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• Why do we need deep, high-resolution extragalactic radio surveys?  

•  A census of the deep radio sky with the VLA 

3 and 10GHz surveys of the GOODS-N and CEERS fields 

• Paving the way for the ngVLA 



3

Outline

• Why do we need deep, high-resolution extragalactic radio surveys?  

•  A census of the deep radio sky with the VLA 

3 and 10GHz surveys of the GOODS-N and CEERS fields 

• Paving the way for the ngVLA 



4

Key facts about deep radio continuum surveys   
 

Richards 2000, Schinnerer et al. 2010, Owen 2018, Smolčić et al. 2017, Heywood et al. 2021 …  

● Introduction GOOD-S N  & CEERS VLA surveys ngVLA

Most star formation in galaxies remains 
obscured by dust out to .z ≈ 4

Deep radio continuum surveys are key to trace dust-obscured star formation and AGN across cosmic time. 

14 J. A. Zavala et al.
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Figure 7. The inferred dust-obscured star formation history is illustrated by the orange shaded region in the bottom panel.
For comparison, we plot independent measurements from the literature based on IR/sub-mm and UV surveys (orange circles
and blue squares, respectively) and the average unobscured star-formation derived from rest-frame UV optical surveys (i.e. not
corrected for dust attenuation; blue shaded region; Finkelstein et al. 2015). The total inferred SFRD derived in this work is
shown in gray. The uncertainties in our estimation include those from the best-fit parameters and cosmic variance. The middle
panel represents the fraction of obscured star formation, SFobs/(SFobs +SFunobs), and its associated uncertainty (lighter shaded
area). The contribution of dust-obscured galaxies, which dominates the cosmic star-formation history through the last ∼ 12Gyr,
rapidly decreases beyond its maximum, reaching values that are comparable to the unobscured star formation traced by the
rest-frame UV/optical surveys by z ≈ 4− 5. The top panel represents the contribution from galaxies with different luminosity
ranges to the dust-obscured SFRD, being dominated by ULIRGs (ultra-luminous infrared galaxies; 1012 < LIR < 1013 L!) and
LIRGs (1011 < LIR < 1012 L!).
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Figure 7. The inferred dust-obscured star formation history is illustrated by the orange shaded region in the bottom panel.
For comparison, we plot independent measurements from the literature based on IR/sub-mm and UV surveys (orange circles
and blue squares, respectively) and the average unobscured star-formation derived from rest-frame UV optical surveys (i.e. not
corrected for dust attenuation; blue shaded region; Finkelstein et al. 2015). The total inferred SFRD derived in this work is
shown in gray. The uncertainties in our estimation include those from the best-fit parameters and cosmic variance. The middle
panel represents the fraction of obscured star formation, SFobs/(SFobs +SFunobs), and its associated uncertainty (lighter shaded
area). The contribution of dust-obscured galaxies, which dominates the cosmic star-formation history through the last ∼ 12Gyr,
rapidly decreases beyond its maximum, reaching values that are comparable to the unobscured star formation traced by the
rest-frame UV/optical surveys by z ≈ 4− 5. The top panel represents the contribution from galaxies with different luminosity
ranges to the dust-obscured SFRD, being dominated by ULIRGs (ultra-luminous infrared galaxies; 1012 < LIR < 1013 L!) and
LIRGs (1011 < LIR < 1012 L!).

Deep observations with radio/sub-mm interferometers 

Larger primary beam 
(FoV) in the radio regime!  

Mauch et al. (2020)

Zavala et al. (2021)
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Key facts about deep radio continuum surveys   
 However, most deep radio continuum surveys have angular resolutions > 1arcsec. 

What SKA/ngVLA will see:

What we mostly see with current facilities:

The best we can get with current facilities:

A  star-forming disk “observed” with a 1.0, 0.2, and 0.05 arcsec resolution at 10GHz.z ≈ 1.2

To carry out spatially resolved analysis of radio-detected, high- , star-forming galaxies, we need to push 
the resolution/sensitivity limits of current facilities.   

z

● Introduction GOOD-S N  & CEERS VLA surveys ngVLA
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Outline

• Why do we need deep, high-resolution extragalactic radio surveys?  

•  A census of the deep radio sky with the VLA 

3 and 10GHz surveys of the GOODS-N and CEERS fields 

• Paving the way for the ngVLA 
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A deep 10GHz survey of GOODS-N

Jiménez-Andrade et al. (2024)

The first high-resolution, high-frequency observational 
campaign  to fully map an extragalactic deep field.

• 270 sq arcmin 
• 360 hours, VLA in 

A+B+C configuration

z = 0.45

z = 2.38

z = 1.22

256 radio sources detected with SNR  5 at ≥ 0.5 ≲ z ≲ 6

starburst with M⋆

Introduction ● GOOD-S N  & CEERS VLA surveys ngVLA
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Why should we focus on high-frequency radio observations?

 —> better tracer of current star formation in galaxies.

• 10GHz observations are dominated by free-free emission 
from star-forming galaxies at . 

• Observations at high frequencies yield higher angular 
resolution imaging: . 

z > 1

PSF ∝ ν−1

Condon et al. 1992, Murphy et al. 2012, 2018, 2021 …

SED regime probed by 10GHz imaging of SFGs at 
 1 < z < 9

Q(H0) ∝ LT

• At high radio frequencies, the ionizing photon rate is directly 
proportional to the thermal spectral luminosity:

Introduction ● GOOD-S N  & CEERS VLA surveys ngVLA
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One of the sharpest and deepest extragalactic radio surveys to date.

A deep 10GHz survey of GOODS-N

Maximum spatial resolution: 
 

 
FWHMbeam = 0.22 arcsec ( > 1.9 kpc at all z)

Jiménez-Andrade et al. (2024)

Noise rms  
 

≈ 670 nJy beam−1

Jiménez-Andrade et al. (2024)

\
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SFR = 500 M⊙ yr−1
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Introduction ● GOOD-S N  & CEERS VLA surveys ngVLA
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Deep 3GHz surveys of GOODS-N and CEERS

Jiménez-Andrade et al. (in prep.)

We have also produced deep 3GHz mosaics of the GOODS-N and CEERS fields.  
Why 3GHz? More sensitive to high-  radio sources. Sub-arcsec angular resolution with the VLA. z

• ~300 sq. arcmin 
• 64 hours, VLA in A configuration

Deep, sub-arcsec resolution imaging in GOODS-N: 

• 1.5GHz (Murlow et al. 2020) 

• 3GHz (Jiménez-Andrade et al. in prep.) 

• 5-6GHz (Guidetti et al. 2017, Muxlow et al.) 

• 10GHz (Jiménez-Andrade et al. 2024) 

  

• 0.62 arcsec res. 
• 0.8 Jy/beam depth 
• ~1000 sources

μ

Jiménez-Andrade et al. (in prep.)

• 0.7 arcsec res. 
• 0.75 Jy/beam depth 
• ~2000 sources

μ

• ~400 sq. arcmin 
• 120 hours, VLA in A & B 

configuration

Introduction ● GOOD-S N  & CEERS VLA surveys ngVLA

 GOODS-N CEERS
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Jiménez-Andrade et al. (in prep.)

Lockman

SUMSS

NVSS

FIRST
RACS

LoTSS
VLASS

XXL
ATESP

Stripe-82ATLASELAIS
FLS

PDS
COSMOS 1.4GHz

VVDS

ATHDFS

SSA-13
Deep-SWIRE

HDF-N

GOODS-N 
1.4GHz

COSMOS 3GHz
VLA SWIRE

HFF
SKA1- 1.4GHz

ngVLA - 8GHz

EMU

COSMOS

GOODS-N 3 
& 10GHz

GOODS-N

HDF

HFF

Lockman Hole

Lockman Hole

HDF

GOODS-N HUDF

HFF

Past

Prese
nt

Future
SKA1 - 9GHz

ngVLA - 2.4GHz

CEERS 3GHz

For research proposal

CEERS 3GHz

GOODS-N 10GHz

GOODS-N 3GHz

Figure 1: Left: A summary of past, present, and future extragalactic radio surveys in the sensitivity –
survey area plane. The 3 and 10GHz surveys of the GOODS-N and CEERS fields (red squares) stand as
the deepest ever obtained thus far. Right: A compilation of deep extragalactic radio maps obtained with
sub-arcsec resolution, which have been preferentially obtained at low frequencies. The 10 GHz survey of
the GOODS-N field is the first observational campaign that fully maps an entire extragalactic field at high
frequencies, providing some of the highest angular resolutions ever achieved in deep radio maps. Figures
adapted from Smolčić et al. (2017a) and Jiménez-Andrade† et al. (2024)

multi-frequency survey ever obtained in an extragalactic field: GOODS-N. Our 3 and 10 GHz maps,
in particular, are among the deepest and sharpest ones, allowing us to probe the radio properties of
main sequence and starburst galaxies with a stellar mass of log(M?/M�) = 10.5 out to z ⇡ 4, which
is the galaxy population that dominates the cosmic SFR density (SFRD) of the Universe (Figure 2).
Such radio-detected galaxies in GOODS-N also benefit from vast ancillary data from Spitzer, Hub-
ble, Herschel, and ground-based telescopes that provided ⇡3500 spectroscopic redshifts (Barro et al.,
2019). In particular, JWST NIRCam and NIRSpec observations have recently been obtained as part
of the JADES program (Eisenstein et al., 2023) that provides optical and near-infrared imaging and
spectroscopy. Thanks to this extensive ancillary data, measurements of redshifts, stellar masses,
metallicities, and stellar population ages of galaxies in our radio maps will be available. The vast
GOODS-N data will also allow us to perform a multi-wavelength selection and identification of Ac-
tive Galactic Nuclei (AGN; as in Smolčić et al., 2017b; Radcliffe et al., 2021) to select a “clean”
sample of SFGs against AGN-dominated galaxies. Then, we will address the following open issues.
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is the galaxy population that dominates the cosmic SFR density (SFRD) of the Universe (Figure 2).
Such radio-detected galaxies in GOODS-N also benefit from vast ancillary data from Spitzer, Hub-
ble, Herschel, and ground-based telescopes that provided ⇡3500 spectroscopic redshifts (Barro et al.,
2019). In particular, JWST NIRCam and NIRSpec observations have recently been obtained as part
of the JADES program (Eisenstein et al., 2023) that provides optical and near-infrared imaging and
spectroscopy. Thanks to this extensive ancillary data, measurements of redshifts, stellar masses,
metallicities, and stellar population ages of galaxies in our radio maps will be available. The vast
GOODS-N data will also allow us to perform a multi-wavelength selection and identification of Ac-
tive Galactic Nuclei (AGN; as in Smolčić et al., 2017b; Radcliffe et al., 2021) to select a “clean”
sample of SFGs against AGN-dominated galaxies. Then, we will address the following open issues.

4

The 3GHz surveys of the GOODS-N and CEERS fields (red squares): among the deepest, sub-arcsec resolution 
radio images ever obtained.

Introduction ● GOOD-S N  & CEERS VLA surveys ngVLA

Deep 3GHz surveys of GOODS-N and CEERS
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High-redshift radio sources in CEERS and GOODS-N

With sub- Jy level sensitivities at 3GHz, we are able to detect main sequence galaxies with  out to .μ M⋆ z ≈ 2.5

We are detecting galaxies with photometric redshifts has high as !? 
Using Kodra et al. (2023)

≈ 9.4

main sequence SFG with M⋆

starburst with M⋆

starburst with M⋆

main sequence SFG with M⋆

photo − z
spec − z

photo − z
spec − z

Introduction ● GOOD-S N  & CEERS VLA surveys ngVLA

 GOODS-N CEERS
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Introduction ● GOOD-S N  & CEERS VLA surveys ngVLA

High-redshift radio sources in CEERS and GOODS-N

zphot = 8.76zphot = 7.72 zphot = 9.36

AGN candidates; X-ray detected 
Nandra et al. (2015)

The most distant galaxy candidates in our radio sample

z = 6.64

z = 6.03
z = 6.27

z = 7.18
z = 6.97

z = 6.59

z = 7.72

z = 8.76
z = 9.36AGN candidates

Radio selected sources in CEERS with zphot > 6

Are these the most distant radio loud AGN ever detected? 

Or, are these low-redshift interlopers (as in Zavala et al. 2022, 
Fujimoto et al. 2023)?

main seq
uence a

t z
= 6

Confirmed X-ray detected AGN: UHZ1 (z=10.07; Bogdan+2024; Goulding+2023)  
and GHZ9 (z=10.145; Kovacs+2024; Napolitano+2024).
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Ongoing projects with the GOODS-N and CEERS radio surveys
Introduction ● GOOD-S N  & CEERS VLA surveys ngVLA
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Table 2. Shapes of the radio (synchrotron and free-free) emission considered in the fitting process.

Model name Radio spectrum Free parameters

Constant S th,0
�
�
�0

��0.1
+ S nth,0

�
�
�0

���nth S th,0, S nth,0, �nth

Curved S th,0
�
�
�0

��0.1
+ S nth,0

�
�
�0

���nth

�
�
�b

�0.5
+1

S th,0, S nth,0, �b, �nth

Break S th,0
�
�
�0

��0.1
+ S nth,0

�
�
�0

���nth�0.5
�
1 �
�
1 �
�
�
�b

�ginj�1�
for � � �b S th,0, S nth,0, �b, �nth

S th,0
�
�
�0

��0.1
+ S nth,0

�
�
�0

���nth�0.5
for � > �b

Cuto� S th,0
�
�
�0

��0.1
+ S nth,0

�
�
�0

���nth e�
�
�b S th,0, S nth,0, �b, �nth

Notes. We take �0 = 1 GHz in this paper.

where zmax = Vc/(E Csyn+iC) is the maximum distance that a rel-
ativistic electron can travel before having lost its energy to be-
low E. The total relativistic electron density in the galaxy is cal-
culated by integrating Eq. (14) from z = 0 to z = min(zmax, zhalo).
We then assume that the relativistic electrons emit all their en-
ergy at �c and obtain for the synchrotron emission,

S nth(�) =

�������
������

S nth,0
�
�
�0

���nth�0.5
�
1 �
�
1 �
�
�
�b

�ginj�1�
� � �b

S nth,0
�
�
�0

���nth�0.5
� > �b

.

(15)
The resulting spectrum has a break at �b = �c(Eb), with break
energy Eb = Vc/(zhalo Csyn+iC). The spectral index changes from
�nth + 0.5 at � > �b to �nth for � � �b, that is, it changes by 0.5.
The break produced is much more pronounced than the shal-
low change of spectral index due to di�erent energy losses (this
can be clearly seen in the figures in Appendix C where the syn-
chrotron spectra of the di�erent models are shown and can be
compared).

Spectrum with an exponential cutoff : finally, we consider the
case that the distribution of relativistic electrons ends abruptly at
a certain Lorentz factor �max. Assuming continuous pitch-angles,
thus following the model of Ja�e & Perola (1973), an exponen-
tial cuto� is produced in the synchrotron spectrum according to
Eq. (5) whenever there is an abrupt cuto� in the energy spectrum
of the relativistic electrons (Ja�e & Perola 1973; Kardashev
1962). A cuto� in energy can occur in a single-injection scenario
because the highest-energy electrons lose their energy much
faster than lower-energy electrons, meaning that their population
becomes completely depopulated after a characteristic energy-
loss time. The location of the exponential cuto� in the radiation
spectrum depends on the relative time scales for acceleration, en-
ergy losses, and escape of the particles (Schlickeiser 1984). The
synchrotron spectrum in this case is

S nth(�) = S nth,0

�
�

�0

���nth

e�
�
�b . (16)

Table 2 summarises the four models, together with the free pa-
rameters determined in the spectral fitting.

4.2. Fitting method
For each galaxy, we fit four models: constant, curved, break, and
cuto�. The shapes of the model radio spectra are presented in the

previous subsection and recapitulated in Table 2, along with the
list of free parameters. The only fixed parameter was the slope
of the (optically thin) thermal emission, that is, �th = 0.1. We
require S th to be positive for all four models. In addition, we
provide the following bounds for some parameters: S nth � 0 and
1 � �b � 50 GHz for the break model and �b � 0 for the cuto�
model.

For each model, the best fit is obtained via the Trust Re-
gion Reflective (“trf”) algorithm for optimisation, well suited
to e�ciently explore the whole space of variables for a
bound-constrained minimisation problem (Branch et al. 1999).
In Appendix C, we provide more detailed information and show
the best fits of all four models (constant, curved, break, and cut-
o�) for an easier comparison, together with a table of their best-
fit parameters.

5. Results

Figure 1 shows the best fits out of the four tested cases (constant,
curved, break, or cuto�, solid red line). In these plots, we also
display the free-free (thermal, dotted cyan line) and synchrotron
(nonthermal, dashed green line) components of the models. The
observed radio continuum flux densities minus the fitted non-
thermal component is represented by cyan stars, while the ob-
served minus the fitted thermal component is depicted by green
crosses. The optimal values of the parameters are listed in the
lower left part of the figure, and their errors are given in terms
of the standard deviation of 1000 generated models (for more
detailed information see Appendix C).

In Table 3 we compile the fit results obtained from the best-
fit model, with the total flux density at 1 GHz and its error listed
in Col. 2, the fraction of thermal emission at 1 GHz and its error
in Col. 3, the nonthermal spectral index and its error in Col. 4,
the break frequency in GHz and its error in Col. 5, the reduced
�2
� in Col. 6, and the name of the best-fit model in Col. 7.

In general, the best fit was selected as the lowest reduced
chi-squared, �2

� . Apart from this, the resulting thermal emission
was an asset of whether the fits are physically meaningful. Thus,
we rejected fits in spite of an acceptable �2

� if the fitted thermal
radio emission was unphysically low. In addition, an important
test was to look at the resulting thermal flux densities obtained at
each frequency after subtracting the computed nonthermal flux
density from the total (observed). A fit only makes sense if the
resulting thermal flux densities so obtained obey to the expected
optically thin spectrum with slope �0.1. This is shown by the

A55, page 6 of 31
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Figure 2: 2.a: Noise levels and resolutions (marker size) of existing radio maps in GOODS-N.
The blue lines show the spectral slope (↵ = 0.7) of typical SFGs normalized to the 10GHz (top
line) and 1.5GHz (middle and bottom lines) limits. We propose to reach a depth that is three times
better than existing maps at intermediate frequencies (⇠ 5GHz). This will allow us to explore the
radio spectral properties of high-redshift galaxies by combining existing 1.5, 10, and new 3GHz deep
imaging at a resolution . 0.

00
65 (i.e., . 5.5 kpc at all redshifts). 2.b: Observed radio spectra of

the only 12 galaxies simultaneously detected in existing 1.5, 5, and 10GHz imaging. The radio
sources exhibit diverse radio spectral shapes, including those with a spectral break/curvature at
⌫ & 4GHz that di↵er from the widely adopted single power-law model (blue line). The proposed

3GHz observations are necessary to sample the frequency range where such spectral

breaks/curvature have been observed . 2.c: The contribution of non-thermal and thermal
emission to the radio spectrum of a z ⇡ 2 galaxy in the GOODS-N field. At least three photometric
data points are required to perform this analysis. Combining 3GHz observations with existing 1.5
and 10GHz data will enable a similar analysis for ⇠ 400 galaxies.

IV. Experimental design

We request VLA observations at 3GHz using the A configuration towards the GOODS-N field. We

will use two pointings separated by 8.
0
08 (FWHM/

p
3) to provide nearly uniform coverage across

the GOODS-N field (Fig. 1.a). Our targeted rms sensitivity (1.13µJy beam
�1

) has been chosen to

probe the same population of SFGs that has been detected in the 1.5GHz imaging from Owen

(2018). This is done by scaling the rms at 1.5GHz to 3GHz assuming an average spectral index of

0.7 (Fig. 1.a). The spatial resolution and largest angular scale achieved in A configuration at 3GHz

is 0.
00
65 and 18.

00
0, which su�ces to constraint the radio size of our targets without resolving out

di↵use and extended radio continuum emission. The proposed configuration will also guarantee

that all the ⇠ 400 radio sources identified at 10GHz (Jiménez-Andrade, priv. comm.) will be

detected at 3GHz. Assuming 26 antennas, dual polarization, 8-bit sampler, robust weighting,

1.5GHz bandwidth, and spring-time observations for high elevations, the VLA exposure calculator

indicates that we require a total (on source+overhead) time of 64 hours.
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et al., 1999, ApJ, 526, L73 Smolčić V., et al., 2017, A&A, 602, A2 Stil J. M., et al., 2009, ApJ,

693, 1392 Stil J. M., et al., 2014, ApJ, 787, 99 Thomson A. P., et al., 2019, ApJ, 883, 204 Tisanić
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Rujopakarn+16
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⟨z⟩ ≈ 1 − 2Radio size of  massive galaxies with 

1.6 arcsec
0.2 arcsec

α = 0.7

12 GOODS-N  sources with  
> 2 radio detections

Figure 3: Left: A compilation of studies that report the radio size, parameterized by the e!ective radius, of
massive SFGs (log(Mω/M→ ↭ 10)) at z → 1 ↑ 2 as a function of observed frequency. Despite the di!erent
depths and angular resolutions of the observations, as well as the di!erent SFG populations analyzed in those
studies, an anticorrelation between the radio size and observed frequency is apparent. Right: An example of
the diverse radio spectral shapes of high-redshift galaxies, including those with a spectral break/curvature
at ω ↭ 4GHz that di!er from the widely adopted single power-law model (blue line). Here, only 12 SFGs
with simultaneous detections at 1.4, 5, and 10GHz from previous/pilot (Murphy et al., 2017; Owen, 2018;
Gim et al., 2019) studies are shown. With our recently obtained 3 and 10 GHz maps of GOODS-N (Jiménez-
Andrade† et al., 2024, Jiménez-Andrade† et al. in prep), and other new multi-frequency data in this field
(Muxlow et al., 2020, Thompson, priv. comm.), we will analyze the radio SED of hundreds (thousands) of
high-redshift SFGs via direct detections (stacking).

3. How Does Star Formation Shape the Structure of Galaxies Throughout Cosmic

Time?

The growth of galaxies is mainly regulated by gas accretion from the intergalactic medium, ma-
jor/minor mergers, and feedback from star formation/AGN activity (e.g., Dekel et al., 2009; Jiménez-
Andrade† et al., 2017). Since these processes leave strong signatures in the morphology of galaxies
(Tacchella et al., 2016; Lapiner et al., 2023), deep HST and JWST observations have been critical
to trace the evolution of galaxies out to z → 10 (e.g., Shibuya et al., 2015; Magnelli† et al., 2023).
While highly valuable, observations in the UV/optical are often a!ected by dust obscuration (e.g.,
Fudamoto† et al., 2020; Fujimoto† et al., 2023; Zavala† et al., 2023), especially at high redshifts
where dusty SFGs appear to dominate the SFRD (e.g., Magnelli et al., 2013; Matthews et al., 2024).
Radio observations have proven to be an e"cient way to trace the dust-obscured star formation and
AGN activity out to z → 6 (e.g., Heywood† et al., 2021). However, the resolution of radio observa-
tions to date has been a factor ↭ 3 larger than that of the HST/JWST, which is still insu"cient
to probe the spatial distribution of radio emission of z ↭ 1 galaxies across several resolution ele-
ments (Jiménez-Andrade† et al., 2019; Jiménez-Andrade† et al., 2021). Combining deep HST/JWST
and radio observations at matched resolution is, therefore, paramount to probing di!erent structural
components of galaxies at high redshifts, allowing us to better understand how star formation shapes
the structure of galaxies across cosmic time.

To construct a more complete picture of the obscured and unobscured star formation of galaxies at

7

HST/F435W HST/F160WVLA 10GHz

Free-free emission 
(dust-obscured star formation)

UV emission 
(dust-unobscured star formation)

Optical emission 
(stellar mass)

z=1.2
4 kpc

(morphological k-correction in radio, radio SEDs, 
comparison with other tracers from JWST data)

a) Benchmarking radio continuum as a SF 
tracer at high-z

b) Exploring how star formation shapes 
galaxies thought cosmic time 

  c) Follow-up of  radio sources z > 6
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Outline

• Why do we need deep, high-resolution extragalactic radio surveys?  

•  A census of the deep radio sky with the VLA 

3 and 10GHz surveys of the GOODS-N and CEERS fields 

• Paving the way for the ngVLA 
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The ngVLA

 ngVLA Concept: 

●  10x the sensitivity and resolution of the 
JVLA/ALMA 
●  1.2 - 116 GHz Frequency Coverage 
●  244 x 18m + 19 x 6m offset Gregorian 

Antennas 
●  Centered at VLA site and concentrated in 

SW US and North of Mexico. 

A transformative new facility that will replace the VLA and VLBA to tackle a new Scientific Frontier: ultra-
sensitive imaging of thermal line and continuum emission at milli-arcsec scales.

Nov, 2022

Introduction GOOD-S N  & CEERS VLA surveys ● ngVLA
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Deep radio surveys with an ngVLA

Selection function imposed by the sensitivity of existing VLA imaging at 10GHz in GOODS-N. 
 

With 20hrs of on-source integration time with the VLA at 10GHz, we can detect main-sequence SFGs with 
out to .  M⋆ z ≈ 1

Sub-  &  
passive galaxies

M⋆

Normal SFGs with  M⋆

  
( ; 20hrs on-
source; 10GHz; VLA A-conf.; 

0.2arcsec res.)

σ = 0.7μJy beam−1

5
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tio
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it

σ

Massive and extreme starburst 

 with z = 1.2 SFR = 500 M⊙ yr−1

Introduction GOOD-S N  & CEERS VLA surveys ● ngVLA
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With 20hrs of on-source integration time with the ngVLA at 10GHz, we will detect main-sequence SFGs 
with  out to .  M⋆ z ≳ 5

Deep radio surveys with an ngVLA

Using ngECT

Massive and extreme starburst 

Normal SFGs with  M⋆

Sub-  &  
passive galaxies

M⋆

5
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tio
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im

it

σ

  
( ; 20hrs on-source; 
10GHz; ngVLA main array; 0.05arcsec 

res.)

σ = 0.05μJy beam−1

 with z = 1.2 SFR = 500 M⊙ yr−1

ngVLA will produce maps of star formation of high-redshift SFGs at a level of detail that, to date, is only possible for 
galaxies in the local Universe.

Introduction GOOD-S N  & CEERS VLA surveys ● ngVLA
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Outlook

We have been pushing the resolution and sensitivity limits of the  VLA to obtain 
some of the deepest and sharpest radio continuum images ever obtained. 

  GOODS-N (3 & 10GHz)             CEERS (3GHz)

All with sub-uJy sensitivities at sub-arcsecond 
resolutions —> potential  

detections, paving the way for the ngVLA 
z ≈ 6 − 9.5

Deep33?…Deep24
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Computational requirements for extragalactic radio surveys in the ngVLA era 
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Pixel scale of 0.015 arcsec for a 0.05 resolution 
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1 core

16 cores

264 cores

RAM and runtime needed to get a joint mosaic —with current NRAO resources— with 
 AWprojection + MTMFS + multi-scale  cleaning.

Assuming a 0.015 arcsec/pixel scale for an ngVLA-like 0.05 arcsec resolution. 

To reduce size-of-computing, ngVLA will require “parallel processing at a relatively massive scale” 
(Bhatnagar et al., 2021) + GPU.

RAM ∝ 5.5 × (NxNy) × ntermsMTMFS × nscalescleaning + CF Runtime ∝ (NxNy)
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Do we really want sub-arcsec resolution in deep, blind radio surveys? 

Nov, 2022

We are finding a high fraction of spurious sources (~30%) in our full resolution 10GHz mosaic (0.22 arcsec). 

Even though the noise amplitude distribution is well-described by a Gaussian function and these spurious 
sources are not related to artifacts/sidelobes.
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Do we really want sub-arcsec resolution in deep, blind radio surveys? 

Nov, 2022

After extensive tests, we find that the fraction of spurious sources is well-correlated with the beam size.

On the contrary, the fraction of spurious sources DOES 
NOT strongly depend on:

• observed frequency  
• source extraction algorithms (PyBDSF  and Blobcat) 
• imaging software (CASA and WSclean) 
• pixel scale 
• imaging algorithms (with/without MTMFS & wproj)

The higher the resolution, the higher the number of spurious sources.
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Do we really want sub-arcsec resolution in deep, blind radio surveys? 

0.22 arcsec 1.0 arcsec

Thanks to Takafumi Tsukui et al. (2023, https://doi.org/10.1117/1.JATIS.9.1.018001)!  
 The higher resolution means more scarce uv-coverage and may have strong negative/positive sidelobe —> negative sources

Alternatives

• Increasing the SNR detection threshold  
• Detection in the UV plane? 
• Detection in lower resolution maps (as done in our GOODS-N mosaic) 
• Other? 

If this is happing with an angular resolution of “only” 0.22 arcsec, what could we expect for ngVLA/SKA-like resolutions?

https://doi.org/10.1117/1.JATIS.9.1.018001

