k From zone plates to mlcrocalorlmeter
50 years of cosmlc X- ray spectroscopy at SRON 3




The grass-roots at Utrecht (1)

Christophorus Buys Ballot:

- 1853: Sonnenborgh Observatory
Meteorology and Astronomy .

- 1877: New Physics Laboratory
Mainly: teaching

- — :optical spectroscopy
(Julius, Moll, Ornstein)

- 1896 : Heliostat spectrograph
for Fraunhofer lines in
Solar spectrum

- 1923 : concept of equivalent line
width W(Minnaert)

- 1929 : formulation of curve of
growth W=f(N)
(Minnaert, Unsold)
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The grass roots at Utrecht (2):
Atlas of the solar spectrum: Marcel Minnaert

1936: ~ 100 photographic plates taken at Mount Wilson Observatory
1940: Utrecht Photometric Atlas of the solar spectrum (Minnaert et al)
1952: Solar atmosphere temperature model (de Jager 1952)

1966: Solar abundances from The Solar Spectrum (Moore et al )
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To shorter wavelengths: X-ray spectroscopy

o 1961: Start Space research in Utrecht

o First target: X-ray spectroscopy of the sun



Mid 1960’s: Monochromatic XUV-Images of the Sun

X-ray lense employing diffraction: Fresnel zone plate
Zone partition of spherical wavefront — block even/odd zones
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Mid 1960s: Q-monochromatic XUV-images of the Sun
X-ray lense employing diffraction: Fresnel zone plate

Manufacturing:
RQ: transparent zones completely open, width 1-2 um — radial support
- First successful trials with electron optical imaging, FOV limitations

- Interferogram of two coherent spherical wave fronts: Photolithography

' Sunin St X at5.1 nm

1967: Successful sun stabilized
Aerobee rocket experiment

4 Zone plates of 50 metallic rings
f = 40 cm, outer diam. 0.90-3.06 mm

£ = = W Solar Q-monochromatic images in
e Si X, Fe XI, Hell and Hel lines

Dijkstra et al 197




The Astronomical Netherlands Satellite (1974)

Major results:
- Type | X-ray bursts

- (soft) X-rays from stellar coronae

- Stellar X-ray flares

- Thermal X-ray distribution in evolved SNRs
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1970:

Start development
X-ray spectral codes
H @ at Utrecht by Mewe, Kaastra,

Photons m™— = 5" ke
2

) later joined by Liedahl
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Grating spectrometers on Einstein and EXOSAT:
Capltallzmg on the photo lithographic zone plate technology
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Coronal spectra

@ emission measure as
function of temperature:
DEM
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LETG on Chandra: SRON (PI) & MPE-Garching

optical configuration

grating =
@ 1000 lines/mm (Au)
@ 25um/2 mm pitch supports




LETG on Chandra: resolving He-triplets in Coronae

Capella Procyon = _
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High throughput cosmic X-ray spectroscopy in Europe

HERITAGE: the successful development of light-weight replica-optics for EXOSAT

Submitted by

XXMM e

.G. Taylor, SSD/ESA
. Trimper, Garching

CPAERHUP G

A PROPOSALTO ESA FOR AN

X-RAY MULTI-MIRROR o e

Mullard Space Science Laboratory

Holmbury St. Mary
Dorking, Surrey, England

ASTRONOMY MISSION

Telephone: 306-70292
Telex: 859185

November, 1982



High throughput cosmic X-ray spectroscopy in Europe:

A strategic choice !

Horizon 2000
May 1984

C =

european space agency

XXMM

X-RAY MULTI-MIRROR

ASSESSMENT STUDY

programmes)




High-dispersion X-ray spectroscopy on XMM:
SRON(PI) & UCBerkeIey/Lawrenceleermore NL

Reflection grating

“Grazing” incidence

DE: mi=d(cosp-cosa)

d
BW: Ax— Al= Esinaﬁa

cnsa cusﬂ

— eflective grating period: ~ d Sinax

— effective line density: pzaﬁ-— (p, = ruling density) :




XMM: cooling flows, accretion disks, 1onized outflows

| L Cold gas n%issing' in coolling flbw
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Early 1990's: start development non-dispersive

technologies for image—resolved X-ray spectroscopy

- Superconducting tunneling junctions (STJ): abandoned after 5 yrs
- Bolometers with phase-transition thermometers: TES calorimeter
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Optics for the next generation X-ray Observatory

The area/resolution challenge 60

100 Generation | Generation Il Generation Il Generation IV
(HPO) (SPO, SPORT) (SPIN)
SD -
XOU-1 (4p)
ASQ{:A
= 40
£ E XOU-2 (4p)
4 i =
= " :ﬁ:’" Exosat ™
= & © 30
g Newton b
[T e & 20+
= Einsten 'g XOU-3 (4p)
i 1
-
= 4 L £ o] XOU-5 (4p)
& ¢ handra o XOU-7 (4p)
Rosat o ] MM(4p) alocation (3.7°)
Fails chii,:_] ted Mond |'!;-'Th]'l..'.\' stacking robot (linear) stacking robot (modular) S:;Chn;:::;)t stacking robot
0.1 XOU1+2 +X0U3: plate quality improved cleanliness pr. i true Wolter
0.1 1 10 100 1000 — e

Resolving power (elements/arcmin) 2005 2006 2007 2008 2009 2010 2011 2012 2013
— =

Large area optics: > 5m2 @ 1keV, >1m2 @ 6keV F of .
Angular resolution <5 (2) arcsec‘ B

Science driver: detection of SMBHs at z > 8,

enrichment history of the Universe

No conventional technology: excessive mass
New technologies: Si-pore optics, slumped glass
Si-pore most mature, baseline IXO — ATHENA




Lessons learned >  outlook (1)

R&D on enabling technologies (X-ray optics, dispersers, Sensors)
key success factor

Long lead times: tension between R&D and implementation (TRL)

Mission level coordination (cooperation) has so far been regional
(NASA, ESA, national)

Over the past decades, X-ray astronomy has evolved into an
establishes branch of main-stream astronomy

During the first 50 years, cutting edge X-ray space
observatories were relatively abundant, however those days are over!



Lessons learned > outlook (2)
Challenges

* [nnovative instrumental technology, both in terms of magnitude
(throughput, bandwidth) and complexity

* Increased competition from other ("' new") branches in space
astronomy (we are now part of the usual suspects)

« Shrinking budgets due to the economic recession in most
space faring countries.
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