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What gets so hot?



  



  



  

1948: X-rays from the Sun
● X-rays were detected from the Solar corona by 

Herb Friedman and collaborators at the US 
Naval Research Lab (in Washington DC).



  

1962: The birth of X-ray Astronomy



  

1962: Sco X-1                         
● Bruno Rossi, Riccardo 

Giacconi, and 
collaborators 

● Successfully launched a 
detector to look for X-ray 
emission from the moon 
using Aerobee rocket

● A maximum altitude of 225 
km and was above 80 km 
for a total of 350 seconds. 
Traveled almost due north 
for a distance of 120 km.



  



  



  



  

LMXB – donor star 0.42M_solar



  

● Also discovered the X-ray background



  



  

Uhuru 1970                                     
● First comprehensive 

survey of the entire sky 
for X-ray sources

● Discovery and detailed 
study of the pulsing 
accretion-powered 
binary X-Ray sources 
such as Cen X-3, Vela 
X-1, and Her X-1, the 
identification of Cygnus 
X-1, the first strong 
candidate for an 
astrophysical black hole



  

Cygnus X-1                                  



  

Accretion disk



  



  

Bremsstrahlung



  



  



  

Einstein – 1978 (NASA)



  



  



  

ROSAT 1990 (German, UK, US)



  

ROSAT All Sky Survey



  



  



  



  



  

ASCA – 1993 (Japan)



  



  

ASCA – Broad iron line



  



  

The modern era: 1999-present



  

Chandra 1999-present (NASA)



  



  



  

● The smoothest and cleanest mirrors ever made.
● Imagine making the surface of the Earth so 

smooth that the highest mountain was less than 
two meters (78 inches) tall! 

● 1 tonne of glass for 400 sq cm of area.



  



  



  

XMM-Newton 1999-present (ESA)



  

A very brief history of cooling flows 



  

Sharply peaked X-ray 
surface brightness 

Fabian 1994, White et al. 
1994



  

Central temperature 
decline 

Abell 478, White et al. 1994



  

Cooling time much shorter 
than Hubble time 

Abell 478, White et al. 1994



  

Cooling time much shorter 
than Hubble time 

Voigt & Fabian 
(2004)



  

A brief history of cooling 
flows 

We would expect:
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A brief history of cooling 
flows 

We would expect:
● Entropy of central gas to decrease
● Central gas then compressed by 

surrounding gas
● =>Central gas flows inwards 
● Gas temperature drops rapidly to <10,000K
● Condenses on central galaxy
● Inwards flow of up to 1000 solar mass /yr



  

However...

● Rates of observed star formation too low



  

However...

● Rates of observed star formation too low
● Problems fitting soft X-ray emission



  

XMM RGS

A1835,
Peterson et al. 
(2001)



  

Chandra - cavities

Perseus cluster MS0735.6+7421



  

Chandra – unravelling 
AGN feedback

Fabian et al. (2006)



  



  



  

The Future of X-ray Astronomy



  

The Future of X-ray Astronomy
● Need bigger effective area
● Need way of making a huge number of very 

fine, very smooth concentric mirrors
● Needs to be lightweight
● We can't just make a 'bigger version' of 

Chandra.



  



  

ATHENA – silicon pore optics
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ATHENA – silicon pore optics



  



  



  



  

NASA - SMART-X
● Slumped glass 

mirror 
technology.

● Lots of 
concentric very 
thin mirrors.



  



  



  

Thank you
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