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Introduction
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● AGN: variability in the overall 
electromagnetic spectrum

● Pattern → Periodicity

● Different strategies in the 
literature:

○ one object by means of 
a few (two) analysis 
algorithms

○ cross-correlation with 
other data of different 
wavelength



Methodology
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Data sample
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● ~ 2300 AGN (3FGL+2FHL+3FHL catalogs)
● Telescope time: 21st August 2008 - 7th September 2017
● Light-curve monthly binned: 28 days, E > 1 GeV

○ Fermi-LAT ScienceTools package: version v11r05p3
○ P8R2 SOURCE V6 instrument response functions, 
○ fermipy software package

● Cuts:
○ zenith angle cut of 𝛳 < 90º
○ solar flares and γ-ray bursts excluded

● For each source:
○ 10º x 10º region
○ Integral Energy Flux above 1 GeV
○ Energy Flux Upper limits for  TS<4 ≈ 2𝝈



Periodicity Detection Methods
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● All of them have 
advantages and 
disadvantages
VanderPlas J., 2018
Goyal, A., et al. 2017

● Potential results 
comparison

● Organize the methods
according to 
computational 
requirements



Periodicity-Search Pipeline
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Activity Diagram 
(UML)



Periodicity-Search Pipeline
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Coarse → fast 

● in all methods, 
a peak ≥  1𝝈

● one method, a 
peak ≥  2𝝈



Periodicity-Search Pipeline
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Refined → slow

● in all methods, a  peak ≥  1𝝈
● one method, a peak ≥  2𝝈



Periodicity-Search Pipeline
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● in 3 methods, a peak ≥  3𝝈
● compatible period value
● 1 exception



Results (I): Candidates 
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● 4 methods derive the same period at ≥ 4𝝈



Results (I): Candidates in the Literature

● PG 1553+113: 
○ Ackermann, M., et al. 2015, (T=2.2 yr)
○ Tavani M., et al. 2018, (T=2.2 yr)
○ Sandrinelli A., et al., 2018, (T=2.2 yr)
○ This work: T = 2.2 ± 0.1 yr (＞4𝜎)

● PKS 2155-304:  
○ Sandrinelli A., et al., 2018 (T=1.73 yr)
○ Zhang P.-F., et al., 2017 (T=1.76 yr)
○ This work: T = 1.7 ± 0.1 yr (＞3.5𝜎)

11



Results (II): Low-Significance Candidates 
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● 3 methods derive the same period at ≥ 4𝝈



Results (II): L-Significance Candidates in the Literature

● PKS 0301-243: 
○ Zhang P.-F., et al., 2017 (T=2.1 yr)
○ This work: T = 2.0 ± 0.1 yr (≈3𝜎)

● PKS 0426-380:  
○ Zhang P.-F., et al., 2017 (T=3.3 yr)
○ This work: T = 3.2 ± 0.1 yr (≈3𝜎)

● S5 0716+71:  
○ Prokhorov D. A., Moraghan A., 2017 

(T=0.9 yr)
○ Sandrinelli et al., 2017 (T=0.9 yr)
○ This work: T = 2.7 ± 0.1 yr (＞2.5𝜎)
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Other calculations
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● False-Periodicity Detection Rate:
○ ~ 1 false detection

● 5𝜎 exposure estimation: 
○ range 2-5 extra years

● The impact of upper limits in LCs:
○ significance: 10%-40% 
○ period: 5%-30%



Future Work
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● Update γ-ray LAT light curves from September 2017 forward

● Improve the periodicity-search pipeline:
○ Autoregressive Models: ARIMA, ARFIMA, CARIMA, CARFIMA

● Expand the periodicity investigation to other wavelengths:
○ cross-correlation
○ analysis of possible emission mechanisms



Summary
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● Systematic search of gamma-ray periodicity ~ 2300  Fermi-LAT AGN studied over 9 
years of data.

● 11 gamma-ray periodicity candidates (4 methods at > 4𝝈)
○ 9 new candidates 
○ 2 previously reported in the literature

● 13 low-significance candidates (3 methods at > 4𝝈)
○ 10 new candidates 
○ 3 previously reported in the literature

● On-going research


