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Exercise #6

 Find the information about the 3 major
currently operating IACT telescopes

 Visit the web site of CTA
* Find relevant info for HAWC and LHAASO



IACT & EAS experiments
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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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TeV detectors

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

Cerenkov

EAS

shower

Optical detector
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~ 40.000 m”2 ., but no anticoincidence shield !



Shower Images




Shower Images




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

1 TeV Showers
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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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TeV detectors
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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%rftpgywy_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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JACT image reconstruction

reconstruction by particle
shower image analysis
 Different primary particles

* Primary y parameters
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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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Geometric relations between
a shower and the Cherenkov
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HESS







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

£

§

L3 Palma Largest imaging Cherenkov telescope
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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




VERITAS




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



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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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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The unexplored spectrum gap
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VHE sky

* The HE sky up to * The VHE sky from
50 GeV.

= No association @ Possible association with SNR or PWN * AGN
* Pulsar A Globular cluster + Starburst Galaxy ¢ PWN
B Binary + Galaxy o SNR # Nova
* Star-forming region o Unclassified source




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

ESS J1841-055 HESS J1834-087 HESS J1825-137 HESS J1813 78 HESS J1804-216
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
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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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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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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




Galactic Latitude (degrees)
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MILAGRO Sky Survey

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




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
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1
NN

14
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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
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3 3
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0
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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
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