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HeLpg Panchromatic Star Formation Studies . IDIA

Infrared & X-rays

e Galaxy Luminosities can be effectively used to trace Star Formation Rates

e Luminosities at most wavelengths require large corrections for dust obscuration
e Both Far-Infrared and Radio Luminosities reliably trace Star Formation Rates in a
way which is largely immune from dust obscuration (hence the tight correlation)
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@ HELP Overview \IBIA

 HELP = Herschel Extragalactic Legacy Project

 European Commission project funded (2014-18) to:
— Bring together multi-A surveys over more than 1000 deg?
— Lower the barriers to multi-A statistical survey science

— Provide a resource for astronomers to study the high
redshift Universe akin to SDSS (also) using Herschel

— Provide tools to make Herschel surveys easy to use
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@ Implementation N\,
* Define Optical/Near-Infrared/IRAC Master List

* Match Master List vs X-ray/GALEX/WISE/Radio
e Estimate Photometric Redshifts for Master List
* Measure MIPS/PACS/SPIRE Forced Photometry

e Estimate Physical Parameters for All Sources



IRAS Dust Map
Schlegel+ 1998




“c./\Where do we stand in the Radio?"

® ATESP (Prandoni+01)
@ Condon (1984)
® COSMOS (Bondk+08

® E-CDFS (Padovani+15)
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e Current deepest wide (~deg?-scale) 1.4 GHz surveys reach ~50 py depth

e Star Forming Galaxies (rather than AGNs) dominate fainter than 100 wy

e ==> Statistics is currently small and LIRG-style SFRs remain elusive at z>™~1



SKA-mid : 2500 fibre-connected dish antennas CIDIA
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All 64 MeerKAT Antennas in \lDiA
Operation as of 30 April 2018




MeerKAT Large Survey Projects (Approved 2017) (‘\IDiA

— ¢ LADUMA (Ultra-deep atomic hydrogen)

* MIGHTEE (Deep continuum imaging of the early universe)
e Fornax (Deep HI Survey of the Fornax cluster )

* MHONGOOSE (targeted nearby galaxies Hl)

* MeerKAT Absorption Line Survey (extragalactic HI
absorption)

~| ¢ ThunderKAT (exotic phenomena, variables and transients)
« TRAPUM (pulsar search)

~* MeerTime (pulsar timing)

* MESMER (High-z CO)

 MeerGAL (Galactic Plane Survey)

imaging

Time domain

http://public.ska.ac.za/meerkat/meerkat-large-survey-projects
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MIGHTEE Observing Strategy

|
|
|
o
|
|
|
|
|

XMM-LSS ECDFS ES1

XMMLSS — 02 18 0500 - 7.5 deg? | ==
ECDFS — 03 30 -28 00 - 7.5 deg? |
ES1-004000-440000-3deg? % ey
COSMOS — 10 00 +02 00 - 1.5 deg?

DEC (ke
_’l—‘_—‘L' -‘l‘—”""\-—
-

COSMOS |




The Big Data Challenge RPJ
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"*" /) IDIA Data-Intensive Research Cloudl.

i

* Phase | operational August 2017 < - —

e Data-centric architecture for cloud-based, data- N -
intensive research |

* 40 Compute nodes
* 2.6GHz Xeon Processors
* 32 cores, 256 GB RAM / node

* 4 nodes have 2x NVIDIA K80 GPUS

» 4 x Storage Targets to provide POSIX volumes
that add to the block and object storage

e Currently 500TB usable
* 50Gb/s Ethernet core, attached to SA DIRC
* 10Gb/s Access network connected to SANReN

4
N

Ul

Phase Il : + 80 nodes + 2PB (Q2 2018) + 4 PB (Q2 2019)
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Jupyter Notebook Processing .~
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First Stage Calibration Script
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L HIPPO : Beyond HELP

HIPPO : The HELP - IDIA

Panchromatic PrOject
http://www.mattiavaccari.net/hippo/

A Cloud-Based Environment for the Science Exploitation of Radio Surveys
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$ Py - 3
e e ‘ RMS error = 0.066
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@ HIPPO’s First Steps DA

Create a python-centric 'Software Container' for
Source Characterization on the IDIA Cloud.

Assemble & Homogenize software tools to create
cutouts and contours/overlays from most surveys

Bare-Bones Visualization and Annotation Software
Source Morphological Classification Software
Source Spectro-Photometric Classification Software
Obtain / Extend Multi-Wavelength Ancillary Data
Scientific Exploitation of Existing Radio Surveys
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] iTA-yibRG €06 VOICE (VST INAF GT Survey)
s CDFS - 4 deg? - mag™26 in ugri

http://www.mattiavaccari.net/voice/
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@ VST Optical Imaging of MeerKAT Fields ",_IDIA

' VST-VQIGE-COFS-1+| *VST-VOICE-CDFS-2
vis N : . ! ) :

(Pls : Covone & Vaccari)

1) image/site quality

1 ¥/ VST:VOICE-CDFS-4 1 | "NST-VOICE-CDFS3
VISTA-VIDEO-GDFS-3 1" : 1]

' 2) u-band sensitivity

| VisTAViDEd-CoPs 2 3) multi-wavelength
Vaccari et al. 2016
* gri Multi-Epoch for SN Search & AGN Variability Studies
(Cappellaro+ 2015, De Cicco+ 2015, Falocco et al. 2015, Botticella+ 2017)

* ugri Deep Stacks to be combined with ZYJHK & IRAC12

* Enabled improved selection / targeting for spec-z runs

E



‘7 ML Photometric Redshifts @IA

030 r black feature > collected
028 red feature = rejected
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PHILAB all-relevant feature selection on VOICE KB2 red line = rejection threshold

bias|  0.005 0.004 Amaro, Brescia, Cavuoti et al. (in prep)

NMAD  0.028 0.027



Zphot Dest estimate
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"*t) The SFG Radio LF beyond z~1 \IEIA

10"

Ocran et al. in prep 1
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A ‘ e Deep & Wide Radio Surveys (GMRT 610 MHz here)
oon 2 0% place strong constraints on galaxy evolution models
logyo(Leoam:/WHz ) P g g Y
when coupled with good optical spectrophotometry




Radio XID & Classification Tools

Matt Pescott et al. (submied) ’
* Heywood et al. 2016 - JVLA BnC Survey of SDSS Stripe 82

* Several Astronomers to annotate Radio Contour Plots
* Checking Nearest-Neighbour / Likelihood Ratio Matches




@ Supervised Source Classification \IDIA

 Deep Neural Networks are extremely efficient
at image recognition when running on GPUs

mEe

. " | \f \ =
- e | M ‘. 4
. - W " o
1. input 2. rotats . crog §. comvaolutions b dense

Dieleman et al. 2015
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DL for Radio Source Classification

\ IDIA
' \f‘\J

Normalized confusion matrix

. .J_T.“YA“',_ ;-'-7:;:“;*‘:7“* YT 1.0
COMP 9
0.8
R 0.7
FRI 0.6

2
= 0.5

—— train E
h val - 1%4
. o o m %0 « 403
Wathela Alhassan et al. (submitted) 02
—— frain il | 0.1

: - val

0.0

Predicted label
. Type precision recall fl-score
COMP 0.98 0.98 0.98
FRI 0.98 1.00 0.99
BENT 0.96 0.98 0.97
FRII 0.96 0.93 0.95

avg/ total 0.97 0.97 0.97 25




@ Conclusion \IBIA

* Multi-Wavelength Data Fusion enables:
— access to and science use of public data

— value-added data products (z, SFR, M,, M, ...)

— studies of the Cosmic Star Formation History

 Machine Learning Techniques are key to exploit
the wealth of data from upcoming (radio) surveys

e /ST VOICE/KiDS-like observations are crucial to
be able to identify and study MeerKAT sources
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