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An all-sky image of 511 keV emission

 Iteration 17 of accelerated Richardson-Lucy algorithm
« 5° x 5° boxcar smoothing
 Integrated 511 keV flux : 1.4 x 10-2 ph cm~2 s!



Emissions appears to be diffuse. No
evidence were found for significant
emission from point sources in the
Galactic Center;

The bulge emission iIs centered on the
Galactic Center with an extension of ~6° -
8° (FWHM).
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Fraction of positronium - (96.7 £2.2)%

Spectral parameters can be explained by a warm
gas with the degree of ionization larger than a
few % and the temperature T, ~7000-4-10*K

49% of emission comes from the warm neutral phase;
51% comes from the warm ionized phase

It cannot be excluded that 23% of emission might
come from cold gas

The annihilation emission from hat gas and molecular
clouds is less than 8% and 0.5%, respectively



Supermassive Black Hole in the Galactic
Center M_ "~3.6-10°M




Capture time of a star by the black hole in the Galactic Center —
one in 10%- 10°years (Rees, 1988)

Lu et al., 2005 - the energy star accretion converted into
relativistic protons. The energy In relativistic protons Is

AE =5 10°*(n/107%)(M, / M, )erg
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The general equation for positron distribution function in the low ionized medium has
the form (see for details Gurevich et al. 2004)

af (5) de
ot

i(e.0) = —8(7) - 5 (5£)) - L) B

Here = is the particle kinetic energy depended on the particle momentum p, and S(f) is a
full inelastic collision integral of positrons with atoms and molecules. It describes electron
energy losses and birth rate due to lonization S,.,, excitation of optical S,,. vibrational 5,
and rotational S5, levels, and dissociative attachment S,;
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Fig. 2. The steady state distribution of positrons in the low density
region (500 pc).

Spectrum near thermal Total positron spectrum
energies

Five Years of INTEGRAL, Chia
13.11.2007 Laguna



_5'- function of positrons f(p); the number of
fith the momentum p is p3f(p

Max: 2,953e-3

Surface: u Height: u

Min: -5.086e-6
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The gas content in the center region is not well
Known

The budge (region inside the radius ~230 pc and
height 45 pc) contains  7-10° M, of hydrogen
gas

90% of this mass is trapped in small high density
(=104 cm clouds while the remaining 10% is
homogeneously distributed with the average density
~10 cm3.

The rest of the gas in the bulge is contained in the
region (like an ellipsoid) with the radius ~1.75 kpc.
The H1 mass is about 4-10°M_ and it is equally
distribute between cold and warm neutral gas

The mass of warm and hot ionized gas is 2-10°M,

about 90% of this mass Iis in the warm phase and
10% is in the hot phase.




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

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

. J(E)=ng(E)v

However, CRs of a few MeV excite the wave to such a high
level that diffusion propagation becomes negligible and the
flux reduces to j(E)=ng(E)V,, (V,<<V)

Cosmic rays of a few GeV freely penetrate into the clouds;
The gamma-ray emissivity of the Orion molecular cloud
measured with EGRET is consistent with electron and proton

spectra in the intercloud space for energies above a few
hundred MeV (Digel et al. 1999
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i 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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Fig. 1.— The time variations of annihilation emission, gamma-ray fhoe from the central high
density region(50pe), and the flux of gamma-rays produced by protons escaping from the
central core into the low density region (500pe).
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Fig. 2. The steadv state distribution of positrons in the low density
region (SO0 pc).
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Fig. 3. The theoretical broad gamma-ray band spectrum and the ob-
served data of EGRET. COMPTEL and INTEGEAL. Gamma-rays with
energies from 30 MeV-100 GeV (EGRET range) are dominated by the
de::a\r of neutral pions (dashed thick line), gamma-rays with energies
from 1-10 MeV (COMPTEL range) are dominated by in-flight anni-
hilation (thin solid line) and inverse Compton nmtterm,u_.r_ of relativistic
electrons (thin dashed line): the IC data ware taken from Strong et al.
(2005). The gamma-rays with energies about 500 keV are dominated
by the electron-positron annihilation via positronium. in which two
1:-]1- ton-decay produces the line spectrum and the three-photon decay
produces the continuum. The dotted line presents the bremsstrahlung
radiation of secondary electrons.




For the EGRET sensitivity 10-° ph at ~100
MeV these accretion processes can be seen at
maximum of their activity from distances ~10

Mpc

This model predicts that some nearby galaxies
could be candidates i
for the EGRET
unidentified sources
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|Edchi capture event in order to explain the 511
X ﬁ_), ranninliatieon of secondary pPositrons;

J;i g time of thermalization of secondary
sithe annihilation emission should be observed
xtended Source;

Zen ht anninhilation of relativistic positrons may.

.- “ger erate a part of the gamma-ray continuum from the
_,: : r:entral region;

~ = e expect also a flux of de-excitation lines from the

- (Galactic center produced by protons ejected by star
captures.
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