X-RAY ASTRONOMY

Detectors: proportional counter; microchannel plate; CCD.

X-ray CCD — reads out events (not images)
— and event energies

e Non-focussed imaging: collimators and coded masks (E 2 10 keV).

X-ray optics at grazing incidence (~ 1° — 2°)
— Wolter I telescopes, e.g. Chandra HRMA
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e Point spread depends on energy and distance off axis
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X-ray Resources

e HEASARC (High Energy Astrophysics Science Archive Research Center):
http://heasarc.gsfc.nasa.gov/

— comprehensive archives, including: ASCA; ROSAT; Beppo-SAX; Chandra;
RXTE; XMM-Newton

— X-ray analysis software tools: FITS file manipulation; XSPEC spectral
fitting.

e Chandra web site: http://asc.harvard.edu/
— mission description (proposal writing)
— target and scheduling
— data processing and analysis

— CIAO analysis software

e XMM-Newton web site: http://xmm.vilspa.esa.es/

— similar to Chandra



Chandra and XMM-Newton
e Large X-ray telescopes (3 for XMM) in highly elliptical orbits

Key Comparison

Chandra XMM-Newton

Oribital period 64 hour 48 hour
Effective area (1 keV) 340cm? 1227 cm?
Spatial resolution (on axis) ~ 0.5” ~ 6"

Energy resolution:
CCD at 1 keV ~100eV ~ 60eV
Grating at 1 keV ~1leV ~ 3eV

e Chandra has better spatial resolution
e XMM-Newton has greater effective area

e XMM Reflection Grating Spectrograph (RGS) can be used with extended
sources



Chandra Instruments

ACIS: 10 1024 x 1024 frame buffered X-ray CCDs
Imaging (I) and spectroscopic (S) arrays
8 front illuminated, 2 back illuminated

HRC:

Gratings:

Pixel size 0.492 arcsec

Normal read out every 3 s

Dither 8 arcsec amplitude, ~ 800/1000 sec period

Energy resolution AE ~ 100 eV

High time resolution (16 us)
Spatial resolution ~ 0.4 arcsec

Objective gratings (no masks)
HETG E/AFE ~ 1000 for 0.4 — 10 keV
LETG E/AE ~ 1000 for 0.08 — 0.2 keV

Chandra Focal Plane Layout
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e Advancad CCD Imaging System (ACIS) used most

Using Chandra
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Aim points on I3 and S3 chips

S1 and S3 chips back illuminated

Particle damage has degraded charge transfer (energy resolution) of all front
illuminated chips

S3 mostly used for imaging/spectroscopy

— high particle background, can be partly addressed by using Very Faint
telemetry mode

Chandra “CIAQO Science Threads” for data reduction



