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< UAPP AGN

Seyfert, NGC 5548, bright core with
artefact from the observations

Non-active galaxy, NGC 3370. Core is less
luminous
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c CAPP Unification

: garr‘ow Line
egion
Supermassive black holes (SMBHSs) at / '
galaxy centers accreting matter. Broad Line

Region

Unified model: Radio-quiet (Seyferts, ;
quasars) vs. radio-loud (blazars, radio Acorefion
galaxies). g ®

Obscuring iy
Torus —

Blazars (jet aligned with Earth) are prime
targets for TeV observations.
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Spectral energy distribution (SED) of Blazars

cUAPP

Mrk 421 Mk 41
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* Non-thermal spectrum with 2 components
* Low energy = Synchrotron emission of electrons —— SSC model

e High energy is still under debate — source ¢ This work

dependent ® Abdo et al. (2011)
/ Bartoli et al. (2016)
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Variable sources
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< CAPP How to measure variability

Measuring and characterising variability:
* Flux ¢ as a function of time with associated error ¢
* Sisthe variance

:: aF *
,E 350 :
S af E
§ 25t
= 1st i
i3
05F 4
07‘ |
Time - MJD53944.0 [min)
- Fit with a constant function + y?
* Lomb-Scargle periodogram
* Fvar : Normalised excess variance T
S2 — 52
. err
* Power Spectra Density Hone = —
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cUAPP

AGN variability: Log-normality
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(UA\PP BL Lac in X-ray: Log-Normality

Log-Normality seems common in Blazars

=
£10?
Lognormal variability in BL Lacertae B. Giebels and B. Degrange 21
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- Seen in other type of sources.

}p/ * Link Jet-Accretion disk

* Minijetsin jet
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c UAPP PKS 2155-304

15 ' ' 2004

10 L | HESsS.
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* Southern source
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First detection at TeV:

Bright source in gamma
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cUAPP

Another source

Variability studies and modeling of the blazar PKS 2155-304 in the light of a
decade of multi-wavelength observations J. Chevalier et al.
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Fig. 3: Scatter plot of the excess RMS and the average flux for the HEES.S. (left) and Fermi LAT (right) data. Each flux and excess
rms values are computed using at least 20 adjacent light curve points. A linear fit is shown in red.

The H.E.S.S. Collaboration: y-ray long-term variability of PKS 2155-304
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CUAPP

AGN variability: RMS-Energy relation
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CUAPP

Fvar vs Enegy

Unveiling the X-ray/TeV engine in Mkn 421
Berrie Giebels, G. Dubus and Bruno Khelifi

g1 . . . .
u_!
RXTE
EUVE
10 | 1
" KVA

1 10 10? 10° 10*

Energy [eV]

Fig. 6. Fractional rms as a function of observed energy, for the
RXTE and KVA data from this campaign. Also a EUVE mea-
surement is shown as an open circle, from a MWL campaign
on Mkn 421 (Takahashi et al. 2000) in 1998. The data are well
described by a power law with a slope oc E'/4.

Fun Fact : this was one of the first
discussion | had with Berrie

VHE y-ray emission of PKS 2155-304: spectral and
temporal variability HESS Collaboration

-

Fractional rm.s. F

07"

02 0304 1 2 3 45
Energy E (TeV)

Fig.9. Fractional rm.s. F,,, versus energy for the observation

period MJD 53944-53947. The points are the mean value of the

energy in the range represented by the horizontal bars. The line

is the result of a power law fit where the errors on Fy, and
on the mean energy are taken into account, yielding F.(E) o«

EO. 19£0.01

Can this be extended to other energy ranges?

Astroparticle Symposium 2025
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cUAPP

10710 4

E?dN/JE [erg em™ 571)
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Optical range (Smarts, ATOM, etc..):
monitoring, temporal gaps (Earth rotation), sensitivity

SED and Variability
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Time-Averaged flux Variability
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cUAPP

SED and Variability

Rayons X(Swift-XRT, Nustar, etc):
Almost no monitoring, large gaps, good sensitivity

Time-Averaged flux

Mrk 421
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SED and Variability

cUAPP

High-energy (Fermi-LAT):
high duty-cycle , monitoring, no gap

Time-Averaged flux Variability
, Mrk 421
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cUAPP

SED and Variability

Very high-energy (H.E.S.S., MAGIC, Veritas):
low « duty-cycle », almost no monitoring, large gaps

Time-Averaged flux
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(LAPP PKS 2155-304

Variability energy Distribution: VED

Bimodal structure : Interpretation as a close link

optical — GeV
X-ray - TeV
5 4 SMARTS
b 4 X-ray ——
4 Fermi
4 H.E.S.S. (this thesis)
101 & H.ES.S. (published)
J. Chevalier, PhD
o H.E.S.S.
_ 0.8 o
& o
o
0.6} ——
Fermi-LAT
X-ray
+
0.4 o0 |
SMARTS
0.2 .
6 -4 -2 0 2 4 6
log Energy (MeV)
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CUAPP

AGN variability: Quasi-Periodicity

Astroparticle Symposium 2025 David Sanchez, LAPP, Annecy
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cCAPP (quasi-) Periodicity

PG 1553+113 First detection in Gamma-Ray (Fermi-LAT)
* Triggers a lot of work
* Notyetin TeV

Can we even see Periodicity in Tev?

Possible explanations
« Jet precession
* Accretion disk processes
* Interaction with another compact object

Astroparticle Symposium 2025 David Sanchez, LAPP, Annecy 20



(LAPP (quasi-) Periodicity

PENDULUM

PKS 2155-304 ~1.7 years znangetal, 2017

= G 3C 66A ~1.0—1.5 years raiterietal, 2023
C 9

./ PG 1553+113 ~2.2 Years Ackermann et al.,, 2015
k’/

s")

s 2017 20122013 2014 OJ 287 ~12 years vaionen et al, 2016
; 3’ { \ }»{ - BL Lacertae ~1.2—1.5 years sandieliot al, 2016
A M M W p | w | PKS 0537-441 ~0.7—1.0 years rroorov & uorsghan, 2017
| W I W I u" (! & AC +21.35 ~1.0 YEars ransiaeta, 022

55000 55500 56000 56500
Time (MJD)

PKS 2155-304
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cUAPP

AGN variability: PSD

Astroparticle Symposium 2025

David Sanchez, LAPP, Annecy
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CUAPP

Power Spectral Density (PSD)

PSD(v) = v "

A broken power-law PSD => characteristic timescale (tb)

Long time scale (>1d), HE and VHE data shows a

B = 1 for pink or flicker noise

PSD A

log P(v)
For PKS 2155-204

— Red noise during the 2026 outburst
— Pink on longer time scale

fi' =100

Mg, 0.01
10M., Mgaq

Break linked to accretion
McHardy et al. (2006), radio-quiet Seyfert AGNs

log frequency v
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c UAPP What can we probe with Variability

High variability in Gamma-ray
« But difficult observations

Astrophysical interests:
« Non-thermal Universe : High energy particles
» Acceleration process (shock, reconnection)
« Cosmic rays ? Neutrino emission ?

Cosmological interests:
« Extragalactic background (EBL), LiV

Astroparticle Symposium 2025 David Sanchez, LAPP, Annecy 24



< LAPP Observation in TeV range

High variability in Gamma-ray
 But difficult observations
Observations can be prevented by :
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CUAPP

Cherenkov Telescope Array (CTA)

David Sanchez, LAPP, Annecy
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cUAPP

Three types of telescopes

Medium-Sized
Telescope
(MST)

Small-Sized Telescope
(SST)

Large-Sized Telescope
(LST)

SST MST LST
Effective mirror area 8m? 88 m? 370 m?
Energy range 1 TeV - 300 TeV 80 GeV - 50 TeV 20 GeV -3 TeV
Exclusive energy range 5 TeV - 300 TeV 150 GeV - 5 TeV 20 GeV - 150 GeV
#Telescopes North 0 9 B
#Telescopes South 37 (*+5) 14 0 (*+2)
Photo-sensors SiPM PMT PMT

* LST funded with Italian PNNR

David Sanchez, LAPP, Annecy
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cUAPP

- North :
:xm:.; 34" South ° MST and LST
e LST already in construction

Longitude: 70° 18° 58.84" West

~3km?

#0a covered by the
array of telescopes

/)

w/

" |

~—d o ~0.25km?
oo
South :
* 3 types of telescopes Uit 25" 6 62.700 bars

Longitude: 177 53' 31.218" West

e Better view of the inner regions of the Galaxy

North and South sites

David Sanchez, LAPP, Annecy
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cUAPP

Finally approved January 7th 2025

New ERIC Council and committees;

Increased funding,

Solidify agreements with host
countries

International recognition and visibility

Accept telescopes

Astroparticle Symposium 2025

15t ERIC Council Meeting

David Sanchez, LAPP, Annecy

CTAO
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cUAPP

North site

Spain

LEGEND
Large-Sized Telescope (LST) .

Medium-Sized Telescope (MST) .

CTAQ Operations Building &
Other Calibration Devices

Located at Observatorio Sl Phckomets R

Roque de los Muchachos (ORM), g wi

Gradient e

* 4 LSTs+ 9 MSTs i
Astroparticle Symposium 2025 David Sanchez, LAPP, Annecy 30




(L)APP North site

LEGEND

Medium-Sized Telescope (MST) .

Large-Sized Telescope (LST)

CTAO Operations Building & .
Other Calibration Devices

WeatherSttion . 4 LST to be finished
Stellar Photometer neXt year

A
Raman LIDAR .

Road —
Gradient —
MAGIC Telescopes

External Facilities

Astroparticle Symposium 2025 David Sanchez, LAPP, Annecy 31



South site

Located at Atacama Desert, Chile
* 14 MSTs +

Astroparticle Symposium 2025

-] ° : ° °
® .. ©
Ale
o |
(¢ ® '+ O (@]
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a
|
|
@] ' @
(] ® ©
|
|
|
LEGEND
Medium-Sized Telescope (MST) ’ Weather Station
Small-Sized Telescope (SST) ° Stellar Photometer
Large-Sized Telescope (LST) Raman LIDAR
Foundation
Other Calibration Devices
SST Foundation

David Sanchez, LAPP, Annecy
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(t)APP South site

Road under construction

Announcement

Contract signed for construction of CTAO-South
roads and telescope foundations

3 July 2025

Exploring
theUniverse
atthg Highest,

Engrgies

Astroparticle Symposium 2025 David Sanchez, LAPP, Annecy 33



cUAPP

Sensitivity
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cUAPP

CTAO variability program

Long term variability
* Monitoring of AGNs

Short term variability
 Reply to Alert
 Real Time Analysis

What can we do :
 Explore duty cycle
« Periodicity studies

 PSD
o LiV
 FEtc...

Astroparticle Symposium 2025

David Sanchez, LAPP, Annecy
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CUAPP

Short time scales

Astroparticle Symposium 2025

David Sanchez, LAPP, Annecy
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cUAPP

Short term variability

Important constrains on:
* Doppler factor

« Particle acceleration, cooling processes

Preparatory work:
 How many flares

Flares definition (Fy = 5.10e-7cm-2s-1)

*845 in FSRQs (~70 per year)
*369 in BL Lacs (~30 per year)

~100 flares per year.

During the day :
 How to be alerted?
« Selection of Alert?
« Continue or stop observation

J.Otero &J. Becerra

Astroparticle Symposium 2025

David Sanchez, LAPP, Annecy
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(LAPP Now you triggered observation...

Send a ToO to observe an alert

NIGHT

At night, you produce
more melatonin so you
feel sleepy.

What can you see?

Astroparticle Symposium 2025 David Sanchez, LAPP, Annecy 39



(LAPP Mrk 421 Simulation

6210 Gammapy simulations of

H * light-curve and spectra
] ¢H #Q «— Different bin width / based on theoritical model
— R
df: - ) T
w 3 + *
2 t t
mg ol ¢ t 4\ Include realistic
it ++ Pretty good M | observing conditions,
agreement "~ Py i.e. visibility and tracking
0 — v . T ‘L -
Preliminary
4
. E - =+ mean residuals : 1.80e-02, st;ndard deviation : 8.41e-02 | o —?g
é% 0.01 +,{#+,+9W*N+‘>++“++ +'H'++ | . .
$E _ .| | Short time scale
§ -1.0 v - - - - v - .
0.13 0.14 0.15 odl:te [MJ([))]U 0.18 0.19 +60(;:50 CTA a”OW FIUX tO be
reconstructed with a PL
Reconstructed flux between 30 GeV - 30 TeV fit EBL absorbed

G. Grolleron, Gamma 2024
G. Grolleron, PhD Thesis
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(LAPP Mrk 421 Simulation

¢ X101 Short time scale
’ gt hﬂ «— Different bin width CTA allow Flux to be
o 1 reconstructed with a PL
# i fit EBL absorbed
w 3 + ¢
2k 1 f -
E 21 t + - 12
:_.3 t Pretty good +, . ﬁ
1 t agreement “{3‘ # b .
of Preliminary F=t X r —— g
k. - Preliminary|y £
g i s .0 g
g =+ mean residuals : 1.80e-02, standard deviation : 8.41e-02 3 4 * °6§
we 05 : ¥
T t - % ) N
TR AT R ] PP o.
€ o5 e
3 02
B o1@ o015 o016 o017 o018 019 020 o] T BN
— [M]D] +60705 15 2'0 2'5 3'0 3'5 4'0 4‘5 0

r

Reconstructed flux between 30 GeV - 30 TeV

6. Grolleron. Gamma 2024 Sensitivity also spectral fit

G. Grolleron, PhD Thesis
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(LAPP CTAQO'’s Science Alert Generation (SAG)

How to react to a Flare during the night or the day after?

(1) Handling telescope trigger rates of tens of kHz;

(2) Being capable of issuing candidate science alerts with
a maximum latency of 20s after the data becomes
available.

Science Alert Generation
Candidate

SAG-RECO science alerts Transients
- »
(DLO->DL3) » SAG-SCI Handler

Data Quality veto on
candidate science alerts
4 e

SAG-DQ | :
OLoW > Dpa —> DQHMI <+ Operator

y Results -
Abnormal Conditions - i
A 4 A 4 Y

NIGHT Alarm Monitoring Other ACADA Support
At night, you produce SMQm SYs'Qm sub.sym Astronomer

more melaton n 5O you

.

feel deepy.
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(LAPP Real time analysis of LST-1

LST-1 RTA is a SAGE-Reco prototype

® Aim s to provide real time feedback on the telescope observation (for transient
and variable source observations)
— DLO/R1/RO (1855 pixels raw data) -> DL3 (gamma-like, energy, direction)
— Current performances with the LST

1500
input stream ~3 GB/s .. Excessmap

output data ~20 kB/s
current speed ~0.75 GB/s/CPU
DL3 available in ~50 secs

+400
24° 4

t 300

N
N
2

200

Declination

N
o
©

100

18° L. : - : ~ -
5"48™ 42™  36™ 30™ 24™ 18 O

Right Ascension
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Weeks, Months, Years time scales

Astroparticle Symposium 2025

David Sanchez, LAPP, Annecy
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cUAPP

Key science project of CTA :

Long-term monitoring program of AGN

1500 hours of data to be taken during 10 years

Weekly observation of sources during the visibility period

Science -
with the \

Cherenkov

Telescope -
Array = = .

CTA consortium 2019

Astroparticle Symposium 2025 David Sanchez, LAPP, Annecy
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(L APP Power Spectrum Density

Power Spectrum Density (PSD) ! on| r = e
fO”OWS : : os -l | I archival IACT flux pod
g o ‘
* red noise “ | P | ®
* red noise + pink noise after break g AW NLES DN
ﬁih*****“”“* %
E e s n ” 1alp]M|D * e ! o (...-,.l..:;"vl . "
Aim is to reconstruct PSD indices and
Lrn BLLac (CTA North)
breaks ol
N;;l 100 ~
20 years of data simulated = | | TN
SRk
— ') ‘T i i1
o 14
o 1
o
m
. >
Good reconstruction of PL PSD o 01
Break is investigated S 0.01
G. Grolleron, Gamma 2024 =) 0.001 0.01
G. Grolleron, PhD Thesis a ' |

Frequency [1/d]
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Search of periodicity at TeV energies

Astroparticle Symposium 2025

David Sanchez, LAPP, Annecy
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Ct)APP Prediction with CTAO

i e | ! Fermi LAT light curve
3 | | can be extrapolated
.

. .‘o-ll
« |- \
, Preliminary - |
l ! LSP periodogram :
' , ' _ detected period : 2.13 yr ﬂ
e = 1.00€-06
5 o T N ' ! 014 oudse 01 ‘
.:_;. ’ !l 1] P ‘.l. ' ' '
!?'," v ! b . ,'o'{!.u\' N 0.12
. i . ' N L) . .
A T S . Preliminary
J 21 ’ .; ¥ s .a ‘ LI ‘ 0'. ‘l' oS ‘. .‘& 'a‘ 8 0.10
' ’2 y . ® FLE c
:,‘..‘.t &n‘.(a'.'_\\‘,:: YL g
1 '. ' :': ' " ' s "‘ ' \ ., 30.08
. ' [}
g
% 0.06
* L g
LTI YT Y on
+ mean residusls | 210003, standard deviation 4)1902
sooo W srooo moo nooo eoooo 0.02
date [MJD)
0.00
15 years of observation ' Period yr]

G. Grolleron, Gamma 2024

30 min / week G. Grolleron, PhD Thesis
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Ct)APP Prediction with CTAO

But

SMARTS Fvar vs E for PKS 2155-304

X-ray
Fermi
H.E.S.S. (this thesis)
H.E.S.S. (published)

12

10

*4e 4

LSP power
¥
AP power

« % X 8 & ¥ R 5

Variability studies and modeling of the blazar PKS 2155-304 in the light of a 't
decade of multi-wavelength observations J. Chevalier et al.

-
og Teme (dayy)
Figure 0. LEF of the wamduted hght curves wih & persaduty of 800 duys ipvted i See Dugpler faotr for the aptunl B, Xouy, Form LAY st HESS
Bands (from wop w ot |
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The first telescope of CTAO

Astroparticle Symposium 2025

David Sanchez, LAPP, Annecy

50



The first CTAO telescope : LST-1

Astroparticle Symposium 2025 David Sanchez, LAPP, Annecy




(LAPP LST-1 : structure

PMT
camera

Tension
Access
Tower
Support
Structure
';\\_5‘._«_. e .
AV
> _ J‘s.tu:!f\}\u‘._ 3 Telescope
‘ e Structure
Mirrors
Drive
System
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([)APP Laplama Island

Beautiful landscape and more...

But..

Roque de los
Muchachos

Mercadillo
Puntagorda

Astroparticle Symposium 2025 David Sanchez, LAPP, Annecy 53



Volcano eruption

Roque de los
Muchachos

“Santa Cruz H X
-~ - 5
de la Palma ind ¥

19/09/21 Volcano Cubre Viela

Stop operation for ~ 6 month

10 October 2021
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lce Strom

Storm during LST-1 construction

Central
pin

= 7,
AL e |
YO SN e

F "y R, —ade N
— | Feraarn
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(LZ\PP Crab paper

Crab Nebula is our standard candle

S (ST1 Grodependent Roughly 1.5x less sensitive than MAGIC
e rans e Stereoscopic Telescopes

“45 LST-1 (src-dependent) - without 5% background
was |ST-1 (src-independent) - without 5% background

; 1024 MAGIC (Stereo) [Aleksic et al. 2016)
e 1 ) Consistent with single telescope performance vs
z EiEE’.;.-.. Stereoscopic system
"g 104
g '
[ ] _10 i T
£ | 10 .f“""FL
ary — — IS § LST-1 (this work)
. oy —— Log-parabola fit (LST-1)
Energy [TeV] 3'9'% 1011 4 Stat. uncertainty (LST-1)
@ +1% background systematics test (LST-1)
Measure Crab Nebula down to 30 GeV {7 Spataiaty from sl
-+« Log-parabola joint fit (Fermi-LAT and LST-1)
1 === MAGIC (Aleksi¢ et al. 2015)
Systematics from background begin to dominate | | * remiAT (ekewa etal 2020
below 50 GeV oo e e e
w3 11
_gg 0: 0’...'....-...-....0'*
Abe, H., et al,: ApJ, 956:80 (2023) €5 1] S
103 10-2 10! 10° 10!
E [TeV]
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LST-1 ToO program

Astroparticle Symposium 2025

David Sanchez, LAPP, Annecy
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(UA\PP Target of opportunities: FlaapLUC

FLaapLUC: a pipeline for the generation of prompt alerts on transient Fermi-
LAT y-ray sources https://arxiv.org/abs/1709.04065

[ Fermi data repo }—>£ FlaapLUC }
Data (FT1 and FT2)

Aperture Photometry

LCs

yes Threshold reach ?

{ Enrico soft+ST

No : see you
tomorrow!
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Cnergy (MeV)

cUAPP

Target of opportunities: HE Search

« Blind search (>10 GeV, |b|>10)

» then perform quick Fermi analysis

Analysis is made every 2 hours using weekly data

» Search for >2 HE photons (>7 GeV) within 2 days from all 4LAC sources

dFGL JO%21.2+41637 (2024 1026

i : o}
4FGL_JO521.2+1637 (3C 138) [CSS, LSP), 2=0.76 4AFGL J0521.2+1637 (3C 138) [CSS, LSP), 2=0.76 H H f
from 2024/10/24 06:48:56 to 2024/10/26 06:48:56, [E>7 GeV) index=1.99 +/- 0.19 5 1 H - 3 ;,
MJD=60607.72 (2024/10/24 17:17:33), 10.4 GeV, BACK, at 0.13 deg ) i % F ¢
M|D=60608.58 (2024/10/25 13:49:27), 8.0 GeV, FRONT, at 0.18 deg 0 1 50| __ mwn : L § wl
le-3 ; e ' i
v r = . rget ) ¥ -
. on ”» ! : -
: . ° % T B A B L] - u,

---------------------- Ry PR " : . i : I .

[ ] PY ! 12 & & —T— 3416 143027 23041037 2004382
o ® e T G o e ate
' o o o ‘ 'E 10 % ; 301 T \ — T T -
. o0 9 bt [ 08 £ ¥ \ R i b F
10 %... . ® e o R § © \ i 3 $ o
1 H 06 2 B | — eBL sbsorved 5 5 ; 0
u o4 b w10 100%, 10% Crab % A e MeA ¢ 5 d
o ‘ £ B woL 0821241097 =% v | . 3 ! 3 vl
o’ . o:é 3 @GLORS S ! $ ! i 3 »}
w0’ . $ ¢ ¢ ! - - 107" b e 5 w®
60580 «058sS 60%90 6059 60600 S060% 60610 10 ' 13: 10 w 10 N : l 3
o £ (Gev) % 08
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LST-1 ToO Results

Astroparticle Symposium 2025

David Sanchez, LAPP, Annecy
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cUAPP

'-..4:;;:' . .'_ .' ) ., : _;.
d Y r cerptus v .
BL Lac: IBL, z= 0.069 o s
.50 ‘. . '~‘_- cassiopeia 1.t NN e : af v
Variable in the HE range N I e R |
) s - ] gy . .. ) . ) e
» oy . - ) . w
', PEGASUS @ .' "
o oo RLYSKY]
le-6 Fermi/LAT light curve (weekly)
> S S -
(T} (T -
s 4 = 2 S ) § 5
s 8 S 8 g g lin :
8 ~N o~ ~N ~ -~ ’; W
oR A A A O O 9 £
S5 31 ~ > = Q C] e
-~ g (U] O ¥ < < 8 ol
- n n © - ; ,|ﬁ :
c 7 N -
-~ C 2 — o ~— | ﬁ* o
x S = oy 0 FHH P
e 2 < g 2 ‘,‘ﬂ é K
c 2 4 < = e / ‘x
§ 1 o T > i1 22 J ¢
k. | *
Q
"
0 1
2009 2011 2013 2015 2017 2019 2021 2023
07-01 07-01 07-01 07-01 07-01 07-01 07-01 07-01

=> Two major flares in 2021 and 2022, brightest emission ever observed from BL Lac in VHE.
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c UAPP Target of opportunities
First ATel by LST/CTAO

[ | Next | BEH] )

Detection of very-high-energy gamma-ray emission

from BL Lac with the LST-1 i ks 2 “‘f. TR

ATel #14783; ' Cortina for the CTA LST

on 13 Jul 2021; 21:03 UT
Credential Certification: Juan Cortina (Juan.Cortina@ciemat.es)

e Spectrum observed > 25GeV
e August 9, about 3-5 Crab
Unit at 30-100 GeV

e Very fast variability (<5min)

Subjects: TeV, VHE, Request for Observations, AGN, Blazar, Transient

Referred to by ATel #:

2021 flare (adapted from S. Nozaki’s presentation at ICRC2023)

Aug 9, 2021 Intranight LC on 9 August, 5 min fast variability
le-9
. 2.00 Crab (MAGIC, Aleksic et al. 2015)
10774 + run-wise
* 1.75 1 5-min
j \ Preliminary P L 50 | Preliminary t
" e -
— 10 'Q-\ ) = -* :
O .";-. . 1.25 !
o PV X
9, % , 21.00 *
3k observed spectrum N - *
W o10-1 . ‘t? 3 0.75 1
» e ™~ T

LST (observed, LHFit) T» { I 0.50 LS

LST (EBL de-absorbed, LHFit) ¢ N

Crab (MAGIC, Aleksic et al. 2015 \ 0.25 | 1 hour

10 ‘1”0‘ 5 i i * S -20 0 20 40 60 80 100 120
MJD (+59435) [minutes)
E[TeV)

David Sanchez, LAPP, Annecy



(L)APP Target of opportunities

le-t . FermULAT I_-?nt curve_(‘mkly)
The first ToO triggered with § 3 —r
FlaapLuC was on BL Lac 351
252! 2 < E
5 -

° -
(1

¥

-4

BLLAC, 4FGL J2202.7+4216 (2=0.069)

loa 16
- . . ® ST
s 5.00 - Prellmlnary — Light curve model
~ === Crab (MAGIC)
£ 2.0 1
o o= 2022 flare
£ 4.00 - Oct 15 Tm
‘-; J 20 21 Yo~ 18
. Eo'« 27
X 3.00 4 I 1 1 =9
— % X
> 17 # 3=
3 + 181 § 1.0
S 2.00 + I I [ + A
0:\ w
= 1.00 b — pa— w ----- —— — L L e e -
o 40019
‘:’: ....... ’ ............................................................
I S G 0 25 50 75 100 125 150 175
0.00 t (min)
5850 5855 5860 5865 5870 5875 . :
MID-54000.0 CTAO-LST project (in prep.)

Similar flux as in 2021, intra-night variability
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(LAPP OP 313, Story of a discovery

Quasar OP 313

« Flat-spectrum radio quasar . ................. e — :
(FSRQ) - 1
* Not detected at VHE before % 40f 3
*Only 9 VHE FSRQs were known 5
-z = 0.9973 (Schneider et al., 5 aof
2010) o |
« Strong attenuation at VHE *S 20
(>100 GeV) due to EBL - Optical spectrum from SDSS ** |
 Possible internal absorption of L

. s s Wavelength (Angstroms)
its gamma-ray emission
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OP 313 Discovery

cUAPP

FlaapLuC aperture photometry Lightcurve of OP 313

Source was active before BUT during Moon break

Time (MJD)
60200 0220 0240 0260 0280 0300 320

-+ LAT data
-+ bayesian blocks

1.5 1

full Moon

LST ToO

1.0 1

0.5 1

Flux (photon cm™2 s71) [x107°]

716 7.18 720 722 724 7.26
Time (s) le8
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CUCAPP OP 313 Discovery

First detection of VHE gamma-ray emission f FSRQ !_

OP 313 with LST-1

ATel 16381
 ATel
e on 15 Dec 2023; 1431 UT

Credential Certiication: Juan Corina (Juan. Cortine @ cemat es)

* Large press coverage Ottucn: Qamm a 00V, ¥, VI, Aot for Obearvatons, AGK, Bz, e

Post

» Several presentations at e L S g (157 L o s e e ey e P

Spectru= Aadio ¢ (PSACH OF 313 (20 097, Schneider ot of. 2010, AJ, 129, 2360
d ’ff f srce Novermber 2023 -rg Te anncunc e NCBd GaTMa-<wy emEmsOn By
I ere nt Con erences Formi-LAT (ATl # | and seversl cptical tacktes (ATel # ) i sarty Decamber, the
Feemi-LAT aemission of OP 31 n ek 3 using the FlasplLUC pipelice
ind Compus 2 ). ™ ng revealed Me
renewed actvty in the hgh
ons with LST-1 wese trigger
clod by LST-1 with a prefminary offine an
14, & was detecied with a signit
abave 100 ¢
comMnue dunng the next few nights and Pereiore mull-wavelongth cbservations are hghly
ercouraged 14 0 ” L 9 Toleacope ‘or the Cherenkoy L LST_l d 't t q A pl d
Tkeecepe Assay Coosweston;, ande : : e elecle un quasar a pius ae
elescope demgn is optirized lor chaarva > e : -4
S T —————— e o 100 Gigaélectronvolts
¥ d Seya Nozak T —— Becherche. Toch

he LST-1 contact persons rewsors are Masahro

LST-1 Discovers the Most PR R S e n—
Distant AGN at Very High
Energies
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OP 313 Discovery

10—10 _g =

w
~ \
- o
2" ~< ¥
.- ] + “y“
w . \
T 1074 Fermi-LAT + LST-1
= 1 £ joint-fit [Observed) —+— :
,;c ] ! joint-fit [EBL-corrected) T
- 10_13 N o Fermi-LAT ““‘

1 & LsT1 P I :

1 @ 4rGLDR4 reliminary

L M LA ] ALY | T T rrrrrrr
101 10° 10! 10?

Energy [GeV]
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Joint LST +

Fermi-LAT and MAGIC + Fermi-LAT

-> thanks to Gammapy and use work from
Nievas Rosillo, M et al. 2025

Upper limi

ts on EBL (Saldana-Lopez +21)
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10_13 © Fermi-LAT . . -0
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{1 ® 4rGL-DR4

—rrrer S— S— —
101 10° 10! 10?2
Energy [GeV]
EBLatz=0

EBL Intensity, Aly [n"W m~2 sr})

MAGIC + Fermi-LAT 2019 (y ray)
VERITAS 2019 (y ray)

w— This work, stat-only
amme This work, w/syst
A Koushan et al. 2021 (IGL)

B HESS 2017 (yray)
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cUAPP

OP 3

13 Discovery

Photon Flux ( 0.1-100 GeVphem?s')

This is not the end.

The source was very active and we called it “Never ending ToO”

Discovery
4.00e-6 —
-
3.00e-6 |
2.00e-6 |
g
v |3t
: 3%
1.00e-6 | ‘ ‘a
Y3, %8¢
o: 0&:. " "0
A
Nad : " é s El'lmw Lo é‘
0.00e+0
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 20
Date (UTC)
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LiV studies with LST-1

Astroparticle Symposium 2025

David Sanchez, LAPP, Annecy
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([)A\PP LiV With BL Lac Flare

o0 E n
E? = p?c? E? =p?c* x |1+ ( )
p p ; Foo.
At
E; —» | _
I

Flux (cm?2.Tev-1.s71)
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(LAPP LiV With BL Lac Flare

| | ] A0S §

Detection of very-high-energy gamma-ray emission
from BL Lac with the LST-1

ATel #14783;

on 13 Jul 2021; 21:03 UT
Credential Certification: Juan Cortina (Juan.Cortina @ciemat.es)

Subjects: TeV, VHE, Request for Observations, AGN, Blazar, Transient

Intranight LC on 9 August, 5 min fast variability 19 [P1anc
le-9 10 1 I
2.00 | Crab (MAGIC, Aleksi¢ et al. 2015) S ' GRB 190114C,MAGIC
# run-wise . IPKS 2155-304,H.E.5.5.
1.75 4 S5%min g 1
- — 18
- . 1 ,MAGI
“ 1501 Preliminary t S 10 5 crab.MAGIC I
= vt W Mrk501,MAGIC
S 125 - Mrk50®.H.ES.S, PG 1553+113,H.E.S.5.
> | o PKS2155-304, H.E.S.S., Ugo Pensec (LPNHE
e & crab,VERITAS
2 1.00 Y ‘= 10174 S T 16~ 17
' 4 £ I Eoe > 3.8 x 107GeV
5 075 - <
e g T 3 E BL Lac, 3 nights combined
0.50 { L4 g
! 1 hour — 10164
— ' ; ‘ - : { |vela,H.ES.S
-20 0 20 40 60 80 100 120 ] {Vea.RES.S.
MID (+59435) [minutes)

-+

00 01 02 03 04 05
Redshift z

No LiV detection but UL on QG energy scale

Cyand Plard (PhD, LAPP) Bolmont et al., 2022
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An Array of LSTs

Astroparticle Symposium 2025

David Sanchez, LAPP, Annecy
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LST construction

Jun 2016
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LST 2-4 construction

Oct 2018
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LST 2-4 construction

Dec 2021

C e21220

METEO 1 S=LAD
P,
, IS _
_ 1 . METEQ 2
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LST 2-4 construction

David Sanchez, LAPP, Annecy




(UAPP LST 2-4

Camera #10 — LST-4 Construction Sites Camera #4 — LST-3C tion Site

2023-10-18 08:39:18

18/10/2023

Camera #13 — LST-2 Construction Sites
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30/10/2025 2025-10-30 14:26:00
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How to build a LST?

Astroparticle Symposium 2025
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([)APP Dish lifting

! vAYE N N

LYY v

ANVE 5~ A PSS

e

Dish of LST 4 lifted 03 May 2024
LST 3: 13 June 2024
LST2 : 12 August 2024
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CSS Lifting
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CSS installation

e
© Cyril F ',/ SILLON / LAPP / CNRS Ima




< LAPP CSS lifting

a—

f."'.'(g)‘LST collaboiétion © LST collaboration

~ Half a day to lift it and release the crane

LST 4 and LST 3 CSS installed in 2024
LST 2 CSS in 2025
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(L)APP Current Status

4 structures Ready :

« Arch have been installed
* Drive test LST4 finished
« Camera LST4 installed

David Sanchez, LAPP, Annecy 85



This is not the end

>-'., -
o

N

=¥
=

vt . -
el T
\'.!k.‘;"q,

- 7. o LsFcollaborafion
e Cabling ! <~
* Mirror facets installation
* Drive tests

* (Camera installation

e Auxilliary devices
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cUAPP

A new toy

Concepteur : Eric Pilhan

https://ericpilhan.fr/

Financement :
ENIGMASS+LAPP

David Sanchez, LAPP, Annecy
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https://ericpilhan.fr/

< LUAPP

TFLQHQS yOMfOT yOUT attention

© Cyril FRESILLON / LAPP / CNRS Images.



