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What are the(threg most essential performances i"W

‘ Ideally, we would like to measure the X-ray photon energy, arrival direction, and arrival time.

However, we may not directly measure the X-ray photon energy ,arrival direction and arrival time.

What we detect is electric signals from X-ray detectors, and the detector resolution is limited
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1. Better spatial resolution — Good imag

%) 2. Better spectral resolution —(Goc

3. Better timing resolution — Precise timing study”

How can we design X-ray instruments to maximize the sen
—

e —
he larger ective area, the more X-ray photons are collected. —
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Better to reduce the background noise (mostly electric particles [protons, electrons] in orbltg
The particle background is proportional to the dimension of detector.
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X-ray astronomy started in 1962, but the firStX-
Why it walso difficult to make X-ray mirrors? Give two reasons
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Telescope for the first time({ASCA is much smaller, lighter and cheaper than Einstein or ROSAT. Whythls was made
possible? What was the tradé-o

NI Wﬁ’i%
Woht7 e ik en 7 PR % %W(%L/{%ﬁ %

S f\W{ &uQ 1y - %Y}
& pl L 1= j It was the first X-ray mission to use{focusing optics|with imaging detectors with an anguldr resolution of a few arcseconds, a field -of-view of tens of arcminutes, The

ﬁ @&\ seusitivity was several 100 times g Y previous X -ray astronomy mission
v S0l 4t

PSE acom
W%QW Bnttom
B k% F‘]%;L)

NUSTAR Aind Hitomi/HXI are the first satellites which can focus Biard X-rays up to ~70 keV. How this was possible?
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sas/astro_h/instruments.htm!

X-ray Tolescope

7 215
& Soft X-ray Tele: (SXT-8)
Soﬂll:vyfdn:’;: {SXT-0) > @W
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= Extensible Optical Bench (EOS)
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https://chandra.harvard.edu/resources/animations/mirror_comparison_sm_2017.mov
http://articles.adsabs.harvard.edu/pdf/1995PASJ...47..105S
http://articles.adsabs.harvard.edu/pdf/1995PASJ...47..105S
https://www.nustar.caltech.edu/news/126
https://heasarc.gsfc.nasa.gov/Images/heao2/heao2_prepflight.gif
https://heasarc.gsfc.nasa.gov/docs/einstein/heao2_about.html#instrument
https://darts.isas.jaxa.jp/astro/asca/
http://cdsads.u-strasbg.fr/pdf/1995PASJ...47..105S
https://doi.org/10.1364/AO.34.004848
https://ui.adsabs.harvard.edu/abs/1995PASJ...47..105S/abstract
https://global.jaxa.jp/projects/sas/astro_h/instruments.html
https://global.jaxa.jp/projects/sat/astro_h/topics.html
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handra.harvard.edu/resources/ppt/telescope.
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« High resolution spectroscopy in the |ron
Lygasml)

XRISM white paper
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« High resglu(iron speccmscupya(@rmﬂuse sources{e.g., sw lusters of gataxies). ) XQ’_& ﬁ’\
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« High resolution spectroscopy at ~ 1keV for point sources (e.g., stars, X-ray binaries). _3 ”\W\T’w‘a\ %HM 'S Lo
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https://chandra.harvard.edu/photo/2019/tycho/
https://chandra.harvard.edu/graphics/resources/illustrations/craftOptBench45-72.jpg
https://arxiv.org/pdf/2003.04962.pdf
https://chandra.harvard.edu/photo/2005/sn1006/
https://heasarc.gsfc.nasa.gov/docs/asca/gallery/sn1006.html
https://chandra.harvard.edu/resources/ppt/telescope.html
https://chandra.harvard.edu/resources/ppt/telescope.html
https://pos.sissa.it/306/046/pdf
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L&- High resolution spectroscopy at ~ 1keV for point sources (e.g., stars, X-ray binaries). _/3 G\YATNa‘ {V\/g?,\:/\ M} A F')f) : er“ \
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Resolving Power [E/AE)

Very fast timing study (<< 1msec) for bright X-ray sourcs @\x f:o
2000}

« Bandpass: 0 2-12 keV
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For spectral resolving power (E/AE) is higher for lower-energies
= wave-length resolving power (A/A%) s higher for longer-wavelength

« Effective area:
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>2000 cm* @ 1.5 keV,

600 cm? @ 6 keV

2% XMM-Newton for soft X-ray fiming

« Energy resolution:

85 eV @ 1KeV,
137 eV @ 6 keV
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Similar to XMM and Chandra

« Time-tagging resolution:

<300 nsec (absolute)
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25x better than RXTE
100-1000x better than XMM

« Spatial resolution: 5 arcrmen diam. non-imaging
FOV
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« dard X-ray imaging above > 10 ke¥
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o Most sensitive all-sky X-ray image in 0.5 - 10 keV/ (no fast detection needed)

Navigating the eROSITA X-ray sky g

< Monitor all-sky inX-ravs, discover bright Xray transients and i follow-up X-ray observation:
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https://heasarc.gsfc.nasa.gov/docs/nicer/nicer_about.html
https://www.nustar.caltech.edu/page/researchers
https://www.nustar.caltech.edu/system/media_files/binaries/20/small/x-ray_comparison.jpg?1391213257
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thena-x-ray-observatory.eu/11-news/535-athenanuggets-balancingon
xcray-obsghvatory.eu,

st

ATHENAS  The Athena X-ruy Obsarvatery: Community Support Portel
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activities & news OE—N%E\/

Much lrge effective area
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Ined X-ray astronomy satellite is expected to be launched? What would be the performance?
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https://heasarc.gsfc.nasa.gov/docs/nicer/science_nuggets/20190725.html
https://www.the-athena-x-ray-observatory.eu/
https://www.youtube.com/watch?v=mOf6WIDmi30&t=93s
https://www.lynxobservatory.com/
https://www.the-athena-x-ray-observatory.eu/11-news/555-athenanuggets-balancing-on-the-edge-detecting-x-rays-with-transition-edge-sensors.html
https://www.the-athena-x-ray-observatory.eu/11-news/555-athenanuggets-balancing-on-the-edge-detecting-x-rays-with-transition-edge-sensors.html
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LYNX PERFORMANCE in CONTEXT

~ SENSITRATY X

EYES, SHARP as a LYNX

X
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