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X-ray spectroscopy 
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X-ray spectroscopy 



29 

X-ray polarimetry 

Costa et al. 2001 
Costa et al 2001 
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X-ray polarimetry 



31 

X-ray imaging 

Crab nebula, 2.5”, 0.3 – 3 keV 





33 

X-ray spectroscopy 

The Fe line profile of K-alpha in the X-ray emission from the active nucleus  
of the galaxy MCG 6-30-15 in the constellation Centaurs is powered by  
matter accreting into a black hole. 
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ROSAT results 

The ROSAT All-Sky Survey Bright Source Catalogue (RASS-BSC, revision 1RXS) is derived from 
 the all-sky survey performed during the first half year of the ROSAT mission in 1990/91.  
18,811 sources are catalogued, with a limiting ROSAT PSPC countrate  
of 0.05 cts/s in the 0.1-2.4 keV energy band.  
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ROSAT 

The scientific payload consists two coalligned scientific experiments, the The X-Ray Telescope which is used in conjunction  
with one of the focal plane instruments:  
• The Position Sensitive Proportional Counter  
• The High Resolution Imager  
and the The Wide Field Camera which has its own mirror system and star sensor.  
ROSAT provides a ~ 2 degree diameter field of view with the PSPC in the focal plane, and ~ 40 arcmin diameter field of view  
with the HRI in the focal plane. The ROSAT mission began with a six-month, all-sky PSPC survey,  
after which the satellite began a series of pointed observations that continued for the duration of the project.  

http://www.mpe.mpg.de/xray/wave/rosat/ 
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ROSAT results 

The ROSAT All-Sky Survey Bright Source Catalogue (RASS-BSC, revision 1RXS) is derived from 
 the all-sky survey performed during the first half year of the ROSAT mission in 1990/91.  
18,811 sources are catalogued, with a limiting ROSAT PSPC countrate  
of 0.05 cts/s in the 0.1-2.4 keV energy band.  
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RXTE http://heasarc.gsfc.nasa.gov/docs/xte/xtegof.html 

The Rossi X-ray Timing Explorer (RXTE) was launched on December 30, 1995.  
RXTE features unprecedented time resolution in combination with moderate spectral resolution  
to explore the variability of X-ray sources. Time scales from microseconds to months are covered 
in an instantaneous spectral range from 2 to 250 keV.  
Originally designed for a required lifetime of two years with a goal of five, it operated up to 2012  

The	  lowest-‐mass	  known	  black	  hole	  belongs	  to	  a	  binary	  system	  named	  
XTE	  J1650-‐500.	  The	  black	  hole	  has	  about	  3.8	  Hmes	  the	  mass	  of	  our	  
sun,	  and	  is	  orbited	  by	  a	  companion	  star	  
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BeppoSAX http://www.asdc.asi.it/bepposax/ 

•  Energy Range 0.1 to 200 keV  
•  Imaging capabilities (1') in the range of 0.1-10 keV.  
•  High energy (3-300 keV)  
•  Narrow fields and point in the same direction (Narrow Field Instruments, NFI).  
•  Monitoring large regions of the sky with a resolution of 5' in the range 2-30 keV  
  - two coded mask proportional counters pointing in diametrically opposed directions  
  perpendicular to the NFI 
•  Anticoincidence scintillator shields of the PDS will be used as a gamma-ray burst monitor  
  in the range 60-600 keV.  
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BeppoSAX results 

The Galactic Centre has been observed with the Beppo SAX Wide Field Camera 1 (WFC1) in August 1996. 
Here an image is shown of the 40 degrees by 40. The observation period was from 22-8-1996 07.54 UT through to 23-8-1996 11.38 UT,
 while the effective exposure totalled about 51 kiloseconds. The number of accepted events was 1.7955 x 10^7 in the energy
 range of 5.4 - 11.3 keV.  The legenda for the galactic centre source indicated with a yellow star (1E1743.1-2843), is given at lower right in 
the image.���
���
To our knowledge this is the largest field ever imaged in X-rays in a single pointing. 
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Chandra X-ray Telescope 

http://chandra.harvard.edu/ 

High resolution mirror 
two imaging detectors 
two sets of transmission gratings.  
Spatial resolution: 0.5” 
Good sensitivity from 0.1 to 10 keV 
High spectral resolution E/ΔE = 1000 
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XMM-Newton 
http://sci.esa.int/xmm-newton/ 

XMM carries the X-ray telescopes with the largest effective area. 
58 thin nested mirror shells in each X-ray telescope.  
Moderate and high spectral resolution. 
Simultaneous optical/UV observations  
Spatial resolution: 6” 
Energy Range 0.2 to 12 keV 
High Spectral resolution at LowE E/ΔE = 300 
Wide FoV 
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Comparison 
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Chandra results 

The galaxy cluster Abell 2029 is composed of thousands of galaxies (optical image)  
enveloped in a gigantic cloud of hot gas (X-ray image) 

 



44 

Chandra results 

The left side of the above graphic shows portions of X-ray spectra from a subset of  
50 black holes about 9 billion light years away (upper panel), and another group of 22  
black holes that are about 11 billion light years away (lower panel).  
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Chandra results 

The Tycho and G292.0+1.8 supernova remnants show expanding debris from an exploded star  
and the associated shock waves.The images of the Crab Nebula and 3C58 show how neutron  
stars produced by a supernova can create clouds of high-energy particles. 



XMM results 
•  The	  XXL	  project,	  

the	  largest	  XMM-‐
Newton	  observing	  
programme	  to	  
date,	  set	  itself	  the	  
ambiHous	  task	  of	  
mapping	  galaxy	  
clusters	  back	  to	  a	  
Hme	  when	  the	  
Universe	  was	  just	  
half	  of	  its	  present	  
age.	  Its	  aim	  was	  to	  
trace	  the	  evoluHon	  
of	  the	  large-‐scale	  
structure	  of	  the	  
Universe.	  

46 
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XMM results 

Components of the 
galaxy cluster Abell 
2744, also known as 
the Pandora Cluster: 
galaxies (white), hot 
gas (red) and dark 
matter (blue). 
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X-ray science highlights 
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X-ray science highlights 

This image provides a view of the activity in the inner region 
around the Crab Nebula pulsar, a rapidly rotating neutron star 
seen as a bright white dot near the center of the images. 
 
A wisp can be seen moving outward at half the speed of light  
from the upper right of the inner ring around the pulsar.  
The wisp appears to merge with a larger outer ring that is visible  
in both X-ray and optical images. 
 
  
The inner X-ray ring consists of about two dozen knots that form,  
brighten and fade. As a high-speed wind of matter and 
antimatter  
particles from the pulsar plows into the surrounding nebula, it 
creates  
a shock wave and forms the inner ring.  
Energetic shocked particles move outward to  
brighten the outer ring and produce an extended X-ray glow. 
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X-ray science highlights 

This close-up of M87 shows the region surrounding  
the jet of high-energy particles in more detail.  
The jet is thought to be pointed at a small angle to the  
line of sight, out of the plane of the image.  
This jet may be only the latest in a series of jets  
that have been produced as magnetized  
gas spirals in a disk toward the supermassive black hole 
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X-ray science highlights 
This image shows a computer simulation of a 
large volume of the Universe.  
An XMM-Newton X-ray image of a real galaxy 
cluster from the study is superimposed to 
illustrate the formation of galaxy clusters in the 
densest parts of the universe.  
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Dark Matter and Cosmo Simulations 

http://www.illustris-project.org hRp://www.tng-‐project.org	  
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Dark Matter and Cosmo Simulations 

http://arxiv.org/pdf/1209.5745v2.pdf 



Suzaku	  
•  Suzaku	  launched	  on	  July	  10,	  2005.	  Before	  launch	  it	  was	  called	  Astro-‐E2,	  and	  the	  name	  was	  

changed	  to	  Suzaku	  shortly	  aXer	  the	  successful	  launch.	  
	  
•  Suzaku’s	  four	  CCD	  cameras	  for	  low-‐energy	  X-‐rays	  and	  detector	  for	  high-‐energy	  X-‐rays	  conHnue	  

to	  study	  the	  X-‐ray	  sky.	  In	  scienHsts’	  words,	  Suzaku	  is	  designed	  for	  “broad-‐band,	  high-‐sensiHvity,	  
high-‐resoluHon”	  spectroscopy.	  	  

hRp://www.isas.jaxa.jp/e/enterp/missions/suzaku/	  



NuSTAR	  

hRp://www.nustar.caltech.edu/	  

•  The	  NuSTAR	  (Nuclear	  
Spectroscopic	  Telescope	  
Array)	  mission	  has	  
deployed	  the	  first	  orbiHng	  
telescopes	  to	  focus	  light	  in	  
the	  high	  energy	  X-‐ray	  (3	  -‐	  
79	  keV)	  region	  of	  the	  
electromagneHc	  
spectrum.	  Our	  view	  of	  the	  
universe	  in	  this	  spectral	  
window	  has	  been	  limited	  
because	  previous	  orbiHng	  
telescopes	  have	  not	  
employed	  true	  focusing	  
opHcs,	  but	  rather	  have	  
used	  coded	  apertures	  that	  
have	  intrinsically	  high	  
backgrounds	  and	  limited	  
sensiHvity.	  



MAXI	  
The	  Monitor	  of	  All-‐sky	  X-‐ray	  Image,	  MAXI,	  is	  
the	  first	  experiment	  installed	  on	  the	  
Japanese	  Experiment	  Module	  Exposed	  
Facility	  (JEM-‐EF	  or	  Kibo-‐EF)	  on	  the	  
InternaHonal	  Space	  StaHon	  (ISS)	  and	  the	  first	  
high	  energy	  astrophysical	  experiment	  placed	  
on	  the	  space	  staHon.	  
	  
The	  main	  objecHves	  of	  MAXI	  are	  early	  
detecHon	  of	  X-‐ray	  transient	  events,	  and	  
monitoring	  the	  intensity	  fluctuaHon	  of	  
known	  X-‐ray	  sources	  over	  long	  periods	  by	  
scanning	  the	  all	  sky	  in	  soX	  and	  hard	  X-‐ray.	  
•  two	  semi-‐circular	  arc-‐shaped	  X-‐ray	  slit	  

cameras	  with	  wide	  FOVs.	  In	  the	  92	  
minutes	  it	  takes	  the	  ISS	  to	  orbit	  the	  
earch,	  MAXI	  gets	  a	  360	  deg	  image	  of	  the	  
enHre	  sky.	  

•  two	  kinds	  of	  X-‐ray	  detectors,	  collecHng	  
events	  from	  the	  slit	  cameras:	  a	  gas	  
proporHonal	  counters,	  the	  Gas	  Slit	  
Camera	  (GSC;	  2-‐30	  keV),	  and	  a	  X-‐ray	  
CCD,	  Solid-‐state	  Slit	  Camera	  (SSC;	  0.5-‐12	  
keV).	  

hRps://heasarc.gsfc.nasa.gov/docs/maxi/	  



Astro-‐H	  –	  Hitomi	  

hRp://astro-‐h.isas.jaxa.jp/en/	  



Astro-‐H	  –	  Hitomi	  

hRps://arxiv.org/pdf/1607.04487.pdf	  



XRISM	  

hRps://heasarc.gsfc.nasa.gov/docs/xrism/	  



NICER	  

hRps://heasarc.gsfc.nasa.gov/docs/nicer/	  



ASTROSAT	  
hRps://www.isro.gov.in/SpacecraX/astrosat	  

hRps://astrobrowse.issdc.gov.in/astro_archive/archive/Home.jsp	  



HMXT	  

hRp://www.hxmt.org/index.php/enhome	  



eROSITA	  

hRps://www.mpe.mpg.de/eROSITA	  



IXPE	  

hRps://wwwastro.msfc.nasa.gov/ixpe/	  



IXPE	  

hRps://www.nasa.gov/mission_pages/ixpe/news/nasa-‐s-‐ixpe-‐sends-‐first-‐science-‐image.html	  



XIPE	  

hRp://www.isdc.unige.ch/xipe/	  



LOFT	  

hRp://www.isdc.unige.ch/loX/	  



eXTP	  

hRp://www.isdc.unige.ch/extp/	  



Athena	  

hRps://www.the-‐athena-‐x-‐ray-‐observatory.eu	  


