<t 9 e fl v
Very ngh Energy GammaRay
Astronomy ‘

0 N T

T

R CR Umversﬂy of Tokyo

~ ICRRSprlng School 2(23
~ March 7, 2022



W

Institute for Cosmic Ray Besearch
University of Tokyo

1.Cpbl H xXO6T

2. H p %€ Kum. Cp bl
3. 1t X1 YCpbl ¥ O
4.Cpbl x o~

5Cpbl H mwYZ2TUT

6. W C p bl CTA

T. Yoshikoshj ICRR, University of Tokyd High Energy GammaRay Astronomy® Spring School 2®3



Cpbl 1 WY H x 6T ICRK,

A Cosmic Ray Research
v of Tokyo

&T. "Cpbl "~ Q%€c Kum. x

N\

\ S o7 G B o 2 R

XH Tuw ¥ 20 Y wTtod

eT. - 2 s ~xp)oyx Cpbl

Tt 9 a yaztY o>
XRH' &7 9x 4" 0¢

T. Yoshikoshj ICRR, University of Tokyd High Energy GammaRay Astronomy® Spring School 2®3 3



— ‘ I V Institute for Cosmic Ray Research

Baaversity of Tokyo

Radio FIR aE i

BB

:j
107 10" 10" 10"®  AIm]

: ll ; il
10° 10° 107 10°®

IZZZZZZZZZr;
107 10

i i |
0" 10 10" 107

| | | | | | | | | | =
10° 10° 107 10% 10° 10" 10" 10™ 10 10% 10" 10" 107 10™ 10" 10® w[Hz]

<t 1D
Radio 3MHz <v <30GHz 100m = A= 1cm T~10"—=DK
104-102eV. mm & submm 30GHz<v <3TH? 10mm=>2420.1mm| |T ~(1—=100)K
Infrared 3THz <v <300THz 100um = A2 1um| |T ~ (10> >10H)K
1-3 eV 3x10¥Hz <v<10¥Hz|  [lum=22300nm| |7~ 4x10*K
Ultraviolet 10° Hz <v <3x10" Hz 300nm =4 210nm| |T ~ (10° = 10°)K
X-ray 310 Hz <y <3x10°Hz| [10nm=>72>0.0lnm| |T ~(10° —=>10")K
>1056 eV V-ray v >3x10" Hz 4 <0.01lnm T>10°K
>101 eV : :
~TeV VHE= Very High Energy ( <4 i 0D)

T. Yoshikoshj ICRR, University of Toky8 High Energy GammaRay Astronomy? Spring School 2®3 4



ICRR,

Institute for Cosmic Ray Besearch

University of Tokyo

A{em)
106 10 107 1 1072 10°%© 10 @ 10 12
(T T T T T T 1T T T 1 rorrr1 ]
U(HZ) BA
195 108 1010 1012 1% 1016 1018 1020 1022
A5 (Y Y (O T O T B A=
1002 — —0*
[ 109°K Higt
108 — 107°K =
~ - 108°K EbE
g — =
AN L ey 105K 102
| — —
T N 109°K — 10>
e [ 10%°K é 10%
Q — —4
- 4 |— o =
: 10 = 102°K Hiors
& - 10°K =
E 1078 t‘ 1ok E 1010
< [~ 3
10 12— = L
— —1
10 16 [— 3
- —J10 8
10"20 [/ | | l lT:— -}0—10
104 10 108 10'¢ 10'?2 10'¢ 10'6 10'8 1020 10%2
viHz)
B,
S T N T Y O O O A O
104 102 Y 102 10% 108 108 100 107
Alcm)

RBOBERT—/L

|

4 =8
X BAE TEX  HAR VDR

B, (ergsec ™’ em~2 Hz—="Vster— ")

T. Yoshikoshj ICRR, University of Tokyd High Energy GammaRay Astronomy® Spring School 2®3



1 =1 UCp bl

X

ICRR,

Institute for Cosmic Ray Besearch

Baaversity of Tokyo
4 ) vro0 oS INA RREF AR
o— ¢
B 2
\_ ) \O *s ?. (v
/”Fﬁz-"ﬁ‘\, g O/ b _\s\f’
1 e N
\& 5.&.&&.( ()
7 ™ BT N
H 2R S\g\s\’ LN
7 =ik a1
N Y, B ,
a7 4 r
o P '
- e =
/ \ 2 % ‘\‘. h o~ 7’3 /{&I ?‘
ERE . v¥——" EBIzN¥-
B \ 7 2R
\
- J bl En A5 T b EEL
T. Yoshikoshj ICRR, University of Toky8 High Energy GammaRay Astronomy? Spring School 2®3 6



V

ICRR.

Institute for Cosmic
Haiversity of Tokye

Cp bl O Opg )

T. Yoshikoshj ICRR, University of Toky8 High Energy GammaRay Astronomy? Spring School 2®3 I



Cpbl xalY-~ ICRK,

Institute for Cosmic Ray Besearch
University of Tokyo

GAMMA RAY TELESCOPES

H v fi «h

Air shower
Arrays

Space-based
pair production
telescopes

Imaging Atmospheric
Cherenkov Telescopes

0.1-100 GeV
Small area
Background-free
Large field of view
High duty cycle

50 GeV —-100TeV
Large area
Excellent bg rejection
Small field of view
Low duty cycle

100 GeV —100 TeV
Large area

Good bg rejection
Large field of view
Large duty cycle
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Imaging Atmospheric Cherenkov Telescope
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Interaction in atmosphere
generates an Air Shower
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Cherenkov

Radiation $ — 5 nS_
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Friday, May 30, 2014

T. Yoshikoshj ICRR, University of Tokyd High Energy GammaRay Astronomy® Spring School 2®3 15



Cpbl xXaY~ (VHE) ICKK))..

Atmospheric showers and Cherenkov radiation

T. Yoshikoshj ICRR, University of Tokyd High Energy GammaRay Astronomy? Spring School 2®3



V4
A C ICRR.
A O 6 a M L e Institute for Cosmic Ray Research

Dngversity of Tokyo

120

100

MAGIC

H.E.S.S.

Run 325446 Event 56

T. Yoshikoshj ICRR, University of Tokyd High Energy GammaRay Astronomy® Spring School 2®3



VHEC p bl

VHE gammaray sources(>100 GeV

ICRR,

Institute for Cosmic Ray Research
Dngversity of Tokyo

+90
sl .«.:
- -
- *- -
- - - < -
- -P
- -
~ - ve —_—
-~ - ‘- - -
” e
// - - -
- -— p—y -
- - - - - -
/ - v - -
/ —_——
/ ~ - - a2 @ —
- - - - b - -
- - - e
o | o T T AR e R e e > T -
» - - y
+180 1‘ S . & Nl W MMDN oy DN g Sy - ¢
\ - - -
\\ - - - —
\ ™ - o -
- - - -
- - e
N e - -
\\ - - - -
N -
4 -
N —
T - -
o - - —
P —
-— -
- -
- —

250

T. Yoshikoshj ICRR, University of Toky8 High Energy GammaRay Astronomy?

Spring School 223

Source Types

Extended TeV Halo PWN

Binary XBRB PSR Gamma
BIN

9

HBL IBL FRI FSRQ
Blazar LBL AGN
(unknown type)

Shell SNR/Molec. Cloud
Composite SNR
Superbubble

Starburst

DARK UNID Other

D OO

uQuasar Star Forming
Region Globular Cluster
Cat. Var. Massive Star
Cluster BIN BL Lac
(class unclear) WR
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Binaries

| physics of sources
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Pulsars: Crab

MAGIC, 2016, A&A, 585, A33
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* MAGIC dataset: 320 h

* Discovered pulsed em
spectrum extending u

e Spectra of both peaks
power- laws far beyon
cutoffs:

* P] detected up tc

(r=3.5+0.1)

* P2 detected up TCQ

(r=3.0 £0.1)

CTA Japan Meeting, 2017 Dec 18/19, 2017, Kashiwa-no-ha
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HESS Deep Observation of 250hrs

Spectrum:
Parent proton could be 1PeV =» PeVATRON?

Radial distribution 1/r:
Consistent with the diffusion from the central BH
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Active Galaxies

Active Galactic Nuclei (AGN)

- High-luminosity extragalactic
objects

> Probe properties of the
universe at large distances

- Highly variable |

‘Quasar/Seyfert 1”
ilewing at an angle to the jet

Black Holg \\ ll F - - Jets powered by accretion on to
Accretion D-iy supermassive BH
So far, AGN are generally:
- Blazars

Torus of > Jets aligned with line of sight
NETeE|REETS

and Dust But also radio galaxies (e.g M87)

RadioJet > Jet viewed from the side

Image: Aurore Simonnet, Sonoma State University
lllustration: Robert Naeye, NASA GSFC

T. Yoshikoshj ICRR, University of Tokyd High Energy GammaRay Astronomy® Spring School 2®3

27



K™ D®ED

ICRR.

Institute for Cosmic Ray Besearch

Baaversity of Tokyo

e B PKS 2155 E
+ Extremely variable on all time scales : e -
S g E
. : ¢ 25g E
+ Relativistic jets with large Lorentz factors g o -
= AsE —=
: i : 1 N
+ >1000 Fermi blazars, 60 in TeV regime E £
0~ 60 80 100 120 -
Time - MJD53944.0 [min]
L o e Bl L I ) d = WHW
E SMA E ~
| VLBA_core(BP143) 7 N
— VLBA(BP143) ¢ - = m
1070 A VLBA(BK150) — 107" =
= ®  Metsahovi : P ¢ #f o B £ -
A Noto = - L ] Nlﬂ B
— W VLBA_core(MOJAVE) ++ - 7] E i
10"1l= 4 VLBA(MOJAVE) — QO 10
= Ao OVRO = 5 =
= RATAN ] 2 B
— A Medicina ® Swift/UvOoT ® — w
102 Efelsbong ROVOR . = g 10t hlgs—mﬁmi long-term
- ®  NewMexicoSkies ® SwiftBAT = o - — O Farmi flars
L ® MITSuME e RXTEPCA . L B . —B— ARGO-YBJ long-term
ni ] m GRT SwiftXRT o 1075 -~ e
e §_ £' . GASE _§ [ —a— Abdo et al.(2011k)
— a u  WIRO - o ¥ Albert et al.[2007)
= o B OAGH - — #— Aharonian et al. (2001)
B Vi 7 14
1014 L] ;;w L] ;(;‘2 L] '1{!14 L '1{:15 L] 'ﬂlw ;{i"“’ ;Jaz ;(;24 ;(i% ;028 wwﬂ 10" 10" 1w* 107  10° 107 107 10
v [Hz] Energy (TeV)
T. Yoshikoshj ICRR, University of Toky8 High Energy GammaRay Astronomy? Spring School 2®3 28



o fil ¥

PO e

ICRR,

Institute for Cosmic Ray Besearch

University of Tokyo

[ GBM Nal, + Nal,

GRB 080916C
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Not much more EBL than the one from the resolved galaxies
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