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Green Bank Telescope scans toward the 
z=2.64 quasar MG J0414+0534 

• Selected from the 
Parkes half-Jansky flat-
spectrum survey 

• V – K colour = 10.62 
• GBT scans from 

350-1800 MHz 
• Higher z scans 

destroyed by RFI 
• Still much usable data  



3rd absorber along sight-line 

• First two in host and 
lens (z=0.96) 

• 3rd detected at z=0.38 
• Strongest HI 21 cm 

absorber ever found 
• No OH detected to 

NOH ≤ 3.3 × 1013 (Tx/f) 
• Implies this is not the 

source of reddening 
material 

A third 21-cm absorber towards MG J0414+0534 L87

discovered, millimetre-wave absorption is yet to be found in an op-
tically selected target (see Curran et al. 2004). Curran et al. (2006)
suggest that this is due to the optical brightness of these objects
selecting against the dustier, and thus most molecular abundant ab-
sorbers. This is demonstrated through the optically selected damped
Lyman α absorption systems (DLAs) having optical–near-infrared
(optical–near-IR) colours of V − K ! 4 and molecular fractions
of F ≡ 2NH2

2NH2 +NH I
∼ 10−7–0.3, whereas the radio absorbers have

V − K " 5 and F ≈ 0.6–1 (see fig. 3 of Curran, Whiting & Webb
2009).

This is a strong evidence that the background quasar light is red-
dened by the dust in the foreground absorber, which protects the
molecular gas from the harsh UV environment. Thus, in order to
increase the number of redshifted OH (and H I) absorbers known,
we should target the reddest objects.3 However, due to their very
faintness, optical spectra are not generally available and so we do
not have a redshift to which to tune the telescope. We have there-
fore embarked on a programme of wide-band (200 and 800 MHz)
spectral scans of very red (V − K " 6) radio-loud objects with the
Green Bank Telescope (GBT) in search for the dust and molecular
gas responsible for the obscuration.

In this Letter, we report the detection of very strong 21-cm ab-
sorption at z = 0.38 towards the z = 2.64 quasar MG J0414+0534
(4C +05.19), where we have previously detected the 21-cm absorp-
tion in the z = 0.96 gravitational lens (Curran et al. 2007a). With an
optical–near-IR colour of V − K = 10.26, this is the reddest of our
targets and, although the 21-cm absorption has also been detected
in the lens, in the host galaxy (Moore, Carilli & Menten 1999), the
OH absorption remains undetected at either of these three redshifts.

2 TA R G E T S E L E C T I O N A N D O B S E RVAT I O N S

As mentioned above, all of our targets were selected on the basis
of their large optical–near-IR colours (V − K " 6) and high radio
fluxes ("1 Jy). Being a data base of bright and generally compact
objects, with comprehensive optical photometry (Francis, Whiting
& Webster 2000), these were taken from the Parkes Half-Jansky
Flat-Spectrum Sample (Drinkwater et al. 1997), which, with the
above conditions, gave five sources which could be scanned for both
H I and OH by the GBT. However, given the very wide bandwidths
required for the full spectral scans, much of the data are subject to
severe radio frequency interference (RFI), with only limited parts
of the band being useful (Tanna et al., in preparation). Nevertheless,
we are able to obtain enough useful data on MG J0414+0534 to
reveal a clear, strong detection of neutral hydrogen.

The 0.91–1.23 GHz range J0414+0534 observations were per-
formed on 2007 January 23 using the PF2 receiver and the autocor-
relation spectrometer over a 200-MHz-wide bandpass (with 16 384
lags), centred on 1.0 GHz in two orthogonal linear polarizations.
This band was observed for a total of 2 h in 5-min position-switched
scans and the removal of RFI-affected scans left 44 min of good
data, with a mean system temperature of Tsys = 24 K and an rms

3 This prediction was verified through the detection of OH at z = 0.76 in the
gravitational lens intervening PKS 0132−097 (Kanekar et al. 2005): with the
detection of the 21-cm absorption (Kanekar & Briggs 2003) and an optical–
near-IR colour of V − K = 8.92 along this sight-line (Gregg et al. 2002), this
was a prime target. On this basis, we ourselves attempted to detect OH with
both the Giant Metrewave Radio Telescope and the Westerbork Synthesis
Radio Telescope in 2005 February. However, severe RFI at 945 MHz ruined
both observations.

Figure 1. The absorption profile at 1030 MHz towards J0414+0534 in
each of the two orthogonal linear polarizations. The data are shown at the
observed 12.207 kHz channel spacing, which gives 3.56 km s−1 at 1030
MHz. The flux density is found to be 2.21 Jy at 1.03 GHz, cf. 2.12 Jy at 1.4
GHz (Katz et al. 1997).

noise level of ≈10 mJy per 3.56 km s−1 (at 1030 MHz) channel in
the clear parts of the bandpass.

The data were calibrated, flagged and averaged using the GBTIDL

package and, as seen in each of the polarizations, an absorption
feature was detected close to 1030 MHz (Fig. 1). Due to the structure
of the line and the strength of the main component (a velocity-
integrated optical depth of

∫
τdv ≈ 11km s−1), we believe that the

feature is due to 21-cm absorption at a redshift of z ≈ 0.38.

3 R ESULTS AND D ISCUSSION

3.1 The H I 21-cm absorption

In each polarization (Fig. 1), it is clear that the absorption is com-
prised of several components and in Fig. 2 we show the Gaussian
fits to the profile and summarize these in Table 1.

A single Gaussian fit to the main component gives 1030.0450 ±
0.0057, that is, z = 0.378 974 ± 0.000 008 for the redshift of the
absorber. This, in addition to the separate Gaussian fits to the
blueshifted and redshifted features (see below), gives a velocity-
integrated optical depth of

∫
τdv = 17 ± 3km s−1. This is the

Figure 2. Gaussian fits to the absorption profile, where we fit three Gaus-
sians to the central feature and one to each of the outlying features (summa-
rized in Table 1). The flux scale is relative to 2.21 Jy and the velocity offset
is relative to the central observing frequency of 1.000 GHz. As Fig. 1, the
velocity resolution is 3.56 km s−1.
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(Partial  bandpass) 

Star forming galaxy with outflows 



A redshift for “Object X” 

• Detected in 22 GHz 
data 

• Was thought to be a 
lensed image 

• Optical OIII lines 
detected in Object X 
at same redshift as 
new 21 cm absorbing 
galaxy   

A third 21-cm absorber towards MG J0414+0534 L89

Figure 3. The OH data at frequencies close to the redshift of the H I absorption. Shown at a resolution of 10 km s−1.

Figure 4. The normalized OH line strength versus the optical–near-
IR colour for the five known OH absorbers and the searches towards
J0414+0534. The stars represent the four millimetre absorption systems
and the square represents PKS 0132−097, where the OH, but no millimetre,
absorption has been detected (see text). The line shows the least-squares fit
to the millimetre absorbers. The filled circle shows the limit presented here
and the unfilled circles show the limits at the lens (Curran et al. 2007a) and
the host redshifts (see text).

3.3 The origin of the absorption

Having discovered the absorption, the question of its origin arises.
There have been a number of optical/near-IR studies of J0414+0534
(Schechter & Moore 1993; Angonin-Willaime et al. 1994; Falco,
Lehár & Shapiro 1997) and these show, in addition to the four quasar
images (A1, A2, B and C) and the lensing galaxy, a feature often
referred to as ‘Object X’ (Fig. 5).

It is located about 1 arcsec west of component ‘B’, giving impact
parameters between 5–15 kpc (for z = 0.38) and 8–25 kpc (for z =
0.96) to the four quasar images. The HST photometry (Falco et al.
1997) gives R > 26.268 ± 0.0.063 and I = 24.769 ± 0.063, thus
having a different colour to the quasar images, while probably being
slightly redder than the lensing galaxy.

Figure 5. I-band image of the lens and lensed components (A1, A2, B and
C), together with Object X (Falco et al. 1997), from the CASTLES survey
(Kochanek et al. 1999) (http://www.cfa.harvard.edu/castles/). Resolved (22-
GHz) radio emission is detected from the lensed components (Katz et al.
1997, see fig. 2 of Curran et al. 2007a).

We note that the spectrum of Tonry & Kochanek (1999) shows
tantalizing evidence of peaks approximately where the [O III]
λλ4959, 5007Å doublet would be located for the H I absorption
redshift of z = 0.3789 (observed wavelengths of 6837 and 6903
Å). The slit position, as indicated in their fig. 1, would indeed lie
directly across Object X and large [O III] emission-line fluxes would
be expected from an AGN or gas-rich galaxy undergoing rapid star
formation, either of which is consistent with the observation of rapid
outflows of H I in each direction.
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fore embarked on a programme of wide-band (200 and 800 MHz)
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prised of several components and in Fig. 2 we show the Gaussian
fits to the profile and summarize these in Table 1.
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Figure 2. Gaussian fits to the absorption profile, where we fit three Gaus-
sians to the central feature and one to each of the outlying features (summa-
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