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The BIG questions

® What regulates SF in small, gas-rich
galaxies!?

® What is the relative importance of
sequential triggering?

® VWhat is the role of turbulence for SF?

® What happens to the star formation
process in the outer parts of disks!?
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| Local Irregulars That
LTTTLE oot v oy ey e | FACE LUMINOSILY

\/C the purpose of determining the drivers for ster formation in these systems. This project is colled LITTLE THINGS (Lecol
‘-—{ I r\\) 70 Irregulars That Troce Luminosity Extremes, The HI Nearby Galaxy Survey) Our date include GALEX UV images, ground

based UBV and Ha images, some ground-based JHK images, Spet2er archival mid-IR images, end HI-line mops. The VLA MI
mops 90 deep (12/6/2 hrs in B/C/D ervoys) with high spectral resclution (126 lenv/'s) ond high enguler resoiution (26%). Our Xt re m es e
datasets trace the stellor populations, gas content and structure, dynamics, ond stor formation indicators in the galavies We ’
ore moking the HI data avalable to the public for the first time Jonuary 2012. Here we give a taste of the data that are
ovaslable
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The LITTLE THINGS team is grateful 10 NRAO for telescope time ond for support of team and public data occess and 10 the National Science
Foundation for funding through grants AST-0707563 (DAM), AST-OT07426 (BGE). AST-OT0T468 (CES), and AST-OTOT83S (LMY) We thank Ms. Lauren
Hll for producing the color images
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|IC 10: infalling HI cloud

HI data cube HI velocity field
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Hunter et al. 2012
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VLA continuum survey
IC 10 6.2 GHz VLA + Effelsberg

e 2010:ICIO+ICI613
(RSRO) vHi 1+ vHis+

. - ® 2012: entire sample
v @6 CM Kitchener+, submitted

® 2014—now:

subsample spectral
index study |1-20 cm




Motivation

® Hardly anything known about RC in dwarfs
® Single-dish data are confusion dominated

® |nterferometric data needed

® RC-FIR “conspiracy’ sei 2003, Lacki+ 10

® CRe escape in galactic wind

® Dust heating photons escape as well




Declination (J2000)

—
[S)
o
o
Y
=2

c
k<]
=
©
c
[$]
@
o

Declination (J2000)

C —harRGon SFRDi4un
M- -
i
¥

7

|

o

200 pe

] 1 J
08* 04° 02™00° 56°

Right Ascension (J2000)

Oholm 28

C —°band RC on SFRDpa 24m

Haro 29

30F

48°29
O

O

200 pc

1 1 1
18° 16° 14°
Right Ascension (J2000)

12h26™m12°

— band RCon SFRDHMsz

+64°49'

200 pc =1

06°  31™00°  5H4* 48° 42°
Right Ascension (J2000)

Wednesday, 24 June 15

4"30m36°

Declination (J2000)

Declination (J2000)

Declination (J2000)

[oN)

54°31

Right Ascension (J2000)

485 11/1,35”!455

| C — band RC on SFRDH,+24m

Vil Zw 403

79°00'F

78°59'

| ©

200 pc
1

28007 50°
Right Ascension (J2000)

11727m40°

— banﬂ RCon SFRDHQ+24Mm ’

41’

3 0y
o ]

+70°40'

200 pc
2d

. 1 1
15° 19"00° 45°
Right Ascension (J2000)

8"18™30°

Declination (J2000)

Declination (J2000)

Declination (J2000)

NGC 421#

+36°17

cw
o

“C band RC on SFRD +2'4Mm :

2@0 ﬂ

Right Ascension (J2000)

R T

2/11577124s

15F ¢ band RC on SFRDHMW

IIDO 155

14'F

+14°12/

200 pc
1

Right Ascension (J2000)

+69°10F .-

1 1
42° 39° 36°

12"53733°

=y A
Right Ascension (J2000)

PENUION
7h28™20°




Declination (J2000)
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Disc integrated flux

Masked by V — band disk e . .
e Caraced e Y= ® Integration over disc
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Multi-wavelength picture
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Increasing the S/N

Radio 6 cm contours ® Radio mask

+GALEX FUV
® Remove background
DDO 133: C/—harz’d RC SQFUV
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RC—far infrared

C-band RC (RC-masked) vs. 70um (over disk

—— LITTLE THINGS

[ s ® Slope |.05+/- 0.08
o 80>12+logg>76
12+ 1logQ < 7.6 ) hd h I Io
i (slightly super-linear)
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Comparison with
spirals
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Dwarfs are radio dim

C-band RC (RC-masked) vs. SFRryy.124,m (over disk)

—— LITTLE THINGS
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Magnetic Field — SFR Relation

RC-SFR relation

e Turbulent dynamo: i
B ~ SFRO-33 schleicher & Beck (2013) |

@ This study

—_
e}
()

® Non-thermal: L ~ B3*¢
® RCnt_SFR: RCnt~SFRI'33

® Weak B or CRs below o
SFR:O.I M yr_l | SFRruv-+24ym / Mg yr !

Kitchener, Brinks,VH et al. 2015,
submitted
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RC-SFR relation

Why it may work:
*SFR ~ H-alpha (Kennicutt ® need B—CR

1989) equipartition
*H-alpha ~ thermal RC ® non-calorimetry
*SFR ~ Type Il SN rate ® weak B-fields

(> 8 Msolar)

® time dependence
*Scale non-thermal

luminosity to Milky Way SN

rate




M33 far—IR: ISRF heating
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“Hybrid” star formation tracer
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FUV is important in the
outskirts of galaxies.
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RC—FIR “conspiracy”

® Dwarfs lie a factor ® Dwarfs lie below

of 2 below the the RC-SFR relation
RC_FIR. ® Slope |.2]
correlation

® Up to a factor of 10
radio weak

® Slope |.05




Global power-law relations

FIR

Murphy+12
1.0
I 1.0?

| .4—1| 5
SFR MHI

Kennlcutt+ |2

.11 3
Kitchener+15
I 0.25-0.28
ON V“%%
B-CR equipartition n Niklas & Beck 1997




IC 10

D = 0.7 Mpc
SFR = 0.1 M yr|
Wolf-Rayet stars
Star burst

few Myr star
clusters

Hunter et al. 2012
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Radio continuum 1.5-8.8 GHz

Heesen, Brinks, Krause et al. 2015
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“NT conspiracy”

Non-thermal flux density:

58 m)y (@6.2 GHz)
| 4 GHz

2 6 G HZ POWG r-IaW Chyzy et al. 2003

/ Spectral index: -0.41

|0 GHz

Non-thermal RC:
spectral curvature




Spectral ageing with the JVLA

ICIOVLA+ Effe|sberg 6.2 GHz (Heesen, Brinks, Krause et al. 2015)
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Spectral age map

Some details:

*Subtract thermal RC w/ H-alpha
*Correct missing flux w/ Effelsberg
*Estimate B from equipartition
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A young superbubble in IC|0

HIl emission + 6.2 GHz Position—Velocity Diagram
BT . o ] Pt 4 L
HiIntegrated Intensity g .7 .

+ 6.2 GHz Radio ( )

-
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-
-
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H| bubble

*HI “hole” created by a few
I ©~  Young Stellar Clusters 4&,__ maSSIve Type IC SNe
s be e|CHO XA, 23—-35 Myolar stellar

HI data cube from LITTLE THINGS mass black hole

(Hunter et al. 2012) °‘Hypernova’ progenitor
(Lozinskaya & Mosiiev 2007)

+ Position of IC10 X-1
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A young superbubble in ICI0

HI data cube from LITTLE THINGS
(Hunter et al.2012)
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Position—Velocity Diagram
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“Synchrotron envelope” in IC 10

|.4 GHz VLA + Effelsberg | .4-8.4 GHz spectral indx.

IC10 VLA 1.43GHz TP
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ICI10 — 120 MHz LOFAR + 6 GHz VLA
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Spectral index profile (z)

(a) NGC 7090 — Convection Model Assumptionsz

e *Exponential profile of B
coum *Constant wind speedV
Results:

*Concave profile

V >Vesc :CRe escape

> 3 4 5 6 7 8 9 eConvex proﬁle

Distance to Galactic Midplane (z) [kpc]
V <Vesc: CRe calorimeter

-
c
3
N’
X
Q
©
L=
©
S
frmr)
(&)
O
Qo
7]
9
©
©
c
©
S
S
Q
L
T
c
(@)
<

CR escape speed:

hy
| V— (Magnetic energy scaleheight: hg / 2)
2 - trad

Heesen, Dettmar, Krause et al. 2015, submitted
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Conclusions

® 26 out of 40 dwarfs RC detected

® 42% thermal RC fraction @6 cm

® 0.1-1.0 M yr! diverge from Condon’s relation
® [03-10* yr! factor of 10 radio deficient

® Radio factor of 2 deficient to FIR:“*Conspiracy”

® Young (|l Myr) cosmic rays in IC |0

® Non-thermal outflows magnetize early Universe




Thank you!
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