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Outline

Einstein/Rosat Era:
-star formation & the cooling flow problem
-star formation histories inconsistent with 
steady cooling   
Chandra & XMM Era:
-star formation associated with cool X-ray gas
-cooling rates & star formation rates 

converging 
-reduced, self-regulated cooling
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Blue Color Correlates with Einstein/Rosat Cooling Rates
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Star Formation Histories

• Burst population: ages ~10 Myr or less
• Continuous or extended star formation with ages ~100 Myr  
• Star formation rates ~ 1%-10% of ROSAT cooling rates

Inconsistent with long-lived, continuous 
star 
formation in a classical cooling flow

The “Cooling Flow Problem”



Starburst in Abell 1068

SFR~70 Mo yr-1

LIR=1045.2 erg s-1

MH2=2x1010 Mo
(Edge 01)

Lrad=1039.8 erg s-1

LSN=1043.2  erg s-1

Lcool=1044.1 erg s-1

M < 140 Mo yr-1
.

McNamara, Wise, Murray 04



Star Formation Peaks in Regions of 
Short Cooling Time

95% of UV photons

5x108 yr

Cooling
time

Abell 1068

108

RadiusWise, McNamara, Murray 04



Star Formation Associated with X-ray 
Filaments

Abell 1795

X-ray: Fabian et al. (2001)  Nebular emission: Cowie et al. (1983)

Star formation: McNamara et al. (1996)



Newton: Upper limits on Cooling

Standard 
model

Best fit

Cooling limits ~ 5-10 times lower than 
Einstein/ROSAT

O VIII

Peterson et al. 2003



Cooling vs Star Formation



Cooling vs Star Formation

A2052

Hydra A
A1068

A2597

A1795



What is heating the gas?

• Heat conduction from hot outer layers
• Star formation: supernova explosions
• Cosmic rays

Radio-induced cavities



Feedback

McNamara et al. 00

McNamara et al 01

Abell 2597

Abell 2052

Hydra A
Blanton et al. 01



X-ray Luminosity  vs Mechanical 
Luminosity
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Cooling Luminosity vs Mechanical 
Luminosity
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Classical Cooling Flow

A1068



SummarySummary
Star Formation Histories

• Burst mode of star formation t* ~ 107 yr
• Continuous mode t* ~108 yr
• Inconsistent with continuous accretion for >109 yr

New Trends from Chandra/XMM
• Star formation follows regions where tc < 5x108 yr
• Star formation rates and cooling rates converging
• Heating important in many objects

Self-regulated Galaxy Formation


