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A first decisive innovation

To use the coded-aperture technique for gamma-ray astronomy
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First gamma-ray coded-mask telescope in space

e

1P es v 2 1 A M
The French telescope SIGMA aboard the Russian satellite GRANAT
Paul et al,, Adv. & Sp. Res. 11, (8)289, 1991
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Discovery of the first microquasar
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Solutions to do better. ..

Increase the angular resolution

Increase the spectral resolution

Solution: two instruments

Increase the sensitivity

Increase the spectral domain

Solution: two large instruments

Increase complexity

Increase costs

Solution: international cooperation

Framework: the European Space Agency
Project assumed name: INTEGRAL
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Jacques Paul

INTEGRAL selection milestones

INTEGRAL is proposed in the framework of the announcement
of opportunity for the M2 ESA medium size mission

INTEGRAL ranks amony the 8 missions selected for a
preliminary feasibility study

INTEGRAL ranks amony the 4 missions selected for a full
phase A4 study

INTEGRAL is selected by the ESA Science Program Committee

ESA announcement of opportunity for the INTEGRAL payload
US and UK withdraw their contribution to the payload

INTEGRAL payload selection: France, Germany and Italy
Compensate US and UK withdrawal

National Agencies endorse participation to INTEGRAL
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= SPI Spectrometer
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A4 second decisive innovation

To use cadmium telluride (CATe), a material ideally suited to build a
hard X-ray and low-energy gamma-ray detector plane

=> High z (Cd: 48, Te: 52) good for photoelectric effect
==> High density (~6) good for compactness

==> High resistivity (10° CM) at room temperature
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Jacques Paul

IBIS/ISGRI development milestones

First studies of a CdTe detector

First studies of the production of a CdTe low-energy detector
plane for INTEGRAL

Selection of the IBIS telescope with a CdTe detector plane
Mechanical and thermal model of the ISGRI detector plane
Electrical model

Qualification model

Flight model

ISGRI integration within the IBLS telescope
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I'BIS: an imager also able to make spectra
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SPI: a spectrometer also able to make images
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March/April 2001

Bruyeres-le-Chitel (France) SPI calibration
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High intensity gamma-
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16 April 2001
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Saclay (France) making of the >*Na source (half-life 15 h)
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18 April 2001

Opening of the >*Na source
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19 April 2001
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SPI image of the 2*Na source
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February 2002

Thermal vacuum test Vibration test

ESTEC NoordwijK (The Netherlands)
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26 March 2002

INTEGRAL ready for flight
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24 August 2002

Arrival of INTEGRAL in Baikonur (Kazakhstan)
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2 October 2002

INTEGRAL mounted on the 4" stage
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17 October 2002

Launch of the PROTON rocKet
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In orbit
injection

Perigee: 9,000 Kmn
Apogee: 153,000 Km

Launch at Baikonur
4 stage separation

4 stage ignition
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| |
30 GRB detection
| |
| ‘l

GRB 030227

[
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The [Q\[ngj{ﬂ q)o ,
- Milky Way E "

v

| The galactic emission in the 20-200 Ke'V band is resolved into compact
- | sources: no need for any overabundance of cosmic electrons with harmful
‘ ionizing effects

- . Lebrumeral,Nat 428,293,2004
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o N .."-.._Q;é[dﬁger et d’[;,_ApJ 601, L163/2004
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Galactic 511 Ke'V emission

Knodlseder et al., A&A, in press (Astro-ph/0506026)
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