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Infroduction

The conference Optics for EUV, X-Ray, and Gamma-Ray Astronomy V met August
23-25 in San Diego, California, as part of the SPIE Optics + Photonics 2011
infernational symposium Optical Engineering + Applications. As with previous
conferences in this series, it provided an effective forum for discussion of recent
progress in imaging and spectroscopic optics for EUV, x-ray, and gamma-ray
astronomy. With over 60 papers in 13 sessions, this volume attests to the vitality of
research in this field. We thank the program committee for helping to organize
the technical program and for fostering broad participation, and the session
chairs and presenters for a successful and stimulating conference. We also
appreciate the efforts of the SPIE staff in organizing and implementing the
conference and in publishing these Proceedings.

Currently operating x-ray observatories—Chandra (AXAF), XMM-Newfon, Suzaku
(Astro-E2), Swift, and Hinode (Solar-B)—demonstrate the importance of focusing
optics to high-energy astronomy. Launching within the next few years, four small-
to-medium missions will utilize x-ray focusing optics to advance high-energy
astronomy. NASA's NUSTAR (Nuclear Spectroscopic Telescope ARray) and JAXA's
Astro-H will extend the power of focused imaging into the hard-x-ray band; Astro-
H will also provide soft-x-ray (non-dispersive) high-spectral-resolution imaging.
Russia's SRG (Spectrum Roéntgen Gamma)—with the German eROSITA and
Russian ART-XC telescope arrays—will conduct the most sensitive x-ray all-sky
survey. Finally, NASA's GEMS (Gravity and Extreme Magnetism Small Explorer) will
employ focusing optics fo enhance its sensitivity for x-ray polarimetry. Collectively,
these nine missions—all fo have been launched in a 15-year period (1999-2014)—
significantly advance x-ray technologies for high angular resolution, large
collecting areas, high spectral resolution, polarimetry, and lightweight optical
components.

While these recent and near-future x-ray missions continue to drive research in
high-energy astrophysics, the prospects for new missions and the scientific
discoveries they enable are currently unclear. Indeed, this year's conference
took place at a particularly delicate moment for the scientific community.
Programmatic and budgetary limitations have precluded or delayed advanced
development and implementation of additional missions—e.g., NHXM (New Hard-
X-ray Mission), which would bring high-resolution imaging fo hard-x-ray
astronomy. Of special concern is the fate of the next facility-class x-ray mission:
After many years of developmeni—first individually as ESA’'s XEUS (X-ray Evolving
Universe Spectroscopy) and NASA'’s Constellation-X mission concepts—the joint
NASA-ESA-JAXA International X-ray Observatory (IXO) is being de-scoped as the
ESA-led mission ATHENA (Advanced Telescope for High-ENergy Astrophysics), a
candidate L-class mission to be considered in early 2012.
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Despite such uncertainties, these and other suggested future high-energy-
astronomy missions continue to call for technology advances in optics for EUV, x-
ray, and gamma-ray astronomy. Accordingly, Conference 8147 addressed all
areas of optical science and fechnology relevant to such optics.

FOIL OPTICS (Session 1) addressed progress in aluminum foil segmented optics.
Previously used for the ASCA and Suzaku telescopes, such mirror systems provide
low-mass, low-cost, high-throughput x-ray imaging at moderate angular
resolution. Papers in Session 1 described development and implementation of
Astro-H telescopes, including efforts to reduce the imaging half-power diameter
to HPD = 60".

ELECTROFORMED OPTICS (Session 2) reported on development of x-ray mirror
systems employing full-cylinder electroformed nickel shells. Previously used for the
Beppo-SAX, Swift, and XMM-Newton telescopes, such mirror systems provide
moderately low-cost and low-mass moderate-throughput x-ray imaging at good
angular resolution (HPD = 15"). Papers in Session 2 described development,
implementation, and testing of the SRG eROSITA and ART-XC telescopes and of
the Focussing Optics X-ray Solar Imager (FOXSI) balloon-borne telescopes, as well
as research and development of technologies for future electroformed-nickel
opfics, such as proposed for the NHXM telescope.

SILICON PORE OPTICS (Session 3) covered research, development, fabrication,
and testing of mirror modules ufilizing Silicon Pore Optics (SPO) technology. With
cosine BV as principal industrial partner, ESA initiated SPO technology
development for a large-area x-ray telescope aboard a facility-class mission that
evolved from XEUS to IXO to ATHENA. Papers in Session 3 described progress in
maturing this technology toward constructing and launching a large-area
(focusing) x-ray telescope with angular resolution HPD < 10"

SLUMPED GLASS OPTICS | and Il (Sessions 4 and 5) covered research,
development, fabrication, and testing of mirror modules utilizing slumped-glass
technology. Session 4 reported on the status of x-ray optics for the NuSTAR
mission, which employs thousands of mulfilayer-coated slumped-glass segments
to perform the first satellite-borne focused imaging in the hard-x-ray band. In
preparation for an early-2012 launch, the NuSTAR team completed assembly,
testing, and calibration of the flight modules, demonstrating an angular resolution
HPD = 50". Session 4 contfinued with overviews of progress in the United States and
in Italy to develop the next generation of slumped-glass optics with finer angular
resolution (HPD < 10"). Session 4 concluded with reports on approaches for
slumping glass segments, while Session 5 addressed issues in alignment and
assembly of such mirror pairs info mirror modules.



COATINGS (Session 6) covered a range of topics, beginning with bilayer and
graded multilayer x-ray optical coatings, which enhance reflectance at low and
at high energies, respectively. The session next reported on the use of a sputtered
titanium-nitride coating on mandrels, to serve as a hard release layer for
electroforming shells—including the fransference of multilayer coatings on the
mandrel onto the shell. Session 6 concluded with a description of research in
differential deposition as a low-force technique for correction of figure errors.

DESIGN AND ANALYSIS (Session 7) began with a description of a novel semi-
analytical computation of the point spread function valid over all spatial
wavelengths (figure, slope errors, and microroughness), followed by a report on
modeling of x-ray scattering from multilayers. Other papers addressed
mathematical and ray-trace tools for optimizing the design of x-ray telescopes
and predicting theirimaging performance. The final paper of Session 7 addressed
optimization of the size of mirror segments for x-ray telescopes.

OPTICAL FABRICATION (Session 8) began with a description of precision figuring of
mandrels for slumping glass, followed by a report on progress in direct precision
fabrication of full-cylinder glass mirrors that are an order of magnitude thinner
than the high-resolution mirrors of Einstein, ROSAT and Chandra. Session 8
concluded with a description of research in magnet-filed assisted polishing of the
sidewalls of micropore x-ray opftics.

METROLOGY AND TESTING METHODS (Session 9) addressed instrumentation and
techniques for precision metrology and for EUV and x-ray testing. The session
began with descriptions of full-surface normal-incidence interferometry and of
grazing-incidence wave-front sensing. Session 9 also reported on the
development of innovative meftrology profilers for precision measurements of
large mirrors, and on a test facility for EUV optics.

LAUE LENSES | and Il (Sessions 10 and 11) covered the use of Laue lenses, based
on natural crystals, for gamma-ray telescopes. Session 10 primarily provided
overviews of Laue telescope concepfts, prototypes, and test results. Session 11
mainly addressed the properties and characterization of mosaic and curved
crystals for use in Laue-lens gamma-ray telescopes. The goal of this research is to
bring to gamma-ray astronomy the power of focusing, in order to improve greatly
the sensitivity for detection and measurement of cosmic gamma-ray sources.

SPECTROGRAPHS (Session 12) reported on instrumentation for high-resolution
dispersive spectroscopy of the sun and of cosmic sources—including proposed
measurement of the Warm-Hot Intergalactic Medium (WHIM) in x-ray absorption.
The papers explored non-traditional grating designs for x-ray grazing-incidence
spectrographs: a planar varied-line-spacing reflection grating; an off-plane
radial-groove reflection grating; and a critical-angle transmission (CAT) grafing.
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NOVEL OPTICS (Session 13) concluded the Conference with an assortment of
papers on novel concepts for x-ray imaging telescopes: micro-channel plate
optics; a hybrid coded-mask lobster-eye wide-field telescope; and a grazing-
incidence x-ray interferometer. The final papers of Session 13 reported on
technology development for active (adjustable) x-ray telescopes.

Giovanni Pareschi
Stephen L. O'Dell





