
511 keV Lines from Millisecond Pulsars in the Galactic Center

ABSTRACT: Observations of a strong and extended positron-electron annihilation line emission in the Galactic center (GC) 
region by the Spectrometer aboard INTEGRAL (SPI) are challenging to the existing models of positron sources in the Galaxy. 
In this paper, we study the possibility that pulsar winds from a millisecond pulsar (MSP) population in the GC produce the 
511 keV line. Our preliminary estimations predict that the e± annihilation rate in the GC is around 5 x 1042 s-1, which is 
consistent with the present observational constraints. Therefore, the e± pairs from pulsars winds can contribute significantly 
to the positron sources in the Galactic center region. Furthermore, since the diffusion length of positrons is short, we predict
that the intensity distribution of the annihilation line should follow the distribution of millisecond pulsars, which should then 
correlate to the mass distribution in the GC.
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SPI/INTEGRAL Observations of 511 keV lines

Fig. 1: (left) The all-sky intensity distribution of the 511 keV
electro-positron annihilation emission; (right) the spectral profile 
of 511 keV line, a positronium continuum is also observed.

(Knoedlseder et al. 2005) (Churazov et al. 2005)

Characteristics of 511 keV line emission:
morphology (with size of radius 6o-8o): diffuse, bulge-like,  

weak/ no disk component ;
high line luminosity, positronium continuum: line intensity 

implies the positron injection/annihilation rate up to 1043 /s .

Motivations of a MSP population in the GC

Fig. 2: The distribution of observed 
MSPs in the Galaxy, two populations 
of MSPs at present: globular clusters 
(2/3), the field (1/3).
Other populations (?):
a MSP population in the Galactic 
center region.

Fig. 3: The gamma-ray 
emission from the GC, and 
the GeV spectrum fitted by 
the outer-gap emission 
from MSPs (N=6000) with 
the observed period and 
magnetic field distributions: 
(solid) globular cluster; 
(dashed) the field .(Wang et al. 2005; Wang 2006)

Pulsar winds of MSPs as positron sources
Positrons produce through pair cascades near the surface of 
neutron stars. Millisecond pulsars can be the continuous positron 
injection sources because of their long life time.
In MSPs, the local multipole magnetic field is estimated by 

Bs ~ B (R/l)3 ~ 1011-1012 G << 4x1013 G
where l ~105 cm is the typical radius of curvature of local 
multipole field, R ~106 cm is the radius of neutron stars, B is dipole 
field. So pair cascades are also efficient in the local multipole field. 
For P=3ms, B=3x108 G, the positron injection rate for a MSP: 

~ 5x1037 e+/s (Wang et al. 2006)

How many MSPs contribute to the annihilation line?
Using the fitting in Fig. 3, and assuming ρ(MSP) � r -1 , the 
number of MSPs is given by N ~ 6000 x (6o/1.5o)2 ~105

Then the total positron injection rate from MSPs is about  
5x1042 e+/s

Compared with other models of positron sources
Other possible positron sources: nucleosynthesis in supernovae, 
hypernovae/gamma-ray bursts in the GC (Casse et al. 2004); light 
dark matter annihilation (Boehm et al. 2004); continuous capture of 
stars by supermassive black hole at Sgr A* (Cheng et al. 2006) .

Assuming positrons diffuse in the magnetic field in the GC, the 
diffusion scale is λ ~ (rLct)1/2 ~ 1 pc, if B ~ 10-5 G in the GC (LaRosa
et al. 2005) , the mean lifetime of positrons is about 106 yr.
The line intensity distribution may be similar to that of the positron 
sources, SO

Supernovae, hypernovae/ GRBs: 511 keV emission may follow 
the distribution of molecular clouds in the GC;

Light dark matter annihilation: line emission may follow the dark 
matter density profile;

MSP population in the GC: line emission may follow the mass 
(e.g. stars) distribution of the GC.
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