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1. Scientific Background
- why 'st'udy. dist.'a'nt‘- (i:high'r'edshift)ga_la>'<ies? ;

R What are grawtatlonally Ienslng cIusters’P
Why use them? | |
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: When and how the first galaxies formed?
4+ How gaIaX|es evolved from the past to present’>

- When cosmic reionization started and ended?
- How reionization progressed in time and 'space?'
- What are the primary saqurce of reionization? = .



1 Studylng Galaxy Evolutlon

- When and how the first galaxies formeld? i
' - How gaIaX|es evolnved from the past to present’?"'



Detectmg ngh z Lya Emlttlng GaIaX|es
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When the 1st galaxies formed?

= Search for the highest redshift galaxies

Galaxy Redshift Records (Spectroscopically confirmed)

Rank redshift galaxy name discoverer released date

[.215 sxpr-NB1006-2 Shibuya+1l 2011.12.17

(.213 GN-108036  Ono+12 2011.07.15
7.109 BDF-3299 Vanzella+11 2011.04.01
7.008 BDF-521 vanzella+11 2011.04.01
6.97/2 G2 1408  Fontana+10 2010.12.20
6.964 |10K-1 lye,Ota+06 2006.09.14
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Blank Sky'FieId Searches for highest-z Lya Emitting Galaxies
Shibuya, .Kashikawa.'&' 2 et al. 2011, submitted to Astrophysical Journal

A

=
=
e
L

l]

-2

=1

“erg s cm

|
9900 9950 10000 10050

*'\(..) bs [‘\]




" Current Redshift Frontier is z~7.2
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2 Studyrng Relomzatlon 'of the Unlverse

i - When cosmic reronrzatlon started and ended? ‘
How reionization progressed |n time and space?
- What are the prrmary source of relonlzatlon’? |



Lya emission is sensitive to Cosmic Reionization
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Neutral hydrogen absorbs
or scatters Lya photons

z=5.7 Lya emission .
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'] Lya emission is attenuated if
the Universe is partly neutral
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reionized the Universe is
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of Lyd emitting

galaxies

(due to attenuation of Lya emlssmn)
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~ What about z > 7’>



‘1 Sclentlflc Background

- Why study dlstant ('-hlgh redshlft) gaIaX|es’> i

!

.+ What are qrawtatlonallv Ienslnq clusters?
Why use them? HL ‘



Graviationally lensing
cluster of galaxies

-
CLUSTER OF
o GALAXIES
GRAVITATIONAL
LENSING:

A Distant Source
Light leaves a young, :
star-ferming blue galaxy near .
the edge of the visible universe.

gravitational lens

created by dark b

matter and galaxies « 1% 0
2 3 MLKY

distant galaxy. The dark matter's gravity ? o3 . WAV
acts like a lens, bending the incoming light. . ;

el

CUiceE

el Labs,

Focal Point:
Earth

Most of this light is
scattered, but some is
focused and directed toward
Earth. Obsarvers see multiple,
distorted images of the background

galaxy,

Lucen! Technologies

Tony Tydcn, Greg Kochanski and
1an Dell"Anionin

Erank O'Connel! and Jam MeManus/!

The New York Times



Anexample of - | ansed :

lensing cluster o .  Galaxy »
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Quasar Image Credit: NASA, ESA, K. Sharon ge.l
« Aviv University) and E. Ofek (Caltech)



Abell 1703 z=0.28/" 7 2~7 g Why use lensing
Thage Fov 7/ cluster? -
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.4 | Powerful tool to detect
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| 2 My Study ,
- A Search for high redshlft galaxies by obéervmg
| “two Iensmg clusters:*A2390, CL0024
‘- Observation, Data Analysis, Resul.t



Target of study
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http://atc.mtk.nao.ac.jp/ccd/FDCCD/img/newSuprimeCAM.png

A Search for z=7.3 Lya Emlttlng GaIaX|es behlnd
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A few objects satisfied selection criteria, but ...
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Unfortunately, they were all found to be -
cosmic ray events hitting the same positions.
stacked 20 min. exposures each  © .
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Next Plan: Extending to other lensing clusters

Deep mult'i-wavelenq.th i_maqés are av,ailable'from archive!
Hubble WFPC2,ACS Carera: Optical'lmages ~27+28mag
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| . Summary
Objectives
(1) To find galaxy at z=7.3
(2) To study cosmic reionization at z>7

| Observation
| searched for z=7.3 Lya emitting galaxies by
Imaging two lensing clusters A2390, CL0024

Result
| could not detect z=7.3 galaxies

Next plan
| will extend the study to other lensing clusters




