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General resume about activities of 1°year

- Courses: 

Particle detectors in space (S.Loporchio), exam given in April 2024

New technologies for Cherenkov telescopes (S.Loporchio), exam given in July 2024

Scintillators and Silicon photomultipliers (E.Bissaldi), exam given in July 2024

Simulation of opt. photon propagation for scintillator-based detectors (D.Serini)
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General resume about activities of 1°year

- Research: 
- Analysis of Fermi Space Telescope Data (in particular, currently, study of Jupiter as  

hypothetical source)
- Study of high-energy astrophysics through 30+ papers

- Other activites: 
- INFN kids: Science outreach in elementary schools (29th of May, 2024, Bari)
- Kick-off Meeting of PhD students in Padova, July, 2024
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Research Activity
Research activity is focused on high energy astrophysics.
In particular the project consists in studying solar system sources by exploiting data of 
Fermi telescope (and also other high-energy-photon telescopes).

Data should be compared with simulation results (approaching
High Performance Computing platforms).

Also attention to detector technologies will be paid during final stages of research, in 
order to describe hypothetical new instruments for improving observations.
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Research Activity
First source I decided to study is Jupiter.
One of inspiring documents for this research has been the following paper:
First Analysis of Jupiter in Gamma Rays and a New Search for Dark Matter,
Rebecca K. Leane and Tim Linden.

These γ-rays could potentially be produced through the active acceleration of cosmic rays 
in Jovian magnetic fields, through the passive interaction of galactic cosmic rays with 
Jupiter’s atmosphere (similar to Solar models), or from Dark Matter (DM) annihilation.
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The Physics
First mechanism we expect to be accountable for eventual gamma ray emission is
INTERACTION OF COSMIC RAYS WITH JOVIAN ATMOSPHERE (‘hadronic mechanism’).

When a fastly moving proton interacts with matter (i.e the atmosphere or the surface of a 
planet/star), a neutral pion gets generated by part of its kinetic energy,
and this pion decays into two gamma rays.

6



The Physics

If we observed an excess of gamma ray production in relation to expected hadronic
production, we would consider «exotic» mechanisms related to dark matter.

In this framework (the «WIMP» scenario) different
emission mechanisms could be hypothesized:

- emission related to annihilation between DM particles (if
a DM particle is the antiparticle of itself);
- emission related to decay/fragmentation of DM particle
following its interaction with slow ordinary matter.
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PREPARATION

In order to start research activities, first months of PhD year have been dedicated
to:

- training on Python programming;
- training on Fermipy;
- deepening on high energy astrophysics;
- deepening on particle detectors and photon detectors
- deepening on ReCas HPC platform of University of Bari, which will be used for all
analysis.
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RESEARCH: is Jupiter a source of Gamma Rays?
First object to be studied has been Jupiter (same work could be strongly intersting
for Sun and for other planets).
Jupiter is obviously a moving source in the Celestial-Equator-System (idem for Sun 
and other planets).
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Research Activity

LAT’s field of view is 20% of sky, and every 3 hours FermiLat observes the 
entire sky.
The idea is to exploit 15 years of observation (2008-2023).

If we consider a brief time interval, Jupiter can be considered as a steady 
source.
So the software FermiPy (used for LAT analysis) can be questioned about that
time interval, with Jupiter in the center of the ROI.
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Research activity
In particular, initially chosen idea is the following:
to divide the sky-path of Jupiter along 15 years in many steps in which Jupiter has
«travelled» exactly 2 deg.
335 steps have been obtained.
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Research activity
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Research Activity
Time duration of 2deg-step variated from 8 days to 90 days.

Choice of 2 deg as single-step-path is due to a compromise between accuracy on 
coordinates and Fermi Angular Resolution.

I also asked the calculation of Moon and Sun’s average
coordinates in same time intervals, 
because in the analysis, a cut will be given
(these sources are disturbing to us!).

13



Research Activity
Fermi data are analyzed by the tool FermiPy.
When you point to a source, you try to characterize this object above a known
background (made of known sources).

Usually the considered ROI (region of interest)
is a 20 deg square, 
in which the studied source is in the centre.
Usually you free parameters of all objects
inside a 5 deg circle around the centre.
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Research Activity
The analysis of slowest step (2 deg in 90 days) is showed below. It is the 188° step.
Upper limits (of 2σ significance) on counts from Jupiter are drawn for each energy bin.
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Research Activity
Upper Limits (2σ significance) VS time date (or step index), from Output_fermipy.fits

These upper limits refer to 
integrated flux from 50 MeV 
to 300 GeV.
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Research activity
INTERPRETATION

For each step (i.e. for each ROI) upper limits on integrated flux have been computed,
because NO additional source (i.e. Jupiter) over the backgr. has been detected.
Backgr. is specific to the step, i.e to the ROI.

A conventional true detection should be a measure with 5 ௕௔௖௞௚௥௢௨௡ௗ surplus over 
the predicted background.
Predicted backgr. is given by models for diffuse light and known sources in the ROI.
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Research activity
INTERPRETATION

Roughly speaking, the upper limit on Jupiter flux for a given step (ROI)
with a 95.4% confidence level (i.e 2σ significance)
is twice the ௣௥௘ௗ௜௖௧௘ௗ ௕௔௖௞௚௥. for that step (ROI).

Bigger is the confidence level, bigger is the upper limit.
If you break through the wall of 5 ௣௥௘ௗ௜௖௧௘ௗ ௕௔௖௞௚௥.

i.e if you find a flux bigger than this upper limit, you have a detection.
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STACKING OF STEPS (to be achieved very soon)

Single-step results will be joint.
This corresponds to maximize the following log.likelyhood:

௜
௦

௜௦
where ௜

௦ is the lik. function for the i-th energy bin and the s-th step.

Count measure is a poissonian phen. (Flux is derived from Counts/time_interval).
So ௕௔௖௞௚௥ is expected to be constant with increasing time of obs.,
but ௕௔௖௞௚௥ so that an increas of obs. time interval will give us a
smaller upper limit, with fixed conf. level, i.e. we’ll have a stronger constraint.
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Perspectives on 2° Year
- To perform analysis also:

with 1 deg-steps;
on other sources (Sun?)
for x-rays

- To simulate emissions from Jovian environment, exploiting ReCas and its HPC sub-cloud.

- To attend International Physics School «Francesco Romano» in Monopoli, October 2024   

- To complete compulsory schedule of PhD with
one additional course

- Soft activities inside Physics department of Bari (such as INFN kids program).
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