Astrofisica Nucleare e Subnucleare
TeV Astrophysics



Exercise #5

 Find the information about the 3 major
currently operating IACT telescopes

* Find information on the “"HESS"” source of
the month

* Visit the web site of CTA
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TeV detectors

The gamma ray spectrum

Cerenkov
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TeV detectors

Cerenkov and Extensive air shower (EAS) gamma ray telescope concepts

Cerenkov

EAS

shower

Optical detector

Particle detectors
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~ 40.000 m”2 ., but no anticoincidence shield !



IACT & EAS experiments

VHE gamma UHE gamma
~ 1 Tev o IOOO TeV

First interaction S

Secondary particles

Cerenkov
light

Photohns

Cerenkov Q
telescope

Particles

s o @ » o Particle
detector
array

e Cherenkov experiments consist

of almost-optical telescopes
devoted to detect Cherenkov
light.

EAS (Extensive Air Shower)
experiments are huge arrays or
carpets of particle detectors.

Cherenkov experiments have
lower energy thresholds, but
also a lower duty-cycle as well
as a smaller field of view.
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Complementary Capabilities

Ground-based Space-based
Parameter ACT EAS Pair
angular ,
resgolution good fair good
duty cycle low high high
area large large small
field of view large & can
small large :
repoint
energy good w/
resolution , smaller
good fair :
systematic
uncertainties

The next generation of ground-based and space-based
facilities are well matched!



EM Air Showers

Air shower development
« Pair production | = IO € —x/A
A = mean free path
= Bremsstrahlung  E=E, € _X/XO
X, = radiation length
In the ultra-relativistic limit A ~ ¥, = 36.5 g/lem? in air
R=YyIn2 = Afteradistance nR:

B, 5 = 2 E., ~ E, /2"



EM Air Showers

The process continues until the electrons energy is E > E

E.= critical energy = 83 MeV inair

Number of particles at the shower maximum: u | Y Camaray
Nmax=2" = E,/E, :
Depth of the maximum:

Npax = ID(E,/E) /In2

Elevation (km)
s

= Xmax=1R=n)In2 =%, In(E;/E)

Example: E‘pr =1TeV

= X ax = 340 g/cm?* ~ 8 Km




CR interactions

Incident
primary
particle

Primary Interaction

Top of Atmosphere

Low energy
nucleonic
component
» (Disintegration
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The importance of MC

CORSIKA (COsmic Ray Slmulations for KAscade) is a program for detailed
simulation of extensive air showers initiated by high energy cosmic ray particles.
Protons, light nuclei up to iron, photons, and many other particles may be treated as
primaries.

The particles are tracked through the atmosphere until they undergo reactions with
the air nuclei or - in the case of instable secondaries - decay.

The hadronic interactions at high energies may be described by six reaction models
alternatively: The VENUS, QGSJET, and DPMJET models are based on the Gribov-
Regge theory, while SIBYLL is a minijet model. HDPM is inspired by findings of the
Dual Parton Model and tries to reproduce relevant kinematical distributions being
measured at colliders. The neXus model extends far above a simple combination of
QGSJET and VENUS routines.

Hadronic interactions at lower energies are described either by the GHEISHA
interaction routines, by a link to FLUKA, or by the UrQMD model.

In particle decays all decay branches down to the 1 % level are taken into account.

For electromagnetic interactions a taylor made version of the shower program EGS4
or the analytical NKG formulas may be used.

Options for the generation of Cherenkov radiation and neutrinos exist.
CORSIKA may be used up to and beyond the highest energies of 100 EeV.
http://www-ik.fzk.de/corsika/



Shower Images




Shower Images




Development of vertical 1-TeV proton and y-ray shower
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TeV detectors
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TeV detectors

Cerenkov
Imaging Technique

vy Shower

Shower Image

‘, The ellipse

points towards
the FOV

Field of view center

Telescope
pointing a
Y source
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Imaging Atmospheric Cherenkov Telescopes

[ Lateral distribution @ 15 degrees | P p———
Gamma- Detection of .
: high-energy ]
garmma rays i
Particle 5

shower ] using Cherenkov 107 |
felescopes

I PP I I (NP [ I
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Impact parameter (m)

The principle:

\ A telescope placed inside the
i \B (huge) Cherenkov light pool
-f\[}_re\s;pﬁcgvnv%rftpgyw_racy:an obtain an image of the
development of the shower
== above the bkg fluctuations
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Observation tecnique

Particle

~10 km
shower 4

A

Detection of TeV gamma
rays

using Cherenkov
telescopes
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Image intensity
=» Shower energy

Image orientation
=» Shower direction

Image shape
=» Primary particle



Better bkgd reduction
Better angular resolution
Better energy resolution
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Hillas parameters
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Imaging Atmospheric
Cherenkov Telescopes
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Typical y shower images simulated
with different energy and
different impact parameter
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The MAGIC Telescope

Major Atmospheric Gamma Imaging Cherenkov telescope

Located at the Roque de los Muchachos on La

Palma, Canary Islands (Spain) at -2200 m as/

"Jﬁt‘:':;? E.’--' S

£
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L3 Palma Largest imaging Cherenkov telescope

- e Py eSLARINGS for yray astronomy

v | el Designed for:

”s_‘ - SRR N : * Low energy threshold Ex=50 GeV
\\::f,“ A o, s A » Fast repositioning in < 30 s
Construction 20012003 NOT

Inauguration 10/10/2003 %N(;:'/KVA

Commissioning 2004 | 7,
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Cycle I 20052006







Key technological elements for MAGIC

high reflective diamond milled aluminum mirrors

Active mirror control
(PSF: 90% of light in
0.1° inner pixel)

=
2-level trigger systém
& 300 MHz FADC system




The trigger architecture

The trigger is split into two stages:

level 1 (L1) and

fast coincidence device (2-5 ns) with
simple patterns (n-next-neighbor

Thellisa

logic) while L2 is slower (50-150 ns) @

but can do a more sophisticated

patter recognition.

Level 1
L1

Level 2
L2

Trigger macro-cell

of 36 pixels for L1
and L2

To FADC

Choose the number of photoelectrons
per pixel you want to use in the trigger

TWO FOLD KINDS (86) THREE FOLD KINDS (51)

@ % Make a tight time
coincidence

on simple pattern
FOUR FOLD KINDS (67) FIVE FOLD KINDS (106)

of compact images
E@ and enable 1.2

Make an advanced pattern recognition

to use topological constraint:

epixel counting in a given region of the detector
*mask hot spots like bright stars

erough center of gravity of the image...etc.....



MAGIC telescopes




MAGIC — I

|

Energy threshold ~50 GeV (~ 25 GeV
with a special trigger)

= FOV 3.5deg
= Energy Resolution ~16% (E>300 GeV)

» Angular Resolution ~0.07deg (E>300
GeV)

Sensitivity (5 0 in 50 hours) ~0.8%
Crab Nebula flux (> 250 GeV)

Michele Doro - From MAGIC to MAGIC stereo - Ricap 2011

[l

Colin, ICRC 2009

Design
Solar power-plant design
17-m diameter

« F/D=1

~500kg camera

» Signal digitization off-telescope
» 64 tons total moving weight
» Fast-movement (GRBs): 20 sec ptp

e e ————
S Elal um"

= Worldwide largest mirror dish.

Lightweight CFRP tubes for structure
Diamond milled light weight all-
aluminum sandwich mirrors

Active mirror control

Low gain hemispherical PMTs with
diffuse lacquer coating
Transmission over 160 m by optical

" 2GHzFADCs

MD, ICAPTT 2008



Improvements

MAGIC — I

Angular resolution
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» Extended sources and morphology now
» Sensitivity improved of 100% over most of

» Better performance specially at low energy
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TeV detectors

Air Shower

Reconstruction of the y direction

with the particles arrival times
extensive air shower

Large field of view: ~ 1 sr

Duty cycle ~ 100%

shower front Gamma-hadrons discrimination:

ground aray LL-poor showers



TeV detectors

Longitudinal development of the electron component of photon initiated shower
( with electron threshold energy of 5 MeV and fluctuations superimposed )

108 | -

Number of electrons _ E= 103 TeV
in the shower

104 — / 102 Tev | —
(= / ’ 10 TleV |
102 / | -

- — 1 1T -

100 - P -
0.1 Te

A L 4 l A 1L I 1 ' 1 I l Il 1 i 1 1 I

0 5 10 15 '\20 25
t(rl)

I6 X0 Yanbajiging



TeV detectors
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TeV detectors

140

120

8/03/15 1R16

TTTIT T

Montecarlo

T R
P simulation
el of a 10 TeV

air shower

38



EAS technique

Charged particles produce Cherenkov photons in water

~1400 times more Cherenkov photons than in air per

unit length track of charged particle
Cherenkov cone 1n water ~41° (in air: less than 1°)

YA

4 c
BN HEE B EEN

8 meters

Y

|< 50 meters >
80 meters »



Wide Angle Telescopes

Tibet AS-y— Air Shower Array
ARGO - Carpet array with RPC
MILAGRO — Water Cherenkov

Advantage: Wide Angle 0.5m~11r
Non-bias observation

Cons: Moderate sensitivity
~5a0/yr1’2 for Crab



Crab : 50 in ~50 days
Mrk 421 flare

Meter

Threshold ~ 0.5 TeV
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ARGO

Area 5.200 m2 (full coverage)
(10.000 m? with guard ring)
Field of view ~ 1 sr

E =50 GeV -50TeV
Location: Tibet 4300m alt.

102 m

17400 Pads 56 by 60 cm? each of Resistive
Plate Chamber (RPC).

Each pad subdivided in pick-up strips 6 cm
S wide for the space pattern inside the pad.
The CLUSTER is made of 12 RPCs Pads




TIBET air shower array

Yangbajing

Lahare

New Delhi

Cal
bay

Our air shower array consists of 697 scintillation
counters which are placed at a lattice with 7.5 m
spacing and 36 scintillation counters which are placed
at a lattice with 15 m spacing. Each counter has a plate
of plastic scintillator, 0.5 m2 in area and 3 cm in
thickness, equipped with a 2-inch-in-diameter
photomultiplier tube (PMT). The time and charge
information of each PMT hit by an air shower event is
recorded to determine its direction and energy. The
detection threshold energy is approximately 3 TeV,
which is the lowest one achieved by an air shower
array in the world.
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MILAGRO

Cherenkov in water,
Arizona

Crab:

~5c in 100 days
Median energy ~20 TeV
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HAWC
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Pico de Orizaba, altitude 4100 m, latitude 18° 59’ N
HAWC Two hours drive from Puebla, four from México City
Site of Large Millimeter Telescope (existing infrastructure)



HAWC
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HAWC

Sensrtivity to Point Sources

e Long integration &«
times lead to E 10" o -
excellent > \’/
sensitivity at = -
highest energies & 10™
(> few TeV) 0
T 10" |acts: 50 he on-source VERITAS e
® 50 sensitivity to: E 115 sources yr ~ HAWC 1yr/5yr
10 Crab in 3 min " EAS:11Syrunring tme | -
1 Crabin 5 hr 107 il e rea,| 001%Crab
0.1 Crab in ¥5 year % LS

¢ Around 15x the sensitivity of Milagro
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HAWC
HAWC

The High-Altitude Water Cherenkov Gamma-Ray Observatory

Latest News

HAWC reveals new look at the very high-energy sky (read more...)

April 18,2016

High Altitude Water Cherenkov

Gamma-Ray Observatory

http://www.hawc-observatory.org

Quick Links:

News

e |Latest news from HAWC

. (D ED

:
TeV Astronomy

e Catalog of TeV Sources

o TeV Review Papers
Milagro Links

e Milagro y-Ray Observatory

50




Large High Altitude Air Shower Observatory ED: 5137, 2
Yangba|ing, 4200m a.s.l., 606g/cm” 60000000 MD: 1161, g::l.\;&?\dcm
% 30m spacing
WFCA: 3x8, 16x 16pixels
130m spacing

SCDA: 5000m” (080m)

WCDA: 4x900
D170ercdm
300m spacing

IACT: 2
100m spacing
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The LHAASO experiment

The Large High Altitude Air Shower Observatory (LHAASO) project is a new generation
all-sky instrument to investigate the ‘cosmic ray connection' through a combined study of
cosmic rays and gamma-rays in the wide energy range 10" -- 1077 V.

The first phase of LHAASO will consist of the following major components:

e 1 km? array (LHAASO-KM2A), including 5635 scintillator detectors, with 15 m spacing, for
electromagnetic particle detection.

e An overlapping 1 km? array of 1221, 36 m? underground water Cherenkov tanks, with 30
m spacing, for muon detection (total sensitive area 40,000 m?).

* A close-packed, surface water Cherenkov detector facility with a total area of 90,000 m?
(LHAASO-WCDA), four times that of HAWC.

e 24 wide field-of-view air Cherenkov (and fluorescence) telescopes (LHAASO-WFCTA).

¢ 452 close-packed burst detectors, located near the centre of the array, for detection of
high energy secondary particles in the shower core region (LHAASO-SCDA).

23



LHAASO main components

Vgﬁm‘a —_———

1 KM2A:
5635 EDs
1221 MDs

WCDA:
3600 cells
90,000 m?

Coverage area: 1.3 km?

G. Di Sciascio, CSN2 Rome July 21, 2015

WFCTA:
24 telescopes
1024 pixels each

SCDA:
452 detectors




LHAASO
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Astrofisica Nucleare e Subnucleare
VHE Gamma Astrophysics



The unexplored spectrum gap

« Satellites give a nice
crowded picture of energies
up to 10 GeV.

Ground based experiments show
very few sources with energies >
~300 GeV.

THIRD EGRET CATALOGUE OF GAMMA-RAY POINT SOURCES
E > 100 MeV

@ Active Galactic Nuclei
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VHE Gamma Sources (E > 300 GeV)
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The unexplored spectrum gap

« Satellites give a nice
crowded picture of energies
up to 10 GeV.

Ground based experiments show
very few sources with energies >
~300 GeV.
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The VHE vy ray sky

2005

VHE Gamma Sources (E > 100 GeV)

(Status August 2005) + some additional sources

- 1ES1218 in galactic plane.

/ <(alactic center]
TeV 202 LS5039 SN
L Lacertae

PKS2195-304

1995

+180

Cralf Nebula

-180

Crab

Galactic Coordinates

-90

B = Pulsar/Plerion O =SNR % = Starburst galaxy QO =0B association . Pulsar * AGM

€ =AGN (BL Lac) A -Radio galaxy X =XRB @ - Undetermined
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TeV Source Catalog

/k

http://tevcat.uchicago.edu/




The TeV Catalog 2012




The TeV Catalog 2016




The TeV Catalog 2021




TeV Sky Survey

» HESS Galactic plane survey
sees many new TeV

sources (Aharonian et al.
2005)

— This might possibly inform a
detailed model of the :
distribution of CR sources,
although the distribution is ..
so confined to the plane that °
the sources (probably
plerions and SNR) are at
least several kpc distant
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The Galactic Plane survey

HESS J1912+101

The HE.S.S.
Galactic Plane Survey
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p c® (618.00.7)

v ‘ » ‘ @ \ .
®
" (LS 5039)

HESS J1837-069 HESS J1826-148 HESS J1

HESS J1634-472 HESS J1616-508

ESS J1713-381 HESS J1702-42
X HESS J1626-491 .~

(CTE378) HESS J1713-397
: (RX JI713.7-3946) .-

» @
. ‘ ¢ ; -

ESS J1718-385 HESS J1708-410 HESS J1640-465 HESS J1632-478 ESS J1614-518

HESS J1303-631

(PSRB 1‘2’59—63)
HESS J1302-638

HESS J1357-645

Aharonian et al. 2006

HESS J1801-233

HESS J.1 800-240 HESS J1745-303

HES J1857¢026 HESS J1848 018 HESS J1846+ 029—_:

(Kes 75)

HESS J1858+020

HESS J1747-281

(G08:01) HESS J1745-290

(ac)
.‘

HESS J1731-348
HESS J1514-591 HESS J1420-607
MSH1552) HESS J1427-608 ..

HESS J1442-623 .
(RCW 8_5)

HESS J1418-60

HESS J1023-575

oN &

1O & O10D bk ot

an

.




The Galactic Plane survey

_ Planck CO(1-0) map

SN 1006

g HESS J0632+057

N

[JH.E.S.S. Survey
[1 HEGRA Survey
VERITAS Survey
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siee N It ER et ) P G aay
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60 40 20 0 340 320 300 280 260

Galactic Longitude (deg)

Aharonian et al. 2018




The Galactic Plane survey

8
Composite

pinery

36
Not firmly identified

Aharonian et al. 2018




The Galactic Plane survey

Galactic Latitude (deg)

Galactic Latitude (deg)
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Galactic Longitude (deg)

Aharonian et al. 2018




The Galactic Plane surve

Galactic Latitude (deq)

Galactic Latitude (deq)

44 42 40 38 36 34 32 30 28 26 24

Galactic Longitude (deg)

Aharonian et al. 2018




MILAGRO Sky Survey

 Milagro reports detecting the diffuse emission of the
Milky Way at >1 TeV energies (Abdo et al 2008)

-
o

Galactic Latitude (degrees)

o & AN o N B O ®

-
=)

Galactic Longitude (degrees)

Abdo et al. 2008
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HAWC Sky Survey

« HAWC 3" catalog of Gamma Ray sources

l

-3 -0 3 6 9 12 15 18 21 24

Albert et al. 2021
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HAWC Sky Survey

HAWC 31 catalog of Gamma Ray sources

Albert et al. 2021




HESS “new” sources

1SN

N

1
N

o
I 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 I

1
NN

14
12
10 »

aoueoniub

10 0 350 340 330

Galactic Longitude (deg.)

Close-up view of the new sources, discovered in the
Galactic plane scan. Shown as white circles are
close-by supernova remnants , that are known to be
sources of very high energy gamma-rays (with the
radius of the circle representing the size of the
supernova remnant). Also shown in white are close-
by pulsars, another class of sources of very high
energy gamma-rays.
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HESS Diffuse Gamma-Ray

Supernova Remnant G0.9+0.1

HESS J1745-290 (The Galactic Centre)

Emission along the Galactic Plane

Mystery Source HESS J1745-303
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galactic latitude

VERITAS Cygnus Survey

right ascension

303° 300° 297° 294°
]

<60
v
3 450 %
3 3
5 =
) 40 3
o —
5 E

30

20

10

0

81° 78° 75° 72° 69° 66°
galactic longitude

http://arxiv.org/abs/1508.06684
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Galactic Latitude [Deg]

VERITAS Cygnus Survey

w =

N
o N &~ O ©

® & & D

82 81 80 79 78 77 76
Galactic Longitude [Deg]

http://arxiv.org/abs/0912.4492

Significance [o]
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CR origin and propagation

SNR

confined
to accelerator

Target

CR
near accelerator

VHE gamma rays from secondary interactions:
p: 1° production and decay
e: Inverse Compton scattering and Bremsstrahlung

Trace beam density x target density
80



Astrofisica Nucleare e Subnucleare
VHE Galactic Sources



The supernova remnant

ROSAT CANGAROO
(keV) (TeV)
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— -39

2004 Data

Smoothed image
~40 o




— -39

X-ray — gamma ray
correlation coefficient:

0.7




HESS — SNR in VHE gamma

RX J1713.7-3946

17h159m 17h10m

Aharonian et al. 2004
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s')

[ MeV cm'?

E“dN/dt

2
E<dN/dE

[MeVem?<s!

hadronic 4

Fermi LAT results on RX J1713.7-
3946 (Abdo et al. 2011)

Although the leptonic model is preferable,
the hadronic model is not excluded
because of the possible energy dependent
CR penetration in to the clouds. The main
problem of the hadronic model is the
absence of thermal X-rays.
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- Wide-Field Radio Image of the
The Galactic s

Ser DHII N A =90 cm

; (Kassim, LaRosa, Lazio, & Hyman 1999)
C‘ EI I ‘ Er SgrD SNR

SNR 0.9+0.1

Sgr B2 New SNR 0.3+0.0

Threads
7 <« New Feature:
The Cane

'*‘Background Galaxy

| %, g > Threads
P

-—
|

New thread: The Pelican

structure?

L ',
_ ( Sgr C  Coherent \

Snake

Mouse »

SNR 359.0-00.9 ‘ \

SNR 359.1-00.5

~0.5°
~75 pc
~240 light years Tornado (SNR?)

fmage processing at the Naval Research Laboratory using DoD High Performance Computing Resources “
Produced by N.E. Kassim, D.S. Briggs, T.J.W. Lazio, T.N. LaRosa, J. Imamura, & S.D. Hyman
Original data from the NRAO Very Large Array courtesy of A. Pedlar, K. Anantharamiah, M. Goss, & R. Ekers




Number of events / ddegrees

TeV gamma rays from GC

002

Point source (on @.3° resolution scale)
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Galactic Center

Supernova Remnant G0.9+0.1

O

HESS J1745-290 (The Galactic Centre)

SgrA

Diffuse
emission

b - Emission along the Galactic Plane
Nature, Feb. 9th 2006 Unidentified Source HESS J1745-303 :




Sagittarius A

Sgr A East
SNR

Systematic
pointing error

17h46m 17h46m 17h45

TeV H.E.S.S.
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# Entries

Sagittarius A

a00f H.E.S.S. 2004 - Preliminary
Point-like core
300
."‘yir B 2 1
. B |
™ | - ‘j
100{— Extended tail :
¢
e g
$0b Wttt deiiue -29.1
o m = - = B T T A
PR ER SR N S TR MR AN SO SO S A SO SO SR NN S S
0 0.02 0.04 0.06 0.08 0.1 17h46m

6° (degrees?)

TeV H.E.S.S.
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Gamma ray spectrum

e HESS 2004

A HESS July/August 2003

IIII|

1

10
Energy (TeV)

« Power law,
index 2.3

 No significant
variability
— 0N year scale

— on month
scale

—on day scale
— on hour scale

— 0N minute
scale



Sgr A East SNR as proton accelerator ?
Decaying UHE neutrons ?

Shocks in Sgr A* accretion flow or wind.?

e e —

Curvature radiation of UHE protons-near Sgr A*
Dark matter annihilation ?

— "Normal” SUSY neutralinos
— Kaluza-Klein particles
— SUSY messenger sector




EF(E) [TeV/cm?s]

Dark matter annihilation ?

10-11

—
S
N
N
\

Preliminary |

10
0.1

For pure DM
origin

 rather large mass
 large x-section or

density

unusual spectrum or
superposition of
spectra



Galactic latitude (degrees)

The “Pevatron”

| |
00.5 00.0
Galactic longitude (degrees)

|
00.0
Galactic longitude (degrees)

Abramovski et al. (2016)
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The “Pevatron”
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The “Pevatron”
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—— Model (best fit): diffuse emission
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LHAASO Pevatrons

LHAASO Sky @ >100 TeV
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10-12 :

Declination

Fermi LAT

ARGO

HESS
13 HAWC
10 - LHAASO —ii—
hadronic
Ieptonilc Emm-

spectral energy distribution (erg cm™@s™)

289.0

288.0 287.0 286.0

Right ascension
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LHAASO Pevatrons

LHAASO J1908+0621
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Cao et al. (2021)
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A (minimal) standard model: what do we expect?

Explains most of the observations, not necessarily the most interesting
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The Crab PWN

Crab Nebula HE-VHE coverage

Lrap Nebuia >pectrum
MAGIC Stereo in combination with neighbouring wavelengths

S BN L S L B LA B B L B BRI AL B AL LA AL B ALY

Complete
coverage!

an
-
M

E'Flerg cm™s
-
=]
3
[
e

‘o-lb— Sy b Yl Y8, 00
S o

sl gy

¢, G by -
10-" -
bead o ol
10° 10?

Crab Nebula Spectrum MAGIC Stereo
November 13-15th 2009, 190min effective cbservation time

Low energy!

&
1

PRELIMINARY

of gammas / (cm *s TeV)
%
L |

= current fit: curved power law
= MAGIC Ap) 674, 2008

E H.ES.S. ARA 457, 2005

10" =~ HEGRA Ap) 614, 2004

10Mx

e 0 10' 10°
Michele Doro - From MAGIC to MAGIC stereo - Ricap 20 ElGeV]

m 3.2 h of good data in Nov. 2010
m Complete overlap with Fermi

» Spectrum measured from
40-50 GeV to 30-40 TeV
» Test source for M-stereo
Technical Crab paper in prep.
Physics Crab paper in prep.
» Improved estimation of HE
bump will be provided
» Regarding first HE flare (Agile,
Fermi), MAGIC-stereo did not

detect significant VHE flares
(ATEL#2967,sep.2010)

m We monitor Fermi data for
flares



The Crab Nebula

10°

|

Systematic uncertainty (MAGIC)
MAGIC stereo data (this work)
Log-parabola fit (MAGIC only)
Fermi-LAT ApJ 749 (2012)

+ HEGRA ApJ 614 (2004)

HESS A&A 457 (2006)

MAGIC ApJ 674 (2008)

vl vl il
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Pulsars: GR & Electrodynamics
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MAGIC - the Crab PSR
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10 s wfl}== Energy range of measurement

------- 17.7 GeV exponential cutoff (§=1)
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The Crab PSR

—10°

The Crab still beats.

m To reach energy as low as 25 GeV
special “sumtrigger” used

» In 2008, Crab pulsar detected at
VHE (Science 322 (2008) 21)

» Again observed with M-stereo:

publication in draft
—see next ICRC
Crab Nebula pulsar phaseogram .
(Oct 2007 - Jan 2009) » Now used Fermi phaseogram
- rather than EGRET one

§ vl

: m Veritas showed here the detection
above 100 GeV - see Ragan’s
talk



The Crab with VERITAS
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The Crab with VERITAS




P2 OFF P1 P2
MAGIC, 46 - 416 GeV

Tese = 4366.8 min
Z%,=128.85 (8.60)
HTest=103.33 (6.4)
¥¥Indf = 170.19/50 (7.75)
=1175+116 Sig=10.40

MAGIC, 138 - 416 GeV

Tese = 4366.8 min
Z%,=59.88 (4.50)
HTest =23.88 (4.05)
¥¥ndf = 88.79/50 (3.45)

MAGIC, 46 - 138 GeV

Z%,=85.07 (6.20)

H Test =56.30 (5.75)
+%indf = 116.80/50 (5.45)
N,, =759+-93 Sig = 8.3¢
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{(P1+P2),, Fermi=LAT (Abdo et al, 2010)
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—— Nebula, Fermi-LAT (Abdo et al. 2010)
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10"

Energy [ GeV ]



Excess Counts/(Bin Width/0.007)

Excess Counts/(Bin Width/0.007)
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Crab PSR
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Crab PSR
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Pulsar Wind Nebulae

Supernova
Interstellar Material Blast Wave
and Swept-up
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Declination (J2000)
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Pulsar Wind Nebulae

Declination

-60°30°

15"00™ _14"55™
Right Ascension
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PSR B1259-63

wind interface

periastron 022004
epoch t B

*Binary system S~ wind fw line
»Strong stellar wind
= Shock at wind-

pulsar interaction

PSR B1259-63

stellar disc

Flux (380 GeV) 10-'2¢m-25-1

FLE.SiS. pulsar ot

PSR B1259-63  beoswtriony 2087



PSR B1259-63
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Complex structure depending on alignment
of pulsar and stellar wind
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Declination [deg]

PSR B1259-63

oversampled skymap

F(E>0.4TeV) m st
(=] (=] (=]

~ 10 days before 0.0

periastron
-64.2 (Feb./March)

196.5 196 195.5 195
Rightascension [deg

121

~ 9 o pre-periastron
~ 6 o post-periastron
Flux ~5% Crab
Index 2.8+0.3(stat)
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disk crossing

early March 04 Apr./May 04

First variable galagﬁc TeV source
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VHE Binary Sources

MICROQUASAR BINARY PULSAR

Cometary radio emmission

Companion star

Relativistic jets Pulsar

Compact object
of center

Accretion disk Disk outflow
Ultraviolet and Pulsar —

optical emission { é Y-rays /




SS433 HAWC

CHRRRRC AMURT’ LREVEA > SUIBE : SALL ) WD E ABksr 1) RGeS aiaase LR st hs
pre-trial significance [o] pre-trial significance [o]
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SS433 HAWC

As the plasma jets emanating from CrossisectiomE - hula
the blcfack hole'of 55433 strike the GAMMA RAYS (NOTTO SCALE)
gases in the strrounding nebula, they

are converted into extremely high
energy gamma rays.

PLASMA JET

BLACK HOLE

7

ACCRETION DISK PLASMA JET

NEBULA SURROUNDING |
MICROQUASAR 5SS 433

GAMMA RAYS




Astrofisica Nucleare e Subnucleare
VHE Extra Galactic Sources



The unexplored spectrum gap

. THIRD EGRET CATALOGUE OF GAMMA-RAY POINT SOURCES
y-ray sources observed with EGRET e 100Ny

satellite (E < 10 GeV)
271 sources (171 unidentified)

Satellite effective area < 1 m2

Old generation ground-based
experiments observe few sources with
E > 300 GeV.

Mna

Effective area > 104 m?2

Strong cutoff in y-spectrum for
30 Gev < E < 300 GeV
Explore energy gap with MAGIC SR

128
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Photon Propagation Effects

= Attenuation of y rays
tnrougn interaction witn
pacxground radiation




Gamma Ray Horizon

Any y that crosses cosmological distances through the universe interacts with the EBL

+ —_—
‘VHE Yep, —€ € ‘

The absorption effect
seen on a nearby blazar

Mkn 501 (z=0.034)

Ee(1-cos6) > 2(mecz)2

Mkn501: 9N [cm s Tev )
dE
L] Hegra CT-System
Hegra CT1
Whipple

Telescope Array

Cat

lllllml llllﬂT|'| lIlIlTﬂl Illllm'[ IIIII'TI'II LA

o 4 * »>» N

1 10

E [TeV]
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Gamma Ray Horizon

y-rays traveling cosmological distances interact with
Extragalactic Background Light (EBL)

|
A
*
v

MKkn501: gg[l:m'zs" Tev'|

Hegra CT-System

Hegra CT1

Whipple

Telescope Array

Cat
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Gamma Energy [GeV]

10
0

Ve Ves —> € €

azio-Stecker relation

) : fu‘rure‘ IACTs

Redshift z

1

10 E[Tev]

Absorption increases with energy of y-rays
Absorption leads to cutoff in AGN spectrum

Measurement cutoff of several sources allows
extraction of EBL

lower energy threshold
=> observe more distant sources
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Gamma ray horizon (GRH)

Defined as the distance for which the optical depth for pair production process is T
=1 (i.e. a reduction 1/e of the flux of the extragalactic source).

Current IACTs can see only up to z~0.1
Q=1; Q,=0; h=0.5; z,=1.5; =10, 0=3.8; f=-4.0 (CDM)

......... B L A a w
x
star formation era R
K > =
12 H > 1 8
i . ]
-
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3 : Whipple 10m
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Extragalactic absorption

For the energy range of IACTs (10 GeV - 10 TeV), the interaction takes place with the infrared
(0.01eV-3eV, 100 um-1 um).

Origin

m Star formation

m Radiation of stars

= Absorption and '% - |3
reemission by ISM ng 5__5

-7 C , ' : -

. . I g i ¥ It

By measuring the cutoffs in the | | PN
. . 10 ooy N =

spectra of AGNs within the, - | . ;
MAGIC can help in determining - / 4 i T AT
the IR background N I ................ {2 ceennmnascs et
10-‘— 1 | lllll; L L lllllli 1 | lllllli 1 | lllllli ]

~

1 2

107 107 1 10 10
A (inpm)
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Extragalactic Sources

* Physics of
AGN jets

» Cosmological
extragalactic
background
light (EBL)




Active Galactic Nuclei
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IC 310

I 5 light years

Zoom x 580 000

Aleksic et al 2015
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Polar
vacuum

gap

ergosphere
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Previous results

The Fastest Variability Observed So Far

Pre-Flare =~ Flare (?) _ Pre-Flare Flare (!f)
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Assumption: Flux variation (flare) on the top of a stable emission

b c d x?/NDFY p ¢ a: pedestal (I"IOt fit)
(A phy  (y) (s) (%) b: amplitude of flux variation

13.244.7 81441 50423 20.0/15  17.3f t,: ~ peak position (not fit)
20.3+3.3 95424 185440  4.2/T 758 ¢, d: flux-doubling times

Fast Blazar Variability and a Quantum Gravity Interpretation MPI Colloguium 23 October 2007
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Previous results

MACGIC Collab. + Ellis et al.

RGSUltS Of the ECF M ethOd arXiv:0708.2889, PRL subm.

— 1.398 x 10'6(1 s/7)

0= (0.61797]) x 10! GeV

]
-~
o
.A-
~

Maar = (0.471573) x 10'® GeV

w0 > 0.27 X 101 GeV

Macr > 0.26 x 10'% GeV

Fast Blazar Variability and a Quantum Gravity Interpretation MPI Colloquium 23 October 2007



PKS 2155 -304
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Contact with Fermi
Broadband radio-TeV Mrk421
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3c279

3C 279: Famous EGRET Blazar Mmasiccel. science320(20

+—+ P1 (June 1991 flare)
+-+ P2 (Dec. 92/ Jan. 93) MAGIG
e June 2003

.53
v Jan. 15, L {
Jan. 15, 2006 I Ifl"

X{IOO
F ; {”

Flat Spectrum Radio Quasar at z=0.536
Apparent luminosity = 10*8 erg/s

Gamma-ray flares in 1991 and 1996:
High dynamical range in EGRET data

Fast time variation: AT ~ 6hrin 1996 flare

MAGIC: E>100 GeV

23 Feb 2006
6.20

R. M. Wagner: Ground Based VHE Astronomy
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@ z=0.536! Major jump in redshift

® First FSRQ in TeV gamma-rays:

® Can be used to constrain
Extragalactic Background
Light models

RICAP 11, 2011 May 25
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AGN

FSRQ PKS 1222+21 (4C21.35)

= Very good example of collaboration Fermi- v M)
IACTs (hard sources) - “[__ﬂ' 19" 19" 19"
= Fermi Atel 2584 triggers MAGIC: 10.2 sigma T - ‘%
detection in 0.5 h (1 Crab) 3as 1= ?
= 2nd farthest VHE source: z=0.432 2 | ';‘
-10
» MAGIC+Fermi: can fit to single power-law ‘j"’} §
-2.7(0.3) between 3 and 400 GeV ° { "\;
= No-sign of any cutoff o5 _'::_:'::'-—“ - 3'
= Most rapid variation ever observed -O’L rowrery ' 3,
at VHE: Flux doubling-time 8.6min! RS YE R
logE(GeV)
- a0’
R g 4
8 o 7- R e C P T T
% 0.
D R S S g0
ract emission 2
0.
b
" e
+ CHALLENGE TO EMISSION MODELS! TRy T
Tve (UT)

Michele Doro - From MAGIC to MAGIC stereo - Ricap 2011
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Lensed Blazar

Discovery of Very High Energy Gamma-Ray Emission
From Gravitationally Lensed Blazar S3 0218+357 With
the MAGIC Telescopes

ATel #6349; Razmik Mirzoyan (Max-Planck-Institute for Physics) On Behalf of the MAGIC
Collaboration
on 28 Jul 2014; 14:20 UT
Credential Certification: Razmik Mirzoyan (Razmik Mirzoyan@mpp .mpg.de)

Subjects: Gamma Ray, >GeV, TeV, VHE, UHE, AGN, Blazar, Cosmic Rays, Microlensing Event

v v 21 (TR )

The MAGIC collaboration reports the discovery of very high energy (VHE; E>100 GeV) gamma-
ray emission from S3 02184357 (RA=02h21m05.5s, DEC=+35d56m14s, J2000.0). The object was
observed with the MAGIC telescopes for a total of 3.5 hours from 2014/07/23 to 2014/07/26. The
preliminary analysis of these data resulted in the detection of S3 02184357 with a statistical
significance of more than 5 standard deviations. From the preliminary analysis, we estimate the
VHE flux of this detection to be about 15% of the flux from the Crab Nebula in the energy range
100-200 GeV. S3 02184357 is a gravitationally lensed blazar located at the redshift of
0.9444/-0.002 (Cohen et al., 2003, ApJ, 583, 67). Fermi-LAT observations during the flaring state
of S3 02184357 in 2012 revealed a series of flares with their counterparts after 11.46+4/-0.16 days
delay, interpreted as due to the gravitational lensing effect (Cheung et al. 2014, ApJ, 782,L14). On
2014 July 13 and 14 Fermi-LAT detected another flaring episode (ATel #6316). Due to the full-
moon time, the MAGIC telescopes were not operational and could not observe S3 02184357 after
the original alert. However, observations scheduled at the expected time of arrival of the
gravitationally lensed component led to the first significant detection of a gravitationally lensed
blazar and the most distant source detected at VHE with Cherenkov telescopes to date. MAGIC
observations on S3 02184357 will continue during the next days and multiwavelength observations
are encouraged. The MAGIC contact persons for these observations are R. Mirzoyan
(Razmik Mirzoyan@mpp.mpg.de) and J. Sitarek (jsitarek@ifae.es). MAGIC is a system of two
17m-diameter Imaging Atmospheric Cherenkov Telescopes located at the Canary island of La
Palma, Spain, and designed to perform gamma-ray astrophysics in the energy range from 50 GeV to
greater than 50 TeV.
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MAGIC — EBL measurements

— = = Kneiske et al. 2002 (modified) Primack et al. (2005)
------------- Energy Threshold of MAGIC - == Stecker et al. (2006)
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EBL measurements
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VHE gamma-ray interacting with UV and
far-IR photons, may pair produce:

Optical depth 1=t(E,z)
Distant AGNs are optimal targets (if
distance is known):

3C279 (z=0.536)

3C66A (z=0.444?)

PG1553+113 (z=0.4)

S5 0716+714 (z=0.310?)

Absorption above 100 GeV makes
observed spectrum:

Softer (steeper)
Difficult to observe
IACT observation already constrained

models to their minimum allowance
(universe is more transparent)

Distant AGNs are monitored by M-stereo
(PG1553, 3C279)



EBL measurements
4C+21.35 .. PKS 1222+21

2010 June 17, flare state

PKS 1222+21 (4C +21.35)is a
high redshift (z=0.43) FSRQ

(only 3C279, PKS1510-089 so far)

Observations triggered by a high state
reported by Fermi-LAT

Can be used for EBL studies

Significances

[&]
w
& 22 Preliminary

Primack et al. (2005)
— Stecker et al. (2005)
m— Kneiske et al. (2002) modified

Universe Opaque to Gamma Rays

Gamma-Ray Energy [TeV]

@ Observed spectrum
; Systematics on obs. spect.

T 1117

Universe Transparent to Gamma Ray
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Science 320 (2008) 1752



Photon — Axion Oscillation
Axion Like Particle (ALP)

One mtrigumg possibility that have been recently proposed (De Angelis-Mansutti-
Roncadelli, 2007; DeAngelis-Mansutti-Persic-Roncadelli, 2008) 1s that conversion of
v’s mto axions into the random extragalactic magnetic fields give rise to a sort of
cosmic /ight-shining through wall etfect.

Axions have been mtroduced by Pecce1 & Quinn to solve the strong CP problem.
Axion like particles with ayy coupling are predicted i many extensions of the
Standard Model. Pseudoscalar axions couple with the EM field through the etfective
Lagrangian 1

La,), = —EngWﬁ’Wa

Photons propagating i an external magnetic tield can undergo to photon-axion

oscillations ‘

Daniele Montanino - Stochastic conversions of TeV photons into axion-like particles in extragalactic magnetic fields



Photon — Axion Oscillation
Realistic transter function

with ALPs | For z<0.2 the mclusion of the
ALPs does not produce any
significant change n the photon
transter function. Thus, 1t would
be ditficult to mterpret m terms of
ALP conversions the presumed
transparency to gamima radiations
tor the sources at z = 0.165 and
z=0.186.

Conversely, ALP conversions
could play a sigmficant role for
the source 3C279 at redshuft
z=054
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Daniele Montanino - Stochastic conversions of TeV photons into axion-like particles in extragalactic magnetic fields



GRB repoint

Current satellites giving alerts
in short time: FERMI,

INTEGRAL, SWIFT

Delays of alerts from less than
10s to some minutes

Very fast repositioning
capabilities are therefore
requested:

10 to 20 seconds!
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MAGIC— | upper limits
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GRB 130427A
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GRB VHE emission. Single photons matter
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VERITAS upper limits
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HAWC upper limits
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MAGIC detection

First time detection of a GRB at sub-TeV energies;
MAGIC detects the GRB 190114C

ATel #12390; Razmik Mirzoyan on behalf of the MAGIC Collaboration
on 15 Jan 2019; 01:03 UT
Credential Certification: Razmik Mirzoyan (Razmik Mirzoyan@mpp.mpg.de)

Subjects: Gamma Ray, >GeV, TeV, VHE, Request for Observations, Gamma-Ray Burst

Referred to by ATel #: 12395, 12475

The MAGIC telescopes performed a rapid follow-up observation of GRB 190114C (Gropp et al.,
GCN 23688; Tyurina et al., GCN 23690, de Ugarte Postigo et al., GCN 23692, Lipunov et al.
GCN 23693, Selsing et al. GCN 23695). This observation was triggered by the Swift-BAT alert;
we started observing at about 50s after Swift TO: 20:57:03.19. The MAGIC real-time analysis
shows a significance >20 sigma in the first 20 min of observations (starting at TO+50s) for
energies >300GeV. The relatively high detection threshold is due to the large zenith angle of
observations (>60 degrees) and the presence of partial Moon. Given the brightness of the event,
MAGIC will continue the observation of GRB 190114C until it is observable tonight and also in
the next days. We strongly encourage follow-up observations by other instruments. The MAGIC
contact persons for these observations are R. Mirzoyan (Razmik.Mirzoyan@mpp.mpg.de) and K.
Noda (nodak@icrr.u-tokyo.ac.jp). MAGIC is a system of two 17m-diameter Imaging
Atmospheric Cherenkov Telescopes located at the Observatory Roque de los Muchachos on the
Canary island La Palma, Spain, and designed to perform gamma-ray astronomy in the energy
range from 50 GeV to greater than 50 TeV.




MAGIC detection
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MAGIC detection
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MAGIC detection
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MAGIC detection
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Astrofisica Nucleare e Subnucleare
Future detectors
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Roadmap to the Next Generation
_ % e Cherenkov Gamma Ray Telescope

H.E.S.S.

Science
Review

Technology for Fully Robotic Telescope

Experimental Study of High Altitude effect

Ultimate Ground-

Design Study of Large Telescope c Flnalt | based Cherenkov
. ' onceptua Telescope System

Site Survey( Dezlgn Larger Dish,

. ‘ under High Altitude,
Characterization of Low Energy Showers \N s sellElseiai A dvagce o lieean

Design Study of Wide Angle Telescope Wide Angle

Advanced photon detector

International collaboration
CANGAROO, VERITAS, etc.



New Cherenkov telescopes

HUNT FOR LOWEST THRESHOLD: BIGGER IS BETTER !!!?7??

ECO-1000 ? (34M)




New Cherenkov telescopes

FACT

FACT

Science Program The First G-APD Cherenkov Telescope
Publications

FACT Collaboration

Facts about FACT

Data

Data Archive
Data Analysis
Science Products

Operations

Planning
Log Book

Internal Pages =Y

The First G-APD Cherenkov Telescope (FACT) is the first imaging atmospheric Cherenkov telescope using
Geiger-mode avalanche photodiods (G-APDs) as photo sensors. The rather small, low-cost telescope will not
only serve as a test bench for this technology in Cherenkov astronomy, but also monitor bright active galactic
nuclei (AGN) in the TeV energy range.

http://isdc.unige.ch/fact/




Outlook: What next ?

The Cherenkov Telescope Array
(CTA)

B aims to explore the sky in the
10 GeV to 100 TeV energy
range

B builds on demonstrated
technologies

B combines guaranteed science
with significant discovery
potential

B iS a cornerstone towards a
multi-messenger exploration of
the nonthermal universe



CTA

( cta Improve sensitivity

‘ Agile Mﬁ.\%"\"m\
10-11 / ~— _ ‘-Crab
Ng - 'M\\\"‘» L - Py 2y =~
= 10" [ " 10% Crab i e
OJ
- —L? CTA will be about a facto
2 Hess/Verita .
2 of 10 more sensitive than
§ 107 any existing instrument in
the 100 GeV-10 TeV energy
10™ : - : )
10 100 1000 10° 10°  CTA will also extend the
E [GeV] observed energy band
reaching both the lower
(10 GeV) and the higher

(100 TeV) energies.



(<t

CTA

CTA concept

® Few Large Size Telescopes should

catch the sub-100 GeV photons

— Large reflective area

— Parabolic profiles to maintain time-stamp
— Contained FOV

Several [edium Size Telescopes perform
100 GeV-50 TeV observation

well-proven techniques (HESS, MAGIC)

goal is to reduce costs and maintenance

core of the array
act as VETO for LSTs

Several Small Size Telescopes perform

ultra-50 TeV observation
challenging design

Large field-of-view (8°)
New camera technology
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Toward the future!




A next generation Cherenkov Observatory ‘ Cta

Status and observatory planning...

Slenceschities  Larse-ecale construction — CTA as open observatory
Science vision, and instrument R&D and daily operation . Regular AOs
RETES st — Proposals evaluated by TAC
— Observations carried out in
Design phase queue mode
— Fully calibrated photon lists
preormory phana ! and analysis tools provided

to observers
— Data open after proprietary
period of 1 year

Construction phase

Operation phase
From:

Upgrade phase Concept for CTA
construction and operation
WH 2011/12

U.Barres — COSPAR 2020




Design drivers

Cld

f:1

B
f

Mean Free Path

s Full sky
coverage

Energy

Energies down Energies up to
to 20 GeV 300 TeV

Rapid slewing
20 sec

10% energy ' arcmin angular
resolution resolution

‘ R.Zanin — TeVPa 2019 ‘



Science cases and design Cta

* Parabolic optical design * Davies-Cotton optical design ®* Schwarzschild-Couder
* 23 m mirror diameter * 12 m mirror diameter optical design
* PMT camera * PMT camera * 4 m dual mirror

® SiPM T camera

R.Zanin — TeVPa 2019



Science cases and design

Lowest energies (tens of Ge\® deepest sensitivity ever * Precision measurements in
- cosmological sources  * arcmin angular resolution a still little explored energy

* large FoV range

Deepest sensitivity for

shor.t tlmescalfe phenomena _ Surveys & precision studies - 100 TeV range unexplored
- Time domain unexplored . .
R.Zanin—TeVPa 2019 | - Precision studies




cta

Science cases

multi-TeV

Surveys

Precision
morphol.

; .
. y
1

Southern hemisphere
preferred

No preferred sky coverage

 Mainly CTA consortium involved in the definition of the

science cases
(Science with CTA, CTA Consortium 2019 - https://doi.orq/10.1142/10986)
R.Zanin — TeVPa 2019




cta

Science cases

‘ multi-TeV
Cosmologica

sres | Poa [ e

* Mainly CTA consortium involved in the definition of the

science cases
(Science with CTA, CTA Consortium 2019 - https://doi.orq/10.1142/10986)

R.Zanin — TeVPa 2019 ‘




The CTA Sites

A Global Observatory...

e
,

v ey U.Barres — COSPAR 2020
y Slnst.Geogr.inoml ® Array Sites ® Headquarters @ Science Data

Paranal M3p™E




The CTA Telescopes

A Hybrid Observatory...

Large Size
Telescope
LST (23m)

Medium Size
Telescope
MST (12m)

-

Small Size
Telescope
SST (4m)

S U.Barres — COSPAR 2020

W




CTA North &
CTA South

CTA

Construction

Northern Array Number of LSTs

Number of MSTs 5
Southern Array Number of LSTs 0
Number of MSTs 15

Number of SSTs




CTA - North

T

Northern Hemisphere 1 Type:
23-mLST @
12-mMST o
4 (MAGIC) ©

LSTS

W H
(-]
- MST 4
7 °
MSTS
(<]

@] °
MST3 Q LST4 MST 10, -1
MST15 lo)
' J MAGIC1
LST2
L J o
o LST1 O wsre
MSTE MAGIC2 250 m
(]
MST2
]
° o MST11
MST1 ST
]
MsT 2
(-]
MST 13
L]
MST 14 Circle
- 400 m

4 LS4 LSTs, 15 MSTs

https://www.cta-observatory.org/science/cta-performance/
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CTA-North site Cta

4 LSTs + 15 MSTs (baseline configuration)
— Focus on sub-TeV and TeV energy range
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CTA —South

Southern Hem|s_phere ] Type:
I . B . . a ) | 23-MLST @
" 12-MMST @
. . . . 4-MSST =
()
o. ® o © .o
] - ‘.. ..‘ - o
@]
= ] ] [} (] ..... (] o -} L] 1 A
o .....-. o
a . . . . . |
i o : . w : . 4 | 1000 m
L ] . o
I - =} | . | v

1 1 1 1 1
4 LSTs, 25 MSTs, 70 SSTs

https://www.cta-observatory.org/science/cta-performance/ 1




CTA-South site Cta

e 4LSTs + 25 MSTs + 70 SSTs (baseline-configuration)

’ S B *

. e Site agreement signed in Dec
. 2018

e * Aim to start with site

P o \‘ g infrastructure construction
U [y 7. ¢ ™ J A soon

== T g TR e
. - — s
- - e : —_ AT 20N e S
. - . E-ELT
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= . e 5
- 2

Cherenkaw Telescope Array Site
ot o — e ”

A \
e
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Cerro Paranal

Very Large Telescope

R.Zanin — TeVPa 2019




CTA performance
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CTA Timeline https://www.cta-observatory.org/project/status/

Project Phases
Pre-Construction Pre-Production Production

Current Phase 2022-2023 2023-2027

First Pre-Production
Telescopes on Site
Current Phase

Pre-Construction
|U ERIC
Established

Infrastructure Design - e
& Procurement :

Q12018 . Q3 2018 L4 Q12019 L4 Q3 2019 . Q12020 . Q3 2020 L Q12021 L Q3 2021

- - - - -

LST-1 Prototype CTA-South Phase 1 CTA-North

Completed on Hosting Agreement CTA-North Telescope

CTA-North Finalized Construction Assembly
Begins Begins

an updated timeline is in draft for 2021 G. Rowell = COSPAR 2020




The CTA Telescopes

LST-1 La Palma

e e T

SST - ASTRI e U.Barres — COSPAR 2020




CTA telescopes — first results

Run 1618
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https://www.cta-observatory.org/Ist1-detects-first-gamma-ray-signal/
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CTA telescopes — first results

p2 |Events = 595716

154001 P21 P2 P1 Sl
Nex (P1) = 257
Significance (P1) =1.50
Nex (P2) = 903
Significance (P2) = 5.2 0

15200

15000

Events

14800

14600

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Pulsar phase [¢]
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https://www.cta-observatory.org/Ist1-detects-vhe-emission-from-crab-pulsar/




Y (degrees from source)

-1.0

CTA telescopes — first results

SCT Crab Nebula

X

o

4

=

o

v

< 500 Prototype Schwarzschild-Couder Telescope: Crab Nebula (8.30)

5 i 1 Norr = 541 events
a s | . 1. 1 Noy = 850 events
o ; Preliminary

g 150 :

125

-0.5 0.0 0.5 1.0
X (degrees from source) 50

0 10 20 30 40 50 60 70 80
Angle from air shower axis to Crab (degrees)

https://www.cta-observatory.org/sct-detects- e
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CTA telescopes — first results

ASTRI SST-2M prototype, December 2018

250

200 :|_

150

Counts

—_— ON CRAB (1 24 hours) Data AnalySIS W/th astr/p/pe
g — OFF-CRAB (120 hours)

100 F

50 -

0 10 20 30 40 50 60 70 80 90
|Alphal [deg]

https://www.cta-observatory.org/astri-detects-crab-at-
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Astrophysics with IACTs ( cta

« COSMIC PARTICLE ACCELERATION

What are the sites and mechanisms of particle
acceleration in the cosmos?

- EXTREME ASTROPHYSICAL ENVIRONMENTS

The physics of neutron stars, black holes and their
energetic environments, such as relativistic jets, winds
and stellar explosions.

« FUNDAMENTAL PHYSICS FRONTIERS

Probing the nature of Dark Matter, the existence of
axion-like particles, and Lorentz invariance violation

U.Barres — COSPAR 2020




Science with B
CTA o

Suence

with the

Cherenkov
Telescope o4

CTA will have important synergies with many of the new generation of major astronomical and astropar-
ticle observatories. Multi-wavelength and multi-messenger approaches combining CTA data with those
from other instruments will lead to a deeper understanding of the broad-band non-thermal properties
of target sources, elucidating the nature, environment, and distance of gamma-ray emitters. Details of
synergies in each waveband are presented.

https://arxiv.org/abs/1709.07997
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The Southern Wide-field

Gamma-ray Observatory

Field-of-View, uptime

~steradian, 100%
>

~degrees, 12%

Direct

1GeV 10GeV 100GeV 1TeV

Energy

10TeV

100TeV

Shower image, 100 GeV yray adapted from: F. Schmidt, J. Knapp, "CORSIKA Shower Images", 2005,

Cherenkov

Light

https://

de/~jknapp/f

Extensive Air Shower

IMAGING ATMOSPHERIC
CHERENKOV TELESCOPE

html

O3 SAGGD TUBISH

jan

—<
\<

Incoming gamma ray

Collision with atmospheric
nucleus

Particles from air shower penetrate
particle detectors, interact and are
detected

PARTICLE
DETECTOR ARRAY

Photo
Chere



Gamma-ray Astronomy
The Southern Wide-field

Gamma-ray Observatory

Incoming gamma ray :

Spread in particle
Collision with atmospheric . .
nucleus arrival times at

detector units |

Complementary direct and \i‘q\
indirect detection ,
tec h N | q ues Extensive Air Shower

Particles from air shower penetrate
particle detectors, interact and are

detected
~10km "=

PARTICLE
DETECTOR ARRAY

Particle from air
shower

: Y Detector tank
4-5km : A

Water

Atmospheric Cherenkov Chereﬂﬁ:
light image

IMAGING ATMOSPHERIC
CHERENKOV TELESCOPE

TTTIaA3) 035 sA0qD IybISH

Photosensors detect
Cherenkov light

—

Shower image, 100 GeV y-ray adapted from: F. Schmidt, J. Knapp, "CORSIKA Shower Images", 2005, Not to scale
https; hen.desy.de/~jknapp/fs/sh . html




Astonishing variety of TeV* emitters
+ Within the Milky Way

+ Supernova remnants

+ Bombarded molecular clouds

+ Stellar binaries - colliding wind & X-ray

+ Massive stellar clusters

+ Pulsars and pulsar wind nebulae

+ Supermassive black hole Sgr A*
+ Extragalactic

+ Starburst galaxies

+ MW satellites

+ Radio galaxies

+ Flat-spectrum radio quasars

+ ‘BL Lac’ objects

+ Gamma-ray bursts

Acceleration to TeV energies is
common, gamma-rays are an

effective probe
+ Strongly complementary to sync.

measurements
*0.05-50 TeV




SWE0

The Southern Wide-field

Gamma-ray Observatory

o Cherenkov Atmospheric
Telescopes
o 20% duty-cycle
o Pointing (few degrees FoV)
o Energy threshold down to 10s GeV
o Good energy and angular resolution

. e ™ . \v. ~
LRy b L A4
W Ly CRENERE e e R
X _-_4‘ }.\ 3

ANRIN

particle detectors

o Particle Detector Arrays

~100% duty-cycle

- Wide-field of View (~ steradian)

~ Energy range 100s GeV up to 100s TeV

- Continual view and accurate
background determination

o
£

| e A e
"é s

£
Byt
- H/ i

LHAASO - . 5 ‘ 220




SWE0

The Southern Wide-field

Gamma-ray Observatory

VERITAS

HAWC

Geographic distribut

LHAASO

Comparison with detector at +29

Relative Sensitivity

20
SWGO visibility, Pat Harding, LANL

40 60 80
Source Latitude [deg)




The Souther

n Widef

\<
The Andes provides a number of high-

altitude plateaus and high-altitude lakes that
constitute suitable sites for a particle array
aiming to extend the low-energy frontier for
Wide-Field Observatories.
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SV‘/N@ Candidate Sites

The Southern Wide-field

Gamma-ray Observatory

e n ac) \.\ Q Alto Tocomar (Argentina) "? '
' i 9 Cerro Vecar (Argentina)

9 Chacaltaya (Bolivia)

9 AAP Pajonal (Chile)

9 AAP Pampa La Bola (Chile)
9 Lake Sibinacocha (Peru)
9 Imata (Peru)

9 Sumbay (Peru)

9 Peru National Observatory
9 Yanque (Peru)

Trinidad
[}

A/ ; _ Santa Cruz
llo District f;“ 3 eIa Slerra

[
=4 Tacna

Pajonales Cerro Toco ¢ : Pampa La Bola

The complete list of e
potential sites is still :

J "}29 ey
Mejilones ¢ R vervas

P17 /N C,ona|Lr’ u.nd_er investigation, : ,
al0iagasta ; aiming at an evaluation 2 . M Chile
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HAWC-style Vs 2 optional/movable

walkway
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4 Bladder with B
3 ¥ Concrete

The Southern Wide-field 8 white nside

Gamma-ray Observatory
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o Simulations currently ongoing to constrain all I
aspects of the detectors
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S\"f@ Performance goals

The Southern Wide-field Low-energy
enhancement
Gamma-ray Observatory y /<
Resolution ensitvity
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Background free above about
30 TeV for point-like sources,
even after 5 years
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S\A&\@ Performance goals

The Southern Wide-field

Gamma-ray Observatory

SWGO
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Potentially more sensitive than CTA over several years integration
time provided good background suppression is achieved. 228



S\AfGﬁ The Collaboration

The Southern Wide-field

Gamma-ray Observatory

o Southern Wide-Field Gamma-ray Observatory
+ higher altitude (4400+ m asl) and larger area
+ more efficient detector units + muon tagging capability
improved sensitivity and lower E threshold

=

Institutes

Argentina®, Brazil, Chile,

. Member
Czech Republic, institutes
Germany", ltaly, Mexico,  sjgned the

Established in July 2019
3 year R&D Programme

Peru, Portugal, South Sol.

Korea, United Kingdom,
WWW.Sswgo.org United States*

Supporting

scientists Any

Australia, Bolivia, Costa ~ interested

Rica, France, Japan, L“edc';"r::a' can

Polgnd, Slovenia, Spain, supporting

Switzerland scientist.

*also supporting

scientists —
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