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New technology & specifications

Transform the WSRT into 
an efficient 21cm survey facility  
using phased-array technology.

# receivers 
# primary beams 
Field-of-view 
Bandwidth

:  2  ➞ 121 
:  1   ➞  40 
:  0.28 ➞ 5.6 [deg2] 
:  8x20 ➞ 300 [MHz]

Resolution (z=0):   
Θ = 15”x15”/sin(decl.) 
R  = 2.6 [km/s] 
Redshift range :  0−0.257 for HI

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

• 21-cm neutral Hydrogen studies 
• 1.4-GHz radio continuum studies 
• Polarisation studies 
• Pulsars and fast transients 
• The variable radio sky

HIstoryNU  
HIperEdge 
HuDaGa 
SHARP 
HIgal  
ALERT

- The HI story of the Nearby Universe   (van der Hulst) 
- HI perspective on Environment-Driven Galaxy Evolution (Verheijen) 
- The Search for the Smallest Galaxies (Oosterloo) 
- Search for HI absorption with Apertif (Morganti) 
- Galaxy HI kinematics and outer-disk morphologies (de Blok) 
- Apertif Legacy Exploration of the Radio Transient Sky (van Leeuwen)

See www.apertif .nl  for concise project descriptions.

Grant-supported science projects with Apertif:

2006 2010

Oosterloo & VerheijenBraun & Verheijen

http://www.apertif.nl
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21-cm neutral Hydrogen studies

• fuel for star formation 
• spatially extended 
• kinematically cold 
• collissional 

➞ sensitive tracers of

‣ galaxy internal structure, kinematics and dynamics 
‣ gas accretion, consumption and removal 
‣ star-formation triggering and quenching 
‣ interactions with the local and global environments

NGC 5055

HI disks of galaxies are

astrophysical processes that govern galaxy evolution:
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Internal structure and kinematics

HI / optical diameters HI radial column-density profiles
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Fig. 6. Ratio of HI-to-optical diameter as a function of K′ magnitudes, morphological type and disk scale length. The HI
diameters were measured at the 1 M⊙ pc−2 isodensity contour. Solid symbols indicate HSB galaxies and open symbols denote
galaxies of the LSB type

7.2. Sizes of HI disks and radial surface density profiles

Detailed information on the sizes and radial distributions
of HI disks has been obtained recently from synthesis ob-
servations of limited samples of field and cluster galaxies
(Broeils & Van Woerden 1994; Cayatte et al. 1994; Rhee
1996a and 1996b). Here we present only some of the main
results on the comparison of HI and optical diameters, on
the relation between HI mass and diameter and on the
radial density profiles for the Ursa Major sample.

Figure 6 shows the ratio of the HI diameter DHI (de-
fined at an HI surface density of 1 M⊙ pc−2) to the optical
diameter Db,i

25 as a function of luminosity, morphological
type and disk scale-length. The diagrams do not indicate
any clear trend or dependence of the diameter ratio on
any of those quantities. The spread is large. There may be
a hint of a slight increase of the ratio from early to later
types and from more luminous to less luminous systems.
For almost all galaxies DHI is larger than Db,i

25 .
As shown in previous investigations (see refs. above),

there is a tight correlation between HI mass and HI diam-
eter as illustrated in Fig. 7. This implies a nearly constant
mean HI surface density regardless of size. The HI mass
correlates also with the optical diameter, but, as in previ-
ous work, with a much larger scatter.

7.3. Warps, asymmetries and interactions

The radial distributions of the HI surface densities
are shown in Fig. 8. Only galaxies with fully reduced
data, more inclined than 80 degrees and with RHI <
1 arcmin are considered in order to avoid the most severe
cases of beam smearing. There is clearly a considerable
diversity of shapes and intensities. The upper row shows
the profiles grouped for galaxies of similar morphologi-
cal types. The dotted lines represent low surface bright-
ness galaxies. No obvious trend with morphological type

1 10 100

Fig. 7. Correlations between HI mass and the isophotal diam-
eters of the stellar (triangles) and HI disks (circles). Solid lines
indicate fits to the plotted data points while the dashed lines
represent the fits found by Broeils (1992). Filled symbols in-
dicate HSB galaxies and open symbols denote galaxies of the
LSB type. Triangles are offset by 0.3 dex to the left

or surface brightness can be discerned. However, in the
lower row, the profiles are grouped according to the galaxy
properties as listed in Table 6. In this case, a clear trend is
visible in the sense that galaxies with high HI surface den-
sities in their inner regions are either involved in interac-
tions, are lopsided or display a warped HI disk. Especially
in the case of interacting and strongly lopsided systems, no
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Fig. 8. Azimuthally averaged deprojected radial HI surface density profiles of galaxies with fully reduced data, less inclined
than 80 degrees and with RHI > 1 arcmin. The profiles were scaled in radius by the radius of the HI disk measured at the
1 M⊙ pc−2 isodensity contour. Upper row: ΣHI as a function of morphological type. The dashed lines indicate low surface
brightness galaxies. Lower row: ΣHI as a function of the kinematic state, according to Table 6, and nuclear activity

projection effects of streaming motions and partially filled
HI disks of edge-on systems.

Finally, optical long-slit spectroscopy is already avail-
able for nearly all galaxies in the sample. These high res-
olution optical rotation curves will be used to supplement
the HI rotation curves in the inner regions, allowing for
better decompositions and maximum-disk constraints.
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1990, A&AS, 82, 391

Bravo-Alfaro, H., Cayatte, V., Van Gorkom, J. H., &
Balkowski, C. 2000, AJ, 119, 580

Broeils, A. H. 1992, Thesis, University of Groningen
Broeils, A. H., & van Woerden, H. 1994, A&AS, 107, 129
Burstein, D., & Heiles, C. 1984, ApJS, 54, 33
Cardelli, J. A., Clayton, G. C., & Mathis, J. S. 1989, ApJ, 345,

245
Cayatte, V., van Gorkom, J. H., Balkowski, C., & Kotanyi,

C. G. 1990, AJ, 100, 604
Cayatte, V., Kotanyi, C. G., Balkowski, C., & van Gorkom,

J. H. 1994, AJ, 107, 1003
Dickey, J. M., & Gavazzi, G. 1991, ApJ, 373 347
Dickey, J. M. 1997, AJ, 113, 1939
Fisher, J. R., & Tully, R. B. 1981, ApJS, 47, 139
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gas accretion, consumption and removal
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interactions with the local and global environments
VIVA - HI disks in the Virgo cluster
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Hibbard+ 2001

An HI rogues gallery

EAGLE and APOSTLE simulations

Courtesy of Kyle O
m

an5 Mpc3 volumes, Mmin(gas)=104 Msun, 130 pc resolution

21-cm neutral Hydrogen studies
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Imaging surveys

• Shallow Northern-sky Survey (SNS ) 
    3000 deg2, 1x12hr per pointing 
    N(HI)4σ = 2.5x1020 [cm-2] at θ=15” 

• Medium-Deep Survey (MDS ) 
   300 deg2, 10x12hr per pointing 
   N(HI)3σ = 5x1019 [cm-2] at θ=15” 

• Selected LOFAR fields (�) 
   4x12hr per pointing 
   confusion limited in continuum

Apertif Survey Plan

!  

               10

Year 4

‣ a phased, minimum 4-year survey plan 
‣ a single observing mode 
‣ θ=15”and 30” resolution 
‣ 1430 -1130 [MHz] or 0<z<0.257 for HI 
‣ Rms = 0.65 [mJy/beam] over 20 [km/s] 
               at θ=15” after 1x12hr

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

Perseus-Pisces

H-Atlas

CVn

HetDex

(Exact pointing grid TBD)

Surveys :  anecdotal evidence       robust statistics
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Apertif surveys

Expectations

Imaging surveys:  

105 HI detections 
104 spatially resolved HI disks 
107 continuum sources 
 tens of intervening HI absorbers 
 hundreds of associated HI absorbers

Time-domain surveys:  

Finding (binary) Milli-Second Pulsars 
Doubling the number of known pulsars 
Obtain statistics and localisation of Fast Radio Bursts 
Detection uploaded to live catalog : frbcat.org



MWSKY-II, Mar ’19, PuneMarc Verheijen - Kapteyn Institute / NCRA

Ancillary data and survey synergies

Apertif and LOFAR 
see the same star-forming galaxies

Full SED reconstruction  
for H-Atlas sources

105 [OII] redshifts in HetDex field - HI stacking

Apertif
beam

MaNGA & WEAVE IFU follow-up
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Ancillary data and survey synergies

Apertif and LOFAR 
see the same star-forming galaxies

Full SED reconstruction  
for H-Atlas sources

105 [OII] redshifts in HetDex field - HI stacking

Apertif
beam

MaNGA & WEAVE IFU follow-up

Weave - Large IFU
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Commissioning results

Achievements: 
✓ 12 dishes equipped with PAF 
✓ 1,452 receivers, 40 compound beams 
✓ 300 MHz, 384x64=24,576 channels 
✓ Full polarisation 
✓ Updated pointing model 
✓ Improved LNA beam weights 
✓ New FIR for channelisation 
✓ Functional, long-term, public archive

Challenges: 
 Strong Direction Dependent Effects 
 Sub-band aliasing 
 No real-time beam stabilisation 
 Polarisation calibration missing 
 Unknown primary beam shapes 
 Beam-to-beam bandpass variations

Betsey Adams
Björn Adebahr 
Erwin de Blok 
Helga Dénes 
Tammo Jan Dijkema 
Kelley Hess 
Thijs van der Hulst

Alexander Kutkin 
Anqi Li 
Danielle Lucero 
Filippo Maccagni 
Raffaella Morganti 
Vanessa Moss

Tom Oosterloo 
D.J. Pisano 
Anastasia Ponomareva 
Robert Schulz 
MV 
Joris Verstappen
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Commissioning results

40 Stokes-I images, cross-calibrated only, partly cleaned 
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Commissioning results

Strong Direction- 
Dependent Effects
• Phase error only 
• Mirrored in 
    pointing center

Frequency dependent

All 121 LNA signals  
contribute to all 
compound beams…
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Commissioning results

Peeling removes the DDE’s, 
but only at the position of continuum sources 
at great (prohibitive) computational expense.

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

1 deg

T. O
osterloo

single-pointing continuum mosaic

• 38 beams 
• 150 MHz 
• 50-100 μJy 
• XX-only 
• peeled
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Commissioning results

1250.11 1280.73 1304.09 1334.70 1358.07 1388.68 1412.05 1442.66

1277.71 1307.71 1331.08 1361.69 1385.06 1415.67 1438.95 1449.16

NGC 710 Galactic HI

df=36.6 kHz df=12.2 kHz

RMS noise

1250
Frequency [MHz]

1350 1450

Freq-Dec slices through continuum-subtracted line cubes

Currently: 300 [MHz] available
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Open source 
well documented

Visualisation

3D interactive 
visualisation

Full 3D modelling  
and analysis

Filtering and  
adaptive smoothing

Interactive 3D 
volume selection

https://github.com/Punzo/SlicerAstro

Davide Punzo
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www.alta.astron.nl

Data goes public 
shortly after 
quality assessment.

Apertif Long-Term Archive  -  ALTA

• Catalogs 
• Continuum maps 
• Cubelets 
• Moment maps

http://www.alta.astron.nl
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Avanti Gogate

The HI Mass Function and ΩHI at z=0.2
from 160 blind, direct HI detectionspreparatory science project

α100

observed

mock input

mock 
recovered
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Pooja
Bilimogga

HI morphologies & environment
preparatory science project

Ursa Major: WSRT + VLA-D Perseus-Pisces: VLA-C

Source 
finding 

& 
characterisation

asymmetry asymmetry
Environmental 
dependence 
of  HI disk 
asymmetry?
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Pooja
Bilimogga

HI morphologies & environment
preparatory science project

Ursa Major: WSRT + VLA-D Perseus-Pisces: VLA-C

Source 
finding 

& 
characterisation

asymmetry asymmetry
Environmental 
dependence 
of  HI disk 
asymmetry?



MWSKY-II, Mar ’19, PuneMarc Verheijen - Kapteyn Institute / NCRA

Julia Healy

Tirna
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HI stacking of Coma substructures
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preparatory science project

Infalling groups 
have different 
gas content.

Pre-processing 
of gas depletion in 
group environment?

Kinematic substructures in outskirts 
of Coma cluster.

Stacked HI spectra.
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Tirna Deb

Mpati
Ramatsoko

ram-pressure stripping

JO204

ram-pressure 
induced  
AGN activity?

MUSE
GASP collaboration 
Poggianti ++

JVLA-C

preparatory science project
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https://github.com/kyleaoman/martini

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

Available for the public EAGLE and Illustris families of simulations. 

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

Simulated HI datacube

of a warped EAGLE galaxy,

visualized with SlicerAstro.

 

koman@astro.rug.nl

Observing simulations
preparatory science project

Kyle Oman

https://tinyurl.com/martiniTNGexample
http://www.tng-project.org/data/lab
https://github.com/Punzo/SlicerAstro
mailto:koman@astro.rug.nl
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Summary

• Apertif development since 2006 

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

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

• Currently in system performance verification phase 
         science requirements evaluated in April 

• Surveys to commence in ~May 2019 

• ASTRON does not commit to operations after 2020 
         third parties sought to secure 4-year survey


