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Galaxy Cluster

Q: Does the merging between galaxy clusters 

trigger/suppress star formation and 

active galactic nuclei (AGN) activity?

Galaxy Cluster
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¸ Galaxy Clusters (100-1000 galaxies)
¸ Sizeof a typical galaxy cluster : RA~1.5 Mpc

¸ Massof a typical galaxy cluster : 1013-1015 M
¸ Galaxies: 1-2 % (Lin et al. 2003)

¸ X-ray emitting Gas : 5-15 % (Vikhlinin et al. 2006)

¸ Dark matter :>80% (first suggested by Zwicky 1933)

Introduction

Bohringer (2001)

Cl 0024+17
(Jee et al. 2007)

Galaxies Gas (contours) Mass (contours)
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1. Bullet Cluster (Clowe et al. 2006)

Interesting discovery for Merging  Clusters

Clowe et al. (2006)
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2. Ring-Like Dark Matter Structure

Jee et al. (2007)

Interesting discovery for Merging  Clusters
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¸ Theoretically,

¸ A: YES (trigger)
¸ Bekki (1999) : Cluster-group merger 

Ÿ time-dependent tidal gravitational field of the merging

Ÿ stimulates non-axisymmetric perturbation in disk galaxies 

Ÿ starburst in central parts of these galaxies

¸ Kronberger et al. (2008)
Ÿ Increased ram-pressure of ICM

¸ Gnedin (2003) ; Kapferer et al. (2006)

1) Triggered Star Formation?

Kronberger et al. (2008)
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¸ Theoretically,

¸ A: NO (suppress)
¸ Fujita et al. (1999) : Cluster mergers 

Ÿ increasing ram pressure 

Ÿ suppress SF ;

(Although SF is triggered before Ram Pressure stripping occurs,

the duration is too short (<0.4Gyr) to change galaxy color!)

Fujita et al. (1999)

1) Triggered Star Formation?
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¸ Observationally,

¸ A: YES

¸ Caldwell et al. (1993): Coma cluster (ongoing merger)

¸ 30% of the early-type galaxies in SW Coma : enhanced Balmer absorption 

lines or even emission lines

¸ Starburst ceased 1Gyr ago

Contour: X -ray intensity

Filled: abnormal-spectrum galaxies

X: normal -spectrum galaxies

1) Triggered Star Formation?
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¸ Observationally,

¸ A: YES

¸ Caldwell & Rose (1997)

¸ Found abnormal-spectrum early-type galaxies 

in many other clusters, all with substructures

¸ Theses galaxies are often found in the tails of the cluster velocity 

distribution

¸ Burns et al. (1994); Miller & Owen (2003); Cortese et al. (2004, 

2006); Ferrari et al. (2005); Johnston-Hollitt et al. (2008); Hwang & 

Lee (2008)

1) Triggered Star Formation?
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¸ Observationally,

¸ A: NO

¸ Tomita et al. (1996)

¸ In A168, they 

Found NO excess of blue(SF) 

galaxiesin the region 

between two subclusters

Contour: X -ray intensity

: blue & semiblue galaxies

: normal galaxies

1) Triggered Star Formation?
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¸ Observationally,

¸ A: NO

¸ Mauduit & Mamon (2007) found that Reduced radios loudness (or 

AGN & SF activity) in the Shapley Supercluster

¸ A: YES

¸ Martini et al. (07): AGN fraction is the largest in the merging clusters

Martini et al. (2007)

Merging Clusters

2) Triggered AGN Activity?
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The diverse results might be due to

1) different merging stages

2) different initial conditions of the merging 

(e.g., cluster mass, galaxy morphology, richness of gas)

To understand the effect of the cluster merger on the galaxies in detail, 

we focus on the merging binary clusters 

of which dynamical state appears to be simple

In this study, 

We investigate (the dynamical state) andthe galaxy properties of 

two merging binary clusters(A168 & A1750) 

using a spectroscopic sample of galaxies in SDSS
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Hallman & Markevitch 2004

¸ A168

¸ Binary merging cluster at z~0.045

¸ Two subclusters seem to have passed each other and reached 

maximum expansion

¸ Late stage of cluster merger
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¸ Many late-type galaxies with SF/AGN activity

are found in the (high-density) region between two subclusters

¸ Galaxy activities appear to be triggered by cluster merger!!

Star Forming Galaxies

Active Galactic Nuclei
Quiescent GalaxiesA168

Hwang & Lee (2008)
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¸ Enhanced concentrationof the galaxies with 

SF/AGN activity (NOT for blue galaxies) 

along the line between two subclusters

¸ cf.) A168 & Coma in Tomita et al. (1996)


