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Red-sequence galaxies at  
z<1



Talk Plan

‣ Introduction!
‣ Red-sequence (RS) galaxies!
‣ HSC survey!
!

‣ Application of RS galaxies!
‣ Testing Photometry for extended source!
‣ cluster finder comparison!
‣ faint end behavior of the RS!
‣ population of galaxies in cluster!
‣ cluster outer mass profile!
!

‣ Summary



red-sequence (RS) galaxies
Loh++ 2008

‣ Tight distribution in the color-mag plane!
‣ Probes of the precision of the photometry for extended 

sources!
‣ Mainly located in a cluster of galaxies!
‣ σ = σint + σphoto



redshift evolution of the red-sequence galaxies
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‣ cluster members from SDSS!
‣ object matching by RA, DEC to 

assign HSC colors.!
‣ K-correction or narrow z-bin

‣ RS galaxies beautifully follow the 
E-type galaxy evolutional track.!
‣ Optimal color choice to define the 

RS naively depends on the 
location of the 4000A break.



Hyper Suprime-Cam (HSC)

‣HSC is a large CCD detector installed on 
the Subaru 8m telescope in Hawaii.!
‣1.77 deg^2 FoV!
‣6 filters available in the filter slot!
‣Actuator controls 3.2t weight in um accuracy!
‣2.3GB/exposure



HSC survey

‣Three strategies !
‣HSC-W:1,400 deg2, i<25.9!
‣HSC-D:25 deg2, i<26.8!
‣HSC-UD: 3.5 deg2, i<27.4 !

‣300 nights over 5 years !
‣started Feb. 2014!
‣~60 nights finished

‣Main science : Gravitational Lensing!
‣Cosmic shear, g-g lensing, strong lens!
‣cluster and galaxy sciences!
‣SN, AGN, transients, solar system!

‣300 nights over 5 years !
‣started Feb. 2014!
‣~60 nights finished
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HSC first science paper



HSC Data (fully overlapped with SDSS)
‣XMMLSS region (ver. S15A_pre)

‣Three GAMA regions (ver. S15A prelim.)

‣Data released at Feb. 10, 2015!
‣Cmodel mags at the crowded regions 

unavailable (deblending, model fitting issues)!
‣Large photometric error (at bright end)!
‣30 clusters at z<0.6 (SDSS cluster)!
‣500 clusters at z < 1.1 (HSC clusters)

‣Data released at Sep. 1, 2015!
‣Cmodel mags, photometric errors seem improved (thanks to software team)!
‣200 clusters at z<0.6 (SDSS), ~1000 clusters at z<1.1 (HSC)

©Naoki Yasuda



Flux measurements of galaxies

‣Aperture mag

‣Model mag

-apt. size fixed!
-easy to implement!
-noisy!
-never total mag

‣Kron mag
-apt. size adaptive!
-easy to implement!
-2Rk contains 

>90% fluxes!
-TH func. doesn't fit 

the light profile

-fit the profile by 
either deV. or Exp.!

-size and amplitude!
-allow ellipticity

‣C-model mag
-fit with composite 

model!
-should be optimal 

for extended 
sources

‣PSF mag -should be optimal 
for point sources

Exp.

deV.



SDSS(model_mag) vs HSC(cmodel_mag)
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‣ color-term correction with CWW Elliptical galaxy template!
‣ σSDSS = 0.14, σHSC= 0.09 (0.30 < z < 0.35)!
‣ σSDSS = 0.26, σHSC= 0.17 (0.35 < z < 0.40)!
‣ almost intrinsic scatter for HSC

g � zi� CMODEL MAG i� CMODEL MAG

~1000 galaxies

~1200 galaxies



SDSS vs HSC - visual inspection -

SDSS composite image(r’<21) HSC composite image (i<25)

rich cluster at z=0.41, λ=101 !
(RA,DEC)=(130.591168, +1.640672)

http://skyserver.sdss.org/dr12/en/tools/chart/navi.aspx https://hscdata.mtk.nao.ac.jp:4443/hsc_ssp/dr_early/skymaps-s15a/

2 Mpc/h



HSC(cmodel_mag) vs HSC (other mag system)
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HSC(cmodel_mag) vs HSC (other mag system)
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HSC(cmodel_mag) vs HSC (other mag system)
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HSC(cmodel_mag) vs HSC (other mag system)
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HSC(cmodel_mag) vs HSC (other mag system)



beyond the red-sequence : Is cluster finder robust?



beyond the red-sequence : Is cluster finder robust?



beyond the red-sequence : Is cluster finder robust?

©Anu More(IPMU)

Two cluster finders point same cluster but identification of 
member galaxies is not always consistent with each other.



beyond the red-sequence : composite cluster

クラスタ領域

ブランク領域

bg/fg subtraction
Hansen++ 2008!
Loh++2008!
Gilbank++2007!
Hao++2009

x (面積因子)

n
obs

(m,C, z) = n
cl

(m,C, z) + n
bg

(m,C)

ñbg(m,C) =
⌦2cl

⌦3cl
nbg(m,C)



galaxy population in the cluster regions (z~0.2)

cluster regions blank regions

subtracted S/N map



銀河団境界領域
More++2015

Adhikari++2014

splashback radius:!
最初に到達した遠日点

̶  virial radi. 
- -  sprashback

動
径
方
向
の
速
度

中心からの半径

低降着率 高降着率



Diemer & Kravtsov 2014

‣r > Rspで急激な密度飛躍!

‣密度プロファイルは質量降着
率 Γ に大きく依存

銀河団境界領域の密度プロファイル
密
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銀河団プロファイル(SDSS)

Patej & Loeb 2015



銀河団プロファイル(HSC) by スタック解析

z=0.3!
Γ=3.8

z=0.4!
Γ=0.1

z=0.8!
Γ=0.0



red fraction：赤い(古い)銀河の割合

Loh++ 2008

‣赤い銀河ほどより中心部にいる!
‣赤い銀河の割合はhihg-z (できて間もない)銀河団では小さい



red fraction：赤い(古い)銀河の割合

z=0.3 z=0.3 z=0.3

z=0.6 z=0.6 z=0.6

z=0.8 z=0.8 z=0.8

r=0.1 R200 r=R200 r=2 R200



summary

‣ Red-Sequence (RS) galaxies are used to probe a precision of 

the photometry.!

‣ Compared with SDSS, HSC shows very accurate photometry.!

‣ Composite cluster method with background subtracted can be 

used for extend the analysis to fainter magnitude, higher 

redshifts, where HSC photometry is comparable or larger than 

the RS intrinsic scatter.!

‣ Composite cluster method can be applied to measure the 

density profile of the cluster, red fraction…!

‣ Density jump at ~2R_200 is found


