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gl New technology & specifications

e ee

Transform the WSRT into
an efficient 21cm survey facility
using phased-array technology.
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# receivers Resolution (z=0):

# primary beams : 1 = 40 @ 150d5 sinideel )
Field-of-view . 0.28 > 56 [deg?] R = 2.6 [km/s]

Bandwidth . 8x20 — 300 [MHZz] Redshift range : 0-0.257 for HI

Survey speed increase : ~48x for line , ~18x for continuum | 5.2 TB/12
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g Science topics

2008 2010
.,QPR"OPC‘);?‘ e 21-cm neutral Hydrogen studies
sy * 1.4-GHz radio continuum studies
- . e Polarisation studies

e Pulsars and fast transients
* The variable radio sky
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Braun & Verheijen Oosterloo & Verheijen

Grant-supported science projects with Apertit;

The.HI story of;the Nearby_Umverse (van der Hulst
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21-cm neutral Hydrogen studies

HI disks of galaxies are

o fuel for star formation
o spatially extended

e kinematically cold

e collissional

— sensitive tracers of

NGC 5055




3 APERTIF 21-cm neutral RHydrogen studies
| Internal structure and kinematics

HI / optical diameters HI radial column-density profiles
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21-cm neutral Hydrogen studies

gas accretion, consumption and removal

minor mergers? cold accretion?
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21-cm neutral Hydrogen studies
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iInteractions with the local and global environments
VIVA - HI disks in the Virgo cluster P An HI rogues gallery

100¢ +PJeqqiH

1 :
-
2V <500 km/s |
® 600 km/s<V < 1300 km/s ‘
/ ® 1400 km/s <V < 2000 km/s |
£ V > 2000 km/s

' 5 Mpc3 volumes, Mmin(gas)=104 Msun, 130 pc resolution




33 APERTIF
Imaging surveys

» a phased, minimum 4-year survey plan
» a single observing mode
» B=15"and 30" resolution

» 1430 -1130 [MHz] or 0<Z<0.257 for HI
» Rms = 0.65 [mJy/beam] over 20 [km/s]
at 6=15" after 1x12hr

« Shallow Northern-sky Survey (SNS @)

3000 deg?, 1x12" per pointing
N(HI)4c = 2.5x1020 [cm=2] at 6=15"

« Medium-Deep Survey (MDS @)
300 deg?, 10x12hr per pointing
Nkl es = 5x 1010 [em2] ol B=15"

o Selected LOFAR fields ()
4x12" per pointing
confusion limited in continuum

Marc Verheijen - Kapteyn Institute / NCRA

Surveys : anecdotal evidence — robust statistics
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R.A. (2000.0)

MDS footprint
Yr 1: Perseus-Pisces supercluster

Yr 2: HetDex area
Yr 3: H-Atlas field (incl Coma cluster)
Yr 4. CVn and the super galactic plane

(Exact pointing grid TBD)
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S APERTIF Apertit surveys

Expectations

= & H,=70 km/s/M 0.=03 Q=0.7
Imaging surveys:

10° HI detections

104 spatially resolved HI disks ‘ = 10

107 continuum sources |

tens of intervening HI absorbers

hundreds of associated HI absorbers 05 01 pid 02 0% 0 005 el BIs 02025

Time-domain surveys:

Finding (binary) Milli-Second Pulsars
Doubling the number of known pulsars

Obtain statistics and localisation of Fast Radio Bursts Q ﬁ’prppy

Detection uploaded to live catalog : frbcat.org
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pil e Anclllary data and survey synergies

105 [Oll] redshifts in HetDex field - HI stacking Full SED reconstruction
for H-Atlas sources

Spring field - 300 deg? with 1/4.5 fill factor; 600k LAEs = 0.5 LAE arcmin-.

SP19_G588848899893756164s, z=0.094, reduced %* = 0.896

g—band survey

SDSS DRB (ugriz) ell sky | ‘
WISE (3—22 micron) all s : |
LAS (YJHK) all s a

AEGIS

10.0
Rest-frame Wavelength (pm)

Apertit and LOFAR
see the same star-forming galaxies
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10° [Oll] redshifts in HetDex field - HI stacking

Spring field - 300 deg? with 1/4.5 fill factor; 600k LAEs = 0.5 LAE arcmin-.

g—band survey

SDSS DR8 (ugriz) all sky ‘
WISE (3—22 micron) all s : |
LAS (YJHK) all s ]

AEGIS

Apertit and LOFAR
see the same star-forming galaxies
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Ancillary data and survey synergies

Full SED reconstruction
for H-Atlas sources

SP19_(G588848899893756164s, z=0.094, reduced y* = 0.896
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\§§§§,/B\PERTIF Commissioning results
AN
Betsey Adams
B|0rn Adebahr Alexander Kutkin Tom Qosterloo
-rwin de Blok /ANRIE)IL] D.J. Pisano
—Helga Denes Danielle Lucero Anastasia Ponomareva
Tammo Jan Dijkema  Filippo Maccagni Robert Schulz
Kelley Hess Raffaella Morganti MV
Thijs van der Hulst Vanessa Moss Joris Verstappen
Achievements: Challenges:

|2 dishes equipped withiRAlE . g Direction Dependent Effec
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Strong Direction-

Dependent Effects

 Phase error only
e Mirrored in
pointing center
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A PERTIF Commissioning results

Peeling removes the DDE's,
but only at the position of continuum sources
at great (prohibitive) computational expense.
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, . T. Oosterloo
DDE's vary on angular scales of arcminutes.

Likely solution: real-time ‘flat-fielding’ of LNA's in PAF.
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Commissioning results

single-pointing continuum mosaic

S APERTIF

38 beams
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A PERTIF Commissioning results

Freg-Dec slices through continuum-subtracted line cubes

NGC 710 Galactic HI

1250.11 1280.73 1304.09 1334.70 1358.07 1388.68 l 1412.05 1442.66
_—

_ _— _— _—
1277.71 1307.71 1331.08 1361.69 1385.06 1415.67 1438.95 1449.16

df=36.6 kHz «—+—» df=12.2 kHz

RMS noise

scaled rms noise [mJdy/bm]

1350
Frequency [MHz]

1950 asE 1450
Frequency [MHZz] Currently: 300 [MHZz] available
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Visualisation

2
:APERTIF
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Open source
well documented

https://github.com/Punzo/SlicerAstro

3D interactive  Filtering and Interactive 3D Full 3D modelling
visualisation adaptive smoothing volume selection and analysis

: b"‘\.’ "‘49




\ 24 Apertif Long-Term Archive - ALTA

alta.astron.nl

ALTA - Apertif Long Time Archive - (Production) | www.a | ta _ aSt rON.nN |

ALTA = p o I

Image: Empty Single Obje... 75% Select Hotspots  Full Screen

Welcome to ALTA Processing
Checkout Requests Available History
IMAGE SURVEY PULSAR SURVEY g3 E o« -«

Apertif Long Time Archive —

+ 4 Shallow All Sky Medium Deep

® Avout ‘v Navigation
’ Position on.man.
Yt Single Object View . .
@®hh:m

Version 0.8.2 Catalog View r jec: 8 ALTA - p + I ®
. 4 : Image: Single Object View 50%

Local HI

Etc

Continuum

Query View
Y v Source Plots & Visualizatio

Data Products View

seucn T S -
NGC ~ (ZHighlight matching sources Background image  [SDSS :

[ Apply | [ Resot ] Lorem ipsum dolor sit amet, consectetur adipiscing elit. Nulla quam velit, vulputate eu pharetra nec, 1
vulputate commodo fectus, ag blandit et tincidunt id. Sed thancus, tortor sed eleifend tristique. forlo
\acm:a ipsum quam nec dui. Quisque nec mauris sit amet elit iaculis pretium sit amet quis magna.
Mpus ut, vehicula eu diam. Pallentesque Moncus aliquam matlis. Ut vulputate oros sed 181is 5001
nendreri. Vivamus varius pretlum ligula, a aiquam odio euismod sit amet. Quisque Jaoreet sem si af

Data goes public
shortly after
guality assessment.

T T T

Vv HI Source Properties

T T ——

e Continuum maps n
Cubelets |

_ Conlinuum Para: ___

Moment maps
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The HI Mass Function and Qui at z=0.2

WORK IN PROGRESS

pre!paratory science project  1romM 160 blind, direct HI detections

Abell 2192

redshift

Abell 963

—— All params free
ALFA100 HIMF

—— Combined corrected histogram
Error on a
Frror on ®«

Frror on M«

7 8 9
log(Muy/M o)
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HI morphologies & environment

\ wi)
preparatory science project . -
Ursa Major: WSRT + VLA-D aillb
Pooja
O : VLA fields g Blhmogga
Source
ilaleligle
&

characterisation

e @ Spirals from Tully's liat
4 : Golaxies <1' (G&H)
'l x: Gataxies frem zeat

grrasymmetr grrasymmetr .
e y y - Y Y Environmental
E g dependence
: & of HI disk
Z Z.

asymmetry?
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preparatory science project

ymmetry

HI morphologies & environment
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H| stacking of Coma substructures

preparatory science project

Stacked HI spectra.

Kinematic substructures in outskirts Julia Healy
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ram-pressure stripping
A ’ GASP collaboration

/N \
preparatory science project P Tk
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AGN activity?
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r/)repara\tory science project 52)52
2ty MARTINI
https://github.com/kyleaoman/martini 1 nterferometry of the Neutral SN Kyle Oman

Configurable resolution, beam, spectral model, instrument, noise model, etc.
Fully documented!

Available for the public EAGLE and lllustris families of simulations.

Support for the TNG web API ( https://tinyurl.com/martiniTNGexample )
and soon for the lllustrisTNG JupyterLab. ( http://www.tng-project.org/data/lab )

Simulated HI datacube
of a warped EAGLE galaxy,
visualized with SlicerAstro.

koman@astro.rug.nl
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B APERTIF summary

e Apertif development since 2006

e Significant progress in recent weeks
system capabilities, operations, pipelines

 Development is halted, but system not yet fully functional
compound beams and bandpass stability




