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107 cm2 s
1 x 107 cm2 s = 133 ks



• maximum : 5 x 10-5 ph cm-2 s-1 at GC
• large parts of galactic plane better than 2 x 10-4 ph cm-2 s-1

• several high latitude regions better than 2 x 10-4 ph cm-2 s-1 

SPI 511 keV pointSPI 511 keV point--source sensitivitysource sensitivity

10-4 ph cm-2 s-1



Background modelling

StepStep 11



511 keV background511 keV background

~ 5 % variations



511 keV background model511 keV background model

r(t) = rcont(t) + β1 + β2 x g(t) + β3 x ? g(t’) x exp((t’-t)/τ) dt’

rcont(t) : continuum background (from adjacent energies)
r(t) : predicted 511 keV line background rate
g(t) : GEDSAT rate
τ = 352 days
β1, β2, β3 : fitted coefficients (detector / orbit & detector)

rcont(t)

g(t)

? g(t’) x exp((t’-t)/τ) dt’
constant



DETE DETE -- 2d Gaussian model fitting2d Gaussian model fitting
MLR = 2418.044 (49.2 σ)
FWHM = 9.5° x 7.5°
Flux = (1.11 ± 0.03) x 10-3 ph cm-2 s-1



DETE DETE -- background residualsbackground residuals

1 %



ORBITORBIT--DETE DETE -- background residualsbackground residuals

1 %



ORBITORBIT--DETE DETE -- 2d Gaussian model fitting2d Gaussian model fitting
MLR = 465.424 (21.6 σ)
FWHM = 8.0° x 7.0°
Flux = (1.04 ± 0.05) x 10-3 ph cm-2 s-1

DETE



Step 1 : ConclusionsStep 1 : Conclusions

Morphology
determination

Flux
determination

DETE

Significant systematic
uncertainties

Marginal systematic
uncertainties

ORBIT-DETE

No sensitivity decrease

Substantial sensitivity 
decrease (~ factor 2)
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511 keV bulge emission morphology511 keV bulge emission morphology

Modelling with a 2d GaussianModelling with a 2d Gaussian
l0 -0.6° ± 0.3°
b0 +0.1° ± 0.3°
∆l (FWHM) 8.1° ± 0.9°
∆b (FWHM) 7.2° ± 0.9°
∆b / ∆l 0.89 ± 0.14
511 keV flux 1.09 ± 0.04  (10-3 ph cm-2 s-1) 



Bulge/Halo modelsBulge/Halo models

SPI 511 keV bulge flux : (1.1-2.2) x 10-3 ph cm-2 s-1

1.17 x 10-3 ph cm-2 s-1 1.09 x 10-3 ph cm-2 s-1

1.13 x 10-3 ph cm-2 s-1 2.15 x 10-3 ph cm-2 s-1



Bulge/Halo + Disk modelsBulge/Halo + Disk models

SMM flux (wide field-of-view) 
(1.5-2.8) x 10-3 ph cm-2 s-1

511 keV flux  : (1.6-2.4) x 10-3 ph cm-2 s-1

B/D flux ratio : 1-3 (D1-D0)
H/D flux ratio : 2-4 (D1-D0)

1.62 x 10-3 ph cm-2 s-1 2.04 x 10-3 ph cm-2 s-1

2.05 x 10-3 ph cm-2 s-1 2.43 x 10-3 ph cm-2 s-1



Comparison with tracer mapsComparison with tracer maps

FIRRadio NIRµ-waves V X-ray γ

Old stellar population

K+M giants XRBs

Young stellar population
(free-free, CO, cold dust)



Step 2 : ConclusionsStep 2 : Conclusions

Bulge Halo Disk
Flux (10-3 ph cm-2 s-1) 1.05 ± 0.07 1.6 ± 0.5 0.7 ± 0.5**
L511 (1043 ph s-1) 0.90 ± 0.06 1.2 ± 0.3 0.2 ± 0.1
Lp (1043 s-1)* 1.50 ± 0.10 2.0 ± 0.5 0.3 ± 0.2

* assuming f* assuming fpp = 0.93= 0.93
** F ~ 5 x 10** F ~ 5 x 10--44 ph cmph cm--22 ss--11 expected fromexpected from 2626AlAl

The 511 keV line emission is bulge dominated :
B/D flux ratio : 1 - 3
B/D luminosity ratio : 3 - 9



Imaging

StepStep 33



An allAn all--sky image of 511 keV emissionsky image of 511 keV emission

• Iteration 17 of accelerated Richardson-Lucy algorithm
• 5° x 5° boxcar smoothing 
• Integrated 511 keV flux : 1.4 x 10-3 ph cm-2 s-1 



Choice of iterationChoice of iteration
Iteration 1 Exposure

Log likelihoodFlux



Choice of iterationChoice of iteration
Iteration 5 Exposure

Log likelihoodFlux



Choice of iterationChoice of iteration
Iteration 10 Exposure

Log likelihoodFlux



Choice of iterationChoice of iteration
Iteration 17 Exposure

Log likelihoodFlux



Choice of iterationChoice of iteration
Iteration 25 Exposure

Log likelihoodFlux



Choice of iterationChoice of iteration
Iteration 40 Exposure

Log likelihoodFlux



Choice of iterationChoice of iteration
Iteration 70 Exposure

Log likelihoodFlux



Choice of iterationChoice of iteration
Iteration 100 Exposure

Log likelihoodFlux



Choice of the smoothnessChoice of the smoothness
5° x 5°

10° x 10°

1° x 1°

MREM, Daub12, Soft, 3σ



General conclusionsGeneral conclusions

•• The 511 keV sky is bulge / halo dominated The 511 keV sky is bulge / halo dominated 
•• The disk component could be entierly explained by The disk component could be entierly explained by ββ++ decay decay 

of radioactive of radioactive 2626Al (3 MAl (3 M¤¤ = 3.5 x 10= 3.5 x 104242 ss--11))
•• Annihilation rate (assuming fAnnihilation rate (assuming fpp = 0.93)= 0.93)

BulgeBulge 1.5 x 101.5 x 104343 ss--11

HaloHalo 2.0 x 102.0 x 104343 ss--11

DiskDisk 0.3 x 100.3 x 104343 ss--11

•• What is the bulge / halo eWhat is the bulge / halo e++ source ?source ?
•• Has the bulge / halo eHas the bulge / halo e++ source a disk component ?source a disk component ?

•• Observe nearby candidate sources (SNR, LMXB)Observe nearby candidate sources (SNR, LMXB)
•• Deep observations at high galactic latitudes & galactic planeDeep observations at high galactic latitudes & galactic plane


