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Wide-field Infrared Survey Explorer NQ%{

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 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 million objects seen in these 4 wavelengths
_ -

wise.astro.ucla.edu

asteroids
brown dwarfs




WISE All-Sky Data Release

WISE Science Data Center
IPAC, Caltech
March 14, 2012
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Paramount Pictures
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Infrared Astronomical Satellite
Launched in 1983

Spectral Energy Ristribution (SED)

13

Discovery of Luminous Infrared Galaxies
12 60um sample

* ~ 90 % of energy emitted at infrared 1

wavelengths 10

3
{ )
* Total luminosities are ~ 10x - 100x of -

Luminosity of Milky Way

A bit of history — 1983




- - dust removed -
- traditional optical QSO
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Big Mystery of Galaxy Evolution

. . . Correlation Between Black Hole Mass
High luminosity — and Bulge Mass
rapid mass growth phase ,one

solar
masses

dominated

— Rapid and violate
One
million
solar
masses

dominated
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— Powerful

Increasing

Mass of central bulge

In the Most Luminous Galaxies,
mass of or can
increase by a factor of 10

in~ 100 - 300 Myr!
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IRAS F15307+3252: A HYPERLUMINOUS INFRARED GALAXY AT :z = 093!

Roc M. Cutry,? JouN P. HUCHRA,® FRANK J. Low,? ROBERT L. BROWN,* AND PAUL A. VANDEN BouT?
Received 29 October 1993 ; accepted 1994 January 6

ABSTRACT

A new hyperluminous infrared galaxy in the IRAS Faint Source Catalog is identified at a redshift of 0.93.
This object has a boldwgetric luminosity of ~10'* Ly, a very large ratio of infrared-to-optical luminosity,
warm dust emission, a ratheof infrared-to-radio flux densities consistent with other infrared galaxies, and an
optical spectrum similar to a Sgyfert 2 galaxy. IRAS F15307 + 3552 shares these characteristics and its radio-
to-optical spectral energy distribu with two other infrared galaxies, F10214 44724 and P09104 +4109. Dis-
covery of a third object with these rties defines an extreme subclass of ultraluminous galaxies powered
primarily by star formation. The systema¥g method used to find this object begins the process of determining
the space density of these most luminous exaMples of the infrared galaxy phenomenon.

Subject headings: galaxies: individual (IRAS F1 + 3252) — galaxies: photometry — galaxies: starburst —
infrared: galaxies
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Fwise Tip of the Luminosity Function —
Extreme Luminous Infrared Galaxies (ELIRGS)
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Starburst Dominated

AGN dominated

Hunt for — with WISE
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Ah... How to Identify ?

—

" ‘Hundred millions of
WISE sources!

‘How t-o find the most

luminous galaxies??




WISE Colors of U/Hy/E LIRGs

LIRGs h..____it
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Chao-Wei Tsai - 2010 WISE Science Team Meeting
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Ah... How to Identify ?

Hundred millions of
WISE sources!

How to find the most
luminous galaxies?? -
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Inhabitants of WISE Color Space

Hundred millions of
WISE sources!

‘How to find the most
luminous galaxies?? -

Jarrett et al. (2011) ApJ

Wright et al. (2010) AJ |
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~ Searching for Most Luminous Galaxies
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- Inhabitants of WISE Color Space
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W1W2 Dropouts

objects well detected at 12 pum and

faint or invisible at and




" First HyLIRG Discovered by WISE
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e Extended hydrogen gas emission
R~ e ~100,000 light-years
o 2 s+ s e (Bridge et al. including Ned Wright 2013)
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SED Decomposition of

° - A — 13
— Very difficult to be powered by
starburst

— Implies supermassive black hole
(~ 10° Mo)

* Obscured AGN
— i.e. visible light obscured by dust

o Starburst
— SFR ~ 500 Mg/yr (10% of L, )

e Spiral Galaxy
— Faint compared to AGN

— Implies relatively low ratio of star
mass to black hole mass compared
to today

1015

Observed—Frame A(um)
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Eisenhardt, Wu, Tsai, et al. (2012)



FoIIow-up Observation Programs

NuSTAR WISE & Herschel
NEOWISE
Chandra Keck Keck Spitzer JCMT ATCA
XMM VLT VLT SMA GBT
Suzaku Gemini Gemini
N/S N/S
Palomar Palomar CARMA
SOAR SOAR IRAM30m
WYIN WYIN PdBI
Lick Lick ALMA

Magellan Bok



2010-2012
CSO submillimeter Follow-up

Often getting the optical
spectroscopic data g
from Keck at the same time =~
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Far-IR Follow-up on W1W2 Dropouts

Infrared observations

of the most luminous quasar Submm follow-up of WISE-selected
_ L Hyperluminous Galaxies
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Far-IR Follow-up on W1W2 Dropouts
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Far-IR Follow-up on W1W2 Dropouts
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Far-IR Follow-up on W1W2 Dropouts

Normalized vL, |Lo]
Tsai et al. including Ned Wright (in prep)

0.01 0.1 1 10 100 1000 10000
Rest—Frame Wavelength [um]

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

20 “W1W2 Dropouts” have
L, >10% L, (ELIRGs!!)

(Tsai et al. including Ned Wright 2015)

umber

redshift
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Gravitationally lensed?

JO73T28.45+321618.5 J095629.77+510006.6 J120540.43+491029.3 J125028.25+052349.0

galaxy c

Known Lensed system:
IRAS FSC10214+4724 &
HST F814W image
Lo~ 1074\
Ly (unlensed) ~ 2 x 10 Ly,
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Possible Foreground Lensing Galaxies at
Separation > WISE W1 Resolution
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Most Luminous Galaxy — W2246-0526

HSAEL DB image

30" x 30' W2246-0526

Declination
g

WISE J2246-0526
k/LRIS - UT 2013 October &

- N
»28:00.0 3
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-
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- 3, A N
3 30.0 (2

Con WWN WNMWW M(WWM ST e e

If O, °
-> require lens mass ~ 4x10“ Mg and W1 < 16.4 mag (but 17.5 mag is observed)

Tsai et al. (2015)
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Friday, May 22, 2015 » MORE AT FACEBOOK.COM/PASADENASTARNEWS AND TWITTER.COM/PASSTARNEWS

JET PROPULSION LABC COVERY

The most Iummous galaxy found

LA CANADA FLINTRIDGE »
A distant galaxy sizzling
with light from more than
300 trillion stars has been
named the most luminous
galaxy, NASA’s Jet Propul-
sion Laboratory announced
Thursday.

NASA’s Wide-field Infra- _ NASA/JPL-CALTECH
red Survey Explorer space- s arists concept depes the curent record blde o
Cl“aft, n]&nﬁg@d and oper- J224607.5?—O526_35.0‘ is erupting Iwith.Fig}.l{ qutJEIi] to
&tf:‘,d by JPL, diSCOVBI'ed 'the ?:S.l-r? m\ag;ff\,%gg‘?1:-58:;8?_ It was discovered using data
bright galaxy, which be-
longs to a new class of ob-
jects called extremely lumi- Dust continuum
nous infrared galaxies. The ‘
light may originate from a
major growth spurt of the W2246-0526
galaxy’s black hole, said
Chao-Wei Tsai of JPL and
lead author of a report pub-
lished Friday.

by Zen Vuong, Pasadena Star-News
Based on NASA Press-Release 15-095 ALMA and HST images of W2246-0526
and Tsai et al. 2015, ApJ Diaz-Santos et al. 2016, ApJL
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About 40 Years Ago

Infrared observations
of the most luminous quasar

15

= QSO 0420-388
Te z=3.12
~ s
= 7
o~ s
‘;;_I 14 //
ke
2
: I
2 _ '

"-:f.f:':;;;: . 3(.:232( x 2)
;__'_0.53

o)
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Wright and Kleinmann
(1978, Nature)

With an assumed spectral

index and moderm cosmology:

— Lbol ~ 3.0 x 10%* L,
— LIR~1.7-4x10%L

sun

— Could qualify as an ELIRG.

After adding WISE data, the
conservative estimate:

— Ly, ~1.2x10% L,

— L (8-1000um) ~ 2.0 x 104 L,
— No Far-IR data available

— 1t IS an ELIRG!!
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SMBH Accretion History
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SMBH Mass and Eddington Ratios

RIS, B . SR . . TR e T
Keck MOSFIRE and Gemini FLAMINGO?2

spectra of Ha
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Wu et al. including Ned Wright (submitted)




SMBH Mass and Eddington Ratios
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Wu et al. including Ned Wright (submitted)




In the Future

Far-IR Surveyor

CALISTO concept
for 2020 Decadal
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What’s Next?

Broadening the Selection Criteria
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Roger Griffith

Visual Inspection

Archival Selection Results Good ELIRG candidates
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Broadening the Selection Criteria
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Because — What can go wrong?!

The Terminator, Orion Pictures (1984)
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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




cccvTHE A,

SALT LICK salt Lick BBQ
Driftwood, Texas (right outside Austin)

2012/01/12, AAS meeting

BBQ -




Ned’s 60" Birthday Party




Happy Birthday, Ned!




