The foundamental parameters of X-ray telescopes
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..since the birth of X-ray Astronomy in 1962, improvements
were carried out in terms of
sensitivity, angular resolution, energy resolution
and energy bandpass




The Golden age of X-ray Astronomy

CHANDRA X-RAY OBSERVATORY
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Sensitivity:
- 5 at05

S/N=S/(5+B)°*

— B,,,~Const x Sky region

— B, = Const x det. reg.

ark current

$%-5=Poisson Noise
source counts
> B cs-out(clectronic) = CONSE X det. Reg.
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Reducing the B.

Increasing the collecting/effective Area

l

S=FIA«! the NASA (Chandra) way...

S/N increases

S/N increases......
(....but sometime also the bgd increases)

the ESA (XMM-Newton) way



High Resolution Mirror Assembly (HRMA):
On-axis PSF
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Encircled energy vs. radius
at different energies

Radius encompassing NN%Z of the counts
as a function of the energy
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On-axis PSFf size and shape




High Resolution Mirror Assembly (HRMA):
Off-axis PSF
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Resulting image on the focal plane of ACIS

FG 1634—-706, ObslD 1269, OBU Aspect
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XMM-Newton: the EPIC on-axis PSF

. spider-like pattern
P due to the support
o of the Wolter |
a mirrors
3

Mirror module 2 3 4

Instr. chain® pn MOS-14+RGS-1  MOS-24+-RGS-2

orbit /ground orbit/ground orbit /ground
FWHM "] < 12.5° /6.6 4.3/6.0 4.4/4.5
HEW [ "] 15.2/15.1 13.8/13.6 13.0/12.8

PSF FWHM higher than in Chandra but much larger effective area
Background (and confusion limit) can be an issue




XMM-Newton: the EPIC on-axis PSF

Encircled energy vs. radius
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XMM-Newton: the EPIC off-axis PSF

MOS—1: 90% radius v Off—axis angle
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for the pn at different energies

90% radius (radius encompassing 90% of the
incoming photons) vs. off-axis angle
for the M0OS1-2 at different energies
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Chandra = angular resolution

4 Nested Farab-oloids

B AR Only four, robust shells
High-quality of shell production
to allow <arcsec on-axis angular
resolution (the best so far in X-rays)
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High Resolution Mirror Assembly (HRMA)

Ottica Wolter Type-l

Mirror diameters:
1.23, 0.99, 0.87 0.65 m

Mirror lengths: 84 cm

HRMA mass: 1500 kg

Focal length: 10 m

PSF FWHM: 0.5”




Chandra focal-plane detectors: CCDs
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large effective area

XMM-Newton

3 modules, 58 shells




XMM-Newton: all instruments at work simultaneously

Emim c-l:ns::r'.-atc-r'_-.-' systamm

Facal Plane Platform

Apertura
Stops

Camera

Mirror Support Platform
Radiators

Dutgassing
Balfle

Telescope Tube

Reflection Gratings

Star Optical Monitor

¥-Ray Mirror Assemblies Figure 3



Hyperboloid

Parabotoid Wolter | solution
- - \

EPIC MOS EPIC pn
Full ir 7 CCDs each 109 x 10.9 arcmirmaies 12CCDs each 136 x 4.4 arcmin
pn CCD, =50% to the
MOS1 '2, the reSt tO the Grating 5tack CCD Camera At

Q200 mm Jepths

Prime Focus

grating spectrometers

( RG S) Focal Length 7500 MM
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Mirrors and Effective Area
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Chandra: High Resolution Mirror Assembly (HRMA);
Effective Area
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Chandra: quantum efficiency
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Chandra: effective area
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100

20

Wavelength [A
20 ! 9 IC'[ ]

1000

100

10

ACIS-S3 (B) ——
ACIS—13 (FI)

oA

1.0
Energy [keV]




Ratio of the off-axis vs. on-axis counts at different off-axis angles

Chandra: vignetting

Vignetting ratio
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Hard X-ray photons are more difficult to focus

=> Vignetting




XMM-Newton: mirror effective (geometric) area
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XMM-Newton: quantum efficiency

Quantum Efficiency

kb R s ks skl ]
Energy (keV) 5 n 1.830 1.840 1.B50 1.860 1.B70
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Strong decrease in the QE above 10 keV, where also the effective area due to
the mirrors has a significant decrease
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XMM-Newton: effective area
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XMM-Newton: vignetting
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Strong vignetting (as expected) for high-energy photons,
partly compensated by the large effective area (e.g., wrt. Chandra)




You willl account for all this information
creating a file named
arf (ancillary response file)



Chandra XMM-Newton

2
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Mirrors and PSF

lens/mirror imm
source ens ° age

1.0

v
4

ntensity (normalised)

/' Optical band=seeing
Intrinsic limit (_=1.22 //D)

T~

+ operations... X-rays= mirrors properties
+ mirror array assemply

Point Spread Function (PSF) — describes the response of an imaging system to a point source or
point object.

HEW (PSF), FWHM (PSF) = angular resolution

PSF = function of (x,y) or (r, O).



High Resolution Mirror Assembly (HRMA):
On-axis PSF
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Encircled energy vs. radius
at different energies

Radius encompassing NN%Z of the counts
as a function of the energy
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High Resolution Mirror Assembly (HRMA):
Off-axis PSF
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Resulting image on the focal plane of ACIS

FG 1634—-706, ObslD 1269, OBU Aspect
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XMM-Newton: the EPIC on-axis PSF

. spider-like pattern
P due to the support
o of the Wolter |
a mirrors
3

Mirror module 2 3 4

Instr. chain® pn MOS-14+RGS-1  MOS-24+-RGS-2

orbit /ground orbit/ground orbit /ground
FWHM "] < 12.5° /6.6 4.3/6.0 4.4/4.5
HEW [ "] 15.2/15.1 13.8/13.6 13.0/12.8

PSF FWHM higher than in Chandra but much larger effective area
Background (and confusion limit) can be an issue




XMM-Newton: the EPIC on-axis PSF

Encircled energy vs. radius
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XMM-Newton: the EPIC off-axis PSF

MOS—1: 90% radius v Off—axis angle
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90% radius vs. off-axis angle
for the pn at different energies

90% radius (radius encompassing 90% of the
incoming photons) vs. off-axis angle
for the M0OS1-2 at different energies
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XMM-Newton: effective area dependence on the filter choice
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To avoid contamination from bright, soft objects (e.g., stars), a medium/thick filter is adopted




Last but not least....

Energy resolution



XMM-Newton: energy resolution
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Chandra: energy resolution
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100-150 eV




You willl account for all this information
creating a file named
rmf (redistribution matrix file)
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