_UNCOVERING» IC QF THE
INTERSTELLAR ANBig IzACTIC
) "-.', | ¢ ‘if(‘, ; 73

>*%.'
oy sm' l

.,’ ' earch in Fundame
er Astronomie & Radi
0 de Astrofisica de

tal Saences IPM SR
stronomle- MPIA/MPIfR

InsUt






Observations: Galaxies Quenched Over Cosmic Time

Massive star formation drops

with cosmic time

Stellar mass increases

SFR (Mg yr! Mpe™® hd.)
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star formation
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SFR (M,,, yr~' Mpc™)

Cosmological simulations:

Supernova, AGN feedback can explain SFR
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Models: A loss in cool gas causes a loss in SFR

- AGN/SF winds &
outflows (feedback)

- Drop in the IGM

accretion rate

300 kpc

\‘c\'\“g gas
C

Q@

15 kpc

Tumlinson+2017



Observations: Feedback can be positive!

Ho (star formation)

—

>

-
AGN outflows

- Feedback can actually trigger formation of new
stars!

-AGN jets/outflows can damage their host galaxies,
but unclear wether they can totally quench SF
(e.g. Maiolino+2017, Silk 2005)

supcrmova explosions

Interstellar
clouc

SN explosions, . i
supper bubble shells,” A
(e-g- Ehlerova et al. igﬁzy"erano"

Credit: G. Hensler



Observations: Cool gas always available

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

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

fraction of star-forming gas in galaxies
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Quiescent gas fraction more dominant
What can prevent cool gas to at higher resolutions (Schinnerer+2019)

form massive stars?

Schinnerer et al 2019



Enerqy density (107'? erg cm™)

Physics of the ISM/IGM:
Energy & Pressure Balance

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

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

¢ Nonthermal (cosmic rays & magnetic field) Warm ionized
10 F & Turbulent gos E

" O Mognetic field {ordersd & random)
- O Thermal (ionized & neutral gas)

Credit: MPG

.M.33:‘Ta)baltat‘)ae_i+20Q8. o LS
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Same as in

The LMC & SMC: Hassani+ 2021
NGC6946: Beck 2007

Nonthermal processes dynamically
important?




Nearby Galaxies: Cosmic-Ray-Driven Winds

Tabatabaei+2017:
Higher SFR, Stronger magnetic field,

Flatter synchrotron (CRe) spectrum flatter
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High-energy CRes scatter off from turbulent
magnetic field pitch angles:

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

->CR-driven
winds




Physics of the ISM/IGM:
Energy & Pressure Balance

Fermi }-ray Bubbles in the Galaxy Nonthermal processes
even more important

at centers of galaxies
with SMBH

Credit: NASA

Credit: MeerKAT



NGC1097: a green valley galaxy
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0.06F

& 0,04
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Star-forming nuclear ring hosting molecular clouds

N, B) with low SF efficiency

Star formation decelerated due to magnetic fields/cosmic rays

(Tabatabaei et al. 2018, Nature A)
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Controlling IGM structures/gas accretion?

A 20 kpc polarized RC tidal tail
ViA

(Bu et al. 2017)

Importance of deeper
radio observations for
galaxy evolution studies

)

Gas & Polarized
bridge

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

Taffy galaxies:
tight radio-molecular gas correlation
not associated with SF
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SQUARE KILOMETRE ARRAY

Exploring the Universe with the world's largest radio telescope

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.

www.skatelescope.org



Square Kilometre Array
3 sites; 2 telescopes + HQ
1 Observatory

Design Phase: > €170M; 600 scientists+engineers

Phase 1
Construction: 2018 — 2024
Construction cost cap: €674.1M (inflation-adjusted)
Operations cost: under development (see below)

MeerKat integrated
Observatory Development Programme (€20M/year planned)
SKA Regional centres out of scope of centrally-funded SKAO.

Phase 2: start mid-2020s

~2000 dishes across 35@1«0 of Southern A
Major expansion of SKA1-Low across Weste
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SKA Big Questions

The Cradle of Life & Astrobiology
— How do planets form? Are we alone?

Strong-field Tests of Gravity with Pulsars and Black Holes
— Was Einstein right with General Relativity?

The Origin and Evolution of Cosmic Magnetism

— What is the role of magnetism in galaxy evolution and the
structure of the cosmic web?

Galaxy Evolution probed by Neutral Hydrogen

— How do normal galaxies form and grow?
The Transient Radio Sky

— What are Fast Radio Bursts? What haven’t we discovered?
Galaxy Evolution probed in the Radio Continuum

— What is the stalr-formation history of normal gaiaxies?
Cosmology & Dark Energy

—  What is dark matter? What is the large-scale structure of the
Universe?

Cosmic Dawn and the Epoch of Reionization
— How and when did the first stars and galaxies form?

Exploring the Urivarse with the world's largest radio telescope

Credit: Philip Diamond-Director General
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SKA Science Working Groups SKa

« Current SWGs represent a wide range of scientific areas.
- Extragalactic Spectral Line (non-Hl)
«  Our Galaxy
« Solar, Heliospheric & lonospheric Physics
« Epoch ol Reionizalion
- Cosmology
- Extragalactic Continuum (galaxies/AGN, galaxy clusters)

+ Cradle of Life
« HIl agal: i . Membership open to any active
DEIEIRY SUiGiiLe researcher with willingness to

¢ Magnelism + new SWG: cantribute at appropriate level
= Pulsars Gravitational Waves

Anyone can nominale themselves by
*« Transients contzcting the current SWG Chairperson
(per web site) or SKA Froject

o TEChnique focused WOrking GrOUp: Scientist/Science Director
- VLBI

« Topical Focus Group:
* High Energy Cosmic Particles

Explorng sFe Uneverse with the world's largest ~sdio telescope Credit: Philip Diamond-Director General




MDA RISE NEARR I MRTe

12+1 countries,
100 organisations
. more joining

Co- LR ) P ey |-

Members
Host Countries: Australia, Sowth Africa, United Kingdon
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Credit: Philip Diamond-Director General



IPM Contributions & Activities:

e 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

e Participation at the Data Challenges

e Taking part at the SKA Pathfinder Surveys Projects such as MeerKAT
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Science data

challenge 1 (SDC1)

* Science-ready (SRC) imaging product
* Radio continuum, SKA Mid

* Not too challenging data sizes

* 1 pointing, 3 freqs, 3 depths

* Source finding

* Source identification, classification &

characterization

Ecploring Lhe Urrve-se gath the

viurld's

s1oradio Lelas

SKA Launches First Science Data Challenge For
Astronomy Community

A a0t frery e SKA Scencs 0l Onallenge e, thowig 8 e ACcive Galactic Vucous (AGN) as # oosermxt by SKA-m

ef 4 O (Croult. SRA Crgarvaador

SKA Global Meadouarers, 2t NCVemMOer 2075~ [Ne Square KIomeLne Array Urgansation ISKAU) IS 1Daay reeasing
I3 firsl even Sciece Data Clalenge, giving @srunome s & tuske o' Bwe highly delasied Images B SKA wil (ioduce

Developed by the SKAD's Projact Sclerce leam, the challenge racuires the analvels of a serlee of high resciution
Images ceatad thiough cala smuations. Raseathars ' and usa thar >»wn software
1o finc. \dentlfy and classify the sources

Thee key aim of the serkes O Difte Crabenges i3 10 prepere B sclese community for thee knd Of deras products ey
wil recelve from S<A Shaarvations, and to Jather veluadie feadback which wil inform the development of data
reducticn precacures



The SDC1 teams!

17 teams registered to SDC1
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Square Kilometre Array Science Data Challenge 1: analysis and results
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ISM & IGM Focus Group:

Structure Formation and Energy Balance

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

Main Goals Bi Eony yens;

- 380 Txusand

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

e Physical parameters governing
structure formation on various
scales?

~ 400 Miica

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

4

Evolution of the RC thermal/non-

- Jblion

thermal fraction with redshift?

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

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

Thermal Nonthermal

NGC6946

Nonthermal

Both thermal and non-thermal RC emission
correlate with SFR
(Condon 2002, Murpphy+ 2011, Tabatabaei+ 2017)




SKA Band 2 ref. surveys

Detection with Proposed SKA Surveys?

~1000 deg?
rme: 1 uJy

Nonthermal S (micro Jy/Beam)

Wide Tier

~10 ceg?
rms: 0.2 udy

Deep Tier
~ 1 deg rms: 0.05 uJy

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

Deep: >50 detection of M51-like up to z~1 (case 1)
>40 detection of N6946, M51-like at all z (case 2)

Ultra Deep : >40 detection of N6946-like up to z~1 (case 1)
>100 detection of N6946, M51-like (case 2)
>20 detection of M33-like at z<0.5 (case 2)

Ultra Deep
Tier
5 Wide
i Deep
: 1 Ultra
R e R —— M51
: : : : : : : ; - —— N6946
~ Case 1 (fix size) ‘Case 2 (size evolves) =~ —— M33
034 : i i : : —L i ; : i i ;
! 0.0 0.5 1.0 2.0 2.5 3.0 00 0.5 1.0 2.0 2.5 3.0

redshift

reldas hift



Evolution of Mid-RC SED and Synchrotron Spectrum

Case 1 (fix size)
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| Ghasemi, Tabatabaei+ submitted .
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redshift

Message to SKA SWG:
Band 1 also needed to study
the era of maximum
star formation

(z=2)

2

A new reference survey

(+use case) added to
SKAI-MID

3.0

Synchrotron spectral index
flattens with redshift:
CRes more energetic at higher z

2

Mid-Radio SED of a M51-like galaxy

— z2=0.15 Solid: r.f. RC

~ z=0.3 " Dashed: obs. RC
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SKA Pathfinder Surveys: MeerKAT MIGHTEE
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MIGHTEE: Total intensity radio continuum imaging and the COSMOS ' _ ;
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Postdoc position available
Abstract @MIGHTEE project!

MIGHTEE is a galaxy evolutian sursey using simultaneass radio continuurn, spectro-pelarimetry, anid
spectral lne observatlons trom the South Atrican MeerKAT telescope. Wien complete, the survey wil

- -
s . ftaba@ipm.ir
image - 20deg” aver the COSMIUES, E-CDES, ELAIS =51, and XMWY= 1SS extragalacts: deep fiekls with a central

trequency of 1284 MHz. These were selected based on the extensive multiwavelength darasets trom

numeraus exisoine and forthoaming phservatianal cimpaigns. Here we deseribe and validace the data
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Summary

. 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.

J 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.

o 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.



