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¢ Introduction
- testing astronomical X-ray and EUV optics,
- testing facilities and instruments.

e Laser plasma source of soft X-rays and EUV
- principle of the source operation,
- gas puff target approach,
- application of the source.

e Testing EUV and soft X-ray optics
- EUV multilayer mirrors,
- EUV grazing incidence mirrors,
- soft X-ray grazing incidence mirrors,
- EUV filters

e Summary and conclusions




10e Marshall’s X-ray and Cryogenic Facility (XRCF)

The X-ray and Cryogenic Facility at NASA’'s Marshall Space Flight Center in
Huntsville, Ala., is a unique, world class optical, cryogenic and X-ray test facility.

The X-ray and Cryogenic Facility consists of a 1,700-foot-long (518 m) X-ray guide
tube, a horizontal cylindrical vacuum chamber and two clean rooms.
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Laboratories and X-ray Test Facilities

Two X-ray test facilities (PANTER and () PUMA) are operated by the High-Energy Astrophysics group and provide an
unique service to test X-ray equipment from all over the world. Components for almost all major X-ray satellites have
been tested there. MPE was substantially involved in the development, testing and calibration of the X-ray telescopes
and the EPIC-pn camera for XMM-Newton and the Low Energy Transmission Grating (LETG) for Chandra.

PANTER


https://www.mpe.mpg.de/heg/Facilities

%oe Facility for testing modular X-ray optics in Italy

BEaTriX - testing facility for the modular X-ray optics of the ATHENA mission
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e Testing facilities at CSL, Belgium
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10€e Laser plasma source of EUV and soft X-rays

Schematic of a laser plasma source
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10e Gas puff target

Schematic of a gas puff target
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Gas puff target characteristics
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e Soft X-ray/EUV emission studies

Institute of Laser Engineering, Osaka University, Japan
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Gas puff target limitations

U nozzle degradation
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oe Double-stream gas puff target

e schematic of a double-stream gas puff target
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EUV emission studies
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e Nd:YAG laser (Institute of Laser Engineering, Osaka, Japan)
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EUV emission studies
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Compact laser plasma EUV source

Schematic of the source
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10e Laser plasma soft X-ray source
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o0e Testing EUV mirrors
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Testing EUV mirrors

EUV ellipsoidal mirror with Mo/Si coating

Optical diagram of the mirror
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Compact EUV microscope
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loe EUV microscopy based on a Fresnel optic
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10 Testing EUV ellipsoidal Mo/Si mirror

EUV beam characteristics
Experimental setup

1 30000 + i\
Xe/He Ax=0,5 mm
! 25000 | direct EUV
Nd:YAG laser —_| 5 20000} .
! Experimental B el Direct
: chamber g | Xe spectrum
Gas puff E
valve 5000 |
IS 2 . U ) 74 6 & W0 12 14 16 1B 20
Mo/Si wavelength (nm)
ellipsoidal
Source mirror | | 1
chamber | V il }g[:%itlng éleli/pal_s'?)idal Mo/Si mirror ] Reflected
(== - '|\ oy 1amient Xe spectrum
Lo AXUV 100 Si 5 wof |
/ p ! J photodiode s
ccpy ! N g
EUV pinhole Lo Sy £ EUV fluence
camera gl grating 2
D!
| CCb | spectrograph 3 mJ/cm

wavelength (nm)

EUV source image

A. Bartnik et al. Acta Phys. Pol. 116 (2009) 108 ™™ 2t 13.5 nm




EUV

Testing EUV ellipsoidal Mo/Si mirror
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Testing EUV grazing incidence mirrors

Multi-foil grazing incidence EUV optic




Testing EUV multifoil optic
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l()e Testing EUV ellipsoidal grazing incidence mirror

Experimental setup Experimental
vacuum chamber

Nd:YAG laser

Experimental Gas puff
chamber

Nd:YAG laser

| g EUV spectrum EUV fluence
0 e ¢ : ” ¥ X T ¥ T g ¥ 2ol T T T T T
| O N et il 1onm KriXe| o .

g £ 1500 M 1mm .
—_ 2 10000 %:g -
==1 I 0
I oy I 0562 % 40 % e 70 e ' i 0 i z
1 1 I I wavelength (nm) distance from the centre (mm)
cc& : | ) AXUV 100
T . Si photodiode
EUV pinhole cch ~ ~ ': EUV grating EUV focal spot 70 mJ/cm?
camera ~ 777 spectrograph

26 A. Bartnik et al. Appl.Phys. B (2012)



10 EUV processing materials

Modification polimer surface
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Soft X-ray grazing incidence optics

Ellipsoidal mirrors for focusing
soft X-ray and EUV beams
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Testing focusing soft X-ray optics
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1o0e Soft X-ray grazing incidence optics

Tandem of axisymmetrical paraboloidal grazing incidence soft X-ray mirrors
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%()e Testing EUV filters

EUV filters (Nb/Zr on Si;N,) transmitance measurements
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loe Testing EUV filters for space mission
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e

Summary and conclusions

33

e laser plasma EUV and soft X-ray sources based on
a gas puff target have been introduced,

e characterization measurements of EUV and soft X-ray
mirrors and EUV filers were performed,

e presented laser plasma sources may be also useful
for testing astronomical optics (we believe).
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