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When and where stars/AGN were born?

Big Bang Expansion
13.7 billion years

~|  ©WMAP team

We want to reveal cosmic star formation history.
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Understanding star formation history of the
Universe is one of the major goals, however...

Madau et al. (1996)
Lilly et al. (1996)

UV estimates
are lower
limits.




How do we measure
obscured star

formation ?




AKARI infrared telescope can
probe dusty star formation




To observe Infrared, we need
a space telescope. = AKARI
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AKARI: All sky survéy in 9, 18, 60, 90,140 and
- NEP field: 2,3,4,7,9,11,15,18, and 24 um
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What AKARI can do

JWST, SPICA, TMT, ELT...
They all need local benchmark to
study evolution




The Infrared Luminosity Function of AKARI 90um
Galaxies in the Local Universe
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alaxy evolution studies. Any accurate IR LF evolution studies require
rate local IR LFs.

nfrared galaxy LFs at redshifts of z < 0.3 from AKARI space tele-
med an all-sky survey in six IR bands (9, 18, 65, 90, 140 and 160
better sensitivity than its precursor IRAS. Availability of 160 gm
iportant in accurately measuring total IR luminosity of galaxies,
peak of the dust emission. By combining data from Wide-field
lorer (WISE), Sloan Digital Sky Survey (SDSS) Data Release 13
eld Galaxy Survey (6dFGS) and the 2MASS Redshift Survey
ed by a factor of 7 larger sample of 15,638 local IR galaxies with
ifts. After carefully correcting for volume effects in both IR and
ined IR LFs agree well with previous studies, but comes with much
Teasured local IR luminosity density is Q;r = 0.63 + 0.03 x 10°Lg,
® contributions from luminous infrared galaxies and ultra luminous in-
axies to Qg are very small, 6.0 percent and 0.4 percent, respectively.
exists no future all sky survey in far-infrared wavelengths in the foreseeable
qture. The IR LFs obtained in this work will therefore remain an important bench-
mark for high-redshift studies for decades.

This document is provided by JAXA.



Local IR LF
from AKARI all sky survey(9,18,65,90,140,169um)

Previous local IR LF (Sanders+03) :
IRAS is only up to 100um, missing the peak of dust emission.

Better measurement of L5

Revised Bright Galaxy Sample(Sanders+03):
a complete sample of 629 galaxies with spec-z at S;;,>5.24Jy
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SED fit

IRAS limit | 160um s critical!
) | AKARI is the only

_ | satellite to provide
E Al | 160um to all sky.

*

16oum is critical to accurately
measure L

Figure 2. An example of the SED fit. We fit the AKART 6-band photometry
to the SED model of Chary & Elbaz (20:01) to estimate Lo




600 galaxies, too few!

= galaxies with AKARI
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Far infrared from AKARI

DARTS Astrophysics 6024 e/ W _ Google

Hitomi MAXI SUZAKU ASCA GINGA TENMA AKARI IRTS BICE HALCA

» Instruments

» Products List A"_Sky Map searCh RESUIt

- Data Access (HTTP)

» Pointing Data Archives
» Catalog Archives (CAS)

» Map Data Archives FIS
(DAS)

- Search DISPLAY: 16 / HITS: 16

- Search Help

- Data Access (HTTP) CHECK ALL || CLEARALL | >> Download | WGET Seript
- FIS Map 2.1

- MAP REFERENCE MAP REFERENCE
» Links No. SELECT QL DL FITS_NAME POINT POINT DISTANCE(deg.)
~z~ RA(Equatorial J2000) DEC(Equatorial 32000)

1079.99_b-25.00_ecl_6deg_N60 80.936 -1.875 4.545
1080.83_b-30.00_ecl_6deg_N60 82.009 -6.815 2.297
1085.51_b-25.00_ecl_6deg_N60 85.931 -1.624 4.315

1086.60_b-30,

1079.99_b-

— 25.00_ecl_6ds
1080.83_b-
= 30.00_ecl_6d4
1085.51_b-
~— 25.00_ecl_6dd
1086.60_h-



National Aeronautics and Space Administration

Wide-field Infrared
Survey Explorer

IRS b itioning to https
AUTOMATED PROGRAM QUERIES MAY BREAK. Re

Position

General
bject | [Multi-Object

« Position

Advanced

Launch: Delta Il Rocket — December 14,2009 A tull-sky map with infrared wavelengths rendered in false color, highlighting dust-obscured galaxies - August 29, 2012

www.nasa.gov
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Specz from SDSS
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Further spec-z from

The 6dFGS View of the Local Universe

-

thesntressuthen henisghers  Shapley

s it 10 degrme 1 the superluster
0018

e s
(0 arecoe

Gentaurus
cluster
1002

Ophiuchus

culptor
‘suparclustar [0.054)

6dF and 2MRS

Redshift

)\ 0 B0 002 00 001 005 006 0OF 010 030

Horologium
— supsrcluster

m"‘.. Illlnx- =

AR MTmuTw.. ’

UK Schmidt Telescope

Home to 6dF Image: L. Campbell

Graphic: H.Jonss (AAD),
T Jarrott (IPAC.Caltech).
Galctic Plane image courtesy of ZMASS.

2MASS Redshift Survey
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Legend: image shows 2MASS galaxies color coded by the 2MRS redshift (Huchra et al 2011);
familiar galaxy clusters/superclusters are labeled (numbers in parenthesis represent redshift).
Graphic created by T. Jarrett (IPAC/Caltech)
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AKARI+SDSS+WISE+2MRS+6dF
=15000 galaxies

UK Schmidt Telescope:
Home to 6dF




Huge statistical improvements:
15,638 local galaxies with spec-z
larger than Sanders+03 (#629)

Ngalaxies area
(deg?)

AKARI, .., +WISE 15638 37000
+SDSS 15 +6dF+2MRS

Goto+11(AKARI,.;+SDSS pr) XZOY 2357 10000
Sanders+03 629
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(AKAR], CHEL model)

log [Ls{Ls)]

Figare 3. [ ; p measured by the AFKART is compared with these measurad
by the IFAS (Eq.1) for the EBGS.




Models
agree well,
within 249,
e S thanks to
. FIR bands.
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Figure 4. Copparing L7 i mexsured wiing thres difarent SED models (Chary & ETbaz 2001; Dale & Helon 2002; Lagache, Dole, & Poget 2003). Scatbar
and offiets between the models are summarized in Tabls 1.

Table 1. Companison of L1 i estimates with different SED models (Chary
& Elbaz 2001; Dale & Helou 2002; Lagache, Dole, & Puget 2003). Fig 4
presents corresponding plots.

Models (%) Offset (%)
CHEL wvs IRAS 44 -23
Dale vs Lagache 24 24
Dale vs CHEL 10 11
Lagache vs CHEL 22

This document is provided by JAXA.




oL AKARI-SDSS-6dFGS-2MRS
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Figure 3. The IR LF of 15638
AKARI-SDSS-6dFGS-2MRS galaxies (open circles).
The best-fitting double power law is shown as dashed line. For
comparison the total IR LF derived from the IRAS RBGS
is shown (crosses Sanders et al. 2003). The red diamonds are
the 1/V,,ax data points of the RBGS sample adopted from
Goto et al. (2011a).




What about

Star Formation History?

IR luminosity density (Q )
= LF x luminosity integrated.

Q. = SFR/AGN density

SFRM,yr')=1.72x 107" Lyr(Ly)

Kennicutt+98




Cosmic star formation hlstory

No aII sky FIR survey mthe future.

- AKARI’s local data stay the best
for decades!
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