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- Updates on the hybrid photon analysis toward a Full Phase I paper
- Summary of the Joint IceCube x Auger Photons analysis (ICRC2025 contribution)
- Other activities of the L’Aquila group



OVERVIEW
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In photon analyses, background 
contributions increasingly 
significant.  

Having a better knowledge of the 
background can lead us to a better 
sensitivity -> identify photons

We might need a change of 
paradigm:

- New Burn Sample definition
- New U.L. Calculation Method

Focus on the hybrid analysis but 
valid for all photons analyses

SD sensitivity in 
the first bins 
limited by the 
Background
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Protons simulations suggest that the background is 
energy dependent

Additionally, mass composition shifts toward heavier 
elements at higher energies, which enhances 
separation even more.

Overall, the energy-dependent background acts to 
increase the significance of relevant candidates, 
potentially leading to a discovery rather than just 
setting an upper limit.

A correct background estimation require a larger Burn 
Sample. 

ENERGY DEPENDENT BACKGROUND



DERIVING A NEW BURN SAMPLE DEFINITION I

Estimating number of events in different 
energy bins (according to a E-2.7 and 
normalizing to data up to 2017)
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Performing pseudo-experiment with the 
number of events extrapolated at a % of the full 
dataset assuming the parametrized background 

Fitting the simulated distributions to identify the 
statistical uncertainties on the background

Example in
LogE = [18.0, 18.1]
Using 50% of the total
Number of events

CAVEAT: Same 
functional shape in 
each energy bin



DERIVING A NEW BURN SAMPLE DEFINITION II

[18.0, 18.2]
[18.5, 18.7]
[19.0, 19.2]
α, β

expected by 
leaving the BS 
definition as it is
with phase I data
(50%  increase in 
exposure)

Plateau after 
~40% of the total 
data sample up 
to 2017

The statistical uncertainties on α and β 
decrease with the % of the BS (as 
expected)

BS corresponding to ~40% of 
the total data optimal

In the logE = [19.0,19.2] we would expect 
only ~60 events so a larger sample might 
be required  (energy binning still not 
optimized) 



NEW U.L. Calculation method

H0: Data described solely by background B (ns = 0)
H1: Data described by background B + signal S

S = Gauss

CAVEAT: This is a simple exercise to show the 
potential of the method. For the sake of simplicity in 
this exercise I fixed the mean and the std of the 
signal to what we find in simulations. The only free 
parameters in the fit are α, β and ns

Photon Hybrid PRD



SENSITIVITY THE ICECUBE WAY

Background trials (simulated 
with ns = 0) 𝜒2  ndof = 1
as expected

Sensitivity: best upper limit in the case of the of a non 
observation

Discovery potential: flux that yield a 5σ discovery

Sens. and D. Pot. derived from pseudo-experiments:
“scanning” over ns to find the <ns> that gives the trial 
distribution required



THE PHOTON IDENTIFICATION

A new paradigm in the photon identification:
Photons as an excess over the background

Huge benefits:
Larger sensitivity w.r.t. previous methods

No need for the median cut anymore! 
Search in the whole phase space -> 
Increase of a factor 2 of the exposure

Costs:
Harder to “identify” candidates
Possible idea: repeat the analysis by removing data 
events to find candidates pulling the p-value

Systematics related to the background/signal models 
assumed

FINAL NOTE:
How can we identify possible signal events in case of a 
observation?

Example of a 
simulated trial with 
ns = 100



U.L. improvement 
expected with the 
same dataset 
(Naively estimated)

Check considering a similar statistics of the 
current hybrid photon analysis (no new BS 
definition or extension to data up to 2021 
included)

Sensitivity ns: ~8 (compared to Rolke N95% = 
23.38 )

Overall improvement of  ~6x in the first energy 
bin expected in the U.L. estimation

The improvement in the last energy bins a.t.m. is 
mostly due to the “exposure increase”

TAKE HOME MESSAGE:
The results are really promising, but the exercise 
made is too simple and requires further checks

THE PHOTON IDENTIFICATION



CONCLUSIONS

Sharing ideas for phase I photon analyses:
Example on the hybrid photon analysis

- Background more significant require a larger Burn Sample:
BS New definition: ~40% data up to 2017 + 5% data from 2017 to 2021? 
(How to define the BS?)
 

- New (Photon Identification) U.L. calculation paradigm
Preliminary results really promising



Transient UHE Source 
Searches with IceCube 
and Pierre Auger

M. Nakos, L. Lu, P. Savina







The Auger photon candidates



How does IceCube source search work?





Conclusions
- Many interactions with both collaborations largely 

improved the analysis

- Well received from the collaboration

- Approved contribution at ICRC with the method
 

- MoU under preparation (by Karl-Heinz)



Other activities

Antonio Ambrosone, Denise Boncioli, Carmelo Evoli, Roberto Aloisio



Antonio Ambrosone, Denise Boncioli, Carmelo Evoli, Lorenzo Caccianiga




















