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GammaGamma--Ray Astronomy in EuropeRay Astronomy in Europe
•• Europe has a long tradition in gammaEurope has a long tradition in gamma--rayray astronomy and is actually theastronomy and is actually the

world leader inworld leader in the fieldthe field (INTEGRAL)(INTEGRAL)
Maintain Europe’s leading roleMaintain Europe’s leading role in gammain gamma--rayray astronomyastronomy

•• WhyWhy GammaGamma--RayRay AstronomyAstronomy ??
Specific characterSpecific character ofof emission processesemission processes w/r tow/r to other wavebandsother wavebands

(non(non--thermal,thermal, particle accelerationparticle acceleration,, particleparticle && nuclear physicsnuclear physics))
DiversityDiversity ofof emissionemission sites sites 

(Sun, compact binaires, pulsars, SNRs,(Sun, compact binaires, pulsars, SNRs, GalaxyGalaxy/ISM, AGNs, GRBs, CB)/ISM, AGNs, GRBs, CB)
PenetratingPenetrating power of gammapower of gamma--ray photonsray photons

•• SeminarSeminar : Prospects in: Prospects in spacespace--basedbased GammaGamma--RayRay AstronomyAstronomy for Europefor Europe
March 18th, 2005 (Rome) March 18th, 2005 (Rome) http://http://wwwwww..cesrcesr..frfr/~/~jurgenjurgen/rome2005//rome2005/

PresentationPresentation ofof thethe conclusionsconclusions



Science themesScience themes
Cosmic accelerators

The most dynamic and powerful sites in the Universe
Cosmic explosions

The most violent events in the Universe

•• Gravitational collapse Gravitational collapse •• AccretionAccretion on compacton compact objects objects 
Binaries

µ-blazars
AGN

Core-collapse SN
GRB

•• Rotation of neutron stars Rotation of neutron stars •• ThermonuclearThermonuclear explosions explosions 
Pulsars

Magnetars
Type Ia SN

•• ExplosionsExplosions and shocks and shocks •• Thermonuclear runawaysThermonuclear runaways
Novae

X-ray bursts
GRB
SNR

Stellar winds



Cosmic acceleratorsCosmic accelerators
Black holes : understanding the accretion-ejection physics

•• HowHow is the energy reservoir transformed is the energy reservoir transformed 
into relativistic particlesinto relativistic particles ??

•• Jet formationJet formation andand collimation ?collimation ?
•• WhatWhat triggerstriggers the outburststhe outbursts ? ? 
•• Composition ofComposition of acceleratedaccelerated plasmas ? plasmas ? 
•• Nature ofNature of thethe radiationradiation processprocess ??

Fender et al. (2004)

Study broadStudy broad--bandband SED inSED in variousvarious states ; states ; 
probeprobe the universalitythe universality of hardof hard powerlaw tailspowerlaw tails

MeasureMeasure polarisation ofpolarisation of emissionemission componentscomponents

SearchSearch for pair annihilationfor pair annihilation and nuclearand nuclear lineline
featuresfeatures Zdziarski & Gierlinski (2004)



Cosmic acceleratorsCosmic accelerators
The origin of galactic soft γ-ray emission

•• INTEGRAL INTEGRAL : ~ 90% of: ~ 90% of the galacticthe galactic
hard Xhard X--rayray emission is resolvedemission is resolved

•• Spectral changeSpectral change aroundaround ~ 300~ 300 keVkeV
((ComptonisationComptonisation powerlawpowerlaw))

•• What is the originWhat is the origin ofof the emission atthe emission at
soft soft γγ--rayray energiesenergies ??

Lebrun et al. (2003)

Kinzer et al. (1999)

SearchSearch for hardfor hard tailstails in soft in soft γγ--ray ray 
sourcessources

Resolve theResolve the ‘diffuse’‘diffuse’ galacticgalactic soft soft 
γγ--rayray emissionemission



Cosmic acceleratorsCosmic accelerators
The origin of the cosmic soft γ-ray background

Bassani et al. 
(2005)

•• INTEGRAL INTEGRAL : ~ 20% of: ~ 20% of thethe sources insources in thethe 22ndnd

IBIS catalogue are ofIBIS catalogue are of extragalactic originextragalactic origin
2424 SeyfertsSeyferts, 5, 5 BlazarsBlazars, 5 AGN, 3 clusters, 5 AGN, 3 clusters

•• SoSo far,far, onlyonly ~ 1 % of~ 1 % of the cosmicthe cosmic soft soft γγ--ray  ray  
backgroundbackground is resolvedis resolved

Measure theMeasure the soft soft γγ--ray SED of AGNray SED of AGN
-- highhigh--energy cutenergy cut--offsoffs
-- hardhard tailstails

Weidenspointner (1998)

AGN & cosmic background

Resolve theResolve the soft soft γγ--ray backgroundray background

Determine theDetermine the nature ofnature of thethe
radiationradiation processprocess
-- polarisationpolarisation measurementsmeasurements
-- annihilationannihilation featuresfeatures



Cosmic acceleratorsCosmic accelerators
Probing particle acceleration in the most extreme magnetic fields

summed bursts / 1000

quiescent

Molkov et al. (2005)

•• INTEGRAL INTEGRAL :: discoverydiscovery of hardof hard emission emission 
tailstails in SGR 1806in SGR 1806--2020 andand AXPsAXPs

•• Emission mechanismEmission mechanism ??
•• Energy cutEnergy cut--off ? off ? 

QEDQED effectseffects (photon(photon splittingsplitting))
•• CyclotronCyclotron featuresfeatures ? ? 

Kuiper et al. (2004)

Measure theMeasure the soft soft γγ--ray SED ofray SED of magnetarsmagnetars
-- highhigh--energy cutenergy cut--offoff
-- cyclotroncyclotron featuresfeatures



Cosmic explosionsCosmic explosions
Type Ia SN : Identifying the progenitors and probing the explosion physics

•• Distinguish progenitor scenariosDistinguish progenitor scenarios
directdirect measurementmeasurement of of 5656Ni massNi mass
(single / double(single / double degeneratedegenerate))

•• DistinguishDistinguish explosionexplosion scenarios scenarios 
measuremeasure lineline shape evolutionshape evolution

Gomez-Gomar et al. (1998)

MeasureMeasure γγ--ray lineray line lightcurves andlightcurves and
profiles inprofiles in nearbynearby (< 100(< 100 MpcMpc) SN) SN IaIa

SearchSearch for radioactivefor radioactive decaydecay
signatures insignatures in galacticgalactic SNR (SNR (inclincl. e. e++))

Milne et al. (2004)



Cosmic explosionsCosmic explosions
From stars to compact objects : understanding core collapse explosions

Diehl & Timmes (1997)
•• INTEGRAL INTEGRAL : : 4444TiTi ejection velocityejection velocity in Cas in Cas 

AA vvee > 1000 km s> 1000 km s--11

•• FeFe--core material accelerationcore material acceleration ??
•• Jet formation ?Jet formation ?
•• WhatWhat drivesdrives thethe supernova explosion ?supernova explosion ?

StudyStudy γγ--rayray lineslines inin galacticgalactic SNR SNR 
((4444Ti, Ti, 2626Al, Al, 6060Fe)Fe)

MeasureMeasure γγ--ray lineray line lightcurves andlightcurves and profiles inprofiles in
nearbynearby (< 10(< 10 MpcMpc)) corecore--collapsecollapse supernovaesupernovae

Leising & Share (1990)



Cosmic explosionsCosmic explosions
Unveiling the origin of galactic positrons

•• INTEGRAL INTEGRAL :: the bulkthe bulk of positronsof positrons
originates fromoriginates from a pure bulge population ;a pure bulge population ;
they annihilatethey annihilate in a warmin a warm and partially and partially 
ionisedionised ISMISM

•• What is this mysteriousWhat is this mysterious bulge source ?bulge source ?

Jean et al. (2005)

HighHigh--resolution mappingresolution mapping ofof
the galacticthe galactic bulgebulge regionregion

Probe annihilationProbe annihilation medium medium 
aroundaround positron sourcespositron sources

Knödlseder et al. (2005)



Mission requirementsMission requirements
•• Sensitivity leapSensitivity leap inin thethe soft gammasoft gamma--rayray bandband
•• Adequate angular resolutionAdequate angular resolution forfor counterpartcounterpart identificationidentification
•• CapabilityCapability toto measuremeasure polarisationpolarisation

Mission parameters

•• Energy bandEnergy band 5050 keVkeV -- 22 MeVMeV
•• FOVFOV 3030 arcminarcmin
•• ContinuumContinuum sensitivitysensitivity 1010--88 phph cmcm--22 ss--11 keVkeV--11 (10(1066 s, 3s, 3σσ))
•• NarrowNarrow lineline sensitivitysensitivity 5 x 105 x 10--77 phph cmcm--22 ss--11 (10(1066 s, 3s, 3σσ))
•• Energy resolutionEnergy resolution 22 keVkeV @ 600@ 600 keVkeV
•• Angular resolutionAngular resolution arcminarcmin
•• PolarisationPolarisation 1 % @ 101 % @ 10 mCrabmCrab (10(1066 s, 3s, 3σσ))



The GammaThe Gamma--Ray ImagerRay Imager
… an artist’s Cosmic Vision


	Prospects in space-based Gamma-Ray Astronomy
	Gamma-Ray Astronomy in Europe
	Science themes
	Cosmic accelerators
	Cosmic accelerators
	Cosmic accelerators
	Cosmic accelerators
	Cosmic explosions
	Cosmic explosions
	Cosmic explosions
	Mission requirements
	The Gamma-Ray Imager

