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Relativistic Jets in the Center of Galaxies 
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Magnetic Energy of Jets (Theory) 

SM
BH

Relativistic jet

Accretion Disk

Disk

𝝈 ≫ 𝟏

𝝈 ≪ 𝟏

𝛔 =
Magnetic energy
particle energy

D
is

ta
nc

e 
fr

om
 B

H
 [𝑟
!

]
Equatorial radius [gravity radius 𝑟!]

Disk

Jet Wind

Mass density

Porth et al., (2019)

Equatorial radius [gravity radius 𝑟!]
D

is
ta

nc
e 

fr
om

 B
H

 [𝑟
!

]

3



Magnetic Energy of Jets (Theory) 
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Magnetic Energy of Jets (Observation)
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Magnetic Energy Dissipation in Jets
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Magnetic reconnection

Problems
・𝜎 ∼ 1 (Sironi et al., 2015)
・Inconsistent with IXPE

(Di Gesu et al., 2022,2023) 
From Wikipedia
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Shock Dissipation of Intermittent Jets
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(Chaskina et al., 2021; Christie et al., 2019)

Problem
・𝜎 ≫ 1 → 𝑓 ≪ 1% (Kennel & Coloniti, 1984)

𝜎 ≪ 1 → Dissipation Efficiency 𝑓 ∼ 10%

Internal shock model
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Alternative Scenario – Intermittent Jets and Wind
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Our Work – Demonstration of Our Scenario
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1D Relativistic MHD simulation

How efficient?
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Our Implemented Code – 1D AMR-SRMHD
1D Special Relativistic MHD system equations
・
"#$
"%
+ &

'!
"
"'
𝑟( 𝜌Γ𝑣' = 0 : Mass

・
")
"%
+ &

'!
"
"'
𝑟( 𝑤Γ(𝑣' − 𝜌Γ𝑣' = 0 : Energy

・
"*
"%
+ &

'!
"
"'
𝑟( 𝑤Γ(𝑣'( + 𝑝 = (+

'
: Momentum

・
","
"%

+ &
'
"
"'
𝑟 𝐵-𝑣' = 0 : Induction

𝜏 = 𝑤Γ( − 𝑝 − 𝜌Γ : energy density
𝑆 = 𝑤Γ(𝑣' : momentum density
𝑤 = 𝜀 + 𝑝! + 2𝑝. : enthalpy
𝜌, 𝑝!, 𝑝., 𝜀：measured at the fluid rest frame

The heat ratio：4𝛾 = 1 + /0#
1/

𝒗 = 𝑣' , 0, 0 , 𝑩 = 0, 𝐵- , 0 : assumption

Magnetization：σ = 2#
!

34 506$ $!
Discontinuity

Shock wave

×16

Numerical scheme

・2nd order MUSCL-TVD (van Leer 1979)
・2nd order Runge-Kutta method
・Flux limiter function：minmod (Roe 1986)
・Riemann solver：CENTRAL (Rusanov 1962)
・AMR (Berger & Oliger 1984)
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Single Jet Simulation
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Distance from Contact Discontinuity [𝑅.#/]
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Distance from Contact Discontinuity [𝑅.#/]
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𝑟

𝐵B

Jet Wind

Multiple Jets Simulation

Winds
・𝐿012. = 10'3𝐿"#$
・𝜎012. = 10'4&

・𝑇012. = 100 MeV
・𝑣012. = 0.1𝑐 cm/s

・𝒕𝐰𝐢𝐧𝐝 = 𝟏 ± 𝟎. 𝟏 𝑹𝟎
𝒄

Intermittent jets
・𝐿"#$ = 103% erg/s
・𝜎"#$ = 10
・𝑇"#$ = 100 MeV
・𝚪 = 𝟏𝟎 ± 𝟓

・𝒕𝐣𝐞𝐭 = 𝟑 ± 𝟐 𝑹𝟎
𝜞𝟐𝒄
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15Our scenario can generate 𝝈 < 𝟏, 𝚪 > 𝟏, 𝑻 > 𝟏𝐌𝐞𝐕



Dissipation Efficiency

Time t 10C s
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Injection energy

Thermal energy

𝑓 =
Thermal energy
Injection energy PMQRSMT MNOQMUO

(e.g. Internal shock model < 1%)
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Summary
Intermittent
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Purpose: Demonstrate new model
Method: Simulation by our code
Result : 15% efficient dissipation
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Check this!!
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Method: Simulation by our code
Result : 15% efficient dissipation
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Check this!!

Our model may explain
・𝜎 problem
・𝛾-ray variability
・X-ray polarization
・Particle acceleration

and so ...
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Flare-like

5×10&: cm
10×10&: cm
15×10&: cm

𝑓VMW = 0.15 𝑓VMW = 0.07

BL lac：𝜎 ≪ 1, Γ ∼ 10 (Ghisselini et al., 1993)

Stationary

𝑓 =
Time averaeged 𝐸DE

Average injection energy𝐸DE 𝑡 = M
I
𝐿DE 𝑡J, 𝑅; 𝜎 < 1, Γ > 5 𝑑𝑡′

𝐿012. = 10'3𝐿"#$ (𝐿012.: low) 𝐿012. = 10'(𝐿"#$ (𝐿012.: high)



Dissipation Efficiency
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