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Thermal slumping of glass at MPE
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1 Glass sheets heated above the annealing point and
shaped over a concave mould

1 Integration philosophy based on the Free-Mirror-
Integration paradigm (avoid deformations)
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Slumping mould HEW
contribution ~ 70”;

Porous Ceramic (HPC1465)

Ceramics Slumping Mould
260 mm x 160 mm x 35 mm

Concave Wolter | shape
I used with vacuum support

19.2

£
9.6
Glasses in PANTER: ~72-75" .
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CeSiC™ Wolter-I slumping mould

r—outer dimensions: 260mm X
160mm

C—r = 375mm at intersection
plane

r—1same dimensions as
formerly used ceramics and
Kovar moulds

c—usable area 100mm X
100mm on each part

r—polished and measured at
Carl Zeiss Jena GmbH

r—glass type AF32: best match
in CTE
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PAR side
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Measurement of CeSIC™
mould by interferometry

r—Final surface roughness:
o 142.2nm RMS in the hyperbola
o 133.2nm RMS in the parabola
—1Peak-to-valley:
¢ 1074.5nm in the hyperbola
¢ 979.1nm in the parabola
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Power Spectral Density of CeSIC™
and Ceramic Moulds
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After grinding Nach Schleifen
'~ ——Keramik 5, 2006
<E 1E+07 ——HKeramik 2011
= CeSiC Hyp. 14.03.14
o ----CeSiC Par. 14.03.14
E 1B%8 CeSiC Hyp. 28.03.14
E ——CeSiC Par. 28.03.14
2 1E+05 -
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g —1 PSD comparison of two ceramics
& 1E+04 55 mould and CeSiC before and after
ES | last polishing
£
Mean  1E+03 ' —1 CeSiC two orders of magnitude
'[Anr:]‘;'r'rt]lr’:g s better than best ceramics for
TE+D2 - wavelength errors below 10mm
g

1 10 100
1 HEW of CeSiC: better than 20”

(Ceramics 2011: 65”-70”, Ceramics
Wavelength [mm] 2006: >120")
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Joint Integrated Module (JIM)

ldea
Join forces within the European glass slumping team
Combine strengths and experiences of both MPE and OAB
Compare solutions to find the optimum combination

Design
MPE glasses, OAB integration:
Indirectly slumped glasses, rib-structure integration
5 integrated glasses of same optical design

Progress
PANTER-measurement of XOU planned early next year
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Mirrors

5 indirectly slumped mirrors from MPE
Integration

Rib integration scheme by OAB
Optical design

r=375mm, f = 7.5m, size = 200mm X
100mm
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O Future Plans

c—1Main limitation: mould surface quality

r—Improvement of slumping mould main priority!
Ceramics: at its limit
Cesic: not good enough, but not yet at the material limit

Fused Silica? Very good to machine
Porous [—salid

r—10ptimise the process accordingly
No use of vacuum support possible
Other glass types, other temperatures

r—1Concept for an Athena mirror system made of slumped glass
Current baseline: Silicon Pore Optics
Slumped glass: a lot of potential, see e.g. NuStar

Especially for inner radii: no major problems for the slumped
glass
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Slumping test with small
radius of curvature

r—1Mould material: Porous Ceramic
Dim. 260 mm x 160 mm
Thickn. 40 mm
Holes for thermocouples
RoC 150 mm
Cylindrical Shape

c—Glass: D263
Dim. 150 mm x 90 mm
Thickn. 0.4 mm
Tannealing 557°C

c—1Thermal cycle
Tmax 620°C

Heating-cooling rates [1
10°C/h
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Slumping test with small
radius of curvature

r—1Full contact during slumping

r—1Easy to remove from mould
after slumping

r—1Roughness on back surface not
influencing the optical side
(damping effect)

r—1No displacement, edge effects,
deformations
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Slumping test with small
radius of curvature
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Athena mirror concept
made of slumped glass

RING PETAL
150 x-ray optical modules

L1
1 5rings, 10 petals
L1

between 46 and 104 mirror
sheets in each module

1 mass production possible
within time and cost limits

1 fulfils or exceeds the
effective area requirements
for Athena between 1 and
6 keV
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Conclusion

c—Thermal slumping of thin glass sheets for X-ray mirror
production

Need for new light-weight technology
indirect slumping with force-free integration at MPE

r—1Mould material
Main limiting factor
After Ceramics: need for better machinable material
solid, non-porous material needed

r—1joint Integrated Module (JIM) with OAB-INAF
MPE indirect combined glasses
OAB rib integration method
To be tested in PANTER February 2015

c—Alternative for Athena: mirror system made of slumped glass
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