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COSI - The Compton Spectrometer and Imager 

Landing: July 2016 
Atacama desert, Peru 

Launch: May 2016, 
Wanaka, NZ 

Galactic  
Annihilation 

Telescope & Flight: 
ωBalloon-borne gamma-            

ray telescope 

ωFlight altitude: 110,000 feet 

ω2016: Flight from New Zealand 

ωNext planned flight: 2019/20 
 

Science goals: 
ωObserve the most violent 

events (supernovae, neutron 
star mergers) 

ωObserve the most extreme 
environments (pulsars, black 
holes) 

ωBetter understand the life cycle 
of (anti-) matter in our Galaxy 

 

 

Crab pulsar 

Cyg X-1: 
Galactic Black Hole 

First circumnavigation after 
14 days, full flight duration: 

46-days 

Gamma-ray burst 
GRB 20160530A 



  

The Analysis Toolkit: MEGAlib 

Monte-
Carlo 

simulations 

Detector 
calibra- 

tions 

Event pattern 
classification Image 

deconvolution 

Medium-Energy Gamma-ray Astronomy library: 
 

Å Full data analysis chain for g-ray instruments in space & on ground 
Å Free & open-source:   http://github.com/zoglauer/megalib 
Å Generalized to be applied to arbitrary detector systems not only COSI 

Geometry 



Enhancing the COSI Data Analysis Pipeline 

Energy Calibration 

Strip Pairing 

Depth Calibration 

Event type determination 

Event sequencing 

Background Classification 

Science Analysis 

Measurements 

Calibration Typical regression applications 

Event reconstruction Typical classification applications 

Various 



The Software Libraries 

MEGAlib 
the Medium-Energy 

Gamma-ray 
Astronomy library 

 
A. Zoglauer et al. 2006 

ROOT 
/9wbΩǎ ƘƛƎƘ-energy 
physics data analysis 

framework 
 

R. Brun & F. Rademakers, 1997 

TMVA 
Toolkit for Multivariate Data 

Analysis 
 
 

P. Speckmayer et al. 2010 



Example: Strip Pairing 

Task: 
Find interaction locations in the 
(double-sided strip) detectors from 
the triggered strips 

together with Devyn Donahue (2nd year data-science undergraduate) 

Double sided-
strip germanium 
detector 

Yellow:  Hit strips 
x:     Possible interaction locations 
X:    Real interaction locations 

Results: 
Benchmark (chi-square approach) vs. 
4-layer fully connected neural 
network: 

87% 
96% 
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Result: 

Comparison of different 
machine learning approaches 

Neural networks perform best 

Task: 

Å Detectors just measure hits  

Å Find the path of the gamma ray in 
the detector using machine learning 

ARM metric: 
Narrower 
shapes are 
better 

Example: Event Sequencing 

Green:   Germanium detectors 
Dots:   Interaction locations 
Lines:  Possible paths 



Data Cleaning And Selection 

Ɂ2ÌÓÌÊÛÐÕÎ, cleaning & verifying the training & testing  
data can be the majority of ÛÏÌɯÞÖÙÒȭɂ 

Data Cleaning: What to do with slightly non-conforming events during reconstruction? 

Rayleigh scattering within 
Compton sequence? 
ü OK since very small change! 

Two Compton interactions in 
the same voxel? 
ü Only OK at end of sequence! 



Data Cleaning And Selection 

Ɂ2ÌÓÌÊÛÐÕÎ, cleaning & verifying the training & testing 
data can be the majority of ÛÏÌɯÞÖÙÒȭɂ 

Always double check that you training data is correctly classified 
 

Small errors can have large performance consequences 


