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with Rubin and the CTAO
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What is a blazar?



From AGNSs to blazars

3/4 View Top View

e Radio-loud jetted AGN
e Jet pointing the line of sight
e Extremely bright compared , R s

to the host galaxy (up to \ J/’A \ ‘
. Black hole ‘ '

/

10-100 times)
e Extremely variable (~min to
years)

5

Accretion disk

Relativistic jet

Black hole ]
Accretion disk | - |
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From AGNSs to blazars







Blazar variability

Stochastic process:
— Hard-to-predict variability
(no typical timescale)

1(>200 GeV) [ 10 cm®s ]

Flux variability range from up to 2 order
of magnitude

IIEII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|Il

L """I"I"":I"""I.""“.I"“Il"l“"""l"""“l"."":I I 1 1 1 I 1 ’ 1 I 1
40 60 80 100 120
Time - MJD53944.0 [min]

Flare from PKS 2155-304 from Aharonian et al., ApJ 2018


https://iopscience.iop.org/article/10.1086/520635

I(>200 GeV) [ 10" cm®s ]

S s Calc)


https://iopscience.iop.org/article/10.1086/520635

Blazar vari s

o .
BN variability
gnescale)

1(>200 GeV) [ 10 cm®s ]

Bhge from up to 2 order

Flare from PKS 2155-304 frorfil


https://iopscience.iop.org/article/10.1086/520635

Blazar SED
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+o.+ /—"\
VERA C.RUBIN
OBSERVATORY

Optical to X-rays:
Synchrotron radiation
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X-rays to gamma-rays:
Inverse Compton radiation
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Log v [rest frame]
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The Fermi blazar sequence from Ghisellini et al., MNRAS 2017
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https://academic.oup.com/mnras/article/469/1/255/3098185
https://www.ctao.org/
https://rubinobservatory.org/

How to observe them?



The new generation observatories

Credits: NOIRLab/NSF/AURA
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Gamma-ray observatories

Fermi-LAT satellite Cherenkov Telescope Array Observatory
A .

wami CGTIND

Gamma-ray

/ Space Telescope
\

Started in 2008

Orbits in 3 hours

Energy range: 100 MeV-1 TeV
Weekly sampled light curve
production

2 sites: Chile and La Palma
Energy range: 20 GeV-200 TeV
Energy resolution: <10%
Sensitivity: x10 current gen.

13


https://www.ctao.org/
https://fermi.gsfc.nasa.gov/

Started in 2008
Orbits in 3 hours

Energy range: 100 MeV-1 TeV
Weekly sampled light curve
production

. 14
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https://www.ctao.org/
https://fermi.gsfc.nasa.gov/

Large Scale optical Surveys
ZTF with the Palomar Observatory LSST with the Vera Rubin Observatory

/

. /—‘.\
VERA C.RUBIN
OBSERVATORY

6 filters (u, g, r, i, z,y)
Up to +30 declination
10M alerts/night

~23 max magnitude

3 filters (g, r, i)

Up to -30 declination
100k alerts/night
~20.5 max magnitude

. 15
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https://www.ztf.caltech.edu/index.html
https://rubinobservatory.org/

eys
SST with the Vera Rubin Observatory

3 filters (g, r, i)

Up to -30 declination
100k alerts/night
~20.5 max magnitude

Julian Hamo


https://www.ztf.caltech.edu/index.html
https://rubinobservatory.org/

Rubin observatory: a comparison
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Rubin observatory: a comparison
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Rubin observatory: a comparison




Alert broker: Fink

/o

e ZTF/LSST stream real-time analysis

e Multi-messenger input (GW, neutrinos, MWL spectrum - through GCN)

e Community-based science modules with personalizable output - we do what
you want!

e 10" alerts in a night, less than 60s seconds before the closing of the shutter

and the data delivered at home 20
Julian Hamo



https://fink-portal.org/
https://fink-portal.org/ZTF19acnjwgm

What is my work in there?



Standardization method

3FHL J0515.8+1528
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Modified Julian Days [days]

Julian Hamo

Concomitant r & g band

measurements:
At < 1h

Standardization:
mag - med___ (mag)

Residual color:

Different emission

[
processes in r- and g-
band

e Minute time scale
phenomena
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N H (o)) (00)

o

Standardized flux, ¢/@med

Multi wavelength time-lag evaluation

4FGL J1504.4+1029 / QSO B1502+1041

2
{  gamma-ray Ta =14 days
+ + optical 1{ _gaie
} il 0 W PTG
{ G O fmn S S e sy
QO b YW Gae.  fONNNL Nl \AMaes S AR
- R i e A
‘ f % ;b’ * b + ¢ % - -1 " Confidence belt
W A e e | 1o oot e
58500 59000 59500 60000 60500 2 —1000 —500 0 500 1000
Modified Julian Days, MJD [days] Time lag, T = toptical — tgamma [days]

e Analytical formula to assess (possibly time shifted) similarity between two light
curves with its significance
e Normalization to allow for physical significance and multi source comparison

. 23
Julian Hamo



Flare detection

4FGL J2236.3+2828

81 b Binned?F e Optical ‘ﬂare ///
4 Fermi-LAT LC [ Gamma flare f{; 59
g % 7
.:_ // ’/;
é 4_______________ e e o e e e e e Gl o e B ; "' ________________ T T R
g It
Z,
8 N e
"o + oy 1§ ;
59500 60000 60500
MJD [days]
Independent detection of flare states: Multi wavelength behaviour:
e Bayesian block for flux state e Only gamma flare
e Only significant number of points e Only optical flare
e Threshold from 95% quantile e Cross bands flare

. 24
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Triggering blazar’s host galaxy observations

Threshold determination e.g. spectroscopic follow
from data release up with Keck observatory

© 2 —
° >
5 x R
: N K|—m—m—p ~
3 e.g. gamma-ray flare
= Dlrect alerts il observations from the CTAO
o
= Low state
© + bécl)igr determination

VERA C. RUBIN
OBSERVATORY
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Characterisation of blazar classes

3FHL J2356.2+4035 1
Jhh
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Why is it interesting?



Key questions for blazars

e Study of the extreme astrophysics environment

o Relativistic jets and black holes through GRMHD
o  Origin of high energy emission and variability itk it

— gamma-ray background - C‘herenkov :

| | Telescope - =
e Extreme probes of the Universe fields - At
o Evolution of the EBL with redshift

o Constraints on the IGMF

e UHECR and the limits of fundamental physics
o  Origin and propagation of cosmic UHECR
o Signature of axion-like particles
o Lorentz invariance violation

Julian Hamo



Extended work

e Possible optical-to-y-ray synergy for blazars - for various states
— Fink has be chosen as the privileged communication channel to listen
by the CTAQO!

e Multi wavelength can get broader: Radio-to-optical-to-y-ray analysis with
ASKAP VAST and the CTAO

e Who is already collaborating with us?

Comparison of 1ES 0229+200 optical data with Swift X-ray data with Padova team
Multi-wavelength flare characterization with DESY/Bochum team

Spectroscopic campaign for redshift determination with Paris team

Database from Santiago Pita for CTAO blazar watchlist

Follow-up alerts with Astro-Colibri team

+NectarCAM Real Time Analysis with LAPP for the preparation of the CTAO start

o O O O O O

. 29
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Conclusions

e Blazars: jetted aligned AGN — main gamma-ray contributors in the sky
e New cutting edges observatories: Rubin and the CTAO

— Perfect synergy for blazar MWL study
e My work:

o Determination and characterization of MWL behaviour of blazar

o Characterization of blazars and their defining properties through using the best features of
the new eyes of the Universe

e Why itis cool:

o Understanding the backgrounds of the Universe (EBL, IGMF, ...) and cosmological
parameters

o Probing what is happening inside the most violent galaxies of the Universe, around the
biggest black holes

o Exploring the frontiers of fundamental physics through the biggest particle accelerators in the

Universe

. 30
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Backup slides



Declination [°]

Dataset selection

75 4LAC blazars

Fink associated blazars
ZTF DR detection

no BLL
BLL

BCU

no FSRQ
no BCU

i 8 ood

#0°g 308 o
-75° Right ascension [°]
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Fink: standardized flux panel

Searct

Transfer Gravitat

Summary Observability Supernovae Variable stars Solar Syster Tr Blazars GRB

[l ZTF18aboksgd

® BLLAC  » RADIO  # STAR * UNKNOWN * NAN

@ gband @ rband g (DR) band r (DR) band 2, Neighbourhood

35

© VSX:NAN (e ZTF:0.0" ) © PS1:01" = = GAIA:0.1"

Discovery date:
Last detection: 2

w

Select your quantile

32 days

Duration: 2 2/ g 25
; &
Detections: 539 good, 119 bad, S
%
RA/Dec: 20 12 05.64 +46 28 Si |
o ( Update plot
8 s
2
3
2
8
a
05
2018 2019 2020 2021 202 2023 2024 2025

() How to use this panel?

This light curve is obtained by dividing each band by a meaningful calculation of its median. Each median is calculated
by selecting measurements in one band if and only if there is at least one other measurement in the other band less
than 12 hours after the first. The sub-selections of measurements are then used to calculate the respective medians.

Once these medians have been calculated, the entire light curve is divided by its overall median to make it equal to 1.

The slider allows you to drag the lowest and highest percentile of your choice. When you are happy with the value for
that percentile, click Update Plot.

You can also add measurements from the Data Release by loading them using the Get DR Photometry button.


https://fink-portal.org/ZTF18aboksgd

Observability panel

Observability for the night between 2025-10-19 and 2025-10-20

Local time = Target elevation

w— Moon elevation
13:00 15:00 17:00 19:00 21:00 23:00 01:00 03:00 05:00 07:00 09:00 11:00

Elevation (°)

Follow-up
Select your Observatory

Palomar
Pick a date for the follow-up
October 20, 2025

@[> show moon elevation

e Show moon phase
@> show moon illumination

Relative alrmass

~N

& Custom Observatory

w

( Update plot

16:00 18:00

20:00 22,00 00:00 02:00 0400 06:00 08:00 10:00 12:00 14:00
UTC time

moon phase: @, moon illumination: 2%

Dynamical observability of the source for any date at any location

+ status of the Moon
Julian Hamo
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Fink: low state detection
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Normalized Cross-Correlation Function

NCCF(7) = 1 1 Z(xi+nT -X)(yi —Y)

Nonerl J@02-2) (07 - 22)

i i N N 2
ONCCE(T) = N—nT+10x\(1+_)Zx+” (inm)

1=0 i=0
Caveat: Assume white noise for PSD — overestimation of the significance
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/di1_sb_id_1_obs_id_2

Loaded:
/RTA

NectaRTA (real time analysis of NectarCAM)



