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Scientific Objectives

* Detections of ‘First Galaxies’ (z>10)

* Understanding of the Cosmic Reionization
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‘Drop-out’ Method - Lyman Break Galaxies
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Selection of High-z Galaxies with Two-Colors
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arrow-band Search for Lyman Emitters (LAEs)
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Reionization Epoch explored with Subaru



Ouchi et al. 2009 - z~7 LBGs

Suprime-Cam imaging of SDF and GOODS-N. 1568 arcmin2 (0.5 deg2)
z-y > |.5
y-band limit (30): 26.4 - 26.2 AB mag.
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Ono et al. 2012 - Spectroscopic confirmations

* Keck / DEIMOS spectroscopy of || z~7 candidates
* Three z~7 galaxies were identified

* Lower fraction of Ly galaxies - evolution of IGM neutral hydrogen fraction?
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Suprime-Cam Narrow-band Searches for
Lyman& Emitters (LAEs)

* NB921 (z=6.6): Kodaira et al. 2003; Taniguchi et al. 2005;
Kashikawa 2006; Ouchi et al. 2010

* NB973 (z=7.0): lye et al. 2006; Ota et al. 2008; Hibon et al.
2012

* NBI1006 (z=7.3): Shibuya et al. 2012



LAE LF at z=5.7 and 6.5
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LAE LF at 2=5.7 and 6.5 SFR [Moyr~]
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Clustering of z=6.6 LAEs
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Toshikawa et al. 2012 - Protocluster at z~6
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Hyper Suprime-Cam Strategic Survey

Deep Layer: 28 deg?
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Galaxies at z>7 explored with HST



Bouwens et al. 201 I,Ap] 737:90

« HUDFO09 + two nearby fields: 14 arcmin?

* ACS:29.4 - 30.1 mag. (HUDF09), 28.8 - 29.2 mag. (nearby fields)
* WFC3/IR:29.6 - 29.9 mag. (HUDF09), 29.0 - 29.5 (nearby fields)

* WFC3/IR Early Release Science observations: 40 arcmin?

* ACS:28.0 - 28.5 mag.
 WFC3/IR:27.9 - 28.4 mag.



Color Selection Criteria (for HUDFQ09)
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UV Luminosity Function at z~7/
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UV Luminosity Function at z~8
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HST WFC3/IR Studies for z>7 Galaxies

Bradley et al. arXiv:1204.364 |
* WFC3 Pure Parallel Survey (7.4 <z < 8.8)
e 274 arcmin? withY, ], H - 33 Y-drop with 25.5 <] <274
* No evidence of an excess at bright-end
Oesch et al. arXiv:1201.0755
 CANDELS GOODS-S
* 95 arcmin? - 16 Y-drop

e Confirms pure luminosity evolution in UVLF from z~8 to z~4

Lorenzoni et al. 201 I, MNRAS 414, 1455
« HUDF 4.2 arcmin? + ERS 37 arcmin?

* lonization photon budget

Search for Gravitationally Lensed LBGs
e CLASH: Zitrin et al. 2012,Ap) 747, L9
* Bouwens et al. 2009,Ap] 690, 1764



Additional Requirements to Eliminate Contaminations

* No detection in optical bands
* Reject >2sig single detection and >1.5sig detection in more than one band
' ey = LiSGN(fi)(fi/o:) . (1)
* SGN(fi): | if fi>0, -1 if fi<O
 Reject objects with X*>5 or 3

e Simulations to estimate contaminations:
e Contamination rate: 6-8% for HUDF(09, 22-38% for ERS

* Dwarf stars, SNe: eliminate point sources

* Minor populations: only one unresolved sources within the criteria

Bouwens+201 |,Ap] 737:90



HUDFQO9 29 24
HUDFO09-| |7 | 4
HUDF09-2 14 |5

ERS 13 6 *
total /3 59

Bouwens+201 |,Ap| 737:90



UVLF Evolution
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UVLF Evolution (Schechter function parameters)
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Issues on LBGs in the Reionization Epoch

* Evolution of UVLF and Star-formation Rate Density
* lonization Photon Budget

* Steepness of Faint-end slope?
* Steep UV slope - Metal-poor stellar populations?

* Number density of luminous LBGs



UV Luminosity Density (SFR Density)
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UV Luminosity Density (SFR Density)

Table 8
UV Luminosity Densities and Star Formation Rate Densities to
—17.7 AB mag*
Dropout (2) log oL log;o SFR density
Sample (erg s~ (Mo Mpc™ yr 1)
Hz~! Mpc—3) Uncorrected Corrected®
Z 6.8 25.88 = 0.10 —2.02 +0.10 —2.02 £ 0.10
Y 8.0 25.65 = 0.11 —2.25+£0.11 —2.251+0.11
‘ 0.51 1+0.51 :
iy 10.3 24.29*0 =3,61% .2 =361 7
Je 10.3 <24.42° < —3.48° < —3.48°
B 3.8 26.38 = 0.05 —1.52 +0.05 —0.90 £ 0.05
V 5.0 26.08 £ 0.06 —1.82 £ 0.06 —1.57 £ 0.06
] 0.5 26.02 £ 0.08 —1.88 == 0.08 —1.73 £ 0.08

Critical SFR Density in Shull et al. 201 |:
log10(0.018)=-1.74

Bouwens+2011,Ap) 737:90



: fesc evolution
: fesc and
CH evolution
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Faint-End Slope of UVLF

error bars are |O

1 2 3 4 5 6 7 8

4

Bradley et al. 2012 arXiv:1204.364 1

* Number density of faint galaxies has
critical importance in lonization
Photon Budget.

e Some numerical simulations return
steep UV slope at z>6 (Jaacks et al.

MNRAS 420, |606)

* Very deep observations are required.



Steep UV Slope - Extreme Stellar Populations!?

* Bouwens et al. 2010,ApJ 708, L69;Ap] 709, L133; Finkelstein arXiv:1110.3785
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McLure et al. 201 | MNRAS 418, 2074

* McLure etal.201 1, MNRAS 418, 2074:
« HUDF + ERS 6.0 < phot-z < 8.7
» 70 objects
* UV Slope  Mean:-2.05 < B < -2.5 (Bouwens et al. 2010, Labbe et al. 2010)
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WISH Ultra-Deep Survey
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Lim. Mag(50)
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WISH Survey Plan

Depth Area Days
[AB mag.] [sq. deg]
Ultra Deep Survey 28.0 100 1,500
Ultra Wide Survey 25.0 1,000 50-100
Extreme Survey ~29.5 ~| <100




band Filter Set
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 Continuous Sampling for z>8
* Determine UV Slope




WISH: Expected Sensitivity
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Selection of High-z Galaxies with Two-Colors
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Completeness Estimates
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Assumption on Evolution of Luminosity Function(l)
Empirical Evolution
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Assumption on Evolution of Luminosity Function(2)
Semi-Analytic Model by Kobayashi et al.
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Expected Numbers with VWISH Ultra-deep Survey

* |00 sq.deg survey with 5 filters from |.0pm to 3.0um
* Limiting magnitudes 28AB (point source, 30)
* Total 1,500 days

N/deg? z=8-9 | z=10-12 | z=13-17
Empirical Ev. 1690 |04 0.72
SAM 631 49.7 .07
DMH 852 4.12 0.003

WISH Can Determine
How Bright-End of UVLF Evolves at z>8



Narrow-band Filter Search for LAEs
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NBF Set 01 (R~70)

Name AcC z FWHM R
0100 _00 1.095 8.0 0.015 73.0
0100 Ol 1.340 10.0 0.019 70.5
0100 02 1.580 12.0 0.022 71.8
0100 03 |.945 15.0 0.027 72.0
0100 04 2.188 7.0 0.031 70.6
0100 _05 4.4052 5.71* 0.063 69.9
0100 06 4.9720 6.58%* 0.071 70.0

* redshift for Hx




NBF Set 01, Limiting Mag.

R~70, Zodiacal Light = 3x Ecliptic Pole
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Lim. Mag(100)

26

24

NBF, Point Source, 10hrs

I

NBI55 NB158
B NBI55 B
Subaru Subaru — NBI0?
Seeing Limited GLAO WISH
JWST :
Fl164N | |
— I
B |
NB106
NB106
1 1 ll | | | 1 1 1 11 | | | | 1 1 1 11 | | | | 1 1 1 11 | |
1 10 100 1000

FoV / Shot (arcmin®)




Summary of Limiting Magnitudes and Expected
Number of Detections for VISH

Limits are for 30

R=50 R=100
redshift Exp Time | Lim Mag. N/deg? Lim Mag. N/deg?

|Oh 26.0 52.9 25.3 9.1
z=8

50h 26.9 91.3 26.2 /1.1

|Oh 26.1 9.3 254 0.96
z=10

50h 27.0 18.8 26.3 9.7

|Oh 26.0 2.40E-02 25.3 2.20E-02
z=12

50h 26.9 0.40 26.2 0.42

Large Sample of LAEs at z=8-10

WISH Can Detect




Cross-Correlation of Galaxies and IGM 21cm
Emission



Cross-Correlation of HI 21cm Emission and Galaxies

* Wyithe and Loeb 2007, MNRAS 375, 1034; Furlanetto and Lidz 2008, Ap| 660, 1030

* Advantage of Galaxy - 2lcm line cross correlation over 21cm signal alone:
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Lidz et al. 2009, Ap] 690, 252

* Beginning: galaxy and 2lcm are
positively correlated

* Galaxies ionize overdense regions.
Underdense regions remain neutral -
Brief period of low amplitude cross-
correlation (Xi=0.15 in the left model)

* Galaxy and 21cm quickly become
anticorrelated



Requirements on the Galaxy Survey
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JWST NIRCam

e Two Channels, both 2.2’ x 4.4’

* Short: 0.5 - 2.3 um, 32 mas (8 H2RGs)
* Long: 2.5 - 5.0 pm, 64 mas (2 H2RGs)

* Coronagraphic High Contrast Imaging
* Slitless Grism Spectroscopy R~1800

Liaht from OTE Short wave camera
s ki Firstfold lens group
l mirror )

Short wave
> fold mirror

Collimator
lens group

Pupil imaging lens

Dichroic assembly

beamsplitte

Coronagraph

occulting masks Short wave filter
; wheel assembly
Pick-off Mirrorpp-
% ort wave focal

Focus and-W (7 lane housing

alignment I S8

mechanism

A4

Long wave focal

Long wave filter plane housing

wheel assembly  camera lens
group



NIRCam Filters
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JWST / NIRCam Expected Surveys

Assume operation similar to HST

Mirror size: x 2.6, Field of View: x 2.0
HST WFC3/IR Deep Surveys: ~300 arcmin? in a few years
NIRCam Surveys with Depth Similar to Current WFC3/IR Surveys (~29 AB mag.)

— ~| deg? in a few years. Several deg? in 5-10 years.



Number Density of z=12 Galaxies

z=12 Empirical
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AB Mag Ly emission would not help

improving the detection limit with
ELTs for extended sources



WISH and JWST for Exploration of EoR

* WISH:

* Discovery of LBGs at 8 <z <I5
* Feed Spectroscopy Targets to

. of UV Luminosity Function

. of Bright LBGs

LAEs at z=8 and 10
e Feed to ELTs

* Cross-correlation with HI 21cm Line Surveys!?

* [IWST:

* Determination of Faint-End of UV Luminosity Function

* Contribution of Faint Galaxies to the Cosmic Reionization
* Discovery of Galaxies at z>8 (up to z~207?)

» Spectroscopy with NIRSpec

* Limited Survey Area



‘First Stars’?



Expected Mag. of Isolated Pop-lll Stars

3071 ' l P ' .

JWST F200W

35 |

45 |

50

Rydberg et al. arXiv:1206.0007



Comparison: Imaging

Subaru

MORCs | Subaru GLAO | TMTIRIS | HSTWFC3/IR | JWST NIRCam
2Pt A MERS 8.2m 8.2m 30m 2.4m 6.5m
R 0.9-2.5pum 0.9-2.5pum 0.84-2.4pm 0.9-1.7pm 02'.9‘;_25'.30“““;1/
Z ] 0.117/pix ~0.1”/pix 4 mas 0.13”/pix 32 mas /
H>y 74| 04°@2um 0.2”@2Um |Omas@ | pum | FWHM~ 0.25” 64 mas
1REF 28 o’ ~120 o’ 0.075 o’ 4.65 o’ 9.7




Comparison: Spectroscopy

Subaru
MOIRCS Subaru GLAO TMT IRIS HST WFC3/IR | JWST NIRSpec
R 0.9-2.5pum 0.9-2.5pum 0.84-2.4pm 0.9-1.7pum 0.6-5um
Z2fA] 0.117”/pi ~0.1”/pi 0.13”/pi
. PIX 1 /pIX ) . pIX ' .
gy Fyys | 04@2um | 02°@2um 4-50mas | bvvpM~ 0257 | 02 X045
m T _ , , , 12.24 o’(MSA)
HEY 25 o 120 © 0.2-10 o” 4.65 o 353 (IFS)
Single-Slit Slits
I ICHEEE MOS Multi-IFS IFS Slitless Microshutters
IFS IFS
KRR EE 600-3000 -3000? 4000-10000 TBW 100, 1000, 2700




Euclid, WFIRST, and WISH

Euclid WFIRST WISH
Mirror |.2m |.3m |.5m
FoV 0.5 deg? 0.3deg? 0.23deg?
Visual Imager Rlz ! --
NIR Imager Y]H 0.6-2.0pm 0.9-5.0um
Lim. Mag. 24AB 25.9AB 28AB
Survey Area 20,000 deg? >11,000 deg? 100 deg?
I;zii'::cz Dark Energy DE, %(gglanet, First Galaxies




