





Pair Creation Telescopes

DAtmOSphere 1S Opaquc Anticoincidence shield
to gamma rays }

0 . : : Conversion
Conversion of 7y into pair e+ ¢- folds

JThreshold E >2 m ¢’ (1.022 MeV)

dAngular resolution better Tracker

as energy increase
0~1.5° @ 100 MeV

0~0.1°> 10 GeV

JAImost no‘deviation for By >>2'm _¢*,
i A | :‘ J 4 " 4
Je+ e- reconstructed.in a tracken.=> ingident y ray

Calorimeter

L Anti-coincidence shield against charged cosmic rays
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History of pair creation telescopes

OSO-3

621 v,
Galactic Plane

SAS-2

~8,000 v,
3 sources

COS-B

~200,000 v,
25 sources (3C 273)

EGRET

>1.4% 107,
271 sources

AGILE
FERMI

ANTI-COINCIDENCE —
COUNTER \\

TIME OF
FLIGHT
COINCIDENCE

Hal(TL) ENERGY
MEASUREMENT COUN

~— CLOSELY SPACED

~ SPARK CHAMBERS

A WIDELY SPACED
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™
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FERMI Large Area Telescope

JHigh precision tracker
18 X/Y planes, Si strips (228 pum)
3900 000 channels
H Triggers on 3 X/Y planes

JHodoscopic Calorimeter
1536 CsI(T)) cristals(8 layers)
J Shower imaging capabilities
4 Anti-coincidence shield

- Segmented to avoid self-veto,
'89:folds




Fermi LAT > 100 MeV
13x107 photons, <E> = 800 MeV, AE/E = 100 %




4FGL Catalogue

JRelease February 2019
https://arxiv.org/abs/1902.10045

U 5064 sources

232 pulsars (with

pulsations)

17 PWNs
40 SNRs _
D 11 binaries o No association - . Possascia:i itSNR orPWN = AGN
* Pulsar A Globular cluster * Starburst Galaxy ¢ PWN

& Binary + Galaxy o SNR # Nova
EI = 3 130 blazaI'S * Star-forming region @ Unclassified source

42 radio galaxies

A J
QUpdated June 22%. 2022
(4EGL - DR3)
https://arxiv.org/abs/2201.11184

6658 sources

1 7 starburst-galaxies
L1.15 globular clusters
L1'1336 unassociated



Pulsars

L Compact object | i
(neutron star) highly cyiasr i

magnetized, rapidly
rotating:
HdR~10km
OM~ 1.4 M,

d Period ms = s

null charge surface

- Several pOSSible Q-B=0—" e \

region

acceleration regions
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LAT radio-loud pulsar

LAT millisecond pulsar

LAT radio-quiet pulsar
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Blazars
J Active Galactic Nuclei

J Supermassive black hole
surrounded by an accretion disk

O Ultrarelativistic jets (Mpc)

O Blazars: jets pointing towards the
carth

U Highly variable TeV emission:
two model classes:

U Leptonic
4 Hadronic (through n° decay)
4 Poss1ble connectlon W1th UHECRS

. \‘\{VGC 426'.’ s @HST - 311 ® Radé;:s%uiet
, : Sey
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Gamma-Ray bursts

JMost violent, and most distance explosions in Universe,
lasting ~ few seconds to few minutes, observed ~ every day

2 envisaged mechanisms

 Coalescence of neutron stars (Kilonova)
d Collapse of very massive star (aka Collapsar)

NASA Astrophysics
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GEBM Mal, + Nal,
(8 keV-250 keV)

15

Countsbin
Counts/sec

GEM BGO,
(260 keV-5 MaV)

Countsdin
Counts/sec

LAT
(no selection)

Counts/bin
Counts'sec

(=100 MeV)
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Time since trigger (s}
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LAT
(=1Gev)

Countsibin
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Very High Energy y—ray Astronomy
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Atmospheric Showers

dinteraction of primary Primary particle
particle with a nucleus in " Pair creation
the atmosphere “\
(~ 10 km altitude) electron positron

~ Bremsstrahlung

dCreation of pairs
(electron & positrons) &
bremsstrahlung processes
redistribute theenergy to
alarge number of |
particles

&
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Atmospheric Showers

JPrimary interaction in the high

atmosphere
Shower of secondary particles, detectable up
to a few 100 m
dLarge effective areas (>10° m?, increasing
with energy)
= High energies (= 1000 TeV)
4 Atmosphere used as an inhomogeneous
calbrimeter.

HObservables: charged particles, (Frenkov
lrght, fluorescence light, radioemission

HReconstruction: Bnetey, ditection, impact,

nature of primary particle (y-hadron ; light (p.
He) — heavy nuclel (Fe))
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Primary (y,hadron) Primary (y,hadron)

Scintillator

or water *

Atmospheric Atmospheric

Shower
Hadron
detector

w

\ Cherenkov
Emission
] __] .

| |
Y




2 Complementary Techniques

 Atmospheric Cherenkov 4 Sampling experiments (Water
Telescopes: Cerenkov, Particle Arrays,...)
4 JdLarge F.O.V.
4 JHigh duty cycle
JHigh rejection u
JHigh resolution .
Detailed study of a few sources Long term survey instruments

Milagro Cross Section Schematic
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Atmospheric Cherenkov Telescopefj
 Cherenkov light-pool ~ 120 m

JImage the shower on a fact
camera (AT ~ 2ns)

d Large effective area (10° m?)
even with modest reflector

Y
Electromagnetic Cosmic ray —— ES '
shower - 10K JdKey parameter : speed (< 10'ns)
\é\' &
OA‘\\"’ JTmage shape used in
& discrimination
OQ)
. = Y
- =
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VHE y-ray world

VERITAS
HAWC

Mathieu de Naitr 013 NASP VIIL - Ma—iﬁi‘q/éésh —



High Energy Stereoscopic System

D i E S.S. phase 1 (2003) D H.ES.S. phase 2 (2012):
3 4 telescopes: @ 12 m; 107 m? ¥ a0 M teleSCOpe @ 28 m, 600 n??
1 .960.pixels/camera; EOV..:: 5° 02048 pixels, FOV : 3.5°
 Observations : ~1000h/an. - | & Ponting int < 1 min for50 % sky |
O Localisationaccutacy. &= 1077 i .-_D Extende‘d energy range’

Mathieu de Naurois™ i ASP VI~ Mayrakesh ~{Maorocco - 2024 s e i e Rk 28 &
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The Milky way 1n Gamma-rays

IMajor HESS project: 2700 h of data (2004 — 2010)

8 &) © N
XJ\Q XQb XQ‘-L XQ{L ‘QQQ 900 ‘0\% 'pr/q R)er IQO;JJ
9 > 4 & oV b N pO N >
o> SN PN ) % % > % % %
> > & > > > > > R >
e <° S & & & S & & 4
& & ST > > > > NS > <

Galactic Longitude [deg]

LI78 sourcesof different types (SNRs, PWNs, Binaries, ...)
JVHE Universe much richer than expected
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Galactic Bestiary 1n a nutshell

d A complete zoo :

d Supernova Remnants

3 Galactic Centre

3 Pulsar Wind Nebular

A Interacting Binary Systems
J Young, Energetic Pulsars
4 Diffuse Galactic Emission

A 11

36
Not firmly identified

Mathieu de Naurois
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Supernova Remnant
Artist's view (ESA/Nasa)

1 Remnant of the explosion of a massive
star

 Shock wave (> 1000 km/s) sweeping up
interstellar medium

U Thermal emission from hot material
inside the shell in X rays (10° K)

 Place of heavy element nucleosynthesis
— at the origin of life!

d Enormous Released criergy ~10%7

16° . .
(10 X 'Hiroshima) % g

0 Best candidates.for galactié COSMICLAYS

U Matching rate | SNR/Galaxy/century .
U, Conversion efficiency ~10% .

Mathieu de Naiirois’ . -' ASP VI~ Mayrakesh ~{Maorocco - 2024 N kel 32 it %
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Binary Systems

Artist's vzew (ESA/NASA)

170% of stars in the
Galaxy live in couples of

DBinary systems are e ™ |
formed of :

J A compact object (black
hole or neutron star)

0 A companion star
0 An aceretion disk -
a Sometimes jetsof plasma i £
HdComplex physics,
variable systems
SVHE ‘gamma-ray Tatoozne e R
systems known. (Star Wbl = =

Mathiew de Naiirois” ; ASP VI~



LS 5039 : light 1s opaque to light !

J Compact binary system with tight orbit (0.1 A.U) and massive (20
M), UV (17 000 K) star

U y-rays are absorbed by pair creation on the stellar photons
(y+hv—>e++e‘)

J Geometry introduces a modulation of VHE emission

Black hole ; g i Observer
or Pulsar e

Superior
Cunjunction

Inferior
Cunjunction
...._.Superior
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Inferior
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] Radio loud

quasar Radio galaxy

&

apxiv:07@6.0797

HESS
28th July 2006

Radio guiet
quasar
(QS0O)

I(>200 GeV) [ 10° em®s"]

120 E 2
Time - MJD53944.0 [min] 'E I’)



HESS Collaboration Nature 575, 464—-467 (2019)

H.E.S.S. (100 GeV - 440 GeV)
Fermi-LAT (100 MeV - 10 GeV)
Fermi-GBM (8 keV - 10 MeV)
Swift-BAT+XRT (0.3 keV - 10 keV)
Optical (r - band)
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Results — Many Others

E.EM_— Kookaburra K3/Rabbit [Ji®

JWealth of results: : i I

dSupernova remnants 5 Y i

JPlerions B .. 30

JGalactic Center

U Binary Systems I B b wa s Y,
Ulnteracting Stellar Winds - s Oes e vela X |

JStarburst galaxies e Ny e T i

JGalactic Novae — psmeoesas

JHuge flares from blasars, | P B !

- Tests of Lorentz Invariance - . - i

S Tndirect dark matter searchesg il .
0 i ; T O

Unveiling the it i W11
isources of cosmi@ a5/
rays!
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HAWC

JHigh altitude Water Cherenkov detector

U Array of water tanks
U 900 tanks each 4.3 m high and 5 m diameter 1 PMT at bottom
1150 m x 150 m array

U 75% ground coverage
USierra Negra, Mexico, alt: 4100 m  lat; +19°




Run 2054, TS 584212, Ev# 226, CXPE40= 21.2, Cmptness= 28.3

0

0 20 40 60 80 100 120 140
x [m]

significance [~]
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One night with HESS
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