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I | - Active Galaxy Nuclel
1

- Intense extra-galactic sources

Hubble Space Telescope
Messier 7

Extra-galactic

Credit: NASA, ESA
& A. van der Hoeven

Bright at multiple wavelengths

Usual source of light in galaxies :
Stars, dust and gas

Active galaxy nuclei :
Strong additional source at the
center of some galaxies

Hubble Space Telescope
Markarian 817

Credit;: NASA, ESA and
the Hubble SM4 ERO Team



Super Massive Black Hole
The “engine”

Accretion disk

Thermal spectrum Optical » UV
+ lines

Gas corona
Reprocess disk emission
|C creates X-rays

Narrow and Broad line regions
Gas emission lines

Dust torus
Absorption and refraction
Infra-red

Relativistic jet
Beamed
Full observed EM spectrum

_ reflected

| - Active Galaxy Nuclel
2 - Complex objects

jet

ol i
ansmits

3 dusty absorber
iﬂaﬂmﬁ

accretion disc
electron plasma
black hole
broad line region
narrow line region

Commonly used AGN classification and
associated properties. From Beckmann and
Shrader, Active Galactic Nuclei. 2012. 5



| - Active Galaxy Nuclel
3 - Classification

Blazar

low power high power

BL Lac FSRQ

PASAS

FR-I

—— * Jet presence

radio-loud (RL) AGN

NLRG,

NLRG Type II

* Bolometric luminosity

reflected ...

Seyfert 2 4 - :
A el NG RN PN dusty absorber ® Orlentathn
accretion disc

electron plasma
black hole

broad line region
narrow line region

Seyfert 1 by
L /\ 6

radio-quiet (RQ) AGN
R
>




| - Active Galaxy Nuclel
3 - Classification

Radio Galaxy 3C31 .
high power
NEOREER
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Cygnus A
> Credit: NRAO/AU
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—_ accretion disc
(¢}
[+ electron plasma
2 black hole
Fl broad line region
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| - Active Galaxy Nuclel
3 - Classification

Blazar

low power high power

BL Lac FSRQ

PASAS

FR-I

—— * Jet presence

radio-loud (RL) AGN

NLRG,

NLRG Type II

* Bolometric luminosity

reflected ...

Seyfert 2 4 - :
A el NG RN PN dusty absorber ® Orlentathn
accretion disc

electron plasma
black hole

broad line region
narrow line region

Seyfert 1 by
L /\ 8

radio-quiet (RQ) AGN
R
>




| - Active Galaxy Nuclel
4 - Blazars

PKS$2155-304 Ra=329.71625 deg Dec=-30.22528 deg
SED : two bumps i |-
. ! ‘H" &':é ik 1
Observed at all frequencies 1517 ‘?% }; TER P
Variable 2 = |
£ s HE
E X-rays
Peaks : source dependent %

: VHE
C MW

WISE blazar-like radio-loud
sources (2014, IR) : 7855

5th edition of the Roma-
BZCAT Multi frequency
Catalogue of Blazar : 3561

Log energy (eV)

4FGL-DR2 (2020, HE ): 3437 9
TeVCat (2020, VHE) : 74



| - Active Galaxy Nuclel
5 - Leptonic emission processes

Synchrotron
- Accelerated charged particles radiate g charged particle

W—’ magnetic field
* Inverse Compton (IC)

- Relativistic electrons transmit energy to low energy

photons
low-energy
hoton

/ - electron * 10

»




| - Active Galaxy Nuclel
6 - Hadronic emission processes

 Meson production
p+y—=pt+nem +ni(rt +77)
p+v—=n+nem’ +ne(nt+77)+a"

0 — v+~ — EM showers

T %u_+z/_”%e_——z/_e+z/ﬂ+z/_u

« Bethe-Heitler

p+y—pte+e”

»  Synchrotron 1



| - Active Galaxy Nuclel
7 - Macrophysics effects

Doppler boosting
- Full jet power boosted as the power 4 of the relativistic
Doppler factor

Geometry
- One zone? Multi-zone? Shape? Directions?

Environment
- External fields? Surrounding medium?

Synchrotron-Self-Compton External-Inverse-Compton

SSC EIC

12
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Il - Observation technique
1 - A variety of messengers

Photons
- Geodesic - interact

Charged cosmic rays
- Deflected - varied

Neutrinos
- Geodesic - interact weakly - oscillate

14



Il - Observation technique
2 - Energy dependence

Most of the

Visible Light Long-wavelength
a|’ : :'.:'i. Infrared spectrum  poyi; Waves observable n,:-.,m

Gamma Rays, X-Rays and Ultraviolet g absorbed by from Earth. blocked

Light blocked by the upper atmosphere ath . atmospheric :

{best observed from space). SOME  gasses (best

atmospheric
Seuron g

[

Opacity

~lam ---01om 1pm 10rm 100rm Tpm 1Wpm 100pm 1 mm 1cm 10 cm 1m 10m

Wavelength

15



Il - Observation technique
3 - Extensive air showers

20 T T T

20 T T T

1TeV photon 1TeV praton

Electromagnetic :
15

 Bremsstrahlung

 Pair creation

z [km]
z [km]

Hadronic :

* Pion production

e Other processes

16



Il - Observation technique
4 - Cherenkov light

Gamma
Ray

‘ Supraluminic particles
Particle

Shower

Blue light observed

Large area

V——

17



Il - Observation technique
5 - High Energy Stereoscopic System

Hybrid IACT array

e 12m diameter mirror CT1-4

« 28m diameter mirror CT5 H.E.S.S. experiment
duty cycle 10 %
coordinates Khomas Highland,Namibia 23.3S 16.5E
altitude 1800 m

HESS1 | HESS1U HESS2

pixels 960 2048

field of view 5° 3.2°
dead time 450 ps 7.2 pus < 25 ps
energy threshold | ~100 GeV | ~100 GeV ~30 GeV

18



Il - Observation technique
6 - Observation and analysis

Telescopes collect Cherenkov light Elliptic images used to
—— e reconstruct original photon

[ ]
Gt : : =
Pas
Excess Map | /

|
Soae
£8
=1
5“ Il.I'! 4 | -05°
m N
R |
S
S Y2 i
O | <
| N
[T =Ty}
= {
58275 58280 58285 5 g il il
MJD 13"00™00°  12"55™00°  12"50™00 19

Right Ascension (J2000)

Source properties are studied Photons are stacked
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Il - Improvements for variability studies
Al - Adaptive lightcurve creation

Goal : See as much short time structures as possible
How : Dynamically change binning based on signal significance

Properties : works run by run; non-uniform

<+ 60 seconds binning
%) 201 + 15 sigma binning
2
o |
A
£
>< —r—
Eou 10 | j:'
“ I
43 + ”
=
n — _
w e SN . =
T = —
3800 4000 4200 4400 4600 4800 5000 5200
Time [s]

PKS 2155-304, 28th July 2006 21



Il - Improvements for variability studies
A2 - Variability estimators

Normalised excess variance :

1 N 9 1 al 2 2
oNxV = N—Mg;(fi—ﬂ)Q—Uf ONXV = T—Mggti{(xi—ﬂ) — 0}
::8:153.5-394,02:ih+3;1I232006 %;1‘7“5’ ’ ’ } } }
5osbir|1rr]1?rlmgg: © 0.35+0.02 éi ZZM}ﬁ J J MWHH A thH} 0 HMH J/ JW HLMH }ﬂ | }HHH m MNW MHH JL JN}“ ) H“

Doubling time :

- No uniform binning

To; = ‘ATz'

- Individual point errors 22



Il - Improvements for variability studies
Bl - Interval filtering tool

Central Bate
Entries 2083812 71 Mo L Pl P St 18 Lo ik 4 Pt kT
Mean a00.6 7 ]
~ E BrS 471.8 En— q=f
I 1 1 b 3
T Eath, v ety et Suf
% 200 i ! I'I"'u': ".:l .-'I .I'l,"""i. .f,h E..:- %uu_
o : a . l |.|l |l Illl u: 1 : uuu 1 :
1000 et \
= .l .h LRI LR =
800[— TR | SR S T : .
C L e e
600— p
C 1 1
C o ot
400— Sk 1
C Fuaf amaf
2001
O_I 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
0 200 400 600 800 1000 1200 1400 1600 1800
Time [s] T
Bad weather Electronic issue

Goal : Remove bad quality data but not full runs
How : Flag events in specified interval; correct livetimes

Properties : No recalibration; manual time interval selection

23



Il - Improvements for variability studies

B2 - Interval filtering example

Full run PL spectrum
Filtered run PL spectrum

Crab Nebula - 1 run

—
—
|
a
—-10 |
Centra |_Rate l— 10 1
Entries 2083812 — - 1
Mean 800.6 |
_— BMS 4716 "
T L. | .
T Fuhe o sty s
§2001 . P b, 9
[ L * '
» Fa
1000— g
- e
800 Ll
F o
600~ = 10°12
n =2
r ©
400~
2001

v Lo b b b e e b i b by
00 200 400 600 800 1000 1200 1400 1600 1800

Time [s]

100
Energy [TeV]
filtered time interval
2.001 = Fullrun
+ Filtered run
~5 1.75
S n
& ‘
o & 1.50 |
] °
£81.25 |
— 1.00 I
0.75
| 24
0 200 400 600 800 1000 1200 1400 1600
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ToO program

Overview

H.E.S.S. : Limited duty cycle and FOV
Sources : Variable — easier detection & extreme behaviours

ToO program :
* Daily MWL monitoring
* Interest assessment
* Priority observations (110h divided into 12 triggers)
- MWL ToO

Analysis : Outside of ToO task force

25
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IV-A - 3C 279

1 - Properties

FSRQ at redshift z = 0.536

One of the brightest FSRQs
seen with the Fermi-LAT

Intense variability since years

6 H.E.S.S. observations
campaigns in 2017/ 2018

- 2 optical triggers
- 4 HE triggers

9 year Fermi-LAT sky map.
Credit: NASA/DOE/Fermi LAT Collaboration

* Detected one night with H.E.S.S.
in 2015 (A&A, 627 (2019) A159)

28



IV-A - 3C 279
2 - 2017 Activity

2017-01-17 2017_.03_08 2017_.04_27 2017-96—16 2017-08-05
w6 ermi- ai
’E + Fermi-LAT daily LC ; } 4 '
24 ++ .
S J 4
. . . \ o (E > 100 MeV) " { ", . 4 +H++ '
* Intense optical activity in march :: S ORI R
3 SRR T o L LRV TV L T R LTI AP f X
0 v v 1 1 i
_ x1071
E 3 ¢ Swift-XRT }
« HE activity later with no optical . bt b i
% (0.3 keV<E<10 keV) + : +
counterpart g, ‘
— 15 %10710
X ¢ ATOM-1
£ 4 ATOM-R '
‘E‘, 1.01 ¢ ATOM-V .
% b ATOM-B i ‘! Preliminary
. 205 e .
* No H.E.S.S. detection ‘L. :
go.o | L) 8 smoem 0&. " wn wbon 0% § Huw
" 57770 57820 57870 57920 57970

Time [M]D]

* Mild correlation between optical i : |
and HE during the optical flare b ’
- Pearson correlation | | |
coefficient : i | | | |
001 =0.6120.05 um w( 1
] 29

Emery’ G et al' - POS ICRC2019 668 : 2Rela3tive4AT0I5V| Rfslux iZlcreagse i



IV-A - 3C 279
3 - 2018 overview

2018-01-07 2018-02-01 2018-02-26 2018-03-23 2018-04-17 2018-05-12 2018-06-06

% ]
S 207 $ ¢
=
E 1.5 ¢y : +
% 1.0 e ++¢
> ' ., .
S . i ° . O
A 0.54 ¢ L - o rY .
E ™ ¢ .... "% ..‘ ¢ v ® .... .Q.. » ] o ¢
E 0.0 w e y R .'-.‘*o.{' o ot S K -’ ..w. *
> 31
2 P T * + XX}
5 2 o, *o‘.""*o".“"+ anaddu ¥ | "n*%# ++ m’m““’o‘.'-..:ﬁw 3 + ‘ﬁ"‘% e
2 ¢
e
* 58125 58150 58175 58200 58225 58250 58275
Time [MD]
Originally Mono analysis
Spectral analysis issue : cross-check still ongoing 20

Delay the physical exploitation



IV-A - 3C 279
4 - January 2018

2018-01-12 2018-01-17 2018-01-22 2018-01-27 2018-02-01

2, [+ nessnomyic } - Late VHE follow-up due to weather
] (E > 60 GeV)
s2 eSS Preliminan + } gt - Still caught the end of the HE
5200 | = | flare and optical still high
— 31 E= 10D Mev # Fermi-LAT 3hrs
%27 ( 00 ) ‘LM!M*“
8! w'-“""'"# Sl SRR Sy « Detection of a short VHE flare
a0 | | | | - 10.70 (Mono)
Gg| ¢ SWRORT +
“§6 4 ¢ . ¢
X 24 (0.3 keV<E<10 keV) ¢ ¢ . . . .
N - - - —~—« HE and optical correlation is weak
5 6 X1 .
G g |4 o no (Pearson correlation):
N§47 : . ce T ient
g2 Lt R 0 opysp =0.41£0.02
58130 58135 58140 58145 58150
Time [M]D]

31
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IV-A - 3C 279

,\'”T l_‘ + HESS.
|
5 - June 2018 S A —
‘;\’:g' (?5\(0\(\ | | I | \
250 ! 1]
= |
« Start observations at the HE s ﬁﬂﬁﬂﬂ o senis
maximum Stol o +*+ "
. . S5, g i
* Monitored the full decreasing Y XL Miars it
trend and the following days ool ‘ | | ‘ s
. ;"3 501 \(\a‘\‘ l * + ATOMR
* High state found to be up to MJD 5« " I , C
58277 o) g o
= 10 Syt T
° Latest analyS|S : 58265 58270 582M7Jg 58280 58285 58290
- 21.90 in Stereo ; 5 _
o Strong I_—IE/optlcaI
- Better cross-check 5 correlation :
- Consistent evolution of Fermi-LAT £+ & Popirae =0-91+0.03
and H.E.S.S. fluxes e HE variations > 2x
e i optical variations
g =
i L3
1 2 3 4 5 6 7 8 9 32

Relative ATOM R flux increase

Emery, G et al. — PoS ICRC2019 668
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IV-B - PKS 2022-077

1 - Properties

e Strong activity seen at HE with Fermi-LAT in :
- April 2016

- September 2017
- October 2017

 Blazar located at a redshift of 1.388
- very difficult to detect at VHE

« Absorption of VHE by the extragalactic background light

— Detection would constrain the EBL

34



IV-B - PKS 2022-077
1bis - EBL

Absorption in (infrared)
extragalactic background light (EBL)
v(TeV) + y(EBL) — e*e

E =

Physics of compact objects, Measurement of EBL
acceleration/absorption in jets, ... (— Cosmology )




H.E.S.S.

no detection st
HE 35>

Fermi-LAT £
0

f =9
1

X-rays
Swift-XRT

Flux{0.3-10 keV)

[10-2ph.cm~2.5°1]
M

Optical

nuFlux
[10" 'erg.cm™2.571]

IV-B - PKS 2022-077

2 - MWL overview

[*X]
1

[
1

L
1

=
1

April 2016 September 2017 October 2017
. ._|_"|‘—|—_|_+ n
1+ +
T+ S +
| T_ +'_-+- ++ —+H
| 1 | | |
bl b -
| ! | *}
R
i i
o | ' i B
i R I '
N N

57488 57490 57492 57494 57496

Emery, G et al. — PoS ICRC2019 669

58010 58012 58014 53016
M)D

58018

58034 58036 58038 58040 53804

H.E.S5.5.
obs time

4+ Fermi-LAT

4 Swift-XRT

} ATOMR
LcO B
LCO V
LCOR
LCO i
uvoT B
UVOT V
UvOoT U
UVOT UVIW1
UVOT UVM2
UVOT UVW2

0 W O O W e e -
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IV-B - PKS 2022-077
3 - High and very high energy spectra

10~
= Fermi LAT apr 16, with EBL ® H.ES.S. aprlé
— Fermi LAT sept 17, with EBL ® H.E.S.S.septl7

10-8 - —— Fermi LAT oct 17, with EBL ® HESS octl7

'_T

n -9

> 1077 5

& —

O

o -10

o -

b 10 e

L —

k)

E -11

5 S e 2 ¥

~ ;

W v i ;

- v ' ;
10_12 E l l v i
=

10—13

1071 109 10! 102 103
Energy (GeV)
Emery, G et al. — PoS ICRC2019 669



IV-B - PKS 2022-077

4 - Physical properties extraction

* 3 hypotheses tested :
- Different EBL density

- Specific absorption in the source
- Cut-off in emitting particles energy

* Perform a profile likelihood ratio test for each hypothesis
modifying the HE extrapolation for each hypothesis separately
and iteration over the control parameter value

20.0

— E=0.11TeV

1751 — E=0.18TeV

—— E=0.29TeV

15.01 —— E=0.47 TeV

— 125 foiprer

H.E.S.S. upper limits as pio]  E-20Tev
Gaussian likelihood profiles = | =&

5.0 1

2.5 1

74 38

s

0.0 +—r————— —
10-14 10—13 10—12 10- 11

Emery, G et al. — PoS ICRC2019 669 E2dN/dE (ergcm™2s™)



IV-B - PKS 2022-077

4 - Physical properties extraction

50 50 20.0
— April 16 —— April 16 —— April 16
—— September 17 —— September 17 17.54 —— September 2017
40
15.0
12.5
30 A
wn v 10.0
[= ~
20 A 7.5 4
5.0
10
20 2 T
______ S=27 e
04 0.0 A
1.0 1.5 2.0 2.5 3.0 3.5 4.0 1016 10Y7 108 1(')1 1(')2 163
EBL density normalization Distance from central engine (cm)

Cut off energy (GeV)

* A correction to the EBL density compared to the model by
Dominguez et al. is ruled out

 Both an internal cut-off and absorption possible. Limits on the
control parameter derived :

<1.8 X10'cm < 128 GeV

<95 X 10%cm < 35 GeV 39

Emery, G et al. — PoS ICRC2019 669
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V -TXS 0506+056 / neutrino
1 - Context

September 2017 : IceCube-170922A Charged-current v, Neutral-current / ve
- muon track event

Spatial coincidence : 0.1° (data)
(data) °

TXS 0506+056 :
- z=0.337

- Complex classification

- MWL fl are Up-going track Isolated energy
deposition (cascade)

with no track

Temporal coincidence :
- 6 month high state HE

- VHE detection few days later

: ) - 3 sigma association 41
along with X-ray increase



V-TXS 0506+056 / neutrino

1 - Context

log(Frequency [Hz])
8 10 12 14 16 18 20
T T T

T LT i“’”r{ -

22 24 26 28 30
T T

September 2017 : IceCube-170922A

- muon track event i
5 L + :
[ [ [ 51071 85
Spatial coincidence : 0.1° . - \
rE“llfl*1 f
TXS 0506+056 : ) - Lot 4 remiar T ety
- z=0.337 ol S SO I RS el ottt |
v Kiso/KWFC o NuSTAR H.E.S.S. (UL)
. — . llll‘6 IOI—3 ltl)0 1lI]3 lbﬁ 1(I)g 10I12 1(Ill15
- Complex classification Enerey V]
TXS 0506+056 contemporaneous to the

neutrino detection

- MWL flare

IceCube Collaboration et al.
Science 361,eaat1378(2018)

Temporal coincidence :
- 6 month high state HE

- VHE detection few days later
along with X-ray increase +2



V -TXS 0506+056 / neutrino
2 - Model

 LeHa code™ : stationary, one zone, lepto-hadronic model
- electrons/positrons and protons
- broken power-laws with an exponential cut-off
- 15 parameters

 Neutrino flux convoluted with 2 IceCube sensitivities :
- EHE : Extremely high energy
- PS : Point Source

« Simplifications :
- common acceleration
- synchrotron cooling e*
- Fixed E__
- E__ proton fixed by cooling

maxXx
- R__ Dby causality
— 8 parameters
* Cerruti, M et al. MNRAS448 (2015) Mar. 910-927
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V -TXS 0506+056 / neutrino
3 - The study

 Low energy bump - e* synchrotron
* High energy bump — 2 solutions

- p synchrotron

- pions + SSC

* Step 1 : General fit by hand

* Step 2 : Scan of reduced parameter space

Cerruti, M; Zech, A, Boisson, C; Emery,G;, Inoue, S; Lenain. J-P; — MNRAS 483 (2019) Feb L12-16

44



V-TXS 0506+056 / neutrino

4 - Proton synchrotron solutions

« X-rays = HE constraints protons
-4 -1 2 5 8 11 14 1Energy (2(;/)21
oA 10'9§'|18 I 4 B B B B 'g -
« 17500 models T F g
SR B
LE E = 10*
* jet power : 8x10%-1.7x10%erg.st 10"g -
— 46 -1 - — 10%
L., = 3.8x10%erg.s il p A
; '55‘553;‘;, _; 10%
108 @ 3
* Neutrinos (EHE) : - § g ..
. -3 1 1074 E—'. W/,/// s
- tot:5.7x103-0.16 yr = L “,t/ e ]
_ IC : 2.4)( 10_5 _ 1.7)(10-3 yr_]_ 10 102 10™ 10" 10'® 10 1022 10* 10%° CZ?-PZSS

45

Cerruti, M; Zech, A, Boisson, C; Emery,G;, Inoue, S; Lenain. J-P; — MNRAS 483 (2019) Feb L12-16



V-TXS 0506+056 / neutrino

5 - Mixed lepto-hadronic solutions

« X-rays constraints cascades Energy (eV)
° feW ﬁxed parameters oA 10'9§'|1'?_4'| '|1'(|)_1'| T 1'?2'| T 1'?5'| T 1'?8'| '|1'(|)11'| '|1814'| '|1817'| '|1'0|2q'?21 -
T OF o 1075
510105— § 2
+ 3500 models o ER
; —; 10%*
. 1012 = ; | | 3
* Jet power: 3.5x10% - 3.5x10%%erg.s* ¢ _,= i
L4 = 3.8x10%erg.s* E§ 7/ =2 :
f! ’\ t§~._\ '*' / — 10%
101 /// L. 72N | J || :
¢ NeutrinOS (EHE) . _|1(;1°|10|‘2|1c;‘4 10‘]1()'18'1(')20' 1(122|10|24|10|26‘1028‘”1'(;3&'1'(;2' 1II’EIIZ3)5
- tot:0.1-3.0yrt
- 1C:0.008 - 0.11 yrt

Neutrinos (PS) :

- tot:0.3- 6.9 yrt

- HE:0.2 - 6.4 yrtl 46
Cerruti, M; Zech, A, Boisson, C; Emery,G;, Inoue, S; Lenain. J-P; — MNRAS 483 (2019) Feb L12-16



I Conclusions

* A varied work including monitoring, software
development , analysis and interpretation.
Common aim : Variability studies and AGN physics

 Analysis : 9 flares from 2 AGNs

- Constraining limits on distant PKS 2022-077 in a MWL
context. 2 hypotheses :

 Intrinsic cut-off of the emitted spectra ’006/‘
(/
- Absorption by the BLR photons o%b
- 2 very different detections of 3C 279 ?
- Diverse MWL behaviour : correlated
Optical/HE/VHE, VHE only flare, HE flare with no
. N
optical,... VS
%,
(&)



I Conclusions

* New technique : Adaptive lightcurve allowed to see
seconds scale variability during a flare of PKS 2155-304

« Modeling : Study of TXS 0506+056 with a lepto-hadronic
model in the context of an association with a neutrino

- p synchrotron solutions unlikely to emit the neutrino

- mixed solutions constrained by single neutrino
detection A
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Perspectives

Future interpretation of 3C 279 properties promising
thanks to the MWL data available and different flare

properties
CTA : IACT observatory
- Ongoing construction, 2 sites, improved sensitivity,...

- Possibility to resolve shorter time intervals and more
AGN

- Adaptive LC in gammapy
Active research field
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Questions?
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Back Up

Luminosity profile

— AGN
—— host galaxy
—-- total

IoglO intenlsity (a.u) .
(

\..

radius (a.u)

e

Schematic optical luminosity profile
of an AGN and its host galaxy.
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Blazar sequence

48
Peaks source dependent

47
low E peak
FSRQ : 10%2-10'4Hz T 46
LBL : 1012-10“Hz I
IBL : 10%>-10°Hz =
HBL : 1017-10%8Hz D 44

43

42

41

-~ - -
T
s

-
g

-/ \
- .
[/ i
:// If__."' :
i 1/ | 1 1 ] I | | 1 1 I | | | ]
10 15 20 25
Log v [Hz]
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Donato et al. (2003) adapted
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Inverse Compton

0.1

Two regimes in the electron rest frame :

0.01

« Thomson : | | X
Scattering without energy modification

E,f=72E,(1+ Beostl})(1 — Beost;)

* Klein-Nishina :
Scattering with energy m_c?

E,; = mec®y(1 + Beost%)

— Additional energy from Lorentz transform >3



Back Up

pp interaction Wk e e e
_ 10?9;_ ﬁﬁf&;o_“w -@- MAGIC 58029-30 £}~ MAGIC 58057 _é
. wg' 10" =
pp — pions :
. . "y o éu10_11? : ."‘:’{' E
requires high proton densities (> 10°cm=) 8¢ ¢ VA o Ty
102 e -
Multiple scenarios :
107° . i | A TR
- Clouds in jet = target proton injection 10—14E| T AR R R ARELRWRA A WIS
10°10* 102 1 10° 10* 10° 10® 10" 10™ 10" 10'® 10'®
- Large quantity of cold protons in jet  (neV)

Charge neutrality either e* or e- p+ Banik, P. et al, Physical Review D, March 2020

Associated with high luminosity jets

Applied to TXS 0506+056 and another neutrino detection
Banik, P. et al, Physical Review D, Volume 101, Issue 6, article id.063024, March 2020
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Multi-zone jet

* |nner and outer jet

turbulence generated
at the interface of
the two flows

O
EMISSION
CLOUDS O

Accretion

MHD jet
leptonic jet

.
| -

100  Z/R,
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EBL VHE constraints

* QOpacity to VHE vs redshift - EBL density vs redshift

« Complementary with local direct measurement

T + T | l T T T l T T T I T ‘ T Iil T T T T
20 l l _
. _ ¢ Upper limits
o gliaaem, i
o 10 i, —— =
S ™ & .
= 7 534 _
S e 4 -
A 3 )
@ 4r t Lower limits ﬁ%g —— .
o ' il
- I+ s«é 0 L L -<_;_:i:”$’_'3'¢_ —
c ghatd gr i
o iy g
a o 8 4 ]
w ° a; Model dependent constraints
y Model-independent constraints S5 Fermi-LAT (2012)
—e— 7y rays + local H.E.S.S. (2013)
1= —0—[ 11000 1.13 x Gllmore+12 —
Il L I T I B 1 1 L I 1 1 I A L ' -l

8x10"

1 10°

10
Wavelength [um]

Fic. 3.— EBL intensity at z = 0 as a function of wavelength.

Biteau, J. and Williams, D. A.; The Astrophysical Journal; 2015
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Gravitational waves

Deformation of space

Merging of compact object observed

LISA should be able to see SMBH merging months in advance

Black hole Spacetime

" Beam Light
splitter  detector

Yo =» \,H@ Light waves cancel
il gach other out

f -0 @ n Light waves hit
i the light detector
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Cosmic ray spectrum

Cosmic Ray Spectra of Various Experiments

— -
o (=]
»N &

Flux (m? sr GeV sec)”’

-
o
FS

=N
o
%

I[?] Il ll IIIII|T| II Il II Tl ill] I] ll I| I| II Il ll III

10-10

103

10-15

1 0-19

102

10

1 0-23

T‘*"‘" g LEAP - satellite |

[ % Proton - satellite

—_ b3 Yakustk - ground array

__ CH] Haverah Park - ground array

..__ O Akeno - ground array

:_ a AGASA - ground array

— m| Fly's Eye - air fluorescence

= * HiRes1 mono - air fluorescence

= @ HiRes2 mono - air fluorescence

= free HiRes Stereo - air fluorescence
a Auger - hybrid

10° 10" 10" 10" 10™ 10™ 10" 10" 10" 10" 10" 10*
Energy (eV)

Energy flux [GeV/m? s sr]

CCR8YF1'OPOUIZ [ I8TCOL 10N D

T v IRGB
10_5 — AMSO02

FERMI

HESS

CALET

II ).\\.\I.[“i. i
10—7 | | |

GeV TeV

Energy
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Back Up
UHECR

« Dipole

* Hint of hotspots

« Composition changes

850 |- 4 Auger FD ICRC17 70 Bt
~ ¢ Auger SD PRD17 E
800~ ¢ TAFDApJ18 — SOF
- E sf
750 3
= 40f
g x -
100 4t € 3of
3 -
650 20¢ ;
E iron
10
600 L — EPOS.-LHC  ---- Sibyll2.3 - QGSJetll-04
i oL 1 |
10" 10" 10" 10? 10" 10" 10"

360 - T

4.50

Blind -

4.00

1.50

0.00

-1.50

-3.00

E [eV]

10%

Observed Excess Map - E > 60 EeV

# events per beam

TA>57EeV

Beam size
o = 1

0.46

0.38

S =2 N W & O

E b b

< AGN catalog
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Back Up
Trigger H.E.S.S.

Multi-level :

- Camera : 3 pixels > X photoelectrons
Coincidence ~1.5 ns

- Central ;
« 2+ telescopes - stereo recording
 CT5 only -» mono recording
1 HESSI1 telescope - rejected
Coincidence 80 ns
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Back Up

Event reconstruction

 Photon shower - Elliptic images
- shape - direction
- distance from camera center - distance of impact
- deposited charge = energy e

* Multiple reconstructions

- Hillas
Hillas, ICRC 1985

- Model
de Naurois and Rolland, Astroparticle physics 2009

- ImPACT
Parson and Hinton, Astroparticle physics 2014

* Mono or stereo

6l



Back Up
Model

Simulate shower images

Fit NSB and shower in data using lookup tables of the
simulated shower

Deduce photon properties

Goodness of fit used to estimate the quality of the fit and
discriminate photons and hadrons

> {11’1 L(si|pi) — (In L) |,

pixel i

G:

v/2 x NDoF
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ON-OFF background estimation

Reflected background

Event Map
-29

4

s

F
I+ w
oy

-31 1
Observation’, -

Positions

22h02m 21h58m 21h55m

Berge et al. A&A 2007

.4, — On Region

Excess=N ,y— O N
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Gamma hadron discrimination

« Different image morphology
« Discriminating variable

e Cuts : purity vs efficiency

20 T T 20 T T T :MaanS::aladMudErISH::warGuud nﬂsE_AIIE\rantE_NIEvan‘ts_DH|“'”‘““'““°“"'" AllEeenis Gamm
1TeV phatan 1TeV praton Entries 632512
.E Mean 04611
@ 800 RMS 1.317
2 I ndf 7T 1197
: 700 Constant 66251+ 5.7
EO0 Mean 0.2356 + 0.0078
Sigma 0.5808 + 0.0068

500

1 400

1]

0 2 4 [ B 10
L MeanScaledModelShowerGoodness_AlIEvents
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3C 279 2014/2015 main results

lkeV 1MeV 1GeV 1TeV
1 1 1 | | | | | | 1 1

[T N

r Preflare

L Night 1

I Maximum

Using the Fermi-LAT + H.E.S.S.
detection of ““night 2"

Minimum distance of the
emission region from the black

VF, [erg/cm?/s]

hole
- lack of absorption feature by
the BLR photons -
— r>1.7 X1017cm 1eJIr14 191‘-16 ‘ 19':'18 . 1e\:lr[2:Z]| 1eJ|r22 I 19':'24 | 191‘-26
2015 SED taken from the 2014/2015
One-zone models cannot paper published :
reproduce the observed A&A, 627 (2019) A159

characteristics of the 2015 flare
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Flus

1':] nl cm 1

Flux density spectral  Energy flux = ' Flux

Flux density

5

Y1 Tem ¥ st

‘g

1o ¥ |y Index arg cm

Sy

10

Back Up

TXS 0506+056 MWL lightcurve

= - - R — BT - -
-

Modified Julian Date

Modified Julian Date

IceCube Collaboration et al. Science 361,eaat13738(2018)

66

2009 2010 2011 2012 2013 2014 2015 2016 2017 15 September, 2017 1 October, 2017 15 Qctober, 2017
& MAGIC {E=50 GaV} m VERITAS (E=175 Gev) a4 HESS (E=175 GeV) : { {ﬁ} 4
' !
| ]
. 'y 1
1 I* .
A A i L A t -:- A l :. L & A ET ! A b
® Fermi LAT (E=100 MeV) m AGILE [E=100 MeV) L] :- {B:I
+ e —
F [ — s
4t + ot T !
Fratage, sttt atteetette, + * Y +*++mt“h"ﬂ“.'h"".ﬂ"‘“ﬁ‘i+¢ +++*w+q¢"‘*.*4**m“ AL el . - L
] T T T T T T T T 1 T T
& Swift (0.3 kev - 10 keV) | + + {C]
| ‘
i + b ;
| + . T
L]
. |
& Swift [photon index) : I:D}
| + +
| L
IR T R
:-+ + ! ]
® ASAS-5N (V-band) @ Kiso (g band) & Kanata (R-band) . =. :' . I:E:l )
] & L] i' :
1 M & L Im + L] 4
R ok . .
] B
I
® OVRO (15 GHz) m VLA (11 GHz) : (F)
oY | L . i * m® - .
Sy, L . y -
i *W&ﬁ‘q’“”&w-#mw" e : 1
I
i A i 1 A A I |- i L
55000 55500 56000 56500 57000 57500 58000 58010 58020 58030 58040 58050



Back Up

TXS 0506+056/neutrino Full results

Proton-synchrotron Lepto-hadronic
b 35 — 50 30 — 50
R [10'° cm] 0.1-9.7 0.2—1.5
*Tobs [days] 0.01-1.0 0.02—-0.3
B 0.8 — 32 0.13 —0.65
“up [erg.com ] 0.02—0.16 6.5 x 107*—0.017
Ve min 200 500
“Ve break — Te,min — 7Ye,max
Yemax [10%] 0.6—1.0 0.8—1.7
Qe 1 = Qp1 2.0 2.0
e 2 = Up 9 3.0 3.0
K. [em™3] 6.3 —9.1 x 103 9.5 x 10% — 2.6 x 10°
*ue [1075 erg.cm 3] 0.4—15.1 2.2x10% —43 x 10?
“Vp,min 1 1
Ffp,break[]—og] — Vpmax — Yp,max
Vp.max[10%] 0.4—25 0.06 — 0.2
" 20 — 50 10
K, [em™3] 10.4—2.0 x 10* 3.5 x 10% — 6.6 x 104
*u, [erg.cm™?] 0.7 —45 100 — 1400
“u,/up 1.0 — 89 3.9x 10* - 79 x 10
*L [10%6 erg.s™!] 0.8 170 35 — 350
*veng [yr!] 5.7x107% —0.16 0.11 —3.0
*VEHE,(U.ISS—éLii)PeV [yI'_l] 2.4 % 10_5 — 1.7 x ]_0_3 0.008 - 0.11
*vps [yr 0.011 —0.32 0.3-6.9
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Round Up

Service task

Monthly analysis and presentation
Semi-automatic

Search for variability (source and FOV)

~1500 runs analysed over 28 lunar periods
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Round Up

75°

30° - -

150/
i Example run

150 120 %0 0 3 0 30 60 90 170 aso | AP _
T distribution for one period

-75°

| ONOFFTest_Post | Integrated Flux Light-curve

(J§000)

Declination

%ﬁpaﬁ{}g
IR

1 ‘ 1 1 | 1 Il 1 ‘ 1 1 1 | 1
57980 57982 57988 579&) D

+I|HI|I\I|III|HI|HI|III|\II‘H

1 ‘ 1 1 | 1
57984 57986

I,
22"h00™00° 21"55Mp0°  21'50™00°
Right Ascension (J2000) 69

Variability found on source position
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Real time analysis

* Fast analysis during observations
« Study of online vs offline significance

« Study of qualitative flux estimation

Comparison offline RTA 68.27% containement

25 4 o 21§5+Crab
I 3sigerror
§ Crab
¥ 2155
20 4 = 107
n
o y = x*(0.19%% ) - 0.24 +- 0.16
e
% 15 - o
s 2]
£ 3 o
& 104 -]
L]
A
—— 2155 + Crab Q 4
—— 2155 + Crab filtered o
51 * Crab 08>transp>1.2 E
s Crab reduced é 24
Crab offset excl
= 2155
017 = Crab livetime<900s 0-
(IJ f; l‘l) l|5 2|0 2|5

RTA std mono

sigrta / sqrt(t[h])
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Adaptive lightcurve full algorithm

load first run Yes

save root file
load next run end

RunStart
RunEnd

PointStart = RunStart
PointEnd = PointStart + 10s

Nothing
PointEnd + 10s

load ON/OFF events in
[PointStart, PointEnd] interval compute and save upperlimit

~~a S
compute significance . . No
Spoint Spoint>=Nsig ? Upperlimit
Yes EndMethod?
X - Yes
PointStart = PointEnd load events in new interval Point
PointEnd = PointStart+10s compute pts_Sig £ - -
compute and save lightcurce point
Spoint>=Nsig ? compute and save lightcurce point
No
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