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Introduction

 NASA

Luminous Infrared Galaxies(LIRGs): LIR[8-1000µm] = 1011-1012L
☉

Ultraluminous Infrared Galaxies (ULIRGs): LIR[8-1000µm] ≥   1012L
☉
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Galliano, F. 2004

Luminous Infrared Galaxies(LIRGs): LIR[8-1000µm] = 1011-1012L
☉

Ultraluminous Infrared Galaxies (ULIRGs): LIR[8-1000µm] ≥   1012L
☉
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       What is Powering them???

 Active galactic nuclei              and/or         Massive bursts of star formation 
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Galliano, F. 2004
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Luminous Infrared Galaxies(LIRGs): LIR[8-1000µm] = 1011-1012L
☉

Ultraluminous Infrared Galaxies (ULIRGs): LIR[8-1000µm] ≥   1012L
☉

ESA Atlanic
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● Selection criterion - LIR  > 1010.75L
☉

 from list Condon et al. (1996) of IRAS bright 
galaxies with flux densities > 5.24 Jy at λ = 60 µm

● Counterparts exist in the TIFR Giant Metrewave Radio Telescope(GMRT) Sky 
survey (TGSS DR4)

LIRGs: Sample Selection 

1)  source  name,  (2)  R.A.,  (3)  decl.,  (4)  spectroscopic  redshift  from the NASA/IPAC Extragalactic Database (NED),  (5) value 
of the absolute FIR luminosity from Table 1 of Condon+ 1996, except for NGC 3508, which is taken from Table 1 of Condon+ 
1990.
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Data -  Own radio observation
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We also have data from ATCA and SUMSS for some of our galaxies
Generation of broadband radio spectra - 80 MHz to 15.0 GHz

Archival radio data 
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Splurge Frugal
ICRAR
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Radio SED modelling

● Synchrotron emission

● Synchrotron and Free-Free Emission

● Synchrotron and Free-Free Emission 
with Free-Free Absorption

LOFAR FAMILY MEETING, JUNE 12-16, 2023 
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Radio SED modelling

● Synchrotron emission

● Synchrotron and Free-Free Emission

● Synchrotron and Free-Free Emission 
with Free-Free Absorption
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Clemens+  2010
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Radio SED modelling

● Synchrotron emission

● Synchrotron and Free-Free Emission

● Synchrotron and Free-Free Emission 
with Free-Free Absorption

Multiple Component Models

LOFAR FAMILY MEETING, JUNE 12-16, 2023 

Radio SED modelling
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Radio SED modelling 
UltraNest, Nested sampling bayesian inference method was used to constrain each of described radio 
continuum models and to compare models. 

ESO 440-IG058

● Synchrotron free- free emission with 
absorption

ESO 507-G070
● Mix component model: 

Synchrotron free-free emission with absorption 
and power law

Subhrata Dey+ 2022, APJSubhrata Dey+ 2022, APJ
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Radio SED modelling
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Results
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Non-thermal normalisation component
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Results
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Thermal normalisation component
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UV-radio SED modelling

Subhrata Dey+ 2022
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Inclusion of radio fluxes in our UV-IR SED modeling → the Ldust and SFR are estimated with one-order magnitude better 
accuracies 
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UV-radio SED modelling

LOFAR FAMILY MEETING, JUNE 12-16, 2023 

Inclusion of radio fluxes in our UV-IR SED modeling → the Ldust and SFR are estimated with one-order magnitude better 
accuracies 

Malek, K+ 2022
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Comparison of SFR estimates from radio and UV-IR SED
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10 Myrs

Total Non-thermal Thermal

100 Myrs

Subhrata Dey+ 2022

★ Merging Galaxies

⬤ Non-merging galaxies
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Comparison of SFR estimates from radio and UV-IR SED

Synchrotron emission -> Effective indicator of 
recent SFR in galaxies.

Much better correspondence of SFRradio (total and 
non-thermal) with SFRIR estimated 10 Myr ago.

Considering magnetic field ~50µG → synchrotron 
lifetime ≈ 3.3×105 yr 
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Total Non-thermal Thermal

10 Myrs

100 Myrs

★ Merging Galaxies

⬤ Non-merging galaxies Subhrata Dey+ 2022



Panchromatic SED modelling of Infrared Bright Galaxies
18

ULIRGs:  Sample Selection 

1)  source  name,  (2)  R.A.,  (3)  decl.,  (4)  spectroscopic  redshift  from the NASA/IPAC Extragalactic Database (NED),  (5) value of the absolute FIR luminosity 
(a)Spoon+ 2009, (b)braun+ 2011, (c)Clemens+ 2010, (d)Kim & Sanders 1998, (e)Veilleux+ 1999  (6)  reference  for  the  source  selection:  (f)  Galvin+ 2016,  (g) Clemens+ 
2010, (h) Nandi+ 2021
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Radio SED modelling 
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UGC 8058

● Mix component model: 
Synchrotron free-free emission with 
absorption and power law

UGC 8696

Subhrata Dey+ (in prep)

● Mix component model: 
Synchrotron free-free emission with 
absorption
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Radio SED modelling 
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UGC 8058

● Mix component model: 
Synchrotron free-free emission with 
absorption and power law

UGC 8696

Subhrata Dey+ (in prep)

● Mix component model: 
Synchrotron free-free emission with 
absorptionLofar LBA Sky survey
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UV-radio SED modelling 
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UGC 8058 UGC 8696

Subhrata Dey+ (in prep)
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Comparison of SFR estimates from radio and UV-IR SED 

LOFAR FAMILY MEETING, JUNE 12-16, 2023 
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RESULTS 

LIRGs
★ The radio-only SED → complex features, showing bends and turnovers.

★ The nonthermal spectral → varies between -0.45 and -1.75
Influence of star formation on the energetics of CRe.

★ Inclusion of radio fluxes in UV-IR SED modeling → the dust luminosities and SFR are estimated with 
one-order magnitude better accuracies than given in literature.

★ SFRradio(total and non-thermal) estimated at 1.4 GHz show a close correspondence with SFRIR (CIGALE) 
estimated 10 Myr ago → 
1.4 GHz SFR estimates is a good indicator of recent star formation.
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RESULTS 
★ The radio-only SED → complex features, showing bends and turnovers.

★ The nonthermal spectral → varies between -0.45 and -1.75
Influence of star formation on the energetics of CRe.

★ Inclusion of radio fluxes in UV-IR SED modeling → the dust luminosities and SFR are estimated with 
one-order magnitude better accuracies than given in literature.

★ SFRradio(total and non-thermal) estimated at 1.4 GHz show a close correspondence with SFRIR (CIGALE) 
estimated 10 Myr ago → 
1.4 GHz SFR estimates is a good indicator of recent star formation.

LIRGs

★ SFRradio(total and non-thermal) estimated at 1.4 GHz show a close correspondence with SFRIR (CIGALE) 
estimated both 10 Myr and 100 Myr ago

Prelim
inary !

ULIRGs

sdey@oa.uj.edu.plThank you :)


