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WISE Wide-field Infrared Survey Explorer
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Launched on December 14 2009,

WISE mapped the sky in infrared light, searching for 

the nearest and coolest stars, 
the origins of stellar and planetary systems, 

and the most luminous galaxies in the Universe.

wise.astro.ucla.edu

WISE delivered to the scientific community:

Over 1.5 million images covering the whole sky in

4 infrared wavelengths: 3.4, 4.6, 12, 22 micron

Catalogs of  »»750 millionobjects seen in these 4 wavelengths



WISE	All-Sky	Data	Release	

WISE	Science	Data	Center
IPAC,	Caltech
March	14,	2012
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Paramount	Pictures
(1990)



Spectral	Energy	Distribution	(SED)

Infrared	Astronomical	Satellite
Launched	in	1983

IRAS

A	bit	of	history	–1983

12μm 25μm

60μm

100μm

•~	90	%	of	energy	emitted	at	infrared	
wavelengths

•Total	luminosities	are	~	10x	-100x	of	
Luminosity	of	Milky	Way

Discovery	of	Luminous	Infrared	Galaxies
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Merger	Driven	Galaxy	Evolution

Sanders	et	al.	(1988)	
Hopkins	et	al.	(2008)

“Blowout”

-BH	grows	rapidly
-Highly	dust	reddened
-dust/gas	expelled

Galaxy	Merger

-gas-rich	merger	

Coalescence/ULIRG

-gas	inflows	to	center
-star	formation	triggered
-dusty	starburst
dominates	luminosity

Elliptical

-red	and	dead

Quasar

-dust	removed
-traditional	optical	QSO



Tip	of	the	Luminosity	Function	
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Big	Mystery	of	Galaxy	Evolution

Starburstdominated

– Rapid	and	violate	star	
formation

AGNdominated

– Powerful	supermassive	
black	holeaccretion

High	luminosity	–
rapid	mass	growth	phase

In	the	Most	Luminous	Galaxies,	
mass	of	host	galaxy	or	super	massive	black	hole	(SMBH)can	

increase	by	a	factor	of	10	
in	~	100	-300	Myr!
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Star	formation



Tip	of	the	Luminosity	Function	

A
d
o
pt
e
d	
fr
o
m	
Sa
n
d
er
s	
a
n
d	
Mi
ra
b
el	
1
9
9
6	
A
R
A
&
A

LI
R
Gs

UL
I
R
Gs

Hy
LI
R
Gs

–2

–4

–6

–8

–10

l
o
g 
  
 (
M
p
c–
3
M
b
ol
–
1
)

9 10 11 12 13            14                15

log Lbol (L ).

IRAS BGS

IRAS 1Jy ULIGs

Mrk Seyferts

Mrk Starburst

cDs

PG QSOs

Normal galaxies

–12

L
og
	(
n
u
m
b
er
	
d
e
ns
it
y)

Log	(Luminosity)

D
wa
rf
	g
al
ax
ie
s

N
or
ma
l	
Ga
la
xi
es

1
9
9
4
A
p
J
.
.
.
4
2
4
L
.
.
6
5
C



Tip	of	the	Luminosity	Function	–
Extreme	Luminous	Infrared	Galaxies	(ELIRGs)
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Arp220	x	100?

St
ar
b
ur
st
	
D
o
mi
na
te
d

Hunt	for	ELIRGs–with	WISE	

L*	at	z=	0.33
QSO	J1148+5251	at	z=	6.4
HyLIRG:	FSC	15307+3253	at	z=	3

Real	SED	x	3,	L=	6x1013LSunMrk231	x	100?
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Hundred	millions	of	
WISE	sources!

How	to	find	the	most	
luminous	galaxies??

Ah…	How	to	Identify	ELIRGs?



WISE	Colors	of	U/Hy/E	LIRGs

Based	on	GRASIL	SED	models	and	SWIRE	SED	templates

Red

Blue

Chao-Wei	Tsai	-2010	WISE	Science	Team	Meeting



Hundred	millions	of	
WISE	sources!

How	to	find	the	most	
luminous	galaxies??

Ah…	How	to	Identify	ELIRGs?



Hundred	millions	of	
WISE	sources!

How	to	find	the	most	
luminous	galaxies??

Inhabitants	of	WISE	Color	Space
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Searching	for	Most	Luminous	Galaxies

Based	on	SEDs
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Inhabitants	of	WISE	Color	Space

Results	from	October	2010	
Keck	LRIS	Optical	Spectroscopic	Follow-up	



W1W2	Dropouts	

3.4	

4.6	

12

22

WISEobjects	well	detected	at	12	μmand	22	μm
faint	or	invisible	at	3.4	μmand	4.6	μm
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First	HyLIRGDiscovered	by	WISE

W1814+34

•at	z=2.452
• (Eisenhardt	et	al.	including	Ned	Wright	2012)

•Extended	hydrogen	gas	emission	
~100,000	light-years		

• (Bridge	et	al.	including	Ned	Wright	2013)

W1814+34

“Blowout”

-BH	grows	rapidly
-Highly	dust	reddened
-dust/gas	expelled



SED	Decomposition	of	W1814+34

•Ltot=	4	–8	x	10
13L¤¤

–Very	difficult	to	be	powered	by	
starburst

–Implies	supermassive	black	hole

(~	109M¤)

•Obscured	AGN	
–i.e.	visible	light	obscured	by	dust	

¤

–Faint	compared	to	AGN

–Implies	relatively	low	ratio	of	star	
mass	to	black	hole	mass	compared	
to	today
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X-ray UV	–Optical Near-IR Mid-IR Far-IR Sub-mm –
mm	

Radio

NuSTAR HST HST WISE	&
NEOWISE

Herschel CSO VLA

Chandra Keck Keck Spitzer JCMT ATCA
XMM VLT VLT SMA GBT

Suzaku Gemini
N/S

Gemini
N/S

Palomar Palomar CARMA
SOAR SOAR IRAM30m
WYIN WYIN PdBI
Lick Lick ALMA

Magellan Bok

Follow-up	Observation	Programs



2010-2012
CSO	submillimeter	Follow-up

Often	getting	the	optical	
spectroscopic	data
from	Keck	at	the	same	time



Far-IR Follow-up on W1W2 Dropouts

Wu	et	al.	including	Ned	Wright	(2012)
Wright	and	Kleinmann
(1978,	Nature)

Submmfollow-up	of	WISE-selected	
HyperluminousGalaxies



Hot	Dust	Obscured	Galaxies	

(Dog	HausPasadena)

–Hot	DOGs

Far-IR Follow-up on W1W2 Dropouts

-Hyperluminous:	L>	1013LSun
-mid-IR	excess:

hot	dust	emission	(TD~	450	K)

-Hot	Dust	Obscured	Galaxies
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Far-IR Follow-up on W1W2 Dropouts

Yosemite	“Half-Dome”	shaped	SED
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Far-IR Follow-up on W1W2 Dropouts

Yosemite	“Half-Dome”	shaped	SED
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Far-IR Follow-up on W1W2 Dropouts

p = -1.13-0.04
+0.04

Tmin = 44.5       K-3.2
+4.0

Tmax = 549.1       K-17.6
+20.6

Tsai	et	al.	
(in	preparation)



2

dust cocoon, and terminated further accretion or star for-
mation in the inner regions of the host galaxy. It has been
suggested that quasars must have spent significant time
growing in the obscured phase (Kelly et al.2010;Assef
et al.2014). Key questions for understanding the quasar
evolution include: What about the SMBH activity just
prior to the quasar “blowout” phase, when they were
still highly embedded in dust and gas from the parent
galaxy coalescence event? Are they accreting as rapidly
as optical quasars, faster than quasars because of the in-
falling material, or was the accretion suppressed by the
dynamical interaction? Answers to these questions may
be hidden in highly obscured, but still powerful quasars.
TheWide-field Infrared Survey Explorer (WISE)mis-
sion, which surveyed the entire sky at 3.4, 4.6, 12, and 22
µm, was designed to identify nearby cool brown dwarfs
and the most luminous dusty galaxies in the universe
(Wright et al. 2010). By selecting objects with marginal
or no detection in the WISE 3.4 and 4.6µm bands and
strong detections in the 12 and 22µm bands, we have
discovered a population of hyperluminous galaxies with
Lbol>10

13L⇥ (Eisenhardt et al.2012;Wu et al. 2012;
Bridge et al.2013). Spectroscopy reveals that these
“W1W2-dropouts” are predominantly systems at red-
shift 1.6<z <4.6(Eisenhardt et al.in prep.). Ex-
tended Ly emission is observed in a large fraction of
these systems, and may be the result of the strong AGN
feedback (Bridge et al.2013). Their steeply rising SEDs
from rest 1 to 10µm and decreasing luminosity contri-
bution at longer wavelengths, imply that the bulk of the
energy in these galaxies is radiated by hot dust (Wu et al.
2012). They meet the selection criteria for dust-obscured
galaxies (DOGs,r 22>14 in Vega mag;Dey et al.
2008), but have hotter dust temperatures (>60 K;Wu
et al.2012;Bridge et al.2013;Jones et al.2014) than
DOGs (30K–40K; Pope et al.2008;Melbourne et al.
2012). Thus, we refer to this population as “Hot DOGs”
(Wu et al. 2012).
Here we examine the most luminous Hot DOGs iden-
tified withLbol>10

14L⇥. From spectroscopic and far-
infrared followup observations of about 150 Hot DOGs
we have identified 20 that meet theLbolthreshold. In
these total 20 Hot DOG systems we present here, 5 of
them have intrinsicLIR⇤L(8 1000µm)>10

14L⇥, an
order magnitude higher than HyLIRG luminosity thresh-
old. To distinguish them by their higher luminosities
from HyLIRGs, we refer them as “extreme luminous in-
frared galaxies,” or ELIRGs. The rest of our sample all
haveLIR>5⇥10

13L⇥, which should be considered as
lower limits due to our conservative luminosity estimate
approach (see discussions in§3.3). For convenience, we
also refer these objects as ELIRGs throughout this paper.
For comparison, we also present 116 optically selected
quasars from the literature withLbol>10

14L⇥. The
high luminosities in these systems provide constraints on
the SMBH mass growth history in extreme obscuration
conditions.
We present the source selections and mid-IR and far-
IR observations in Section2. Our luminosity estimates
are given in Section3. The implications of the high lu-
minosities are discussed in the Section 4, followed by
a summary in Section5. We adopt a cosmology with
H0= 70 km s

1Mpc 1, m =0.3, and =0.7.

Figure 1. The redshift and bolometric luminosity,Lbol,ofWISE
Hot DOGs at 1 <z < 5. The luminosity distribution of the
confirmed Hot DOGs is on the right, and the redshift distribution
is on the top. The black dots and shaded regions represent the Hot
DOGs withHerschel measurements, while the gray open circles
indicate the lower luminosity limits of Hot DOGs without far-IR
data. The horizontal dashed line indicates theLbolcut used in this
paper. The red dots and red histogram curves show the sample
presented in this paper.

2.SOURCE SELECTION AND OBSERVATIONS

TheWISE ELIRGs presented in this paper are from
the subset of Hot DOGs (Eisenhardt et al.2012;Wu et
al.2012) selected from theWISEAll Sky Source Catalog
(Cutri et al.2012) with spectroscopic redshifts (Eisen-
hardt et al.in prep.) and far-infrared photometry. The
redshift andLboldistribution of the current Hot DOG
sample is shown in Figure1. The sample of 20 Hot
DOGs with Lbol ⌅ 10

14L⇥ corresponds to approxi-
mately 15% of the current sample with spectroscopic red-
shifts and multi-wavelength followup observations. The
coordinates and redshifts of the 20 sources are listed in
Table1.
The photometric measurements used in this paper are
listed in Table2. We include measurements of optical
r⇤-band and selected near-IR bands from ground-based
follow-up observations (Assef et al.2014), mid-IR pho-
tometry fromWISE and theSpitzer Space Telescope, and
far-IR photometry from theHerschel Space Telescope3

and Caltech Submillimeter Observatory (CSO).

2.1.Mid-infrared Observations

The mid-IR photometry of theWISE ELIRGs is listed
in Table2.WISE photometry is from the AllWISE Data
Release (Cutri et al.2013), which contains the enhanced
data products from improved data processing pipelines
on the full 7 months of cryogenic data at 12 and 22
µm, and 12 months of both cryogenic and post-cryogenic
data at 3.4 and 4.6µm. By selection, the Hot DOGs
generally are not detected atWISE 3.4 and 4.6µmin
WISE All Sky Source Catalog, with the exceptions of
W0831+0140 and W2210 3507, but more than half of
them have marginal detections in the enhanced AllWISE
Data. The [3.6] and [4.5] photometry for the W1W2-non-

3Herschelis an ESA space observatory with science instruments
provided by European-led Principal Investigator consortia and with
important participation from NASA.

LIRGs

ULIRGs

Mission Accomplished!

20	“W1W2	Dropouts”	have	
Lbol>	10

14LSun( !!)
(Tsaiet	al.	including	Ned	Wright	2015)



Gravitationally	lensed?

Known Lensed system:

IRAS FSC10214+4724

HST F814W image

Lbol~ 5 x10
14Lsun

Lbol(unlensed) ~ 2 x10
13Lsun

Eisenhardt et al (1996)

IRAS FSC10214+4724
5” x 5”

SL
A
CS
	S
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Radius	~	θE



Possible	Foreground	Lensing	Galaxies	at	
Separation	>	WISE	W1	Resolution
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W2246-0526
•z	=	4.593
•Lbol=	3.5	×10

14L¤
•LIR		=	2.2	×10

14L¤
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Most	Luminous	Galaxy	–W2246-0526
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30' x 30'

HST	F160W	image

Companion	at	~	2.5”	away,	z	~	1.358

If	θE~	2.5,	and	lens	at	z	=	1.358
->	require	lens	mass	~	4×1012M¤¤and	W1	<	16.4	mag	(but	17.5	mag	is	observed)
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Dust continuum [CII]UV continuum

2"

NW

W2246-0526

SE

UV continuum
Dust continuum
[CII]

by Zen Vuong, Pasadena Star-News
Based on NASA Press-Release 15-095

and Tsai et al. 2015, ApJ
ALMA and HST images of W2246-0526

Diaz-Santos et al. 2016, ApJL



About 40 Years Ago

Wright	and	Kleinmann
(1978,	Nature)

•With	an	assumed	spectral	
index	and	moderm	cosmology:
–Lbol	~	3.0	x	1014LSun
–LIR	~	1.7–4	x	1014Lsun
–Could	qualify	as	an	ELIRG.	

•After	adding	WISE	data,	the	
conservative	estimate:
–Lbol~	1.2	x	10

15Lsun
–LIR(8-1000μm)	~	2.0	x	10

14LSun
–No	Far-IR	data	available
–It	IS	an	ELIRG!!



SMBH	Accretion	History

Averaged	
η<	0.15

•Black	holes	in	
are	

constantly	at	
low	spin!

•Chaotic	
accretion	
history
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SMBH	Mass	and	Eddington	Ratios

Keck	MOSFIRE	and	Gemini	FLAMINGO2	
spectra	of	Hα	

MBH!!BL
2  L1/2BL

ELIRGs

Wu	et	al.	including	Ned	Wright	(submitted)



SMBH	Mass	and	Eddington	Ratios

Keck	MOSFIRE	and	Gemini	FLAMINGO2	
spectra	of	Hα	

MBH!!BL
2  L1/2BL

ELIRGs

Wu	et	al.	including	Ned	Wright	(submitted)



In	the	Future

Far-IR	Surveyor
CALISTO	concept
for	2020	Decadal

JWST



What’s	Next?
Broadening	the	Selection	Criteria

Archival	Selection	Results Good	ELIRG	candidates

Roger	Griffith

Visual	Inspection



What’s	Next?
Broadening	the	Selection	Criteria

Archival	Selection	Results Good	ELIRG	candidates

Visual	Inspection

T-800



The	Terminator,	Orion	Pictures	(1984)

Because	– What	can	go	wrong?!



Inhabitants	of	WISE	Color	Space
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WISE	One-Year-in-Orbit	Party	
Peter	Eisenhardt’s House	in	Altadena,	CA

2010/12/15



Salt	Lick	BBQ
Driftwood,	Texas	(right	outside	Austin)

2012/01/12,	AAS	meeting



Ned’s	60th Birthday	Party



Happy	Birthday,	Ned!


