
HSC SSP で銀河を究めよう
嶋作一大 (東大)
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HSC とは？
SSP とは？
HSC SSP とは？
HSC SSP の銀河サイエンス
HSC SSP に参加するには
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Hyper Suprime-Cam

104 CCDs

Hyper Subaru Prime-focus Camera
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1視野に対応する共動長と共動体積

z = 1, 2, 7

Coma
Cluster

8Mpc BAO

HSC

SupCam

HST

共動長

共
動
体
積

電離泡
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HSC とは？
SSP とは？
HSC SSP とは？
HSC SSP の銀河サイエンス
HSC SSP に参加するには
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すばるプロポーザルの3カテゴリー

ノーマル
インテンシブ
戦略枠 (SSP)

5夜
40夜

300夜
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Subaru Strategic Program

All Japan で歴史的観測

[過去のSSP]
SEEDS (系外惑星探査、田村元秀ほか、120夜)
FastSound (宇宙論、戸谷友則ほか、40夜)  

すばる望遠鏡「戦略枠」とは、他の追随を許さないユニークな観測装置（または
その組み合わせ）を用い、個人または個別グループの研究課題を超えて、長期に
わたるまとまった観測を行うもので、これによってすばる望遠鏡の成果を世界に
より強く発信するとともに、当該分野でサイエンスのリーダーシップを確立する
ことを目的とするものである。(すばるウェブより)
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HSC とは？
SSP とは？
HSC SSP とは？
HSC SSP の銀河サイエンス
HSC SSP に参加するには



9

Wide-field imaging with Hyper Suprime-Cam:
Cosmology and Galaxy Evolution

A Strategic Survey Proposal for the Subaru Telescope

PI: Satoshi Miyazaki (NAOJ)
Co-PI: Ikuru Iwata (NAOJ)

The HSC collaboration team1: S. Abe(1), H. Aihara⋆(2),(3), M. Akiyama(4), K. Aoki(5), N. Arimoto⋆(5), N. A. Bahcall(6),
S. J. Bickerton(3), J. Bosch(6), K. Bundy†(3), C. W. Chen(7), M. Chiba†(4), T. Chiba(8), N. E. Chisari(6), J. Coupon(7), M.
Doi(2), M. Enoki(9) S. Foucaud(10), M. Fukugita(3), H. Furusawa†(5), T. Futamase(4), R. Goto(2), T. Goto(11), J. E. Greene(6),
J. E. Gunn†(6), T. Hamana†(5), T. Hashimoto(2), M. Hayashi(5), Y. Higuchi(2),(5), C. Hikage(12), J. C. Hill(6), P. T. P. Ho⋆(7),
B. C. Hsieh(7), K. Y. Huang†(7), H. Ikeda(13), M. Imanishi(5), N. Inada(14), A. K. Inoue(15), W.-H. Ip(1), T. Ito(5), K.
Iwasawa(16), M. Iye(5), H. Y. Jian(17), Y. Kakazu(18), H. Karoji(3), N. Kashikawa(5), N. Katayama(3), T. Kawaguchi(19), S.
Kawanomoto(5), I. Kayo(20), T. Kitayama(20), G. R. Knapp(6), T. Kodama(5), K. Kohno(2), M. Koike(5), E. Kokubo(5), M.
Kokubo(2), Y. Komiyama(5), A. Konno(2), Y. Koyama(5), C. N. Lackner(3), D. Lang(6), A. Leauthaud†(3), M. J. Lehner(7), K.-
Y. Lin(7), L. Lin(7), Y.-T. Lin†(7), C. P. Loomis(6), R. H. Lupton†(6), P. S. Lykawka(21), K. Maeda(3), R. Mandelbaum†(22), Y.
Matsuda(5), K. Matsuoka(13),(23), Y. Matsuoka(12), S. Mineo(2), T. Minezaki(2), H. Miyatake(6), R. Momose(2), A. More(3), S.
More(3), T. J. Moriya(3), T. Morokuma†(2), H. Murayama⋆(3), K. Nagamine(24), T. Nagao†(23), S. Nagataki(23), Y. Naito(2), K.
Nakajima(2), F. Nakata(5), H. Nakaya(5), T. Namikawa(2), C.-C. Ngeow(1), T. Nishimichi(3), H. Nishioka(7), A. J. Nishizawa†(3),
K. Nomoto(3), M. Oguri†(3), A. Oka(2), N. Okabe(7), S. Okamoto(25), S. Okamura(26), J. Okumura(23), S. Okumura(27), Y.
Okura(5), Y. Ono(2) M. Onodera(28), K. Ota(23), M. Ouchi†(2), S. Oyabu(12), P. A. Price(6), R. Quimby(3), C. E. Rusu(2),(5), S.
Saito(29), T. Saito(3), Y. Saitou(30), M. Sato(12), T. Shibuya(5), K. Shimasaku†(2), A. Shimono(3), S. Shinogi(2), M. Shirasaki(2),
J. D. Silverman(3), D. N. Spergel⋆(6),(3), M. A. Strauss†(6), H. Sugai(3), N. Sugiyama(12),(3), D. Suto(2), Y. Suto⋆(2), K. Tadaki(2),
M. Takada†(3), R. Takahashi(31), S. Takahashi(5), T. Takata(5), T. T. Takeuchi(12), N. Tamura(3), M. Tanaka(5), M. Tanaka†(3),
M. Tanaka(4), Y. Taniguchi(13), A. Taruya(2), T. Terai(5), Y. Terashima(13), N. Tominaga(32), J. Toshikawa(30), T. Totani(23),
M. Tsai(1), E. L. Turner⋆(6), Y. Ueda(23), K. Umetsu(7), Y. Urata†(1), Y. Utsumi(5), B. Vulcani(3), K. Wada(33), S.-Y. Wang(7),
W.-H. Wang(7), T. Yamada(4), Y. Yamada(5), K. Yamamoto(34), H. Yamanoi(5), C.-H. Yan(7), N. Yasuda†(3), A. Yonehara(35),
F. Yoshida†(5), N. Yoshida(2), M. Yoshikawa(36), S. Yuma(2) (1) NCU, Taiwan (2) Tokyo (3) Kavli IPMU (4) Tohoku (5) NAOJ
(6) Princeton (7) ASIAA (8) Nihon (9) Tokyo Keizai (10) NTNU, Taiwan (11) DARK, Copenhagen (12) Nagoya (13) Ehime
(14) NNCT (15) Osaka Sangyo (16) Barcelona (17) NTU, Taiwan (18) Chicago (19) Tsukuba (20) Toho (21) Kinki (22) CMU
(23) Kyoto (24) Las Vegas (25) KIAA, China (26) Hosei (27) JSGA (28) ETH (29) Berkeley (30) GUAS (31) Hirosaki (32)
Konan (33) Kagoshima (34) Hiroshima (35) Kyoto Sangyo (36) JAXA

Executive Summary

We propose to carry out a three-layered, multi-band (grizy plus narrow-band filters) imaging survey with the
Hyper Suprime-Cam (HSC) on the 8.2m Subaru Telescope. By combining data from the three layers (Wide: 1400
deg2, r ≃ 26; Deep: 27 deg2, r ≃ 27; Ultradeep: 3.5 deg2, r ≃ 28), we will address some of the most pressing problems
in modern cosmology and astrophysics: the origin of the acceleration of the Universe’s expansion, the properties and
evolution of galaxies from z ≃ 7 to today, and the nature of cosmic reionization. The survey is uniquely designed
to enable all these science cases, with particular attention to controlling systematic errors, and the data will be
analyzed with a state-of-the-art software pipeline. We will use the excellent-quality (0.7′′ seeing), multi-broadband
images of distant galaxies from the Wide layer to statistically reconstruct the dark matter distribution in the Universe
up to z ≃ 1.5 via measurements of weak lensing (WL), coupled with photometric redshifts for every galaxy. The
Deep layer goes one magnitude deeper, with repeated observations, allowing us to verify our PSF and galaxy shape
measurements as a function of seeing, depth and galaxy properties. Measurements of cosmic shear and other HSC WL
observables, in combination with geometrical constraints from lightcurves of ∼ 120 Type Ia supernovae up to z ≃ 1.4
from the Ultradeep layer, will enable us to constrain the dark energy parameters to precisions of σ(wDE) ≃ 0.04
(constant dark energy equation of state) and the dark energy figure-of-merit FoM ≡ 1/[σ(wpivot)σ(wa)] ≃ 50 (for w(z)
a two-parameter function of redshift), about a factor of 2 improvement over current constraints. Cross-correlating
the HSC WL observables with data from the arcminute-resolution, high-sensitivity ACT CMB experiment, Planck,
and the SDSS/BOSS spectroscopic galaxy survey will improve the FoM to 100. We will also perform a stringent
test of gravity on cosmological distance scales by comparing dark matter clustering from HSC-WL observables with
the redshift-space distortion effect measured in the BOSS galaxy clustering. In the field of galaxy evolution, the
HSC survey will include over 20 million galaxies up to z ≃ 1 from the Wide layer, and a half-million galaxies over
1 <
∼ z <

∼ 2 from the Deep and Ultradeep layers. These galaxy catalogs, of unprecedented sizes and cosmological
volumes, will allow high-precision measurements of the properties of evolving galaxy populations and their relation
to the WL-reconstructed dark matter distribution. With samples constructed from the Wide layer, we will measure
absolute stellar growth rates over 2 orders of magnitude in stellar mass since z ∼ 1, and establish evolutionary links
between galaxy populations by tracking how the growth of some key sub-populations is related to the decline of
others. A growth rate of 3% per Gyr will be measured with 10σ or greater precision across all mass bins probed.
The Deep and Ultradeep layers will also include broad- and narrow-band imaging surveys of Lyman-break galaxies

1Those people with the “⋆” superscript are the HSC Executive Board members. Those people with the “†” superscript are co-chairs of
the HSC working groups (Weak Lensing, AGN, Galactic Structure, Solar System, Variables/Transients, Low-z Galaxies, High-z Galaxies,
Clusters, Photometric Redshift, Photometric Calibration, Survey Strategy, Hardware, and Software & Data Distribution).

HSCを300夜使う広域サーベイ

2012 Oct 申請
2013 Apr 採択
2014 Feb 観測開始
2016 Apr 80夜終了
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サーベイデザイン

Wide-field imaging with Hyper Suprime-Cam 3

HSC-UD

HSC-D

HSC-Wide

Figure 1: Left: The limiting magnitudes (in r) and solid angles of the HSC-Wide, Deep and Ultradeep (UD) layers,
compared with other existing, on-going, and planned surveys. The three layers are complementary to each other, and
each of the three layers covers a significantly wider area than do other on-going surveys of comparable depth. The
narrow-band components of the Deep and Ultradeep layers are unique; no other survey is planning a major survey
to comparable depth. Right: The HSC bandpasses, including the reflectivity of all mirrors, transmission of all optics
and filters, and response of the CCDs, assuming an airmass of 1.1. Both the broad-band and narrow-band filters are
shown. The lower panel shows the spectrum of sky emission lines, demonstrating that the red narrow-band filters lie
in relatively dark regions of the sky spectrum.

The top-level scientific goals for the HSC Survey are:
• To derive stringent dark energy constraints from the combination of the HSC WL observables and the
galaxy clustering information from the BOSS survey to precisions of σ(wpivot) ≃ 0.03 and the dark energy
figure-of-merit FoM ≡ 1/[σ(wpivot)σ(wa)] ≃ 100.
• To use WL to constrain deviations from General Relativity to a higher precision than the current SDSS
constraint (Reyes, Mandelbaum et al. 2010) by a factor of 4.
• To study SDSS-like volumes of galaxies in a series of redshift slices observed through broad- and narrow-
band filters to carefully-tuned depths, in order to understand the properties and evolution of galaxies from
z ∼ 7 to today, as well as to constrain the physics of cosmic reionization at high redshift, z ≃ 5 − 7.

To achieve these scientific goals, we propose a ‘wedding-cake’ survey with three layers:
• The Wide layer will cover 1400 deg2 and will be done in five broad-bands, g, r, i, z, and y, to a depth
of r ≃ 26, and to similar depths in the other bands. This is designed to characterize the z < 2 galaxy
population, and to measure WL shear as a function of redshift and spatial scale.
• The Deep layer will cover 27 deg2 in four carefully selected fields distributed over a range of right ascen-
sions (RA). It will go a magnitude deeper than the Wide layer in the broad-bands, and will also use three
narrow-band filters to look for Lyman-α emitters (LAEs) at z = 2.2, 5.7, and 6.6 to study their evolution
and the topology of cosmic reionization. Its multiple repeat exposures will enable powerful testing and
mitigation of systematic lensing errors.
• The Ultradeep (UD) layer will image two fields (3.5 deg2) in both the five broad-band filters and three
narrow-band filters, going a magnitude fainter still, to discover ∼ 6000 LAEs at z = 5.7 and 6.6, several
tens of LAEs at z = 7.3, and about 120 Type Ia supernovae to z ∼ 1.4.

The left panel of Figure 1 shows that these three layers are complementary to each other and are significantly
more powerful than are the previous, competitive on-going, and upcoming surveys. Combining the three
layers allows us to cover a broad range of science topics spanning a wide range of length scales and redshifts.
We need about 200 nights in total (including overheads and assuming that 30% of nights will have poor
weather) to carry out the Wide layer, and 100 nights for the Deep and Ultradeep layers. Table 1 summarizes

2 Wide-field imaging with Hyper Suprime-Cam

(LBGs), Lyman-α emitters (LAEs) and quasars to an unprecedented depth and solid angle. The clustering of the
LBG samples will allow us to determine the dependence of the stellar mass and star formation rate on the host dark
halo mass over Mhalo ∼ 1011 – 1013M⊙ in the era of galaxy formation, z ∼ 2 – 7. We will measure the clustering
and luminosity functions of LAEs at z = 2.2, 5.7, 6.6, and 7.3 with samples extending down to ∼ 0.3L∗. At high
redshift, these will allow us to constrain the neutral hydrogen fraction of the intergalactic medium, xHI, at z ∼ 7
with a precision of σ(xHI) ∼ 0.1, and to constrain the topology of spatially-inhomogeneous reionization.

1 Introduction

We live in a golden age for extragalactic astronomy and cosmology. We now have a quantitative and highly
predictive model for the overall composition and expansion history of the Universe that is in accord with
a large array of independent and complementary observations. Observations of galaxies over most of the
13.7 billion year history of the Universe have led to a broad-brush understanding of the basics of galaxy
evolution. However, there are fundamental and inter-related questions that remain:

• What is the physical nature of dark matter and dark energy? Is dark energy truly necessary, or could
the accelerated expansion of the Universe be explained by modifications of the law of gravity?
• How did galaxies assemble, and how did their properties change, over cosmic time?
• What is the topology and timing of reionization at high redshift? What were the ionizing sources?

These questions, and many more, can be addressed with a comprehensive deep and wide-angle imaging
survey of the sky, using the Hyper Suprime-Cam (HSC) on the 8.2m Subaru Telescope. The combination
of the large aperture of the Subaru Telescope, the large field of view (1.77 deg2) of HSC, and the excellent
image quality of the site and the telescope make this the ideal instrument for addressing these fundamental
questions in modern cosmology and astronomy. We propose a 300-night strategic survey program, involving
astronomers from Japan, Taiwan, and Princeton University in the United States. The survey will consist
of three layers, which together will explore galaxy evolution over the full range of cosmic history from the
present to redshift 7, probing both starlight (from the photometry) and dark matter (using gravitational
lensing). The weak lensing (WL) allows us to measure the large-scale distribution of dark matter and
its evolution with cosmic time. Cross-correlations of HSC WL observables with the spectroscopic galaxy
distribution in the SDSS/Baryon Oscillation Spectroscopic Survey (BOSS) and the observed temperature
and polarization fluctuations in the Cosmic Microwave Background (CMB) will constrain the parameters
of the standard model of cosmology, and test for exotic variations such as deviations from the predictions of
General Relativity on cosmological scales. Studies of the highest-redshift galaxies and quasars discovered
in this survey will lead to a deeper understanding of reionization, a key event in the thermal history of the
Universe.

Table 1: Summary of HSC-Wide, Deep and Ultradeep layers

Layer Area # of Filters & Depth Comoving volume Key Science
[deg2] HSC fields [h−3Gpc3]

Wide 1400 916 grizy (r ≃ 26) ∼ 4.4 (z < 2) WL cosmology, z ∼ 1 gals, clusters
Deep 27 15 grizy+3NBs (r ≃ 27) ∼ 0.5 (1 < z < 5) z <

∼ 2 gals, reionization, WL calib.
Ultradeep 3.5 2 grizy+3NBs (r ≃ 28) ∼ 0.07 (2 < z < 7) z >

∼ 2 gals, reionization, SNeIa

The experience of the Sloan Digital Sky Survey (SDSS; York et al. 2000), and the tremendous success of
the current prime-focus camera on Subaru, Suprime-Cam (Miyazaki et al. 2002a), have demonstrated the
power of wide-field imaging to make science breakthroughs in a broad range of topics. The SDSS imaged
in five broad-bands (u, g, r, i, and z), to a depth of r ≈ 22.5 (5σ point source). It has produced more
highly cited papers in recent years than any other observational facility, including the Keck Telescopes
and the Hubble Space Telescope (Madrid & Macchetto 2009). The SDSS characterized the nature and
distribution of galaxies in the local present-day Universe. Observations with Suprime-Cam have led the
world in studies of the distant Universe, and have shown that an imager on the Subaru telescope has the
potential to extend SDSS low-redshift discoveries in the field of cosmology and galaxy formation/evolution
to the intermediate- and high-redshift Universe. The HSC survey we propose will cover SDSS-like volumes
at high redshift, making it the first truly large-scale survey of the distant Universe.
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サーベイ天域

他の撮像プロジェクトとのシナジー
・CLAUDS (D 4): CFHT U
・Arizona (D 2): UKIRT/WFCAM J,H,K
・SPLASH (UD 2): Spitzer/IRAC ch1,ch2

春秋
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狭帯域フィルター
Wide-field imaging with Hyper Suprime-Cam 3

HSC-UD

HSC-D

HSC-Wide

Figure 1: Left: The limiting magnitudes (in r) and solid angles of the HSC-Wide, Deep and Ultradeep (UD) layers,
compared with other existing, on-going, and planned surveys. The three layers are complementary to each other, and
each of the three layers covers a significantly wider area than do other on-going surveys of comparable depth. The
narrow-band components of the Deep and Ultradeep layers are unique; no other survey is planning a major survey
to comparable depth. Right: The HSC bandpasses, including the reflectivity of all mirrors, transmission of all optics
and filters, and response of the CCDs, assuming an airmass of 1.1. Both the broad-band and narrow-band filters are
shown. The lower panel shows the spectrum of sky emission lines, demonstrating that the red narrow-band filters lie
in relatively dark regions of the sky spectrum.

The top-level scientific goals for the HSC Survey are:
• To derive stringent dark energy constraints from the combination of the HSC WL observables and the
galaxy clustering information from the BOSS survey to precisions of σ(wpivot) ≃ 0.03 and the dark energy
figure-of-merit FoM ≡ 1/[σ(wpivot)σ(wa)] ≃ 100.
• To use WL to constrain deviations from General Relativity to a higher precision than the current SDSS
constraint (Reyes, Mandelbaum et al. 2010) by a factor of 4.
• To study SDSS-like volumes of galaxies in a series of redshift slices observed through broad- and narrow-
band filters to carefully-tuned depths, in order to understand the properties and evolution of galaxies from
z ∼ 7 to today, as well as to constrain the physics of cosmic reionization at high redshift, z ≃ 5 − 7.

To achieve these scientific goals, we propose a ‘wedding-cake’ survey with three layers:
• The Wide layer will cover 1400 deg2 and will be done in five broad-bands, g, r, i, z, and y, to a depth
of r ≃ 26, and to similar depths in the other bands. This is designed to characterize the z < 2 galaxy
population, and to measure WL shear as a function of redshift and spatial scale.
• The Deep layer will cover 27 deg2 in four carefully selected fields distributed over a range of right ascen-
sions (RA). It will go a magnitude deeper than the Wide layer in the broad-bands, and will also use three
narrow-band filters to look for Lyman-α emitters (LAEs) at z = 2.2, 5.7, and 6.6 to study their evolution
and the topology of cosmic reionization. Its multiple repeat exposures will enable powerful testing and
mitigation of systematic lensing errors.
• The Ultradeep (UD) layer will image two fields (3.5 deg2) in both the five broad-band filters and three
narrow-band filters, going a magnitude fainter still, to discover ∼ 6000 LAEs at z = 5.7 and 6.6, several
tens of LAEs at z = 7.3, and about 120 Type Ia supernovae to z ∼ 1.4.

The left panel of Figure 1 shows that these three layers are complementary to each other and are significantly
more powerful than are the previous, competitive on-going, and upcoming surveys. Combining the three
layers allows us to cover a broad range of science topics spanning a wide range of length scales and redshifts.
We need about 200 nights in total (including overheads and assuming that 30% of nights will have poor
weather) to carry out the Wide layer, and 100 nights for the Deep and Ultradeep layers. Table 1 summarizes

名称 z(Lyα)

NB387 2.2

NB816 5.7

NB921 6.6

NB101 7.2g           r          i z     y   

大気夜光
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画像とカタログ

Pipeline team が提供
・整約済みの画像
・マルチバンドカタログ

各サイエンスワーキンググループが提供
・photometric redshifts
・特定の天体種族のカタログ (eg, clusters, LAEs)

→ 古澤さんの講演
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過去の栄光

(1) Sloan Digital Sky Survey

口径2.5m専用望遠鏡による米日独他の撮像分光サーベイ
よく整備された「サーベイポリシー」
4,700 refereed papers (“SDSS”)
210,000 citations (“SDSS”)

(2) Suprime-Cam

HSC の前身
Subaru Deep Field, Subaru/XMM-Newton Deep Field
220 refereed papers (“Suprime-Cam”)
6,600 citations (“Suprime-Cam”)
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HSC とは？
SSP とは？
HSC SSP とは？
HSC SSP の銀河サイエンス
HSC SSP に参加するには
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どの時代を調べるか？

Madau & Dickinson 14

銀河形成
quenching

形態
銀河団

再電離
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検出される銀河の数

z < 2
2 < z < 7.3

LBGs LAEs

Wide 2.2e+7 1.9e+7

Deep 7.7e+5 2.2e+6 2.1e+4

UDeep ? 1.4e+6 1.8e+4

QSOs

10000
(z~4-7)
2000

(9割z<1)

?
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銀河サイエンス

■プロポーザルに書かれているサイエンス
Galaxy evolution at z<2 (成熟期)
・Relationship between galaxies and dark haloes
・Physics of growth, quenching, and mass assembly
・Galaxy evolution in clusters of galaxies

Galaxy evolution at z>2 (形成期)
・Relationship between galaxies and dark haloes
・Nature of LAEs and LABs 
・Quasars and AGNs (SMBHs, dark haloes, environments, host gals)

Cosmic reionization
・Epoch and topology
・Sources

■参加者が自由にサイエンスを発案、実行してよい
■他の装置や望遠鏡での追観測 (PFS, Keck, ALMA, TMT, ...)



19

銀河とダークハローの関係

z<2

z>2

独立に、幅広い範囲で Mh
・weak lensing (z<2)
・clustering (all z)

Mstar 以外の物理量
・SFR, 形態…

特定の銀河種族
・LAEs, LABs, …

Behroozi+13

ダークハロー質量 [Msun]

星
質
量
/ダ

ー
ク
ハ
ロ
ー
質
量
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宇宙再電離

再電離時期の推定
・LAEs LF, clustering
・それ以外の方法

電離源
・明るい銀河の性質
・AGN

Wide-field imaging with Hyper Suprime-Cam 21

Figure 10: Left: Expected measurements of the Lyα LFs at z = 5.7 (blue), 6.6 (green), and 7.3 (red) with the
Ultradeep and Deep layer data. The existing Suprime-Cam measurements at z = 7.3 go very deep, although over
a very small area. The open circles are the current best measurements given by Suprime-Cam observations. The
decrease in the LF with increasing redshift is interpreted as due to the onset of reionization. Right: Expected
ACF ω(θ) of z = 6.6 LAEs from the Deep layer in the case of full ionization, assuming that they are hosted by
Mhalo = 3 × 1010M⊙ halos (red dots). The solid curves indicate the ACFs of LAEs with Mhalo = 3 × 1010M⊙

for xHI = 0, 0.3, 0.5, 0.8 taken from McQuinn et al. (2007) simulations of inhomogeneous reionization. The black
squares are the best estimates of the z = 6.6 LAE ACF available to date (Ouchi et al. 2010). Our accurate ACF
measurements over a range of a factor of 30 in θ will allow us to detect the difference in the ACF shape between the
full and partial ionization cases and to constrain xHI with an uncertainty of ∼ 0.2.

observed Lyα LF (e.g., Malhotra & Rhoads 2004; Kashikawa et al. 2006; Iye et al. 2006; Ota et al. 2008;
Ouchi et al. 2010; see the left panel of Figure 10). Measurements of the LF in bins can thus constrain the
reionization history, and measure its spatial structure due to the high surface density of LAEs. Studies to
date are limited by the small solid angles of existing samples, and the paucity of LAEs at z >

∼ 7.

With our large sample of LAEs from the Deep and Ultradeep layers (Table 6), we will construct the
Lyα LFs at z = 5.7, 6.6, and 7.3, and determine the evolution of the Lyα LF at the > 3σ level up to
z = 7.3 (Figure 10). At z = 5.7 and 6.6, the Ultradeep data are deep enough to detect LAEs significantly
fainter than L∗ (the two separate fields mitigate cosmic variance), while the Deep layer is sensitive to the
high-luminosity end of the LF. With the Ultradeep data, we will increase the number of known LAEs at
z = 7.3 by an order of magnitude; the resulting LF will give the first meaningful constraint on xHI beyond
z = 7. The SEDs of these objects, obtained by stacking the multi-band data from optical to MIR (Table 9),
will allow us to determine whether they have primordial features such as top-heavy IMFs or extremely low
metallicities, which would affect the production rate of ionizing photons.

The sample of z = 5.7 and z = 6.6 LAEs from the Deep layer will cover unprecedented solid angles,
allowing us to detect the effect of ionized bubbles on the angular clustering. The solid angle of the Deep
layer corresponds to 0.6 Gpc2 and should include tens of ionizing bubbles, whose signature imprints a
distinctive pattern in the ACF. This will allow us to infer xHI with an accuracy of ∼ 0.2 at z = 6.6
(Figure 10), and constrain models for the topology of reionization. Combining the LF and ACF results,
we will obtain xHI at z = 6.6 with a predicted precision of ±0.1, and will constrain the physical nature
of the objects causing the reionization. Spectroscopic follow-up of the high-redshift quasars we discover
(Section 5.3) will allow us to explore the structure of the Gunn-Peterson absorption in three dimensions,
further constraining the topology of reionization.

Finally, the Low Frequency Array (LOFAR) will probe the neutral hydrogen distribution at z ∼ 6 − 7
(Zaroubi et al. 2012) over the HSC ELAIS-N1 Deep layer field. The cross-correlation function of the
LOFAR data and HSC LAEs will reveal the signature of reionization and the evolution of ionized bubbles
at the ∼ 5σ level (Lidz et al. 2009). We are in close communication with the LOFAR team for this
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HSC とは？
SSP とは？
HSC SSP とは？
HSC SSP の銀河サイエンス
HSC SSP に参加するには
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“Collaboration Policy”

10ページの文書 (誰でも読める)

参加権
・Japanese astronomers
・Faculty and long-term staff members at Princeton or ASIAA
・Executive Board に特別に認められた個人
・External collaborators
データアクセス権
論文の著者になる権利
サイエンスの宣言から論文投稿まで
・始める前にプロジェクトとして宣言
・誰でも宣言できる
・既存プロジェクトへの参加も可能
・PhD thesis プロジェクトの保護 (競合の禁止)
・現在184プロジェクト
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HSC SSP に参加するには

日本の研究者なら誰でも参加可能

現在200名 2016/05/17 12:13hscsurvey

1/1 ページhttp://hscsurvey.pbworks.com/w/session/login

Email/username

Password

 Remember me

 Log in     Forgot your password?

Log in to
hscsurvey.pbworks.com
This wiki is a private wiki for HSC SSP survey. Researchers in Japan/Taiwan/Princeton are eligible for
membership. When you request access, please use an institutional email for verification, and write your name
and affiliation in the Message box.

Not a member?

Request access

To get in touch
Contact the workspace

owner
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限界等級
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銀河の数の詳細
14 Wide-field imaging with Hyper Suprime-Cam

HSC-Wide HSC-Deep
z 0.65′′ (kpc) Vol (Gpc3) log M lim

∗ Ngal Vol (Gpc3) log M lim
∗ Ngal

0.1 1.2 0.1 8.2 0.4M 0.001 8.7 7.2k
0.3 2.9 0.5 8.9 2.2M 0.008 9.3 38.3k
0.5 4.0 1.0 9.4 4.4M 0.019 9.8 71.8k
0.7 4.6 1.6 9.8 6.0M 0.029 10.1 94.4k
0.9 5.1 2.6 10.0 8.8M 0.049 10.2 137.3k
1.2 5.4 3.9 11.5 0.1M 0.073 10.4 166.2k
1.5 5.5 4.5 11.6 23k 0.083 10.6 145.7k
1.8 5.5 4.8 11.8 1k 0.090 10.8 108.9k

Table 4: Galaxy sample characteristics in a series of redshift slices for both Wide and Deep. The first column provides
the mean redshift of each slice. The second column gives the physical scale subtended by 0.65′′, the median i-band
seeing in both layers. The remaining columns indicate the volumes, stellar mass completeness limits, and number
of galaxies expected above these limits for both layers. For Wide at z < 1, log M lim

∗ is defined by the faintest red
galaxy that is detectable with a y-band flux 1 mag shallower than our 5σ depth limit. At z > 1, we switch to a
UKIDSS/LAS K-band 5σ depth limit of K = 20.2 AB. For Deep, mass limits correspond to 1 mag shallower than a
5σ limit of K = 22.8 AB. We assume a standard cosmology with H0 = 70 km s−1 Mpc−1.

The median expected seeing of 0.65′′ corresponds to a PSF whose area is 50% the size of a typical galaxy
at z ∼ 1 (see Table 4). This allows for size, concentration, and inclination measurements. In addition,
10–15% of HSC data will have a seeing FWHM of 0.35′′ or better, vastly increasing the volume and sample
size of studies tracking detailed morphological evolution (e.g., bulge growth, bars, spiral arms).

4.2 The physics of growth, star formation quenching, and mass assembly at z < 2

Numerous studies have now confirmed that the SFR density in the Universe peaks roughly at z ∼ 1–2 and
then falls by a factor of ∼30 to the present day (e.g., Hopkins et al. 2006a). The average amount of star
formation depends on the stellar mass, M∗; low-mass galaxies typically form stars at a greater relative
rate, and their star formation is quenched later, than in high-mass galaxies. The processes responsible for
these phenomena are poorly understood, but operate against the backdrop of continuing mass assembly
driven by galaxy interactions and mergers, as well as gas infall from larger scales. By precisely charting the
star formation rates and stellar masses—and tying these to the halo masses (Mhalo)—for an unprecedented
sample of galaxies, the HSC survey will constrain the physical mechanisms that regulate star formation and
develop the first complete picture of how galaxy mass is formed and assembled since z ∼ 1.

1) How do star formation and mergers drive mass assembly? Most previous studies of the crucial
1 < z < 2 regime, such as GOODS, have surveyed tiny regions of sky, ∼0.1 deg2. The Deep layer will be
more than 200 times larger, enabling a comparison between star formation and stellar mass growth at the
epoch when the global SFR begins to decline.

At z < 1, the Wide layer will provide the statistical power necessary to compare mass growth from
new stars to that assembled via mergers. The two panels in Figure 6 show how HSC will be able to
measure evolution in the star formation rate and the stellar mass function, respectively. Meanwhile,
merger rates in HSC will be derived both from morphological irregularities (calibrated with comparisons
to high-resolution merger simulations; Lotz et al. 2011) and pair counting with photo-z contamination
corrections (e.g., Kartaltepe et al. 2007, but see also Lin et al. 2010). Because the HSC imaging is so
deep, statistical studies of the merger rate down to very low mass ratios (e.g., 1:30), especially in the
low-z regime, will be possible. These quantities are related via the M∗ continuity equation: Ṅ(M∗, z) =
SFR(M∗, z)+Mergers(M∗, z)−Ṁloss(M∗, z), where Ṅ(M∗, z) represents the evolving stellar mass function,
SFR(M∗, z) includes fresh gas infall, and Ṁloss accounts for mass loss due to stellar evolution as well as
tidal stripping. By testing the validity of this equation, we can constrain Ṁloss and identify inconsistencies
that may reveal an evolving initial mass function (IMF) or changes in the merger timescale.
2) How is star formation fueled? Different fueling mechanisms such as cold flows, re-accretion of winds,
cooling from a hot gaseous halo, and cold gas carried in by mergers lead to different timescales and degrees
of stochasticity in the star formation history of galaxies. Mergers in particular should drive bursty modes
of star formation (e.g., Cowie & Barger 2008) while gradual accretion or cooling produce smoothly varying
modes (e.g., Noeske et al. 2007). HSC will provide definitive answers by delivering the statistical precision
necessary to measure the SFR distribution in different M∗ and redshift bins (left panel of Figure 6). In a

z<2

z>2


