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01 | Introduction



What are galaxy clusters?

Merging by gravity

Bigger

And Bigger! 



What are galaxy clusters?

The ñLargestò gravitationally bound system

ÁSize : 1 ~ 10 Mpc

ÁMass : ρπ ρπ-ṩ



What are galaxy clusters?

The ñPeakò of dark matter distribution 

ÁGalaxy cluster = Massive dark matter halo

ÁObservational tool for testing cosmological model



What are galaxy clusters?

The ñExtremely Denseò environment of galaxies

ÁDozens to thousands of galaxies are clustered.

ÁEnvironment affects on galaxy evolution.
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Cluster galaxies 

Field galaxies 

ɿ Lee et al. 2015
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z =0.1 z =1

Star formation 

High Mass



Why we study z>1 galaxy cluster?

Star formation activities in galaxy clusters at z>1 Ą Controversial!

Quenched!

Bouwens et al. 2010

Hopkins & Beacom 2006

Scoville et al. 2013
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Study of supercluster at z~1

Superclusters

Ásize up to 100~200 Mpc

ÁUseful objects to test cosmological model (Einasto et al. 2011; Lim & Lee 2014)

ÁShow various galaxy environment (filaments, galaxy clusters and groups)

ÁVery limited number of superclusters know z ṃ1

z > 0.9 : A special epoch of superclusters?
Á Recently, a large number of (or some) superclusters have been found at z ~ 0.9

(e.g. Swinbank 2008; Coppin et al. 2012; Faloon et al. 2013; Kim et al. 2016; Hyun et al. 2019, in prep.) 

Kim et al. 2016

z ~ 0.91

Faloon et al. 2013

z ~ 0.94

Coppin et al. 2012

z ~ 0.9

z ~ 0.9

Swinbank et al. 2007

z ~ 0.91

Lubin et al. 2000
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The limitation of the previous studies

NIR data is essential for studying high-z : 
ÅSpectral features move from Opt. to NIR

Balmer break

1.6 Stellar Bump 

z=0
Scd galaxy

E/S0

J K z=1
Scd galaxy

E/S0

J K z=2
Scd galaxy

E/S0

Not many known galaxy clusters or superclusters at z>1 
ÅLack of wide & deep and Optical ïNIR dataset 

ÅPrevious methods : FIR selected, Radio selected, Color techniques, and etc. 

Čgood methods but could make selection bias



ELAIS-N1 field

European Large Area ISO survey ïNorth 1

Strength 1 : Wide!
Å Area : 8.75 deg2 (UKIDSS)

Å RA&DEC : 16:11:00 +55:00:00 (J2000)



ELAIS-N1 field

European Large Area ISO survey ïNorth 1

Strength 2 : wide wavelength 
Å Various wavelength datasets 

from Optical to MIR

Å

(Im et al. 2019, in prep.)

Å

(Ahihara et al. 2018)

Optical

NIR MIR

: UKIDSS DXS J & K



ELAIS-N1 field

European Large Area ISO survey ïNorth 1

Strength 3 : Deep!

1. Deep optical data 
Å HSC-SSP deep (g/r/i/z/Y/NB921) : i ~ 26.5

Å Pan Starrs (g/r/i/z/Y) : i ~ 23.5

Å Canada France Hawaii Telescope (z) : z ~25.0

Å Issac Newton Telescope (U/gô/rô/Iô/Z) : U ~ 24.2

ě HSC Subaru Strategic Program
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ELAIS-N1 field

European Large Area ISO survey ïNorth 1

Strength 3 : Deep!

2. Deep NIR data 
Å The UKIRT Infrared Deep Sky Survey

: Deep Extragalactic Survey (UKIDSS ïDXS)

Å K dual mode with Source Extractor 

Å JAB = 23.1 KAB = 22.6

Å Infrared Mediumïdeep-Survey (IMS, Im et al. in prep.)

: Y/J imaging of ~ 150 deg2 extragalactic fields 

(J : UKIRT WFCAM / Y : Maidanak, McDonald+)

Å ELAIS-N1 : J band only (JAB = 23.1) 

: overlap field
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Methods

Photometric redshift

Å Using EAZY (Brammer, van Dokkum & Coppi 2008)

Å Root Mean Square Error (RMSE) : 0.031

Å Outlier Fraction (|ЎᾀȾρ ᾀ | πȢρυ: 0.163

Cluster mass estimation

Å Using mass ïrichness relation 
(Longair & Seldner 1979; Muzzin et al. 2007; Kim et al. 2016)

Å ὰέὫὓπȢυτπψὰέὫὲ ρσȢσςωψ

Stellar mass & Star formation rate

Å Using FAST code (Kriek et al. 2009)

Å Comparison between Mendel et al. 2014 (N=184) 

ЎὰέὫὓz πȢπχφρ„ πȢρψυ



Cluster Finding Algorithm

Measure galaxy density

D = 1Mpc

3ů

Galaxy density

1st candidates

Regard as single cluster

Finally, we found ~ 800 galaxy cluster/group candidates  

Å Devide redshift bins : 0.6 < z < 1.5 (z step size = 0.05)

: bin size : ᾀ ρ ᾀπȢπσρ

Å Measure number density within 500kpc for all galaxies in each redshift bin

Å Gaussian fit & select galaxies having density > 3ů

Å Reject galaxies if ‏ ‏ ͯ

Å Merge candidates identified, based on distance, z and richness
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Result I : LSSs at z~0.9

Υ {ǿƛƴōŀƴƪҌнллтΩǎ 
Supercluster at z~0.9

: Spec-z data
: Phot-z data
: Red galaxy 
: Blue galaxy
: Red core galaxy cluster
: Blue core galaxy cluster
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Result I : LSSs at z~0.9

: Supercluster from Swinbank et al. 2007 Å Spectroscopic confirmed 

5 galaxy clusters

Å ╜ Ȣ╜ṩ
Å Using DXS early data 

release 

(EDR; Dye et al. 2006)

Å Spread across 30Mpc 



Result I : LSSs at z~0.9

: Supercluster from Swinbank et al. 2007 Å Spectroscopic confirmed 

5 galaxy clusters

Å ╜ Ȣ╜ṩ
Å Spread across 30Mpc 

Å Using DXS early data 

release 

(EDR; Dye et al. 2006)

Å Color selection technique
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Result I : LSSs at z~0.9



Result I : LSSs at z~0.9

Larger
Å ~ 3 degree 

(~165 Mpc in commoving scale)

More Massive
Å ~50 galaxy Clusters/groups 

having ╜ Ȣ╜ṩ each
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Result I : LSSs at z~0.9

MMT-Hectospec in 2018A
ÁPI : Myungshin Im

ÁEarned 1 day 

Á4 configurations submitted

(minimum separation = 20ò)

Á300fibers per each configuration 

- Cluster galaxies (z~0.8, 0.9 & 0.6)

- Field galaxies

- Sky 

- 4 quasars (in prep. Shin)

Á2 configurations were observed

Spectroscopic observation
Hectospec FOV ~ 1deg



Result I : LSSs at z~0.9

Data Reduction : HSRED 

Redshift Measurement : Specpro

Total :  486 objects 

Flag 1 :  high confidence    363(75%) 

Flag 2 :  low confidence       99(20%) 

Flag 3 :  faint, featureless      10(2%) 

Flag 4 :  M type star               14(3%)

Spectroscopic observation







/      = 186/276
(67.3%)



/      = 186/276
(67.3%)



Result II : Actively SF galaxy clusters at z ~ 1

ÁEN1CL59, EN1CL1, EN1CL18 

show a 10 times higher SFR than 

other clusters at similar or lower 

redshift.

ÁThey occupy about 10% of the 

cluster candidates in mass  at 

z~1(M >1014MÞ) which are thought 

to be already quenched in star 

formation!!



Result II : Actively SF galaxy clusters at z ~ 1

Spectroscopic observation
ÁK-GMT proposal for Gemini-N in 2018A
ÁKR-2018A-013 (PI : Minhee Hyun)

ÁEarned 4.4hours 

ÁNod and Shuffle mode

ÁR150, OG 515 filter



Result II : Actively SF galaxy clusters at z ~ 1

Spectroscopic observation

Gemini-N 2018A KASI block run in May

ÁMay 17 to May 20 (4 days)

ÁObservers : Dr. Ho-Gyu Lee(KASI), Dr. Dohyeong Kim(SNU), Minhee Hyun(SNU)



Result II : Actively SF galaxy clusters at z ~ 1

But the weather wasé

Gemini-N 2018A KASI block run in May

ÁMay 17 to May 20 (4 days)

ÁObservers : Dr. Ho-Gyu Lee(KASI), Dr. Dohyeong Kim(SNU), Minhee Hyun(SNU)

https://www.youtube.com/watch?v=a36BxWJKuDY
https://www.youtube.com/watch?v=a36BxWJKuDY


Result II : Actively SF galaxy clusters at z ~ 1

However!!!

Gemini-N 2018A KASI block run in May

ÁMay 17 to May 20 (4 days)

ÁObservers : Dr. Ho-Gyu Lee(KASI), Dr. Dohyeong Kim(SNU), Minhee Hyun(SNU)



Result II : Actively SF galaxy clusters at z ~ 1
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ÁMay 17 to May 20 (4 days)
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Dr. DohyeongKim

Me


