CHILES

COSMOS HI LARGE EXTRAGALACTIC SURVEY

Attila Popping on behalf of the CHILES team

I THE UNIVERSITY OF

P,'
WESTERN AUSTRALIA

()

i

Research ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

Astronomy
March 16-18 2015

2015 PHISCC Workshop /é'\\ ermatona
HI Surveys Get Real @Ars Radio EAASTH[]
=




LARSA(

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

CHILES team

Columbia University

Jacqueline van Gorkom (Pl)
Julia Gross
David Hendel
David Schiminovich
Ximena Fernandez

University of Cape Town

Kelley Hess
Danielle Lucero
Claude Carignan

UMASS- Amherst

Min Yun
Hansung Gim

MPIA
Kathryn Kreckel

Yonsei University

Aeree Chung

West Virginia University

D.J. Pisano
Lucas Hunt

Michigan State

Laura Chomiuk
NRAO

Emmanuel Momjian
John Hibbard
Chris Hales
Jennifer Donovan-Meyer

Caltech/JPL

Nick Scoville
Joe Lazio

University of New Mexico
Patricia Henning
Universidad de Concepcion

Yara Jaffé

University of Wisconsin

Eric Wilcots
Matthew Bershady
Charee Peters

Groningen/ASTRON

Tom QOosterloo
Marc Verheijen
Natasha Maddox
Rien van de Weygaert

UWA/ICRAR

Attila Popping
Martin Meyer
Andreas Wicenec

+ CHILES CON POL
(Survey led by Chris Hales)

+ CHILES VERDES
(Survey led by Laura Chomiuk)

PHISCC 2015, 16-18 March, New Jersey

Attila Popping



LAASTH CHILES

FOR ALL-SKY ASTROPHYSICS

CHILES: 0 <z < 0.5 single pointing in COSMOS
1000 hours integration

PN SN A VLA B-configuration

/ . i
CER

" T .." T B . )
Aol : ‘¥ ' .-
- ] . . 5 N .. ' 4
I ! Y Ak :
5 ~A A ¢ T L H . e, e y S Aes
. ¢ ¥ Ve - N g, . “
R . 3 et . ¢ - X
11O < Z< - % STy
- el Lo A S -
< . . I > N "‘4" e e .: ;¥ : <
L . A B R R T ol e 48 | & -
Y y don wo L ? Hil% aqdt -
( v "S5 N

KX S
gk |

Wik

5\'

PHISCC 2015, 16-18 March, New Jersey Attila Popping



EAASIHU Science Drivers

FOR ALL-SKY ASTROPHYSICS

1. Hl iImages in different environments across cosmic time

- Study galaxy properties, scaling relations and SF

- HI images will provide constraints to simulations to study gas
accretion and removal processes

2. How does the HI mass function (HIMF) evolve with redshift
and environment?

- Probe the evolution of the high-mass end of the HIMF

3. How does the cosmic HI gas density evolve with time?
- Constrain Qniin the interval 0 <z < 0.5
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Pilot Survey

33 detections in different environments across cosmic time
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Survey Design

1002 hours of observations will results in 300 detections
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T oo Up gra ded VLA
OLD PILOT NEW
Bandwidth (MHz) 6.25 240 480
Channels 31 16384 30720
Velocity resolution (km/s) 40 3.5 3.5
Instantaneous z coverage | 0<z<0.004 | 0<z<0.193 0<z<0.5

,g_)g' 178 hours done in Fall 2013
- 270 hours allocated for Spring 2015
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LAASTH CHILES Workflow

FOR ALL-SKY ASTROPHYSICS

Observing
Calibration

Flagging
Quality Control
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LAASTH CHILES Workflow

FOR ALL-SKY ASTROPHYSICS

Raw data
Cal-tables
Flag-tables

Reduced Data

Observing
Calibration Backu_p .

. Combination
"lagging Imaging

Quality Control
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ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

CAASTRD Imaging
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CAASTR( Imaging

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS
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LARYIRI Splitting visibilities

FOR ALL-SKY ASTROPHYSICS
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CAASTRD Splitting visibilities

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS
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CAASTRD making sub-cubes

ARC CENTRE OF EXCELLENCE
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CAASTRD Imaging

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS
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We have now combined 42 observing runs (~20 Tb)
and imaged 2048*2048*31.000 pixels (~500 Gb),
covering the redshift range z=0~0.5

1020 - 1040 MHz
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CAASTAL Computing efforts

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

Single Machine Good for testing
Big desktop: 48 Gb RAM Would take ~year to finish

Enough computing power,

Conventional Cluster (pleiades) nowever disk access
5 nodes each node has 2x Intel Xeon X5650 T

2.66GHz CPUs (6 cores / 12 HTs) limitations

with 64-192 GB of RAM |

Super computer (MAGNUS)
Cray XC40 - 24 cores per node
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LAASTRO Alternative (AWS)

FOR ALL-SKY ASTROPHYSICS

/ﬂ
amazon = - 5

webservices™ =
5__—, =
On demand Spot Price %

r3.4xlarge $1.68 $0.20

r3.2xlarge $0.840 $0.09

m3.xlarge $0.392 $0.04 WO rkS '

m3.medium $0.098 $0.01 costs so far : ~$2000
Spot Instance Pricing History X

Product : Linux/UNIX v Instance type: r3.4xlarge v Daterange: 1week v Availability zone: All zones v

$0.3500
$0.3000
$0.2500
$0.2000
$0.1500

Feb 28 Mar 1 Mar 2 Mar 3 Mar 4 Mar 5 Mar 6
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EAASIHU Detections

FOR ALL-SKY ASTROPHYSICS

Reatangle Raglon Profile
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LARSIH Source Finding

FOR ALL-SKY ASTROPHYSICS

SoFiA: Source Finding Application
https://github.com/SoFiA-Admin/SoFiA/

»3 @ 8 DA Help: SoFIA User Manua

hdid vO . k.

00 —— DA soFiA

Source Finding Applction

SoFiA User Manual

Version 0.4.0 (18/12/2014)

Preamble

The SoFA user manual provides a detaled description of SoFIA's user iIneriace and explains how
10 set and modity source inding parametens and invoke tThe pipeling

Input Input Filter Merging Parametersation Output Filber Output

& R Table of Contents

Enable « Itroducion

Threshold: 4.0 Komebs:
Edge mode: Constant
RMS mode: Gaussian it 10 negative fluxes o Input
Komel unts:  Poels o Sowrce Findog

3 owa e et

m Theashoks Fieder

See demonstration this afternoon !!
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https://github.com/SoFiA-Admin/SoFiA/

EAASIHU Detections

FOR ALL-SKY ASTROPHYSICS

2 ‘ /@ 60 hours

Mui=1.1X10'Ms . O Mu=3.4X107Ms O

. 170 hours

Mu= 5.8 X 107 Me \O "Mui= 2.1 X 108 Me @
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LARTH( Stacking the Wall (z~0.12)

FOR ALL-SKY ASTROPHYSICS
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redshifts in COSMOQOS field from Davies et al. 2015
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RMS noise (Jy)

3 sessions combined
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ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

9

all data combined

Log10 (rms/mdy)

Log10 (No. Visibilities)

10 “clean” iterations, slope ~ -0.38
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ARC CENTRE OF EXCELLENCE

FOR ALL-SKY ASTROPHYSICS

Loé10 (No. Visib‘iqyli.t»/ies)
100 “clean” iterations, slope ~ -0.45
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LARSIH(

|
ARECNTRE O ECELNCE Conclusions
FOR ALL-SKY ASTROPHYSICS

e CHILES will observe HI out to z~0.5

e \We have observed and reduced 178 hours of data

e ~270 hours will be observed in current semester

 We have successfully developed an implemented imaging
algorithms

e First results look very promising (detections, noise)

* You need a good data plan
e You need a computing person in your team from the
beginning
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