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Probing the interplay between AGN feedback and host galaxy evolution is a hot topic in current
astronomy research. HI-absorption traces the presence of cold, neutral gas in galaxies and previous
works find progressively fewer detections of HI in quasar sources after redshifts of z > 0.5, possibly
due to HI photoionization in quasars with LUV > 1023W/Hz. However, these works are lacking in
high-z, Type-2 sources. This project takes 18 such quasars identified by SDSS-III/BOSS, allowing
further exploration of the connection between UV luminosity and HI photoionization. Two potential
detections of HI absorption requiring follow-up are reported.

I. INTRODUCTION

The accretion process of active galactic nuclei, or AGN,
releases incredible amounts of energy into the surround-
ing environment, naturally having an impact on the host
galaxy and how that host then evolves. However, this in-
terplay between the AGN and host galaxy is complicated
and not yet well-understood.

The 1420-MHz HI line is one tool that can be used to
explore this relationship. Because this line in absorption
traces the presence of cold, neutral gas in the host galaxy,
whether or not HI is detected may indicate the effects of
quasar output on the galactic medium.

Previous works suggest the following: (i) that HI can
be photoionized by the quasar’s energy output, unless
it is shielded by dust or sufficiently-high column densi-
ties, (ii) that this photoionization can be related to the
source’s UV luminosity, and after a LUV & 1023W/Hz,
it is expected that all HI in a galaxy should be pho-
toionized, and (iii) that there are fewer HI detections in
sources with redshifts of z > 0.5, implying a redshift de-
pendence for this effect [1, 2]. However, these works have
some observational limitations. Sources with UV lumi-
nosities of LUV > 1023W/Hz dominate surveys and there
is a scarcity of Type-2 and high-z sources. This begs the
question of whether the decreasing HI detection fraction
is observed due to the observation of more powerful Type
I sources, rather than the photoionization interpretation.

When Type I quasars are observed, by the unified
model, the AGN is being viewed directly and without ob-
scuration from the dusty torus. Type II quasars, by con-
trast, are being viewed through the dusty torus. Less de-
tected absorption may naturally be expected when more
Type I objects are viewed than Type II.

The aim of this project is to take undersampled objects
to shed further light on the effects of quasar activity on
the host galaxy’s gas content. By expanding the sample
and finding upper limits on HI content for our Type II
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sources, we hope to disentangle whether the lack of HI
detections at higher z’s and UV luminosities is due to
photoionization from quasar output, or if there’s a dif-
ference in the amount of HI detections when looking at
Type I versus Type II sources.

II. THE SAMPLE, OBSERVATIONS AND
ANALYSIS

This project’s sample consisted of 18 Type II quasars
with redshifts of 0.55 < z < 1.0 and varying UV luminosi-
ties. These sources have continuum flux densities > 100
mJy at the redshifted HI frequency, and sub-arcsec an-
gular sizes from the FIRST catalog. The compactness of
their sizes imply that most of the continuum emission is
situated well within the host galaxies of these quasars.
They were also selected to have HI lines in regions of
the spectrum where less RFI was expected from existing
monitoring data.

The data were taken in frequency-switching mode on
the Green Bank Telescope, using the “PF1-800 MHz”
receiver. Due to considerable RFI in the off-frequency
state, bringing interference into the line region, data cal-
ibration, reduction, and analysis were performed utilizing
the total power of the spectra. The data were converted
from counts to Janskys, and bad data records were re-
moved based on deviant RMS values. Orthogonal po-
larizations and the two frequency-switched states were
averaged to reduce noise. Finally the reduced spectra
were boxcar smoothed by 11 channels to a frequency res-
olution of 7.87 kHz.

CTA21, a galaxy with a known HI absorption feature,
was used as an example and test source for all proce-
dures. Prior work on CTA21’s HI absorption [3] was
used to evaluate consistency with current observations
and thus determine the best method for baseline fitting
and calibration. The absorption spectrum of CTA21 de-
rived from the present GBT observation is presented in
Fig 2. Baselines were fit to the spectra of our sample us-
ing approximately ±600km/s of the final, reduced spec-
tra, with RFI and ±50km/s surrounding the expected
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FIG. 1. A table of all sources, their respective redshifts with uncertainty given in parentheses, RMS values of clean sections
of baseline (if any), the number of scans taken of the source, and the calculated upper limits for HI column density. The
highlighted lines represent the two potential detections.

line region omitted from the fitting process. The lowest
polynomial that presented a good fit to the data was used
for baseline subtraction.

RMS values were calculated on the baseline fits us-
ing the GBTIDL ’stats’ function on sections of RFI-free
baseline. Figure 3 shows that the rms noise after data
reduction and baseline fitting is consistent with expecta-
tions.

Upper limits on HI column densities were found and
catalogued for all sources using the equation,

N(HI) = 1.835 × 1018
TS

∫
τdV

fc
cm−2, (1)

where Ts is spin temperature (taken to be 100K) and
fc is the covering fraction (taken to be 1). The upper
limit on the numerator was found with:∫

τdV = τ∆V, (2)

where the value of ∆V was assumed from detections in
the literature to be 33km/s and τ is equal to,

τ =
3RMS

SHI
(3)

where SHI is the continuum flux density of the source.
Sigma values were calculated for two potential detec-

tion (see Section III).

III. RESULTS

Figure 1 shows a summary of all 18 sources and their
upper limit HI column densities, including 2 potential

detections. The first potential detection, J0134 + 000,
see Figure 5, was determined to be a 2σ detection,
showing a dip feature below the baseline for approx-
imately ±50km/s surrounding the expected frequency
of occurrence. While this may be an artifact resulting
from the baseline fitting process, it also possibly con-
stitutes a faint detection. The second potential detec-
tion, J1110 + 482, shown in Figure 6, was found to be
a 2.4σ detection, showing a distinct dip near the line re-
gion of a recently updated redshift value. J0134 + 000
has a log(LUV [L�]) = 22.83 and J1110 + 482 has a
log(LUV [L�]) = 23.67. Both of these sources are can-
didates for follow-up observations using the Green Bank
Telescope to obtain increased sensitivity.

Figure 4 plots the upper limits of HI column density,
NHI/Tspin versus redshift to compare with the previous
results of Curran and Duchesne 2018 [1]. It is found
that all points are consistent with the upper limits of the
previous work in this redshift range.

IV. CONCLUSIONS

18 Type-II quasar sources were analyzed in a search
for detections of HI absorption; only 2 of these sources–
J0134+000 and J1110+482–are candidates for potential
detections and will require further observation to confirm
detection.

The findings of this project are consistent with previ-
ous works [1, 3].
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FIG. 2. The baseline-fitted spectrum for CTA21. The broadest, clean section of the reduced spectrum within ±600km/s was
taken, with a sizable area surrounding the line region omitted from the fitting process so as not to overfit the line’s broad
features as seen in previous work [3]. This process of taking about ±600km/s of clean spectrum, while omitting an area of
± 50 km/s around the expected position of the line was adopted for the sources in our Type-2 sample.

FIG. 3. The RMS on each final spectrum is plotted against
TSys/

√
nscans . This relation is expected to be a positive,

linear association, with which the data are consistent. Blue
points represent data, orange points represent theoretical cal-
culations, and a line is found to be a good fit to both real and
theoretical points.
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FIG. 4. The top panel is from Curran and Duchesne 2018 [1]. Red points represent the upper limits for HI nondetections while
black, solid points represent detections. The authors use stars to indicate quasars and circles to indicate galaxies. The bottom
panel plots the sources for this project, where again red points represent nondetection upper limits and the three black points
represent the known detection of galaxy CTA21 and this project’s two potential detections. The dotted horizontal red line
denotes the approximated mean of Curran and Duchesne’s points in this redshift range.
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FIG. 5. The spectrum of source J0134+000 after reduction and baseline fitting. The middle vertical line represents the
frequency at which the HI line would be expected and this is bracketed by an additional two vertical lines at approximately
±50km/s to show the observed potential detection. This dip below the baseline is calculated to be a detection of 2σ.

FIG. 6. The spectrum of source J1110+435 after reduction and baseline fitting. The leftmost vertical line represents the
redshifted frequency at which the HI line was expected at the time of observation, and the right vertical line represents the
expected line position after finding an updated redshift value for the source. The dip beside this second line is calculated to be
at a level of 2.4σ.


