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WHO AM I?

= Dr. Daniela Hadasch
= dhadasch@ice.csic.es

= PhD here @ Institute for Space sciences (UAB) |

= 1 year university assistance @University of Innsbruck, Austria

= 10 years @ The University of Tokyo (Institute for Cosmic Ray Research)
= Now: Staff Scientist at the Institute for Space sciences (ICE-CSIC)

= Working for MAGIC telescopes & Cherenkov telescope array & Fermi satellite

= Construction & Galactic Science
Ciimbms the
Telesco pe
J




OVERVIEW

= 8. July

= How do we detect?

= 9. July

= What do we detect in our Galaxy?

= 10. July

= What do we detect outside our Galaxy?

= Some slides based presentations by Alicia Lépez, Marcel Strzys, Liz Hays, Shoushan Zhang and
Alison Mitchell.
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JOURNEY
THROUGH OUR
UNIVERSE
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The Solar System:
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OUR GALAXY

- Milky Way

= Spiral arm Galaxy
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LOCAL GROUP OF GALAXIES
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Local Group Of Galaxies
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VIRGO SUPER CLUSTER

‘e

A V‘;',ﬂo Cluster Meco

\/

Local Gr oup ™ ME / Grom,o

e | y
\\

’

110 million light yeaxrs

Summer School 2026 o . M5 Grouwp 1/6/26 @



Milky Way Galaxy Local Galactic Group Virgo Supercluster

Scudptor Dwarf *NGC 147

Fomax Dwarf
M0 <
Pt WP Ancromeds Galaxy (31
oc ez
Triarygubum Galary (M33)

Pces Owart e = GeoWGrowps.,
|

g Dt

agLKs

Pegasus Owart

Local Superclusters Observable Universe

Hercules
Superchusters

i

Superchuster

Pices-Cetus
Superclusters
OB
Ursa Majof
Superduster

K

Phoensx

Superduster




JOURNEY THROUGH THE
ELECTROMAGNETIC
SPECTRUM
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= Light is electromagnetic radiation.

= Relationship frequency, wavelength, energy

= Av=c where A is the wavelength, v is the
frequency and c is the speed of light.

C=AXYV
E=hxv

= Electronvolt (eV) is a unit of energy equal to
approximately 1.6x10-19 joules (]).

= An electronvolt (eV) is the energy gained by
an electron accelerated through a potential
difference of 1 volt.

= leV = Energy of the visible light

WHAT IS LIGHT?

Summer School 2026

c=3.00 x 10° m/s
h=6.63x103*J.s
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THE ELECTROMAGNETIC SPECTRUM

Light is a form of electromagnetic radiation.
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THE ELECTROMAGNETIC SPECTRUM

Light is a form of electromagnetic radiation.

Sources
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GALACTIC PLANE AT DIFFERENT WAVE
LENGTHS

B




GALACTIC PLANE
LENGTHS

AT DIFFERENT WAVE
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THE SKY IN GAMMA-RAYS

y-ray sky observed by Fermi-LAT >1 GeV over 12 years

Temperatures:
Hot stars ~1 x 104 K,
hottest gas 1 x 107 K

To produce y-rays of 1 MeV,
we need a temperature of
2x10°K

We see y-rays throughout
the Galaxy constantly

How are they produced?

Summer School 2026 7/6/26 @



GAMMA-RAY ASTRONOMY — ASTRONOMY
OF AND WITH PARTICLES gt

¥ & e Gamma rays are
gt B generated via particle
¥ W interactions
e
g * By electrons or
. hadrons (protons and

a) Synchrotron radiation b) Bremsstrahlung

heavier nuclei)

04
e’ Yy > Gamma rays show
. interaction of high
€ . energetic particles with
_ surrounding medium
c) Inverse Compton effect d) CR - ISM scattering

o1rZ\ U20
hased 0 o 2005
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NON-THERMAL PROCESSES

IC
synchrotron (eV - MeV)

E® dN/dE

energy E
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TRANSPERENCY OF THE EARTH'S ATMOSPHERE

Cosmic microwave background, -3 mm

1 ;eV 1PevV 1 _I eV llGeV 1 MeV 1 keV
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[Wagner 2006]
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CLASSIFICATION & DETECTION OF GAMMA RAYS

Definitions are somehow arbitrary
however:

- X 0.1 keV-300 keV

- X/soft gamma 300 keV-10 MeV
- HE 10 MeV-30 GeV

- VHE 30 GeV-30 TeV

-  UHE 30 TeV-30 PeV

- EHE above 30 PeV

No upper limit, apart from low flux
(at 30 PeV, we expect ~ 1/km? /day)

3

Alessandro Carosi
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CLASSIFICATION & DETECTION OF GAMMA RAYS

* High energy (HE) > 100 MeV
-> Safellites (Fermi-LAT)

Very high energy (VHE) > 100 GeV
-> (IACTs) Cherenkoyv telescopes (MAGIC, VERITAS, H.E.S.S., CTA)

* Ultra high energy (UHE) > 10 TeV HE VHE UHE

-> Particle (EAS) detectors (LHAASO, HAWC) E>100 MeV E>100GeV| E>10TeV
What the Human (Fermi-LAT) (IACTs) (Detectors)
Eye Can See ‘ . —
a | | |
V\!avelength 10° 10 10" 10% 10° 10* 107 10° 107 10* 10* 10" 10" 10% 10" 10" 10" 10* 07 10" 10" 10 10"
in Metres < ] | ] 1 i I i L | L ] | | I ] ] I i ] | I ] ] >
i I T i T ] T T I T ] I r ] i i T i T T T I
Electron 10° 107 10" 10° 10" 107 10”7 10"+ <10 10° 107 10" 10" 10° 10" 10" 10" 10° 10" 0% 10" 10" 10"
Volts (eV
(eV) ' MeV GeV TeV
Radio Waves Microwaves Infrared Visible Ultra- X-Rays Gamma Rays
Light violet
Quantity Fermi IACTs EAS
Energy range 20MeV-200GeV 100 GeV-50TeV 400GeV-100TeV
Energy res. 5-10% 15-20% ~50%
Duty cycle 80% 15% >90%
FoV 4n/5 5° x 5° 47 /6
PSF (deg) 0.1 0.07 0.5
Sensitivity 1% Crab (1GeV) 1% Crab (0.5TeV) 0.5 Crab (5TeV)

A. De Angelis & M. Pimienta 12



HOW TO DETECT
GAMMA-RAYS
SPACE BASED?

Summer School 2026 1/6/26



GBM Field of View

THE FERMI 1T

Large Area
Telescope (LAT)

LAT Field of View

Gamma-ray
Burst Monitor
(GBM)

Large field of view
- 1/5 of the sky
. >85% of the sky ir

3 hrs [\I '

i
i

Broad energy range 2
(20 MeV - >300

GeV)

Views entire
unocculted sky

Nal:8 keV - 1
MeV

BGO: 150 keV - |
30 MeV ‘



WAIT R MINUTE...




YOU MAY THINK OF A TYPICAL TELESCOPE LIKE THIS

Galaxies and Stars

Source Telescope Observer

Y Vv VY

Collect light through reflection or refraction and record the image @



GAMMA RAYS DO NOT REFLECT OR REFRACT EASILY

Difficult to focus onto a camera or even detect. Blame physics!

Gamma-ray attenuation in Germanium
10.0F

Gamma rays are scattered and
absorbed in matter

* Coherent Scattering (electron
remains bound to atom)

 Photoelectric Effect
 Compton Scattering

* Electron (e°) positron (e*) Pair
Production

1.0

Range (1/cm)

Photo—
electric

* Details depend on composition o}
and density of the material and }
photon energy

P i PR TR | i PR Y AN T
0.01 0.10 1.00 10.00
Energy (MeV)

Credit: Richard Kroeger @



GAMMA-RAY TELESCOPES ARE MORE LIKE THIS

Sensors/Electronics Computers

Source

Instrument ‘Black Holes, compact objects

simulations, More computers :
effects of stellar explosions...
background models gS==irmy | P

Foretvaat,

Collzgting light through creative
absorption




OBSERVATORY
STATUS

= Fermi continues to operate extremely smoothly
and to perform at full capability

= On orbit for 17 years
= No consumables
= No degradation of science performance

= Improved due to software (LAT Pass 8)
and configuration changes (GBM Continouous
Time-Tagged Event data)

e



LAT 1s a Pair Conversion Telescope

Gamma ray converts ;,'Y An anti-coincidence detector
to ) o | ; « identifies and rejects
an e’ e pairina hrgh\\\h incoming charged particles.
density foil layer. /\
/ \-\ - —— The tracks of charged
: m 2 particles in the instrument

/ are recorded by sensors.
The photon energy is determined The tracks are used to
from measured energy deposited determine the direction of the
in the calorimeter. gamma-ray source.

Oct. 23, 2020 @



NASA's Goddard Space Flight Center Conceptualllmage Lab



LAT SKY COVERAGE




GAMMA-RRY BURST MONITOR DETECTORS

The GBM detectors are made of
scintillator material, sodium
iodide (Nal) or bismuth

germanate (BGO), that produce
light when gamma rays strike )//

them. G

é//

Low-energy detectors

The low-energy detectors (Nal)
are placed in different positions
and directions. Transients are
located using the difference in
gamma-ray rates.

The high-energy detectors
(BGO) provide sensitive
spectral information that

overlaps with the Nal detectors
and extends measurements to

higher energy. /‘

High-energy detector




GBM SKY COVERAGE

?Q‘
9
/ 1
} \:\\Su_ - 13 % 9
4
\"’“
12

l

GBM instantaneous field of
view: ~70% of the sky
~87% uptime (off during
South Atlantic Anomaly)

e



THE FERMI SKY

Fermi LAT, Energy > 1 GeV, 12 years of data (7,464,664 photons)



THE DYNAMIC GAMMA-RAY SKY

Northern Hemisphere

Southern Hemisphere

This movie
shows 1 day

frames of
LAT data

over 1 year

(o
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GAMMA-RAYS

GROUND BHSED?
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PARTICLE DETECTORS - SCHEMATIC

| I I I I | I |
om im m im 4m 5m 6m m
Key:
Muon
Electron

innermost layer ————s outermost layer

tracking electromagnetic hadronic muon
system calorimeter calorimeter  system

Charged Hadron (e.g. Pion)
-~ = = - Neutral Hadron (e.g. Neutron)
---- Photon

photons

SIMplify  iccuons

muons
_—
rotons

Track aons
racker .
1ons
p—»

Electromagnetic [ -“ neutrons

}! " Calorimeter ! % K?
Hadron Superconducting
Calorimeter Solenoid [ S C. Lippmana - 2003

Iron return yoke interspersed

Transverse slice with Muon chambers

through CMS

Different particles interact with matter differently, and particle

detectors are built in layers to exploit those differences.
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ATMOSPHERIC AIR SHOWERS

innermost layer ——————» outermost layer

tracking electromagnetic hadronic muon
system _ calorimeter calorimeter _ system

photons
.

electrons
—_—

| .

All in one

muons
-

rotons
Laons
pions
| e,

neutrons
0
KL

* Particles interact with molecules in the
atmosphere and generate particles, which in turn
again can generate particles

> Particle cascade develops

* Atmosphere works as a combined calorimeter
systems

* Discovered in 1912 by V. Hess

Summer School 2026

[https://scied.ucar.edu/image/cosmic-ray-air-shower]

[\

Carl David Anderson
Prize share: 1/2

Victor Franz Hess
ze share: 1/2

[610"9z11djaqoU]
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Particles
(electrons, protons)

gamma

gamma ray cascade or
air shower

' o
3 e

Te L s
)@A&Q

Indirect observation of gamma rays by
detecting the Cherenkov light that emited
by the air showers produced by the
incident gamma rays that interact with the
atmosphere




PARTICLE CASCADES IN THE ATMOSPHERE —

AIR SHOWER

Primary y-ray
GAMMA RAYS Cosmic rays
Electromagnetic Shower Hadronic Shower
primary y cosmic ray (p, o, Fe ...)
atmospheric nucleus \‘9‘0\‘“6
7/ \e /|
/ [
A \ EM shower ./~ | y [
ot /S " 4 : /' nucleons,
/ Sy |y F | K, oo
/,:'/ \' e‘1 J""s‘ atmospheric nucbdg " v
. A ) ‘ N EM shower / 0 \ H
e /\ ‘ 8 [ T \
7S e A N J _
Ylt“. § Y< e \-\ e nucleons, v ( \
. / e N K. etc. “ Y \ ‘e: .
- \'.. \ / »e* e \
w \ % A
u* .
EM shower

Hadronic interaction + sub-showers
from n0 decay

1 gamma - 1000 cosmics

Pair production + bremsstrahlung
35

« Gamma rays create pure
electromagnetic cascades
via pair production and
bremsstrahlung

Hadronic particles (protons
& heavier nuclei) initiate
cascades with additional
hadronic & muon
components

Gamma-ray like hadronic
cascades form huge

background for ground-
based gamma-ray
detectors



HEITLER MODEL

Simple model of cascade named after W. Heitler
from 1938

Assume:

* Mean free path pair production = radiation
length electrons (distance over which electron
loose 50% energy)

yé E,>Ec generationn

~—— 0 Energy is split 50:50 £
R I E,/2 Ae‘ E,/2 Cascade stops when energy of each particle
1 drops below critical energy (air ~85 MeV,
/e!/ v e/ %\y below ionization dominates over
2 bremsstrahlung)

/ & /\ A /\ 3 Shower size proportional to primary energy
AN AN W
4 Depth of shower in atmosphere increase

Ec(air)=85 MeV -> shower stops at E<Ec (ionization loss>bremsstrahlung) logaritmically with primary energy
e
Xma)::}‘r ll'l (EO/ 50)

Number of electrons wrong by ~10x

Summer School 2026

Nowadays we use event simulations



CHERENKOV LIGHT —
CAN SOMETHING BE FASTER THAN LIGHT?

[610°8z1djaqou]

Pravel Alrekséryevich Ilr']a Mikhéildvich IrgrorrYevgrenyevich

Cherenkov Frank Tamm
Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

 Particles faster than phase velocity of
light in medium emit light:

v=c/n=>v=0.75 - c (water)
n = refractive index @
; 7/6/26
* Discovered 1938




CHERENKOV LIGHT —
CAN SOMETHING BE FASTER THAN LIGHT?

Ty
)
o
@
j=.
=
™
)
Q,
Nok t
ounagation archive Foundation arc e oundation arct e

Pavel Alekseyevich II'ja Mikhailovich Igor Yevgenyevich

Cherenkov Frank Tamm

Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

e T AT B GRS S IR R R b, 2ok Vorseare s g Dt e S e e Ui

Charged particles moving faster than light

propagates in a medium emit Cherenkov radiation
c

Vparticle ~
For water,n ~ 1.33, so the thresholdis v > 0. 75c. 7/8/26 @

T IDLUVEICU 1LJ00




THE CHERENKOV EITECa')I'

b) Soction
- > emitted
v light
D DRPPD > = — o > Ir‘/ irects |
DD PP DD 2| PN e
DPD DDDPDD 6 R e
B3 D5 DB 33 | B —%—> i S
LIQJA N Qb ¢ A
=
: C
m 20 D) * Waves interfere constructively at an angle of
., f bb 6 A :l’. cos(ﬁ ):L B=V/C
L B -

[https://doi.org/10.1038/nnan0.2016.301]

Summer School 2026 7/6/26



How do we defect theme
IACTs: Imaging Air (Atmospheric) Cherenkov
| Telescopes (Technique)




FIRST ATMOSHPERIC CHERENKOV TELESCOPE

[6TZov0892S19AIUNj06EE 0T/B10"10p)):SdNY]

CERENKOV
[Nasalads:1963QJRAS...4R.2757]]

RANDOM

Atmosphere filled with
Cherenkov light predicted
by Patrick Blackett (NP
1948)

William Galbraith and John
Jelley detected it in 1953

25 cm mirror, PMT, dustbin
in combination with
Geiger-Miiller counter
array

First image from 1961
pointing to the Crab
Nebula; J. Jelly & N. A.
Porter

1/6/26 @



THE ATMOSPERE AS A TOOL

%103 5 [t pt
— 0 Atmospheric depth 251 The refractive index
E . .
=0.8- falls ' rapidly with Qi excess N — ldrops
80 altitude, so most of ' 2.0 th ltitud
= the material is 8 e a. e
a 0.6 e because the air gets
3 concentrated lower o 197 thinner
L in the atmosphere. £ :
@04 ® 1.0
5 3
£02 05
<
0.01 0.01
150
1.25 - Cherenkov angle
3125/ shrinks with altitude,
=3 £1.001 so the emitted cone
2 100 - is narrower higher
£ < g
$ 451 At high altitude, the HINURER o h - e
S Cherenkov % atmosphere.
> y
£ 50 threshold rises. Only NEJREEY
g more energetic Q]
5 251 particles emit 0.251
Ch kov light.
. erenkov lig 0,00
0 10 20 30 40 0 10 20 30
Height [km] Height [km]
[Strzys PhD Thesis 2020]
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Ao

* Refractive index of the
air changes with height

> Change of Cherenkov
angle

> Can use to map the
shower

charged
particle

Cherenkov
light

[https://doi.org/10.1007/s10686-009-9151-2]

1/8/26



THE ATMOSPERE AS A TOOL

AAAAA

300 GeV
100 GeV

50 GeV
20 GeV

o0 50 100 150

Summer School 2026

250

300

400

Light filling the

annulus

Light filling

Light annulus

Shower

Development

* Refractive index of the
air changes with height

> Change of Cherenkov
angle

> Can use to map the
shower

250 m
- st

“light pool"

1/6/26
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SPECTRUM OF THE CHERENKOV LIGHT
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10°
Energy (GeV)

10°

Ozone
absorption

Emission spectrum

dN 1
x SO
dxdA 3?
< ; : I
I | —— 500 GeV photon
Pl —— 200 GeV photon
- —— 100 GeV photon
E —— 50 GeV photon
1801 # f
= | Rayleigh
i scattering
100(—
50

(nm]

Cherenkov

Cherenkov light is

predominantly blueish

V/
1/6/26 @



EXTENSIVE AIR SHOWERS (EAS)

gamma shower
1TeV

—
i o
Q
-
—
()
o
x.
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EXTENSIVE AIR SHOWERS (EAS)

L R
)

O

o0ee
30

1 %N 0 1%

-

1.0 TeV gamma shower

2.6 TeV proton shower

*
1 TeV proton

27

—_—



FUNCTION OF THE TELESCOPE

* Telescope focusses light into

Emission region focal plane
of Cherenkov light

Angles get converted to
positions in the camera

Focal plane (view from Zenith)

Different angles mean
different locations in the
camera

Get an image of the shower

Duration of Cherenkov
flashes very short ~10 ns

Need ultra-fast cameras or

................ -+ Focal Plane not detectable against bright
night sky

Focal

lenght

——————— Y Reflector ' .
> X P
[Strzys PhD Thesis 2020] D —
Impact distance [arXiv:1907.09357]



FIRST DETECTION OF A SOURCE WITH AN IACT

* Whipple was located at

Trevor Weekes
(1940-2014)

« Started working in the
field from 1966

Mt. Hopkins, Arizona at
2300m height

 Detected the first

gamma ray source: the
Crab Nebula

e ~75 m? mirror area and

37 pixel camera

Comparison LST:
~420 m?
1855 Pixel camera

//////



IMAGE PERRAMETRIZATION

» Keep only pixels with signal above the background light fluctuations

* Calculate a set of parameters describing the image:
+ Size (total # of photo-electrons)
* main axis
+ Width, Length (2nd order moments — "Hillas parameters")
+ time gradient along major axis... A. M. Hillas

(1932 - 2017)

0.60°
187mm
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IMAGE CLEANING

Summer School 2026

/. [\,-(TA' / vent

> J
3. Boundary Rings

Re-Extraction

3, (,()H' ]’!\'('/\

4. Clean event

1/6/26
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DISTINGUISH GAMMA-RAY AND
BACKGROUND EVENT

| Event #11857 of Run #5024926 ] CleanData n CleanData
an

Hadronic event
candidate

|
- |

—
ceezas

-

| Event #2942 of Run #5024926 | CleanData | Event #2958 of Run #5024926 |

Bl
.-.«‘§
3

-
S &
&

L ZU2gSRBIIRLEEIE

gamma-ray event
candidate

—

-

» After image parametrization events are
classified by machine learning algorithms
(we use random forrest classifier)

* For training these classifiers accurate
simulations are needed

Summer
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STEREQ OBSERVATIONS WITH IACTS

(-O\xll-o\'l) 2 2 ) .
o Rec"gﬁg‘;ffgg o o Seeing shower from multiple side
T i / primary 7y-ray allows recpnstruction of the
shower axis

Each Hillas ellipse determines the
shower in one plane

Two telescopes determine the axis

Extending main axis in the ground
frame determines the Impact point

Projecting images into one
camera image determines the
arrival direction relative to that
frame

— T
Tel
/ J

R

=
.

[Strzys PhD Thesis 2020]
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Furthermore stereo observation
provide stereo image parameters

Improved background rejection
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CURRENT GENERATION OF IACTS

2% 236 m? (since 201
Ll ST Y -.‘u.‘g:a;..-;.v oS .
N =

v : - v
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THE FUTURE OF IACTS:
THE CHERENKOV TELESCOPE ARRAY OBSERVATORY

4 o
o ° ° °
° s °
o i 4 o o
a o
o
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o ° .9 9 0. ° °
® o 00
o © o ® o o ¢
[ N
® ° ° ° o ®

Large Sized Telascops (LST)
Madicn-Saad Talescapn (MST)
CTa0 Operaticas Building & @
Cther Cabbration Devices
-
A
o
—

Weather Station

Sialar Mrocameter
Raman LIDAR
Rosd

Gradient

MAGIC Telescopes

Exturnal Fazilitivg -

[pictures: cta-observatory.org] 2




PARTICLE
DETECTORS (UHE)

< . < = = 9 - 2 —,

Aerial photo of LHAASO taken in 2022. Photo: Courtesy of the Institute of High Energy Physics
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Particle/EAS detectors: UHE

ol EsTE G Direct detection of secondary particles of the EAS
High altitudes near to the depth of the shower maximum Xmax

Incoming gamma ray

Extensive Air Shower

Particles from air shower penetrate
particle detectors, interact and are

/ detected
~10 km R i
PARTICLE
/ DE‘\'ECTION TE
DETECTOR ARRAY \ € CHN/QU

Particle from air
shower

Detector tank

Water

Cherenkov
Light

— .\ (WS

IMAGING ATMOSPHERIC
CHERENKOV TELESCOPE

19A3] Das an0qD JybIaH

Photosensors detect
Cherenkov light

----- 1-3 km

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

N Il
https.//www-zeuthen.desy.de/~jknapp/fs/showerimages.html ot to scale

59

Schoorlemmer et al. 2019
e



Particle/EAS detectors: UHE

HAWC (México): 4100 m

Water Cherenkov Detector (WCD)

LHAASO (China): 4410m

o First ntorncson (usually sevedal 10 km hagh)

Ax shower evoives (particles are created
and most of them later siop or decay)

WCDA
3000 cells

WFCTA:

o 12 telescopes

g 1024 pixels eagh |
I e 15 . RS AN e e ——

RN <\12A S e, A '

SR 5195 EDs

1171 MDs




WATER CHERENKOV DETECTORS (WCDS$)

e.g. HAWC located in Mexico
Array of 300 WCDs at 4100m above sea level.

Air shower events trigger across array — can operate during day and night. Gamma-ray vs Cosmic Ray ?

Run 2118, TS 45004, Ev# 41, CXPE40= 55.7, Cmptness= 10.7 Run 2054, TS 584212, Ev# 226, CXPE40= 21.2, Cmptness= 28.3
E 340~ 120 g ‘340~
. >320:— ; _°§j >320;
air shower c =100 £ u
particle iy S00¢-
280 . 2801
260/ 2605—
200,000 L of 240 60 240
purified water 220/ 2201
Cherenkov . -
light photomultiplier ook il
W tube (PMT) : o
7.3 m 160— r
= 160 —

";"16"_56' o ’2‘0' 20 60 80 00 120 140 T';';d'Léd e '4'0' ' 'slo' ' 'slo' "1(')6 ‘ '156 40 ©
x [m] x [m]
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Multi-type detectors

1188 muon detector (KM2A-MD)
5216 electromagnetic detector(KM2A-ED)

18 Widefield of view Cherenkov telescope array (WFCTA)

VVVY

78000m?water Cherenkov detector array (WCDA)

To improve the composition discriminative capabilities
To reduce the effects of high energy hadronic
interaction models

09€/0

Y V

18 wide-field-of-view
air Cherenkov ;

telescopes 78000 -m? surface-

5216 scintillator? ' ~water Cherenkov 1188 underground
detectors ' detector water Cherenkov tanks




KM2A: 1.36 (km)?2

» 5195 EDs Scintillator Detectors (ED)
* 1 m2each
« 15 m spacing Steel Case

> 1188 MDs Lead (0.5 cm)
* 36 m? each SC Tiles (2 cm)
* 30 m spacing Steel Case

Muon detector (MD)

/electronics




1 Water Cherenkov Detector Array (WCDA)  [efeiel e le .
Energy rang i o T
| ¢ WCDA-1 - ..-. |[Flele
2 :+  « 300GeV —10 TeV :::: :::‘:f:?::::::: .
s‘ + WCDA-2 and WCDA-3|: - wepaar :||:: wepaz ¢ |2
° 100GeV-10TeV | (i i 0 :
> Total area: 78, 000m?> : reom.s0cels o o sneets A
» Total units: 3,120 ! Y
» Unit size: 5m X 5m X 4.4m h
> Two type of PMTs in each unit: g 3
* 8inches and 1.5 inches for WCDA-1 5 l/ —-—
* 20 inches and 3 inches for WCDA-2 L ST
and WCDA-3 ” ” —




20210511/131236/0.554789897: nTrig=-1, 0=37.81=0.02°, ¢=103.39+0.02°

Inside of WCDA-3

WCDA-1 started operating
in April 2019
WCDA-2 started operating
in January 2020

> WCDA-3 started operating
in March 2021




COMPARISON OF DIFFERENT GAMMA-RAY
INSTRUMENTS

innermost layer ——————————» outermost layer
tracking  electromagnetic hadronic muon
system Ll calonimeter  system

photons

electrons
—_—

muons
_—

rotons

aons
pions
——

neutrons
K¢

L. Lippenare - 200

+ Background control Direction reconstruction reaches you
+ All sky coverage Detector size + Detector size

Direction rgconstruction Calibration Runs all the time
Detector size Needs good weather / night Field of view
Field of view Direction reconstruction

Incoming gamma ray
& )

3 Telescopa field of view
LARGE AREA TELESCOPE ‘2 /// \
1 [ Q| 10 TeV to 1PeV
| hieamm|

50 MeV to 100 GeV

FERMI
x/ 30 GeV to 100 TeV

[arXiv:1011.0213] ——— [arXiv:1510.05675]

130m

10«m

Electron-positron
calorimeter

Summer
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Fermi-GBM
nstruments
Fermi- LAT
100MeV - 300GeV

Cherenkov
telescopes
50GeV - 50TeV P&

P g

=S

MAGIC. - C

HAWC ,
100GeV - 100TeV PO Suc iy e
e e Qj S

LHAASO
1TeV - 1PeV

~ Adapted M. Strzys
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Institute of EXCELENCIA
< : S l‘ : ; MARIA
Space Sciences DE MAEZTI
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Institute of EXCELENCIA
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Space Sciences DE MAEZTI
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SENSITIVITIES

1077
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10712 4

Fermi-LAT

-13 ] .
10 o7 ~ _ ~HiSCORE

CTA South LHAASO
10714 4

Continuum Sensitivity - E? [erg cm™2 s71]

1071° +
Chandra

10_16 I | 1 I 1 1 | | | I | 1 |
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SENSITIVITIES
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- Differential flux sensitivity (50 h) = -

I 1 1 LA Ll 1 1 a_2-.-848.088 1 1 1 llllll 1 1 lllllll 1 sars

1072 107" 1 10 10?

Reconstructed Gamma-ray Energy ER (TeV)
[della. Volpe, LHAASO Collaboration (2022))
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NON-THERMAL UNIVERSE

Adive Galacllc Nudel _ Shelltype Supernova Remnants Pulsars and Wind Nebulae  Supermassive Black Holes
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THE MULTI-WAVELENGTH UNIVERSE
—~ e, ~

Microwave Infrared © UV X-Ray Gamma Ray

' ' ' 1) ! y '
L ' L |

’ . Infrared ; + Optical " Ultraviolet ' X-ray
* 1200-800 nm (10-3.6 um) g 450-750 nm o 400-200 nm 100-10 nm

¢
4,500 K 10,000 K 10,000,000 K

Wien’'s law:
Exconst*T

.

A A y r A
COLD GAS: Radio waves reveal COOL STARS: Infrared shows ‘ SOLAR STARS: Optical light H HOT STARS: Ultraviolet shows HOT GAS: X-rays are emitted

regions of gas cool enough for smaller cool red stars that comes from stars around the the larger hot blue stars that from the hottest regions of

CO; molecules to-exist. ~.'»|| make up most of the galaxy. size ofthe Sun. || areless frequent in galaxies. gas where atoms are ionized.
. . . . \ . | . 4 . .

€
o €

1 el = : A 4 2 1 o ¢ : " § . p a . .
ES 4 .‘. & ’.
<= COOL LOW ENERGY RADIATION w== \/ISIBLE LIGHT === HOT HIGH ENERGY RADIATION =p»




