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❑ The direction of an incident photon is constrained to an event circle, shown in red
❑ The overlap of multiple event circles allows for the localization and characterization of a source
❑ This is represented in a 3D Compton data space

The Compton Data Space
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❑ Transforming reconstructed events into science-ready 
data products requires a well-characterized instrument 
and a multi-stage data analysis pipeline

The COSI Data Pipeline

Zoglauer+21
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❑ COSIPy: open-source high-level analysis Python library for COSI
❑ Data Challenges: simulated data increasingly more realistic every year

COSIPy and the Data Challenges

Latest release (DC4) 
now available!
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❑ Simulated 3 months of observations
❑ Simulations employ MEGALib
❑ DC4 uses an equatorial orbit at 530 km, with the instrument pointing rocking 

between ±22° from the Earth zenith every 12 hours (8-minute slew time)

Simulations: Orbit and Pointing
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❑ MEGALib mass model shown on the left compared to payload 
schematic in the middle and the assembled flight model germanium 
detectors on the right

Simulations: Mass Model
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❑ We have been developing detailed BG 
predictions, as described in Gallego+26

❑ Total BG includes instrumental (including 
SAA), albedo, cosmic diffuse (i.e., EGB), 
and Galactic diffuse continuum

Simulations: Background Emission
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❑ Consist of 64 astrophysical sources (from COSI science team) plus total 
background (See Gallego+26 for detailed background predictions)

❑ Counts spectra (left) and light curves (right) from the DC4 mock dataset. 

DC4 Mock Dataset
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❑ The Galaxy is filled with high-energy cosmic rays, which interact with gas, dust, and light to produce gamma rays

Galactic Diffuse Continuum Emission (GDCE)

~2-3 eV
visible light
Credit: ESO/S. Brunier
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❑ 46 days of COSI balloon observations compared to 20+ years of INTEGRAL/SPI data

2016 COSI ULDB Flight
Karwin+23, ApJ, 959, 90

A unique probe into the 
nature of cosmic ray electrons 
in the Galaxy!
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❑ Total counts agree within 1%
❑ Current fit systematic in galdiff spectrum ~10-15% (includes software limitations, statistical fluctuations, 

and background smoothing)
❑ Initial estimates of systematics including galdiff modeling uncertainties ~25%

Spectral Fit with COSI Data Challenge 4
Galdiff PhotonsTotal Photons
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❑ Galdiff image (linear color scale) at 0.5 MeV from Richardson-Lucy (RL) deconvolution algorithm
❑ Current response resolution is nside=8 (~7.3° pixel size), compared to COSI’s required resolution of 4.1°

deg (FWHM) at 0.511 MeV
❑ RL imaging provides a qualitative model-independent assessment of the source morphology, although relies 

on a background assumption

Imaging with COSI Data Challenge 4

Input Galdiff Model

Karwin+26 in prep

RL Image
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❑ We now have a working pipeline to perform joint fits of diffuse 
sources with COSI and LAT, utilizing the 3ML framework 

❑ Shown here is an example proof-of-principle fit, which uses 
injected data for both COSI and Fermi-LAT (thus the very good 
agreement)

Joint Fit with COSI and Fermi-LAT

COSI photons Fermi-LAT photons

Broad-band spectrum 
(100 keV – 100 GeV)

Karwin+ in prep
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❑ Comes from annihilation of electrons and positrons
❑ Brightest steady gamma-ray line emission in the Galaxy

Positron Puzzle 
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❑ Two recent analyses of in-
flight annihilation reach 
notably different 
conclusions: one reports 
evidence for a signal, while 
the other derives 
substantially higher limits on 
the positron injection 
energy.

❑ Constraining in-flight 
annihilation is one of COSI’s 
key science goals, and it will 
have strong dependence on 
the Galactic diffuse

❑ In prep: constraining in-
flight annihilation with joint 
fit of LAT, SPI, and COSI 
(DC4), part of Fermi GI 
program (cycle 18)

In-Flight Annihilation
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❑ DC4 input model based on recent 
analysis of COMPTEL data in 
Knödlseder+25

❑ DC4 signal is detected at the 
~4𝜎 confidence level (using an 
empirical model), but our power to 
constrain the cutoff energy above 1 
MeV is limited

❑ This is based on the DC4 mock dataset 
(3 months of observations), which is 
by no means complete in terms of the 
included sources

In-Flight Annihilation
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❑ The COSI Data Challenges support the development of the COSI data analysis pipeline while providing the 
astrophysics community with resources to learn how to analyze COSI data

❑ The Data Challenges are being used to prepare for flight observations across COSI’s different science cases 
(e.g., Galactic diffuse continuum and in-flight annihilation)

❑ COSI will map the Galactic diffuse continuum emission across the entire sky with unprecedented sensitivity, 
providing a unique probe into the nature of CR electrons in the Galaxy

❑ COSI will play a key role in constraining the positron injection energy, which in turn will have important 
implications for the plausible positron sources 

Thank you!

Summary


