
13.11.200713.11.2007
Five Years of INTEGRAL, Chia Five Years of INTEGRAL, Chia 

LagunaLaguna

Annihilation Emission from the Annihilation Emission from the SupermassiveSupermassive
Black Hole in the Galactic CenterBlack Hole in the Galactic Center

V.A.Dogiel
I.E.Tamm Theoretical 
Physics Division
P.N.Lebedev Institute, 
Moscow

CoCo--authors:authors:
K.S.ChengK.S.Cheng
HongHong--Kong UniversityKong University
D.O.ChernyshovD.O.Chernyshov
Moscow Institute ofMoscow Institute of
Physics and TechnologyPhysics and Technology



13.11.200713.11.2007
Five Years of INTEGRAL, Chia Five Years of INTEGRAL, Chia 

LagunaLaguna



13.11.200713.11.2007
Five Years of INTEGRAL, Chia Five Years of INTEGRAL, Chia 

LagunaLaguna

Spatial Characteristics of the Spatial Characteristics of the 
Annihilation EmissionAnnihilation Emission
•• Emissions appears to be diffuse. No Emissions appears to be diffuse. No 

evidence were found for significant evidence were found for significant 
emission from point sources in the emission from point sources in the 
Galactic Center;Galactic Center;

•• The bulge emission is centered on the The bulge emission is centered on the 
Galactic Center with an extension of ~6Galactic Center with an extension of ~6oo --
88°° (FWHM). (FWHM). 
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Characteristics of the Annihilation Characteristics of the Annihilation 
Flux From the Galactic CenterFlux From the Galactic Center
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Spectral AnalysisSpectral Analysis
((ChurazovChurazov et al. 2005, et al. 2005, KnoedlsederKnoedlseder et al. 2005, Jean et al. 2006)et al. 2005, Jean et al. 2006)

•• Fraction of Fraction of positroniumpositronium --

•• Spectral parameters can be explained by a warm Spectral parameters can be explained by a warm 
gas  with the degree of ionization larger than a gas  with the degree of ionization larger than a 
few % and the temperaturefew % and the temperature

•• 49% of emission comes from the warm neutral phase;49% of emission comes from the warm neutral phase;
•• 51% comes from the warm ionized phase51% comes from the warm ionized phase
•• It cannot be excluded that 23% of emission might It cannot be excluded that 23% of emission might 

come from cold gascome from cold gas
•• The annihilation emission from hat gas and molecular The annihilation emission from hat gas and molecular 

clouds is less than 8% and 0.5%, respectively clouds is less than 8% and 0.5%, respectively 

)%2.27.96( ±

KTe
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SupermassiveSupermassive Black Hole in the Galactic Black Hole in the Galactic 
CenterCenter 6~ 3.6 10BHM M⋅
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Energy Release in the Galactic CenterEnergy Release in the Galactic Center
•• Capture time of a star by the black hole in the Galactic Center Capture time of a star by the black hole in the Galactic Center ––

one in one in 101044-- 101055yearsyears ((Rees, 1988)Rees, 1988);;
•• Lu et al., 2005 Lu et al., 2005 -- the energy star accretion converted into the energy star accretion converted into 

relativistic protons. The energy in relativistic protons isrelativistic protons. The energy in relativistic protons is

ergMME )/)(10/(105 251
⊗∗

−≈∆ η

erg54103 ⋅≤
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GammaGamma--Ray Production by pRay Production by p--p p 
CollisionsCollisions
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Electron/Positron Production Electron/Positron Production 
SpectrumSpectrum

positrons

electrons
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ThermalizationThermalization of Positrons by of Positrons by 
Coulomb CollisionsCoulomb Collisions
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ThermalizationThermalization of Positrons in Low of Positrons in Low 
Ionized GasIonized Gas
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QausiQausi--Stationary Spectrum of PositronsStationary Spectrum of Positrons

Spectrum near thermal 
energies

Total positron spectrum
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ThermalizationThermalization of Positrons by Coulomb of Positrons by Coulomb 
CollisionsCollisions

x – the radius of the emission region

y – the dimensionless momentum

z - the distribution function of positrons f(p); the number of 
positrons with the momentum p is p3f(p)
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Parameters of the Interstellar Medium in the Parameters of the Interstellar Medium in the 
Galactic Bulge Region Galactic Bulge Region (Jean et al. 2005)(Jean et al. 2005)

•• The gas content in the center region is not well The gas content in the center region is not well 
knownknown

•• The budge (region inside the radius ~230 pc and   The budge (region inside the radius ~230 pc and   
height 45 pc) containsheight 45 pc) contains of hydrogen of hydrogen 
gasgas

•• 90% of this mass is trapped in small high density 90% of this mass is trapped in small high density 
(~10(~104 4 cmcm--3)3) clouds while the remaining 10% is clouds while the remaining 10% is 
homogeneously distributed with the average density homogeneously distributed with the average density 
~10 cm~10 cm--33..

•• The rest of the gas in the bulge is contained in the The rest of the gas in the bulge is contained in the 
region (like an ellipsoid) with the radius ~1.75 region (like an ellipsoid) with the radius ~1.75 kpckpc..
The H1 mass is about                  and it is equally The H1 mass is about                  and it is equally 
distribute between cold and warm neutral gasdistribute between cold and warm neutral gas

•• The mass of warm and hot ionized  gas is The mass of warm and hot ionized  gas is 
about 90% of this mass is in the warm phase and about 90% of this mass is in the warm phase and 
10% is in the hot phase.10% is in the hot phase. . . 

77 10 M⋅

74 10 M⋅

62 10 M⋅
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CR Penetration into Molecular CR Penetration into Molecular 
CloudsClouds ((SkillingSkilling and Strong 1976, and Strong 1976, DogielDogiel and and 
SharovSharov 1985)1985)

•• AlfvenAlfven waves generated outside molecular clouds by the flux waves generated outside molecular clouds by the flux 
of cosmic rays are effective at excluding cosmic rays below a of cosmic rays are effective at excluding cosmic rays below a 
few hundred few hundred MeVMeV;;

•• In the absence of waves the CR flux into clouds should be       In the absence of waves the CR flux into clouds should be       
.                      . .                      . 

•• However, However, CRsCRs of a few of a few MeVMeV excite the wave to such a high excite the wave to such a high 
level that diffusion propagation becomes negligible and the level that diffusion propagation becomes negligible and the 
flux  reduces to flux  reduces to 

•• Cosmic rays of a few Cosmic rays of a few GeVGeV freely penetrate into the clouds;freely penetrate into the clouds;
•• The gammaThe gamma--ray ray emissivityemissivity of the Orion molecular cloud of the Orion molecular cloud 

measured with EGRET is consistent with electron and proton measured with EGRET is consistent with electron and proton 
spectra in the spectra in the intercloudintercloud space for energies above a few space for energies above a few 
hundred hundred MeVMeV ((DigelDigel et al. 1999)et al. 1999)

v)()( 0 EnEj ≈

v)(,V)()( A0 <<≈ AVEnEj
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MorfillMorfill’’ss Model (1982)Model (1982)
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Particle escape from the Central regionParticle escape from the Central region

Central region filled with molecular gas
Dense clouds

Surrounding region filled with warm neutral and ionized 
fractions of the interstellar gas
Flux of relativistic protons
Flux of 300-600 MeV secondary electrons
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Time Variations of GammaTime Variations of Gamma--
rays and 511 rays and 511 keVkeV lineline

54~ 10pW erg
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Frequency of star capture by the central black Frequency of star capture by the central black 
holehole
•• SyerSyer and and UlmanUlman 19991999: frequency of one solar mass  : frequency of one solar mass  

star capturestar capture, , 
•• Capture of red giantsCapture of red giants
•• From observationsFrom observations ((Donley et al. 2002)Donley et al. 2002)

•• For the times of positrons For the times of positrons thermalizationthermalization about 100 about 100 
capture events occur and positrons from many capture events occur and positrons from many 
capture events are accumulated in the thermal capture events are accumulated in the thermal 
regionregion

•• Therefore, the energy release aboutTherefore, the energy release about
in each capture event is necessary in order to in each capture event is necessary in order to 

produce the observed annihilation fluxproduce the observed annihilation flux

5 14.8 10 yr− −⋅
6 1~ 8.5 10 yr− −⋅

5 1~ 10cap yrν − −

52~ 6 10pW erg⋅
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TimeTime--Variations of Annihilation Variations of Annihilation FuxFux and Gammaand Gamma--ray emission ray emission 
from the Center and from 5from the Center and from 5o o RegionRegion

511 keV Flux

Gamma-rays >100 MeV
from the Galactic Center

Gamma-rays >100 
MeV from 5o Region
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Spectrum of Positrons in the Spectrum of Positrons in the 
Galactic Central RegionGalactic Central Region
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Spectrum of GammaSpectrum of Gamma--ray Emission from the Galactic ray Emission from the Galactic 
CenterCenter
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GammaGamma--Rays from Central Black Holes of Rays from Central Black Holes of 
External GalaxiesExternal Galaxies

•• For the EGRET sensitivity 10For the EGRET sensitivity 10--8 8 ph/s at ~100 ph/s at ~100 
MeVMeV these accretion processes can be seen at these accretion processes can be seen at 
maximum of their activity from distances ~10 maximum of their activity from distances ~10 
MpcMpc

•• This model predicts that some nearby galaxiesThis model predicts that some nearby galaxies
could be candidates could be candidates 
for the EGRET for the EGRET 
unidentified sourcesunidentified sources
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C and O DeC and O De--Excitation LinesExcitation Lines
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ConclusionConclusion

•• If captures of one solar mass stars produce a flux of If captures of one solar mass stars produce a flux of 
relativistic protons then only 6 10relativistic protons then only 6 105252 erg in protons is erg in protons is 
needed in each capture event in order to explain the 511 needed in each capture event in order to explain the 511 
keVkeV flux by annihilation of secondary positrons; flux by annihilation of secondary positrons; 

•• Due to long time of Due to long time of thermalizationthermalization of secondary of secondary 
positrons the annihilation emission should be observed positrons the annihilation emission should be observed 
as an extended source;as an extended source;

•• InIn--flight annihilation of relativistic positrons may flight annihilation of relativistic positrons may 
generate a part of the gammagenerate a part of the gamma--ray continuum from the ray continuum from the 
central region;central region;

•• We expect also a flux of deWe expect also a flux of de--excitation lines from the excitation lines from the 
Galactic center produced by protons ejected by star Galactic center produced by protons ejected by star 
captures.captures.


	Annihilation Emission from the Supermassive Black Hole in the Galactic Center
	
	Spatial Characteristics of the Annihilation Emission
	Characteristics of the Annihilation Flux From the Galactic Center
	Spectral Analysis                 (Churazov et al. 2005, Knoedlseder et al. 2005, Jean et al. 2006)
	Supermassive Black Hole in the Galactic Center
	Energy Release in the Galactic Center
	Gamma-Ray Production by p-p Collisions
	Electron/Positron Production Spectrum
	Thermalization of Positrons by Coulomb Collisions
	Thermalization of Positrons in Low Ionized Gas
	Qausi-Stationary Spectrum of Positrons
	Thermalization of Positrons by Coulomb Collisions
	Parameters of the Interstellar Medium in the Galactic Bulge Region (Jean et al. 2005) 
	CR Penetration into Molecular Clouds (Skilling and Strong 1976, Dogiel and Sharov 1985)
	Morfill’s Model (1982)
	Particle escape from the Central region
	Time Variations of Gamma-rays and 511 keV line
	
	Frequency of star capture by the central black hole
	Time-Variations of Annihilation Fux and Gamma-ray emission from the Center and from 5o Region
	
	Spectrum of Positrons in the Galactic Central Region
	Spectrum of Gamma-ray Emission from the Galactic Center
	Gamma-Rays from Central Black Holes of External Galaxies
	
	C and O De-Excitation Lines
	Conclusion

