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Beacom and Yuksel (2006) suggested an elegant method tea¢stan initial energy of annihi-
lating positrons from the ratio of 511 keV line and in-fligmrahilation fluxes. The idea was that
in the case of stationary injection of positrons at high giesrthe fluxes of 511 keV line emission
(generated by thermalized positrons) and of in-flight aifetiion (produced by fast positrons)
were proportional to each other. For the delta-functioedtipn spectrum they showed that the
initial energy of annihilating positrons cannot exceed 3/M&therwise the expected in-flight an-
nihilation flux of fast positrons in the range 1 to 10 MeV is g than observed by COMPTEL.
However, the conclusion may be changed significantly if amdyzes the spatial distribution of
the 511 keV emission and 1-10 MeV emission. In addition ifrfegnetic field in Galactic center
region is 1 mG or higher the injection energy of positronsdpieed by central compact source
can be unrestricted.
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1. Introduction

One of the interesting and still unsolved problems is the origin of 511 keV daitidim emis-
sion from the Galactic Bulge. It is observed as an extended diffuse emigsim 5 — 8° radius
region with the flux~ 0.7 x 10~3 ph cn2s~1 that requires the rate of positron production there
~ 10" st [1-3]. These observations show that the energy of annihilating positsoabout
several eV. On the other hand, all potential sources of positrons in dlexylike SN stars [1],
massive stars’fAl-decay) [4], secondary electrons from p-p collisions [5], lepton #tAGNs
[6], dark matter annihilation[7], microquasars [8] etc. generate positwatih energies> 1 MeV.
This means that positrons should effectively lose their energy befarkiktion and thus generate
emission in other than 511 keV energy ranges. Therefore, the injectagyeaf positrons is an
essential parameter for modeling annihilation processes , and it can hadiple discriminated
from observations.

Beacom and Yuksel [9] introduced a simple way to estimate the injection eneppsitrons
which is described below. We distinguish between different annihilatioogsses which are: in-
flight annihilation of high energy positrons which generates a continuunsemiat energies above
511 keV and annihilation of thermal positrons which are just responsibtedédine emission. For
the lifetime of in-flight annihilationt,nn, and average cooling timg, of high energy positrons
one can estimate the expected flux of in-flight annihilatignfrom the observed 511 keV line

emission/jine, as
Tel
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HereEy, Einj, E:n andv(E) are the energy of in-flight photons, the injection energy of positrons, the
energy of thermal plasma, and the positron velocity, respectively. Teepldensity is denoted as
nand(dE/dt)q is the rate of energy losses defined as sum of ionization and synchiogems:

(dE/dt)¢ = (dE/dt);o, + (d E/dt)syn (1.3)

Assuming that cooling of positrons is only due to ionization losses and takingauount
that the both timescales are proportional to medium density one can noticeldtairnr (1.1) is
independent of the medium density. So this restrictions is universal andecapplied even to a
medium with unknown density.

In the above-mentioned models the injection energy of positrons is expedterramnge from
1 to several tens MeV. Therefore, the in-flight gamma-ray emission is sfsted in this energy
range. The central part of the Galaxy in the range of several tensWée\bbserved with COMP-
TEL. The origin of this emission is still unclear since known processesmofggaray production
(like inverse Compton, bremsstrahlung etc.) are unable to generate threembBex [10], [11].

Beacom and Yuksel [9] assumed that just this excess put a nice restaottbe positron injec-
tion energy. For any injection energy the in-flight gamma-ray flux has retdéeed the COMPTEL
data. However, this excess above theoretical estimates is observeuynist the direction of the
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Galactic center. Itis almost constant along the Galactic disk [12] wherettgsity of annihilation
emission is lower than in the Galactic center that makes the in-flight interpretdtibe excess
rather doubtful.

Therefore, Sizun et al. [7] suggested a more rigid constraint on thaght-flamma-ray flux
from the Galactic center. According to their criterion it should not exceedstatistical errors of
COMPTEL measurements.

From the analysis of Beacom and Yuksel [9] and Sizun et al. [7] it folloat the injection
energy of positrons should equal or be smaller than 1 - 3 MeV. Henceaalels which require
higher injection energy of positrons, like e.g. that of Cheng et al. [Sjukhbe rejected.

Below we show, nevertheless, that the injection energy may be much higiret th3 MeV.
We analyze separately the criterion obtained by Beacom and Y tiksé)(@00 Sizun et al. (2006).

2. Medium properties in the vicinity of the Galactic center

As follows from observations the central 200 pc part of the Galaxy isgtyaconuniform. The
inner bulge (200-300 pc) contairi® — 9) x 10’ M., of hydrogen gas. In spite of relatively small
radius this region contains about 10% of the Galaxy’s molecular mass. d¥ltte&¢ molecular gas
is contained in very compact clouds of mas$ 2A.0°M..,, average densities 10*cm™3.

However, this molecular gas occupies a rather small part of the cergrahrenost of which
is filled with a very hot gas. ASCA [13] measured the X-ray spectrum in theria50 pc region
which exhibited a number of emission lines from highly ionized elements whicthamcteristics
for a 8— 10 keV plasma with the density 0.4 cth Later on Chandra observations [14] showed an
intensive X-ray emission at the energy~ 8 keV from the inner 20 pc of the Galaxy. The plasma
density was estimated in limitsD— 0.2 cm 3. Recent SUZAKU measurements 6.9/6.7 keV iron
line ratio [15] was naturally explained by a thermal emission of 6.5 keV-tertyreralasma.

From polarization measurements it was inferred that near the Galactic eel#age scale
magnetic fields is observed inside clouds and in the intercloud medium. The ticdphe strength
is estimated by the value of several mG (see e.g.[16]).

In this case synchrotron losses become essential for positrons evenéendlgy range 3-30
MeV. One can see from Fig. 1 that if magnetic field strength as high as B = 3 m@ottling
time of 1 GeV positrons is the same as of positrons with energies about 1 MeViexcing only
ionization losses.

3. Model description

The spectrum of positrons(p) in the Galactic central region (integrated over the emission
volume) as a function of particle dimensionless momenpsa p//mekT (me is the mass of the
positron and T is medium temperature) can be calculated from the equatsanfwe in [17]:

1d dF F

Zap |7 P gp T APF |+ —=Qp) (3.1)
where«7 (p) is the momentum diffusion coefficient which is responsible for formation ofwtslian
distribution,%(p) describes total energy lossegn is the characteristic time of annihilation losses
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Figure 1: Characteristic cooling times of positrons for differentues of magnetic field strength.

and Q(p) is the injection spectrum of the positrons. The exact values(pj and.%(p) are pre-
sented in [5, 17].
The annihilation term consists of two parts:
= = NeV(Oce+ Tda) (3.2)
Tann
where v is velocity of positronggc is the charge-exchange annihilation cross-section (Bussard et

al (1979) [18]) andby, is the cross-section of the direct annihilation ( see [19]).
We will define injection function as the delta-function

Q(p) = Qd(p— pinj) (3.3)

where pinj corresponds to injection energy and Q is determined by the the obserxeaf fil1
keV annihilation line from the bulge:

/neacevF(p)d p~ 10 phst, (3.4)

where v is particle velocity, F(p) is the solution of eq. (3.1). After this pdoce we can easily
estimate the spectrum of direct annihilation emission as described in Ahagrdaktoyan (2000)
[20]:

o)

l0a(Ey) = | necia(p.E))VF (p)dp (35)
Po(Ey)
whereqqs is the production spectrum of in-flight annihilation from [20].

4. Results

4.1 Beacom and Yuksel criterion

We will start from the initial problem when magnetic field is weak and can bkidgd from
the analysis. Beacom and Yuksel used for their analysis the annihilatioondiaing from a cen-
tral 5°- diameter region. They described the spatial distribution of annihilation emissidhe
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Figure 2: Annihilation spectrum fofb|<2.5, ||| <2.5° (left) and|b|<5°, |I|<5° (right) together with COMP-
TEL data.Ejnj =30 MeV, H=0mG

Gaussian witlo = 3.4°. For this distribution they derived that about 24% of the total annihilation
flux comes from this region. Assuming that the COMPTEL flux in the energgedrom 1 to 30
MeV taken from [10] was due to in-flight annihilation they concluded thaitnfection energy of
annihilating positrons was equaled to or smaller than 1 MeV.

However, as follows from [1] the centraPbdiameter region emits only 13% (not 24%) of
the total annihilation flux. We re-calculated the expected in-flight {6f-2and 5-radius radius
regions for the injection energy of positrons is as high as 30 MeV. The&&W¥lannihilation flux
was taken as observed. The results are shown in Fig. 2 together with M@ TEL data taken
from Strong et al [12].

One can see that within statistical uncertainties our analysis does not exbkid/alue of
30 MeV as the injection energy of positrons. In this respect the secpmaadel of annihilat-
ing positrons seems to be probable. We notice, however, that the betteideoice between the
COMPTEL data and the results of calculations were achieved for a breagle. The reason of
this effect is evident from Fig. 3 where the longitudinal MeV distribution inGl@VPTEL energy
range is shown with the that of 511 keV annihilation line. The last has a gleapin the direction
of the galactic center. On the other hand statistical fluctuation of the COMMUElre so large
that they do not exclude a sharp peak of the MeV emission in this direction.

4.2 Sizun et al. criterion

Sizun et al. [7] made accurate calculations of the in-flight flux and shahegdhey did not
contradict the COMPTEL data from [10] if the injection energy of positrigrabout 10 MeV. They
noticed, however, that the COMPTEL data did not show any significargssxin the bulge region
in comparison with other part of the Galactic disk. Then to explain the origimigson from the
outer disk, one should add another (not in-flight) component of emisséa thhich generate the
same intensity of MeV emission there as that of positrons in the bulge. Suclothbgs seems
unrealistic.

The most plausible assumption would be that the COMPTEL emission is geneyabétukl
than in flight annihilation processes, while the in-flight flux from the bulganif, is small (within
20 of COMPTEL measurements). As Sizun et al. showed, with this restrictionpgpberwound
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Figure 3: The distribution of the annihilation emission for 10 MeV < B& MeV and|b|<5° together with
COMPTEL dataEj,j = 30 MeV

10 uG 300 MeV

0.3 mG 300 MeV
10 uG 30 MeVv

I (phs™  kevicem™®)

1 mG 300 MeV-

‘
10 10"
E (keV)

Figure 4: Annihilation spectrum foib|<2.5° and|l| <2.5° and different values of injection energy and

magnetic field. Solid crosses - spectrum measured by COMPd&ted upper limits - statistical errors of
measurement. Thin lines - spectrum of the annihilation siois

of injection energy is between 3 and 7.5 MeV that completely exclude the dagoorigin of
positrons.

We notice, however, that measurements show a very strong magnetic figtldsentral region
whose strength is as high as 3 mG. Then evolution of the positron spectrtnonglg influenced
by synchrotron energy losses. With these magnetic fields ionization logsessential when the
initial energy of positrons drops to the value of 1 MeV (see Fig. 1).

Calculations of in-flight flux from the bulge for different magnetic field st together with
the COMPTEL data for &° x 2.5° central area (solid crosses) and 2tatistical levels (dotted

lines) are shown in Fig. 4. One can see that magnetic field strength as High@&@ss enough to
make calculations for any value of injection energy to be in a good agreemtbridbservations.
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5. Conclusion

We have shown that under certain conditions such as relatively low mediogitg and strong
magnetic field the injection energy of positrons in the Galactic center can bsttiored. However,
this model is valid only when a main part of positrons is born in regions with gtnwagnetic fields
and stay there until they cool down to 1-3 MeV and only then they leave thisrreBecause the
region of strong magnetic field is relatively compact the fast positronsigt@uborn in a close
vicinity of the Galactic center that e.g. corresponds to the conditions of thelntd5]. It
seems that this model can't allow heavy dark matter particles to be a soyvositrbns since the
production region of positrons is extended. The next step of the an@ysigake into account
spatial propagation of positrons. The solution of the equation with spatiabkteiill show the
distribution of the annihilation emission along the Galactic axes so one can feitievtthe central
source plays significant role in contribution to the annihilation emission or not.
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