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Integrated	



Con/nuum	Emission	in	Galaxies	

Black-body	
(dust)	

Synchrotron	
(SNe,	AGN)	
α	≈	-0.8	

Free-Free	
(HII	regions)	
α	≈	-0.1	

Condon	1992:	The	observed	radio/FIR	spectrum	of	M82	(Klein	et	al.	1988,	Carlstrom	&	Kronenberg	1991)	

(Radio	regime)	 (Far-infrared	regime)	

Condon	plot	
count:	5	



RC—IR	Rela/onship	

•  Holds	over	5	orders	of	magnitude	with	only	
0.2	dex	scaHer	

•  Holds	out	to	a	redshi_	of	at	least	3	
•  Calorimeter	model	
•  The	conspiracy	
– At	low	luminosity	neither	the	IR	or																											
radio	accurately	trace	the	SFR	leading	

	
Yun	et	al.	(2001):	60μm	
against	1.4GHz	luminosity	

Yun	plot	count:	2	



The	Sample	
•  Local	Irregulars	That	Trace	Luminosity	Extremes,	
The	HI	Nearby	Galaxy	Survey	
–  LITTLE	THINGS	(what	an	acronym)		

•  40	dwarf	irregular	and	Blue	Compact	Dwarf	
galaxies	

•  0.8	<	D[Mpc]	<	10.3	
•  Extensive	mul/-wavelength	data	
–  FIR,	UV,	MIR,	Op/cal	(Hα)	

•  Low	mass,	low	metallicity,	early	galaxy	analogue	
and	a	test	of	the	calorimeter	model	



Observa/ons	

•  VLA	C-band	(4—8GHz)	
•  40	hours	in	C-configura/on	
•  Resolu/on	3—8”	
•  Sensi/vity	3—15μJy	beam-1	

•  22	detec/ons,	13	of	which	are	new	



Analysis	

•  Remove	background	sources	
•  Define	masks	
•  Es/mate	SFR	
•  Separate	RC	components	
•  Inves/gate	the	RC—SFR	and	RC—FIR	rela/on	
•  Magne/c	Fields	
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Removing	Background	Sources	

•  Significant	issue	in	these	faint	galaxies	
•  Iden/fy	through	cross	matching	with	NED	and	
proximity	of	RC	emission	to	Hα	
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Masks	
•  Previous	studies	tend	to	either	focus	on	
unresolved	observa/ons	or	on	bright	galaxies	

•  RC	emission	in	dwarfs	is	faint	and	patchy	
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The	SFR	

•  Use	combina/on	of	24μm	+	FUV	
– Leroy	et	al.	2012	

•  The	24μm	corrects	the	FUV	for	internal	
ex/nc/on	

•  Some	uncertainty	
– Some	MIR	generated	by	older	stars	

•  Issues	regarding	low	star	forma/on	rate	
– Stochas/c,	not	fully	sampled	IMF	etc.	



The	SFR	
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Separa/ng	the	Radio	Con/nuum	
•  Hα	and	RCTh	both	originate	in	the	hot	(104K)	
plasma	within	HII	regions	

•  Results	in	a	/ght	spa/al	correla/on	that	can	be	
used	to	es/mate	the	RCTh	emission		
– Deeg	et	al.	1997,	Murphy	et	al.	2011	

•  The	RCTh	can	then	be	subtracted	from	the	total	
RC	to	give	the	RCNth		

•  We	do	not	correct	the	Hα	for	internal	ex/nc/on	
•  A	different	Bayesian	approach	requires	numerous	
samples	of	the	radio	SED	(see	Jonathans	talk)	
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The	RC—SFR	Rela/on	
•  Integrated	over	the	RC-based	mask	results	are		
consistent	with	theore/cal		

•  Integrated	over	the	disk-based	mask	show	a	
suppression	of	the	RC	by	a	factor	of	2—4	
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The	RC—SFR	Rela/on	

•  Compared	to	the	study	of	larger	spirals	by	
Heesen	et	al.	(2014)	

10−4 10−3 10−2 10−1 100 101

SFRFUV+24µm / M⊙ yr−1 kpc−2

1016 1016

1017 1017

1018 1018

1019 1019

1020 1020

1021 1021

1022 1022

C
-b
an
d
R
C

/
W

H
z−

1

RCdisk-SFRdisk relation

LITTLE THINGS

Minus NGC1569

Murphy et al. 2011

Heesen et al. (2014)

12 + log O

H
> 8.0

8.0 > 12 + log O

H
> 7.6

12 + log O

H
< 7.6

10−4 10−3 10−2 10−1 100 101

SFRFUV+24µm / M⊙ yr−1 kpc−2

1016 1016

1017 1017

1018 1018

1019 1019

1020 1020

1021 1021

1022 1022

C
-b
an
d
R
C

/
W

H
z−

1

RCmask-SFRmask relation

LITTLE THINGS

Minus NGC1569

Murphy et al. 2011

Heesen et al. (2014)

12 + log O

H
> 8.0

8.0 > 12 + log O

H
> 7.6

12 + log O

H
< 7.6



The	RC—FIR	Rela/on	

•  RC	excess	when	integra/ng	over	the	RC	mask	
•  Consistent	when	integra/ng	over	the	disk	
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The	FIR—SFR	Rela/on	

•  Both	the	disk	and	RC	masks	integrated	FIR	
underes/mate	the	SFR	compared	to	Calzer	et	
al.	2010	
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Magne/c	Fields	

•  Assuming	equipar//on	we	can	es/mate	the	
magne/c	field	strength	

•  Average	of	6.0μG	over	disk	mask	and	12.7μG	
over	RC	mask	

•  Peaks	towards	regions	of	SF	with	values	up	to	
30μG	in	NGC1569	

•  Consistent	with	larger	spirals		
– 9.7μG	in	WSRT	SINGS	sample	



Interpreta/on	

•  The	RC	is	suppressed	rela/ve	to	the	expected	SFR	
over	the	disk	
–  The	RCNth	is	responsible	
–  But	the	magne/c	fields	are	strong	so	are	CRes	
escaping?	

•  The	FIR—SFR	show	the	FIR	underes/mates	the	
SFR	in	both	masks	

•  The	conspiracy	con/nues	
•  More	data	obtained	to	improve	S/N	and	allow	
radial,	spectral,	polarisa/on	studies	


