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‘We need an MeV gamma-ray satellite telescope’
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The “MeV gap” is one of  the least 

explored regions of  the electromagnetic 

spectrum
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INTEGRAL/SPI (Bouchet+10)

Is the 511 keV Galactic bulge excess:

Truly diffuse?

Made up of  individual sources?

How many sources or components?

Bulge positron excess origin?
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Now

COSI
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COMPTEL map of 26Al emission (Oberlack+97)
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Cygnus X-1 AGN: Cen A
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Supernovae + Gamma-rays:

SN1987A

Gravitational Waves + Gamma-rays :

GRB170817A + GW170817

Neutrinos + Gamma-rays:

IceCube-170922A + 0506+056?

gamma-ray emitting blazar 

Credit: NASA's Goddard Space Flight Center/CI Lab
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4. Probe the physics of  multimessenger events

3. Gain insight into extreme environments with 

polarization

2. Reveal Galactic element formation

1. Uncover the origin of  Galactic positrons
Now

COSI

Now

COSI
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Pair creation 

telescopes

(Fermi/LAT)

Compton telescopes

(COMPTEL, COSI)

Full photon absorption

(NuSTAR, etc.)

Cross sections for germanium

❖ Multiple interactions within detector

❖ E𝛾 = E1 + E2 + E3 + …

❖ The photon may have come from     

any   point on the “event circle”
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Compton event reconstruction
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Back-projected Compton cones in image space

Iterative deconvolution to recover image

Deconvolved image 

of  a point source
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COSI instrument/spacecraft
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Parameter Requirements

Energy 
range

0.2-5 MeV

Sky coverage
100%-sky each 

day

Energy 
resolution

0.2-1% FWHM

Angular 
resolution

2.1º FWHM @ 1.8 
MeV (26Al)

Localizations <1.0º for GRBs

Polarization 
sensitivity

For GRBs, AGN, 
Galactic BHs
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MeV gap
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16

Positrons Nucleosynthesis

Polarization Multimessenger
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Bryce Unruh (Project Manager, UCB)
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Andreas Zoglauer (Project Scientist, UCB)

J. Martinez Oliveros (Student Collaboration Lead)

P. Saint-Hilaire (SEO Lead)

H. Lazar, J. Beechert, H. Gulick

Naval Research Laboratory
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Goddard Space Flight Center
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Northrop Grumman
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IRAP, France
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JMU, Germany

NTHU, Taiwan
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We’d be very happy to hear from you!

Contact Jarred Roberts: jmroberts@ucsd.edu
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Characteristic Requirement

Sky Coverage
• >25%-sky instantaneous FOV
• 100%-sky each day

Energy Resolution (FWHM)
• 6.0 keV at 511 keV (capability ~4.7 keV FWHM)

, reconstructed events 
• 9.0 keV at 1.157 MeV (44Ti)

Narrow Line Sensitivity
(2 yr, 3σ, point source) 
❖ 511 keV
• 1.8 MeV

[photons cm-2 s-1]

• 1x10-5 (Galactic bulge is 100x brighter)
• 3x10-6 (Galactic 26Al flux is 230x brighter)

Angular Resolution (FWHM)
• 5.1° at 511keV (capability ~3.6° FWHM)
• 2.0° at 1.8 MeV (26Al)

Accreting BH polarization
• Reaches bright AGN: Cen A, 3C 273, NGC 4151
• Reaches several Galactic BHs (plus transients)

GRB polarization • >30 GRBs with polarization measurements

Short GRB detection, localization, 
and reporting

• >10 short GRBs (~20 detections predicted)
• <1° localizations provided in <1 hr
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Simulated COSI emission line images
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•21

(Laurent et al. 2011, Nature)
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Isotope Production Decay chain

26Al Hydrostatic burning, proton capture by 25Mg • 26Al → 26Mg* → 26Mg

• Beta+ (p→n+e+) and 1.809 

MeV gamma-ray

60Fe

(neutron rich)

He and C shell burning, explosive burning, 

neutron capture

• 60Fe → 60Co → 60Ni

• Both beta- (n→p+e-)

44Ti Si burning in the inner regions of  the material 

ejected by CCSNe

• 44Ti → 44Sc → 44Ca

• EC and beta+

• 1.157 MeV and 68/78, 

respectively
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Crab
(2016 Balloon Flight)

Cygnus X-1
(2016 Balloon Flight)
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Modified Richardson-Lucy algorithmic techniques:

• Background fitting

• Data energy and time binning tunable full-sky imaging
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•Preliminary analysis shows that the 
continuum emission level is between 
1x and 3x (depending on the 
energy) of the GALPROP prediction 
for GDCE

•Spectrum below 0.511 MeV shows 
the largest excess

• Orthopositronium continuum?

• Unresolved point sources?

Spectrum from the source region

(Karwin et al., in prep.)


