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Satellites for X-Gamma ray
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Background estimation

Background physical model*:
• Detector Response Matrices (DRMs)
• Earth albedo
• South Atlantic Anomaly (SAA)
• point sources (e.g., the Sun)
• extended sources (e.g., cosmic gamma-ray background)
• Other factors…

5*Bjorn Biltzinger, Felix Kunzweiler, Jochen Greiner, Kilian Toelge, and J Michael Burgess. 
  A physical background model for the fermi gamma-ray burst monitor. Astronomy & Astrophysics, 640:A8, 2020.
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ML Background estimation

Input variables:
• Latitude satellite
• Longitude satellite
• Altitude satellite
• Detectors pointing
• SSA zone
• Sun position
• McIlwain L-parameter
• …
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ML Background estimation

Input variables:
• Latitude GBM
• Longitude GBM
• Altitude GBM
• Detectors pointing
• SSA zone
• Sun position
• …
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output variables:
• Counts det n0
• Counts det n1
• …
• Counts det n9
• Counts det na
• Counts det nb
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ML Background estimation

Input variables:
• Latitude GBM
• Longitude GBM
• Altitude GBM
• Detectors pointing
• SSA zone
• Sun position
• …
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output variables:
• Counts det n0
• Counts det n1
• …
• Counts det n9
• Counts det na
• Counts det nb

Energy range (KeV): [28, 50], [50, 300], [300, 500]4 seconds bin

Background estimation



Partial input - output
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Predicted vs 
Detected
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Trigger algorithm: FOCuS
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Trigger algorithm

● Conventional algorithms checks for counts excess over 
pre-defined timescales.

● FOCuS tests for count excess over timescales which are optimal 
and dynamically assessed.

● Faster and more accurate (less false negatives).

conventional algorithm trace FOCuS algorithm trace 
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GRB 190320
Results
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Event 190420*
Results

*Candidate
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Event 190420*
Results

*Candidate
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GRB 190404B*
Results

*Candidate
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Time start: 2019/04/04 13:08 
Localization: 220° ra & -10° dec

Results
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GCN:
https://gcn.gsfc.nasa.gov/gcn3/24049.gcn3
https://gcn.gsfc.nasa.gov/other/190404.gcn3

http://maxi.riken.jp/grbs/190404b/

The MAXI/GSC nova alert system triggered 
on a bright uncatalogued X-ray transient 
source at 13:14:08 UT on 2019 April 04.
Assuming that the source flux was constant 
over the transit,
we obtain the source position at
(R.A., Dec) = (220.987 deg, -22.632 deg) = 
(14 43 56, -22 37 55) (J2000) 
with a statistical 90% C.L. elliptical error 
region 
with long and short radii of 0.13 deg and 
0.11 deg, respectively.

Results

Swift afterglow:
https://www.swift.ac.uk/xrt_live_cat/20887

https://gcn.gsfc.nasa.gov/gcn3/24049.gcn3
https://gcn.gsfc.nasa.gov/other/190404.gcn3
http://maxi.riken.jp/grbs/190404b/
https://www.swift.ac.uk/xrt_live_cat/20887


Summary

• New method to estimate the 
background via a Neural Network

• Use FOCuS to discover faint long event
• Presented two events out of catalog that 

are GRB-categorizable
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Drowbacks
• Discontinuos prediction over time

Possible solution: change 
architecture to a recurrent neural 
network or apply a filter to get a 
smoother signal

• Difficult to explain why.
Possible solution: use algorithm of 
explainability for black box (what 
feature was important for the 
prediction)

• Overestimate the background.
Possible solution: change the 
hyperparameter of the NN and train 
with more data
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Satellites for X-Gamma ray


