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X-ray Astronomy – some history:



  

1895 – Wilhelm Conrad Roentgen (1845-1923) discovered X-rays.
            He had indicated the use of X-rays in medicine.
1901 – Roentgen got the first Nobel Price in physics.  



  

Two most important use of X-rays on the Earth:

1) X-rays transmit through the materials which are not 
    transparent to the optical light. 



  

Two most important use of X-rays on the Earth:

1) X-rays transmit through the materials which are not 
    transparent to the optical light.

2) X-rays remove electrons from innermost atomic levels.  



  

Atmosphere is not transparent to X-rays



  

1946 – Herbert Fridman had put Geiger-Muller proportional 
            counter on the board of V2 rocket. First weak emission 
            from the SUN was observed. 



  

1946 – Herbert Fridman had put Geiger-Muller proportional 
            counter on the board of V2 rocket. First weak emission 
            from the SUN was observed. 

1951 – Hans Wolter proved that X-rays can be focus when
            reflecting them on hyperbolic and parabolic mirror 
            system – incident grazing mirrors. 

0.1  keV   -   100  keV0.1  keV   -   100  keV
10106 6  K       -   10 K       -   1099 K K

Wolter mirrors focus 
photons of energies 
up to 10-12 keV.

Emax∝ f



  

1962 – Riccardo Giacconi from Cambridge built proportional 
            counter (2-10 keV) on the board of AEROBEE rocket. 
            the first X-ray source outside Solar System, Scorpius X-1,
            was detected. In addition, X-ray diffuse radiation from all
            directions was found.  



  

1962 – Riccardo Giacconi from Cambridge built proportional 
            counter (2-10 keV) on the board of AEROBEE rocket. 
            the first X-ray source outside Solar System, Scorpius X-1,
            was detected. In addition, X-ray diffuse radiation from all
            directions was found.  Giacconi got the Nobel Price in 2002.



  

                    Two types of X-ray satellites:

Type I  - detector arrays:                      

                                   Eff. Area 
                                   is large:

                                   RXTE
                                   0.65 m2

                                            LOFT
                                            8.5  m2

                                                                             



  

                    Two types of X-ray satellites:

Type I  - detector arrays:                      Type II – X-ray telescopes     
                

                                   Eff. Area 
                                   is large:

                                   RXTE
                                   0.65 m2

                                            LOFT
                                            12  m2

                                                                             



  

  

UHURU 1970
EINSTAIN 1978

ASCA  1993

EXOSAT 1983

RXTE 1995-2012

ROSAT 1990-1999

GINGA 1987



  

CHANDRA  1999,  r < 1''  

INTEGRAL  2002,    r <  22'', up to 10 MeV,                       SUZAKU   2005,   r < 1.5'

XMM-NEWTON  1999, r<16''

Currently, 
over 10 
active X-ray
satellites 
operate 
in space. 



  

NuSTAR,  3 – 79  keV,  f = 12 m



  

NuSTAR,  3 – 79  keV,  f = 12 m.          SUN in hard X-rays.



  

C/1999 S4 LINEAR
CHANDRA  2000

Blue – CHANDRA 2008
Planetary Nebula Cat Eye

Crab Nebula - CHANDRA

SNR – Tycho, CHANDRA

M81



  

Cosmology starts with X-ray background detected by ROSAT



  

Jupiter – CHANDRA 
and HST

Centaurus A – active galaxy, CHANDRA 2008



  

Physics behind X-ray emission from the Universe:

●  Primary emission:

1) Bremsstrahlung
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Physics behind X-ray emission from the Universe:

●  Primary emission:

1) Bremsstrahlung 2) Synchrotron radiation

3) Inverse Compton scattering – when soft photons 
    (E < 0.1 keV) scatter with hot electrons (107 K)
    Energy goes from electrons to photons. 



  

Physics behind X-ray emission from the Universe:

●  Secondary emission:

1)  Fluorescent emission – when relatively cold matter is illuminated by hard 
                                              X-ray source, 



  

Physics behind X-ray emission from the Universe:

●  Secondary emission:

1)  Fluorescent emission – when relatively cold matter is illuminated by hard 
                                              X-ray source, 

2)  Collisional emission -  due to the collisions with fast plasma particles. 



  

Day side of MOON illuminated by solar wind – CHANDRA 2003 

Mars seen in the 
fluorescent 
oxygen line 
CHANDRA 2001 
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ATHENA  is a new generation X-ray Telescope

Willingale et al. 2013,  supporting paper  

1 m2



  

ATHENA  is a new generation X-ray Telescope

Willingale et al. 2013,  supporting paper  

1 m2



  

● The large collecting area is achieved using the

combination of millions of pores in hundreds of modules.

● The angular resolution is achieved by precise control 

of the figure and alignment of the reflecting surfaces 

during the manufacture of the stacks.

Silicon Pore Optic – SPO   Mirrors on ATHENA 



  

The wide field of view is possible because the rib spacing can be optimized and it is easy to 
arrange the modules so they approximate the optimum Wolter-Schwartzschild geometry.

Silicon Pore Optic – SPO   Mirrors on ATHENA 



  

ATHENA  is a single telescope with fixed 12m focal length
using ESA Silicon Pore Optics

5” (3”) resolution

Two  X-ray detectors in the focal plane:

1.   X-IFU – X-ray Integral Field Unit       0.3-12. keV 
      
2.   WFI – Wide Field Monitor       0.1-15. keV 



  

      X-IFU – 0.3-12. keV  is an array of 
                   Transition Edge Sensors (TES) 
                   working as micro-calorimeters

The absorption of an X-ray photon heats both the absorber and the 
sensor. The resulting signal represents the total energy deposited. 
The system goes back slowly to its original state through a weak 
thermal link with a heat sink.



  

      X-IFU – 0.3-12. keV  is an array of 
                   Transition Edge Sensors (TES) 
                   working as micro-calorimeters

TES Array – X-ray Microcalorimeter Spectrometer  (XMS)

The detector consists of an array of 3840 absorbers, 
limited  FoV  -  5' x 5'  (goal is 7' x 7')

Count rate capability – 1 mCrab point source                     
                                       with 90% , high-resolution events 
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Count rate capability – 1 mCrab point source                     
                                       with 90% , high-resolution events 



  

      X-IFU – 0.3-12. keV  is an array of 
                   Transition Edge Sensors (TES) 
                   working as micro-calorimeters

The sensor is coupled to a 50 mK bath. The instrument life time 
will not be limited by consumables as a combination of different, 
cryogen free, cooling techniques will be used.



  

JAXA three times tried to build micro-calorimeter:

2000 – ASTRO-E has been lost in the ocean during launch.
 



  

JAXA three times tried to build micro-calorimeter:

2000 – ASTRO-E has been lost in the ocean during launch.
2005 – SUZAKU (ASTRO-EII) has lost all liquid helium, and 
            micro-calorimeter does not work. 



  

JAXA three times tried to build micro-calorimeter:

2000 – ASTRO-E has been lost in the ocean during launch.
2005 – SUZAKU (ASTRO-EII) has lost all liquid helium, and 
            micro-calorimeter does not work. 
2016 – ASTRO-H, launched on Feb. 2016, renamed as HITOMI, 
            lost on March 2016 due to the software mistake. 



  

HITOMI team NATURE paper issued at July 2016:
- emission from Perseus galaxy cluster with lines !!!

Emission triplet from helium-like Fe ions. 



  

HITOMI team NATURE paper issued at July 2016:
- emission from Perseus galaxy cluster with lines !!!

Emission triplet from helium-like Fe ions. 

Comparison with SUZAKU



  

WFI –  0.1-15. keV  is an array of
          Si-based DePFET – Depleted P-channel Field Effect   
          Transistor  - Active Pixel Sensor (APS) 

The DePFET is a combined detector-amplifier structure. Here, 
incident X-ray photons interact with the Si bulk material, and the 
resulting electron-hole pairs are separated.

ΔE = 150 @  6 keV



  

WFI –  0.1-15. keV  is an array of
          Si-based DePFET – Depleted P-channel Field Effect   
          Transistor  - Active Pixel Sensor (APS) 

256x256 pixels construct  wide FoV 40' x 40' and will in particular 
allow high-time resolution observations of bright X-ray sources. 
With a readout time of 8 µs in window mode and a count rate 
capability of >1 Crab with 80% throughput.



  

WFI –  0.1-15. keV  is an array of
          Si-based DePFET – Depleted P-channel Field Effect   
          Transistor  - Active Pixel Sensor (APS) 



  

Effective area of the ATHENA mission:



  



  

Nandra et al. ESA presentation  



  

Key questions for observational astrophysics in 2028 

• How does ordinary matter assembles in large scale 
structures that we see today ?

• Most of the ordinary matter in the Universe is locked in 
gas at X-ray temperatures 

• How do black holes grow and shape the Universe?

• 15 % of the (luminous) energy in the Universe is from 
accretion

Cosmic Web Feedback Processes Black Hole Accretion



  

The formation and evolution of clusters and groups of 
galaxies, Pointecoutea et al. 2013:
- What is the interplay of galaxy, SBH and, intergalactic gas ? 
- What are the processes driving the evolution of chemical 
  enrichment of the hot diffuse gas in large-scale structures?
- How and when did the first galaxy groups form? 

AGH and SN
heating 

Pure 
gravitation

z=2

z=1



  

The formation and evolution of clusters and groups of 
galaxies, Pointecoutea et al. 2013:
- What is the interplay of galaxy, SBH and, intergalactic gas ? 
- What are the processes driving the evolution of chemical 
  enrichment of the hot diffuse gas in large-scale structures?
- How and when did the first galaxy groups form? 

5×1013Msun groups
at z=2.5-3?

WFI   100 ks    50'x50'                                      Cluster z=1      kT = 3 keV



  

The formation and evolution of clusters and groups of 
galaxies, Ettori, Prat et al. 2013 
- How do hot diffuse baryons accrete and dynamically evolve?
- How and when was the energy in the ICM generated?
- Where and when are heavy elements produced? 



  

The formation and evolution of clusters and groups of 
galaxies, Ettori, Prat et al. 2013 
- How do hot diffuse baryons accrete and dynamically evolve?
- How and when was the energy in the ICM generated?
- Where and when are heavy elements produced? 



  

The chemical evolution of hot baryons, Ettori Prat et al. 2013:
- Infer the relative contributions of SN types, and the initial 
  stellar mass function in proto-clusters.
- Identify the locations in clusters where the most of the metals
  are generated, and determine how they are dispersed? 



  

Missing baryons:
- high resolution X-ray spectroscopy with ATENA X-IFU will
  characterize the Warm Hot Intergalactic Medium,
- and hopefully will find the missing baryons.  



  

Missing baryons:
- high resolution X-ray spectroscopy with ATENA X-IFU will
  characterize the Warm Hot Intergalactic Medium,
- and hopefully will find the missing baryons.  
 

Primary problem with baryons:

Baryon density from Big-Bang nucl. 
Consistent with CMB measurements



  

Primary problem with baryons: where are they?

Baryon budget at  z>2 :
- most gas mass is accounted for by highly-ionised Ly α
  absorption systems,
- neutral gas at z>2 consistent in mass locked into stars
  at z=0,
- conservative ionization corrections indicate that all baryons
  are accounted for at z>2.

B
min



  

Primary problem with baryons: where are they?

Baryon budget at low z:

Photoionized forest

Warm (UV)
Intergalactic Medium 
OVI, and Ly α absorbers 



  

Primary problem with baryons: where are they?

Baryon budget at low z:

Photoionized forest

Warm (UV)
Intergalactic Medium 
OVI, and Ly α absorbers 

Looked in the 
Hot diffused 
X-ray gas
OVII, and OVIII 
Absorbers 
(WHIM)



  

The Warm & Hot  IGM gas (WHIM):
- simulations show that galaxy formation is inefficient 
  In trapping baryons in Dark Matter potential wells. 
- Large fraction of baryons at T=105-7 K are:
  i) unvirialized 
  ii) filamentary distribution. 



  

WHIM physical state: 



  

How to detect the WHIM?
- All atomic spectral features are narrow:
  need high spectral resolution,
- In absorption – need a bright background source, only along 
  specific lines of sight, geometry difficult to trace,
 



  

How to detect the WHIM?
- In emission: 
  tenuous and 
  extended sources, 
- need to fight with
  background, 
- large sky 
  area coverage,
  many papers by
  Andrzej Sołtan. 
 



  

Detection of the “local” X-ray WHIM:



  

Detection of the “local” X-ray WHIM:



  

Attempts to detect missing baryons:

- Tentative detection of 2 WHIM filaments with CHANDRA
  against Mrk421 (Nicastro et al. 2005), unconfirmed by
  XMM-Newton (Williams et al. 2006).

- Observations of the brightest target in the sky 
  1ES 1553+113 (z>0.3) with Chandra and on-going XMM, 
  Two filaments to 4-6 sigma significance. 

- Not possible to further this with current instrumentation



  

The warm hot intergalactic medium, WHIM,  Kaastra et al. 2013:
- Where are the missing baryons 
  in the local Universe?
- What is the underlying 
  mechanism  determining 
  the distribution of the hot
  phase of the cosmic web?

Predicted mean number of 
O VII absorption per unit redshift  



  

The AGN feedback in cluster of galaxies,  Croston et al. 2013:
- How do jets from AGN dissipate their mechanical energy in hot
  intracluster medium, how it affects hot gas distribution?
- Determine whether jets from powerful radio-loud AGN are 
  the dominant non-gravitational process affecting the evolution
  of hot gas in galaxy groups and clusters?



  

The AGN feedback in cluster of galaxies,  Croston et al. 2013:
- How do jets from AGN dissipate their mechanical energy in hot
  intracluster medium, how it affects hot gas distribution?

- Establish how AGN feedback regulates gas cooling in groups 
  and clusters and AGN fuelling?



  

The AGN feedback black hole and galaxy co-evolution,
Georgakakis et al.  2013:
- How much black hole accretion occurs in the most obscured
  environments ? 
- How does this relate to the evolution of the host galaxy?

Disk instability                Obscured BH growth           Feedback phase    Quiescent reminant

Merger                        Compton thick z=2                    Blowout phase z=2



  

Astrophysics of feedback, outflows and winds in AGN, 
Cappi et al. 2013,
- How do accretion disks around black holes launch winds and
  how much energy do these carry?
- How are the energy and metals transferred into the medium? 
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Astrophysics of feedback, outflows and winds in AGN, 
Cappi et al. 2013,
- How do accretion disks around black holes launch winds and
  how much energy do these carry?
- How are the energy and metals transferred into the medium? 



  

Close environment of supermassive black holes:

Fluorescent iron line profile from accreting black holes. 
The profile depends on gravity. 

MCG-6-30-15
Fabian et al 02



  

Close environment of supermassive black holes:

Fluorescent iron line profile from accreting black holes. 
The profile depends on gravity. 

Time resolved spectroscopy puts constrains on 
the geometry of disk and corona. 



  

Close environment of supermassive black holes 
Dovciak et al. 2013,
- What is the relationship between the accretion disk and the
  hot plasma around. 
- Understand the interplay of the disk/corona system.



  

Observatory science questions  Branduardi-Raymont, 
Scortino, Comastri,  Decourchelle, Motch et al. 2013,
- Solar system and exoplanets 
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Cyg X-1, 10 ks WFI 



  

Observatory science questions  Branduardi-Raymont, 
Scortino, Comastri,  Decourchelle, Motch et al. 2013,
- Solar system and exoplanets 
- End point of stellar evolution
- Supernova remnants  

Cyg X-1, 10 ks WFI 



  

                        ATHENA has great collaboration: 

The Athena+ Co-ordination Group: Xavier Barcons (ES), Didier Barret (FR), Andy Fabian (UK), Jan-
Willem den Herder (NL), Kirpal Nandra (DE), Luigi Piro (IT), Mike Watson (UK)

The Athena+ Working Groups: Christophe Adami (FR), James Aird (UK), Jose Manuel Afonso (PT), 
Dave Alexander (UK), Costanza Argiroffi (IT), Monique Arnaud (FR), Jean-Luc Atteia (F), Marc Audard 
(CH), Carles Badenes (US), Jean Ballet (FR), Lucia Ballo (IT), Aya Bamba (JP), Anil Bhardwaj (IN), Elia 
Stefano Battistelli (IT), Werner Becker (DE), Michaël De Becker (BE), Ehud Behar (IL), Stefano Bianchi 
(IT), Veronica Biffi (IT), Laura Bîrzan (NL), Fabrizio Bocchino (IT), Slavko Bogdanov (US), Laurence Boirin 
(FR), Thomas Boller (DE), Stefano Borgani (IT), Katharina Borm (DE), Hervé Bourdin (IT), Richard Bower 
(UK), Valentina Braito (IT), Enzo Branchini (IT), Graziella Branduardi-Raymont (UK), Joel Bregman 
(USA), Laura Brenneman (USA), Murray Brightman (DE), Marcus Brüggen (DE), Johannes Buchner (DE), 
Esra Bulbul (USA), Marcella Brusa (IT),  Michal Bursa (CZ), Alessandro Caccianiga (IT), Ed Cackett (USA), 
Sergio Campana (IT), Nico Cappelluti (IT), Massimo Cappi (IT), Francisco Carrera (ES), Maite 
Ceballos (ES), Finn Christensen (DK), You-Hua Chu (US), Eugene Churazov (DE),  Nicolas Clerc (DE), 
Stephane Corbel (F), Amalia Corral (GR), Andrea Comastri (IT), Elisa Costantini (NL), Judith 
Croston (UK), Mauro Dadina (IT), Antonino D’Ai (IT), Anne Decourchelle (FR), Roberto Della Ceca 
(IT), Konrad Dennerl (DE), Klaus Dolag (DE), Chris Done (UK), Michal Dovciak (CZ), Jeremy Drake 
(US), Dominique Eckert (S), Alastair Edge (UK), Stefano Ettori (IT), Yuichiro Ezoe (JP), Eric Feigelson 
(US), Rob Fender (UK), Chiara Feruglio (FR), Alexis Finoguenov (FI), Fabrizio Fiore (IT), Massimiliano 
Galeazzi (IT), Sarah Gallagher (CA), Poshak Gandi (UK), Massimo Gaspari (IT), Fabio Gastaldello (IT), 
Antonis Georgakakis (DE), Ioannis Georgantopoulos (GR), Marat Gilfanov (DE), Myriam Gitti (IT), 
Randy Gladstone (USA), Rene Goosmann (FR), Eric Gosset (BE), Nicolas Grosso (FR), Manul Guedel (AT), 
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Specification by Mirosław Rataj presented on Proto-Consortium meeting in 
Rindberg,  Germany  
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Warsaw meeting, July 2014  
                      



  

X-IFU Dewar Door requirements – Mirosław Rataj  CBK, Warsaw

The X-IFU will be launched with the dewar in vacuum to avoid acustic loads on the optical filters
 
The door will be opened and remain open once

The dewar door will be integrated with the dewar

Atmosphere pressure outside the dewar 

                      



  

X-IFU dewar door baseline:

1) The dewar door clamping mechanism is based on a coiled spring released by the burn of fiber

2) The dewar door is rotated ???  

Baseline idea – S. Paltani solution for XMS 

Astronika company with CBK:
 
For antennas, MUPUS/Rosetta, MERTIS/Bepi Colombo 

Separation mechanism for microsatellites BRITE PL 

                      



  

SRC  was proposed to be as a back-up for the PDU/PSU   team.

Basic parameter:
  X-IFU Power consumption : ~1 290 W

Interfaces to spacecraft: 
  Power bus: 28-32 V;
  Commanding: on/off;

Design proposals:
  logic: the s/c enables the PDU, then the PDU supplies the ICU 

    => instrument starts to work;
 main and redundant PDU & PSU;
 cold redundancy scheme;
  in separate boxes or frames to suppress noises etc.;
  PDU directly supplies: ICU, FW (electronics & motors), DRE,    

    CryoAC BEE & Cooler;
 PSU directly connected to: CryoAC WFEE & WFEE.

                      

Konrad Skup,  CBK, Warsaw



  

                      
Feb. 2015 – Toulouse Consortium meeting

Agata Różańska – Consortium Board Member
Agnieszka Janiuk – Science Team Member 



  

                              Conclusions:

ATHENA presents great science with modern technology 

Athena is a crucial part of the suite of large observatories needed to 
reach the science objectives of astronomy in the coming decades 



  



  

ATHENA will hunt for missing baryons,

THANK   YOU   FOR   YOUR   ATTANTION

Cosmology school, Kielce,  July 13th, 2016
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