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Low frequency radio spectra !
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Low-freq radio spectra  
of galaxies

Thermal Bremstrahlung (free-free)

Non-thermal Synchroton

S ∝ 𝜈α

Condon et al 1992
Gabriela Calistro Rivera - Leiden Observatory

Synchroton: Cosmic rays SN 
in diffuse magnetic fields.!

!
!
!
!
!

Bremstrahlung emission:!
HII regions!



Low-freq radio spectra  
of galaxies

Thermal Bremstrahlung (free-free)

Non-thermal Synchroton

Condon et al 1992

High Freq. radio

Gabriela Calistro Rivera - Leiden Observatory

Radio(𝜈≥  1.4 GHz) ↔ SFR ✔!
e.g. Carilli and Yun 
(1999) !
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Thermal Bremstrahlung (free-free)

Low Freq. 
Non-thermal Synchroton

High Freq. radio

Condon et al 1992

Radio(𝜈≥  1.4 GHz) ↔ SFR ✔!
e.g. Carilli and Yun 
(1999)!

!
Radio(𝜈< 1 GHz)!

Marvil et al. (2014)  
(74 MHz and 5 GHz)!
Clemens et al. (2010) 
(244 - 610 MHz)!
Israel & Mahoney 
(1990) !



Low-freq radio spectra  
of galaxies

Condon et al 1992
Gabriela Calistro Rivera - Leiden Observatory

Thermal Bremstrahlung (free-free)

Low Freq. High Freq. radio

Absorved?!Non-thermal Synchroton

Flattening?!
!

Absorption 
mechanisms:!

Free-free 
absorption from 
HII regions.!

Ionisation losses!
!
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Low frequency radio ~ SFR?

Evolution with redshift/stellar 
mass dependences?
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Effects of the environment4

Degree of flattening for starbursts

2
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 LOFAR Böotes Field



LOw Frequency ARray 
LOFAR

Gabriela Calistro Rivera - Leiden Observatory

10–240 MHz

Full field of view!
Unprecedented sensitivity and resolution



Low Frequency Array 
LOFAR
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10–240 MHz

LBA (15-65 MHz)

HBA (110-180 MHz)
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Böotes Field  
Low Freq - LOFAR 150

Coverage:  9.3 deg2!
Multiwavelength data!

radio: LOFAR, VLAP, WSRT!
Multiwavelength:                                       
~ 10 bands IR, opt, UV!

Redshifts ∆ (zphot-zspec) = 0.034!
spec, AGES, EAZY!

Environments studies!
Bootes clusters, protocluster candidates



Böotes Field  
Low Freq - LOFAR 150 MHz

Gabriela Calistro Rivera - Leiden Observatory

Williams et al (in prep)



The DEEP Böotes Sample



Böotes Field  
WRST - VLA
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Coverage

WSRT rms  ~ 28 μJy!
(De Vries 2002)!

VLAP rms ~ 200 μJy!
(Coppejans 2014)!

!
LOFAR 150 rms ~ 135 μJy!

(Williams in prep)!
LOFAR 60 rms ~ 6 mJy!

(Van Weeren 2014)

Gabriela Calistro Rivera - Leiden Observatory

- 7 deg2 !

- Completeness:!
- ~85% of WSRT/VLAP has 

a LOFAR counterpart!
- ~ 464 sources!
- 0 ~ z ~ 2.5 (few above, z<4) 



WSRT rms  ~ 28 μJy!
(De Vries 2002)!

VLAP rms ~ 200 μJy!
(Coppejans 2014)!

!
LOFAR 150 rms ~ 135 μJy!

(Williams in prep)!
LOFAR 60 rms ~ 6 mJy!

(Van Weeren 2014)

Böotes Field  
WRST - VLA

Sensitivity

Gabriela Calistro Rivera - Leiden Observatory

- 7 deg2 !

- Completeness:!
- ~85% of WSRT/VLAP has 

a LOFAR counterpart!
- ~ 464 sources!
- 0 ~ z ~ 2.5 (few above, z<4) 
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Böotes Field 
Radio SEDS
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 MIR selected starburst. 
Based on IRAC color cuts 
(Stern 2008, Donley 2013)!
!
Contamination of AGN 
possible.!
!
AGN/SB?!

High resolution 
morphology  study 
needed

Gabriela Calistro Rivera - Leiden Observatory

Böotes Field 
Starburst Selection
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Böotes Field 
Spectral Indexes



Böotes Field 
Spectral Indexes
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Strong!
flattenin

Steepenin
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Böotes Field 
Spectral Indexes
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Strong!
flattening

Steepening!

Clumpy HII regions? Lacki 2013
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Böotes Field 
What is next?

!
Multiwavelength  study       
with AGNfitter                              
(SED-fitting tool with MCMC)!
!

Stellar Masses calculation!
!
!

High resolution morphology  
study!
!
Environment studies !
!
! Gabriela Calistro Rivera

supervisor: Huub Röttgering 
project: Protoclusters with LOFAR 

office: 11.05 Huygens Building 

AGNfitter   
SED fitting of AGN with MCMC 
Master’s supervisor: Joseph Hennawi

PROTOCLUSTERS  

———————————————————-—

Yi Kuan Chiang

ACCRETION DISK



CONCLUSIONS

!

LOFAR opens the low-frequency window on starburst  with 
unprecedented sensitivity and resolution.!

Böotes field a rich laboratory for variate studies of radio-SFR 
connection.!

No strong flattening has been observed below ~ 60 MHz.!

Very preliminary -                                                                        
stay tuned and suggestions are more than welcome! :)



Thank you for your attention



Böotes Field 
Compared to others



Böotes Field 
RMS



Böotes Field 
Sensitivity



Böotes Field 
Resolution


