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銀河形成の最盛期はダストに包み隠されている近赤外線での観測が不可欠

銀河形成の加速期～最盛期では銀河に何が起こっているか？



~20 nights for imaging, >15 nights for spectroscopy

MApping HAlpha and Lines of Oxygen with Subaru

z>2

clusters

z>2

field

z~1.5

clusters

z<1

clusters

Kodama et al. (2013)

zと環境を網羅し、できるだけ無バイアスな星形成銀河を狭帯域撮像(Hα, [OIII])で取り出す。



銀河形成最盛期の星形成銀河 @SXDF-UDS-CANDELS

●：blue HAE (J-K<1)

●：red HAE  (J-K>1)

□：MIPS sources
(dusty star-bursting galaxies)

z=2.2 Hα emitters

(NB2095)

Tadaki et al. (2013a)

z=2.5 Hα emitters

(NB2315)

強いクラスタリングがみられる。
 “cosmic variance” 問題！



• Medium-band (9枚) のphot-z探査による、1<z<5における、准星質量リミット
サンプル（特に受動的銀河）の構築とその進化の研究。⊿z/(1+z) ~ 0.01

• Narrow-band (６枚) のHα＆[OIII]輝線探査による、z=0.9, 1.5, 2.3, 3.3
における、准星形成率リミットサンプルの構築とその進化の研究。 低質量側
に延長。AGNの寄与も明らかに。

銀河の質量集積、星形成、BH成長の歴史を、

「無バイアス」かつ「統計的」に明らかにする！

１平方度の広域、１８フィルターの超多色撮像

数密度が低い、（１）遠方大質量銀河、（２）無バイアス選択な銀河団環境、
（３）AOに適した明るい星形成銀河（かつ明るい星が近くにいる）、

等においても統計的サンプルが得られる。

ALMAやTMTを使った銀河解剖学にも格好のサンプルを提供する。

銀河形成の加速期～最盛期（1<z<5）に特化した究極の撮像サーベイ

科研費基盤A（児玉, H24-28）



４つのペアNBFs 両輝線銀河（[OIII] & Hα）
赤方偏移の同定および電離状態（輝線比）の測定

NB527 (Lyα@z=3.32)
NB515 (Lyα@z=3.23)

J1541+2702 (z=3.33)

J0932+0925 (z=2.25)NB395 (Lyα@z=2.25)

NB921 (Hβ@z=0.895)

SWIMS-18 狭帯域フィルター（NB）

0.9<z<3.3（4.8） の准星形成率リミットサンプルの構築
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F i g u r e 3 . D ust extinction of Hα l ines as a function of stel lar

m ass based on the prescriptions of W uyts et al . (2013) . W hite

triangles and squares indicate the stacked spectra of HAEs in
PK S1138 and USS1558, respectively. R ed triangles, squares, and

blue circles show the indiv idual HA Es in PK S1138, USS1558,

and SX DF (fi eld) at z= 2.2 (Tadaki et al . 2013) , respectively. W e

use 2σ l im iting magnitude of B-band for each ob ject w ith the

detection signifi cance of 2σ or below for apply ing the UV flux

density, and also use 2σ flux if Hβ fluxes of the stacked spectra
are less than 2σ detection to estim ate A H α , B a lm er . D ashed and

dotted lines represent the best-fi tted line and 1 sigma deviations

based on SX DF sample. G rey dots indicate the SDSS galax ies

(A baza j ian et al . 2009) located in the abundance sequence on the

BPT diagram (K ewley et al . 2006) , whose dust extinction are

estim ated using the Balmer decrement technique.

tio is almost free from dust extinction. I n order to derive
the physical quantities from the line ratios, many authors
have invented and improved the l ine diagnostics using the-
oretical models and/or the empirical cal ibrations based on
local galaxies. Among them , some traditional treatments are
widely used, such as BPT diagram (Baldwin et al. 1981, see
§3.3) and mass-metall icity relation (Tremonti et al. 2004,
see §3.4). I n §3.2–3.4, we show the physical properties of
HAEs in the protoclusters based on several l ine diagnostics,
and compare them with SDSS local galaxies and the field
galaxies at sim ilar redshifts (z= 2.1–2.5) .

T his M OIRCS spectroscopy not only confi rms the exis-
tence of Hα em ission line for a large number of NB-selected
HAE candidates, but also detects [Oi i i ] em ission line for
about a half of the confi rmed HAEs. I nterestingly, their
[Oi i i ] fluxes are as much, or more than their Hα fluxes.
T he fraction of [Oi i i ] detection is much larger than expected
from the typical [Oi i i ]/ Hα l ine ratio of local SF galaxies.
I n local SDSS galaxies (Abazaj ian et al. 2009) , for example,
most of the HAEs have [Oi i i ] l ine fluxes that are smaller
than a half of Hα fluxes (without dust correction) except
for Seyfert AGNs. I t indicates that the SF galaxies at z > 2
have much higher ionization states.

By studying the relationship between [Oi i i ]/ Hα l ine
ratio and stellar mass, we obtain a diagnostic which can
demarcate narrow-line AGNs from SF galaxies and discuss
the physical states of the galaxies. T his diagram is called
M ass-Excitation (M Ex) diagram which was fi rst discussed
by Juneau et al. (2011) . T he original M Ex is presented by
using a close-pair l ine ratio, [Oi i i ]/ Hβ. However, this work
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F i g u r e 4 . M ass-excitation (M Ex) diagrams for individual and

stacked results. W hite triangles and squares indicate the stacked

spectra of in PK S1138 and USS1558, respectively. R ed triangles,

squares, and blue circles show the indiv idual HAE s in PK S1138,
USS1558, and SINS & LUCI data (fi eld) at z= 2.1–2.5 (N ewman

et al . 2014) , respectively. [O i i i ]/ Hβ l ine ratio of indiv idual ob jects

in PK S1138 and USS1558 is based on the prescriptions of W uyts

et al . (2013) and intrinsic Hα/ Hβ flux ratio (= 2.86) . W e show

the 2σ upper l im it for [O i i i ]-undetected (< 2σ) ob jects. M agenta

crosses are X -ray sources in Newman et al . (2014) sample. G rey

dots represent the SDSS galax ies (A baza j ian et al . 2009) .

alternatively employes the [Oi i i ]/ Hα l ine ratio to derive
[Oi i i ]/ Hβ ratio by assum ing the dust extinction and the
Hα/ Hβ l ine ratio of 2.86, because Hβ l ines are rarely de-
tected for individual galaxies.

F igure 4 shows the M Ex diagram . W e can see that the
[Oi i i ]/ Hβ l ine ratios of our sample are clearly high compared
to the SDSS galaxies. I t indicates that the ionizing states of
high-z galaxies are signifi cantly higher than low-z galaxies.
Such high excitations of the protocluster galaxies at z > 2
are consistent with those of field galaxies as noted by re-
cent works (Newman et al. 2014; K ewley et al . 2013; Holden
et al. 2014; M asters et al. 2014) . To compare our result with
field galaxies at the sim ilar redshifts, the field SF galaxies
(and some X -ray sources) obtained by SINS and LUCI sur-
vey (Newman et al. 2014) are also represented. T he success
rate of [Oi i i ] detection (> 2σ) is poor in high-mass galaxies
and the 2σ flux is assigned to the ob jects if [Oi i i ] l ine is not
detected. T he absence of [Oi i i ] l ine in high-mass galaxies
is likely to be caused by high dust extinction and intrinsi-
cally smaller [Oi i i ] fluxes in massive galaxies compared to
lower-mass ob jects. T he stacked spectrum “PK S1138-high”
in the higher mass bin has a higher [Oi i i ]/ Hβ l ine ratio than
that of “USS1558-high” in spite of the fact that “PK S1138-
high” bin is more massive than that of “USS1558-high”.
I t may be caused by a signifi cant contribution of Seyfert-
type AGNs, and indeed “PK S1138-high” and two massive
ob jects in PK S1138 are located at the sim ilar position of
X -ray sources in z > 2 fi eld sample by Newman et al. (2014)
(F ig. 4) . However, all of HAEs in PK S1138 cannot be seen in
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[OIII]/Hα 輝線比 星形成領域の電離・励起状態

Shimakawa et al. (2014b)

SDSS

High-z > Low-z 

(z~2)
(HαHβ conversion)

(stacked)

遠方の星形成銀河は、
高いsSFRと低い重元素

量が原因で、高い電離状
態になっていると考えられ
る。 (Kewley et al. 2013)

SWIMS-18 では撮像観測のみで、z=1.5, 2.3において測定できる！
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SWIMS-18 MBFs

4.60

J1,J2,J3,Hs,Hl,   Ks

ZFOURGE (Magellan)

SWIMS-18 中間帯域フィルター（MB）

1<z<5 の准星質量リミットサンプルの構築

K1,K2,K3 フィルターにより、
3.5<z<5 銀河を初めてサンプル可能

SEDフィットによるPhot-z とダスト
吸収(Av)の精度が大幅に向上
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受動的に進化する
銀河の色進化

z = 4

z = 4.25
z = 4.5

z = 4.75

z = 5
z = 5.25

K1, K2, K3 フィルターによる、4<z<5のバルマーブレイク銀河の選択

Toshikawa et al.



星質量の集積過程をｚ～５まで遡る

Muzzin et al. (2013)

100K galaxies over a 1.62 deg2 field down to Ks=23.4 (AB)

z<4での暗い側は？ そもそもz>4ではどうなっているか???

ULTRA-VISTA (COSMOS)

z>4?z>4?

?
?

3<z<4

3<z<4



3<z<4 4<z<5

星形成銀河（SFGｓ）の検出期待個数

＞300個／100時間 100個／100時間

Based on the semi-analytic model by Henriques et al. (2015)

area

(arcmin2)

K-band magnitude (AB)

area

(arcmin2)

K-band magnitude (AB)

Toshikawa et al.



3<z<4 4<z<5

受動的に進化する銀河（QGs）の検出期待個数

～６個／100時間 ＜１個／100時間

Based on the semi-analytic model by Henriques et al. (2015)

area

(arcmin2)

K-band magnitude (AB) K-band magnitude (AB)

area

(arcmin2)

Toshikawa et al.

❔



撮像サーベイのデザイン

SFR-limit sample (HAEs) : 7.5 × 105 Mpc3 at each redshift

M*-limit sample: 1.2 × 107 Mpc3 (Δz=1)

TAOのおよそ1.5 年間分の観測時間を投入すればよい。

Subaru搭載時（2017−2018）にはこの数％規模を

パイロットサーベイとして実行したい

(SWIMS-18-Wide)

(SWIMS-18-Wide)



I

• 銀河形成最盛期における巨大な分光サーベイ

SWIMS-18による銀河サンプル(1<z<3.7)および、 HSCによ
る銀河、銀河団サンプル(0.4<z<1.7)。

c.f.) PFS to z~0.9-1.5  SWIMS to z~2.5-3.7

• 赤と青の２チャンネル同時分光による輝線比の精密測定。

e.g.) J ([OII]), H ([OIII], Hβ) および K (Hα, [NII], [SII]) at z~2-2.5 

(O32, R23, Hα/Hβ, etc…)、スリットロスの問題がない！



まとめ

は超多色の近赤外撮像サーベイで、銀河形

成の最盛期を跨ぐ（1<z<5）、１平方度規模の無バイアス
サーベイを行う。

• 中間帯域フィルターによる准星質量限界の銀河と狭帯域
フィルターによる准星形成率限界の銀河の統計的サンプ
ルを構築する。

• Kバンド帯中間帯域フィルターによる4<z<5のバルマー・ブ
レイク銀河と、ペア狭帯域フィルターによるz=1.5と2.3の両
輝線銀河（Hα＆[OIII]）のサンプルが極めてユニーク！

• 銀河の質量集積史と星形成史を明らかにし、かつ銀河解
剖学（AO+NB, ALMA, TMT）へターゲットを供給する！


