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The local Universe
The FIR/radio correlation as a tool for high-z studies
Redshift evolution of the FIR/radio correlation
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+ The global IR and radio luminosities of a variety of SF
galaxies (~10%<Lgr[L .+ ]<~1012) are linearity correlated

+ This FIR/radio correlation is not well understood but is
one of the tightest extragalactic correlation yet known

+ On smaller galactic scales, this correlation still holds
but with some significant variations
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The FIR/radio correlation as a tool for high-z studies
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The FIR/radio correlation can be used to calibrate the radio luminosity as
an extinction-free SFR indicator for high-z galaxies, allowing us to take
advantage of radio observations that are often deeper than FIR surveys

with better spatial resolution

T
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The FIR/radio correlation as a tool for high-z studies
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The FIR/radio correlation can be used to estimate the redshift of SMGs
for which optical spectra are extremely hard to obtain
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The FIR/radio correlation as a tool for high-z studies
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Quitliers of the FIR/radio correlation (“radio excess sources”) can be used
to detect AGN activities in distant star-forming galaxies hidden to other
AGN selection criteria
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Redshift evolution of the FIR/radio correlation

Although the FIR/radio correlation is characterised well at low-z, its form and
thus its applicability at high-z still have to be firmly demonstrated.
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Constraining the FIR/radio at high-z is a challenging task !
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Redshift evolution of the FIR/radio correlation
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Because of the relatively sparse IR coverage, use of monochromatic flux
density ratio, I.e., Qo4
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Redshift evolution of the FIR/radio correlation
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Redshift evolution of the FIR/radio correlation

VLA/Spitzer selected + detections/limits —> No (significant) evolution
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To ensure a statistically sound treatment of flux limits arising from non-
detections employ the method of survival analysis
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Redshift evolution of the FIR/radio correlation

SF mass-selected + VLA/Spitzer stacking —> Evolution
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In order to remove any obvious selection biases, use of a SF mass-
selected sample combined with a radio and IR stacking analysis
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Redshift evolution of the FIR/radio correlation

SMGs —> Evolution
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Redshift evolution of the FIR/radio correlation

LIR-selected + VLA/Herschel stacking —> Evolution
Is there a significant evolution of the FIR/radio correlation with redshift ? !

v We need a complete sample of SF galaxies up to z~2 !
—> Use of a mass-selected galaxy sample h

v We need accurate Lir estimates
—> Use of deep Herschel observations

v We need accurate k-corrected L1.4gHz estimates
—> Use of deep VLA 1.4GHz and GMRT 610MHz (Thomson+14) Observations

|
|
|
|

The FIR observations provided by Herschel improve significantly our
estimate of Lir for high-z galaxies
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The SFR - M, plane

The SFR-M
A FIR and radio stacking analysis

Mass-selected sample in the ECDFS, COSMOS and GOODS-N/S fields

Over the last 10 Gyr, we observe a correlation between the SFR and My
of star-forming galaxies: the “main sequence” (MS) of star formation.
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The SFR - M, plane

The SFR-M
A FIR and radio stacking analysis

Mass-selected sample in the ECDFS, COSMOS and GOODS-N/S fields

Over the last 10 Gyr, we observe a correlation between the SFR and My
of star-forming galaxies: the “main sequence” (MS) of star formation.
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The SFR - M, plane

Mass-selected sample in the ECDFS, COSMOS and GOODS-N/S fields
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—> The localization of galaxies with respect to the MS correlates some of their physical
properties, suggesting that on- and off-MS galaxies experience different mode of star-formation

OT star-tormimng galaxies. e mam sequence
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The SFR-M
A FIR and radio stacking analysis

Mass-selected sample in the ECDFS, COSMOS and GOODS-N/S fields

Over the last 10 Gyr, we observe a correlation between the SFR and My
of star-forming galaxies: the “main sequence” (MS) of star formation.
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The SFR - M, plane

Type of SFR indicator

SED UvV+24um UV+FIR

Galaxies with
Herschel detections

3F 1

Magnelli+15
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The Herschel observations needed for accurate Lir estimates probe the
MS only at the highest stellar masses
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The SFR-M
A FIR and radio stacking analysis
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VLA observations (as well as GMRT) probe only the high-mass end of the
MS of star-formation
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The SFR - M- plane

We need to use a stacking analysis '

FIR
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A FIR and radio stacking analysis

SVLA/NVLA<4 OR SGMRT/NGMRT<4 SVLA/NVLA>4 AND SGMRT/NGMRT>4
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Our stacking analysis allows us to obtain the radio spectral index of
ALL star-forming (on- and above-MS) galaxies with Myx>1019 M,
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A FIR and radio stacking analysis
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SFR-My bins with
good qir constraints

Our stacking analysis allows us to constrain the FIR/radio correlation of
ALL star-forming (on- and above-MS) galaxies with Myx>1019 M,

B. Magnelli, EWASS 2015

The FIR/radio correlation and radio spectral index of galaxies in the SFR-My plane



Scientific Context
Sample and Method
Our Results
Summary

The radio spectral index
The FIR/radio correlation

Outlook: SKA

The radio spectral index

Magnelli+15
' 0=0.9173% ]
Magnelli+15
— T T T T T T T T T T T T T T T T T
& - i ® This work |
SRk AR UL EEEURD 1.5 -
i 1 i A Bourne+11 1
: iﬁf Ivison+10a
E ;+;
= i
0.5<2<0.8 S 1.0 i _
............. NQO :
"""""""" I ——.
i a=0.87207%5 (g I
1 _ 1_6 05_
. | |¢1 + ]
. RS SEE 7/ S = - ]
; ; 0.0 =
i | L L L L 1 L L L L 1 L L L L 1 L L L L 1 L L L L 1
; ; | 0.0 0.5 1.0 1.5 2.0 2.5
7 Sig=9.6e—01 : 0.8<z<1.2 ], Sig=5.8e—01 : 1.2<z<1.7 1, Sig=6. | 17<z<23 ] RedShrft
4 A2 N [ | I ]
-0.5 0.0 0.5 1.0 -0.5 0.0 0.5 1.0 -05 0.0 0.5 1.0

Alog(SSFR)wms A|Og‘(SS‘FR)MS Alog(SSFR)wms

We do not observe any significant evolution of the radio spectral index,
o 14GHzg 101z , Within the SFR - My plane and with redshift
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. The FIR/radio correlation holds up to at least z~2

« Qi displays a moderate but statistically significant redshift evolution «(1+2z)9-12
. There is no significant evolution of qir within the SFR - My plane
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- Using deep Herschel (100-500 pm), VLA 1.4GHz and GMRT 610MHz observations,
we constrained the radio spectral index and FIR/radio correlation in all SF galaxies
galaxies with Mx>1019 M, and up to z~2

The radio spectral index of normal and starbursting galaxies are consistent up to
z~2 with a standard value of 0.8

The FIR/radio correlation holds up to at least z~2, but qir displays a moderate but
statistically significant redshift evolution «(1+2z)90-12

This evolution suggests that the ISM properties (e.g. magnetic field strength, gas
densities, 2sFr, ...) of SF galaxies evolve between z~0 and z~2

The FIR/radio correlation and radio spectral index of galaxies in the SFR-My plane
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Outlook: SKA

Square Kilometre Array

“building the largest and most sensitive radio telescope in the world”

v A large total collective area of 1Tkm?
v Large frequency range coverage, 50MHz- 14GHz
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Emerging from the Dark Ages and the Epoch of Reionization

Strong-field Tests of Gravity with Pulsars and Black Holes
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Galaxy Evolution, Cosmology & Dark Energy
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- : see Carilli & Rawlings 2004 and
The Cradle of Life & Astrobiology ARSKA14 conference proceeding
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Outlook: SKA

Square Kilometre Array

“building the largest and most sensitive radio telescope in the world”

v A large total collective area of 1Tkm?
v Large frequency range coverage, 50MHz- 14GHz

» Emerging from the Dark Ages and the Epoch of Reionization
+ Strong-field Tests of Gravity with Pulsars and Black Holes

+ The Origin and Evolution of Cosmic Magnetism

+ (Galaxy Evolution, Cosmology & Dark Energy

. i : see Carilli & Rawlings 2004 and
+ The Cradle of Life & Astrobiology ARSKA14 conference proceeding

» Challenging teChnOlOgy prOjeCt (large infrastructure, big data, renewable energy ...)
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Outlook: SKA

SKA PHASE-1 (2018-2023) : ~10% SKA

SKA1-LOW

SKA1 LOW - the SKAs low-frequency instrument

The Square Kilometre Array (SKA) will be the world's largest radio telescope, revolutionising
our understanding of the Universe. The SKA will be built in two phases - SKA1 and SKA2 -
starting in 2018, with SKA1 representing a fraction of the full SKA. SKA1 will include two
instruments - SKA1 MID and SKA1 LOW - observing the Universe at different frequencies.
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SKA1-MID

| SKA1 MID - the SKAs mid-frequency instrument

The Square Kilometre Array (SKA) will be the world's largest radio telescope, revolutionising
our understanding of the Universe. The SKA will be built in two phases - SKA1 and SKA2 -
starting in 2018, with SKA1 representing a fraction of the full SKA. SKA1 will include two
instruments - SKA1 MID and SKA1 LOW - observing the Universe at different frequencies.
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Summary

- Using deep Herschel (100-500 um), VLA 1.4GHz and GMRT 610MHz observations,
we constrained the radio spectral index and FIR/radio correlation in all SF galaxies
galaxies with Mx>1019 M, and up to z~2

The radio spectral index of normal and starbursting galaxies are consistent up to
z~2 with a standard value of 0.8

The FIR/radio correlation holds up to at least z~2, but qir displays a moderate but
statistically significant redshift evolution «(1+2z)0-12

This evolution suggests that the ISM properties (e.g. magnetic field strength, gas
densities, 2srr, ...) of SF galaxies evolve between z~0 and z~2

The advent of SKA will revolutionised our vision of the FIR/radio correlation at high
redshift
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