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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 discovery of the
cosmic X-ray background (XRB)
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The functioning of a X-ray telescope
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Einstein (HEAO-2): 1978-1981
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What we are going to talk about...

....where we were in 1999.... and we are still there...
CHANDRA X~RAY OBSERVATORY

Chandra

XMM-Newton



Sensitivity: S/N=S/(S+B)%> — oct0-5

> B,y —=Const x Sky region

— > Byark current=|CONSt X det. reg.
S%-5=Poisson Noise

source counts

’ BZrea-out(electronic = Const x det. reg.

These terms depend on
“real” regions of the detector
where the source counts are
Collected -> PSF



First fundamental element of the telescope: PSF
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+ operations... T X-rays= mirrors properties
+ mirror array assembly

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, 9) (...usually a couple of Gaussian/King profiles.....)



How to increase the sensitivity....

Reducing the B.

Increasing 1he collecting/effective Area

S/N increases
S=Fx Aeff

l the NASA (Chandra) way...

S/N increases......

(....but sometime also the bgd increases)

the ESA (XMM-Newton) way



Chandra = “extreme” angular resolution
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Mirror elements are 0.8 m long and from 0.6 m to 1.2 m diameter

Background “may depend” on the angular
resolution...




High Resolution Mirror Assembly (HRMA)

_ Ottica Wolter Type-l
; "“ o rf:l:? e Mirror diameters:
1.23, 0.99, 0.87 0.65 m
.':.“:: Etl .:“::m L Mirror lengths: 84 cm
mé ..— Ou; n..ﬂ. HRMA mass: 1500 kg
e T ——— Focal length: 10 m
PSF FWHM: 0.5”




Chandra focal-plane detectors: CCDs




XMM-Newton = large effective area

3 modules, 58 shells




XMM-Newton: all instruments at work simultaneously

xmm observatory system
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X-Ray Mirror Assemblies Figure 3
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High Resolution Mirror Assembly (HRMA):
On-axis PSF
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Encircled energy vs. radius
at different energies
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High Resolution Mirror Assembly (HRMA):
Off-axis PSF
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ACIS EEF
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XMM-Newton: the EPIC on-axis PSF

MOSH MOS2 PI spider-like pattern

% due to the support
s ‘ of the Wolter |
- mirrors

Mirror module 2 3 4

Instr. chain® pn MOS-1+RGS-1 MOS-2+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
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XMM-Newton: the EPIC off-axis PSF
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Second fundamental element of the telescope: mirrors and detector
Effective Area
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Chandra: High Resolution Mirror Assembly (HRMA):
Effective Area
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Chandra: quantum efficiency

QE (G02346),

Quantum Efficiency + filt. trans.
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Chandra: effective area
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XMM-Newton: mirror effective (geometric) area

Aeff (em2)
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Quantum efficiency
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XMM-Newton: quantum efficiency

Strong decrease in the QE above 10 keV, where also the effective area due to
the mirrors has a significant decrease




1000

¢

Effective Area, A [cm]

=

XMM-Newton: effective area

\
\
\

\
I

EPIC: PN

T T

oo 0

EPIC: MOS (2 modules)

EPIC: MOS (single)
RGS-total: -1" order
RGS-total: 2™ order

RGSI: -1" order
RGSI: -2"’ order

L

11 11

llllll

llllll

L

1

Energy [keV]

10




Chandra
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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: 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)



Last but not least....

Energy resolution



XMM-Newton: energy resolution

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