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What are the drivers behind the formation and
evolution of galaxies?

dark matter halo

Internal tidal interactions

i External
Dynamical Supernova
instabilities
stellar winds AGN galaxy mergers large-scale

gas accretion

gas exhaustion




High multi-plex NIR spectroscopic era is here!

Subaru/FMOS

Wide area coverage

Keck/MOSFIRE

High sensitivity

VLT/KMOS

IFUs
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* How does the sfr - mass relation evolve with redshift?

X |s pristine gas accreting onto galaxies at high-z?

* Does the ionization conditions evolve with redshift?

(Kewley et al. 2013a,b)



Properties of the ISM

Rest-frame optical emission lines: Ha, HP, [NI11]16584, [SII], [O11]3727, [OIII]15007

Star formation rates
Dust extinction
Chemical enrichment (i.e., metallicity)
lonization state (stars vs.AGN)
Excitation

Density, pressure



Star-forming galaxies and AGN at1 <z <2

Review of FMOS-COSMOQOS

Black hole - host galaxy mass relations at z > 0.5

Use of TAO-SWIMS



Subaru - Fiber Multi-object Spectrograph (FMOS)

2/

- Prime focus unit
(PIR)

- Echidna

Fibre connector

* Built by Kyoto University, UK & NAQO)]
(PI: T. Maihara)

* commissioned in 2007

£ 0.9 - 1.8 um
* 400 fibers; 1.2” diameter
* 30" diameter FOV

* Airglow/OH suppression system (lwamuro et 14
al. 2006) S

» Low (R=500) and high (R=2200) resolution %
+ 2048x2048 HgCdTe Hawaii-2 detectors 3
* Cross-beam switching

(~200 fiber pairs can be assigned)
* two spectrographs (irs| and irs2)
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A Subaru/FMOS NIR survey of SF galaxies at z ~ 1.6

COSMOS

* Emission-line survey
- 2 Intensive Subaru programs (Pl JDS) 2 e T S
- +IfA nights S R
- H-long grating: Ha, [NII] and [SII] i :

‘Followup J-long observations
- J-long grating (H3, [OIl11]5007)

* Prioritize Herschel/PACS detections

JDS et al. 2015,Ap]S, 220, 12



Target selection

e star-forming galaxies
- K-selected (K < 23.5)
- Mx > 1010 Mo
- sBzK
- along the star-forming
main sequence

- fia >4 x 107 erg cm2 s
e SFR: B-band
e E(B-V): B-z color
e  E(B-V)neb=E(B-V)stellar/0 44 (Calzetti et al. 2000)

 Herschel/PACs sources
- highly obscured SF galaxies
- above or on M-S
- near bright stars for future
IFU/AO observations

Filler targets: AGNs, low-mass galaxies

SFR [Mg/yr]
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Predicted vs. Observed HX flux

10—15: T T L e | T T LS . B "'[-: ; g > TR o
- (a) sBzK selection: f=0.44 .~ 1 [ (b) f=0.66
T . ® e ?.}t.b, "."-'.'
2 Py " '_:'i'ﬁ .,
\3_5’ -- . s o..'ﬁ z%:r':... ¢
i okwss L T L
3 10 C ° .ﬁ.‘:- l‘.‘:-'o.. . 1 . .5 .."‘ . -
O - ¢ .if'.'o'.' ':ih-:.'o-:l ? :z'g"“?. .
E Teate . prore
8 ee? i .‘#‘.é- o - <
an ° !"o ] . .: !. ®
'... :"I‘ :.
10_1?—"' R . A L 19l
107" 107'® 107107 107'° 107"

FMOS f(Ha) [erg/s/cm?]

FMOS f(Ha) [erg/s/cm?]



Stacking analysis

L)‘stock [1042 erg/s/;&]
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Dust extinction
based on Balmer decrement measured on stacked spectra

0.6

(a)

B Balmer Decrement _
e fbestzo'83

—— £=0.69
- - - f=0.44

|

|

0.4 0.6
<Estor(B_v)>

f= Eneb/Estar

Kashino, JDS et al. 2013

f-factor in disagreement with local starbursts - Calzetti et al. (2000)



Mass-metallicity relation

- SDSS (2<0.12) | 104

: 1-0.6=2

: : ~

3 i Z

: —;—0.8‘81

- Subaru/FMOS 1 —

x z=1.6 :

: ' 1-1.0

9.0 9.5 10.0 10.5 11.0
|Og(M¢/M®)

Zahid, Kashino, |DS et al.2014

MOSFIRE results: Steidel et al. 2014; Sanders et al. 2015
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Star forming main sequence at z~1.6
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log([OI]/HB)

SF - AGN separation at high-z (BPT)
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SFR (Ha) [Mg yr']

Subaru intensive program I
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[Oll] followup of FMOS galaxies

Keck/DEIMOS (PI Lisa Kewley)
VLT/VIMOS (Pl Stephanie Juneau)
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Log f(Ha) [erg cm? s

Dust-obscured galaxies missed in FMOS-COSMOS
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Dec (deq)

Confirming a galaxy overdensity in COSMOS at z ~ 1.6
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zCOSMOS-deep
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FMOS-COSMOS current status

Have a |k NIR spectroscopic catalog
(DS et al. 2015,Ap]S, 220, 12)

® Dust extinction is similar to low-redshift galaxies (Kashino et al. 2013, Ap]L)
% Higher in high-mass galaxies
% More uniformly distributed

e SFR - M= relation ‘main sequence’ (Kashino et al. 2013, ApJL)
e SFR indicators - UV, Hx and FIR (Rodighiero et al. 2014)

e Chemical enrichment (Zahid et al. 2014a; Zahid et al. 2014b)

% High-mass galaxies have metallicities reaching the local relation
% Steeper mass - metallicity relation

% mass-metallicity-SFR relation is not so fundamental

* lonization state (BPT; Kartaltepe, Sanders, DS et al. 2015; Kashino et al. in prep; Schulze et al.)

e Next: FMOS-COSMOS intensive program ll; Keck + VLT spectroscopy - [OlI]A3727



Black hole masses at high-z

AGN
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AGN: Black hole masses at high-z

140 ig= 00642 -
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log MMgll [M]

AGN: Black hole masses at high-z
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BH - bulge relation at high-z

18 type | AGNs (0.5 <z < |.2) in the Chandra Deep Field South Survey

e X-ray selection

- AGN selected to be below the knee of
the black hole mass function

- optically underluminous

e Two HST bands that bracket the 4000 A
break: F606W (V-band) and F850LP (z-band)

* Direct PSF/Bulge/disk decomposition
- Nuclear / host ratio <2 (14/18 AGN)

* Bulge mass estimates through simulations
- Nuclear / host ratio > 2

log ¢ (Mpc?)

——__CDFS
MS

adapted from Hopkins et al, 2007
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BH - bulge relation at high-z

18 type | AGNs (0.5 <z < |.2) in the Chandra Deep Field South Survey

F606W (V-band) and F850LP (z-band)
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AGN: Black hole - host mass relation at high-z

18 type | AGNs (0.5 <z < |.2) in the Chandra Deep Field South Survey
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AGN: Black hole - host mass relation at high-z
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AGN: Black hole - host mass relation at high-z
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Use of TAO-SWIMS

Dust-obscured galaxies
(missed by FMOS-COSMQOS)

Dynamic properties of proto-groups/clusters

AGN science

Spectroscopic support for HSC SSP



