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 Introduction
— galaxy formation and cosmic star formation history

« Subaru/Hyper Suprime-Cam Survey
— Our high redshift galaxy projects

 Results:
— Origin of the cosmic star formation history (Harikane+18a)
— High-redshift Protoclusters (Harikane+19)



Introduction



Cosmic History

« We do not fully understand how galaxies form
and evolve in the cosmic history...
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Galaxy

Galaxy Formation

Structure
Formation

(Dark Matter)

Baryon
Physics
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Structure Formation

Halo mass function Mass accretion rate
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Baryon Physics

Mass accretion -> Gas cooling -> Star formation
-> Feedback

Relation with large scale structure formation?

-> Galaxy sample covering large scale‘is needed



Cosmic Star Formation History
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-> Observation at high redshift (high-z)



This Talk

High-z galaxy sample covering large scale structures
using Subaru/Hyper Suprime-Cam

1. Origin of the cosmic star formation history (average)
2. Star formation in protoclusters (special regions)



Subaru/Hyper Suprime-Cam
Survey



HSC (1.75 deg?)
Subaru/BEyper Suprime=&am (HSC)

4002£110004, wide field of view (1.75 ddg?)

Subaru/Suprime-Cam
(34'x27°)

Hubble/ACS
(3.4'%x3.4)
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Subaru/HSC Survey

« Started 2014 March, 300 nights (Pl: Miyazaki)
5 broad bands + several narrow-bands
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Subaru/HSC Data

» TJotal: 202,869,535 objects

>99% are low-redshift interlopers




Subaru/Hyper Suprime-Cam Survey

Lyman break galaxies (LBGs; dropouts)
Ref: Ono+18, YH+18a, Toshikawa+18

R | GOLDRUSH

Great Optically Luminous Dropout Research Using Subaru HSC

Lyman alpha emitters (LAEs)
Ref: Ouchi+18, Shibuya+18ab, Konno+18, Higuchi+18, YH+183,19

RA\SILVERRUSH <2,

Systematic Identification of LAEs for Visible Exploration and Reionization Research
Using Subaru HSC




Lyman Break Selection

R] GOLDRUSH

Great Optically Luminous Dropout Research Using Subaru HSC

* Lyman break by neutral hydrogen absorption

— Lyman break galaxy (LBG)
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Systematic Identification of LAEs for Visible Exploration and Reionization Research

Using Subaru HSC

« Redshifted Lya line in narrow-band filter
— Lya emitter (LAE)
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The Largest High-z Galaxy Sample

e 554 051 LBGs and 2,230 LAEs at z~4-7

Number of
high-z galaxies

400,000
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Subaru/S-Cam Hubble CFHTLS  Subaru/HSC

(Ouchi+05) (Barone-Nugent+14) (Ishikawa+16) (This work)
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1. Origin of the Cosmic Star
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(Harikane+18a)
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Structure Formation and Halo Mass

» Halo mass function Clustering ampliture
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Angular Correlation Function

Angular correlation function w(6)

dP=n?(T+w(6))dQ,dQ,

dP: Probability of finding a galaxy pair
n : Surface number density




Angular Correlation Function
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Obtained Correlation Function
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Halo Occupation Distribution (HOD) Model

1 halo term

/ dM, { NN)(Mh)m(Mh 2Yu(k, M, 2)

Pe(k,z) = / dM;, (NL(N, — 1)) <Mh>m<Mh 2)u2(k, My, )

HOD Halo profile

2 halo term
2
P%(k,z) = Pu(k, z) [nig / dM, N(Mh)W(M 2)by (M, 2)u(k, My, 2)

HOD Halo bias
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HOD Model Fitting

log(M,/M_)=11.69
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Results: Halo Mass

M, =4x1010 M_ — 4x10'2 M,
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Star Formation-Accretion Fundamental Relation

SV S[SFR 2x 17 x 1072

. J.[h' M, (M, /101135)—11 1 (1M, /101135)0:3

SFR/M,

Star Formation Rate
/ Mass Accretion Rate

Tumlinson17



Cosmic Star Formation History
FHR
PSFR = /ththSFR /th ¥ Mh(Mh, )Isjwih
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2. Star Formation in Protoclusters
(Harikane+19)



Protoclusters

ol I5-le] Protocluster
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High Redshift Protoclusters

* Only a few protoclusters are identified at z>5
« Large area deep survey is needed -> Subaru/HSC
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SILVERRUSH Protoclusters

~2000 LAEs at z=5.7, 6.6 in 15 deg? (Shibuya+18)
40 protocluster candidates at z=5.7,6.6
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Protoclusters in the SXDS field
. 810 LAEs at z=5.7. 6.6 with N8816 & NB921
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Spectroscopy for z660OD
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Spectroscopic confirmation of z660D
at <z>=6.585 with Ngye=12
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Is z660OD Protocluster?

« simOD4: similar overdensity to z660D
— Halo mass M,~10'2 M, — >10"* M, at z=0
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3D Map at z=5.7, 6.6

» 174 spec-z LAEs (>80% at L,,>10% erg/s)
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LAE-SMG Correlation

* LAE: dust-poor star-forming galaxies

« Submillimeter galaxies (SMGs): dusty star-forming
— Cross-correlation reported at z=3.1 in SSA22 protocluster

SSA22 z=3.1

1 T
CCF (bright SMG-LAE) —O—
08 | ACF (LAE-LAE) +—— A

06

lation function

0.4

‘ %?w?@ié

Angular cross-corre

-0.2

0 2 4 6 8 10 16

Angular distance (arcmin)

Tamura+09 Nature



Red SMG Selection

« Submillimeter galaxy (SMG) catalog (Geach+17)

« Select "Red SMG” (z>4) using Herschel color
— S50 <S350< S50 (Donevski+18) -> 42 red SMGs
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LAE-SMG Correlation at z=5.7

e 99.97% cross correlation
— z570D: overdensity with both LAE and SMG
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Summary

The largest sample of high-z galaxies from
Subaru/HSC data
— Cosmic star formation rate density
= structure formation X cosmic expansion
— Highest redshift protocluster

Active star formation in protoclusters

Cosmic average Protoclusters
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