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  di	
  alta	
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Realtà	
  e	
  prospe&ve	
  per	
  OAB	
  

	
  
	
  
	
  
	
  

Non	
  ci	
  sono	
  certezze,	
  solo	
  ragionevoli	
  probabilità.	
  
-­‐-­‐	
  Edgar	
  Watson	
  Howe	
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Fermi's excellent adventure
Since its launch in June 2008, the Fermi Gamma-ray Space Telescope has shed light on some of the brightest,
most explosive events in the universe and opened tantalizing windows into dark matter and the nature of space-
time.
By Kelen Tuttle

Images: NASA/Aurore Simonnet, Sonoma State University
Photo-illustration: Sandbox Studio

Three hundred and fifty miles overhead, the Fermi Gamma-ray Space Telescope silently glides through
space. From this serene vantage point, the satellite's instruments watch the fiercest processes in the universe
unfold. Pulsars spin up to 700 times a second, sweeping powerful beams of gamma-ray light through the
cosmos. The hyperactive cores of distant galaxies spew bright jets of plasma. Far beyond, something mysterious
explodes with unfathomable power, sending energy waves crashing through the universe.

This gamma-ray show is visible only from space, and Fermi, a joint mission of NASA, the US Department of
Energy, and international partners, is the most advanced telescope ever to take it in. The satellite's main
instrument, the Large Area Telescope, was assembled at SLAC National Accelerator Laboratory, and its
advanced detectors owe much of their design to particle physics. As it orbits, slowly rocking side to side, it takes
in a panoptic view of the sky every three hours, seeing gamma rays that have five million to more than 50 billion
times more energy than visible light.

In its first year of operation the LAT captured more than 150 million gamma rays, 75 times more than its
predecessor, EGRET, collected over a nine-year lifespan. It discovered a new class of pulsars and nabbed
hundreds of blazars, revealing a variety of behaviors among these bright objects.

Meanwhile, a second instrument, the Gamma-ray Burst Monitor, has been measuring gamma rays that have
lower energies, from 2000 to 10 million times those of visible light. It focuses on quick, erratic flashes called
gamma-ray bursts and instantly notifies the LAT so it, too, can turn and look. It's been collecting these bursts at a
rate of nearly one a day.

Together, the GBM and the LAT provide a powerful tool for studying the gamma-ray sky over a very large
energy range—a range in which researchers previously had very limited data. By combining Fermi's
observations with those made by other telescopes at other wavelengths, astrophysicists have a full view of the
universe that may not only offer insight into astronomical objects like blazars, pulsars, and gamma-ray bursts, but
also shed light on more enigmatic ideas, including dark matter and quantum gravity.

“Fermi has exceeded our expectations in terms of performance. It's performing close to perfection,” says LAT
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Situazione	
  dell’Astronomia	
  Alte	
  
Energie	
  e	
  RelaAvisAca	
  (I)	
  

•  Possiamo	
  contare	
  ancora	
  sui	
  daA	
  delle	
  missioni	
  in	
  volo	
  (SWIFT,	
  
XMM,	
  Chandra,	
  Integral,	
  Agile,	
  FERMI)	
  lanciate	
  prima	
  del	
  2010	
  è	
  
alcune	
  sono	
  in	
  via	
  di	
  spegnimento	
  

•  Importante	
  partecipazione	
  INAF	
  (e	
  OAB)	
  a	
  Nustar,	
  missione	
  hard	
  X	
  
(3	
  keV	
  –	
  80	
  keV)	
  con	
  telescopi	
  focalizzanA	
  
–  Alcuni	
  importanA	
  risultaA	
  e	
  finanziamenA	
  oXenuA	
  da	
  ricercatori	
  OAB	
  

•  Partecipazione	
  direXa	
  a	
  MAGIC	
  (e	
  daA	
  indire&	
  per	
  alcuni	
  
ricercatori	
  OAB,	
  nell’ambito	
  della	
  collaborazione	
  “at	
  large”),	
  a	
  HESS	
  
e	
  VERITAS	
  

•  Prossima	
  missione	
  X	
  large:	
  ATHENA	
  (ma	
  solo	
  dopo	
  il	
  2028!)	
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 Key parameters and
requirements of the Athena mission. The enabling technology is indicated.

Currently, as part of a study program recommended by ESA for ATHENA, both of these instruments
continue to be developed.

Further reading:

— The X-ray Integral Field Unit (X-IFU) for Athena (Barret, den Herder, Piro et al.)
[http://athena2.irap.omp.eu/IMG/pdf/SP_XIFU_APH.pdf]

— The Wide Field Imager (WFI) for Athena (Rau et al.)
[http://athena2.irap.omp.eu/IMG/pdf/SP_WFI_APH.pdf]

—  Resources for the X-IFU (e.g. response matrices) can be downloaded from here [http://x-
ifu.irap.omp.eu]

ATHENA © 2015 | pa | spip | sitemap | by art-eres.net | hosted by IRAP
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ATHENA	
  will	
  be	
  large!	
  (2	
  m2	
  Aeff	
  @	
  1	
  keV)	
  

5	
  

~	
  900	
  mirror	
  modules	
  
~136.000	
  mirror	
  plates	
  
~	
  408	
  m2	
  mirror	
  area	
  

	
  
Mass	
  producAon	
  using	
  

semiconductor	
  tool-­‐chain	
  
Figure	
  courtesy	
  D.	
  Willingale	
  



ATHENA	
  Instruments	
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ATHENA+ X-Ray Observatory : INSTRUMENTS

The science goals of Athena are very demanding and require state of the art instrumentation. The design
proposed for Athena comprises two focal plane instruments, providing breakthrough capabilities
[http://athena2.irap.omp.eu/spip.php?article40].

— the X-ray Integral Field Unit (X-IFU [http://x-ifu.irap.omp.eu], previously named XMS) covering the
0.2 to 10 keV energy range with unprecedented energy resolution,

and

— the Wide Field Imager (WFI [http://athena2.irap.omp.eu/spip.php?article18]) covering the 0.1 to 12
keV energy range with a large field of view, excellent spatial and energy resolution and maximum count
rate capabilities.

 The Athena science
instruments. Left: Design drawing of the X-IFU showing the Dewar and a zoom on the focal plane

assembly. Right: Design drawing of the WFI.

The key parameters of the instruments are given below:

High	
  Energy	
  ResoluAon	
  
Spectroscopy	
  with	
  imaging	
  	
  

Wide	
  Field	
  imaging	
  



S P O  a d v a n t a g e

‣A very flat response all accross the field of view (provides the edge for surveys)

lundi 23 septembre 13

Angular	
  resoluAon	
  Vs.	
  FOV	
  for	
  AHENA	
  	
  
(and	
  past	
  missions)	
  



OAB	
  current	
  involvement	
  in	
  ATHENA	
  

•  Important	
  involvement	
  in	
  the	
  opAcs	
  technology	
  	
  
–  risk	
  of	
  a	
  reduced	
  pay-­‐off,	
  like	
  for	
  XMM	
  
–  	
  However	
  important	
  for	
  the	
  grat	
  consideraAon	
  by	
  ESA	
  
–  Moreover	
  strategic	
  collaboraAon	
  with	
  MPE	
  and	
  NASA/GSFC	
  for	
  the	
  

alternaAve	
  technology	
  based	
  on	
  foils	
  

•  CalibraAons	
  of	
  opAcs	
  &	
  instrument	
  è	
  possible	
  high	
  scienAfic	
  pay-­‐
off	
  

•  Reduced	
  involvement	
  in	
  the	
  development	
  of	
  the	
  two	
  instrument	
  
(More&	
  &	
  Spiga)	
  

•  ParAcipaAon	
  in	
  scienAfic	
  WP	
  (but	
  without	
  a	
  leadership	
  role)	
  



Slumping	
  glass	
  now	
  also	
  in	
  Europe!	
  

9	
  



ATHENA:	
  alternaAve	
  design	
  based	
  on	
  
glass	
  foil	
  opAcs	
  (OAB	
  +	
  MPE)	
  

10	
  MPE	
  -­‐	
  Garching	
  	
  08/10/2014	
  

•  The	
  double-­‐plane	
  obscures	
  more	
  area	
  due	
  to	
  the	
  presence	
  of	
  two	
  s9ffening	
  
plates	
  instead	
  of	
  one.	
  

•  More	
  shells	
  can	
  be	
  allocated	
  for	
  each	
  module,	
  keeping	
  fixed	
  the	
  external	
  size	
  	
  	
  

Double-­‐plane:	
  
Aeff:	
  1.25	
  m2	
  	
  (*)	
  	
  
N°	
  radial	
  shells:	
  147	
  
	
  
	
  

Mid-­‐plane:	
  
Aeff:	
  1.88	
  m2	
  	
  (*)	
  
N°	
  radial	
  shells:	
  189	
  
	
  
	
  

(*)	
  	
  @	
  1keV	
  with	
  30’	
  off-­‐axis	
  angle	
  for	
  shell	
  spacing	
  and	
  without	
  ribs	
  (oscuring	
  5	
  %)	
  	
  

DOUBLE-­‐PLANES 	
  	
  	
  	
  	
  	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  MID-­‐PLANE	
  



Situazione	
  dell’Astronomia	
  Alte	
  
Energie	
  e	
  RelaAvisAca	
  (II)	
  

	
  
Altre	
  prospeMve	
  di	
  partecipazione	
  in	
  missioni	
  X:	
  	
  
	
  
•  partecipazione	
  direXa	
  per	
  studi	
  “di	
  nicchia”	
  a	
  e-­‐Rosita	
  e	
  

allo	
  sfruXamento	
  della	
  survey	
  quando	
  sarà	
  resa	
  pubblica	
  

•  partecipazione	
  a	
  ASTROSAT	
  (India)	
  

•  partecipazione	
  indireXa	
  a	
  ASTRO-­‐H,	
  	
  

•  Partecipazione	
  direXa	
  	
  a	
  XTP	
  (X-­‐ray	
  Timing	
  e	
  Polarimetric	
  
telescope)	
  con	
  Cina	
  e	
  MPE	
  



ASTROSAT:	
  2013	
  
	
  
	
  
	
  
“Super-­‐XTE”	
  

Spectrum-­‐X	
  
eROSITA	
  
	
  2014	
  

	
  “Hard	
  ROSAT”	
  
	
  	
  	
  	
  sky	
  survey.	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  

ASTRO-­‐H:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2014	
  
–  Calorimeter.	
  210	
  cm2	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

Other	
  opportuniAes	
  in	
  near	
  future	
  



Comparison with XMM and ROSAT 
Grasp: effective area × field-of-view 

Average	
  angular	
  resoluAon	
  /	
  1	
  Deg	
  
FOV	
  :	
  25-­‐30	
  arcsec	
  HEW	
  



ASTROSAT	
  	
  
(Indian	
  Space	
  Agency	
  and	
  InsAtutes	
  with	
  UK	
  

parAcipaAon)	
  

15/01/15 07:53ASTROSAT | astrosat

Pagina 1 di 1http://astrosat.iucaa.in/

ASTROSAT

 click to download ASTROSAT HANDBOOK

 

ASTROSAT will be a multi-wavelength astronomy mission on an IRS-class satellite in a 650-km, near-equatorial orbit. It is currently
scheduled to be launched by the Indian launch vehicle PSLV from the Sriharikota launch centre in May 2015. The expected operating
life time of the satellite will be five years.
 

 ASTROSAT will carry five astronomy payloads for simultaneous multi-band
observations:

 

 Twin 40-cm Ultraviolet Imaging Telescopes (UVIT) covering Far-UV to optical
bands.

 Three units of Large Area Xenon Proportional Counters (LAXPC) covering medium
energy X-rays from 3 to 80 keV with an effective area of 6000 sq.cm. at 10 keV.

 A Soft X-ray Telescope (SXT) with conical foil mirrors and X-ray CCD detector,
covering the energy range 0.3-8 keV. The effective area will be about 120 sq.cm. at
1 keV.

 A Cadmium-Zinc-Telluride coded-mask imager (CZTI), covering hard X-rays from 10
to 150 keV, with about 10 deg field of view and 500 sq.cm. effective area.

 A Scanning Sky Monitor (SSM) consisting of three one-dimensional position-
sensitive proportional counters with coded masks. The assembly will be placed on

a rotating platform to scan the available sky once every six hours in order to locate transient X-ray sources.

 
ASTROSAT will be a proposal-driven general purpose observatory, with main scientific focus on:
 

 Simultaneous multi-wavelength monitoring of intensity variations in a broad range of cosmic sources.
 Monitoring the X-ray sky for new transients.
 Sky surveys in the hard X-ray and UV bands.
 Broadband spectroscopic studies of X-ray binaries, AGN, SNRs, clusters of galaxies and stellar coronae.
 Studies of periodic and non-periodic variability of X-ray sources.

 
 Open observing time on ASTROSAT will start one year after launch, for which proposals will be invited from the astronomy
community. The primary data archive for ASTROSAT will  be located at the Indian Space Science Data Centre (ISSDC) near Bangalore,
India.
 
The Ground Command and Control Centre for ASTROSAT will be located at ISTRAC, Bangalore, India. Commanding and data download
will be possible during every visible pass over Bangalore. Ten out of 14 orbits per day will be visible to the ground station.

Submitted by root on Fri, 20/04/2012 - 10:10

ImplementaAon:	
  imminent	
  (?)	
  
Possible	
  high	
  level	
  parAcipaAon	
  in	
  fields	
  not	
  yet	
  covered	
  by	
  the	
  Indian	
  (and	
  UK)	
  community	
  



XTP	
  (X-­‐ray	
  Timing	
  e	
  Polarimetric	
  
telescope)	
  	
  

CollaboraAon	
  started	
  with	
  InsAtute	
  of	
  High	
  Energy	
  Physics	
  (represented	
  by	
  
the	
  Director,	
  Shuang-­‐Nan	
  Zhang	
  
And	
  MPE	
  represented	
  by	
  Kirpal	
  Nandra)	
  
MeeAng	
  in	
  Merate,	
  20	
  Nov	
  2014	
  
	
  	
  

OpAcs	
  (and	
  polarimeter)	
  for	
  
science	
  
	
  
ASI	
  to	
  be	
  involved	
  



Summary of XTP main facts 
HFA LFA 

Optics Quasi-Wolter I, Multi-layer Quasi-Wolter I 
Focal Length 5.5m 4.5m 

Field of View +/-8’ +/-8’ 
Energy range 1~30 keV 0.5~10 keV 
Effective area 4000cm2@2~6keV 

300cm2@30keV 
5000cm2@2~6keV 

Optics units 5 (3+2) 10 
 
Focal plane 
detector 

 
3 GEM-TPC+ CZT 
2 SDD/SPD 

 
CCD/SDD 

 
FWHM 

 
CZT: 600 eV@5.9 keV 
SDD:150eV@5.9keV 

 
CCD:150eV@5.9keV 



Scientific requirements on payload 

Scientific driver Requirement Value 

EOS, BH spins, GR effect Effective area ~1 m2 
broadband spectrum multi-

wavelength variability Energy range 1-100 keV 

broad Iron line measurement  Energy resolution 150 eV@6keV 

sub-millisecond variability Timing resolution <100 µs 

B, emission mechanism;  
emission   geometry 

Polarization 3% @ 0.1 mCrab  
Effective area for 
polarimetry (focus) >1000 cm2 



Evolution of payload configuration 

II 
2013.04 

I 
2012.10 

III 
2013.08 



Situazione	
  dell’Astronomia	
  Alte	
  
Energie	
  e	
  RelaAvisAca	
  (II)	
  

•  Prospe&ve	
  nei	
  raggi	
  Gamma:	
  	
  
– ASTRI/CTA	
  (vicino),	
  	
  
– HAWC	
  (vicino!)	
  
– Gamma	
  400	
  è	
  piuXosto	
  lontane	
  futuribile	
  
	
  

•  Partecipazione	
  a	
  SKA	
  e	
  ai	
  suoi	
  precursori	
  
(MERKAT	
  e	
  ASKAP)	
  

•  ControparA	
  EM	
  di	
  onde	
  gravitazionali	
  
	
  




1010     1011
1012 
1013   
1014   


MST 

SST 

LST 

Ø  Cosmic ray origin & prop. 
Ø  Pulsar wind nebulae 
Ø  Pulsar physics 
Ø  Microquasars, … 
Ø  AGN physics 
Ø  GRB physics 
Ø  Galaxy clusters 
Ø  Dark matter 
Ø  Cosmology &  
 fundamental physics 

 CTA Science: 

Where we expect

CTA will contribute


E (eV)




SensiAvity	
  &	
  SST	
  array	
  
•  SSTs	
  responsible	
  for	
  high	
  energy	
  sensiAvity	
  of	
  CTA.	
  

•  Results	
  for	
  Array	
  I	
  

•  Must	
  cover	
  area	
  greater	
  
than	
  ~	
  4	
  km2	
  (sensiAvity).	
  

•  Must	
  have	
  diameter	
  
greater	
  than	
  ~	
  3.5	
  m	
  
(trigger	
  threshold).	
  

2	
  km
	
  

21 



hXp://vimeo.com/107224505	
  
	
  



ASTRI/CTA	
  IN	
  A	
  NUTSHELL	
  
•  INAF	
  project	
  funded	
  by	
  the	
  Italian	
  MIUR	
  (>	
  40	
  FTE),	
  with	
  the	
  

parAcipaAon	
  of	
  InsAtutes	
  from	
  South	
  Africa	
  and	
  Brazil	
  	
  

•  E2E	
  implementaAon	
  of	
  an	
  SST-­‐2M	
  prototype	
  in	
  Sicily	
  (Mount	
  Etna,	
  
astronomical	
  site	
  of	
  Serra	
  La	
  Nave)	
  

• 	
  	
  	
  è	
  ValidaAon	
  e	
  commissioning	
  of	
  the	
  telescope	
  via	
  Cherenkov	
   	
  astronomical	
  
observaAon	
  

•  E2E	
  implementaAon	
  of	
  a	
  mini-­‐array	
  (#	
  ≥	
  7)	
  of	
  SST-­‐2M	
  (pre-­‐producAon)	
  
at	
  the	
  CTA	
  site	
  

•  	
  è	
  ValidaAon	
  e	
  commissioning	
  of	
  the	
  array	
  (including	
  trigger	
  and	
  	
  sw)	
  
via	
  Cherenkov	
  astronomical	
  observaAons,	
  first	
  CTA	
  scienAfic	
   	
  data	
  

•  Aiming	
  at	
  the	
  realiza9on	
  of	
  35	
  out	
  of	
  the	
  70	
  SST	
  telescopes	
  of	
  the	
  CTA	
  
southern	
  array	
  



E2E	
  APPROACH	
  

•  OpAcal	
  design	
  and	
  primary	
  segmentaAon:	
  è	
  PSF	
  (D80	
  =	
  0.17	
  deg)	
  
constant	
  across	
  the	
  enAre	
  large	
  FoV	
  (9.6	
  deg)	
  	
  

•  Design	
  to	
  enArely	
  fulfill	
  the	
  requirements	
  

•  Structure,	
  mirrors,	
  camera,	
  so{ware	
  for	
  single	
  telescope	
  and	
  array	
  
developed	
  in	
  parallel	
  for	
  the	
  E2E	
  implementaAon	
  

•  SW:	
  control,	
  monitoring,	
  archive,	
  data	
  analysis	
  within	
  the	
  same	
  shell	
  
and	
  fulfilling	
  the	
  architecture	
  of	
  ACTL	
  and	
  DATA	
  

•  Auxiliary	
  systems	
  for	
  monitoring,	
  calibraAon	
  and	
  poinAng	
  	
  



M1	
  MIRROR	
  

M2	
  MIRROR	
  

TELESCOPE	
  

AUX	
  

CAMERA	
  



Mini-­‐array	
  sensiAvity	
  

! Mini-arrays, extracted 
from PROD-2 

internal ASTRI note: ASTRI-MC-OATO-5000-017, F. Di Pierro, et al. 10Dec2014 A. Stamerra - OATo 9/13 



SituaAon	
  for	
  OAB	
  
•  Leadership	
  of	
  the	
  project,	
  important	
  scienAfic	
  
and	
  technical	
  parAcipaAon,	
  strong	
  collaboraAon	
  
with	
  IASF/Mi	
  and	
  Pa	
  

•  Money:	
  well	
  funded	
  project	
  for	
  both	
  technical/
scienAfic	
  (including	
  people)	
  and	
  industrial	
  aspects	
  

•  Recent	
  support	
  by	
  Regione	
  Lombardia	
  and	
  
Cariplo	
  for	
  suppoAng	
  the	
  preparaAon	
  to	
  s	
  tarAng	
  
ERC	
  proposals:	
  a	
  graet	
  oppotunity!	
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X01, the 300th HAWC tank to be deployed at Sierra Negra, is completed on Dec.
15, 2014 (see breaking news).

The High-Altitude Water Cherenkov Observatory, or HAWC, is a facility designed to observe TeV gamma
rays and cosmic rays with an instantaneous aperture that covers more than 15% of the sky. With this large
field of view, the detector will be exposed to two-thirds of the sky during a 24-hour period.

HAWC is currently under construction on the flanks of the Sierra Negra volcano near Puebla, Mexico.
Located at an altitude of 4100 meters, HAWC will be used to perform a high-sensitivity synoptic survey
of the sky at wavelengths between 100 GeV and 100 TeV.

Latest News

Tank Assembly Completed with Deployment of 300th Tank

December 15, 2014

Today at noon, the assembly of the HAWC tanks ended with the completion of the steel frame of tank
X01, the 300th tank to be deployed on the observatory platform at Sierra Negra. During the next few
weeks, X01 and approximately 40 other tanks at the site will have bladders installed, be filled with water,
and be incorporated into the data acquisition system, thus completing the full array after two years of
construction.
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View of the 300 completed steel tanks in HAWC from the summit of
Sierra Negra, December 15, 2014. Photo: E. Moreno (BUAP).

Read more...
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The	
  HAWC	
  Gamma-­‐Ray	
  Observatory	
  

The	
  High-­‐AlAtude	
  Water	
  Cherenkov	
  
Observatory,	
  or	
  HAWC,	
  is	
  a	
  facility	
  
designed	
  to	
  observe	
  TeV	
  gamma	
  rays	
  and	
  
cosmic	
  rays	
  with	
  an	
  instantaneous	
  
aperture	
  that	
  covers	
  more	
  than	
  15%	
  of	
  the	
  
sky.	
  With	
  this	
  large	
  field	
  of	
  view,	
  the	
  
detector	
  will	
  be	
  exposed	
  to	
  two-­‐thirds	
  of	
  
the	
  sky	
  during	
  a	
  24-­‐hour	
  period.	
  



Missioni	
  proposte	
  per	
  ESA/M5	
  

•  XIPE	
  
•  THESEUS	
  
•  ASTROGAM	
  (e	
  GAMMA	
  400…)	
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