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Abstract We propose that there possibly exists a population of raglisd pulsars in the

Galactic center region. Millisecond pulsars (MSPs) coutdteGeV gamma-rays through

synchrotron-curvature radiation as predicted by outemgagels. In the same time, the com-
pact wind nebulae around millisecond pulsars can emit %-thpugh synchrotron radia-

tion and TeV photons through inverse Compton processegl&gsnillisecond pulsar winds

provide good candidates for the electron-positrons saurcthe Galactic center. Therefore,
we suggest that the millisecond pulsar population couldrdmrte to the weak unidentified

Chandra X-ray sources, the diffuse gamma-rays detectedREH, electron-positron anni-

hilation lines and possible TeV photons detected by HES@&tdwhe Galactic center.
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1 MOTIVATIONS

Millisecond pulsars are old pulsars which could have beemb®es of binary systems and been recycled to
millisecond periods, having formed from low mass X-ray biesin which the neutron stars accreted suf-
ficient matter from either white dwarf, evolved main sequestar or giant donor companions. The current
population of these rapidly rotating neutron stars mayegitie single (having evaporated its companion)
or have remained in a binary system. In observations, giypeardlisecond pulsars have a peried 20 ms,
with the dipole magnetic fielet 10'° G. According to the above criterion, we select 133 millisetpul-
sars from the ATNF Pulsar CatalogtieFigure 1 shows the distribution of these MSPs in our Galary,
they distribute in two populations: the Galactic field (1#8)d globular clusters (2/3). In the Galactic bulge
region, there are four globular clusters, including thedamTerzon 5 in which 27 new millisecond pulsars
were discovered (Ransom et al. 2005).

Recently, deeghandra X-ray surveys of the Galactic center (GC) revealed a mulétaf point X-ray
sources ranging in luminosities from 1032 — 10%> erg s (Wang, Gotthelf & Lang 2002a) over a field
covering a2 x 0.8 square degree band and frem3 x 1030 — 2 x 1033 erg s™! in a deeper, but smaller
field of 17 x 17’ (Muno et al. 2003). More than 2000 weak unidentified X-rayrees were discovered in
the Muno’s field. The origin of these weak unidentified soarisestill in dispute. Some source candidates
have been proposed: cataclysmic variables, X-ray binar@sg stars, supernova ejecta, pulsars or pulsar
wind nebulae.

EGRET on board th€ompton GRO has identified a centrak{ 1°) ~ 30 MeV — 10 GeV continuum
source (2EG J1746-2852) with a luminosity-fl03” erg s~! (Mattox et al. 1996). Further analysis of the
EGRET data obtained the diffuse gamma ray spectrum in thacBalkenter. The photon spectrum can be
well represented by a broken power law with a break energyaGeV (see figure 2, Mayer-Hasselwander
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Fig. 1 The distribution of the observed millisecond pulsars inNtik Way. The grey contour is the electron
density distribution from Taylor & Cordes (1993).
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Fig. 2 The diffuse gamma-ray spectrum in the Galactic center nagithin 1.5’ and the 511 keV line emis-
sion within 6. The INTEGRAL and COMPTEL continuum spectra are from Str(2@p5), the 511 keV
line data point from Churazov et al. (2005), EGRET data jgofram Mayer-Hasselwander et al. (1998),
HESS data points from Aharonian et al. (2004), CANGAROO gaiats from Tsuchiya et al. (2004). The
solid and dashed lines are the simulated spectra of 6000 M&Rsding to the different period and mag-
netic field distributions in globular clusters and the Gttafield respectively. The dotted line corresponds

to the inverse Compton spectrum from MSPs.
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etal. 1998). Recently, Tsuchiya et al. (2004) have detesttbelleV gamma-ray emission from the GC using
the CANGAROO-II Imaging Atmospheric Cherenkov Telescdpecent observations of the GC with the

air Cerenkov telescope HESS (Aharonian et al. 2004) hawershcsignificant source centered on Sgr A

above energies of 165 GeV with a spectral indflex 2.21 £+ 0.19. Some models, e.g. gamma-rays related
to the massive black hole, inverse Compton scattering, aagbnic decay resulting from cosmic rays, are
difficult to produce the hard gamma-ray spectrum with a shampver at a few GeV. However, the gamma-
ray spectrum toward the GC is similar with the gamma-ray spatemitted by middle-aged pulsars (e.g.
Vela and Geminga) and millisecond pulsars (Zhang & Chen@20@ng et al. 2005a).
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So we will argue that there possibly exists a pulsar poputaith the Galactic center region. Firstly,
normal pulsars are not likely to be a major contributor adewg to the following arguments. the birth rate
of normal pulsars in the Milky Way is about 1/150 yr (Arzourrean Chernoff & Cordes 2002). As the mass
in the inner 20 pc of the Galactic centeris10® M, (Launhardt, Zylka & Mezger 2002), the birth rate of
normal pulsars in this region is only)—3 of that in the entire Milky Way, ok 1/150 000 yr. We note that
the rate may be increased to as highas/15000yr in this region if the star formation rate in the nuclear
bulge was higher than in the Galactic field over [t — 108 yr (see Pfahl et al. 2002). Few normal pulsars
are likely to remain in the Galactic center region since @nfsaction ¢ 40%) of normal pulsars in the low
velocity component of the pulsar birth velocity distrilmrti(Arzoumanian et al. 2002) would remain within
the 20 pc region of the Galactic center studied by Muno et28108) on timescales of 10° yr. Mature
pulsars can remain active as gamma-ray pulsars upgri@nd have the same gamma-ray power with
millisecond pulsars (Zhang et al. 2004; Cheng et al. 20Q4)abcording to the birth rate of pulsars in the
GC, the number of gamma-ray mature pulsars is not highertfan

On the other hand, there may exist a population of old newgtars with low space velocities which
have not escaped the Galactic center (Belczynski & Taam)28#h neutron stars could have been mem-
bers of binary systems and been recycled to milliseconb@srihaving formed from low mass X-ray
binaries in which the neutron stars accreted sufficientenditom either white dwarf, evolved main se-
guence star or giant donor companions. The current populafithese millisecond pulsars may either be
single or have remained in a binary system. The binary pdipulaynthesis in the GC (Taam 2005, private
communication) shows more than 200 MSPs are produced thrmeegcle scenario and stay in the Muno’s
region.

2 CONTRIBUTIONS TO HIGH ENERGY RADIATION IN THE GALACTIC CEN TER

Millisecond pulsars could remain active as high energy aeaithroughout their lifetime after the birth.
Thermal emissions from the polar cap of millisecond pulsarstribute to the soft X-raysk(" < 1keV,
Zhang & Cheng 2003). Millisecond pulsars could be gammaemmyssion source (GeV) through the
synchro-curvature mechanism predicted by outer gap m@dbesng & Cheng 2003). In the same time,
millisecond pulsars can have strong pulsar winds whichrétavith the surrounding medium and the com-
panion stars to produce X-rays through synchrotron raatiadnd possible TeV photons through the inverse
Compton scatterings (Wang et al. 2005b). This scenarissalpported by the Chandra observations of a
millisecond pulsar PSR B1957+20 (Stappers et al. 2003allyimillisecond pulsars are potential positron
sources which are produced through the pair cascades meaettron star surface in the strong magnetic
field (Wang et al. 2005c). Hence, if there exists a millisetpulsar population in the GC, these unresolved
MSPs will contribute to the high energy radiation obsenasedtrd the GC: unidentified weak X-ray sources;
diffuse gamma-ray from GeV to TeV energy; 511 keV emissiog.lin this section, we will discuss these
contributions separately.

2.1 Weak Unidentified Chandra X-ray Sources

More than 2000 new weak X-ray sourcds. (> 3 x 10%° erg s—1) have been discovered in the Muno’s field
(Muno et al. 2003). Since the thermal component is déft & 1 keV) and absorbed by interstellar gas for
sources at the Galactic center, we only consider the namaddeemissions from pulsar wind nebulae are
the main contributor to the X-ray sources observed by Claf@nheng, Taam & Wang 2006). Typically,

these millisecond pulsar wind nebulae have the X-ray lusitgg2—10 keV) of103° — 1033 erg s—1, with

a power-law spectral photon index from 1.5-2.5.

According to a binary population synthesis in the Muno'dfj@bout 200 MSPs are produced through
the recycle scenario and stay in the region if assuming tted tmlactic star formation rate (SFR) of
1 M yr~! and the contribution of galactic center region in star faioraof 0.3%. The galactic SFR
may be higher than the adopted value by a factor of a few (aligua® 2001), and the contribution of the
galactic center nuclear bulge region may be also be largerttie adopted values (Pfahl et al. 2002). Then
the actual number of MSPs in the region could increase to {088m 2005, private communication). So
the MSP nebulae could be a significant contributor to thesdemtified weak X-ray sources in the GC. In
addition, we should emphasize that some high speed mitimkpulsars¥ 100kms—!) can contribute to
the observed elongated X-ray features (e.g. four identXiedy tails havelL, ~ 1032 — 1033 erg s~! with
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the photon index™ ~ 2.0, see Wang et al. 2002b; Lu et al. 2003; Sakano et al. 2003)wérie the good
pulsar wind nebula candidates.

2.2 Diffuse Gamma-rays from GeV to TeV

To study the contribution of millisecond pulsars to theust gamma-ray radiation from the Galactic center,
e.g. fitting the spectral properties and total luminositg, fivstly need to know the period and surface
magnetic field distribution functions of the millisecondgars which are derived from the observed pulsar
data in globular clusters and the Galactic field (Wang et@052). We assume the number of MSRs,in

the GC within~ 1.5°, each of them with an emission solid angi€ ~ 1 sr and they-ray beam pointing

in the direction of the Earth. Then we sample the period angnatic filed of these MSPs by the Monte
Carlo method according to the observed distributions of MBRylobular clusters and the Galactic field

separately. We first calculate the fraction size of outesgfp- 5.5P26/21B1_24/7. If f < 1, the outer gap
can exist and then the MSP can emit high energglys. So we can give a superposed spectruiii MSPs

to fit the EGRET data and find about 6000 MSPs could signifigar@thtribute to the observed GeV flux
(Figure 2). The solid line corresponds to the distributidesived from globular clusters, and the dashed
line from the Galactic field.

We can also calculate the inverse Compton scattering frerwihd nebulae of 6000 MSPs which could
contribute to the TeV spectrum toward the GC. In Figure 2dibiged line is the inverse Compton spectrum,
where we have assumed the typical parameters of MBPs,3 ms, B = 3 x 108G, and in nebulae, the
electron energy spectral index= 2.2, the average magnetic field 3 x 107> G. We predict the photon
index around TeVI" = (2 + p)/2 = 2.1, which is consistent with the HESS spectrum, but deviatas fr
the CANGAROO data.

2.3 511 keV Emission Line

The Spectrometer on the International Gamma-Ray Astraopaiisaboratory (SPI/INTEGRAL) detected
a strong and extended positron-electron annihilation dimgéssion in the GC. The spatial distribution of
511keV line appears centered on the Galactic center (balggonent), with no contribution from a disk
component (Teegarden et al. 2005; Knodlseder et al. 2003azov et al. 2005). Churazov et al. (2005)’s
analysis suggested that the positron injection rate is upt® e*s~! within ~ 6°. The SPI observations
present a challenge to the present models of the origin ajakeectic positrons, e.g. supernovae. Recently,
Casseé et al. (2004) suggested that hypernovae (Type lcBn@e/gamma-ray bursts) in the Galactic center
may be the possible positron sources. Moreover, annibilatof light dark matter particles intgt pairs
(Boehm et al. 2004) have been also proposed to be the pdtergizn of the 511 keV line in the GC.

It has been suggested that millisecond pulsar winds ardgrpossources which result fromi™ pair
cascades near the neutron star surface in the strong ma@etti (Wang et al. 2005c). And MSPs are
active near the Hubble time, so they are continuous positjeting sources. For the typical parameters,
P = 3ms,B = 3x10% G, the positron injection rat®,+ ~ 5x 1037 s~! for a millisecond pulsar (Wang et
al. 2005c). Then how many MSPs in this region? In Section&0 MSPs can contribute to gamma-rays
with 1.5°, and the diffuse 511 keV emission have a sizé°. We do not know the distribution of MSPs in
the GC, so we just scale the number of MSP$0§0 x (6°/1.5°)% ~ 105, where we assume the number
density of MSPs may be distributed agsp o r. !, wherer. is the scaling size of the GC. Then a total
positron injection rate from the millisecond pulsar popiolais ~ 5 x 102 et s~! which is consistent
with the present observational constraints. What's moue,ssenario of a millisecond pulsar population
as possible positron sources in the GC has some advantaggslain the diffuse morphology of 511 keV
line emissions without the problem of the strong turbuléffugion which is required to diffuse all these
positrons to a few hundred pc, and predicts the line intguisstribution would follow the mass distribution
of the GC, which may be tested by future high resolution olzg@ns.

3 SUMMARY

In the present paper, we propose that there exists threé@MMSP populations: globular clusters; the

Galactic field; the Galactic Center. The population of MSPthe GC is still an assumption, but it seems
reasonable. Importantly, the MSP population in the GC caoolatribute to some high energy phenomena
observed by present different missions. A MSP populationooentribute to the weak unidentified Chandra
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sources in the GC (e.g. more than 200 sources in the Munal,fegecially to the elongated X-ray features.
The unresolved MSP population can significantly contribotie diffuse gamma-rays detected by EGRET
in the GC, and possibly contribute to TeV photons detectetiB$S. Furthermore, MSPs in the GC or
bulge could be the potential positron sources. Identificatif a millisecond pulsar in the GC would be
interesting and important. However, because the electensity in the direction of the GC is very high,

it is difficult to detect millisecond pulsars by the preseadip telescopes. At present, we just suggest that
X-ray studies of the sources in the GC would probably be abiEamethod to find millisecond pulsars by
Chandra andXMM-Newton.
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