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About me - where | come from
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About me - Previous studies

= = = Ph.D. @ University of Udine
. . N N %V‘ Idst 7%
e e High energy astrophysics
) 10 i = |with the MAGIC telescopes
Bar h/L\ | B
Master's degree in Trieste
g =R ~ ) | from Theoretical physics
[227]

Lido de Jesolo

to high energy
astrophysics
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Catching high energy photons

Limits of leptonic acceleration?
1 PeV cosmic ray could emit 100 TeV photons...

Satellites and
work here here?...

Energy Flux
E2 dN/dE

X-rays y-rays

Energy KeV GeV TeV



Catching high energy photons

1 PeV CR could emit 100 TeV photons!

each decade In

X
S ener
=5 gy
~
> Z
on 5 necessary area
LN 100x bigger
Ll
to get same
counts in same
; X-rays y-rays :
Energy time

KeV GeV TeV

Not possible to take a football field in orbit....
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Catching high energy photons

1 PeV CR could emit 100 TeV photons!

Satellites ACTS

X

=l

L o

> "TONR

on 5 Yec: \
uc.l L Inverse- around here

Compton

X-rays y-rays

Energy KeV GeV TeV

Not possible to take a football field in orbit....
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From models to eV emission
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Code development for SSC emission
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What are we looking for??
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What are we looking for?

? Pair-Production
—
et e~

«Bremsstrahlung

S )
S a

N A <Pair-Production
e” /%Y YS % e
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What are we looking for”

Primary y-ray

Pair-Production

«Bremsstrahlung

«Pair-Production
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What are we looking for”

Primary y-ray
Pair-Production
/

«Bremsstrahlung

«Pair-Production

L

Cherenkov light

same effect but in atmosphere!
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Imaging Cherenko Primary y

tmospheric technique (IACT)

Electromagnetic cascade

13



Stereoscopy with IACTs

o ot o

~10 km

More telescopes

| better angular resolution
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The MAGIC telescopes

e 2x 17 mIACTs @ La Palma

(Canary Islands, Spain) e ~50GeVto5h0 TeV,
e auxiliary instruments to monitor * 064 tons

the atmosphere (LIDAR, all-sky

camera, etc) * 360°in ~26 sec
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Ph.D. (1) - Very Large Zenith Angle observations

Extend energy range for e.g Pevatron studies

600

Longer showers 500

wider light pools

400

300

Trigger rate ( Hz )

200

100

L l 1 L L 1 I 1 L 1 l.l .l 1 1 l l 1 l]l I 1 L 1 l.]“l‘l‘l .].l;l 1 1

o

oIIII|IIII|IIII|[III|IIII|IIII|I

10 20 30 050 60 70 80
Zenith angle (deg)

mixing of all
observing
Event rate killed conditions
by increasing
amount of —
atmosphere!
Very dirty data
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Crab Nebula as a reference source

INFRARED VISIBLE LIGHT

ULTRAVIOLET GAMMA RAYS




Ph.D. (1) - Very Large Zenith Angle observations

e 100 TeV in ~50h
+ + vs hundreds days!
o
? 107 S ot ~ collection area doubled
.\ 2
2 MAGIC 8 |
5 | . . Currently under
. e review @ A&A
o 1012 0 0
21077 +
e F41
w
°
10~134 Taken from M. Peresano’s talk yesterday
010! 102
Energy [TeV] 100 TeV

from ICRC2019 this summer: we got cited by our competitors
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Ph.D. (2) - 1st likely source of high-energy neutrinos and CRs

T many

other
| - September 22nd 2017: MAGIC 7 facilities
receives neutrino-alert from IceCube Il - MAGIC telescopes follow-up
observatory (neutrino later
measured to be ~300TeV)
400 GeV y-rays +
neutrino emission
Lt CR acceleration

lll - September 26th 2017

sitel

blazar TXS0506+056 flaring GeV
energies within lceCube error
region.
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Ph.D. (2) - 1st likely source of high-energy neutrinos and CRs

original GCN Notice Fri 22 Sep 17 20:55:13 UT — 10
6.6° m refined best-fit direction IC170922A 6.6°
"l = IC170922A 50% - area: 0.15 square degrees 19 '
m— |C170922A 90% - area: 0.97 square degrees 8
6.2° Q 6.2° ©
17z Q
. 2 c e
2 6 5 S g
T 5.8° - 3 T 5.8° L
c ‘9 5 = c
- = [(®))
o TXS 0506+056 = O >
3 43 8 O
5.4° IS 5.4° 0
3 g >
W =
2
- PKS osoz+o4@ 1 >0 PKS osoz+o4§
0 MAGIC PSF
4.6° 4.6°
78.4° 78.0° 77.6° 77.2° 76.8° 76.4° 78.4° 78.0° 77.6° 77.2° 76.8° 76 .4°
Right Ascension Right Ascension

Skymaps using data of lceCube and Fermi-LAT (left) and with MAGIC (right) from
Science 361, eaat1378 (2018)
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Ph.D. (2) - Identitication of the first likely source ot high-energy
neutrinos and cosmic rays

log(Frequency [Hz])
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Spectral energy distribution of quiescent (grey) and active (colored by istrument)
states (S. Ansoldi et al 2018 ApJL 863 L10)
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The Cherenkov Telescope Array (CTA): sites

Southern site - Paranal
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The Cherenkov Telescope Array (CTA): sizes

LST MST SST
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The Cherenkov Telescope Array (CTA) : arrays

T

I I I I I 1 I
- Northern Hemisphere {|Southern Hemisphere
a
[ o O
p = i = -
/ = MST 4
o o) © o O e}
3 "0 0 ©
o O ° @)
- MST3 LST4 n
o\ — ° cecec o
1ST2 . - = O - @) O - O
.\l?T 8 b .\L\(J(:-;‘“bﬂ' ’ O O O O O
o
. ~ -
o 587 MST 11 o
o)
) (o]
MST 13 o
MST 14 Circle m

4 L.STs + 19 MSTs 4 | STs + 25 MSTs + 70 SSTs
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CTA: why a new facility?

Everything!

Extragalactic better Cosmic Ray
sources sensitivity studies

lower greater
minimum maximum
. ener ener
Transients JY JY

faster bigger field
movement of view

speed

Surveys

Cosmology better better
and energy angular
fundamental Ut resolution
physics (e.g. Morphology

dark matter) studies
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The Cherenkov Telescope Array (CTA): estimated sensitivity

| | | \I I | i 1T LTl | | | I T T 11 | | 1T 1T 111 | |
107" \ \ :
2 - = <K =K
5 N \ X ] 8
L - \\ N 4 o 4%
g \ AU s g
E 107"% N N M@Cﬁ TS CaQ‘o = §
()] — N\ e o‘ — §)
7 - N vé 12
x _ |z
5 O\ 2 o= O g
™ - Sec. ) ‘)Q -
X Sech O 2
Ny o4-18 o° g
w10 " & © 15
— &V’ _ g

— Differential flux sensitivity 7

B | | 1 1 1 111 | | | 1 1 1 111 | | | 1 1 1 111 | | | ] 1 1 111 | | N

1072 107 1 10 10°

Energy ER (TeV)

Michele Peresano - Postdoc Seminar @ CEA/Irfu/DAp - December 10th, 2019 26



CTA In CEA

Gammapy

Calibrated BN Data processing
data pipeline

Science tools

MST camera
“NectarCam”

Some defined

Science cases
also here

Michele Peresano - Postdoc Seminar @ CEA/Irfu/DAp - December 10th, 2019 27



lmage cleaning

Each image need to be cleaned and parametrized

Parameters quantify shower’'s physical properties
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Particle classification

y-ray event CR event

Machine learning used to train/test images

Random Forest
Deep learning

Michele Peresano - Postdoc Seminar @ CEA/Irfu/DAp - December 10th, 2019
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Direction reconstruction

y-ray event CR event

Cleaning and classification are critical

A mistake could lead to completely wrong sky positions!
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Energy estim

ation

y-ray event C

R event

Different methoc

Look-up tables from Monteca

S

rlo simulations

Machine learning (Adaptive Boost Regression)
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What we want to provide

Reconstructed
direction

Estimated energy Particle type

LS

Selected set of y-rays

Science-case
dependent!

Michele Peresano - Postdoc Seminar @ CEA/Irfu/DAp - December 10th, 2019
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What we want to provide

Selected set of y-rays Instrument Response
Functions

Science-case
dependent aka “the performance”

Michele Peresano - Postdoc Seminar @ CEA/Irfu/DAp - December 10th, 2019
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What we want to provide

Collection Area

Energy Resolution

Selected set of y-rays Instrument Response

Functions

Science-case
dependent

aka “the performance”

Angular Resolution

Sensitivity

Michele Peresano - Postdoc Seminar @ CEA/Irfu/DAp - December 10th, 2019
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| atest news: first ight from ST

Run 1618

30
1.0
9
Q C
20S 0.9
qa Q
c 0.83
Q e
102 5
g 0.78
< V)]
0 0.6
400}
ON data
42 # Reconstructed position
S300 o
> % Crab position
gzo& Time development of the gamma-ray signal in
2 one run (30-min exposure) on the Crab
3100t Nebula on 23 November 2019. (Credit: Rubén
Lopez-Coto, LST Collaboration)
0 10 20 30 20 50 60 70 80 90

a [deg]
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https://www.cta-observatory.org/lst1-detects-first-gamma-ray-signal/

GRB190114A

GRB @ z = 0.4 detected in afterglow phase = new spectral component at VHE

Observed also at In the 1st 30 seconds 100x

brighter than Crab Nebula!

Very Large Zenith Angles!

prompt afterglow
4—#4 >
r‘ T 12 T T LI T T T T Y T T 12 | L T T L] | —_— r
.fﬂ 10_7 = = .U,
" - - o
: | :
p- F10° ¢
& F 4 =
» A MAGIC observed (>300 GeV) ” x
s 107 : B X
T = ; $ . T
% t : t = 10 <
<< e : { = m
= 9 b4 3 ; —
WE 3 23 i
= ] o = i
» B 5 @ = 1
- §  EZ
1010 b= 1 = i i I Y i A ] S A B A T A A~ S A har-
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T-T,[s]

Nature,575,455-458(2019) https://www.nature.com/articles/s41586-819-1758-x
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Backup
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T T

-rom models to leV emission

Inner Structure of an Active Galaxy

F____________+ Shock
0.1 lightyears

10" 102 10" 10" 10" 10®° 10 10* 10%® 10?

Relativistic Jet

Supermassive
Black Hole

Accretion Disk

Opaque brus
(Inner Regions)
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CTA: why a new facility”?

Mean Free Path
. :‘ ) - t 3 )

10 x Sensitivity,

Large Collection
Area

— all topics

Energies down
to 20 GeV

— Cosmology++

Excess [Bin)

8° Field of View
—> surveys,

Adapted from W. Hoffmann - 1st CTA Science Symposium
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CTA will be an observatory

Alerts & ToOs
= /“ Alerts from Other yservatorie
Observation -
Scheduling &
Telescope 20 s Iatency

Control

Proposal
Handling

%al-ﬁme Self Alerts

\ 30 s latency
Real-Time

. —\
Analysis _/

Data
Processing

CTA SYSTEM &
& DATA FLOW

Adapted from W. Hoffmann - 1st CTA Science Symposium
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Other
Observatories

T
Users
(Scientists)

FITS format

Data open
after 1 year
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