Lesson 10 X-ray astronomy satellites and instruments

© What are the three most essential p in cosmic X-ray

Ideally, we would like to measdre the X-ray photon energy, arrivatdirection, and arrival time.
NN

Obsaue

1. Better sp: Good image

2. Better spectral re > Good spectra

3. Better timing resolution — Precise timing study

() How can we design X-ray instruments to maximize the sensitiity (= fignal to noise ratio)?
The larger the(effective area) the more X-ray photons are collected. — Signals increased.

Better to reduce the background noise (mostly electric particles [protons, electrons] in orbit).

The particle background is proportional to the dimension of detector.

‘Fccus X-rays using X-ray mirror into a small detector pixel (CCD, microchanel plate etc)
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@ X-ray astronomy started in 1962, but the first X-ray imaging satellite using mirrors, E
Why it was so difficult to make X-ray mirrors? Give two reasons.

s://heasarc gsfc.nasa,gov/Images/heao?,
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Explanation of the principle of X ray mirror
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Einsten and ROSAT)can image up to < 2 keV. X-ray imaging above > 2 keV was made possible with ASCA X-ray

Telescope for the first time. ASCA is much smaller, lighter and cheaper than Einstein or ROSAT. Why this

BSUK

possible? What was the trade-off?
R

It was the first X-ray mission to usw\th imaging detectors with an angular resolution of a few arcseconds, a field-of-view of tens of arcminutes. The

sensitivity w; reater tha &
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NuSTAR and Hitomi/HXI are the first satellites which can focus hard X-rays up to ~70 keV. How this was possible?
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X-ray Tolescope
- S0 X-ray Telascope (SXT-5)
- Soft X-ray Telescope (SXT-)
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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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In 2023, what would be the best llites/it for the following
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SN1006 by Chandra hitpsi//chandra.harvard.edu/photo/2005/5n1006,

hitps://chandra harvard.edu/graphics/re:

lustrations craftOptBanchds 72,
A

https://chandra.harvard.edu/resources/ppt/telescope.h

tml

« High resolution spectroscopy in the iron K-band (6-7 keV) %QT SM \ (

XRISM white paper

Xray microcalorimeter
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https://pos.sissa.it/306/046/pdf (Ishida 2017

* High resolution spectroscopy at ~ 1keV fo iffuse sources (&.g., supernova remnants, clusters of galaxies).

50 the resolving powe (E/AE) is higher for higher

Q SV\ ! _ ()\\(/e\\(‘r\ f , thysernal mation (E7=1 ke¥ L i
« High resolution spectroscopy at ~ 1keV' forevg., stars, X-ray binaries), wa\ k [

Fasalving Power

o Very fast timing study (<< 1msec) for bright X-ray sources

Bandpass: 0 2-12 keV

[ .o Me, Mg 81 8 Arocp m

Effective area:
Energy [kaV)

2x XMM-Newton for soft X-ray timing

« Energy resolution:

Effective Area (cm’)

85 eV @ 1KeV,
137 eV @ 6 keV

L

XMM-Newton PN

Simifar to XMM and Chandra

Time-tagging resolution:

<300 nsec (absolute))

Energy (keV)
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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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Simitar to XMM and Chandra J R \ |
|
« Time-tagging resolution: |

<300 nsec (absolute)| Energy (keV)

0x belter than XMM

« Spatial resolution: 5 arcrn diam. non-imaging
FOV

o Hard X-ray imaging above > 10 keV /¢, 2/
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hitos sstr caltoch cdu/page/reseatchers
« Most sensitive all-sky X-ray image in 0.5 - 10 keV/ (no fast detection needed)

Navigating the eROSITA X-ray sky

Monitor all-sky in X-rays, discover bright X-ray transients and i jate follow-up X-ray
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7 minutes compared to hours right now. This new rapid respGnse o MAXTTs called the O ~orbit Hookup of MAX) and NICER
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o Xray polarimetry

R NATONAL AERONAUTICS
AND SPACE ADMINISTRATION

In early 2030's, which X-ray astronomy satellite will be operating? What will be the main instrument? How will be the performance?
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https://heasarc.gsfc.nasa.gov/docs/nicer/nicer_about.html
https://www.nustar.caltech.edu/page/researchers
https://heasarc.gsfc.nasa.gov/docs/nicer/science_nuggets/20190725.html
https://ixpe.msfc.nasa.gov/about/
https://www.the-athena-x-ray-observatory.eu/
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Tifo Athena X-ruy Ohsarvatory: Community Support Portel
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Extremely senstive to the temperature change — Detier o

In early 2040's, which X-ray astronomy satellite is expected to be launched? What would be the performance? 4’\()]‘
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LYNX PERFORMANCE in CONTEXT
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EYES, SHARP as a LYNX
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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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