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Abstract. Both the (ultra) luminous infrared galaxies and quasars are associated with mergers. IRAS 1651142354 is a luminous
infrared galaxy hosting a type II quasar. Based on deep optical images, we find weak asymmetrical features that are most probably
of tidal origin. The spectral energy distribution of the object was fitted with models accounting for the host galaxy and the nucleus.
We derive the star formation rate related to the emission of the starburst component in the far-infrared: SFR|g = 36.73:'; M, yr".

INTRODUCTION

Luminous infrared galaxies (LIRGs) and ultra LIRGs (ULIRGs) are defined as having total IR luminosity 10" L, <
Lig = L(8—1000 um) < 10'?Lg and in excess of 10'2Lg, up to 10'3 Ly, respectively. Both are rich in dust, as well as
neutral and molecular gas. The IR excess results from dust reprocessing due to star formation (SF) and active galactic
nuclei (AGNs). Generally, the SF in local LIRGs is centrally localized and is considered related to interactions and
mergers [1].

The high accretion rates of luminous AGNs are typically associated with mergers. ULIRGs host dust-enshrouded
quasars in their centres [2]. Besides, type II quasars may be observed at an earlier evolutionary stage compared to type
I ones.

There are various SF rate (SFR) indicators throughout the electromagnetic spectrum based on emission line (e.g.,
He and [O1]) and continuum, like ultraviolet and far-infrared (FIR), luminosity (see the review of Ref. [3]). Ha
luminosity, among the most often used indicators, seriously underestimates the SFR due to extinction. Furthermore,
the AGN emission must be taken into account. The other SFR estimators share the same disadvantages. It is the
FIR-based SFR that is assumed to be free of extinction effects to the utmost extent [4].

We initiated a study on objects, transition in phase between ULIRGs and “classical” quasars. IRAS 16511+2354
(z=0.103415) is a part of this sample. It hosts a type II nucleus with [Om] 45007 luminosity Loy = 10°Ls, [5].
This makes IRAS 1651142354 a type II quasar hosted by an LIRG. It is located in the AGN region of the Baldwin-
Phillips-Terlevich (BPT) diagnostic diagrams [6] and shows no Wolf-Rayet features in its spectrum [7].

DATA PROCESSING

Data from the Hubble Space Telescope (HST; Proposal ID 13728, PI: S. Kraemer), Canada-France-Hawaii Telescope
(CFHT), and Sloan Digital Sky Survey (SDSS) were used. Regarding the HST data, we constructed a structure map
of the continuum (FR647M) image and an unsharp-divided residual (with median filter size of 9 px) of the [Omi]
(FR551N) image. The stacked deep (total exposure time of 720 sec) r-band CFHT image was adaptive filtered.

We built the spectral energy distribution (SED) of the object using data from IRAS, WISE, 2MASS, SDSS,
Swift/UVOT, and GALEX surveys. Two deviant data points — IRAS (12 um) and Swift/UVOT (M2 filter) — were
removed. The SED was fitted with the AGNfitter code of Ref. [8].

“Based partially on observations made with the NASA/ESA Hubble Space Telescope, obtained from the data archive at the Space Telescope
Science Institute. STScl is operated by the Association of Universities for Research in Astronomy, Inc. under NASA contract NAS 5-26555.
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FIGURE 1. RGB SDSS image of IRAS 16511+2354. The FIGURE 2. Adaptive filtered r-band CFHT image of IRAS
image size is as in Figure 2. In all figures north is up and east 16511+2354.
to the left.

RESULTS AND DISCUSSION

The host galaxy has smooth early type (E or SO) appearance on the SDSS images (Figure 1). The deep CFHT images
(Figure 2), however, reveal a northern arc/shell, brightest 29" to the northwest and a fainter one 47" in the opposite
direction. There is diffuse emission up to the northern arc. The brightest parts of both arcs seem connected to the
central galaxy region by elongated features. These structures (which may also be affected by inclination effects in
case of a disk galaxy) are most probably relics from a past merger. There are no confirmed companions. The largest
among the projected objects of non-stellar appearance is just 12 to the south.

The HST continuum structure map (Figure 3) unveils a protrusion to the northwest, as well as dust patches to the
south and west, in the innermost arcsecond. Regarding the [O m1] unsharp-divided residual (Figure 4), a conical struc-
ture up to 2.4" east-northeast and 1.3” in the opposite direction, the latter more irregular, are outstanding. Rotational
pattern in the innermost ~ 0.6”” was reported in Ref. [9].

To assess the SFR, we used the FIR continuum luminosity as least affected by extinction. The SFR was derived
following Ref. [10]:

SFRR | _ 5685 1074 [ LR
Mg yr! ergs™!

We estimated the IR luminosity after Ref. [11]. The IRAS 12 um flux value is an outlier on the SED, so, we
used the WISE W3 flux value instead. Given the adopted cosmological parameters (Hy = 70kms™ Mpc™!,Qy =
0.3,Q4 = 0.7), the object has Lig = (3.6 + 0.5) X lO“L@ (it would be by one third larger if using the original 12 um
flux value).

In order to account for the torus emission, the SED was fitted with models involving the emission of both the
host galaxy (stellar population and starburst cold dust), and the AGN (accretion disk and torus). The output luminosity
related to the starburst component is Lig s = 2.477020%x 10'! L. The corresponding SFR is 36.7*2% Mo, yr™'. Reported
are the median values (the 50" percentile) with the 16" and 84" percentiles serving as uncertainty estimates.
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FIGURE 3. Structure map of the continuum (FR647M) HST FIGURE 4. Unsharp-divided residual of the [Om] FR551N
image of IRAS 16511+2354. HST image of IRAS 16511+2354.

SUMMARY

We presented a study on the morphology and SF of IRAS 1651142354, a type II quasar hosted by an LIRG. The deep
ground-based images revealed disturbed features, indicative of past interaction. The HST images bore evidence of
dust presence in the circumnuclear regions. The IR luminosity estimate is Lig = (3.6 + 0.5) X 10" L. The luminosity
related to the starburst component after fitting the SED with models of both the host galaxy and AGN is Lirsp =
2.47%029 % 10" L. The respective SFR is 36.7"2% Mo yr".

ACKNOWLEDGEMENTS

This research was partially supported by the Bulgarian National Science Fund of the Ministry of Education and
Science under grants DN 08-1/2016 and DN 18/13-2017. This research used the facilities of the Canadian Astron-
omy Data Centre operated by the National Research Council of Canada with the support of the Canadian Space
Agency. Funding for SDSS-III has been provided by the Alfred P. Sloan Foundation, the Participating Institutions,
the National Science Foundation, and the U.S. Department of Energy Office of Science. The SDSS-III web site is
http://www.sdss3.org/. This publication makes use of data products from the Two Micron All Sky Survey, which is a
joint project of the University of Massachusetts and the Infrared Processing and Analysis Center/California Institute
of Technology, funded by the National Aeronautics and Space Administration and the National Science Foundation.
This publication makes use of data products from the Wide-field Infrared Survey Explorer, which is a joint project
of the University of California, Los Angeles, and the Jet Propulsion Laboratory/California Institute of Technology,
funded by the National Aeronautics and Space Administration. This research has made use of the NASA/ IPAC In-
frared Science Archive, which is operated by the Jet Propulsion Laboratory, California Institute of Technology, under
contract with the National Aeronautics and Space Administration.

REFERENCES

[1T  J. Melbourne et al., AJ 135, 1207-1224 (2008).
[2]  D. B. Sanders et al., ApJ 325, 74-91 (1988).

090019-3


https://doi.org/10.1088/0004-6256/135/4/1207
https://doi.org/10.1086/165983

(3]

R. C. Kennicutt, Jr., ARA&A, 36, 189-232 (1998).

M. Garcia-Marin, L. Colina, and S. Arribas, A&A, 505, 1017-1026 (2009).
R. Reyes et al., AJ 136, 2373-2390 (2008).

J. A. Baldwin, M. M. Phillips, and R. Terlevich, PASP 93, 5-19 (1981).

M. Shirazi and J. Brinchmann, MNRAS 421, 1043-1063 (2012).

G. Calistro Rivera et al., ApJ 833, 98 (2016).

T. C. Fischer et al., ApJ 856, 102—-125 (2018).

E. J. Murphy et al., ApJ, 737, 67 (2011).

D. B. Sanders and I. F. Mirabel, ARA&A 34, 749 (1996).

090019-4


https://doi.org/10.1088/0004-6256/136/6/2373
https://doi.org/10.1086/130766
https://doi.org/10.1111/j.1365-2966.2012.20439.x
https://doi.org/10.3847/1538-4357/833/1/98
https://doi.org/10.3847/1538-4357/aab03e
https://doi.org/10.1088/0004-637X/737/2/67
https://doi.org/10.1146/annurev.astro.36.1.189
https://doi.org/10.1146/annurev.astro.34.1.749

