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FLAT SPECTRUM RADIO QUASAR

» Blazars are radio loud Active Galactic Nuclei Blazar Rag;"ga"r“d Rﬁg‘i’j‘gﬁ}ﬁy
(AGNSs) with their relativistic jet orientated et l et
. e io Galaxy
close to the line of sight; s Tia /
 Two categories: flat-spectrum radio quasars s s N8  J ety
. region \ = ) REMR g
(FSRQs) and BL LAQ objects; 8\ |
Bl)llglizk \ h Seyfert 2

» FSRQs have strong and broad optical

. . . . . - Accretion
emission lines, high bolometric luminosities, disc
and are thought to have a much denser Dusty

\ Seyfert 1

environment near the black hole.

Not to scale! Radio-Quiet Quasar
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GOALS OF THE PROJECT

« Our goal isto assess CTAO's ability to define the spectral cut-off for various flaring FSRQs with
different redshifts (ranging from 0.18 to 0.99);

« The gamma-ray energy spectrum can be described by:

yon(E) ()
No exp | = &

dE Eo
* The shape of the cut-off region in the gamma-ray spectrum may be connected with the cut-off
region of primary particles;

« Assess CTAO's ability to distinguish between different spectral models connected with the
distribution of the primary particles;

« Seeif we need both LSTs and MSTs to characterized these flares or we can use just the LSTs.
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WHY CTAO

» Fermi has a bad sensitivity above 10°F E

100GeV; 2 |

E o

« We know that FSRQs can emit at 2 107 ‘ + ]

—_— 5 N

energies higher than 100GeV during 4 8,-0.27£0.02 'NE

flares! N% 100 Al -

« CTAO is optimized for gamma-ray Y ECEIE \

. 1 _, 3C 279 - bestfit f?FI':l.E |
energies between 150 GeVto 300 TeV! 10 = - T

Energy [GeV]

Romoli et al. 2016
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STARTING POINTS OF THE PROJECT

e e
SED of real FSRQs in the Northern (GeV)

: 2021/01/01
episodes:
PKS 1222+216 2008/8/4 - 0.1-500 0.434
o PKS 0736+017; 2015/3/1
o PKS 1222+216; Ton 599 2020/10/15-  0.1-500 0.725
5 Ton 599 2025/1/1
OP 313 2022/1/1 - 0.1-500 0.997
o OP 313. 2025/3/31
« Do the same with 3 Southern PKS 1510-089 2008/08/04-  0.1-500 0.361
| 2017/01/01
hemisphere sources:
3C279 2013/01/01-  0.1-500 0.539
o PKS 1510-089; 2020/01/01
o 3C279, PKS 0346-27 2017/01/01-  0.1-500 0.991
o PKS 0346-27. 2023/01/01
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CHOOSE THE CORRECT FLARING
PERIOD

—— Bayesian blocks

Prelimi nary }  Fermi-LAT data E=0.1-500GeV

« We used the same stategy reported
in DOI:
https://doi.org/10.22323/1.444.0701

* Flaring periods are found using the
following equation from Ishida et al. - R
2023 Time (M)D)

PKS 1222+216

Flux [phem~?s71]
£

th __
F,}, — Fr)q _l_ S<Ff$rr> = —— Bayesian blocks

: Preliminary }  Fermi-LAT data E=0.1-500GeV

w
(=]

N
w

2.01

* Andthe HOP algorithm explained in
Meyer et. 2019 to defined the rising
time, peak time and decay time in
every flare; [ ] , ) A BN

* Oﬂ'y the most intense flare of each 59200 59400 59600 sgéuoﬁme(wg?éno 60200 60400 60600
FSRQs. Ton 599
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https://doi.org/10.22323/1.444.0701

SIMULATION OF CTAO DATA AND
JOINT FIT WITH FERMI-LAT DATA

Ton 599 decay time SED

* From Fermi-LAT data we simulated CTAO data
_ ) ] HH  Fermi
using the IRFs we want and the power law with | F  CTAO 4LSTS+9MSTs

exponential cut-off model used to fit Fermi data: 10710 - +

Preliminary

o

o 4 LSTs for Nothern sources:

o 4 LSTs+9MSTs for Nothern sources;

10711 4
o 14 MSTs for the Southern sources; -

o 14 MSTs + 11 SCTs for the Southern sources
in a scenario beyond the alpha configuration;

e2dnde [ergs~lem™2]

« We do ajoint fit of Fermi-LAT + CTAO datasets.

1D_13 T T LA | T LI LB L R | T T rrrTTy T LN L L L | Ll TrrTTy
104 103 104 10° 108 107

Energy [MeV]
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SIMULATION OF CTAO DATA AND
JOINT FIT WITH FERMI-LAT DATA

» We did this procedure for 100 simulated CTAO Ton 599 decay time SED
datasets for each livetime: ] B rermi
. —_— 4 CTAO 4LSTs+9MSTs
min ; .
o 30 utes; _— o
o 1 hour; 5 Preliminary
!/ — : S
o 1.5 hours; IE
o 2 hours. w 107114
[i¥]
 For each configuration we chose; =
=
|
» Foreach flaring period we chose; ? 10712 ;
« We calculated the average TS and energy cut-off
error ratio for each livetime, configuration and .
1[]_ LA | ! AL ! rorrrrre ! LR ' L
flaring period. 102 103 10¢ 105 105 107

Energy [MeV]
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Ton 599 decay time SED results

—— ALSTs+9MSTs

TS AND ENERGY CUT-OFF o| T e
ERROR RATIOS COMPARISON "

60 -

sqrt(TS)

« Comparing all the average squared TS values we obtained during our simulations,
after 2 hours of observations the squared TS of 4LSTs is:

o 101.6% the squared TS of 4L.STs + 9MSTs for PKS 0736+017;
o 98.3%the squared TS of 4LSTs + 9MSTs for our intermediate redshift FSRQs; | ____
o 99% for OP 313; 05 1.0 15 200

Livetime [h]

40

20 A

» After 30 minutes of observation the TS is always high enough to have a good 0.141
detection of the flaring activity with both configurations, except for PKS 0736+017;

—— 4LSTs+9MSTs

Preliminary =% usx

« Comparing all the average error ratio values we obtained during our simulations, after
2 hours of observations the error ratio obtained using 4LSTs + 9 MSTs is:

o 9.6% larger than the value obtained with 4LSTs only our intermediate redshift

Error reduction on spectral cutoff
[=)
=
[S)

FSRQs;
0.08 1
o 14.7%for OP 313;
o 2% smaller for PKS0736+017. 0.06 -
0j5 ljU 1.I5 2j0
Livetime [h]
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OUR OTHER SPECTRAL MODELS

* BKLis gammapy BrokenPowerlLawSpectralModel:

—1"1
( (2;)  if B < Biea

P(E) = o - <

B —I'2
L (m ) otherwise

* LPisgammapy LogParabolaSpectralModel:

E )““ﬁ“’g (%)

O(E) = fﬁ’n(a}

* PL+ LPisthe one presented inVan der Berg 2019:

—a/2 if <
vE, = Covy | - (v/ve) v
Lp (H/yb)—[a.—kbln(ﬂfub)fE]jE if v>
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https://docs.gammapy.org/dev/api/gammapy.modeling.models.BrokenPowerLawSpectralModel.html#gammapy.modeling.models.BrokenPowerLawSpectralModel
https://docs.gammapy.org/dev/api/gammapy.modeling.models.LogParabolaSpectralModel.html#gammapy.modeling.models.LogParabolaSpectralModel

HOW WE DISTINGUISH BETWEEN
DIFFERENT MODELS USING CTAO

We follow the approach presented in Meyer et al.
2014;

Ton 599 rise time SED results

f,Ech (D) Lo Cumulative TS dlStElbutlon (5.0 h)

Lmaz(D) Preliminary

The test statistic is defined as: TS = —21n

o
o

We compute the TS distribution for 1000 CTAO
datasets simulated using the ECPL model;

o
o

We then simulate 1000 datasets using one of the other

Cumulative TS distribution
=}
=9

models and obtain the average TS for different

o
[N

livetimes: 1, 2, 3,4, and 5 hours.

p-value = 0.295

0.0

0 5 10 15 20 25

TS
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NEXT STEPS

« Continue simulate 1000 datasets for each observation time, each CTAO configuration
and each source and each model;

« Decide if we want to do this for the single little flares inside big windows flare;

 Puttogether all the results;

* Find a threshold on the redshift that tell us when the contribution of MSTs is important
to investigate the spectral parameters of FSRQs tlaring periods.

25/05/2025 12
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ADDITIONAL SLIDES




CTAO’'S NORTHERN HEMISPHERE

ARRAY

e Located at La Palma;

4 |arge-Sized telescopes with a
23m diameter, 20 GeV-150
GeV;

« 9 Medium-Sized telescopes
with a 12m diameter, 150 GeV

-5TeV;

« Both are single reflectors.

LEGEND

@

25/05/2025
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POSSIBILITIES

* Starting from Fermi-LAT data we want to
simulate differents datasets and see if
observing with LSTs only is actually sufficient for
determining where the cut-off is or if LST+MSTs
result in significantly better results.

« We want to determine if one of these 4
theoretical models is a favored spectral model
for our FSRQs:

o First-order Fermi acceleration + TS
(PL+EC);

o Stochastic acceleration + TS (LP+PL);

o First-Order Fermi Acceleration with
Different Acceleration / Cooling Regimes
and TS (BPL);

o Klein-Nishina regime (KN);
o LPand LP + EC both in TS.

vF, lerg em™ s7]

10—1h

[ —-=- Diff. Shock Acce. Dif. Cool. (Thomsan) T ]

1012

2FHL J0550.7-3212 (PKS 0548-322, » = 0.069)

10_13;'“___:.--:

|| ——- Stoch. Acce. Cont. Injec. (Thomson)
—-= Diff. Shock Acce. (Thomson)

[ mmmee Klein-Mishina

Energy [GeV]

Van der Berg et al. 2019
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MODELS EXPLANATION

« PL+EC means radiative cooling or decreasing probability for HE particles to cross the shock front

Ye

Ne(Ve) = Te;0Y, | €XP (_E)

* LP + PL meansthe electron distribution resulting from stochastic acceleration with continuous
injection could be
. (Texﬁ}rb)_a if Ye = Vo
ne(?&) — Ne:0 ]
(ve/yp) TleFb IO /ML G e >
« BPL meanstwo different physical processes dominate in different energy ranges, such as radiative
vs. adiabatic cooling, the electron distribution can be described by

(Ye/76)77 i ve <%
(Ye/70)7° i ve>m

L (TE) = Me;0

25/05/2025 17




STARTING POINTS OF THE PROJECT

« Using gammapy we want to analyze Fermi-LAT data and simulate CTAO data for each flare
using Prod5 IRFs for Northern hemisphere sources;

« For CTAO South sources, we want to use the Alpha confguration F4 IRFs and then add
SCTs in a scenario beyond the Alpha configuration;

« We will use Bayesian Blocks to find the flaring activity and then gammapy to fit the data
and simulate CTAO data;

« Find the flaring periods using the Bayesian blocks and the HOP algorithm.

25/05/2025 18




WE ADD TWO MORE SOURCES

« We expect that the contributes of the MSTs on
the TS of a source is smaller at
increasing redshift;

e |n order to have an idea at wich redshift this
happens, we add 2 sources:

o PKS 0346-27, South (z=0.991);
o PKS 0736+017, North (z=0.18941).

Flux [phcm—2s~1]

Flux [phcm~2s71]

o
in

2.0 1

1.5 1

1.0 1

0.5 1

N
o

=
w
L

g
o
1

le—6

—— Bayesian blocks
t  Fermi-LAT data E=0.1-500GeV

58750 59000 59250 59500 59750

Time (MJD)

58000 58250 58500

le—6

4 —— Bayesian blocks
t Fermi-LAT data E=0.1-500GeV

Time (MJD)

Figure 7. PKS 07364017
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MAJOR FLARING PERIODS

« We choose to analyze the SEDs of the rising and decaying times of the 4 major flaring
periods of the blazars:

Table 2. times

Source Peak flux (phcm~2s™')  Start time Peak time End time
PKS 12224216 8.19 x 10~ nb271.2 H55365.8 55595.5
PKS 12224216 3.22 x 10~° 55094.1 H55104.6 55115.1
PKS 12224216 3.16 x 107° 56925.8 56973.9 56994.9
PKS 12224216 2.9 x 107° H5232.2 55235.2 55256.2
Ton 599 3.1 x107¢ 59910 59955.7 60043.5
Ton 599 2.0 x 107° 59460.3 59463.8 59495.4
Ton 599 1.12 x 107° 59727.3 H9751.9 59762.4
Ton 599 1.07 x 107° 59375.9 59397 H9411.1
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GAMMAPY RESULTS FOR FERMI-LAT
DATA - PRELIMINARY

Fermi-LAT analysis

Counts map Model map Containment radius
80 6 80 10 - — 68%
12 — 05%
5
] 9] 10
3 E =
; 75° 3 ; 757 " ‘g' 100 4 * —h—
: g 2 _ —— —4—
8 2§ s T 1o-10 ——
70° 70° o 10 7
1 2 | ]
1071 4 g
210° 180° 210° 180° 102 10 10* 10°  10° o
Galactic Longitude Galactic Longitude Energy (MeV) @
Energy Dispersion (at FoV center) Exposure map at 19.1 GeV Exposure (at FoV center) —"'5
80° 310 =
s 0.8 300 5
= 10° 5 305 ,g o
> - § 300 ,, X 250
] o g N 5
— = 295 €
w 10° 4 3 75 S 200 -
J: 0.4 & 2005 & 1071 -
S 8 3 2
o -
8 103 ; 8 2857 2 1504
8 92 10 280 %
Q
& 100 A Y A
02 W, : . 00 243 . . . : 107 10° 10 102
2 3 4 S5 ° o 2 3 4 5
10 10 10 10 210 . . 180 10 10 10 10 Energy [GeV]
True Energy (MeV) Galactic Longitude Energy (MeV)

| seek the same stategy reported in DOI: https://doi.org/10.1051/0004-6361/202452349
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https://doi.org/10.1051/0004-6361/202452349
https://doi.org/10.1051/0004-6361/202452349
https://doi.org/10.1051/0004-6361/202452349

OUR MODELS

« LP +PL+ ECisacompound gammapy spectral model made by the
LogParabolaSpectralModel and ExpCutoffPowerLawNormSpectralModel (This

model parametrises a cutoff power law spectral correction with a norm parameter.)

¢(E) = ¢o- (Eﬁu)_rexp(—(w)“)

i Pl_ + LP iS the one prcbclucu I vdiluer bery £u i1z

vF, = Chv

v | (w/v)e/? if v<u
(y/l%)—[a.—kbln(:—fjvb}jz];ﬂ if v>

Ly
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https://docs.gammapy.org/dev/api/gammapy.modeling.models.LogParabolaSpectralModel.html#gammapy.modeling.models.LogParabolaSpectralModel
https://docs.gammapy.org/dev/api/gammapy.modeling.models.ExpCutoffPowerLawNormSpectralModel.html#gammapy.modeling.models.ExpCutoffPowerLawNormSpectralModel

LAST TIME, WE STOPPED
HERE: FITTING THE SIMULATED SED
WITH DIFFERENT MODELS

* We want to determine what model is favoured
for our FSRQs and if CTAO can distinguish
between different models; j R s

. -10 4
* The models we are using are: .

o First-order Fermi acceleration + TS (PL+EC);
o Stochastic acceleration + TS (LP+PL); 0% 2

o First-Order Fermi Acceleration with Different
Acceleration / Cooling Regimes and TS (BPL);

o LPand LP + EC both in TS.

e2dnde [ergs~lcm™2]

10712 4

e We can use the Akaike Information Criterium

10—13

(AIC) or a maximum-likelihood ratio test and o " I T "R
the Wilks theorem.

Energy [MeV]
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—— Model
4 Fermi-LAT

HOW WE DID IT AT THE
BEGINNING N

« We fitted the Fermi-LAT + CTAO datasets jointly;

]

1011

e2dnde [ergs—lcm™

 For each successful fit we plotted the SED with the

model and calculated the AIC_mod; o D e o

* We calculated AAIC = AIC_mod - AIC_pl+ec

— 5 o uss
* We calculated the error ratio between the Fermi-LAT + 107104
CTAO energy cut-off error and the Fermi-LAT energy T
cut-off error to show the improvement in using the 5 1073

CTAQO to asses the spectral parameters of a FSRQ;

e2dnde [ergs~!c

10-]2 -

« We compared the TS of using only LSTs and LSTs +
MSTs. o3

10? 10° 10* 10° 108 107

Energy [MeV]
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HOW WE DO IT NOW

e From Model Selection and Multimodel Inference of Burnham and Anderson we know

that: A;  Level of Empirical Support of Model i
0-2 Substantial
4-7 Considerably less
> 10 Essentially none.

« We do the same fitting procedures but considering different observation times: 30 min,
Thour, 1.5 hour and 2 hours and we calculated AAIC to show when CTAO can
distinguish between the 2 models;

« We do it simulating 100 datasets and calculating the mean of the AAIC, the energy cut-

off error ratio and the TS.
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HOW WE DO IT NOW: FIRST
RESULTS

* Here | show the results of the rising part (59910- 59955.7) of one flare of Ton 599 seen
by 4LST+9MSTs and 4LST:

18 —$— 4LSTs+9MSTs —— 4LSTs+9MSTs
—— 41STs ~&— 4LSTs
0.30 -
16 - e
5
o
14 - g 0.28 A
d
—— o
21 g
= o
£
.26
7 § %
10 - ]
= |
b §
Q
8 - g 0.24 4
w
6 -
_____________________________________________ 0.22 -
05 10 15 20 05 1.0 15 2.0
Livetime [h] Livetime [h]
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HOW WE DO IT NOW: FIRST
RESULTS

* Here | show the results of the rising part (59910- 59955.7) of one flare of Ton 599 seen
by 4LST+9MSTs and 4LST:

50 50
—&— Broken power law ——&— Broken power law
—&— Log-parabola —&— Log-parabola
40 - —— Log-parabola with exponential cut-off 40 - —— Log-parabola with exponential cut-off
—— Log-parabola and power law —— Log-parabola and power law
30 30
= =
é 20 4 é 20 4
R e e - 10 == m = m m e m e e e -
E Se 3 —1 s - 3 §
. *— —¢ & 01 @ » f ®
AL STs+9MSTs 4LSTs
0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0
Livetime [h] Livetime [h]
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PAPER OUTLINE

General introduction about FSRQs, Fermi-LAT and CTAO experiments;

1 paragraph about the Fermi-LAT analysis with tables that show our sample, the period
of interest and the major flaring periods;

1 paragraph about gammapy analysis with Fermi-LAT data? This will be kinda new

1 paragraph about the SEDs simulation with gammapy with our strategy to simulate
different spectral cut-off

Introduction to the theoretical models to fit our SEDs

Results

If you agree with this outline, | start to write!

Conclusions
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NEXT STEPS

Do this analysis for every SED and for every CTAO configurations of our interest;

« Demonstrate the improvement of using CTAO to determine the spectral energy cut-off
and the ability of the telescopes to discriminate between the different models;

* Do this with a good statistical approach;

| would like to present this work at the Extragalactic jets at all scales: a Cretan
view conference and at the 2nd VHEgam Meeting.
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