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Multi-Messenger Era
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Evolution to Black Holes
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How to Form a Jet?

JET AXIS

+
= 4 B,ep, Fe?
Lorentz factor?

EARTH

‘ ‘-'.y-ray
4 - e

Scrroron R Dissipation!?
PHOTON ? - ad .

upieNT w p acceleration!?

PHOTON OR PROTON - INDUCED

SYNCHROTRON

O ON CASCADE

SHOCK
-ray

e Jet? Disk wind?

BLACK 2" INVERSE - COMPTON
s EERING Elliptical

.

has a jet has no jet




Energies and rates of the, Sﬁémlﬁffﬁ&%@&'%h CTA by K. loka

10

Cosmic Ray
E<10'>-'%eV (Knee)
FocE-27
Supernova remnant(?)
Ler~10%'erg/s
~O. I ESN/tSN
|10 | 5-1 6<E
<|0'8eV (Ankle)

FocE-3-3.2

2 Galactic origin?

<10'15¢V by SNR
|0'8eV<E

FocE-27

2019.3.14
| | ' CAPRICE —&—i
BESS98 ——=—
0L AMS +—eo—1 |
10 protons only Ryan et al
JACEE FH——
Akeno 4
- i Tien Shan -
, TN all-particle it
<~ 107 Sglectrons ¥
: Y
o XX 5¢ CASA-BLANCA +—=—
7 X £27 HEGRA —&—
D pogitrons CasaMia —e—
= e x X E2 Tibet —m—
<>.> 104 k " AGASA +——a—i -
2 = ! FiFes e
Q) X :
= g& «  Knee @ B2
L < (~1m2flyr) : Ankle
g 10® |- antiprotons g3 & (~1/km?/yr)
N X E2:
LLI N
E-27 X |
100 | .
UHECR
GZK cutoff?
(~1/km?/century)
10-10 - |2 |4 16- |8-
10 10 10 10 10 10
Gaisser 06 Exin (GeV / particle)

“ Extra-Gal.AGN? GRB?



BH and Multimessenger with CTA by K.

Masses in the Stellar Graveyard

in Solar Masses
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GW170817
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Gamma-Ray Burst
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Particle Acceleration
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Jet Breakout from Ejecta
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GW170817 & GRB 170817A
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Limits on GW170817
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Kl & Nakamura 17
see also .
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>GeV y-ray from GRBs

10

National Aeronautics and Space Administration & ’UT (b) GRB 0905 I O

; ' T 10° -

Pt £ o O R ove

2008 wun B e —

Nl s 10

l-j: 10_/ ...................
% - Time-integrated photon spectrum (0:5-s.-8.0 s)

| £ . -0.6 s: Band (  fixed) N
7 X 0.65-0.8 5: Band + PL
10"' = .'.1 0.8s-0.9s: Band =
C 0.8s-0.9s: Band (  fixed) BPL .
- + .
- Abdo 09 0.9 s -1.0 8! PL (LAT only) _
0* 10‘ 0° 10° 107 10

Energy keV)

F> | OOO to avoid yy—e” e
® >|0'"eV pty—>n—oy,e! -

j== @
m.
Q
=
=
O
Ly
.
=
Q)
(2]
(g
;%
™ 4
'
m
()]
o
}—U
@)




BH and Multimessenger with CTA by K.

GRB 190114C
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Transient Observatory
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Extended Emission

Short GRB Too rapid decline: NOT afterglow
Tttt /BUT central engine
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Real Time Search
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Fast Radlo Bursts ...

Thornton+ |3

FRB 110220

FRB 110627
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FRB 110703
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FRB 120127

Swinburne Astronomy Productions
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Masses in th llar Graveyard
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What is the Origin?

Isorated binary? Stellar cluster?
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Gamma-Ray Bursts?

2019.3.14 31

Pors (d) .
@ ~ BH formation
ZAMS 70 @
s @ s ;@f .
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BH Forming Transients
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Spin Energy
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our Galaxy
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Galactic BHs
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2019.3.14 49

CTA 1709.07997

W 50 —
5k CTA prospects -
s 0 E
> 30 —
O — ]
B - .
\AF-‘ 20 — —]
=~ - ]

10 — —

. :||||| —

JET JET A JET
al

-‘- —‘— —.— Rieger 19



BH and Multimessenger with CTA by K.

2019.3.14 loka 50
Extragalactic
E ,B I ,  Background
Light
2
N\vavvx$ \ erTeVN(mec2)
_€ i
| € | L, ~1/on, ~10n;,Mpc
’ This work: GeV-+TeV+IGL
GeV only ﬂ _ ﬂ . p— 0T model
Biteau & Williams 2015 dE obs o dE it €
- Abdalla et al. 2017
‘—l' i Driver et al. 2016 (IGL)_ H F TeV data
c:ca T % ! |
| | * 0 ——
E 101_ i B ——
= - IR
- 4 L% —2 0.01 < 2 <0.04
= N A
b—’1< i ! 4 IE %O ! —F—
~ —% =, oy
—1t A
0L
10 —2F 0.04 < 2 <0.60
011 N . N — .i N N N — 1|0 . N . s .]:(1:)0 011 Ei[Te\/] 110
Desai+ 19 A [/’Lm]



2019.3.14

BH and Multimessenger with CTA by K.
loka

51

Probing EBL Evolution
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Galactic Center by CTA

Log-scale
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Like Supernova Remnant
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Merger Remnant Spectrum
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TeV Gamma- Ray Sky

HESS 1307.4690
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