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Relativistic Jets from Compact Objects

. Mass density
Relativistic jet :

> 999% light speed

Distance from BH [ry]

Accretion
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Equatorial radius [gravity radius 7]
Porth et al., (2019)
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Shock dissipation of Intermittent Jets and Wind mzsm
&

Intermittent

| Wind interaction? - Y.K+ (2023) |

Transfer
‘Magnetic‘ E—) ‘Kinetic‘
Crash! l Dissipate
I . ‘Thermal‘
l Radiate
y-ray
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https://ui.adsabs.harvard.edu/abs/2023MNRAS.526..512K/abstract
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Efficient Magnetic Energy Dissipation by Internal Shocks
‘How efficient ? - Y.K+ (2023) ‘

Intermittent

Jets .. : :
‘ 1D Relativistic MHD simulation ‘
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Still high-o 1n afterglow phase?
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Impulsive Acceleration

Acceleration time scale:  ct,.. = 0§,

0, ct)l/ 3
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Acceleration rate: (Mg = (
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The extreme universe viewed in very high-energy gamma-ray Credit: NASA
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Expectation
Magnetic Bullet Bright Early Afterglow
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Fundamental Equations

1D Special Relativistic MHD system equations

Opl L 10 2 _ .
or T 25,7 (pl'v,.) =0 : Mass
0t 10
= T 2.7 Wl*y, — pI'v,) = 0 : Energy
9S8 L 19 2022 _22r
T 25T (wlvf +p) = . : Momentum
280 lir(B v,) =0 : Induction
ot r or 64T '
‘pg=F —1D(e—p) : EoS
7 = wl'? —p — pI' : total energy density
S = wl?v, : momentum density

W =€+ py + 2py, : total enthalpy
P, Dg, Pm, € comoving mass density/gas pressure
magnetic pressure/energy density

The heatratio:y = 1 +

€+p
3€

v = (1,,0,0),B = (0,Bp,0) : assumption

Magnetization : o =

2
Bd

4m(e+pg)r2
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Simulation Setup

Jet

*Ejer = 10°% erg
-I'=10
"D X1
T =100 MeV
0o = 1072 ~ 10

2

Thick shell
Ao = 0.01Rgec

Thin shell

Ag = 0.001R e

RO == O'1Rd€C

ISM

"m, = 938 MeV
I'=1w=0)
"ngy = 1 cm™3
T =1 MeV
"Bism = 1 uG
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Results

/lDSRMHD code (Kusafuka & Asano in prep)\

- 7th order MP7 (Suresh & Huynh 1997)
*3rd order SSPRK(3,3) (Gottlieb & Shu 1999)
AMR (Berger & Oliger 1984)

&Moving window (Mimica et al. 2004)

)

Assumptions

"€, = 0.1,eg = 0.01 are constant

FS position is at gas pressure maximum

Mass density [erg/cc] / Gas pressure [erg/cc]

102

10°

10—2.

10—4.

-6
100‘

102

100,

1072

10—

145

time = 00077000 s

0=0.01

5240 0.5245 0.5250

o=1

— -

il

245 0.5250 0.5255

10?2

110t 10°F
1072}
_100

10—4.

— 107! 10°°

102

{10t 10°
10—2.
- 100

10—4.

— 107t 107°

o=10

'//Fa

05250 0.5255 0.5260

Radius [Ryec]

.101

_100

L N i 01
0.5245 0.5250 0525§

§ 101

_100

0 uoneznauge]y / J 10108] Z)Ua10]

107t

13/23



The extreme universe viewed in very high-energy gamma-ray

Credit: Higgstan

Forward Shock Evolution

Definition of observed time

R(tmup)(1 — cfcos 0)
cp

tops(0) = (1 +2)

observed
image

Granot et. al (2005)
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Electron Energy Distribution

Assumption: steady state
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Observed
Spectrum

* Early phase
* > g, A is high luminosity

* Middle phase
* > g, A is high luminosity

* Late phase

* Independent of initial o, A
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Semi-Analytic Modeling

Collaborators

PhD1. Kaor1 Obayashi (U. Aoyama-gakuin)

Prof. Katsuaki Asano (ICRR)
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Semi-Analytic Model of Magnetic Bullet

/ Magnetic Bullet
[rs 4
FO / t_a(o-o )
1—‘BM /
th t

tacc tcoast tBM

Based on our simulations (preliminary)
(Kusafuka & Asano 1n prep, KOA 1n prep)

th t <ty
FFS X<t a(do) Leoast <t < lpy
_3-k
t 2 t >ty

The timescales depend on gy, Ay, [y (secret, I’'m sorry)
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10!
Case 1. ISM
102
Parameter List Lo
I, = 100 | .
0o = 100 o N
E, = 10°° erg ! By
Mo=Raee/TE| &
ng=1cm™3 a0
Ry = 103 cm =5
€, = 0.1 [ 107
ep = 1073 e
=1 1077,
p = 2.2
z = 0.845
d; = 10%® cm

10—20 L
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Steep rise!!
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Ray.

I
Gradual increa%’ . 2 (g
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Case 2: Wind  *
Parameter List — o
[, =50 |
oo = 100 N 107
E, =103 erg |
Ay = Rdec/_l_‘?())2 O 10-18
ng = 1cm 60
Ry, = 10'% cm =
9] = 0.1 — 1072
€, = 1072 oy ﬁ L
eg = 1072 >l Lops (2
T e, %\,
p =22 I o t2) . (TeV) 100)
7= 0.845 T T e e T
d, = 10%° cm Observed Time [s]
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—— 10° Hz (x10%%) —— 10% Hz (x10%?) —— 1018 Hz(x10%) —— 10?° Hz(x103) —— 1027 Hz(x10°)

Summary Thick shell Thin shell

1nll. BRI 1n1|.

Thank you f Early phase afterglows have a lot of mysterious features.

30 ................
20
e T o (1 . 99 . [}
Ny [owever, “Magnetic Bullet” can explain above features! \.
- Coasting
— | phase Therefore, Multiwavelength follow-up is very important!!!!
o
— 09 = 1(thick)
—— 0o = 10(thick) SKA CTA
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T . IMONY HiZ-GUNDAM 10° 107
Observe

)
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