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Periodic modulations

Periodic feeding Doppler boost Gravitational self-lensing
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Franchini et al 2022 Bertassi et al 2025 Davelaar & Haiman 2021



M
o=
w o

[Molyr)

F

[erg/s/cm?]

=
nho®

10—13 I

10-1

—— Soft-Xray !

o —
[ —

1250 1260 1270 1280 1290 0.1 05 1 1.5 2
t/Pg f/fx

Cocchiararo et al. 2024

Normalized flux

0.0 0.2 04 06 08 1.0
Phase

Davelaar & Haiman

14.4} +

14.6

Magnitude
(=
Y
L)
.

15.0

15.2

3600 4600 5(;00 7600

M)D-49100

D’Orazio et al 2015

6 1000 2000 6000



AGN intrinsic variability
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Lomb-Scargle periodogram analysis
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Gaussian process kernels
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Retrieved fractions

Our analysis (NS+GP)
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Reality is of course more complicated
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WORK IN PROGRESS
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WORK IN PROGRESS

1o | also by single MBH
° :'\’? h’ ’«’ ﬂ‘/\ a.*,
\/ [' ! ! i P T A P T
I sana RARAR
Time [d] i i s s
4 multi_band_DRW — Band 2 = \ﬁj W .L@LQ. Oﬁb \ é\ & ﬂ
. z'g / il TS T @\ ARIDZE]
| W/ 4 \ ﬂ" W\ ‘-\.@ A" ’ ARk N ] NN / '
Y EE U\
61000 61500 62000 62500 Tlme[de]saboo 63500 64000 64500 ! 7577 6\.} AR AR PR D e FEYT FEET 3

multi_band_DRW — Band 0

L~ Jﬁj\ Jﬂ 1/\4 A'ff“ ﬂ‘ﬁ‘"« / 7‘.,!1”“\_/‘/};/"‘3‘_ gu AT AL & H
\

| Periodic signals can be generated




10

a =

o

UapROIq A[[¥ONSIATE

C
=

—

c

o

5 a -

=10 pée— 1}{
Dual AG\ s Hesoly
i Ivable by | LSST a at /T-: P e
Uncorrelated BEL vallablhtv il =
=10"pe Continuum variability
Binary, FOrmation. .. ...c.cepeeeseeerr 7 ( \\ '\t“;
= 10 e T l/ -

- ——
—

—
—
-

Per10d1c1ty detectlon = 'r
pe  Precessing j ~— —
Modulated e 10 y\' o

_w polarisation - T coa) 5

i) i - V = 7-:-10/.)“

= - - Chirping signals T coe!

/1 | pc s i

a. =t " — —
e =—’10 pc -
LISA Post — merger signatures

5 6 7 9 10 1l

log

10

8
MM, |




Spectroscopic confirmation

Bertassi et al 2025
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Spectroscopic confirmation

Binary scenario

Single MBH scenario




Spectroscopic confirmation
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Spectroscopic confirmation
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Conclusions

=1
e We proposed a fully Bayesian flexible E E
method to search for periodic signals
with arbitrary shapes in presence of red E
|

noise using Gaussian processes

e \We proposed a possibly binary unique
spectroscopic signature that can be used
to confirm the nature of a periodic source
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Retrieved fraction as a function of parameters
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Comparison with the cosine kernel

True Positive

Periodic kernel | Sine Saw
idealised 69.7% | 68.4%
PTF-like 53.4% | 25.7%

LSST-like 59.3% | 69.0%
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PTF-like 17.1% | 2.9%




