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ϹрЫ τϢϥ Ḣ χӪṰ
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· χḢ Τϣ χ Ṑ Υבּ ϣΤτσϥ
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VHE ƪ-ray

1-3 eV

>105-6 eV

>1011 eV

~TeV VHE ƪ-ray

10-4-10-2 eV

◄Ⱡꜟ◑כ

VHE= Very High Energy ( ◄Ⱡꜟ◑כ)
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VHE



T. Yoshikoshi, ICRR, University of Tokyo ³ High Energy Gamma-Ray Astronomy ³ Spring School 2023

֓ τΣΪϥϹрЫ χ
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ϹрЫ Ṑ Ϙρϛ
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ϹрЫ χᾁ ︣
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♅▼꜠fi◖ⱨ

IACTs



Daniel Mazin, mazin@icrr.u-tokyo.ac.jp

MAGIC, 2 x 17m

9

H.E.S.S., 4 x 12m + 1 x 28m 

VERITAS, 4 x 12m
─ ♅▼꜠fi◖ⱨ

mailto:mazin@icrr.u-tokyo.ac.jp?subject=
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ϹрЫ χᾁ ︣ (VHE)
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Imaging Atmospheric Cherenkov Telescope

♪כ◔☻◌
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ϹрЫ χᾁ ︣ (VHE)
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♅▼꜠fi◖ⱨ
™

Ưc(♅▼꜠fi◖ⱨ )

~ 1°

≢~ 5 ns─
⌂

~ 50 /m2

@ 1 TeV ƪ
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ϹрЫ χᾁ ︣ (VHE)
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ϹрЫ χᾁ ︣ (VHE)
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ϹрЫ χᾁ ︣ (VHE)
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100 m ╣√
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ϹрЫ χᾁ ︣ (VHE)
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ϹрЫ χᾁ ︣ (VHE)
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Atmospheric showers and Cherenkov radiation
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ἋṓЄам˔ᵊ

H.E.S.S.

MAGIC
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VHEϹрЫ
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The VHE ɔ-ray sky

250 ˢ2023 Ⱳ ˣ

Υ ṓЎϴйрЀТ ỐτϢϥק ᾋ

VHE gamma-ray sources(>100 GeV)
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Kifune plot

ᾁ χ ӱ



T. Yoshikoshi, ICRR, University of Tokyo ³ High Energy Gamma-Ray Astronomy ³ Spring School 2023 20

cosmic ray origin

Objectives

physics of sources

cosmology space and time

dark matter

ϹрЫ Ḣ πᴡΥϩΤϥΤ

Pulsars
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ϹрЫ Ḣ πᴡΥϩΤϥΤ
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· ֓ χṞᾛʿ

· ֓ χᴥ ᾝ ự πϹрЫ Υ ʻבּ

· ϹрЫ ψỴᴱ ᵰχꜗ τϢμοỚΫϣϦσΜʻ Υ
πΦϥʻ

· ֓ χớᾢḕẽτΣΪϥ ʿ

· ϹрЫ ψУжАϼШ˔иϞ ◓ ự π ήϦʺớᾢḕẽχ
Ϭל ֳβϥʻ

· ֓ Ϟṁ ϒχṄ ʿ

· ϹрЫ ψ ᵰ ὂ τϢϤẊבּ ήϦϥʻẊ πʺ ϞỴᴱχ
ᴟχ ◊Υ Ϧϥʻ

· Ӛ⁷ χΩל Ῑ (WIMPs)χל ΥTeVІϾ˔иʻ τϢ
ϤTeVІϾ˔иχ ⱳϹрЫ Υṍ ʻ
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± ⅜ ⌐╟╡ ↕╣╢

± ◦▼ꜟ⅛╠VHE●fiⱴ ╩

± SNR│

± ₈Ɽ▬○fiⱣfiⱪ₉─
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─

± ↕╣√

± 100 TeV ╕≢ ⌂─⅛

± ¯Knee°╕≢ ≢⅝╢ PeVatron │ ∆╢─⅛

± ↕╠⌐ ⌂ ⅜
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ОиЂ˔ ֬
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radio

visible
X-rays

UV

gamma-rays

Crab Nebula

⌂ ≢⁸20 ⌐╙╦√╢ ≢
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Pulsars: Crab

25



T. Yoshikoshi, ICRR, University of Tokyo ³ High Energy Gamma-Ray Astronomy ³ Spring School 2023 26

Galactic Center
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± Extremely variable on all time scales

± Relativistic jets with large Lorentz factors

± >1000 Fermi blazars, 60 in TeV regime

Mkn 421 Mkn 501

PKS 2155

BLAZARS

Ⱪ꜠כ◙כ
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±Gamma-ray bursts (GRBs) are 

highly energetic explosions 

signaling the death of massive 

stars in distant galaxies. 

± In September 2008, Fermi 

observed the exceptionally 

luminous GRB 080916C, with 

the largest apparent energy 

release yet measured. 

± The high-energy gamma rays 

are observed to start later and 

persist longer than the lower 

energy photons.

GRBs GRB 080916C

z = 4.35 ± 0.15 

●fiⱴ Ᵽכ☻♩
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GRB 190114C

IACTτϢϥ ϛοχ
ϹрЫ Н˔ІЕᾁ

(2019, Jan 14th)



AGN

e+
e-

UV/O/IR

Photons

Stars and Dust

in Galaxies

HE/VHE ◓-Rays

Nikishov (1962), Jelley (1966), Gould & Schreder (1966)
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Extragalactic Background Light

Not much more EBL than the one from the resolved galaxies 


