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511 keV emission: basics
Positrons from β+–decay and μ+–decay
⇒ Most of them stops before annihilation

Ex. 5 MeV e+: m.f.p. 3g/cm3→~1024e-

σann ~ σThompson/ γ =5×10-26cm2

i.e. only ~5% decay before stop

e+ + e- → γ + γ
E = mc2(1+γ)(1±β)/2 ~ 511 keV (β~0)

Positronium decay (formed when <106K)
1S0: ~25%, 1.25×10-10s, → 2γ
3S0: ~75%, 1.5×10-7s, → 3γ → broader line

First detection in 1973 
(Johnson and Haymes, balloon exp., 
ApJ184, 103)
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OSSE observation

Bulge + disk + PLE 
(positive latitude 
enhancement)

PLE
(“annhilation

fountain”)

Purcell et al., ApJ
491 (1997) 725

SVD

MEM
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“Annihilation fountain”

Dermer & Skibo, ApJ 487, 57 (1997)

“A starburst episode within the inner few hundred pc of 
our galaxy would drive hot pair-laden gas into the halo, 
with the one-sidedness pointing to the site of initial 
pressure release at the onset of the starburst activity.”
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INTEGRAL/SPIE

20 keV – 8 MeV, 500 cm2,

FOV 16deg, angular resolution 2.5deg,

Energy resolution 2.5keV@1.3MeV
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SPI exposure

Data: Dec 2002 – Oct 2003
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Spectrum (not a topic today)

Churazov et al., 
MNRAS 357, 1377 
(2005)
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Coded mask imaging
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Image deconvolution
Richardson-Lucy algorithm

fjk : sky intensity
Rij : instrumental response matrix
ej

k = Σj Rij fjk+bi : predicted number of 
events
nj

k : observed counts
bi : instrumental background
λk : acceleration factor (Kaufman 1987)

wj= (Σj Rij)1/2 : weight
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511 keV map
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511 keV map (2)
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511 keV profile

l0-=-0.6deg, Δl-=8.1deg (FWHM)

b0-=+0.1deg, Δl-=7.2deg (FWHM)

Flux: (1.09±0.04)10-3 ph/cm2s

[|l|<30deg, |b|<30deg integration]
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Model fitting
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Model fitting results

(positronium fraction)
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Point source search (1)
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Point source search (2)
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Comparison with OSSE

No PLE!
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OSSE PLE cutaway view

Milne et al., AIP Conf. Proc. 587, 11 (2001)
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Massive stars, core collapse supernovae, 
pulsars?

WR stars and SN produce β+ radioisotopes 

Unlikely since the 511 keV emission shows 
bulge-like distribution, while massive star 
lies along the disk 

(Faint disk emission may be explained via 
decay of 26Al and 44Ti)



20

Hypernovae
Recent hypernova at the Galactic center

Unlikely since the 511 keV emission is 
bulge-like distribution (hypernovae, 
related to WR stars, should distribute 
along the disk)
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Cosmic-ray interactions
N + p → π+ → e+ channel

Unlikely since GeV diffuse gamma-rays are 
distributed along the disk as shown by 
EGRET
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X-ray binaries
γγ pair production in the luminous compact 
region around the compact object, or due 
to nuclear interactions which excite nuclei 
that β+ decay
Galactic B.H. and microquasars may eject 
positrons in jets
HMXB: primarily found in disk
LMXB: concentrated toward bulge
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LMXB scenario
150 LMXBs: 
B/D=0.9, vertical scale height=410pc
B/D is smaller than that of 511 keV
emission, but positrons may escape into 
halo, since positrons are ejected into 10-
100 less dense regions (since ISM scale 
height is ~100pc), thus substantial 
diffusion before annihilation
Individual LMXBs can be resolved?
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Classical novae
Novae (thermonuclear runaways on white 
dwarfs in accreting binary systems):

B/D =3-4? (interstellar extinction!)
Produce β+ decay isotopes in thermonuclear 
runaway of 13N, 18F, 22Na…

22Na requires 1600 novae/yr 
(obs.35±11/yr)
13N requires 26/yr but τ1/2=14min!

May rise transient annihilation signature
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Thermonuclear supernovae
Supernova Type Ia:

Produce β+ isotope, 56Co (τ=111day)
0.6Msolar

56Co provide 2.5×1054e+

e+ may not escape due to thick envelopes:
escape fraction f~0.03? or 0?
0.6 SN Ia/100yr required for f=0.03
Estimated bulge SN Ia rate: 0.08/100yr?
B/D~3-4? if follows that of novae
Search for 511 keV from nearby SN Ia!
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Light dark matter annihilation
1-100 MeV dark matter could emit 
positrons, but spatial distribution is poorly 
constrained.
If cuspy, inconsistent with 511 keV
observation

511 keV emission from nearby Sgr dwarf 
galaxy? (Hooper: (1-7)×10-4/cm2s)

SPI limit 1.7×10-4/cm2s
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Conclusion
511 keV emission is observed toward 
bulge (~50σ) and disk (~4 σ).
No point sources up to 10-4/cm2s level.
No PLE feature was observed.
Bulge emission is spherically symmetric 
and is centered on the Galactic center with 
an extension of 8deg (FWHM).
B/D ratio is 3-9.
Emission may come from LMXB, SN Ia, or 
light dark matter annihilation.
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