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- Mid-infrared spectra of galaxi

ISC SWS M82/NGC1068 spectrum
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Mid-infrared spectra of galaxi

ISC SWS M82/NGC1068 spectrum
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Mid-infrared spectra of galaxi

ISC SWS M82/NGC1068 spectrum
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Why PAH?

“spectroscopic” redshift
Star-formation/AGN indicator

More luminous than the other diagnostic lines
— High-z or low-L
Broad feature matches low-R spectroscopy

— Wide FoV can be obtained with same # of detector
pixels

— Higher survey speed
Follow-up spectroscopy is necessary for accurate

measurement of physical conditions, but a lot of
information can be obtained by PAH.



What AKARI brings us?

e AKARI NEP DEEP/WIDE survey
— 2-24um, 9 contiguous bands, no “IRAC/MIPS gap”
— DEEP 0.4 sq deg. 120uly at 15um (wada et al. 2008)
— WIDE 6 sqgdeg. 150uly at 15um (Lee et al. 2009)
 Slit-less spectroscoPIC survey of galaxY (SPICY)
— 2.5-24um (15-18umis lost)
— Spectral resolution of R=30-50
— 10 of 10’x10’ fields in NEP DEEP/WIDE area
— 100 minutes per field, 17 hours in total.
— Flux limited complete sample, S(9um) > 0.3mly

ASJ 2020a Z205a Wada et al. 11



IAwa

InfraRed Camera (IRC)
as a spectrograph

v For NIR-MIR imaging & spectroscopy
« Comprising of three channels
(NIR/MIR-S/MIR-L)
« With selectable filters/grisms or
prism
v" Uniqueness/Advantage over the Spitzer:
o Larger FOV/Slit-less spectroscopy
« \Wide and continuous spectral
coverage over entire NIR-MIR
(2~25um)
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The SPICY dataset

Blind MIR spectroscopic survey
5 — 13 um spectra of all object > 0.3mJy
at 9um (Ohyama et al. 2018)
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In total N=171 galaxies

SPICY PAH galaxies: N=48
PAH-undetected galaxies: N=112
Photometric AGN candidates: N=11

Ohyama et al. 2018

A&M 618 ALDI (2018)
hittps: fdoi.org/ 10, 105 1/0004-636 1201731470
L ESD 2018

tronomy
Astrophysics

AKARI mid-infrared slitless spectroscopic survey of star-forming
galaxies at 1 <0.5

Y. Oh_',-'am:ll,T. Wada®, H. Matsuhara®, T, Talugr— M. Malkan*, T. Goto™®, E. Egami’ . H.-M. Lee® M. Im®,
1 H Kim®?, C. Pearson™'"12_H. Inami'™'* 8. O_',-:lbu“.]:-. Usui™!7_ . Burgarella™, F. M:v__\-cd”. M. |1'I'I9.f||!.hlm.

W.-S. Jeong®™, T. Miyaji', J. Diaz Tello®, T. Nakagawa®, 8. Serjeant'’, T. T. Takeuchi', Y. Toba'®,
G. 1. White'™ "' H. Hanami™?, and T. Ishigaki®®

(Affiliations can be found affer the references)
Feoeived 20 June 2017 § Accepted 9 Angust 2018

ABSTRACT

Context. Deep mid-infrared (MIE) survey s have revesled numerous strongly star-forming gzlaies at redshin < 2. Their MIR fluxes are produced
by a combimation of continwam and polycyclic aromatic hydrocarban (PAH)emission szammes. The PAH features can dominate the (il MIR fhnx,

but a2 dIFicull (0 mEasus without specirscopy.

Aims. We 2im o stady star-forming galaxles by wsing a blind spectroscoplc survey ai MIR wavelengths to understand evolution of thelr star
formatson T2k (SFR) 2nd specific SFR (SFR per s llar mass) up 1o z = 0.5, by paying particular atention o their PAH properties.

Methods. We conductzd a low-resolution (B = 50y sliless specioscoplc survey af 513 um of © em flu-selecled sources (=023 mly ) aroand
the marth ecliptic poke with the mfrared camera (IRC) onboard A KARL After mmoving 11 AGN candidates by using the IRC photometry, we
Wenlily 48 PAH galaxies with PAH 6.2, 7.7, and 8.6pum fealures at z < 0.5. The rest-tame optical-MIR speciral energy disiributions (SED)
based on CFHT and 1RC Imsglng:mmns 0.37-18 m were produced. and anatysd in conjunction with the PAH spectroscopy. We denined the
PAH enhancement by using the Iumincsiy rato of the 7.7 wm PAH fature over te 3.5 gm siellar component of the SEDs.

Aesults. The rest-frame SEDs of all PAH paticles have a universsl shape with sielar snd 77 pm bumps, except that the PAH enhancement
slgnincantly varies & a function of the PAH luminosities. We identity & P4 H-enhanced population at 7 = 0.35, whoss SEDs and luminosities ame
typical of lmminous infraed galses. They show particulanty 1arger PAH enhancement at high laminosity, impiying that they zre vigorous star-
forming palzies with elevaied specific SFR. Our composite starburst modz] that combanes 8 very young and optically very thick starburst with a
very oid population can successfully reproduce most of their SED charscteristics, sithough we cannot connirm this opticaity think companent from

Obearved Wavelengln (umy

Fig. B.1. continued.

Nada et al.

Our spectral analysis

Koy words. palavies: starburst — inframd: galaxies — palaxies: soiive — palaxies: evolution

1. Introduction

Mid-infrared (MIR) extragalactic studies hawe been providing
new insights about galaxies in the distant universe, for three
main reasons: first, about half of the total energy throughout
coemic history is emitted between the MIR and far-infrared
(FIR ) wavelengths {e.g. Elbaz etal 2002; Le Floc'h et al 2005;
Dole et al. 2006; Caputiet al. 2007; Goto etal. 2011a). Sec-
ond, the effect of dust extinction is much less prominent at
MIR wavelengths when compared to optical (OPT) and near-
infrared (MIR) wavelengths, and is a good spectral region for
measuring activity from star formation as well as active galaxy
nuclei (AGNs), even in the presence of copious amounts of
dust. Third, under limited technology at the time of AKARI
(Murakami et al. 2007) and before, in particular about the large
cryogenic space telescope for sharper diffraction-limited res-
olution and the sensitive detector system, the MIR speciral
region has been more sensitive to flux from distant astronom-
ical sources than the FIR one. The importance of deep MIR
extragalactic surveys was first recognised by the discovery of
strong evolution from 13 gm source counts by using ISOCAM
(Cesarsky et al. 1996) onboard the Infrared Space Observatory
(1S0; Kessleret al. 1996). The rapidly evolving population was
found as anexcess of 15 ym sources at a fux of 0. 1-0.5 mly (e.g.
Elbaz et al. 199%; Serjeantet al. 2000; see also Lagache et al.

Article published by EDF Sciences

2004; Wadz et al. 2008: Pearson et al. 2010). Later, extensive
studies at MIR and other wavelengths helped to define the
global spectral emergy distribution (SED) shapes across the
OPFF-NIR-MIR-FIR for various types of luminous galaxies
(such as AGNs, starburst galaxies. luminous infrared ﬂsJax-
ies (LIRGs), and wltra-luminous infrared galaxies (UL IR :
e.g (Spinoglio et al. 1995; PFearson 2001; Lagache et al. 20
Rowan-Robinson et al. 2004; Le Floc'het al. 2005). Such \ruxl-
ies clearly indicate that most of these galaxies_ excluding AGNs,
show prominent emission features in their MIR spectra, which
ame helieved to originate in polycyclic aromatic hydrocarbons
(PAHs e.g. Lot et al. 1998; Xuet al. 1993). The luminosity of
the PAH features, as well as that of the underlying hot dust con-
tinuwum, has baeen used as a measure of star formation rate (SFR),
using conversions from MIR luminosity to the FIR one, wher
the bulk of the energy from star-forming regions is emitied (e.z.
Genrel et al. 1998; Rigopoulouet al 1999; Farrah et al. 2007;
Shipley et al. 2016).

The unprecedenied sensitivity of Spirzer at MIR wavelengths
has greatly improved our understanding of cosmic galaxy evolu-
tiom, with help of various diagnostics of galaxies for their activ-
ities up to z ~ 24 provided by both MIPS imager (Rieke et al
2004) at 24 ym and IRS spectrometer (Houck et al. 2004; ez,
Sajina et al. 2007; Yanetal 2007; Pope et al. 2 ; Wu et sl
2011, see also Spoon et al. 2007, Cosmic star formation history,

ALD1, page 1 011';17
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Fit by 6.2, 7.7, 8.6,
and 11.3um PAH
feature and
baseline

Free-parameters
are

— Redshift

— Each PAH peak
and sigma
(Gaussian)

48 galaxies are
successfully
identified as SPICY
PAH galaxies.
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LKA
“Accuracy in Redshift determination

e Red redshift

"o L obtained by PAH
i @% fitting is consistent
T § with that by optical
g | spectroscopy.
5 %% A ] (Shim et al. 2013)
s & I« Simple fitting with
2 o2¢ PR low-resolution
= P 5 spectroscopy of
01F  o¢ : PAH gives us a
¢ é good redshift
0.0 L ] measurement.
0.0 0.1 0.2 0.3 0.4 0.5
redshift (PAH fit)
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property of SPICY PAH gals
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" property of SPICY PAH gals
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#4 " Stellar continuum by NEP/WIDE NIR
phtometory

SEDs of 48 SPICY PAH galaxies
(rest-frame)
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PAH enhanced population

log SFR (Msun/year)
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FIR-PAH relation
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The Herschel-PACS North
Ecliptic Pole Survey

Pearson et al. 2019
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jflélﬁm, 100um, 160um, OPT images
of SPICY PAH galaxies

LL |
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Avr a
Z 9um, 100um, 160um, OPT images |
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FIR-PAH relation

FIR-PAH relation
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~ Peak Lum|n05|ty of PAH 7.7

PAH77-PAHL77 relation
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_ FIR-PAH relation
photometric and spectroscopi

PAH-FIR relation
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SPICY summary

The world first MIR unbiased spectroscopic survey has
been conducted (>0.3mlJy at 9um).

48 PAH galaxies are detected z=0.1~0.5 with LIR=10°->-
11.5 | sun

Good correlation between spectroscopic redshift of
OPT and PAH; PAH is a good redshift indicator.

We found PAH-enhanced galaxies at high-z(z>0.35) or
high-L PAH, which has higher PAH/stellar mass ratio
rather than the main sequence galaxies.

Good correlation between PAH and FIR luminosity: PAH
is cost-effective indicator of star-formation.

ASJ 2020a Z205a Wada et al. 47



for Cosmology and Astrophysms) v

SPICA (Space Infrared Telescope ¥

e

Payload .
Module — V-grooves .
(PLM) (Radiative
— cooling
and e
Service insulation) e
Module .
(SVM) — .

JAXA | SPICA Team

e Dimension:®4500 mm x 5285 mm

e Mass: 2614 kg (dry, nominal),
3450 kg (wet, with margin)

ASJ 2020a Z205a Wada et al.
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Large aperture X A#%:2.5m
Cooled 74 telescope: 8K

Spectroscopy in MIR-FIR (12-
230um)

Cooled by Radiation and cooler

No more LHe and vacuum
chamber

JAXA H3 Rocket

L2 mission (1.5 million km)
Early 2030’s
ESA/JAXA mission

JAXA Strategic Large Class:
Phase-A

ESA CV M5 Phase-A

ESA CV M5 final selection
(2021)

48



Toward SPICA

e D=68cm => 2.5m diffraction limited image

— Sharp beam with larger collecting area
 Low luminosity galaxies

e High-z
e Less source confusion
 Longer and wider spectral coverage
— 2-24um (AKARI/IRC)=> 17-36um (SMI/LR)

— Trace the PAH(11.3-6.2) at z=0.5-4, where the cosmic
star-formation rate peaks!

— 12-230um contiguous spectrum, MIR-FIR spectrum
since ISO.

ASJ 2020a Z205a Wada et al. 50



SPICA/SMI/LR+CAM

17-36um R=100 spectrometer with 34um
camera

Wide field of view (10'x3.7”x4 slit spec. and
10'x12" img.)

30uly level sensitivity with 1 hour 5 sigma
z=3 ULIRGs can be detected in blind survey!

ASJ 2020a Z205a Wada et al.
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SPICA/SMI/MR+SAFARI

e 17-230um R=300-1000 spectrometer

e Afew 102°W/m? level line sensitivity with 1
hour 5 sigma

e z=3 ULIRGs can be followed up by dust
extinction free IR diagnostic lines!

ASJ 2020a Z205a Wada et al.
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uly level sensitivity probes
ULIRGs at z=3

flux density (Jy)

10 hours by JWST/MIRI-SPC ======== ]
10 hours by JWST/MIRI-LRS == ]

v 4 1degree survey in 20 days by SPICA/SMI-LRS == .
/. 10 hours by SPICA/SAFARI =ssssse:
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10 ”
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éj - Blind survey and follow-up

Follow-up observations
Unbiased spectroscopic survey SMV/LR 1 8_23:;:7?:300_10‘;0) l
(17-37 um, R=50-100) + (34 um R=5) : SMI/MR - SAFARI
€ 10 deg? blind survey (600 hrs) |:>
Better statistics

@ Pointed spectroscopy
(51,000 PAH galaxies 3,700 AGNs 13,000 MS stars) @ Spectral mapping of nearby

€ 1 deg? blind survey (500 hrs) galaxies
Fainter objects

(sub-L* galaxies, faint debris disks)

@ Spectral mapping of Galactic
objects

Spitzer / IRS-LL : SPICA/SMI-LRS
Targets observed by R

R=60-120 BT R =50
slit size: 168"x11 , 32 M il it
s, slit size: 10°%3.77

AKARI, Subaru, Spitzer, Herschel, ALMA,
JWST, Euclid, SKA, TMT, ATHENA, TESS,
JWST/MIRIVRS . 2 el gl

x high-z galaxies, AGN outflow, e
nearby dwarf galaxies,,, R = 2000 pi

. deep (1 deg)~ -
slit size: 7757 7" 5 oo eep-(1 squarerdeg).

Followzyp by SAFARI (X

\o 3.3%x3.3

' :SMI-LRS blind survey . °

& proto-planetary disks, debris
disks, exo-planets,,,

For the same observational time & limiting flux at 25 pm
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e _AGN contribution | A Starb”rStJ For SF/AGN mixture
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summary

The world first MIR unbiased spectroscopic survey has been
conducted (>0.3mlJy at 9um).

48 PAH galaxies are detected z=0.1~0.5 with LIR=10%>-11>
Lsun

Good correlation between spectroscopic redshift of OPT
and PAH; PAH is a good redshift indicator.

We found PAH-enhanced galaxies at high-z(z>0.35) or high-
L PAH, which has higher PAH/stellar mass ratio rather than
the main sequence galaxies.

Good correlation between PAH and Herschel PACS FIR
luminosity: PAH is cost-effective indicator of star-formation.

SPICA will probe these galaxies redshift at z=0.5-4, the most
active era of galaxy evolution.

ASJ 2020a Z205a Wada et al. 56
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