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eX’rr‘emer Metal-Poor Galaxies (XMPGs)

HSC/ACS
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eXtremely Metal-Poor Galaxies (XMPGs)
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Lee+06
Spitzer observations
for some dlrr galaxies



AGN host galaxies

Marconi+03
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2 Mbulge > 1010 Msun
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AGN metallicity? S

IR¥EFR A (NLR)

[L¥E#R9EEL (BLR)

Flux Density, f, (Arbitrary Units)
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NV/CIV

NV/Hell
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BLR metallicity: SDSS view

SDSS DR2 QSO at 2.0<z<4.5 -28.5>M,>-29.5 (5 QSOs)
- 5344 objects
20<z<25 25<z<3.0 _
—245> Mp=-255 643 50 -27.5>M>-28.5 (105 QSOs) _
—255> My = -26.5 1497 284
—26.5> Mp=-27.5 017 385
—27.5> Mp=-28.5 105 71
—285> Mp > —-295 5 11
-26.5>M;>-27.5 (917 QSOs) |
30<z<35 35<z<40 40<z<45 Total
1 0 0 694
332 153 25 22901
323 222 120 1967 -25.5>M>-26.5 (1497 QSOs) |
76 53 45 350 ]
16 5 3 40
-24.5>M;>-25.5 (643 QSOs) -
example: ]
Composites at 2.0< z< 2.5

1200 1400 1600 1800 .

Nagao, Marconi, and Maiolino (2006)
Wavelength (&)



BLR me’rallucﬂry SDSS view
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BLR metallicity: Origin of the L ,;-Zp , relation
LAGN - LAGN(MBH’ L/LEdd)

Warner+04

NV/CIV

S
-

10



BLR metallicity: Origin of the L ,;-Zp , relation

»2677 QS0Os at 2.3 < z < 3.0 from the SDSS DR7 quasar catalog
»Making “composite” spectra for each (Mgy, L/Lgyg) bin

Flux

Normalized

i |Og MBH/Msun ~ 9.1

|Og L/LEdd -~ -O-l

R

|lOgl L/,LEqd "‘l' ‘.9l

| | 1

|Og L/LEdd ~ '0.5

log Mg /M, ~ 9.5

sun

~ 8.7

log M. /M
I Iogl BR sgMn . 4

Matsuoka, Nagao, et al. (2011)
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BLR metallicity: Origin of the L ,;-Zp , relation
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Flux Density, f, (Arbitrary Units)

BLR me’rallucﬁry at lower r'edshn“‘rs7
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BLR metallicity: at lower redshifts?
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BLR metallicity: at higher redshifts?
»Requiring NIR coverage (but feasible) et

1 I
»Requiring good targets at z>5 =
(now we have many, thanks to SDSS) = |9
L] L] L] L] -~ i 3
»A metallicity decrease is predicted... = .
Table 1. (SiIV+OIV)/CIV measurements. 1 T
1 M
Name Z (SIUV+OIVYCIV  Tog A% ] =3
SDSS J000239.4+ 255035 580 061 0.12 16.03 )
SDSS J000552.3-000656 585 034+0.06 46.20 135
SDSS J001714.66-100055.4°  5.01 0.58 +0.07 46.56 10
SDSS J012004.82+141108.28 473  0.32 +0.03 46.09 1~
SDSS J015642.11+141944.3° 432 0.16 +0.03 46.62 |
SDSS J023137.6-072855 541 029 +0.07 46.56 S 1O
SDSS J023923.47-081005.17  4.02 0.23 +0.04 46.58 - = 1O
SDSS J033829.3+002156 500 097+0.29 46.46 = 10
SDSS J075618.1+410408 507 080+0.15 46.53 = 1~
SDSS J083643.8+005453 580 063+0.16 46.97
SDSS J085210.89+535948.9° 422 0.42 +0.04 46.53
SDSS J095707.67+061059.5  5.16 0.70 £0.14 46.65
SDSSp J102119.16-030937.2  4.70 0.35 +0.12 46.58
SDSS J1103027.1+052455 628 059+0.20 46.68
SDSS J104433.04-012502.2°  5.78 0.40 +0.13 46.88
SDSS J104845.05+463718.3° 620 0.42 +0.20 46.81 Redshift
SDSS J114816.6+525150 6.40 0.41+0.08 46.95 H
SDSS J1120441.7-002150 505 057+0.12 46.63 >Observat|0n8
SDSSp J120823.8+001028 527 063+021 46.07
SDSSl]130608.2+035626 599 038+0.19 47.32 @ \/ LT/ FO RS & TN G/ N | CS
SDSS J141111.3+121737 593 057+0.13 46.58
SDSS J160254.2+422823 6.07 053+0.17 46.90 > Ta rg ets
SDSS J160320.89+072104.5 439 0.39:+0.08 46.85
SDSS J160501.21-011220.6° 492 037 £0.15 46.46
SDSS J161425.13+464028.9 531 0.34 +0.03 46.62 30 SDSS QSOS at 40 <ZK< 64
SDSS J162331.8+311201 622 054+0.12 46.54 . e
SDSS J162626.50+275132.4 520 030 +0.09 46.94 (Juarez, |\/|aIO|II’IO, Nagao, et al. 09)
SDSS J163033.9+401210 6.06 023+0.11 46.38
SDSS J1220008.7+001744 477 0.55+0.07 46.58

SDSS J221644.0+001348 499 0.29 +0.06 46.18 15




BLR metallicity: at higher redshufTs’w

Juarez, Maiolino, Nagao, et al. 09
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BLR metallicity: at much higher redshifts?

Flux density, F, (W m~2 um™"

Mortlock et al. (2011)
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NLR metallicity Capetti et al. (1997)
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NLR metallicity: diagnostics Nagao et al. (2006)
Matsuoka, Nagao, et al. (2009)
ERSREBTORISNTNG o Matsuoka Nagao, etal, (2011)
(type-2 D)BRER(C DT [l 3
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HEREETILGTE L LEE,

EXRTE. BEHLSWVEE
BRENRADERRENTHD
C3+DEXRMESBEMET LT
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NLR me’rallucu’ry evolu’rlon
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cm”%s

NLR metallicity: at higher-z

TN J0924—-2201, 2=5.19

Sky F, (10 'erg

T T T T T T F T y I
The most distant radio gal. 1 = f
1+ g Hell O 10 ® ¢ %q)? ¢<$4’ @g
e €VEr known | < ‘P@%ﬁ 0t ° 4
I (Subaru/FOCAS 3.3 hours) | 3 om0 ’
| CIV i 1 F © De Breuck et al. 2000 o $
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0 1 i . 0.01
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>\obs (R) Redshift =z

This highest-z radio galaxy had been already experienced
a significant fraction of its chemical evolution

(the C/O elemental ratio had reached at least ~30%

of the solar value)

Matsuoka, Nagao, et al. (2011)
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Why no e

Z/ZSUI’]

0.1

47
46
45
42

log Lagn

43
42

4

ll]

proto-QS0O phase

L possibly obscured

volution in Z,;), or why no low-Z,. objects

\ I

E by dusts
L L

Y g

8
log Age (yr)

Kawakatu et al. 03,
Granato et al. 04,

Juarez, Maiolino, Nagao, et al. 09

_: Galaxy-BH co-evolution models

Assuming mass-accretion events
triggered by nuclear star-formation

»We see only brightest QSOs at high-z

»Sampling only well-evolved objects

»No-evolution due to selection effects??
(and those young QSOs could be dusty)

How about the metallicity
in high-z low-luminosity
dusty AGNs?
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Metallicity in hlgh z low-L dusty AGN

Flux [keV/cm?/s]

10

-10

A submllllmeter galaxy (SI\/IG)

LESS J033229.4-275619 at z=4.76
Dusty starburst (SFR~1000M,,/yr)
with a Compton-thick AGN (Gilli+11)

Rest energy [keV]
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1078 e 7 —
c '5 . ]
- r e
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o s s & "2" PREDICTION |
.~ with Cloudy runs -
el ~_~for both HIIR & PDR _

| O1 1
Zgas / Zs;olar
Optical diagnostics useless for dusty objects

New metallicity diagnostics for dusty objects
that consist of FIR fine-structure lines

High-z - redshifted to the ALMA frequency!
([Cll] has been observed for this object with APEX)



The ALMA view

Nagao, Maiolino, et al. (2012)

velocity-integrated
i [NII]205 map (ALMA)
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[NII] clearly detected with S/N~8
while its flux is only ~5% of [CII]
(ALMA is really powerfull!)
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The ALMA view o

The [NI]/[CII] ratio is ' 0gU=-2.5 logU=-3.5
comparable with that :
seen in low-z galaxies

v

This SMG has a :
substantially high 0.01 |
metallicity (~ Z,,,) :
even at z~4.760

©

[NI1]205 /[CII]158

107 i
LHO\USBRRICEZTCHDE ~
(BZZETHRLNE?) z
dusty EHNE > TBRRT Nagao, Maiolino, et al. (2012)
Z ZZZ metal-rich D% (model details are given in Nagao+11)

FTRENDZETIEH D,
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An e-mail from Toma-san, revisited
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Kenji Toma <toma@astr.tohoku.ac.jp> Nov 3
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Broad-line emission in XMPGs: what are they?

WR? Winds from luminous blue variable?
SN-related something (e.g., bubbles)?

expected L(Ha,,,.q) ~ 1036-40 cgs, but
observed L(Ha ,.q) ~ 1041542 ¢cgs 2> 7 RAED

shocks propagating in the circumstellar envelopes of
Type lIn Sne?

constant L(Ha,,,.q) for 3-7 years > XD TED
BLR emission from AGN CBEEIEDA B >EBH5UZED)

- metal-poor AGN with log Mg,/ M, ,,~ 6 - 6.5
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AGNs in XMPGs: Subaru NIR |magmg N

Mgy DVRIES N TS DT,
SRIDEBEEP T 1 ADHRITED
>Subaru/IRCS K-band#&f 2014#35) & =

BRIR (309 < 5L\ LAENT) R
AOERBICZRAE LI o7ent B

DR TET ...
U B AR B/
B S+ ] NS e e PR R R Y e
2 sy N ; FETR ()| EHAQEER)
S8 7
N | BVSHOAGNEFANSD E TRIKRL
A 1 =T v REH., RBEFRTHRIELL

mmansEsE? | ABITLVRLY

T o iesse | > SDSSHARBRAETE B0

9 10 11 12 30
log M, [Mo]




Subaru Prime Focus Spectrograph (PFS)

Prime Focus Instrument

Rotator

Spectrograph {3
N —— Fiber

PFS Partners:
~ NAOJ/U.Tokyo
~ Princeton U.
~ ASIAA (Taiwan)
~ Caltech/JPL
~ Johns Hopkins U.
~ Marseille

~ Brazil institutes
~ Max Planck

Fiber Positioner ‘
Cobra "
(from bottom) |

Takada, Ellis, et al. (2014)



PFS parameters and survey plan

Takada+14

Number of fibers
Field of view

Field of view area
Fiber diameter

2400 (600 for each spectrograph)

1.3 deg (hexagonal — diameter of circumscribed circle)

1.098 deg?

1.13”” diameter at the field center; 1.03"/ at the edge

Blue arm Red arm IR arm
‘Wavelength coverage [nm] 380-670 650-1000 970-1260
Spectral resolution A\/AM 1900 2400 3500
Pixel scale [A/pix] 0.71 0.85 0.81
Read-out noise [e™ rms/pix] 3 3 42
Detector type/read-out mode CCD CCD HgCdTe/SUTR
Thermal background [e™ /pix/sec] None None 0013
Dark current [e™ /pix/sec] 3.89 x 1074 |1 3.89 x 104 | 0.01
Spectrograph image quality [pm rms/axis] | 14 14b 14

IR arm, not only blue & red arms
~ wide field-of-view AND wide wavelength coverage

Multi-layer survey (not yet fixed)
~ cosmology component (15 min x 2 visits for >1000 deg?)
~ galaxy/AGN component (longer exposure for 10-30 deg?)
~ Galactic archaeology component (for specific fields)

First light in 2017, legacy survey will start in 2019 (?)

32



Summary

> AGNEB#MEIZ (S —ARIC super-solar metallicity
~ high-z (& metal rich EEHhNTWLWDIFER]/ 17 R
~ BB ULVAGN (Mg M KZE7/FXAGN) (F&E metal rich
~ @RARBE CEREMESIERD LY RERE SN
~BLR ZEBTH NLR ZR TH[EI*k
~ ALMA T high-z low-L dusty AGN Z=& 7% metal rich

>HBIEEREEIRT (XMPG) OP(C AGN BA"EBDOHh->T=ETE
~ SDSS T z~0.1-0.3 [CHXREDREENIBE=NTLD
~broad Ha/E(3Z D CUTWBDTEENE SHIE? ?
~ BHWAGN/SMBHDIKRZFANBZRWLWY —T v DD

»Subaru Prime Focus Spectrograph
~ B TCLPRBRIEZEDNERET DIEHDRBEE
~ 201 75L& first light. 2019FBIC LAY —1FEE=ZRH106
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