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Gravitational lensing reveals extreme dust-obscured star formation
in quasar host galaxies
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ABSTRACT
We have derived dust temperatures, dust masses, star formation rates and far-infrared lumi-
nosities for 104 gravitationally-lensed quasars at z~1-4 observed with Herschel/SPIRE, the
largest such sample ever studied. By targeting gravitational lenses we probe intrinsic luminosi-
ties more typical of the population than the extremely luminous sources otherwise accessible.
We detect 87 (84 percent) of the sample with SPIRE: 82 (79 percent) quasars have spectra

characteristic of dust emission, and we find evidence for dust-obscured star formation in at

least 72 (69 percent). We find a median magnification-corrected SFR of 220°3}) Muyr~! and
Lig of 67727 x 10" L., The results are in line with current models of quasar evolution, but
suggest that most quasars exist in a transitional phase between a dusty star-forming galaxy
and an AGN dominated system. This further indicates that AGN feedback does not quickly
quench star formation in these sources. Additionally, we find no significant difference in dust
luminosities between radio-loud and radio-quiet quasars, implying that radio mode feedback
has no significant effect on host galaxy properties.
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Mpobnema AGN- SF : quenching or inducing?

MpuHumaemaa moaens (Sanders et al)

Merging-- dusty SF galaxies — dust-obscured FIR QSO (several Myr) - UV
QSO.

According to the current paradigm of galaxy evolution, some frac-
tion of the quasar population is expected to be transitional sources
from DSFGs to UV-luminous quasars. These transition sources will
be FIR-luminous, with clear evidence of ongoing star-formation.

[10 cux nop nccnepgoBaHUA OTHOCMANCH TOIbKO K KBa3apam U raslakTUKam
SDSF o4yeHb BbICOKOM CBETUMOCTMU.

BbiBOA: MCNOb30BaTh rpaB-/IMH3UPOBAHHbIE N300pParKeHUA KBA3apoB C
Le/iblo BbIACHUTb €BA3b meXay DSFG u KBasapamu.



BbibopKa: Bce n3BeCcTHble IMH3NPOBAHHbIE
KBa3apbl, Habnogaswmeca Hershel

observatory:

At the time of proposal, these included all
currently known optical/radio selected
quasars lensed by foreground galaxies. In
total, there are 104 lensed quasars.

TunnyHoe ycnneHune apkoctu ~10
U3amepanuck: T n macca nbinun, SFR.
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Figure 1. (left) The redshift distribution of the sample, which has a me-

dian redshift of 2. (right) The image separation distribution of the sample
(excluding SDSS J1029+2623 with a maximum separation of 22.5 arcsec).
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to describe the flux-density (S ,) as a function of frequency (v) in the

case of synchrotron emission, and a characteristic modified black
body,

V3+ﬂ 5
Sy T 1" )
to describe the heated dust component, where h is the Planck
constant, k is the Boltzmann constant, T3 is dust temperature,
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3Ha4yeHua SFR = 100 — 1000 Mc/roa.
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(a) HS 0810+2554, z = 1.51
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(c) H1413+117,z = 2.55



* CpaBHeHue c «un-lensed DSFGs» — no Magnelli
etal 2012 :

 “AHERSHEL VIEW OF THE FIR PROPERTIES OF
SUBMILLIMETRE GALAXIES”

(61 obbekKT).
[lony4yeHo:

cxoaHoe 3HavyeHue Tdust, HoO B HECKONbKO pa3
6onee HM3Kasa cpeaHana ceeTumocTb FIR (220Ms/yr
vs 800 Ms/yr).
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Figure 12. FIR luminosity (40-120 gm) and equivalent SFR against redshift for the lensed quasars in this sample and for the M12 DSFGs. The quasar
luminosities are magnification-corrected. Where the dust magnifications are unknown, the value is assumed to be 10 with a factor of 2 error. The grey lines
show the luminosity detection limit for a source with T4 = 36 K and S=1.5, assuming a fixed 3o detection limit (as in Fig. 8).
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Figure 14. The radio-infrared correlation for the quasar sample. The median

gir from Ivison et al. is shown in yellow; the shaded region is 2o
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Figure 15. Radio-infrared factor, qig, for quasars in the sample with radio
detections. The median qir from Ivison et al. in yellow, as before.



80% KBa3apoB BbiABAAOT NnpucyTcTeue heated dust (npusHak
akTusHoro SF).

CpaBHeHue c BbibopKoi DSFR-ranaktuk (6e3 Buammbix KBa3apos) no
Hershel Ha Tex ke z noka3biBaeT aHanornyHyto Tdust HO Ha NoOpPAAOK
6onee HM3Kyto SFR.

Obuwee cornacue c mogenbto Sanders et al, 1988: FIR- kBa3apbl — 3TO
npomeKyTodHoe 38eHo mexay DSFGs and UV-bright quasars, where
feedback from the quasar has not yet fully quenched star-formation
within the host galaxy.

The high detection rate implies most quasars in the redshift range z 1-
4 are FIR-luminous transitional sources. This result suggests a
transition time of the order of the lifetime of the quasar (i.e. . 100
Myr), but not as short as 1 Myr, as has been suggested.

®a3bl FIR-luminous quasar 1 un-obscure quasar He pPa3/anMYaloTCA No
SFR, Tak uto radio-loud ¢a3a He oTparkaeTca Ha SF.



