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COSI Overview 
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Instrument 

ωBalloon-borne Compton telescope 

ωEnergy range: 0.2 ς 5.0 MeV 

ω12 high-purity Ge double-sided strip 
detectors with 2 mm strip pitch 

ωEnergy resolution: 1.5-3.0 keV FWHM 

ωDepth resolution: ~0.5 mm FWHM 

ωAngular resolution: up to ~4° FWHM 

ωLarge field-of-view: almost 1/4 of full sky 

Science Objectives 

ωLife cycle of (anti-) matter in our Galaxy 

ωThe most violent events and the most 
extreme environments in our Universe 

Balloon Campaigns: 5 in total 

ωLast: COSI: 46-day flight from Wanaka, New 
Zealand, 2016 ς 1st science flight of NASA 
new super-pressure balloon platform 

ωNext: COSI-2 in 2020 or COSI-X1 in 2022 
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The Compton Spectrometer and Imager 

COSI Overview: Operating Principle 

ü Photons interact multiple times in active 
Germanium detectors via Compton scatters 

ü The interaction sequence has to be 
determined from information such as 
scatter angles, absorption probabilities, 
scatter probabilities 

ü The origin of a single not-tracked 
Compton event can be restricted to 
the so called /ƻƳǇǘƻƴ άŜǾŜƴǘ circleέ  

ü The photons originate at the point of 
all overlap 

ü Deconvolution creates sky maps 
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Image 
 

reconstruction 



Science with COSI & COSI-X 
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Nucleosynthesis 

Creation and release of new elements: 
Stars, supernovae, novae, and mergers 
 
Each nuclear line tells a different story: 
26Al:  History of star formation over last million years 
60Fe: History of core-collapse supernova 
44Ti:  Young supernova remnants 
56Ni:  How do type Ia supernovae explode? 
22Na & 7Be: How do nova explosions work? 
 
Observe: 
ÅLocation 
ÅFluxes 
ÅLine width & shift 
ÅTemporal evolution  
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Roland Diehl et al. COMPTEL map 

SPI spectrum 



Understand the Origin of the 511-keV Emission   
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SPI observations (2002 - present): 
Very extended 511-keV emission from positron annihilation centered around 

galactic center/bulge and around the galactic disk 
 

Contributors (how much TBD):  
Nuclear decays, novae, supernovae, X-ray binaries, dark matter? 

Sky > 100 MeV 
(FERMI telescope) 

Bouchet et al. 2010 511-keV map (SPI telescope) 



Open a New Dimension: Polarization 

Klein-Nishina cross-section: 
 

Compton scattering preserves 
information about the linear 
polarization of the gamma rays. 
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Crab pulsar (X-rays, Chandra) M87 (Hubble) 

Polarization helps to better understand / 
constrain models about the geometry 
and emission processes with which the 
gamma rays are created,  
for example in  
ÅPulsars 
ÅAGN (black-hole) jets 
ÅGamma-ray bursts 
 



The Instrument and the 2016 Flight 
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The COSI Germanium Detectors 
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ωSize: 8 x 8 x 1.5 cm3 

ωWafer: Ortec, Processing: LBNL 

ω 37 orthogonal strips per side 

ω 2 mm strip pitch 

ω Operated as fully-depleted     
p-i-n junctions 

ω Excellent spectral resolution: 
1.5 ς 3 keV FWHM 

ω Excellent depth resolution: 0.5 
mm FWHM 

ω 12 are integrated in the COSI 
cryostat 
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