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Scien+fic	
  goal,	
  example	
  
Origin of Galactic positrons?!

[Weidenspointner et al., Nat 2008] !

Morphological analysis by model fitting : !
- Bulge :"2 Gaussians : 3º& 11º FWHM,   Flux ~ 10-3 ph/s/cm2 !
!  No point sources !
!  B/D ~ 1 : old star population favored if e+ annihilate close to their sources !
!  Similar asymmetry in the distribution of Low mass X-ray Binaries emitting at 
high energy!

[Jean et al., A&A 2006] !

Spectroscopy of emission coming from the bulge: !
!  Positrons annihilates in the warm and  partially ionized phase!
!  Emission from molecular clouds < 8% and hot gas < 0.5 % !

N. Barrière et al., Developing a Laue lens to focus gamma rays!



Sensitivity of gamma-ray telescopes!

Nuclear 
astrophysics 
domain !

Energy (MeV) 

Courtesy: S. Boggs!

Continuum sensitivity!

N. Barrière et al., Developing a Laue lens to focus gamma rays!



Hard	
  X-­‐ray	
  Focusing	
  by	
  mosaic	
  crystals	
  
•   Bragg	
  diffrac*on	
  from	
  a	
  crystal	
  la3ce	
  è	
  reflec*vity	
  peaks	
  at:	
  	
  

	
  2	
  d	
  sin θ =	
  n	
  λ	


	
  d	
  typical	
  value	
  of	
  a	
  few	
  Angstroms	
  
• 	
  	
  mosaic	
  crystals:	
  at	
  microscopic	
  level	
  	
  a	
  structure	
  of	
  microcrystals	
  almost-­‐parallel	
  	
  to	
  the	
  
external	
  crystal	
  surface.	
  The	
  distribu*on	
  of	
  the	
  crystallites	
  normals	
  is	
  described	
  by	
  a	
  Gaussian	
  
law	
  

• 	
  each	
  crystallite	
  reflects	
  in	
  an	
  independent	
  way	
  (without	
  any	
  interferometric	
  coupling	
  with	
  
the	
  beams	
  reflected	
  from	
  the	
  other	
  crystallites)	
  è	
  the	
  integrated	
  reflec*vity	
  results	
  to	
  be	
  
much	
  larger	
  (>100)	
  than	
  for	
  a	
  perfect	
  crystal	
  case	
  



Bragg Laue 

 “Bragg”	
  &	
  “Laue” Configura+ons	
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V = Volume of the lattice element 
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•  Focusing	
  op*cs	
  in	
  the	
  hard	
  X-­‐/soL	
  gamma-­‐ray	
  
band	
  is	
  crucial	
  for	
  a	
  significant	
  leap	
  

• 	
  The	
  hard	
  X-­‐ray	
  band	
  (E<80	
  keV)	
  can	
  be	
  covered	
  
with	
  mul*layer	
  mirrors	
  (NuStar,	
  ASTRO-­‐H,	
  Simbol-­‐
X)	
  .	
  
	
  
• The	
  higher	
  energy	
  band	
  (>80	
  keV)	
  can	
  be	
  
efficiently	
  covered	
  with	
  Laue	
  lenses.	
  

Why	
  crystal	
  diffrac+on	
  for	
  high	
  energy	
  telescopes?	
  

GRI concept 



Two	
  kinds	
  of	
  Laue	
  lenses	
  Two kinds of Laue lenses!

Energy 

E
ffe

ct
iv

e 
ar

ea
 

4!

!1 "1 

!2 
!3 
!4 

"2 
"3 
"4 

f!

3!

2!

1!

Broad band: 

dhkl constant 

"  varies 

GRI 

E
ffe

ct
iv

e 
ar

ea
 

Energy  

Narrow band: 

dhkl varies 

"  constant 

4!

!1 "1 

!2 
!3 
!4 

"2 
"3 
"4 

f!

3!

2!

1!

! 

! 

2 dhkl  sin"B = n #

N. Barrière et al., Developing a Laue lens to focus gamma rays!

Credits.	
  Barriere	
  



An	
  old	
  concept	
  Astrophysical Laue lenses 1/2 !

N. Barrière et al., Developing a Laue lens to focus gamma rays!

1967: 20 – 140 keV Hard X-ray lens!

T. R. Lindquist & R. Webber, University of Minnesota!
[Lindquist & Webber, Canadian J. of Physics, 1968]!

•  4000 rock salt crystals !
•  3ft in diameter paraboloidal 
substrate!
•  F=0.91 m !
•  11h balloon flight in 1968 !
  ! Crab nebula detection!



Crystals	
  



•  Crystal material: Cu(111) 

•  Available mosaic spread: 3-4 arcmin(now also 
available with lower spread); 

•  Crystal tiles supplied by ILL, Grenoble. 

Credits;:	
  F.	
  Frontera	
  –	
  University	
  of	
  Ferrara	
  

Mosaic	
  crystals	
  



Example of configuration suitable for 
GRI low energy lens (200-550 keV) 

3 sigma sensitivity, ΔT= 106 s 



The	
  most	
  recent	
  flown	
  experiment:	
  
CLAIRE	
  Astrophysical Laue lenses 2/2 !

[von Ballmoos et al., ExpA 2005]!

•  556 Ge mosaic crystals !
•  Gain " 45 !
•  Ground tests, 2 balloons flights !
  ! Crab nebula detection!

2001: 170 keV (5 keV wide)!

CESR (univ of Toulouse) / French Space Agency!

N. Barrière et al., Developing a Laue lens to focus gamma rays!



Spin-­‐off:	
  medical	
  imaging	
  
Medical imaging (APS, Argonne National Lab)!

7 rings! 6 rings!

[Smither & Roa, SPIE 2001] !

828 Cu crystals (4x4x3mm3), !
9 reflections to focus at 140.6 keV !

N. Barrière et al., Developing a Laue lens to focus gamma rays!



Wide	
  Band	
  Laue	
  Lens	
  under	
  
development	
  at	
  the	
  Univ.	
  of	
  Ferrara	
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Fig. 1 Schematic representation of a crystal plate with the coordinate system. Crystallographic orientation
and QM curvature are highlighted

efficiency by more than one order of magnitude with respect to an equivalent crystal
without quasi-mosaic curvature.

In this paper we demonstrate the feasibility of the grooving method to produce a
large number of Ge QM samples for practical implementation of a Laue lens, in a
very reproducible and simple way. Highly homogeneous curvature is obtained in the
samples processed with our grooving technique. Moreover, we show that it is possible
to fine adjust the curvature with a very fast chemical etch. This technique has been
chosen to realize the QM Ge samples for the Laue project, supported by the Italian
Space Agency (ASI). This is a project devoted to develop an advanced technology
for building a petal of Laue lens with a broad energy passband (100–300 keV) and
long focal length (20 m) for space-borne Astrophysics [21, 22]. The main aim is to
significantly overcome the sensitivity limits of the current generation of gamma-ray
telescopes and improve the imaging capability. It started in 2010, while it is expected
that the prototype will be completed in summer 2013.

Fig. 2 Schematic representation
of a cross section of a Laue lens
based on QM crystals. Primary
curvature of (112̄) planes leads
to a secondary curvature of
(111) planes owing to quasi-
mosaicity. In this configuration
the (111) diffracting planes are
perpendicular to the main
surface of the plate. It can also
be seen the capability of primary
curvature to focalize diffracted
radiation while QM curvature
establishes an increase in
diffraction efficiency
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2 Experimental

Production and optical characterization of about 150 QM Ge crystals has been car-
ried out at Sensor and Semiconductor Laboratory (Ferrara, Italy). Crystallographic
orientations are indicated in Fig. 3. Commercially available pure Ge wafer was diced
to form 30 × 10 × 2 mm3 plates, using a high-precision dicing saw (DISCOT M

DAD3220), equipped with rotating diamond blades of 250 µm width and 5µ m
diamond grain size (G1A 320). A permanent curvature was induced through the so-
called grooving method, i.e., through the manufacture of a grid of superficial grooves
on one of the largest surfaces of the crystal. A radius of curvature of 40 m was chosen,
because a focal length of f = R/2 = 20 is an ideal value for a Laue lens with long
focal distance [21, 22]. It is possible to calculate the ratio between QM (RQM ) and
primary (RQM ) radius of curvature thanks to the linear theory of elasticity. It turns
out to be RQM

RP
= 2.39 [16]. It corresponds to a QM curvature of about 95.6 m. The

angular bandpass corresponding to this radius of curvature is 4.3 arcseconds. Main
features are reported in Table 1.

In fact, surface grooving produces permanent plastic deformation in the neighbor-
hood of the grooves [13]. Plasticization occurs in a thin layer of the crystal beneath
and beside the grooves due to the dicing process, the thickness of the plasticized layer
being dependent on the blade and on the grooving parameters chosen. The depth of
the plasticization for the blade that was used is about 5 µm [14]. Such plasticized
layer transfers coactive forces to the crystal bulk, thus producing an elastic strain field
within the crystal. Since a regular grid of grooves was done on the sample surface, a
net curvature has been achieved.

Then, the curvature of all the samples was measured using an optical profilome-
ter (VEECOT M NT1100) with 1 µm lateral and 1 nm vertical resolution. In order to
account for the initial morphological non-planarity of the samples (wafers are gen-
erally not perfectly flat), subtraction of profile before and after the grooving process

(a) (b)

Fig. 3 Photo of the a Ge sample before (a) and after (b) the manufacture. Crystallographic orientation are
highlightedCredits:	
  Cama_ari	
  et	
  al.	
  



Laue	
  lens	
  under	
  integra+on	
  @	
  Univ.	
  
of	
  Ferrara	
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Giovedì 10 ottobre verrà inaugurata a Ferrara un grande facility per raggi gamma dedicata allo sviluppo di lenti
di Laue per l’astrofisica spaziale. La facility è installata in un laboratorio per raggi X, LARIX (LARge Italian X-ray
facility) che comprende un tunnel protetto lungo 100 m, affiancato da due grandi sale sperimentali agli estremi.
La realizzazione della facility rientra in un progetto, denominato LAUE, finanziato dall’Agenzia Spaziale Italiana
(ASI).

Le lenti di Laue sono dei focalizzatori di raggi gamma soffici di energia maggiore di 70-100 keV. Per intenderci,
i raggi di energia 70-80 keV sono quelli usati dai dentisti per le radiografie, mentre quelli attorno a 100 keV
sono sono quelli impiegati per la radioterapia o per la TAC.

Gli oggetti celesti emettono raggi gamma oltre 70-100
keV. L’astronomia in raggi gamma soffici (80-600 keV) è
riconosciuta essere cruciale per lo studio dei fenomeni
più energetici e violenti nell’Universo. In aggiunta la
banda 80-600 keV include la riga di annichilazione
materia-antimateria (511 keV), osservata dal centro della
nostra Galassia, ma la cui origine è ancora un mistero.
Infatti, nonostante la sua importanza, tale finestra di
osservazione del cielo è finora poco esplorata. La
ragione è che in tale banda il flusso dagli oggetti celesti
diminuisce e gli strumenti attuali non sono
sufficientemente sensibili oltre che non avere la capacità
di separare angolarmente oggetti vicini. L’unica strada

per superare tale empasse è l’impiego di telescopi focalizzanti. Infatti mentre la sensibilità degli strumenti attuali
cresce con la radice quadrata della loro superficie esposta alla sorgente celeste, quella dei telescopi
focalizzanti cresce con l’area di raccolta degli specchi (o delle lenti). Il vantaggio dei telescopi focalizzanti è che
non solo sono molto più sensibili ma sono in gradi di fare immagini ben risolte del cielo nel loro campo di vista.
Ecco la ragione per l’interesse per lo sviluppo di telescopi focalizzanti di raggi gamma soffici. All’Università di
Ferrara, sotto la guida di Filippo Frontera, è iniziata da molto tempo un’attività dedicata allo sviluppo di tali
focalizzatori utilizzando la tecnica delle lenti di Laue. Esse si basano sull’impiego di cristalli che riflettono i raggi
gamma per effetto della cosiddetta diffrazione di Bragg. Mentre la luce visibile (ma anche X) viene riflessa dalla
superficie del materiale impiegato (per esempio, superficie alluminata lucida, o, per i raggi X, superficie dorata
perfettamente lucida), nel caso dei raggi gamma soffici la riflessione si sfrutta l’interferenza fra la natura
ondulatoria della radiazione elettromagnetica e la disposizione periodica degli atomi in un cristallo. Nel caso
delle lenti di Laue i piani atomici prescelti per l’interferenza sono perpendicolari alla superficie del cristallo
esposta ai raggi gamma.

Tale geometria è nota come diffrazione in trasmissione o alla Laue, da Max Von Laue che per primo scoprì tale
configurazione per la diffrazione dei raggi gamma. 
Per poter coprire con lenti di Laue una banda continua in energia, come richiesto per l’esplorazione
dell’Universo, i cristalli devono avere particolari requisiti: una struttura cristallina cosiddetta a mosaico (fatta di
microcristalli leggermente disallineati tra di loro) e possibilmente curvi per poter ottenere il massimo della
focalizzazione. Infatti le lenti di Laue hanno la forma di calotte sferiche, giusto come i nostri occhiali e quindi è
importante poter disporre di cristalli curvi. Inoltre, per poter focalizzare, con buona sensibilità, raggi gamma in
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Cherenkov	
  Telescopes	
  



•  Atmospheric	
  Cherenkov	
  Telescopes	
  	
  permit	
  to	
  perform	
  
observa*ons	
  of	
  astronomical	
  objects	
  emi3ng	
  in	
  gamma-­‐rays	
  with	
  
energies	
  from	
  50	
  GeV	
  up	
  to	
  several	
  TeV.	
  	
  

• 	
  The	
  showers	
  extend	
  over	
  many	
  kilometers	
  in	
  length	
  and	
  few	
  tens	
  
to	
  hundreds	
  of	
  meters	
  in	
  width	
  and	
  have	
  their	
  maximum	
  located	
  at	
  
around	
  8-­‐12	
  km	
  al*tude.	
  Electrons	
  and	
  positrons	
  in	
  the	
  shower	
  core,	
  
moves	
  with	
  ultra-­‐rela*vis*c	
  speed	
  and	
  emits	
  Cherenkov	
  light.	
  	
  

• 	
  This	
  radia*on	
  is	
  mainly	
  concentrated	
  in	
  the	
  near	
  UV	
  and	
  op*cal	
  
band	
  and	
  can	
  therefore	
  pass	
  mostly	
  una_enuated	
  	
  to	
  ground	
  and	
  
detected	
  by	
  appropriate	
  instruments.	
  	
  

• 	
  Light	
  flashes	
  from	
  showers	
  have	
  a	
  very	
  short	
  dura*on,	
  typically	
  2-­‐3	
  
ns	
  in	
  case	
  of	
  a	
  g	
  shower. 

Chrenkov	
  Atmospheric	
  Telescopes	
  



MAGIC  (2 x 17m) telescopes , La Palma

Canary Islands 


	
  VERITAS, Arizona
HESS, (4*12m) telescopes, Namibia 


	
  
	
  

WIPPLE	
   HESS	
   MAGIC	
   VERITAS	
  
Site	
   Arizona	
   Namibia	
   Canary	
  

Island	
  
Arizona	
  

Lat	
  
(°)	
  

32	
   -­‐25	
   29	
   32	
  

Alt	
  
(km)	
  

1.3	
   1.8	
   2.2	
   1.3	
  

Tel.	
  	
  Ǿ	
  
(m)	
  

10	
   12	
   17	
   12	
  

N.	
  Tel.	
   1	
   4	
   2	
   4	
  

FoV	
  Ǿ	
  
	
  (°)	
  

2.3	
   5	
   3	
   3.5	
  

Thresh.	
  
(GeV)	
  

300	
   100	
   50	
   100	
  

Sensi+vit
y	
  (mCrab)	
  

150	
   7	
   20	
   10	
  



The	
  VHE	
  gamma	
  ray	
  sky	
  
© TeVcat   (May/2012) 





156 Sources: 48 Extragalactic:

29 HBL + 4 IBL + 3 FRI + 3 FSRQ + 4 LBL + 2 AGN (unknown type) + 3 

Starburst




1ES1218 (z=0.18) 
New Source 



~10	
  km	
  

γ 

“Shower”	
  

Imaging	
  Air	
  Cherenkov	
  Tecnique	
  

1.4°	
  

140	
  m	
  

UV-optical reflecting 
mirrors focussing flashes 
of Cherenkov light 
produced by air-showers 
into ns-sensitive 
cameras. !

 
For E=1 TeV (EC ≃ 80 MeV) 
Xmax ≃ X0  ln ( E/EC ) / ln 2  
hmax = h0 ln(XA/Xmax) ➡  5 km 

1st Interaction: 

X0 ≃ 40 g/cm2 
λpair = 9/7 X0  ≃ 50 g/cm2 
X = XA e –h/h0  and XA ≃ 103 g/cm2 
hpair = h0 ln(XA/λpair) ➡ 20 km 

θC(max) = acos (1/n) ≃  1.4° 



Intensity	
  of	
  the	
  Image	
  
↳	
  Shower	
  Energy	
  
Orienta4on	
  of	
  the	
  image	
  
↳	
  Shower	
  Direc4on	
  
Image	
  Shape	
  
↳Par4cle	
  type	
  



How	
  to	
  do	
  be_er	
  with	
  IACT	
  arrays?	
  

Simulation: 
Superimposed images from 
8 cameras 

● More	
  events	
  
‣ More	
  photons	
  =	
  be_er	
  spectra,	
  images,	
  
fainter	
  sources	
  

✓ Larger	
  collec*on	
  area	
  for	
  
gamma-­‐rays	
  

● Be_er	
  events	
  
‣ More	
  precise	
  measurements	
  of	
  
atmospheric	
  cascades	
  and	
  hence	
  
primary	
  gammas	
  

✓ Improved	
  angular	
  resolu*on	
  

✓ Improved	
  background	
  rejec*on	
  power	
  

➡ 	
  More	
  telescopes!	
  



Major	
  IACT	
  Instruments	
  

TACTIC 

MAGIC 

HESS 

VERITAS 

VERITAS	
  Arizona,	
  USA	
  1800	
  m	
  asl	
  
4	
  telescopes	
  of	
  12m	
  diameter	
  	
  
fully	
  opera*onal	
  from	
  fall	
  2007	
  	
  	
  

MAGIC	
  Canary	
  Islands	
  2200	
  m	
  asl	
  
2	
  x	
  17m	
  telescopes.	
  Magic	
  I	
  in	
  opera*on	
  since	
  Oct	
  
2003,	
  Magic	
  II	
  first	
  light	
  shown	
  at	
  ICRC09	
  

Dec	
  2003:	
  4	
  telescope	
  commissioned	
  
Dec	
  2014:	
  HESS	
  II	
  commissioning?	
  

HESS	
  Namibia	
  1800	
  m	
  asl	
  
HESS	
  I:	
  4	
  telescopes	
  of	
  12m	
  diameter	
  	
  
HESS	
  II:	
  28	
  m	
  diameter	
  



Optical 
+TeV 



The Cherenkov Telescope Array 
• A	
  huge	
  improvement	
  in	
  all	
  aspects	
  of	
  performance	
  
• A	
  factor	
  ~10	
  in	
  sensi*vity,	
  much	
  wider	
  energy	
  coverage,	
  much	
  be_er	
  

resolu*on,	
  field-­‐of-­‐view,	
  full	
  sky,	
  …	
  

• A	
  user	
  facility	
  /	
  proposal-­‐driven	
  observatory	
  
• With	
  two	
  sites	
  with	
  a	
  total	
  of	
  >100	
  telescopes	
  

• A	
  27	
  na*on	
  ~€200M	
  project	
  
• Including	
  everyone	
  from	
  HESS,	
  MAGIC	
  and	
  VERITAS	
  

Prototypes: 2013-15 
First Science:   ~2016 

Completion:   ~2020 



The Cherenkov Telescope Array 
concept


Low energy

Few 24 m telescopes


4.5o FoV

2000 pixels"

~ 0.1o


Medium energy

About twenty 12 m telescopes


7o FoV

2000 pixels"

~ 0.18o


High energy

Fifty + 4…7 m telescopes


10o FoV

2000 pixels"
~ 0.2o…0.3o








CTA performance goals


•  Improve angular 
resolution by"
factor ~ 5.

•  Substructure of SNR 
shock fronts can then 
be resolved: 


•  Better understand 
energy dependent 
morphology of pulsar wind 
nebulae.


•  HESS J 1825-137, PWN 
size decreases with 
energy:


Resolution 0.1°


Resolution 0.02 °


>	
  2.5	
  TeV	
  
1	
  –	
  2.5	
  TeV	
  
<	
  1	
  TeV	
  



Resolving	
  complex	
  sources	
  	
  

(Credit:X-ray: NASA/CXC/Rutgers/
G.Cassam-Chenai, J.Hughes et al.; 
Radio: NRAO/AUI/NSF/GBT/VLA/
Dyer, Maddalena & Cornwell; 
Optical: Middlebury College/
F.Winkler, NOAO/AURA/NSF/CTIO 
Schmidt & DSS) !

Resolving complex sources!

SN 1006 — a 
detected VHE 
gamma-ray source!

SN 1006!
H.E.S.S. resolution!

SN 1006!
CTA resolution!



CTA performance goals

•  Aim for factor of 10 improvement in sensitivity.

•  Compare simulated HESS ~ 500 hour image of galactic 

plane...


•  ...with expectation with increased sensitivity, same 
exposure.


•  Expect to observe around 1000 sources (galactic and extra-
galactic).
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An observatory for ground-based
gamma-ray astronomy
 

 

 
 

Read More

The Cherenkov Telescope Array (CTA)

The CTA project is an initiative to build the next generation ground-based very high energy gamma-ray
instrument. It will serve as an open observatory to a wide astrophysics community and will provide a deep
insight into the non-thermal high-energy universe.
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Credits: NASA 

NASA	
  trend	
  study	
  for	
  op+cs	
  to	
  be	
  used	
  in	
  
scien+fic	
  missions	
  



• 	
  Primary	
  Diameter:	
  39	
  m	
  
• 	
  900	
  panels	
  (max	
  dimension	
  1.4	
  m)	
  
• 	
  Mass-­‐to-­‐Area	
  	
  100	
  kg	
  /	
  m2	
  

• 	
  Cost/m2~	
  100-­‐300	
  KEuros	
  
• 	
  Panel	
  Angular	
  resolu*on:	
  0.1	
  	
  arcsec	
  
• 	
  Time:	
  90	
  m2/year	
  
	
  	
  

ESO	
  ELT	
  Project	
  

Progetto T-REX: tecnologie italiane per E-ELT, il più grande 
telescopio del mondo 

 
FINANZIAMENTO  

PROGETTI PREMIALI 2011 
 

Proposta progettuale presentata da 
ISTITUTO NAZIONALE DI ASTROFISICA (INAF) 

Coordinatrice  del progetto 
Monica Tosi 

 
 
 

 
Visione artistica del telescopio E-ELT (© ESO). 
 
 
 
 
 
 
 
 
 
 



•  high	
  collec*ng	
  area	
  is	
  needed;	
  	
  

•  the angular resolution is not an issue (better than a few arcmin) 

•  a high volume production for mirrors is needed	
  

•  the	
  areal	
  cost	
  must	
  be	
  maintained	
  at	
  a	
  very	
  low	
  level	
  (1000-­‐3000	
  
Euros	
  /	
  m2)	
  

Mirrors	
  for	
  Cherenkov	
  Telescopes	
  



Mirrors	
  for	
  CTA	
  

-­‐	
  good	
  reflectance	
  between	
  300	
  and	
  550	
  nm	
  
-­‐	
  as	
  lightweight	
  as	
  possible	
  
-­‐	
  exposed	
  to	
  environment	
  but	
  life*me	
  should	
  be	
  ~10	
  years	
  

-­‐	
  in	
  total	
  	
  ~	
  10	
  000	
  m2	
  mirror	
  area	
  needed	
  
-­‐	
  should	
  be	
  very	
  cost	
  efficient	
  (“cheap”)	
  	
  

-­‐	
  segmented	
  reflectors	
  
-­‐	
  PSF	
  of	
  <	
  few	
  arcmin	
  per	
  mirror	
  okay	
  	
  

(H.E.S.S.) 



Mirrors	
  
•  Cold	
  slumping:	
  

Front	
  glass	
  sheet	
  
Al	
  honeycomb	
  core	
  

Back	
  glass	
  sheet	
  

Coat	
  with	
  
Al	
  +	
  SiO2	
  



Aluminum	
  master	
  1040	
  x	
  1040	
  mm	
  

Front	
  and	
  rear	
  of	
  a	
  produced	
  segment	
  

Size	
  =	
  985	
  x	
  985	
  mm	
  Weight	
  =	
  9.5	
  Kg.	
  

Nominal	
  radius=	
  35	
  m	
   Vernani et al. – SPIE Proc. 7018-0V 
Pareschi et al. – SPIE Proc. 7018-0W 

MAGIC	
  II	
  glass	
  mirror	
  panels	
  produc+on	
  
(Media	
  Lario,	
  Italy)	
  



ICRR Japan

•  cold-­‐slumping	
  technology	
  as	
  well	
  

•  focus	
  on	
  LST	
  mirrors	
  (hexagonal,	
  1.5	
  m	
  flat-­‐to-­‐flat)	
  

•  	
  40	
  prototypes	
  produced,	
  extensive	
  tes*ng	
  ongoing	
  



Severe environmental conditions! 



Mirrors for the MST prototype


20	
  mirrors	
  already	
  produced	
  and	
  delivered	
  for	
  MST!	
  



The Schwarzschild-Couder optical design!

F#:	
  0.5	
  

f:	
  2.15	
  m	
  

Pixel:	
  0.16°	
  

	
  
FoV:	
  9.6°	
  
	
  
Plate-­‐scale:	
  37.5	
  mm/°	
  
	
  
PSF:	
  EE80%	
  <	
  6	
  mm	
  
Effec*ve	
  area:	
  6.5	
  m2	
  

3	
  m	
  1.
8	
  
m
	
  

M1	
  radius:	
  8.2	
  m	
  
M2	
  radius:	
  2.2	
  m	
  
DET	
  radius:	
  1	
  m	
  

• Aspherical optical surfaces.

• De-magnifying telescope.

• Possibility to push the angular resolution.

• Very good optical performances for strong 
off-axis rays 




	
  
•  Geometry:	
   	
   	
  Parabolic	
  	
  
•  Diameter:	
   	
   	
  17m	
  	
  
•  Collec*ng	
  Area:	
   	
   	
  240	
  m2	
  
•  F-­‐number	
  (f/D):	
  	
   	
   	
  1	
  
•  FOV:	
   	
   	
   	
  3.8	
  deg	
  
•  Slew	
  *me: 	
   	
  20	
  s	
  
•  Angular	
  resolu*on: 	
   	
  <	
  3	
  arcmin	
  
•  Energy	
  Resolu*on: 	
   	
  30%	
  	
  
•  Opera*ng	
  Band: 	
   	
  50	
  GeV	
  –	
  50	
  TeV	
  
•  Sensi*vity	
   (@1	
   TeV):	
   	
   	
   	
   	
   	
   30	
  mCrab	
   (1	
   single	
   	
   	
  

	
   	
  telescope)	
  	
  
	
   	
  	
  	
  	
  	
  	
   	
  20mCrab	
  (2	
  telescopes)	
  

•  Sensi*vity	
  @	
  50	
  GeV:	
  	
  0.1	
  Crab	
  (1	
  single	
  telescope)	
  
	
   	
  	
  	
  	
  	
  	
  	
  	
   	
  0.05	
  Crab	
  (2	
  telescopes)	
  

MAGIC	
  Telescope	
  System	
  



MASTER 

HONEYCOMB 
REFLECTING SHEET 

BACKING SHEET 

CURING CHAMBER 
RELEASE 

PVD COATING  
AL + SiO2 

Glass	
  Panel	
  Manufacturing	
  flow	
  



The	
  cold	
  glass	
  slumping	
  technology	
  was	
  introduced	
  
for	
  MAGIC	
  II	
  

MAGIC	
  II	
  



Master and panel in the making 

Aluminum master 1040 x 
1040 mm 

Front and rear of a segment 

Size = 985 x 985 mm Weight = 9.5 Kg. 

Nominal curvature radius= 35 m 
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Primary Mirror: M1 

Al+SiO2	
  coa*ng	
   Dielectric	
  coa*ng	
  

Mirrors	
  finishing	
   Shipping	
  box	
  



Primary Mirror: M1 

Operators	
   CS	
  molds	
  

Glue	
  spread	
   Honeycomb	
  



Primary Mirror: M1 

Mirror	
  under	
  test	
  Laser	
  meters	
  

18	
  Mpx	
  CCD	
  camera	
  

Ultra	
   HD	
   65’’	
   TV	
   screen	
  
movable	
  over	
  6	
  m	
  length	
  

Mirrors	
  stack	
  

For	
  details:	
  see	
  talk	
  9151-­‐28	
  by	
  G.	
  Sironi	
  et	
  al.	
  



Secondary Mirror: M2 

20
0	
  
m
m
	
  

Sa
g	
  

For	
  details:	
  see	
  poster	
  9151-­‐135	
  by	
  E.	
  Giro	
  et	
  al.	
  

Al+SiO2	
  coa*ng	
  reflec*vity	
  

² Monolithic	
  glass	
  plate	
  19	
  mm	
  thick	
  
²  Bended	
   to	
   desired	
   profile	
   with	
   ad-­‐hoc	
   thermal	
  

process	
  in	
  FLABEG	
  (Germany)	
  
²  Coa*ng	
  with	
  ad	
  hoc	
  facility	
  in	
  ZAOT	
  (Italy)	
  





ASTRI	
  -­‐	
  Dual	
  Mirror	
  SST	
  
• 4m	
  diameter	
  dual	
  mirror	
  

• Segmented	
  primary	
  

• Monolithic	
  Secondary	
  

• Effec*ve	
  area:	
  6	
  m2	
  

• Focal	
  length:	
  2.2m	
  

• FoV:	
  9.6°	
  
• Pixel	
  angular	
  size	
  0.17°	
  

SST-­‐2M	
  Prototype	
  in	
  Serra	
  La	
  Nave	
  (CT	
  Italy)	
  	
  

SiPM Based 
camera




ASTRI	
  telescope	
  prototype	
  a#er	
  scien+fic	
  calibrtaion	
  are	
  
accomplished	
  

Can	
  we	
  predict	
  volcanic	
  erup*ons	
  ?	
  
 
1) By	
  muons	
  “tomography”	
  	
  
Poin*ng	
   ASTRI	
   toward	
   Etna	
   we	
   could	
   get	
  
muons	
   going	
   through	
   less	
   dense	
   material	
   as	
  
lava;	
  will	
  they	
  get	
  less	
  sca_er	
  than	
  those	
  going	
  
through	
  the	
  surrounding	
  rocky	
  regions	
  	
  ?	
  	
  	
  

Magma 
Inside Etna 

2) By	
  sky	
  monitoring	
  
Observing	
  the	
  sky	
  toward	
  Etna	
  in	
  the	
  300-­‐900	
  nm	
  region,	
  could	
  we	
  
detect	
  an	
  increase	
  or	
  decrease	
  of	
  the	
  sky	
  flux	
  at	
  some	
  wavelengths	
  
just	
  before	
  an	
  erup*on	
  ?	
  




