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Part 1: How?

AA) Groundbased gammaay astronomy: the opportunity and the challenge
AB) Gammaay initiated showers and growparticle based detection
AC) Imaging Cherenkov Telescopes

Part 2: What?
AA) Astrophysical gamnrray production and interactions
AB) Galactic gammaay sources
AC) Extragalactic gammy sources



‘-\\é\- 77
MAX-PLANCK-INSTITUT . G,
FUR KERNPHYSIK \\\ '

A) Groundbased gammaay
astronomy: the opportunity and the
challenge
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Mk Typical Definitions:

10-5 HE VHE UHE
0.1-100 GevV ~ 0.1-100 TeV 0.1-100 PeV
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1. Dealing with the huge background of
charged particles without an anti
coincidence shield

2. Achieving precision measurements with
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But it worksx gy <=

Tibaldoet al. 2018 A&A
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Light

Electro-
Magnetic
Cascade

13



~100% dutycycle

Steradian field of view X
Modest precision D
Modest collection area

Electro-
Magnetic
Cascade

Cherenkov
Light

 ~15% dutycycle
~4 degree field of view
High precision
Large collection area
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B) Gammaray Initiated
showers and grouneparticle
based detection



l 1 TeV gray A1st Interaction:
e*e pair production X~ 40 g/cn%
| pair = 9/7 X% ~50 glcn¥
X = Xeho and X~108 g/cm?
hpair: I‘b In(xﬂ\/l pair) x 20 km
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l 1 TeV gray A1st Interaction:
X, ~40 glcn?
| pair = 9/7 X% ~50 glcn¥
X = Xeho and X~10° g/cm?
e*e energy losses: hpaif: My IN(Xy/| pair) x 20 km
lonisation¢ continuous

Bremsstrahlung, occasional production of new high energy
gammas

Critical energy(in air): 80 MeV

Above this energy electrons produce more high E gammas which
can in turn pakproduceA cascade

Below this energg most energy is lost to atmosphere without
creating new particleg, cascade dies out
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Particle
Shower

l 1 TeV gray

Alst Interaction:
X, ~40 glcn?
| pair = 9/7 % ~50 g/cny
X = Xeho and X~10° g/cm?
hpair: rb In(xﬂ\/l pair) x 20 km

ACascade:
For E=TTeV(E-~ 80 MeV)
X % In(E/R)/In2
Nax= Mo IN(X Xnad xS kM
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l 1 TeV gray

Particle
~5km Shower

A

Alst Interaction:
X~ 40 g/crm
| pair = 9/7 % ~50 g/cny
X = Xeho and X~10° g/cm?
hpair: rb In(xﬂ\/l pair) x 20 km

ACascade:
For E=TTeV(E-~80 MeV)
X ~X% In(E/&)/In2
Nax= Mo IN(X Xnad xS kM
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l 1 TeV gray

Particle
Shower

~ 3 km

Alst Interaction:
X~ 40 g/crm
| pair = 9/7 % ~50 g/cny
X = Xeho and X~108 g/cm?
hpair: I‘b In(XA/l pair) x 20 km

ACascade:
For E=TTeV(E-~80 MeV)
X ~X% In(E/R)/In2
Nax= Mo IN(X Xnad xS kM

Need to be within a few Qof X«
to detect particles directly
x typically >3 km alt.

Field of view 12 sr
100% Duty Cycle
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Gammaand proton
Initiated showers at
5km altitude

1 TeVgammaray brings
100 GeV of energy to
the ground

A Typical electron energy
~10 MeV

1 TeVproton on
average 50 GeV EM +
30 muons

A Typical energy of
muons ~few GeV, with
much bigger spread on
ground

-Gl ¢© D

22



MILAGRO:

Groundparticle N —— S
Detectors |

25km  MILAGR@ 2001-2008

4.1km HAWC 2015-

43km Tibet AQ)+ARGQ 1990s-
44xm LHAASQ 2021-

48km SWGQ 202X-
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Drivers of performance:
size fill factor and altitude (move detector up to shower max)

Increase altitude MILAGR®, HAWCA SWGO
Increase also filfactor and sizeTibetA LHAASO & SWGO

+ muon detection
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air shower
particle

Pico de Orizaba (5636 m)

200,000 L of
purified water

Cherenkov
- light

73m



Detectors e [ (- )

5m tankA 12 radiation
lengths K, dn g/cmH)

A Gamma conversion

A > A EM showers near top of tank
Pan i\ except for highest energy
N — shower particles

5 a Muons

A Pass through without
Interaction¢ long path length

g% | ” Cherenkov light

- - A Angle:acosdwn) ~ 41°
e = A Yield: (nhA2 {1-1/n?)/hcA

300 photons / cm

0.01%photosensitive area
5m deep, 7.3 m diameter
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Events
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Direction from arrival times

A time resolution~ns over 100 m
leverrarm A angular resolution

~(1 ns *c /100 m) rac-0.2°

Energy?

A More tricky¢ can measure
groundlevel size but big
fluctuations doing toX,,.,
differences / shower
development

Hadron Rejection?
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Primary particle

. Primary particle Simul ate d Y_ I ay % (gamma ray)

Simulated proton

24 TeV, 0=44° i 21 TeV, §=21°

837 hit PMTs fest necton 1131 hit PMTs ™ 7\ T immeem
et (pair production)

(e.g. iron nucleus)

1y B
o
pion decays 0)/8 8 o — bremsstrahlung
(\ i & rFy on nucleus in air
pair production

pion-nucleus ‘ !’ u

interaction ’," Vol | /
: " | :. .: . | <—————— bremsstrahlung
7 3 i /

second interaction

(C) 1999 K. Bemlohr

Ehergy deposited
away from the core
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HAWC Events RA/Dec. MAKPLANG ISTTEE N

Typical IACT
Fielq of view
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LHAASO _ seangeeer X
CATCHING RAYS \ :

China’s new observatory will ~25 000 m —
intercept ultra-high-energy y-ray ’
particles and cosmic rays.

i North Korea
NETED)

Qe
South Korea

Taiwan

Bangladesh

12 wide-field-of-view .~ & #/F : i
air Cherenkov ' e i '
telescopes

i ' - 80,000-m? sur.'fa_ce—
l : 5,195 scintillator water Cherenkov 1171 underground
< detectors i detector - water Cherenkov tanks




LHAASO

Completed 2021

A KM2A
A ED scintillators, MD buried muon dets

36 nt MD
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Figure 1: The 0.88 PeV -ray event from the Crab recorded by the LHAASO detectors. In panel A, squares
indicate the scintillator counters of KM2A, colored according to the logarithm of number of detected particles NV,
(color bar). The open circles indicate the 11 Muon Detectors of KM2A triggered by the shower. The position of
the core is indicated by the red arrow, which is orientated in the arrival direction of the primary photon. The panel
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Muon Counting
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At 1 PeV

2\

Proton mode

gammas

~ protons
~80% gammas -

LHAASO

_ 10* rejection
.
N +
#t Cut factor
- | ﬂ_HJrJf 15-20 below
3 ‘ ‘ mean
B A Ll
10% NMUEM endrgy
v, Jim
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