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The FLASH Survey
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The First Large Absorption Survey in HI:
• Search ~150,000 sightlines for HI in 

absorption

• Blind approach: No pre-selection on 
background target sources

• HI-selected galaxy sample at 0.4<z<1.0.

Detections can be split into two categories:

• Intervening absorbers: Study the cosmic 
evolution of HI, testing current galaxy 
evolution and mass assembly models

• Associated absorbers: Study AGN fuelling 
and feedback processes in powerful radio 
galaxies CSIRO



New ASKAP detections
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New ASKAP HI detections
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PKS 0409-75: HI absorption against radio lobe
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• zHI = 0.674, but zopt=0.693 -> HI blueshifted by 3000 km/s

• Is this absorption associated with the host galaxy?
• Or associated with another galaxy in the group? 

– Need follow-up observations for confirmation: 
optical spectroscopy of nearby source, ALMA

• A chance alignment?

85 kpc

Mahony+ in prep



PKS 0409-75: HI absorption against radio lobe
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PKS 1610-77: Intervening absorption 
towards background QSO
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F. Courbin et al.: PKS 1610–771 657

Fig. 1. Upper panels: NTT R and I band images of PKS 1610–771
obtained, in both filter, with a total exposure time of 1,200 seconds.
The seeing (FWHM) is 0.85′′ in R and 0.95′′ in I . Lower panels: same
images as above, but a PSF has been subtracted from the quasar and its
companion. The two circles in both PSF-subtracted images show the
position of the quasar and the star.

Figure 1 displays part of the images in the two R and I
bands (upper panels), as well as the result of the subtraction
of a double two-dimensional PSF profile (lower panels). The
profiles of both the quasar and the star were fitted simultane-
ously in order to take into account relative light contamination
of one object by the other. The PSF subtraction was carried out
using the high-performance codes written by Remy (1996) to
detect gravitational deflectors. In order to optimize the quality
of the subtraction, the numerical PSF was calculated by using
four different stars, all of them as bright as the quasar and as
close to the quasar as possible in order to minimize any possi-
ble PSF variations across the field. The final PSF is a weighted
average of the individual PSFs obtained from these stars. The
PSF subtractions are carried out on the individual 600 seconds
exposures in order to avoid any PSF changes due to the align-
ment procedure of the frames. The individual residuals are then
added and are displayed in Fig. 1.

2.2. Results

In Fig. 1, the quasar PKS 1610–771 appears fuzzy and clearly
separated from the object located at 4.55′′ to the NW and sus-
pected to be a second, lensed, image of the quasar. The latter has
definitely a stellar-like profile and does not leave any significant
residual after the PSF subtraction. The follow-up spectroscopic
observations (see §3 below) confirm its stellar nature and rule

Table 1. Relative positions of the five objects around PKS 1610–771
along with their R magnitudes (see text).

Object ∆x ∆y mR(1) mR(2)
(′′) (′′)

Quasar 0 0 18.2 ± 0.2 ...
Star +3.5 ± 0.1 +2.9 ± 0.1 19.6 ± 0.2 ...
A −0.2 ± 0.2 −1.7 ± 0.2 ... 21.3 ± 0.3
B +2.6 ± 0.2 −1.6 ± 0.2 21.0 ± 0.3 21.3 ± 0.3
C +0.7 ± 0.2 +4.1 ± 0.2 23.0 ± 0.5 22.5 ± 0.5
D −0.1 ± 0.2 +1.0 ± 0.2 ... 23.0 ± 0.5

out the possibility that PKS 1610–771 is a multiple image grav-
itationally lensed quasar.

Three resolved, galaxy-like, objects (noted A, B, and C) sur-
round the quasar position on the plane of the sky. An additional
faint object (noted D) appears only after the PSF subtraction;
it is detected in the two individual R frames and their sum,
as shown in Fig. 1. Although with a worse seeing, significant
residuals are also seen on the I frames at the position where
D is detected on the R frames. This faint D feature is unlikely
to be an artifact due to bad PSF subtraction, since no signifi-
cant residual can be seen after the subtraction of the PSF profile
from the nearby star. Other applications of our PSF subtraction
method show it to be reliable and free of any artifacts (Magain
et al. 1992, Remy et al. 1993).

Table 1 gives the R magnitudes of the objects in the field,
as well as their positions relative to the quasar. Flux calibration
was done using the star LTT 7987 (Landolt 1992) observed at
an airmass of 1.1, while PKS 1610–771 was at a mean airmass
of 1.55. The magnitudes and positions were obtained using “S-
Extractor”, an aperture photometry program which computes
the magnitudes through elliptical isophotes fitted to the objects
(Bertin & Arnouts 1996; Bertin 1996). Two R magnitudes are
given:mR(1) magnitudes are measured on the summed R frame
while themR(2) magnitudes are derived from the PSF subtracted
frame. The magnitudes mR(2) are more accurate for the fuzzy
objects, since they do not suffer from light contamination by the
point-like bright objects.

Although we cannot calibrate the I-band image in flux, it
is possible to derive the relative brightness of the quasar and
the nearby star, and to compare it with the relative brightness
found in the R band. We find mI (star) −mI (quasar) = 1.95,
whereas mR(star) − mR(quasar) = 1.40, showing that the
quasar is much redder than the star (as can, in fact, be seen
from the spectra shown in Fig. 2). We cannot, however, rule out
possible photometric variations of the quasar relative to the star,
between April and May.

3. Spectroscopy

The spectra were obtained during the same nights, using the
long-slit spectroscopic capability of EMMI. The grism #1 (see
EMMI User Manual) provides low-resolution spectra with a
spectral resolution of 5.8 Å pix−1 and a scale of 0.268′′ per
pixel in the spatial direction.

Courbin+ 1997

Sadler+ in prep

QSO @ z = 1.7
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Fig. 1. Upper panels: NTT R and I band images of PKS 1610–771
obtained, in both filter, with a total exposure time of 1,200 seconds.
The seeing (FWHM) is 0.85′′ in R and 0.95′′ in I . Lower panels: same
images as above, but a PSF has been subtracted from the quasar and its
companion. The two circles in both PSF-subtracted images show the
position of the quasar and the star.

Figure 1 displays part of the images in the two R and I
bands (upper panels), as well as the result of the subtraction
of a double two-dimensional PSF profile (lower panels). The
profiles of both the quasar and the star were fitted simultane-
ously in order to take into account relative light contamination
of one object by the other. The PSF subtraction was carried out
using the high-performance codes written by Remy (1996) to
detect gravitational deflectors. In order to optimize the quality
of the subtraction, the numerical PSF was calculated by using
four different stars, all of them as bright as the quasar and as
close to the quasar as possible in order to minimize any possi-
ble PSF variations across the field. The final PSF is a weighted
average of the individual PSFs obtained from these stars. The
PSF subtractions are carried out on the individual 600 seconds
exposures in order to avoid any PSF changes due to the align-
ment procedure of the frames. The individual residuals are then
added and are displayed in Fig. 1.

2.2. Results

In Fig. 1, the quasar PKS 1610–771 appears fuzzy and clearly
separated from the object located at 4.55′′ to the NW and sus-
pected to be a second, lensed, image of the quasar. The latter has
definitely a stellar-like profile and does not leave any significant
residual after the PSF subtraction. The follow-up spectroscopic
observations (see §3 below) confirm its stellar nature and rule

Table 1. Relative positions of the five objects around PKS 1610–771
along with their R magnitudes (see text).

Object ∆x ∆y mR(1) mR(2)
(′′) (′′)

Quasar 0 0 18.2 ± 0.2 ...
Star +3.5 ± 0.1 +2.9 ± 0.1 19.6 ± 0.2 ...
A −0.2 ± 0.2 −1.7 ± 0.2 ... 21.3 ± 0.3
B +2.6 ± 0.2 −1.6 ± 0.2 21.0 ± 0.3 21.3 ± 0.3
C +0.7 ± 0.2 +4.1 ± 0.2 23.0 ± 0.5 22.5 ± 0.5
D −0.1 ± 0.2 +1.0 ± 0.2 ... 23.0 ± 0.5

out the possibility that PKS 1610–771 is a multiple image grav-
itationally lensed quasar.

Three resolved, galaxy-like, objects (noted A, B, and C) sur-
round the quasar position on the plane of the sky. An additional
faint object (noted D) appears only after the PSF subtraction;
it is detected in the two individual R frames and their sum,
as shown in Fig. 1. Although with a worse seeing, significant
residuals are also seen on the I frames at the position where
D is detected on the R frames. This faint D feature is unlikely
to be an artifact due to bad PSF subtraction, since no signifi-
cant residual can be seen after the subtraction of the PSF profile
from the nearby star. Other applications of our PSF subtraction
method show it to be reliable and free of any artifacts (Magain
et al. 1992, Remy et al. 1993).

Table 1 gives the R magnitudes of the objects in the field,
as well as their positions relative to the quasar. Flux calibration
was done using the star LTT 7987 (Landolt 1992) observed at
an airmass of 1.1, while PKS 1610–771 was at a mean airmass
of 1.55. The magnitudes and positions were obtained using “S-
Extractor”, an aperture photometry program which computes
the magnitudes through elliptical isophotes fitted to the objects
(Bertin & Arnouts 1996; Bertin 1996). Two R magnitudes are
given:mR(1) magnitudes are measured on the summed R frame
while themR(2) magnitudes are derived from the PSF subtracted
frame. The magnitudes mR(2) are more accurate for the fuzzy
objects, since they do not suffer from light contamination by the
point-like bright objects.

Although we cannot calibrate the I-band image in flux, it
is possible to derive the relative brightness of the quasar and
the nearby star, and to compare it with the relative brightness
found in the R band. We find mI (star) −mI (quasar) = 1.95,
whereas mR(star) − mR(quasar) = 1.40, showing that the
quasar is much redder than the star (as can, in fact, be seen
from the spectra shown in Fig. 2). We cannot, however, rule out
possible photometric variations of the quasar relative to the star,
between April and May.

3. Spectroscopy

The spectra were obtained during the same nights, using the
long-slit spectroscopic capability of EMMI. The grism #1 (see
EMMI User Manual) provides low-resolution spectra with a
spectral resolution of 5.8 Å pix−1 and a scale of 0.268′′ per
pixel in the spatial direction.

Courbin+ 1997

Sadler+ in prep

QSO @ z = 1.7

NaD at z=0.45!



PKS 1610-77: HI selected galaxy group at z=0.45
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• Optical follow-up with Gemini-South:

F. Courbin et al.: PKS 1610–771 657

Fig. 1. Upper panels: NTT R and I band images of PKS 1610–771
obtained, in both filter, with a total exposure time of 1,200 seconds.
The seeing (FWHM) is 0.85′′ in R and 0.95′′ in I . Lower panels: same
images as above, but a PSF has been subtracted from the quasar and its
companion. The two circles in both PSF-subtracted images show the
position of the quasar and the star.

Figure 1 displays part of the images in the two R and I
bands (upper panels), as well as the result of the subtraction
of a double two-dimensional PSF profile (lower panels). The
profiles of both the quasar and the star were fitted simultane-
ously in order to take into account relative light contamination
of one object by the other. The PSF subtraction was carried out
using the high-performance codes written by Remy (1996) to
detect gravitational deflectors. In order to optimize the quality
of the subtraction, the numerical PSF was calculated by using
four different stars, all of them as bright as the quasar and as
close to the quasar as possible in order to minimize any possi-
ble PSF variations across the field. The final PSF is a weighted
average of the individual PSFs obtained from these stars. The
PSF subtractions are carried out on the individual 600 seconds
exposures in order to avoid any PSF changes due to the align-
ment procedure of the frames. The individual residuals are then
added and are displayed in Fig. 1.

2.2. Results

In Fig. 1, the quasar PKS 1610–771 appears fuzzy and clearly
separated from the object located at 4.55′′ to the NW and sus-
pected to be a second, lensed, image of the quasar. The latter has
definitely a stellar-like profile and does not leave any significant
residual after the PSF subtraction. The follow-up spectroscopic
observations (see §3 below) confirm its stellar nature and rule

Table 1. Relative positions of the five objects around PKS 1610–771
along with their R magnitudes (see text).

Object ∆x ∆y mR(1) mR(2)
(′′) (′′)

Quasar 0 0 18.2 ± 0.2 ...
Star +3.5 ± 0.1 +2.9 ± 0.1 19.6 ± 0.2 ...
A −0.2 ± 0.2 −1.7 ± 0.2 ... 21.3 ± 0.3
B +2.6 ± 0.2 −1.6 ± 0.2 21.0 ± 0.3 21.3 ± 0.3
C +0.7 ± 0.2 +4.1 ± 0.2 23.0 ± 0.5 22.5 ± 0.5
D −0.1 ± 0.2 +1.0 ± 0.2 ... 23.0 ± 0.5

out the possibility that PKS 1610–771 is a multiple image grav-
itationally lensed quasar.

Three resolved, galaxy-like, objects (noted A, B, and C) sur-
round the quasar position on the plane of the sky. An additional
faint object (noted D) appears only after the PSF subtraction;
it is detected in the two individual R frames and their sum,
as shown in Fig. 1. Although with a worse seeing, significant
residuals are also seen on the I frames at the position where
D is detected on the R frames. This faint D feature is unlikely
to be an artifact due to bad PSF subtraction, since no signifi-
cant residual can be seen after the subtraction of the PSF profile
from the nearby star. Other applications of our PSF subtraction
method show it to be reliable and free of any artifacts (Magain
et al. 1992, Remy et al. 1993).

Table 1 gives the R magnitudes of the objects in the field,
as well as their positions relative to the quasar. Flux calibration
was done using the star LTT 7987 (Landolt 1992) observed at
an airmass of 1.1, while PKS 1610–771 was at a mean airmass
of 1.55. The magnitudes and positions were obtained using “S-
Extractor”, an aperture photometry program which computes
the magnitudes through elliptical isophotes fitted to the objects
(Bertin & Arnouts 1996; Bertin 1996). Two R magnitudes are
given:mR(1) magnitudes are measured on the summed R frame
while themR(2) magnitudes are derived from the PSF subtracted
frame. The magnitudes mR(2) are more accurate for the fuzzy
objects, since they do not suffer from light contamination by the
point-like bright objects.

Although we cannot calibrate the I-band image in flux, it
is possible to derive the relative brightness of the quasar and
the nearby star, and to compare it with the relative brightness
found in the R band. We find mI (star) −mI (quasar) = 1.95,
whereas mR(star) − mR(quasar) = 1.40, showing that the
quasar is much redder than the star (as can, in fact, be seen
from the spectra shown in Fig. 2). We cannot, however, rule out
possible photometric variations of the quasar relative to the star,
between April and May.

3. Spectroscopy

The spectra were obtained during the same nights, using the
long-slit spectroscopic capability of EMMI. The grism #1 (see
EMMI User Manual) provides low-resolution spectra with a
spectral resolution of 5.8 Å pix−1 and a scale of 0.268′′ per
pixel in the spatial direction.

Galaxy A

Galaxy B

Sadler+ in prep



PKS 0834-20 – a new intervening detection
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Detection of neutral hydrogen in a 
galaxy at z=0.59 along the line of 
sight to a powerful QSO at z=2.7
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PKS 1829-718: associated absorption at z=0.54
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PKS 1657-298: associated absorption at z=0.42

• Optical follow-up 
with NTT
• Confirms

associated 
system at z=0.42

• See Vanessa’s 
talk tomorrow

Optical follow-up of ASKAP detections | Elizabeth Mahony11 |
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PKS 1740-517: The first new ASKAP detection
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Allison+ 2015



PKS 1740-517: ALMA follow-up
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PKS 1740-517: ALMA follow-up

• Optical follow-up indicates interacting satellite galaxy + tidal stream
• Is this responsible for the narrow HI absorption?

Optical follow-up of ASKAP detections | Elizabeth Mahony14 |
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New ASKAP detections – what have we learned?

Optical follow-up of ASKAP detections | Elizabeth Mahony15 |
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Multiwavelength follow-up is essential!
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Follow-up

Need in 
advance

• FLASH will not *just* be a HI survey – multiwavelength data is essential to 
understand the processes involved. How do we follow-up detections?
• Redshift of background radio sources -> Taipan, photo-z’s?

• High resolution radio data -> VLBI, MWA IPS

• Deep optical/IR imaging of HI absorber -> 8m telescopes?
• Molecular/ionised gas properties -> ALMA, MUSE, SAMI/Manga

• Higher sensitivity absorption -> MeerKAT, uGMRT



Future follow-up strategies – Taipan survey

• Main survey K-band selected (2MASS extended sources)
• 300 fibres over 6 sq. deg

• Approved ‘ancillary science’ for 20,000 FLASH targets
• Selection criteria:

- SUMSS/NVSS sources above 40 mJy. 
- declination < +10
- exclude galactic plane (|b|>10)
- WISE match within 5 arcsec (from the AllWISE catalogue)
- W1<17 & W1-W2>0.6 (i.e. QSOs and HERGs)

Optical follow-up of ASKAP detections | Elizabeth Mahony17 |

Taipan is a multi-object spectroscopic galaxy survey starting observations in late 
2017 that will cover the whole southern sky and will obtain spectra for over 1 
million galaxies in the local Universe (z<0.3) over 4 years. This will be the most 
comprehensive spectroscopic survey of the southern hemisphere ever 
undertaken.



How do we scale up to full FLASH survey?
• Primary goal -> separate between associated and intervening 

absorbers
• Are there other ways to do this besides spectroscopic follow-up?

• Are photometric redshifts good enough?

Optical follow-up of ASKAP detections | Elizabeth Mahony18 |



How do we scale up to full FLASH survey?
• Are there other methods for separating associated vs. intervening?

• E.g. machine learning? 

• How can we best combine observations and simulations?

Optical follow-up of ASKAP detections | Elizabeth Mahony19 |

Curran+ 2016
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