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Scientific and Technical Goals

e There is (2022) no stand-alone software for the low- to high-level data
analysis for Compton telescopes — now (2025) there is !
e The primary objectives of our (i.e. JMU/JGU) working group are:
1. “From detector signals over interaction points and energy
deposits to photons with energies and scattering angles”

2. “From photons with energies and scattering angles to sky
coordinates and spectra”

3. “Ildentification and modelling of background photons”



State of the Art / Problems
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Definition of Work Packages

University /
y Work Packages (WPs)

Group
Event reconstruction with  GRB (& transient) Background
Mainz machine learning localisation simulations

WP3.1, 3.2 WP3.3 WP2.1

Development of data Image Background
Wi_jrzburg analysis framework (COSIpy)  reconstruction modelling
WP1.1 WP1.2 WP2.2, 2.3
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WP1.1 Software Framework COSIpy

« Definition of likelihood function of point sources and diffuse emission

e Making the response function usable

 Efficient convolution into COSI data space



WP1.1 Software Framework COSIpy

e Validation of methods

e Including polarization

« Extension for large data set (high-performance computing)



WP1.2 Imaging with COSIpy

e General deconvolution of 5D data space into 2D image

e Inclusion of fixed or flexible background model in deconvolution

e Developing/refining of the Richardson-Lucy method



WP1.2 Imaging with COSIpy

e Developing/refining of the Multi-Resolution Expectation Maximization
(MREM) method

e Developing/refining of the Maximum Entropy method

 Tests of Information Field Theory



WP2.2 Background in Orbit

e Simulation of known background components from previous
instruments

e Re-evaluation in COSI orbit

e Parametrizing individual models and implementation into COSIpy



WP2.3 Background Marginalisation

e Investigation of constant dimensions via simulations

» Additional likelihood function with background marginalisation

e Implementation in COSlpy



WP2.3 Background Marginalisation

e Investigation of constant dimensions via simulations

» Additional likelihood function with background marginalisation

e Implementation in COSlpy



WP2.1 Background MC Simulations

e Search for instruments in comparable orbit; interpolation for COSI orbit

« Using spectra for simulations of prompt and delayed emission

e Investigation of prompt and delayed background components for
artifacts, verification with balloon data



WP3.1 Event Reconstruction

« Collecting algorithms and implementation towards a pipeline for usage
with simulated data

e Creation of training and test data from dedicated simulations;
implementation of model candidates

e Supervision of data challenges and model selection

e Model optimisation and integration in analysis chains



WP3.2 Background and Event Classification

« Collecting algorithms and implementation towards a pipeline for usage
with simulated data

e Creation of training and test data from dedicated simulations;
implementation of model candidates

e Supervision of data challenges and model selection

e Model optimisation and integration in analysis chains



WP3.3 GRB/Transient Localisation

e Introduction to the topic

e Collection of algorithms to test, implementation of pipeline for
simulation data

« Creation of training and test data from catalogs (Fermi/GBM, BATSE,
etc.), implementation of reconstruction approaches

e Supervision of data challenges

e Model optimisation and integration in analysis chains



Background marginalisation (transients)

e Likelihood for BG measurement:
1, . off observation time

Bi
—(tbbl) e_tbbi
B.!

i°

L(B;,t,|b;,) = b; : background rate [ph/s]

L B; : detected counts (off-source)
e Likelihood for on-source measurement:
D, B,
[td(ml(e) + bz)] e_td(mi(9)+bi) x (tbbl) e_tbbi
D;! B;!
» BG marginalisation: t, : on observation time

o m; : model rate [ph/s]
0
¢ Profile likelihood: D; : detected counts (on-source)

L(Di’ Bi’ td’ tb | 9, bl) -

6 : model parameters

d
— LD, B,1,1,10,b) =0
db. ( i d bl )

l

=) (B,. + DimO)(1, + 1) + \/ B, + D; + m@)(t, + 1)1* + 4m(@)Dt, z,,))

T2t + 1)

Plugging back into likelihood for on-source measurement!



Background marginalisation (transients)

Plugging back into likelihood for on-source measurement!

e Profile likelihood (continued):

= b pan(©) <B,. + DimO) (1, + 1) + \/ (B, + D; + m@)(t, + 1)1* + 4m(@)Dt, zb)>

C2(t,+ 1)

e Likelihood for on-source measurement:

[td(ml(e) + bi)]Di e_td(mi(0)+bi) x (tbbi)Bi e_tbbi
D;! B!

1, . off observation time

In L(D;, B;, 1, 1,|0) =

B, : detected counts (off-source)
= D;In[t;(m{0) + b; 1, {O)] — 1,(m[0) + b; ,,,(0)) — 1”1'!"' t, : on observation time

+ B, 1n[tyb; 110 ()] = 1,51 100(0) — 1! m; : model rate [ph/s]

6 : model parameters

. d D; : detected counts (on-source)
» Final step: 3 InL(D,,B,,t,,1,]0) =0 =0 = ...



