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‘) Star Formation History of the Universe
&Y

Science SWG
Goal SWG Objective Rank
1 CD/EoR Physics of the early universe IGM - I. Imaging 1/3
2 CD/EoR Physics of the early universe IGM - Il. Power spectrum 2/3
4 Pulsars Reveal pulsar population and MSPs for gravity tests and Gravitational Wave detection 1/3
5 Pulsars High precision timing for testing gravity and GW detection 1/3
13 HI Resolved HI kinematics and morphology of ~10710 M_sol mass galaxies out to z~0.8 1/5
14 HI High spatial resolution studies of the ISM in the nearby Universe. 2/5
15 HI Multi-resolution mapping studies of the ISM in our Galaxy 3/5
18 Transients Solve missing baryon problem at z~2 and determine the Dark Energy Equation of State =1/4
22 Cradle of Life | Map dust grain growth in the terrestrial planet forming zones at a distance of 100 pc 1/5
27 The resolved all-Sky characterisation of the interstellar and intergalactic magnetic fields 1/5
32 Constraints on primordial non-Gaussianity and tests of gravity on super-horizon scales. 1/5
33 Angular correlation functions to probe non-Gaussianity and the matter dipole 2/5
37 +38 St_ar formation hi_storv of the Universe QFHU) — 1+1. Non-thermal & Thermal processes 1+2‘8 I
Table 2. List of highest priority SKA1 science objectives, grouped by SWG, but otherwise in arbitrary
order.
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7 _
@ﬁ The (Paschen-a) Sample

Work led by Tim Galvin (WSU)

19 sources:
* Sgoum > 1.4y
* Lisoooum> 10" L
* 0.067<z<0.227
e Dec.<-30°
* Remove AGN
e Optical classification
> 50 away from radio-IR correlation

T. Galvin, Seymour, et al. (submitted)
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Observations

MWA/GLEAM:

e 70-230 MHz

e All-sky (dec.<+30°)

e 170-230 MHz detection image

e 20 flux measurements

* Priorised flux densities for MWA
non-detections at 200MHz

T. Galvin, Seymour, et al. (submitted)

Central Frequency Band Array Date Observed LAS
GHz «
2.1 L/S 6A 23-01-2015 89.0
5.0 C/X 6A 27-01-2015 37.4
5.0 C/X  750C 29-12-2015 275.3
6.8 C/X 6A 27-01-2015 27.5
6.8 C/X  750C 29-12-2015 201.7
8.8 C/X 6A 27-01-2015 21.2
8.8 C/X  750C 29-12-2015 155.9
10.8 C/X 6A 27-01-2015 17.31
10.8 C/X  750C 29-12-2015 127.0
17.0 K 6A 23-01-2015 11.0
17.0 K 750C 31-12-2015 80.9
17.0 K H168 06-09-2016 60.5
21.0 K 6A 23-01-2015 8.9
21.0 K 750C 31-12-2015 65.3
21.0 K H168 06-09-2016 49.0
45.0 Q H214 4-09-2014 17.0
47.0 Q H214 4-09-2014 15.9
89.0 W H214 4-09-2014 8.6
93.0 W H214 4-09-2014 8.2

ATCA Observations: PI T. Galvin




\'/@ﬁ Models

One Component:
Power-law
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Two Components:
Same Synchrotron Power-law
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//‘\\\ Results: Fits

&
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T. Galvin, Seymour, et al. (submitted)

SED complexity
only revealed
from high
fidelity radio
observations!




'@ﬁ Results: SED Choice

Model 1 2 3 4 5 6
Source PL SFG C C2 C2 C2 Table 4. An overview of the derived evidence values for each of
IRAS NC 1SAN 1SA the fitted models obtained using MULTINEST. The evidence value

for each source has been normalised to the best supported model.
F00198-7926 -12.0 -13.2 -15.8 -10.4 0.0 -0.9 Bold-italic typeface on blue shaded cells indicates the ‘best’

model, j rict] he eviden lue, for each rce. Itali
FOOIOOTI0 I5 170 of TGO -19 g Mokl by et i orcach el
F01268-5436 -7.1 0.0 -2.2 -4.7 -5.1  -5.2 evidence value is indistinguishable from the ‘best’ model for each
F01388-4618 -12.6 -14.3 0.0 -3.0 3.7 -4.5 source according to the Bayes odds ratio scale.
F01419-6826 0.0 -1.4 -0.9 -2.8 -2.9 -2.0
F02364-4751 -28.5 -30.1 0.0 -2.6 2.4 -1.9
F03068-5346 -9.4 -0.8 0.0 -0.9 -2.6 -1.6
F03481-4012 0.0 -1.4 -3.5 -6.5 -3.8 -4.5 Summary:
F04063-3236 -23.2 -24.8 -30.4 -9.5 0.0 -1.8 ° 10/19 show mult-'ple Components
F06021-4509 -8.5 -10.2 -10.4 -1.8 -0.0 0.0
F06035-7102 -53.9 -551  -21.7 0.0  -1.7 -54  ° 15/19show low-frequency turn-
F06206-6315 -65.8 -67.2 -29.4 -23.1 0.0 -0.8 overs

F18582-5558 -24.9 -26.5 -229  -0.8 -1.1 0.0

° -fA -
F20117-3249 -148.5 -150.0 -18.7 0.0 -7.5 -4.3 3 are beSt ﬁt by a power IaW

F20445-6218 -1.9 -3.3 0.0 -1.8 -3.3 -1.8
F21178-6349 -2.5 -3.2 0.0 -4.1 -1.6 -2.1
F21292-4953 0.0 -1.8 -4.3 -3.3 -5.9 -5.9

F21295-4634 -20.3 -21.9 -0.1 0.0 -2.0 -1.0
F23389-6139 -1451.1 -1452.6 -211.6 -146.5 0.0 -1.1

Number 3 1 5 4 4 2 T. Galvin, Seymour, et al. (submitted)
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@ Power-law Sources
—/
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Q .
@ﬁ Fit Parameters

Table 5. An overview of the most preferred models judged strictly by their evidence value and their constrained values. We use the 50t"

percentile of the samples posterior distribution as the nominal value, and use the 16* and 84" percentiles to provide the 1o uncertainties.
Parameters not included in a model are marked by a ‘~’. We omit parameters constrained that belong to the Matérn covariance function.

Source Model A B a Vi1 C D a9 Vt,2 I Temp. B
IRAS mJy mJy GHz mJy mJy GHz Jy K
F00198-7926 C2 1SA  187.97187 0519¢ 13101 02190 76198 05703 - 6.270 7 0237598 555725 1.3703
F00199-7426 C2 1SAN 6.4126 ~ (2108 _(g+00 4661218 02103 05702 1527041 4o 1 +18 4 1402
F01268-5436 SFG NC 0.810-2 12.4104 —1.0190 - - - - - 0.347022 447179 1.3192
F01388-4618 C 444735 0232 07109 03790 - - - - 0.5970-%0 457138 1.6702
F01419-6826 PL 87193 - -0.719:9 - - - - - 0.827037 41.2%37 17702
F02364-4751 C 86.574%¢ 03103 —0.8739 03190 - - - - 1.0410-25 40.8739 1.370:3
F03068-5346 C 14717291 25192 0,911 01190 - - - - 0407908 49.713:9 1.219-2
F03481-4012 PL 150105 - —0.8100 _ - - - - 0297012 4754558 4 5403
F04063-3236 C2 1SA  49.47%32 02793 13101 031595 52739 02192 6.5705 0257008 495732 1.3105
F06021-4509 C2 25.8759 04103 11702 04132 50712 04703 —1.3707 4.4%92 0.09755 59.871% 1.1752
F06035-7102 C2 1SAN 23.273°5  0.3%52 —1.2%0-0 - 349.8732-2 0.3702 - 04700 0.651013 49.3731 1.119-0
F06206-6315 C2 1SA  49.07%%  0.670% —1.3%0% 051971 128197 05707 - 45704 0677015 459718 11701
F18582-5558 C2 213.2752%% 0.3105  —0.9%01 0.0%00 59759 010 —1.3707F 54707 0487007 434719 1.8757
F20117-3249 C2 1SAN 7.3717 06704 —11*57 - 73.075% 05798 - 1.6792 1147037 37.1+25 1.7+0-2
F20445-6218 C 62.0719%% 0.6705 —0.81)1 02707 - - - - 0.40102% 46.613¢ 1.3703
F21178-6349 C 28.6755 09702 —1.2%01 04707 - - - - 0.237502 482725 15704
F21292-4953 PL 21.070% - —0.57590 - - - - - 0.46702% 46.7135 1.410-2
F21295-4634 C2 1SAN 1.110-7 03792 —1.0*57 - 31.3757 03753 - 0.570% 1.2710-97 39.072:5 1.6103
F23389-6139 C2 1SA  421.7171%6 1.070°5 —1.4%00 04755 919782 07199 - 3.0102 0.861025 447727 1.310%

T. Galvin, Seymour, et al. (submitted)
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\'/&@ Thermal Fractions
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\.@@ Spectral Index
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\.@@ Spectral Index
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\.@@5 Spectral index v SFR

Radio spectral index from

cosmic ray index estimated 0.6
from GeV to TeV observations
(Wang & Fields, 2017)
0.8
¥ 10
-1.2
Do higher SFR galaxies have
steeper cosmic ray (and
therefore synchrotron) 14

spectral index?
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@ Emission Measures
=

Source EM1 EMs
IRAS 10cm=—%pc  105cm—%pc
F00198-7926 0.016 13.836

F00199-7426 0.021 —
F01388-4618 0.02 —

F02364-4751  0.017 - TV=3.28><10—7( L )( ) 2'1( EM_6)
F03068-5346  0.005 - 10°K J A\ GHz pcem
F04063-3236  0.029 15.933

F06021-4509  0.038 6.197

F06035-7102 - 0.044 EM Ne \? (8
F06206-6315  0.057 6.471 pp—— /1 N (Cm—3) (pc)
F18582-5558  0.014 8.074

F20117-3249 - 1.002

F20445-6218 0.023 -
F21178-6349 0.042 —
F21295-4634 — 0.079
F23389-6139 0.04 3.099

T. Galvin, Seymour, et al. (submitted)
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\'@@ Optical Geometry

WiFeS IFU Observations

Star Formation Rate Dust distribution

Galvin, Seymour, et al. (in prep.)
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@j Suppression of Low Frequency Flux
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Y Conclusions

)

* The radio SEDs of SFGs are surprisingly complex revealing
often revealing multiple components with low-frequency
turn-overs which is most likely due to geometry of star
formation

* Lower thermal fraction than lower SFR galaxies

* Evidence that the intrinsic synchrotron spectral indexes
are steeper than -0.7

* Implications for deep source counts
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