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IBIS 
15 keV – 10 MeV
FCFOV: 9ox9o

Excellent imaging (12’ FWHM), good spectra ≤ E/∆∆∆∆E~1000

SPI 
20 keV – 8 MeV
FCFOV: 16o dia
Excellent spectra (2 keV FWHM @ 1.3 MeV) good images ≤arcmin

Jem-X
3-35 keV
FCFOV: 4.8o

OMC
500 – 600 nm
FOV: 5o



Coded aperture masks (SPI, IBIS, JEM-X)

IBIS/ISGRI shadowgrams Crab pulsar: 
off-axis, on-axis, pulsating (33 ms)



b [deg]

l [deg]

INTEGRAL: coded mask FOV and source multiplicity

INTEGRAL/IBIS map of Cassiopeia region (20-50 keV)
mosaic 0.7-1.6 Ms, 0.4 – 12 mCrab, den Hartog et al. 2005

SPI

IBIS

XMM (30’)HMXB

SNR

AXP

ms-pulsar Diffuse emission (26Al, 60Fe)
from Gal plane

Many different source types – outside GC and bulge !



2nd Soft γγγγ-ray catalogue A. Bird et al., ApJ, 2006

• 2nd catalogue: 209 sources in 2020--100100
keV, including

– Galactic accreting binaries (115)

– Extragalactic sources (33)

– 55 IGR’s (20% classified)

• Location accuracy: 

40” (10σ), <2’ (5σ)

• Limiting sensitivity ~ 1mCrab 

• Previous surveys:

HEAO-1: 14 mCrab

SIGMA: 30 mCrab

• Expect to finally catalogue > 500 
sources (L+5y)

[HEAO-1/A4 all-sky survey: 72
sources, 13-180 keV, 17 months]

• The gamma ray sky exists!
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INTEGRAL: advance in imaging

SIGMA, 40-100 keV

Limit. sens: ~ 10 mCrab

Revnivtsev et al., 
527, 2004

5 deg
200x100

IBIS, 40-130 keV

Limit. sens: 1 mCrab
for 1Ms observation
(2nd source cat, 
Bird et al., 2006)

Revnivtsev et al., 
2005 (pr comm)

200x100



The IBIS soft γ-ray sky

THE DEEPEST EXPOSED AREA ≥5 Ms, 
i.e ≤ 1 mCrab limit sensitivity



INTEGRAL spatial resolution and improved sensitivity have been key features to solve  
the numerous point sources of hard X-ray emission detected in particular within the 
Galactic centre & Bulge. Several bright and hard-X-ray flares from SgrA* have been 
discovered with CHANDRA and XMM opening new perspectives in understanding the 
process at work in the accreting supermassive black hole of the Galactic centre. At 
higher energy, the deep INTEGRAL monitoring of this region led to the discovery of 
emission at E>20 kev in the direction of SgrA complex (IGR J1745.6-2901). 
This excess seems to be constant  and possibly not associated with the activity of 
SgrA*. Still need to carefully look for IGR J1745.6-2901 gamma-ray variability when 
flaring activity is seen in X-ray:

Exposure time 5Ms



• 1rst census of INTEGRAL/IBIS source detections (>4σ) above 100 keV based on the 
Core Program and public Open time observations till April 2005. 

• 49 sources detected in the 100-150 keV band of which 14 in the 150-300 keV range. 

• Low energy sample dominated by X-ray binary systems (both low and high mass), but
also includes 10 active galaxies. 

• more than 50% of the binary detected above 150 keV are associated with black hole
candidates, often reported as microquasars. 

• LogN-LogS curves for galactic and extragalactic objects in the 100-150 keV band: 
above a 1 mCrab sensitivity limit:

• 200 galactic sources
• 350 active galaxies

• Contribution of individual point sources to the total Galactic emission has been
estimated to be around keV 70-80% between 100-300

• Active galaxies detected above 1 mCrab account for only about 3% of the cosmic hard 
X-ray background in the 100-150 keV band.

INTEGRAL/IBIS CENSUS OF THE SKY BEYOND 100 KEV,

Bazzano et al., ApJL, in press



TheyThey are are allall knownknown
sourcessources



AXP: hardest

Sco X1: softest

There is a range of hardness ratios



The error on the source fux as function of exposure. This relationship
is used to compute the flux limit for the entire exposure map.

All-sky fractional coverage as a function of (4σ) limiting flux.





ThereThere isis room room forfor
10% more 10% more fluxflux toto
explainexplain





Several distant
Blazars

Close emisison
line AGN

1717--60 60 keVkeV
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Next steps
• Fully understand the CXB results in term of AGNs distribution/ 
models (Compton thin vs thick, Blazars etc, luminosity function …

• Complete the Galaxy plane survey (AO5)

• Expand the all sky coverage (Integral to observe till december 2009)

• Fully implement the “key program” scheme (GLAST inputs?, 17 Nov
dead line)

• Improve coordinated observation with SWIFT, RXTE, XMM & 
CHANDRA (Sakuko?) 

and finally

•• Continue the (Continue the (ongoingongoing) strong ) strong opticaloptical,IR, Radio ,IR, Radio counterpartcounterpart
identificationidentification programmeprogramme ((thatthat willwill alsoalso bebe relevantrelevant forfor GLAST)GLAST)



Microquasars detected at 
hard X-ray/TeV energies

LS 5039                                                        LS +61 303

Broad band spectrum of LS +61 303 as
reported by Chernyakova et al.2006. 

Yellow points are the IBIS/ISGRI average
spectrum from Jan 2003 to Mar 2005. 

IBIS/ISGRI 20-100 keV mosaic of ~900 Ks centered on 

LS 5039. The microquasar has been detected at more 

than 6σ level.

Associated with HESS J1826-148 detected by MAGIC
(Aharonian et al. 2005, Science, 309)                                            (Albert et al. 2006, astro-ph/0605549)


