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Ø  Ram	  pressure,	  cold	  front,	  shock,	  turbulence,	  MHD	  effects,	  dynamical	  
fric;on…	  

Ø  Free	  energy	  transfered	  from	  galaxy	  to	  ICM	  
Ø  Galaxy	  more	  and	  more	  concentrated	  than	  the	  ICM	  
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More	  individual	  case	  study?	  Galaxy	  environmental	  effect?	  ICM	  hea;ng/
turbulence	  probe?	  Metal	  mass-‐to-‐light	  ra;o?	  	  
Why	  not	  do	  more	  directly	  
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We	  study	  a	  sample	  of	   	  clusters,	  
with	  redshie	  range	  of	   .	  
The	  sample	  is	  selected	  via	  
Ø  Similar	  average	  ICM	  temperature	  

(5±2	  keV)	  
Ø  Relaxed	  X-‐ray	  morphology	  
Ø  Apparent	  central	  dominate	  galaxy	  
Ø  Offset	  between	  X-‐ray/op;cal	  peak	  

<	  0.02	  R500	  
	  
Datasets	  
Ø  UH88	  I-‐band	  image	  (PI:	  Dr.	  Inada)	  
Ø  XMM-‐Newton	  for	  z<0.5	  
Ø  Chandra	  (if	  available)	  for	  z>0.5	  
	  



Normalized	  
to	  innermost	  

Normalized	  
to	  innermost	  

filtering	  

Background	  
subtrac;on	  

Mul;-‐band	  

Field	  observa;on	  

Projec;on	  along	  	  	  
line-‐of-‐sight	  

Deprojected	  
spectral	  analysis	  

Chandra/
XMM	  data	  

3-‐D	  density	  
profiles	  

2-‐D	  mass	  
profiles	  

UH88	  photo-‐	  
metric	  data	  	  

Cosmic	  
background	  

B-‐R	  (B-‐I,	  R-‐I)	  
color-‐magnitude	  

diagram	  

2-‐D	  integrated	  
light	  profiles	  

Galaxy	  light	  vs	  
ICM	  mass	  profiles	  





Normalized	  
to	  innermost	  

Normalized	  
to	  innermost	  

filtering	  

Background	  
subtrac;on	  

Two-‐band	  

Field	  observa;on	  

Projec;on	  along	  	  	  
line-‐of-‐sight	  

Deprojected	  
spectral	  analysis	  

Chandra/
XMM	  data	  

3-‐D	  density	  
profiles	  

2-‐D	  mass	  
profiles	  

UH88	  photo-‐	  
metric	  data	  	  

Background/
foreground	  

B-‐R	  (B-‐I,	  R-‐I)	  
color-‐magnitude	  

diagram	  

2-‐D	  integrated	  
light	  profiles	  

Galaxy	  light	  vs	  
ICM	  mass	  profiles	  



Selected	  red-‐sequence	  
Central	  dominant	  galaxy	  



Schechter	  LF	  
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z=0.1-‐0.2,BS	  
z=0.1-‐0.2,CMF	  
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z=0.1-‐0.2,BS	  
z=0.1-‐0.2,CMF	  
z=0.2-‐0.5,BS	  
z=0.2-‐0.5,CMF	  
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✗  Cluster	  color	  gradient	  
✗  Over-‐luminous	  BCG	  
✗  Varia;on	  of	  galaxy	  luminosity	  by	  e.g.,	  star	  forma;on	  

z=0.1-‐0.2,CMF,same-‐RF	  
z=0.1-‐0.2,CMF	  
z=0.2-‐0.5,CMF,same-‐RF	  
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z=0.1-‐0.2,BS,total	  mass	  
z=0.1-‐0.2,BS	  
z=0.2-‐0.5,BS,total	  mass	  
z=0.2-‐0.5,BS	  
z=0.5-‐0.9,BS,total	  mass	  
z=0.5-‐0.9,BS	  

Ø  Galaxy/ICM/DM	  follow	  similar	  distribu;on	  at	  high-‐z	  
Ø  Concentra;on:	  galaxy<DM<ICM	  



FDF = -4πρtotal(GMgalaxy)2 lnΛ [erf(X)-(2X/√π)exp(-X2)] /v2 
Dynamical	  fric;on	  
	  
Ram	  pressure	   

FRP = πRInt
2 ρgv2,   RInt ~ RD 

 

Dynamical	  fric0on	  only	  effec0ve	  for	  most	  massive	  galaxies	  
0 109 2×109 3×109 4×109 5×109

10
0

10
00

20
0

50
0

0 109 2×109 3×109 4×109 5×109

10
0

10
00

20
0

50
0

r	  (
kp
c)
	  

t	  (yr)	  

Mgalaxy=1×1011 M¤ 
Dynamical friction alone 
Dynamical friction + ram pressure  
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Dynamical	  fric0on	  alone	  insufficient	  to	  explain	  the	  evolu0on	  

z=0.1-‐0.2,BS,m<1011M¤	  z=0.1-‐0.2,BS	  
z=0.2-‐0.5,BS,m<1011M¤	  z=0.2-‐0.5,BS	  
z=0.5-‐0.9,BS,m<1011M¤	  z=0.5-‐0.9,BS	  



Ø  Stellar	  component	  concentrated	  faster	  than	  the	  ICM	  from	  
z=0.9-‐0.1;	  galaxy	  light-‐to-‐ICM	  mass	  ra0os	  drop	  by	  ~2	  within	  
0.5	  R500	  

Ø  The	  evolu0on	  is	  robust	  against	  various	  redshiN-‐dependent	  
biases	  

Ø  This	  result	  provides	  important	  supports	  for	  galaxy-‐ICM	  
interac0on	  
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