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Abstract. We suggest that the energy source of the observdsei gamma-ray emission from the direction of the Galactic
center is the Galactic black hole Sgr A*, which becomes actitien a star is captured at a rate~of0-° yr~. Subsequently
the star is tidally disrupted and its matter is accreted theoblack hole. During the active phase relativistic pretarth a
characteristic energy 6 x 10°2 erg per capture are ejected. Over 90% of these relativistitops disappear due to proton-
proton collisions on a timescatg, ~ 10* years in the small central bulge region with radiu$0 pc within Sgr A*, where
the density is> 10° cm 3. The gamma-ray intensity, which results from the decay otnaé pions produced by proton-proton
collisions, decreases accordingetd™rr, wheret is the time after last stellar capture. Less than 5% of kédit protons escaped
from the central bulge region can survive and maintain tee&rgy for> 10’ years due to much lower gas density outside,
where the gas density can drop-al cnt3. They can dfuse to a~ 500 pc region before disappearing due to proton-proton
collisions. The observed fluse GeV gamma-rays resulting from the decay of neutral gimoduced via collision between
these escaped protons and the gas in this region is expectssl insensitive to time in the multi-injection model witheth
characteristic injection rate of 10yr~t. Our model calculated GeV and 511 keV gamma-ray intensitiesconsistent with
the observed results of EGRET and INTEGRAL, however, oututated inflight annihilation rate cannot producefisient
intensity to explain the COMPTEL data.
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1. Introduction region. The annihilation flux is about 10 ph s or ~ 10%/
) ) erg s. The MeV emission does not show any strong concen-
A supermassive black hole known as 3yr with @ mass of y41ion in the direction of the GC and the emission is ratfier d
~ 36x 10°M; (for a recent review of the properties of thg s An excess (about a factor of two above the prediction of
Galactic center (GC) black hole sse Genzel & Karas 200} standard model) is found in this energy range whoserorigi
is located at the GC. In addition, there are many high eg-gj|| unclear. The GeV source detected by EGRET is known
ergy sources harbored in this region (Melia & Falcke 2001)¢ 3£G 31746-2851, which has an emission region around 0.5
Eor high energy radiation ranging from 511 keV annihilatiqaegrees in radius with the flux 1057 erg s, and the GC is
lines detected by INTEGRAL (e.g. Churazov etlal. 2005), iy the rim of its emission region. This region is surrounded
the range 1 MeV:30 MeV, flux was measured by COMPTELy,y, 5 extended region of tlise emission whose flux is about
(Strong etal. 2000), 30 MeV10 GeV photons by EGRET _" 18 grg s1. The emission position of TeV photons with a
(e.g. Mayer-Ha_\sselwander et al. 1998), and TeV photons ggs . 1085 erg s can be determined to be less than 10 pc and
tected by Whipple [(Kosack etlal. 2004), by CANGAROQ center almost overlaps with the Galactic black hole.
(Tsuchiya et dl. 2004), and by HESS (Aharonian et al. 2004)
are observed from the direction of the GC. Although the emission regions of GeV and TeV photons
The spatial distribution of these four energy bands is as félave some overlap, it is unclear if they are related. In ganper
lows: The 511 keV annihilation lines are emitted from a nors11 keV photons are not considered to be related to both GeV
spherical symmetric extended region with about® degrees and TeV photons. Furthermore, the annihilation line is abns
FWHM centered at the GC. The emission appears to be difed to be the most fiicult problem to be explained. For the
fused and does not show any clear point source in the emissi@gondary origin of positron produced by GeV protons with
nuclei of background gas this implies that the energy cdnten
Send  offprint  requests to: K. S. Cheng, e-mail: in primary relativistic protons necessary to create theeplexl
hrspksc@hkucc . hku. hk annihilation flux~ 10*3 ph st is about~ 3 x 10°* erg. This
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amount of energy is very flicult for any known mechanisms,are accompanied by jet emission. If jet emission also occurs
except gamma-ray bursts, occurring at the cosmological dikiring a tidal disruption event, the ejected jet will intetra
tance to provide. Parizot etlal. (2005) argued that indeed thith the interstellar medium (ISM) and decelerate accalyin
observed positrons result from the hypernova explosioighvhWong et al. [(2007) studied the electromagnetic radiatiomfr
is the progenitor of the gamma-ray bursts. However, theggnethe jet produced from a star captured by the black hole. They
claim that gamma-ray bursts can reasti8>*erg is assumed to compared the X-ray and optical data from some nearby galax-
be isotropic emission. It is generally accepted that thessiom ies, which are suggested to have the recent capture evéiets. T
of gamma-ray bursts is beaming and hence the energy emincluded that a capture event with a characteristic jetggne
ted is actually two to three order of magnitudes lower than ti0°%erg is capable of explaining the observed time dependent
isotropic case. data. However, it is extremelyfdiicult to observe the emission
Prantzas|(2006) suggests that most positrons are produitethdio because the synchrotron self-absorption has gliron
in the disk but they are transported to the bulge by the regutappressed the radio waves. Cheng et al. (2006) have assumed
magnetic field. If this is true, then similar propagationldo that the jet should consist of relativistic protons, whichl w
be assumed for relativistic protons and electrons which algradually difuse to a large distance away from the black hole.
propagate by diusion along magnetic field line. Their propaThe proton-proton collisions can produce enough posittons
gation in the perpendicular direction is due to random fluctexplain the observed annihilation flux of positrons fromdhe
ations (spaghetti-like structure). If Prantzos’s modealasrect rection of the GC.
we would observe extremely high fluxes of radio and gamma- Below we analyze the model of central black hole presented
ray emission from the GC. In fact the actual galactic magi/Cheng et al.[(2006) when positrons are ejected due t@stell
netic field is quite complicated (Han et al. 2006), and as fatapture. Since many parameters of this process are unknown
lows from radio data (see Beck 2007) the derived structurewé shall try to estimate them from observed parameters of
the Galactic magnetic field does not correspond to Prargzogamma-ray emission from the central region. For example in
assumptions. Mastichiadis & Ozernay (1994) argued that ttie framework of this model it gives a possibility to estimat
gamma-rays originating from the Galactic black hole may pothe necessary energy release in capture processes. Qulaealc
sibly be produced from relativistic particles acceleratgda tion in this paper is based on a multi-capture model, in which
shock in the accreting plasma. At the same time, the gamntize total energy release due to multi captures ihyiars is a
rays could also come from some extended features such aduaction of the capture frequency and masses of capturesl sta
dio arcs, where relativistic particles are present (Pol7).9 The paper is arranged as follows. In Sect. 2, we describe
Markoff et all. (199F7) discussed in detail the gamma-ray speabe model, in which relativistic protons will be ejected et
trum of GC produced by synchrotron, inverse Compton sc&alactic black hole when a star is captured and we introduce
tering, and mesonic decay resulting from the interaction mhportant timescales in the model. We estimate how many
relativistic protons with hydrogen accreting onto a pdike- gamma-rays will be emitted from the central compact region
sources (e.g. the massive black hole). However, the abarel from the larger low density region. In Sect. 3, we outline
models cannot produce the hard gamma-ray spectrum witkthea model calculations. In Sect. 4, we present our numerical
sharp turnover at a few GeV, which is observed for the Gi@sults and compare our model results with the observed high
source. Recently, Oka & Manmoto (2003) have suggested tkeaergy radiation data from GC. In Sect. 5, we present a brief
the gamma-rays produced in the inner portion of accretidiscussion.
disk through the decay of neutral pions created by p-p colli-
sions may contribute to the gamma-rays observed by EGRIET.
However, their model predicted gamma-ray intensity is aste
two orders of magnitude lower than the observed intensity. The rate at which a massive black hole in a dense star cluster
Cheng et al. (2006) have suggested when a star is capturddlly disrupts and swallows stars has been studied extgs
by a supermassive black hole at the GC, the star will be ge-g.[Hills|1975; Bahcall & Woll _1976;,_Lightman & Shapiro
creted into the black hole and a jet may be emitted during th@77). Basically when a star trajectory happens to Hé-su
accretion process. This idea comes from the fact that acci@éently close to a massive black hole, the star would be cap-
ing black holes systems are seen to be accompanied withtjiged and eventually disrupted by tidal forces. After a dy-
emission. One example of such a system is the microquasaesnical time-scale (orbital time-scale), the debris ofdalty
Studies on microquasars reveal that these objects behaye disrupted star will form a transient accretion disk aroumel t
differently in their higflow state. In their low state, there is evimassive black hole, with a radius typically comparable ® th
idence of jet emission, although the bulk Lorentz factorhaf t tidal capture radius (Rees 1988). Rees also argued thatahost
jetis likely to be less than 2 (e.g. see Gallo et al. 2003). Whéhe debris material is swallowed by a black hole with a mass
they are in the higlsoft state, there is evidence that the jet fo~ 10°M, on a timescale of- 1 yr for a thick hot ring, or
mation is greatly suppressed (Fender et al. 1999; Galla et-al 1% years for a thin cool disk. The more quantitative de-
2003). However, in their “very high” state, the jet reappearscription will be given later. The capture rate is esselytial
Unlike the jet seen in the low state, the jetis very powerfd a problem of loss-cone flusion-difusion in angular momentum
highly relativistic in the “very high” state of a microquaga.g. rather than energy. By assuming a Salpeter mass function for
Fender 2003; Fender & Maccarone 2004). This example shatle stars, Syer & Ulmer (1999) estimated the capture rate in
that it is indeed possible that the transient accretingdttates our Galaxy as- 4.8 x 10°° yr-* for main sequence stars and

Model description
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~ 8.5x 10°% yr~* for red giant stars, respectively. On the othezmitted by the electrons in ADAF disk and in the jet. However,
hand] Magorrian & Tremaine (1999) used the dynamical moitlis not known if the energy of the jet will be carried away by
els of real galaxies by taking into account the refilling of thprotons or electrons. Since the inertia of protons is mudela
loss cone of stars on disruptable orbits by two-body relaxat than that of electrons, it is logical to assume that the gnerg
and tidal forces in non-spherical galaxies, but they oleidia of the jet is mainly carried by protons. The energy distiidnit
higher capture rate 10~* yr~1. Therefore, the actual captureof the protons in the jet is usually assumed to be a power law
rate is sensitively dependent on the assumed mass fundtiommd the index is taken to be 213 (Yillan 2007). Yuan ket al. (2005)
stars, the stellar evolution model used, the radius and ofasstudied how much mass is carried away by the jet in the black
the captured star, the black hole mass and the internalrdispgle system, and concluded that it is typically 1%-10%.

sion velocity of stars (§ around the black hole. For example, |Cheng et al. (2006) estimated that the maximum accretion
based on the theory of Cohn & Kulsrud (1978), Cheng & Lanergy carried away by relativistic protons is given by

(2001) have shown that the capture rate of stars by the neassiv 2 1
black hole is proportional td1Z33nvs~>7¢, where My, and AEp ~ 6x10°(1p/107)(M../Mo) erg (3)

n. are the mass of the black hole and the star density in fiere 5, is the conversion ficiency from accretion power
star cluster around the black hole respectively. They abtai (\1¢2) into the the energy of jet motion.

a longer capture time- 10° years, by takingy = 10°%km/s A" number of timescales are important for our model; the
and My, = 3.6 x 10°PM,. Therefore the capture time for aproton-proton collision time scale

main sequence star with mas<dM,, could range from several

tens of thousands of years to several hundreds of thousangs= (Noppc) " ~ 3x 10'nt yr, (4)

of years. It is very important to note that the correct predi&:he difusion time scale

tion of capture rate is a very filicult task. Based on the ob-

servations of nearby galaxies, Ferrarese (2002), Gebegallt r; = d?/6D ~ 107(d/500 pcf(D/10? cnés™t) yr, (5)
(2002) and Tremaine etlal. (2002) have given some simple re- o o o

lations between the black hole mass and the velocity disp@fd the ionization cooling time scale for the relativistiacged
sion asMp ~ V58052 and My, ~ vs*92:032 respectively. If particle

we substitute these simple relations into the formula mrivTcooI - 10%(E/GeV)nt yr. (6)

by Cheng & Lu, it produces a totally unreasonable capturé

rate. However, Barth et al. (2004) have shown that such siferen is the gas densityyp, is the p-p collision cross-section,
ple formulae would break down in the mass scale like the bladks the distance from the sourd,is the ditusion codicient
hole in GC. Although the stellar capture rate iffidult to be andE is the energy of charged patrticle.

determined theoretically, there are five X-ray flare eveilts o It is very difficult to explain the extended spatial distri-
served in nearby normal galaxies, which are believed to bation of the annihilation emission around the GC unless the
the consequences of the stellar captlre (Donley et al.| 2088urces of positrons are more or less uniformly distributed
Halpern et al. 2004; Komossa 2006). Based on these obserivethe bulge as there is no such problem of propagation (e.g.
events the average capture rate per galaxy is akgut- 10° Wang et al. 2006; Weidenspointner etlal. 2006). The problem

yr=! (belowreap = 1/veap)- is that we do not know how positrons with energies below
When a star comes within the capture radius, which is giv&a@0 MeV propagate through the interstellar space. From ob-
by servations, we can deriaverage values of the difusion co-
03313 efficient which, in principle, dfer from each other depend-
Rr ~ 1.4x107°Mg™"m,*"r. cm, (1) ing on the analyzed spatial region. One can find these es-

wherem, = M,/Mo, Mg = Mpn/10Mo, 1. = R./R., the star timations in| Berezinskii et al.. (1990); Strong & Moskalenko

will be captured by the black hole (Rees 1988; Phifiney 19863998); Strong et all (2000). Thus, from radio and gamma-ray
According to the theoretical predictions, the flare resiitisn emission from the Galactic halo whose semithickness istabou

the rapid release of gravitational energy as the matter frem S€veral kpc, one can show that cosmic rays with energiesabov
disrupted star plummets toward the black hole. Boirty, the 100 MeV propagate by fusion with the cofficient in scales

accretion rate evolves as, (Rees 1988; Phinney 1989), of the Galactic halo of abol ~ 3’_1_028‘ 1_029 ‘_3”‘2571- From
the cosmic ray chemical composition which is determined by
IMm, (t )\ 5 particle propagation inside the gaseous disk one can find the
~ Btin \tmin ’ @ value abouDy ~ 3- 107" - 3- 10 cns L, i.e. smaller than in

) the halo. Similar values for the ftlision in the local Galactic
where M. and R. are the mass and the radius of thg,eqium were derived from the anisotropy of high energy cos-
captured st?rz, respelctzlvely affeak  ~  1.5%min, tnin ~ mic rays emitted by nearby supernova shells. Besides, these
0.2(’,1",,—?) (%) ! 1%';’/‘1@ ! yr is the characteristic time for theestimations are strongly dependent on whether the valubs of
debris to return to the pericenter (Lu etal. 2006). Recentlye spatially or energy dependent as well as if there are othe
Yuan et al.|(2002) studied jets emission from Sgr A*. They-sughechanisms of cosmic ray transport in the Galaxy.
gested that the Chrandra observed features of X-rays frem th It is unclear, of course, whether the average charactsisti
vicinity of Sgr A* can be explained in terms of a coupled jevf cosmic ray propagation in the disk or in the halo can be

plus accretion disk model. The observed radiation is mairdxtrapolated onto the region of the Galactic bulge in order t
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describe distribution of positrons with much smaller eresg by subrelativistic nuclei then positrons with energiesigb las
However, rather simple estimates for the spatifibdion coef- (and below) 306600 MeV cannot penetrate into the clouds
ficient of MeV positrons give only the valub, ~ 107" cnPs™  (Morfilll 1982). This means that a significant part of secogdar
(e.g. . Jean et al. 2006). In the framework of our model we cansitrons even with relativistic energies is cooled dowthia
argue that positrons ejected from a central region of the Gitercloud medium only. The cooling time scale of positrens
should propagate over the distance about several hundrecptarge as 107 years.
during the time of their thermalization-L£0 million years in The expected positron annihilation rate in this case isrmgive
order to satisfy the observations). by
The gas density distribution in the GC is complicated.
According td Jean et al. (2006), the bulge region insidehe r;, ~ AEp
dius~ 230 pc and height 45 pc contains<710’M,,. A total ¢ MpC2Tcap
of 90% of this mass is trapped in small high density clouds (as
high as 18 cm~3) while the remaining 10% is homogeneously The estimated{7) and1(8) are completely consistent with
distributed with the average density10 cnt. In the 500 pc the EGRET datal (Mayer-Hasselwander et al. 1998) and the
region the average density will dropto(1 — 3) cnr3. estimate [(P) with the observed results of INTEGRAL (e.qg.
When relativistic protons are ejected after the stellar caghurazov et al. 2005).
ture, they take~ 1C° years to leave the central high den-
sity region & 50 pc) if the difusion codicient of protons
near the GC is about #0cn?s™ i.e. as in the Galactic Disk

(Berezinskii et al. 1990). The proton collision timescalenly  The detailed description of model calculations was given in
3 x 10* years. Therefore, most proton energy will be colgheng et dl.[(2006). Here we summarize the calculation pro-
verted into pions, which quickly decay to photons, electrogedure as follows.

and positrons. Since most accretion energy will be released over a very

f ;he rgostfplausible observed gamma-ray intensity must §€ort timescale, we take the source function of protons as
of the order o

~ 2x 10%(1p/107) (M, /Mg) 574, 9)

3. Model calculations

L, (50 pc) = %Epe’%ap“pp Q(r, Ep, t) = A(Ep)a(r)a(t), (10)

= hereA(E E M forth | t
whereA(Ep) « ey or the power-law momentum

injection spectrum and the spectral indexis taken to be be-

wheren, is the conversionféiciency from protons to neutral tween 2-3 (cf. Berezinskii et al. 1990, and reference heggaf
pions. Since the acceleration processes in the jet are still unclea

The clumpy structure of the gas in the central 50 pc regi@inis not easy to determine the maximum energy of protons in
is essential for estimates of the lifetime of primary pratte- the jet. According to the TeV observations from AGNs (e.g.
cause the primary protons may disappear after the first genekkn 421 and Mkn 501, ci. Weekes 2004), if we assume that
tion into dense clouds if the gas density there is high enoughese TeV photons result from proton-proton collisions,&h-
However, since the fraction of protons leaving the high degrgy of protons in the jet must be at least over 10 TeV. In fact,
sity region ise™s/7w) ~ 73 ~ 0.05 then the number of cloudsTeV photons have also been observed from the vicinity of Sgr
should be large enough and the approximation of average dar{Kosack et al. 2004; Tsuchiya etlal. 2004; Aharonian et al.
sity is completely acceptable. 2004), it has been suggested that these TeV photons resmlt fr

These 5% of primary protons leaving the central region ca@ile p-p collisions and the relativistic protons are ejedteth
propagate by diusion through the 1 cniinterstellar gas to the the Galactic black hole (e.§. Aharonian & Nerorlov 20005a,b;
distance about 500 pc. Since the p-p collision time in 50&pdliy et al. 2006). However, the exact values of the maximum pro-
10" years, the proton injection rate into this region is almogtns are notimportantin our problem. In order to fit the EGRET
constant in comparing with the filision timescale. Thereforedata, the spectral index of the proton spectrum is requirée t
the gamma-ray emission intensity from 500 pc region is atmasiose to 3. Therefore most proton energy is-&eV.
constant and the gamma-ray power is given by The spatial distribution of the protons can easily be derive

~ 6x 10%(7,/107 ) (p/107)(M./Mo) erg/s  (7)

xAE, from the well-known equation of cosmic ray propagation,
cap onp 0 (dE Np
~ 3% 10%(1/ 107 (7p/ L0 )(M./Mo) erg's (8) r ~ VOV * 5 (a”p) Y AEeD (D)

It is very important to note that most of positrons are creerep is the difusion codficient,
ated in this high density region. However, they may propa-
gate mainly through the intercloud medium because of thge 27re'n MPC?Wirax
screening ffect due to MHD waves excited near dense moleGyy ~ ™ meg(E) '”( Ane2ih2n )
ular clouds [(Skilling & Strong 1976; Dogel & Sharov 1985;
Padoan & Scalo 2005). It is unclear at which precise energisshe rate of ionization losses ang}, is the characteristic time
of positrons this ffect is essential but if these waves are exciteaf p-p collisions.

(12)
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Neutral pions are produced in p-p collisions and they will = E/mec? is the dimensionless photon energy. The energy
decay almost immediately to high energy photons. The emspectrum of in-flight annihilation
sivity of the photons produced by’-decay ,) can be calcu-
lated from corresponding references for this and other-equa P
tions used for calculations of gamma-ray and secondary paNan(e) = fqan()/o, £)ne(e)dyo (17)
cles which one can find in Cheng et al. (2006): Y

o0 The lower integration limit can be obtained from the kinetic
0,(E,.t) = 2 MdEn (13) equations and equals
c +E2 — mec?
i e+ (e-1)7
0= 5 (18)
whereq, = fE N(Ep)vpnudo(E, Ep), do(E, Ep) is the difer-
P
ential cross-section for pionkg, andE, are the energy of the
emitted photon and the decaying pion respectivElyin = 4. Numerical calculations
mect
B, + E 4.1. Energy input constraints of multi-injection model

Inelasticp — p collisions produce two charged pions for
every neutral pion. These charged pions quickly decay intsom Eq. (5), we see that the energy carried away by the rela-
muons, which in turn decay into positrons and electrondj witivistic protons can vary from capture to capture dependimg

a resulting emissivity the mass of the captured star and tlfieceency of converting
accretion energy into outflow of relativistic protons. Ihgges
(E) = n méc from 10P? erg forn, ~ 0.01 andM,/M, ~ 1 to 1C%* erg for
GelEe H m2 — np np ~ 0.1 andM../M,, ~ 10. In numerical calculations, we can
Erex e only assume a mean energy injection in Eq. (10). To constrain
d dE, do(E,, Ep) the injection energy, we used the observed elegpasitron
deﬂd—Ee B.E, J; © dEpinp(M) annihilation intensity to constrain the injection energyfal-
Epin Emin " lows: In p — p collisions only 4% of initial energy of proton

_ _ is transferred to secondary electron which gives the enefrgy
We use the generalized Fokker-Planck equation to calculgtssitrons of about 40 MeV for a 1 GeV primary proton, and
the positron distribution functiori written in dimensionless the possibility of the reactiop + p — 7+ + ... is about 13.

variablesp = p/ VimkT andt = vot is Consequently, to maintain the annihilation flux at the otser
level we should supply about 40< 40x 5%, x 3 = 2.25x 10%

of Mf — ge(p.1) MeV/s or 36 x 10%° erg’s. Since the time of positron thermal-

ot Yo ization is about 3x 10'* s we need the total energy in rela-

190 of tivistic protons~ 10°° erg, in order to produce the observed
= S 2 AP gy, (as) tvistic protons~ 10 erg. in order to produce the ¢
pZ ap ap annihilation flux in the event of a single eruption. This ambu

) o of injection energy is possible by capturing a massive sttr w
where (ran) and @) are the cross-sections for inflight an-_ 30Mm, plus high conversionfciency. However, the most
nihilation and charge-exchange processes respecttye§e- natural explanation is a multiple capture scenario (migtim-
scribes the distribution of sources emitting fast pos#ronergy injection model). Since the capture rate-isl0 yr2,

_ 2herime _ n2|_(dp y KT — there would be about 100 captures in the pastyk€ars and
o = 2R AP) = 7|~ (), g | anB(p) = 00 captures in the p
kT (dt )'°” Yy N me each of them only requires 10°3 erg, which is the most typ-
p? [_(%)_ _ (%) _ (%) ] ical value in Eq. (5). This non-stationary model also gives a
ion synIC brem

dt dt dt
: . : _ natural explanation as to why the gamma-ray intensity ewchitt
The high energy gamma-rays 80 MeV) are mainly pro f,rég/m the central high density region is so low.

duced by the decay of neutral pions, whereas the lower ene _ T
gamma-rays< 30 MeV) are produced by in-flight annihila- In F|g._ 1, wecan see that both annihilation flux and gamma-
ray flux in large regions are almost constant whereas the

tions of positrons. The in-flight efierential spectrum of the ) ) ) an

vy-rays produced by annihilation of a positron on the ambiefgmma-ray fI.ux in the central high density region s much more

electrons with densitye: sensitive to time. Furthermore the energy requirement ef th
multi-injection model is much less than that of the singlp-ca

( P LYt 1- 8) ture model due to accumulation of positrons in the thermal en

nriene
Y+P+

an(e) = (16) ergy region (Fig. 2). Our calculations show that this redeas
) should be about610°? erg i.e. a capture of one solar mass stars
2(} + 1 ) _ (} + 1 ) } once a periody ~ 10° years which is quite enough to generate
e y++tl-e e y++l-e the observed annihilation emission. This value is much kemal
than the energy release in primary protons required forglesin
wherey, = E,/me? is the Lorentz-factor of the positron,capture model (Cheng et al. 2006) which is abo#f &g for

p; = vy2 — 1is the dimensionless momentum of positron arttie intercloud gas density 1 cnm3.

yi+l-—¢ &
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Fig. 1. The time variations of annihilation emission, gamma-ray fram the central high density region (50 pc), and the flux of
gamma-rays produced by protons escaping from the centralicto the low density region (500 pc).

4.2. MeV-GeV gamma-rays capture electrons to form positronium. Our model injectién
. lculated the wide band hi positrons in the low density region is equivalent to a camista
In Fig. 3, we calculated the wide band spectrum. In this Parection of positrons with energy lower than 10 MeV, which

per we compare the model calculations with the observed da@es not violate the constraint concluded by Beacom & Ylikse
of EGRET (Mayer-Hasselwander ef al. 1998) and COMPTESZOOG).

(Strong et all_ 2005). In_Strong et al. (2005) they summarized . "
the data of EGRET from 30 Mev30 GeV, COMPTEL from However, in the energy range above 10 MeV, the in-flight

annihilation emission is quite significant and gives themai
1-10MeV and INTEGRAL from 100 KeV0.5 MeV for the contribution at~ 30 MeV. It is interesting to note that at

more extended region. The |r?p.ut energy in protons is ChqﬂserMis energy the in-flight flux exceeds the contribution from
reproduce the observed annihilation line flux. We can see tk}@

the model curve is consistent with the EGRET data’irelslius miverse Cpmpton scattering Of. relativistic _electro_ns Wh.lm

) . : essential in the Galaxy especially at relatively high latés
but is substantially lower than the COMPTEL, which mear{boqiel & Ginzburd 1989; Strong et al. 2000)
that the in-flight annihilation of our multi-capture modalmot = = ' = ' '
produce the observed-110 MeV photons whereas the neutral
pions decay is capable of explaining the GeV photon emissi%j Discussion and conclusion
Based on results of Beacom & Yiksel (2006), Totani (2006)
suggested that the model proposed by Cheng et al. (2006) Wi suggest that the observedfdse GeV gamma-rays and the
produce too much £ 10 MeV gamma-rays through in-flight511 keV annihilation flux from 5 within the GC are conse-
annihilation and hence does not satisfy the observed datagaénces of multiple stellar captures by the Galactic blaxtk.h
COMPTEL. However, with the detail calculations by solving he average injection energy carried away by relativist@ p
the proper kinetic equation, we can show that the in-flighdns is~ 6 x 10°? erg per capture every ¥§ears. Such energy
annihilation will not over produce £ 10 MeV. On the con- of the injection rate is dficient to explain the observed elec-
trary, calculations in the frameworklof Cheng et al. (20G8)-c trorypositron annihilation flux. In our model, most positrons
not produce enough 4 10 MeV gamma-rays to explain theare produced in the central high density region (50 pc), #Ad d
COMPTEL data as shown in Fig. 3. We want to emphasize tHase through the low density region to a distarcg00 pc dur-
most positrons are produced in the central high densitypreging their thermalization time. Every capture takes placeeon
(~ 50 pc). Then they take 10’ years in the low density re- every 16 years. Therefore the observed positron annihilation
gion (~ 500 pc) to become thermalized positrons, which camission results from a population of thermalized posi&ron
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Fig. 2. The steady state distribution of positrons in the low dgmsigion (500 pc).

which are produced, cooled down and accumulated by p8sirth A.J., Ho L.C., Rutledge R.E., Sargent W.L.W., 2004,

hundreds of capture events instead of a single injectioogem  ApJ, 607, 90

The gamma-ray intensity emitted from the centr& @egion Beacom J.F., Yiksel H., 2006, Phys. Rev. Lett., 97, 071102

is very sensitive in time and the current intensity is mdalii Beck R., 2007, EAS Publications Series, 23, 19

much weaker than its maximum value. Our numerical calcBerezinskii V.S., Bulanov S.V., Dogiel V.A., Ptuskin V.S.,

lations indicate that the in-flight annihilation cannot ¢guce March 1990, In: Ginzburg V. (ed.) Astrophysics of cosmic

enough 1-10 MeV gamma-rays to explain the observed data byays, Amsterdam, North-Holland

COMPTEL. On the other hand, unlike thdfdise gamma-rays Cheng K.S., Lu Y., 2001, Mon. Not. R. Astron. Soc., 320, 235

in GeV range, the diuse 1-10 MeV gamma-rays do not hav€heng K.S., Chernyshov D.O., Dogiel V.A., 2006, ApJ, 645,

a notable concentration within 500 pc. It is possible thayth 1138

have diferent origins. Churazov E., Sunyaev R., Sazonov S., Revnivtsev M.,
Varshalovich D., 2005, Mon. Not. R. Astron. Soc., 357, 1377
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