50 Years of X-ray Astronomy

Black holes, compact objects Cosmic Feedback Large-scale structure
and accretion physics of the Universe
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What gets so hot?



Black holes, compact objects e Cosmic Feedback . Large-scale structure
and accre_tion physics . ' ' . S

of the Universe
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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\Aashington.b




1962: The birth of X-ray Astronomy



1962: Sco X-1

 Bruno Rossi, Riccardo
Giacconi, and
collaborators

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

« A maximum altitude of 22
km and was above 80 km
for a total of 350 seconds.
Traveled almost due north K
for a distance of 120 km. .\
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EVIDENCE FOR X RAYS FROM SOURCES OUTSIDE THE SOLAR SYSTEM"*

Riccardo Giacconi, Herbert Gursky, and Frank R. Paolini
American Science and Engineering, Inc., Cambridge, Massachusetts

and

Bruno B. Rossi
Massachusetts Institute of Technology, Cambridge, Massachusetts
(Received October 12, 1962)

Data from an Aerobee rocket carrying a pay- ter was placed in a well formed by an anticoinci-
load consisting of three large area Geiger coun- dence scintillation counter designed to reduce the
ters have revealed a considerable flux of radia- cosmic-ray background. The experiment was in-
tion in the night sky that has been identified as tended to study fluorescence x rays produced on
consisting of soft x rays. the lunar surface by x rays from the sun and to

The entrance aperture of each Geiger counter explore the night sky for other possible sources.
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LMXB — donor star 0.42M solar




* Also discovered the X-ray background



Riccardo Giacconi
receives 2002 Physics
Nobel Prize from King
of Sweden




Uhuru 1970

* First comprehensive
survey of the entire sky

for X-ray sources Big Tl
* Discovery and detailed '} 1}?;5%

study of the pulsing AR [ TaE=F

accretion-powered e M

binary X-Ray sources  puma=s
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
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Cygnus X-1

M = 16 solar masses

Outflow

Accretion
disk

Infalling matter

Cygnus X-1

Supermassive
black hole




Accretion disk

Radio Infrared vlmb]ﬂ x. ra}r

Infrared Visible

% Really
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Bremsstrahlung
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4 Nested Paraboloids
4 Nested Hyperboloids Jv )
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Reflected
X-rays
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10 meters

Mirror elements are 0.8 m long and from 0.6 m to 1.2 m diameter




Einstein — 1978 (NASA)
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Einstein Chandra

Crab Nebula

Einstein Chandra
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ROSAT 1990 (German, UK, US)




ROSAT All Sky Survey

ROSAT PSPC
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FIRST X-RAY IMAGE OF A COMET
Comet Hyakutake - C/1996 B2 ROSAT HRI

March 27, 1996

10 arcimin
1

55 000 Km

C. Lisse, M. Mumma, NASA GSFC
K. Dennerl, J. Schmitt, J. Englhauser, MPE




Charge Exchange




ASCA — 1993 (Japan)

ASCA | ASTRO-D
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ASCA — Broad iron line
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MCG—6-30-15 (z = 0.008): first AGN with relativistic disk line



NMOMN=-SPIMMNING BLRCIK HOLE

4 & 4 =
ENERGY (keV) ENERGY (keV)




The modern era: 1999-present

SHOCK FRONT
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BULLET-SHAPED HOT GAS




Chandra 1999 -present (NASA)
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e 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
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We would expect:



We would expect:
» Entropy of central gas to decrease



We would expect:
» Entropy of central gas to decrease

* Central gas then compressed by
surrounding gas
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« =>Central gas flows inwards



We would expect:
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» Gas temperature drops rapidly to <10,000K



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



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

* [nwards flow of up to 1000 solar mass /yr



 Rates of observed star formation too low



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



Isobaric Multiphase Cooling Flow Model
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Perseus cluster MS0735.6+7421
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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.
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Athena: Europe plans huge X-ray space
telescope

By Jonathan Amos
Science correspondent, BBC Mews

ATHENA+ COLLABDRATION

The Athena concept has been under study for several yvears already
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ATHENA — silicon pore optics




ATHENA — silicon pore optics
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ATHENA +
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The Science Theme motivating the Athena+ mission




ATHENA +

Key questions for observational
astrophysics in 2028

1. How does ordinary matter assemble into the large scale structures we see today?
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NASA - SMART-X
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* Slumped glass
mirror
technology.

e Lots of A
concentric very
thin mirrors.
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Fig. 2— Bimorph adjustable
mirror concept. Voltage ap-
plied across the PZT (red)
produces a strain parallel to
the mirror surface, yielding
a localized deflection.
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Chandratakes X-ray Astronomy from 1ts
‘Galileo’ era to 1ts “Hubble’ era 1n a single leap

01"
Hubble Space
. Galileo Telescope \ N
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+— Dawn of History
1600 1700 1800 1900
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Sharpest Detail detectable

X-rav astronomy took just 40 vears to match 400 vears of optical astronomy
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