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Italian	  experience,	  exper+se	  &	  facili+es	  	  for	  
asyronomical	  	  X-‐ray	  op+cs	  development	  

Beppo	  SAX	  (ASI,	  
with	  IFC/CNR)	   JET-‐X	  	  -‐	  SWIFT	  (NASA-‐ASI)	   XMM	  (ESA)	   IXO	  (ESA)	  

ATHENA	  (ESA)	  

1990	  –	  2003	   2010	  -‐	  2013	  1990	  
-‐1997	  

1988	  

	  
•  Op+cs	  design	  
•  Ray-‐tracing	  
•  Development	  of	  mandrels	  

and	  mirrors	  
•  Metrology	  and	  calibra+ons	  

•  Op+cs	  design	  
•  Ray-‐tracing	  
•  Development	  of	  

mandrels	  and	  mirrors	  
•  Metrology	  and	  

calibra+ons	  

•  Op+cs	  design	  
•  Ray-‐tracing	  
•  Development	  of	  the	  first	  

prototypes	  
•  Metrology	  and	  calibra+ons	  

•  Op+cs	  design	  
•  Ray-‐tracing	  
•  Development	  of	  the	  

galss	  slumping	  
technology	  	  

•  	  Prototypes	  
•  Metrology	  and	  

calibra+ons	  

Simbol-‐X	  (ASI)	  

2006	  -‐	  
2007	  

•  Mission	  concept	  
•  Op+cs	  design	  
•  Ray-‐tracing	  
•  Development	  of	  the	  

prototypes	  
•  Metrology	  and	  calibra+ons	  

WFXT	  	  	   NHXM	  

2010	  1998	  

progetti 
s.r.l 



ATHENA	  op+cs	  
2	  m2	  Aeff	  @	  1	  keV	  

~	  900	  mirror	  modules	  
~136.000	  mirror	  plates	  
~	  408	  m2	  mirror	  area	  
Mass	  produc+on	  using	  

semiconductor	  tool-‐chain	  
Figure	  courtesy	  D.	  Willingale	  

SPO	  technology	  (ESA/Cosine)	  

INAF	  currently	  involved	  in	  design	  and	  calibraKon	  acKviKes	  (but	  
role	  difficult	  to	  be	  defended	  in	  the	  implementaKon	  phase,	  è	  see	  
the	  XMM	  lesson!)	  



“Cold”	  
integra+on	  for	  
plates	  shaping	  
to	  Wolter	  I	  &	  
alignement	  

IXO/ATHENA:	  hot	  slumping	  “spare”	  
technology	  developed	  by	  INAF	  for	  ESA	  

Hot	  slumping	  
with	  ac+ve	  
pressure	  to	  
produce	  
cylindrical	  glass	  
plates	  

M.M.	  Civitani	  et	  al.	  [	  SPIE	  2014,	  9141-‐41]	  



Tecnologia	  del	  vetro	  per	  le	  oRche	  in	  
raggi	  X	  di	  prossima	  generazione	  

	  	  
Glass	  Technology	  for	  the	  next	  

generaKon	  X-‐ray	  opKcs	  
	  	  
	  Proposal	  approved	  by	  ASI	  (first	  ranked,	  afer	  

peer	  review	  by	  external	  referees)	  in	  the	  
context	  of	  the	  Call	  on	  new	  Technologies	  2014.	  
KOM	  mee+ng	  March	  2016	  è	  INAF	  +	  POLIMI	  
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NGHXT 
Next Generation Hard X-ray Telescope 

PI: K. Mori 
(Miyazaki U.) 

𝐸 = 1 − 80 keV 
Δ𝜃 ∼15” 

10m 
28 

JAXA	  –	  M4	  call	  2016	  (confirmed	  a]er	  the	  Himomi’s	  disater?)	  

(now.	  FORCE,..	  	  It	  was	  too	  similar	  to	  NHXT)	  
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Resolve 80% of CXB 

Based on a CXB model 
constructed below 
10keV 

𝑆 = 3 × 10ିଵହ 

Δ𝜃 < 15" 

Δ𝜃 = 10",  15", 20" 

AH 

Goal 

in 10-40 keV 

27 

FORCE	  scien+fic	  goal	  
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Active shield 
+ Si SOI & CdTe 

Glass or Si foils 
etc. 
+ multi-layer 

Possible 
collaboration with 
NASA/GSFC AH successor 

Detector Mirror 

29 

FORCE	  payload	  

Also	  possible	  
collabora+on	  with	  
ASI	  and	  INAF	  



eXTP – enhanced X-ray Timing and Polarization mission 

Scientific objectives: 
 

q  Test General Relativity in strong-field 
regime 

q  Study state and nature of matter at 
supernuclear densities 

q  Test physics in the presence of ultra-
strong magnetic fields 

Potential for ASI/ESA-CAS collaboration: 
q  X-ray optics 
q  Large Area Detector (ref., LOFT) 
q Wide Field Monitor (ref., LOFT) 
q GPD polarimeter  
q Malindi ground station 

CHINA	  +	  MPE	  +	  ASI/INAF	  	  



XTP	  op+cs	  compared	  to	  previous	  high-‐
throughput	  telescopes	  

Parameter	   XTP/
LFA	  

XTP/
HXA	  

e-‐Ros	   Nustar/
HEFT	  

ASTRO-‐
H	  /LET	  

ASTRO-‐
H	  HET	  

NHXM	  

Area	  @1	  &	  6	  keV	  
(cm2)	  	  

5000-‐5
00	  

?/
4000	  

1750/200	   1000/8
00	  

600/470	   600/600	   2400/	  
2200	  

Reflec+ng	  Area	  
(m2)	  

339	   311	   98	   100	   26	   68	   100	  

Weight	  (kg)	   320	   250	   280	   74	   46	   80	   400	  

HEW	  (arcsec)	   60	   60	   15	   60	   75	   180	   15/20	  

Areal	  Density	  
(cm2/kg)	  

15	   NA	   6	   13	   13	   7.5	   6	  

Number	  of	  
equivalent	  Wolter	  
I	  shells	  

100	  
X	  8	  

120	  
X	  5	  

54	  
X	  7	  

133	  
X	  2	  

128	  
X	  2	  

216	  
X	  2	  

70	  
x2	  

Configura+on/
number	  of	  pieces	  

Segm	  
6000/	  
8000	  

Segm	  
5000	  

Monolith/
378	  

Segm/
5000	  

Segm/
1536	  

Segm/
2592	  

Monol/
140	  

NB	  for	  LFA	  just	  8	  modules	  considered	  	  



SGO:	  toward	  cost	  reducKon	  	  
	  	  

NB:	  Hot&Cold	  slumping	  to	  reach	  high	  
angular	  resoluKon	  ≈5’’	  
	  
0.4mm	  preshaped	  glass	  
With	  high	  accuracy	  
cylindrical	  shape	  

Cold	  slumping	  to	  reach	  high	  angular	  
resoluKon	  ≈	  60’’	  
	  
<0.2mm	  FLAT	  or	  RAW	  PRESHAPED	  
glass	  with	  	  
cylindrical	  shape	  

or	  

ONLY	  COLD	  INTEGRATION	  	  
WITH	  REINFORCING	  RIBS	  



Cold	  Slumped	  Glass	  OpKcs	  	  

Cold	  
slumping	  for	  

plates	  
shaping	  to	  
Wolter	  I	  &	  
alignement	  

Hot	  slumping	  
with	  ac+ve	  
pressure	  to	  

produce	  
cylindrical	  

glass	  plates	  

Forming	  molds	   Slumping	  process	  	   Result	  



13	  

Need	  of	  flexible	  glass:	  Willow	  as	  example	  

9© Corning Incorporated 2012

Corning® Willow™ Glass enables key trends in display:
Thin, light, high-resolution, & cost efficient

Roll-to-roll (R2R)
Corning Willow Glass

processing

Sheet-to-sheet
processing

Corning Willow Glass on
Carrier

Fusion Process
•High T substrate
•TFT quality surface

LTPS TFT backplane
(Corning Willow Glass

on Carrier)

R2R Hi-res Color Filter

R2R Multi –
touch Sensor

Thin & Light:
 Touch sensor

• 0.2-0.7mm 0.1mm
 Color Filter

• 0.2-0.5mm 0.1mm
 Backplane

• 0.2-0.5mm 0.1mm

 20-40% z-height & weight
reduction
 R2R processing enables
cost efficient production
 Native thin avoids thinning
cost for S2S processes

Thin & Light:
 Touch sensor

• 0.2-0.7mm 0.1mm
 Color Filter

• 0.2-0.5mm 0.1mm
 Backplane

• 0.2-0.5mm 0.1mm

 20-40% z-height & weight
reduction
 R2R processing enables
cost efficient production
 Native thin avoids thinning
cost for S2S processes

Glass Processing Devices Thin & Light Devices

Fusion	  process	  

12© Corning Incorporated 2012

• Perfect barrier

• ~7% better transparency

• High T processing – over 500oC

• Flexible/conformable

• 7x reduction in weight

• 7x reduction in thickness

• ~50% process cost reduction by
enabling roll to roll processing

AD
VA

NT
AG

ES

Over Thicker Glass

Over Plastic

1m wide, �300m long spool and
Gen5 sheet of thin flexible glass

Ultra-slim flexible glass is a
50-200µm thick glass

What is Corning® WillowTM Glass?

• Perfect barrier

• Superior surface quality

• ~7% better transparency

• High T processing – over 500oC

• Flexible/conformable

• 7x reduction in weight

• 7x reduction in thickness

• ~50% process cost reduction by
enabling roll to roll processing

AD
VA

NT
AG

ES

Over Thicker Glass

Over Plastic

17© Corning Incorporated 2012

Flexible glass availability

Note:  Dimensions reflect maximum available sizes

Now

250mm x
300mm

Q4 2012

10m long
x

300mm wide

~300m long
x

Up to 1m wideRo
lls

Sh
ee

ts

Gen 5
1000mm x1200mm

2013

Q
ua

nt
ity

Development
quantities

Engineering
quantities

Pilot
production

~300m long
x

Up to 1m wide

>Gen 5
1000mm x1200mm

ITO – Coated

~300m long
x

500mm wide

TBD

Engineering
quantities



Indirect	  integraKon	  on	  IMA:	  JIM1	  MPE	  SGO	  

Realized	  02/2015	  
details	  in	  Proserpio/Winter	  presenta+ons	  

Indirect	  slumped	  glass	  
Monolithic	  indirect	  integra+on	  mold	  



Reference	  Mission	  for	  high	  resoluKon	  
opKcs	  

The X-ray Surveyor 
Mission concept, strawman mission design, and 

preliminary cost estimate 
 Martin C. Weisskopf (MSFC)  

On behalf of the X-ray Surveyor community 

HEAD, June 29, 2015 



! Incorporates relevant 
prior (Con-X, IXO, 
AXSIO) development 
and Chandra heritage 

•  Angular resolution at least as good as Chandra 

•  Much higher photon throughput than Chandra 

The strawman X-ray Surveyor concept is a 
successor to Chandra  

!  Limits most 
spacecraft 
requirements to 
Chandra-like 

!  Achieves Chandra-
like cost 



Next-generation instruments that exploit the telescope’s properties 
to achieve the science 

Strawman instrument payload 
5′×5′ microcalorimeter, 1″ pixels, 0.2–10 keV 

22′×22′ CMOS imager with 0.33″ pixels, 0.2–10 keV 
Gratings, R = 5000,  0.2–2.0 keV 

The X-ray Surveyor Instruments 



Polishing	  of	  the	  Chandra	  shells	  

18	  

20	  mm	  thick	  shells	  !	  



New	  process	  flow	  (I)	  

The	  first	  part	  is	  the	  same,	  up	  to	  fine	  
grinding	  	  



New	  process	  flow	  (II)	  

No	  polishing	  machine,	  but	  Pitch	  
tool	  directly	  mounted	  on	  the	  
grinding	  lathe	   Final	  Ion	  Beam	  Correc+on	  of	  residual	  low	  

frequency	  longitudinal	  and	  OOR	  errors	  	  	  



Segments	  under	  
development	  
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Giovanni	  Pareschi	  (present	  only	  on	  
June	  6):	  	  

report	  dal	  mee+ng	  di	  Frasca+	  (18-‐19	  
aprile	  2016)	  "Axions	  in	  the	  Universe	  

and	  the	  	  
IAXO	  experiment"	  	  



LLNL-PRES-676942 9/20 Pivovaroff      TAUP 2015 

 First axion helioscope proposed by P. Sikivie 

• Blackbody photons (keV) in solar core can be converted intoaxions in the 
presence of strong EM fields in the plasma    

• Reconversions of axions into x-ray photons possible in strong laboratory 
magnetic field 

 

 

 
 

 

 

 Idea refined by K. van Bibber by using buffer gas to restore 
coherence over long magnetic field 

Sikivie  PRL 51:1415 (1983) 

Van Bibber et al. PhysRevD 39:2089 (1989) 

Axion – Production and detection mechanism 

Primakoff effect Primakoff effect 

Spectrum 
peaks at 
~3 keV 



IAXO:	  the	  first	  X-‐ray	  telescope	  “ground	  
based”	  

LLNL-PRES-676942 11/20 Pivovaroff      TAUP 2015 

 Large toroidal magnet, L = 20 m 

 8 bores:  600 mm diameter each 

 8× {x-ray optics + x-ray detectors} 

 Rotating platform                                                    
with services 

IAXO – conceptual design 


