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RadioLoud  Broad Line A Blazar is a subclass of active galactic nuclei (AGN) whose
R Quasar Radio Galaxy
1ot _ Narrow Line relativistic jet is closely aligned with our line of sight.
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Flat Radio Spectrum & Core Shift

* Flat radio spectrum: the superposition of synchrotron

Y

emission from multiple jet regions.

* Core-shift effect: the location of radio cores changes with

the observed frequency.

* Provide constraints on the jet’s physics (e.g., Blandford &
Konigl 1979, Kanigl 1981...)

low v high v

Schematic illustration of flat radio spectrum & core-shift.
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Light-curve PSD

Variability

Joint Analysis WMWWWWWMW hob,

Power (arb. units)

v

Time Frequency

S o * Core-shift locates the emission region
* Variability: time-dependent dissipation +  SEDs reveal the physical propertites
* LGCs record the dynamical dissipation
* Power spectral density (PSD): how variability

power is distributed over different timescales & Constraining jet physics by jointly combining spectral,

characteristic timescale.

spatial, and temporal information.
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Stochastic Dissipation Model

Dusty Torus
; 4kritan0 Blobs are generated independently, continuously and randomly.
i s i Low-state: numerous weak blobs
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Dusty Torus
» 1 Calculating the radiative evolution of all blobs

Simulating MW LCs, SEDs and globe core-shift
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Schematic illustration of stochastic dissipation model.
Liu et al. 2023 MNRAS
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Spectral & Spatial

B(r), n.(r), N(r)

A
l‘ * Magnetic field and electron density frequency-
é./s_(?) dependent core position
e * Distribution of magnetic field, electron density
blob number — total radio spectrum.
- V";,(r) « Constraints on parameter distributions.
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Temporal

0.057s1 The rms PSD amplitude depends on the dissipation rate. More
blobs — lower PSD level; Fewer blobs — higher PSD level

1 .
-1
0.40s E[Pseg| (7, v, f) ¢ ———, Npiop(r) = p(r)Ar
Nplob(7)
1.14s-1
Radio variabilities provide insights of the distribution of
. _ . . . .

LCs with different blob numbers dlssi:’lpcitelz:ers.ate dissipation rate along the jet

(adopted from Liu et al. 2023)
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Core-shift & SEDs
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* The electron density decreases with distance.

Different dissipation mechanisms of jet underlying variability in blazars Tan & Liu, ApJ, 1007, 45 (2026)



3 \n\'“de Astroph
e

S,
« s

Model Results for Mrk 501 e o

Japan

August 30 - September 4, 2026

Multi-wavelength PSDs
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Multi-wavelength PSDs
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PSD Discepancies

radio spectrum + core-shift (1.6-8.4GHz)
— parameter distributions (0.5-3pc)

Good fit in the outer jet region (4.7-15GHz, >0.25pc)
Larger discrepancies in the inner jet (>15GHz, <0.25pc¢)
(fewer effective radiating blobs in inner region)

Different parameter distribubtion

Changing dissipation mechanism from inner to outer jet?

Different dissipation mechanisms of jet underlying variability in blazars Tan & Liu, ApJ, 1007, 45 (2026)
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Modified Multi-wavelength PSDs

100¢ 4 10%
E 101

10—2 L

E)

10

] ] :_Model 230 1075} Opt.Rband P .76-6.5¢

T ; 10! .

within 30

F —— Model —— Model 10~2 | — Model .| ---N level —— Model [ — del
E*** Noise level 4 7GHZ ——- Noise level BGHZ ——- Noise level]-l 2GHZ 10 l: W S]‘\)/[l:e(s;‘;it-tem) o ;I:lsz level 10_3- v ;\\I/[::ls: level o
[ & RaTAN 3 Medicina & RATAN b @& SMA (long-term) 107%k 5, GASPAWEBT and Tuorla 3 & Swifl-UVOT Wi Most Of the
02 10-2 10-7 102 103 10~ 107 102 102 10T 162 10-T
= 1
> 101 T~ e T ] e results are
g ™ |
v 10 Ay consistent
‘a
g ; 1o within 10.
D) 102 :
8 E 10—1 L r
~ 10-2E
w E a £
8 10 Model 3 — Model — Model 1 i A” I’eSU|tS are
<= e Ngisz level 15GHZ 1 g [RSSE N:isz level 22GHZ - N:isz level 24GHZ il 10_37 === Noise level _3| ——- Noise level [ —=- Noise level
= [ % OVRO 107 % RATAN 3 107%F & Medicina = F % Swift-UVOT M2 3107%F & swin-uvor w2 3 3] ¥ SwiftXRT .
Lo A r e f s rd ; Ry il : . R O E . LT FE— T e ] 109 el Conslstent
B 1073 1072 1071 107+ 1072 1073 10- 10~% 10-1 10-2 101 102 101
(@)
[al

10°¢ [
E 101§

10-1

: 10967
107 101} i

s 1 . - 2-10keV 0.3- 500GeV 1otg >0.2TeV;
103 F—— Model E —— Model 107 Model 10 E —— Model 7 10-1L— Model [ —— Model

E - —- Noise level 3 7 G HZ 5 ——- Noise level 1 OOG HZ ——- Noise level 2 3 OG HZ F ——- Noise level ——- Noise level [ ——- Noise level

L 13+ Metsahovi ] 10-21 @ IRAM »(}. IRAM [ 1 Swift-XRT &+ Fermi-LAT 10-2} 9+ MAGIC !

103 10~ 103 107 107% 10t 10~2 1072

Frequency [day '] Frequency [day ']

Different dissipation mechanisms of jet underlying variability in blazars Tan & Liu, ApJ, 1007, 45 (2026)



\13\'“';‘9 Astroph
Vs
S Cs

Prospects for the inner jet 4B =

Japan

X% N
M 2026
o L0 August 30 - September 4, 2026

—— Outer Jet
Inner: Aa,=0.17, Aa; =-0.17
—— Inner: Aax = 0.50, Aa; =0.00
1001 fner: Aax =0.00, Ao =-0.70 Different features between inner and
; § Croke+ 2010
outer jets.
%)
S
L1071}
o]
o
~
1072¢
109

Different dissipation mechanisms of jet underlying variability in blazars Tan & Liu, ApJ, 1007, 45 (2026)



xicle Astrg
< paf 'oh Vs,
c§ Cs

e

Gt

ot

Tendo
Japan

August 30 - September 4, 2026

&
i

S

i

Prospects for the inner jet

T
TR

(305

—— Outer Jet
— Inner: Aa,=0.17, Aa, =-0.17
—— Inner: Aax = 0.50, Aa; =0.00
0 —— Inner: Aax =0.00, Aa; =-0.70
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Millimeter/sub-millimeter VLBI
ro oLk observations in the future will be
core
1072} —-—-- k, = 0.90 important for understanding this scale-
""" E’ B (1)'?; dependent dissipation picture.
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‘ e Reconnection Interpretation of the Changing
10F i E Evolution of Magnetized Jets Dissipation Mechanism
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10t s L
: ’Ilpﬁ,'p,.'g | * Inner jet: high magnetization enables efficient plasmoid
‘_-—_\ ?" 1 .
{ o, wperiet | Err—— formation and coalescence.
1072 ; -
E —-— lower je 3 . . .
s * Rapid merging — fewer but larger and longer-lived

C b oednl vl vl 0 vl 0 0y n
100 10T 107 10° 107 10° 109

Chatterjee et al. 2019 radiating blobs.

* Outer jet: lower magnetization suppresses merging, and

primary plasmoids radiate independently.

Coalescence Instability
(Sironi et al. 2025)

(Daughton et al. 2007, Loureiro et al. 2007, Takamoto
2013, Sironi et al. 2016, Petropoulou et al. 2018...)

Petropoulou & Sironi 2018

Different dissipation mechanisms of jet underlying variability in blazars Tan & Liu, ApJ, 1007, 45 (2026)
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A spectro-timing-astrometric model, providing a more comprehensive understandings of blazar jets.
Jointly fits the SED, radio core shift, and multiwavelength PSDs of Mrk 501.
* The baseline model underpredict higher-frequency variability (>15GHz).
* Inner/Outer jets follow different parameter distributions.
A simple blob-merging scenario, the inner and outer jets having different effective parameter distributions.
* Inner:fewer, larger, more energetic, and longer-lived blob; Outer: baseline distribution.
* Transition on sub-parsec scales around 0.1pc(Mgy/10°M,,,)~10°R..
Possible magnetic reconnection origin with efficient plasmoid coalescence...

Future high-cadence monitoring and mm/sub-mm VLBI can test this scale-dependent dissipation scenario.

w4 A — R

Different dissipation mechanisms of jet underlying variability in blazars Tan & Liu, ApJ, 1007, 45 (2026)
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linear PSDs of observations
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