the capacity 
to produce images with resolution quality 50 times higher than 
the Hubble Space Telescope. 

The SKA’s greater sensitivity will expand the range of the 
observable universe and has the potential to answer profound 
questions in astrophysics, cosmology and fundamental physics.



Credit:Philip Diamond-Director General



Philip Diamond-Director General



Credit: Philip Diamond-Director General



                                                             
+ new SWG:  
Gravitational Waves

Credit: Philip Diamond-Director General



12+1 countries, 
100 organisations 
… more joining

Credit: Philip Diamond-Director General



 IPM Contributions & Activities: 

• Membership at Science Working Groups (Continuum & Magnetism) 

• Proposing and chairing a Focus Group (ISM/IGM)  

• Proposing and producing a Science Use Case for SKA-1 Surveys 

• Participation at the Data Challenges 

• Taking part at the SKA Pathfinder Surveys Projects such as MeerKAT  

•





IPM took part





 F. Tabatabaei (chair), M. Ghasemi, H. Khosroshahi, M. Sargent, A. Bonaldi, M. Brüggen, E. Muphy, 
E. Schinnerer, T. Muxlow, R. Beswick, L. Feretti, V. Vacca, V. Heesen, S. Roy, M. Padovani,.. 

Main Goals  

• Role of thermal/non-thermal 
processes in formation and evolution 
of galaxies? 

• Physical parameters governing 
structure formation on various 
scales? 

• How does ISM/IGM energy balance 
change over cosmic time?

 ISM & IGM Focus Group: 
Structure Formation and Energy Balance 

Evolution of the RC thermal/non-
thermal fraction with redshift?



Thermal & Non-thermal Radio Continuum (RC) in Nearby Galaxies

Free-free Synchrotron Nonthermal Thermal 

VLA observations @1.4GHz 
Separation method: Tabatabaei et al. 2007,2013 

Nonthermal Thermal 

Nonthermal Thermal 

NGC6946

M33

M51

Both thermal and non-thermal RC emission  
correlate with SFR 

(Condon 2002, Murpphy+ 2011, Tabatabaei+ 2017) 



SKA Band 2 ref. surveys

Wide Tier

Deep Tier

Ultra Deep 
Tier

Detection with Proposed SKA Surveys?

Ultra

Deep

Wide

Case 1 (fix size) Case 2 (size evolves)

       redshift        redshift

Wide: hardly detects M51-like galaxies (case 2) 

Deep: >5    detection of M51-like up to z~1 (case 1) 
         >4    detection of N6946, M51-like at all z (case 2) 

Ultra Deep : >4    detection of N6946-like up to z~1 (case 1) 
                  >10    detection of N6946, M51-like (case 2)  
                  >2     detection of M33-like at z<0.5 (case 2)

σ
σ

σ
σ
σ



Message to SKA SWG: 
Band 1 also needed to study 

the era of maximum  
star formation  

 (z=2) 

A new reference survey 
(+use case) added to  

SKAI-MID 

Evolution of Mid-RC SED and Synchrotron Spectrum

Case 1 (fix size) 

Synchrotron spectral index  
flattens with redshift: 

 CRes more energetic at higher z

       
redshift

Mid-Radio SED of a M51-like galaxy
Solid: r.f. RC 

Dashed: obs. RC 
Dotted: obs. synchrotron 
Dot-dashed: obs. thermal

Ghasemi, Tabatabaei+ submitted
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SKA Pathfinder Surveys: MeerKAT MIGHTEE 

Postdoc position available 
@MIGHTEE project! 

   

ftaba@ipm.ir

20 sq.deg. Galaxy Evolution survey 
~2 uj sensitivity 

mailto:ftaba@ipm.ir


•    Radio observations open new window to the hidden Universe 
and the way it ’s building blocks evolve. SKA will resolve the ISM 
and IGM at the young ages of galaxies.   

•    Dissecting the thermal and nonthermal processes is vital to 
dissect the nature of feedback, study the energy balance and 
structure/star formation in the ISM. 

•   Simulations show that SKA’s UDT can unveil non-thermal 
processes on kpc scales in N6946-, M51-like galaxies at least up 
to z=2 with >3sigma depending on the radio size evolution. 
Deeper observations needed to detect resolved full ISM in M33-
like galaxies at z>0.5.  

•   Synchrotron spectral index, thermal fraction change with 
redshift, indicating importance of multi-band surveys to fix radio 
SEDs, dissect thermal/non-thermal processes & study their role in 
the evolution of SF and their host galaxies. 

Summary   


