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What makes M87 special?
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M87 is close and heavy
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— We can resolve a jet from 107 — 107, (unique!)
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Jet collimation

adapted from Hada+24
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Jet collimation

~ smooth inner jet
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jet radius r[rg]

adapted from Hada+24
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Perlman+01

HST image

Jet COllimatiOn jet turns into

adapted from Hada+24 chain of blobs
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2) M87 is rather bright from radio to TeV
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2) M87 is rather bright from radio to TeV
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broadband, power-lawish spectra

— jet = non-thermal particle accelerator!

M. Klinger-Plaisier|3-3-26|M87 TeV flares & AM3

1612




3) M87 keeps flaring at TeV!
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3) M87 keeps flaring at TeV' o eHT L2
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— focus on recent 2018 data
with best MWL coverage
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Where do these TeV flares come from?

I
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Where do these TeV flares come from?

let's assume they are produced in the jet
x angular resolution at TeV energies

I
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TeV angular resolution?

[Thesis Barbosa Martins 22]

VLA radio lobes (0weno0
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Where do these TeV flares come from?

let's assume they are produced in the jet

x angular resolution at TeV energies
— unresolved within 10kpc — z < 10%7; (deprojected with 8,.¢,, = 17°)
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Where do these TeV flares come from?

let's assume they are produced in the jet

x angular resolution at TeV energies
— unresolved within 10kpc — z < 10%7; (deprojected with 8,.¢,, = 17°)

x variability on few days: causality?

_ o | At
—» only size of emission region: AR < § ¢ At = 871, 6 (3 d:;S)
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Where do these TeV flares come from?

let's assume they are produced in the jet

x angular resolution at TeV energies
— unresolved within 10kpc — z < 10%7; (deprojected with 8,.¢,, = 17°)

x variability on few days: causality?

_ o | At
—» only size of emission region: AR < § ¢ At = 871, 6 (3 d:;,ls)

x fixed flare region size, growing jet: too much power in small jet section?
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MKP+ in prep.

Jet power concentration?
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Where do these TeV flares come from?

let’'s assume they are produced in the jet

x angular resolution at TeV energies
— unresolved within 10kpc — z < 10%7; (deprojected with 8,.¢,, = 17°)

x variability on few days: causality?

_ o | At
—» only size of emission region: AR < § ¢ At = 871, 6 (3 d:;,ls)

x fixed flare region size, growing jet: too much power in small jet section?
— not really limiting/constraining
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Where do these TeV flares come from?

let's assume they are produced in the jet

x angular resolution at TeV energies
— unresolved within 10kpc — z < 10%7; (deprojected with 8,.¢,, = 17°)

x variability on few days: causality?

_ o | At
—» only size of emission region: AR < § ¢ At = 871, 6 (3 d:;,ls)

x fixed flare region size, growing jet: too much power in small jet section?
— not really limiting/constraining

x multiwavelength picture?
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MWL angular resolution
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MWL angular resolution
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MWL angular resolution
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MWL angular resolution

Perlman+01

HST image
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Perlman+01

HST image

MWL angular resolution
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MWL angular resolution

1GHz
]

1THz
I

1011

1010 .

109 -

107 .

104 -

deproj. jet distance z [rg]

103 _
102 -

101 .

108 -

106 .

105 -

LOFAR
L1kp€

F1pc
Llyear

-30day

Flday

10°

-8 -7 -6 -5 —4

-3

-2

-1

Swift-BAT

SWirc-XRT
[ ]

Swift-OOT

0

BEW . Kiinger-Plaisier|3-3-26|M87 TeV flares & AM3

1

2 3 4
log1o Energy [eV]

5

jet lobes

Knot A

HST-1

radio + HST/JWST + Chandra
— separate core vs HST-1/knots

8

9

B 1||
- 1071
- 102"
- 103"
b1
EBL.
R
10 11 12 13 14

angular resolution

(o)}

HST-1

LI

543210-1
logig r/ry

0

~

92}

B

w

N

1

up to logip z/ry

27



MWL spectrum during 2018 flare

up to logio z/ryg
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MWL spectrum during 2018 flare vs quiet
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MWL spectrum during 2018 flare
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MWL spectrum during 2018 flare
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MWL spectrum during 2018 flare

up to logio z/ryg
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MWL spectrum during 2018 flare
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MWL spectrum during 2018 flare

9
Lo-9 - 1GH?Z 1THz Prieto+16, EHT MWL+21,24, LHAASO Coll.+24

A EHT MWL 2017 e EHT MWL 2018 | 8

10-10 4 X Quiet Prieto+(2016)  x LHAASO Coll.(2024) .
) 5
~ 6 ~
é
S 58
= <
Ty 4 a
= 5

3

: . : 2

1073 10° 106 10° 1012 1

energy [eV] 543210-1
MKP+ in prep. logio rirg
(11 b)) -
1) “steady” background jet 2) dominated by
& flaring blob on top
KM\ Klinger-Plaisier|3-3-26|M87 TeV flares & AM3 34

UvA



1) Steady background jet

— radio—X-ray using BHJet model/code from Lucchini+19,22
— Blandford&Konigl79, Falcke&Biermann95, Markoff+++

— https://github.com/antonpannekoek/BHJet
— updated, more user-friendly version coming soon..
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Steady background jet

1GHz _ 1THz M87 steady jet
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Steady background jet
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Steady background jet
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Steady background jet - non-thermal to the base?

. . M87 steady jet
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2) The flaring blob on top with AM3

I
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AM3?

= astrophysical multi-messenger modelling
x solve transport equations - time dependent!

x for protons, electrons, photons
+ pions, muons, neutrinos

x Syn, IC, pair-prod., py, pp, Bethe-Heitler, decays,..
x speed optimized (steady state in ~10s)

x component tracking _
x written in C++, interface to python https://gitiab.desy.de/am3/am3
x public including documentation!

https://am3.readthedocs.io/en/latest/
contact-am3@desy.de

— Kilinger et al. ApJS 275 4 (2024)
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News from AM3

x Now on conda-forge
— Installation simply via conda/mamba install am3

x Federico added quantum synchrotron cooling

x added interface for custom escape, cooling and
Injection arrays
— add your own physics
x multiple AM® instances using same shared kernels
— memory efficient multi-zone modelling

x currently working on a momentum grid update for
lower energies
— probably a version 2.0

—stay tuned!
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Can we perturb local conditions to explain the y-rays?

background BHJet— r(z), B(2),I'(z),n,(2),n,(2), ..

_ U1+ non-thermal
S P dissipation
5 WA T
N_.
3 ] wn
iy ; 3
= L S
- N) W AN o1 (@)

up to logio z/ry

location: z,3

size/lescape: AR,z = fsize X D(24y3) X ¢ X 3days

magnetic field: Byys = fg X B(Zay3)

injected power: Pays = fyower X Pec 6. heating: Tp am3 = freTe(Zams)

5. injected spectral index: s;;;
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Summary
x M87 keeps flaring at TeV

— physical origin unclear
x 3-days — =~ 107, size
x location unconstrained

x radio—X-ray data can be
explained reasonably with
steady-state model (BHJet)

x flare as perturbation

— possible along jet, but not most
natural (5 parameters, orders of
magnitude)

x AM?: stay tuned
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Summary
x M87 keeps flaring at TeV

— physical origin unclear
x 3-days — =~ 107, size
x location unconstrained

x radio—X-ray data can be
explained reasonably with
steady-state model (BHJet)

x flare as perturbation

— possible along jet, but not most
natural (5 parameters, orders of
magnitude)

x AM?®: stay tuned

&
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Outlook

x more systematic exploration..
x proton injection

x upcoming 2-month EHT MWL
campaign Spring 2026 for M87
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Summary
x M87 keeps flaring at TeV

— physical origin unclear
x 3-days — =~ 107, size
x location unconstrained

x radio—X-ray data can be
explained reasonably with
steady-state model (BHJet)

x flare as perturbation

— possible along jet, but not most
natural (5 parameters, orders of
magnitude)

x AM?®: stay tuned

&
UA M. Klinger-Plaisier|3-3-26|M87 TeV flares & AM3

Outlook

x more systematic exploration..
x proton injection

x upcoming 2-month EHT MWL
campaign Spring 2026 for M87

Thank you!
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Backup
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M87 VHE flare spectra

EHT MWL+24
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BHJet

jet radius r[rg]
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adapted from Hada+24
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BHJet

adapted from Hada+24
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B HJ et | MKP+ in prep.
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adapted from Hada+24
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BHJet vs AM3
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Many existing flare explanation ideas..

outer jet
inner jet scenarios scenarios

core scenarios

star into jet?

charge gap

spine-sheath?
electric fields? T7™—— P

magnetic o

reconnection? mini-jets
e.g. magn.
reconnection

layers in sheath?
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AM:3 blob parameters

x Zsy3 - location along jet

x Tams = fsize X 3days X ¢ X D(z,p3) . as a fraction of the flaring time scale

r . .
% tesc.AM3 = Afs . escape time scale for all particles

41T . .
x Vamz = ?rjm - just a spherical blob

Pjet

X qoam3 = fpower X . fraction of jet power injected into blob

Vams
X Sinj.am3» fer fnen - INj€ction index, el. temp. factor, non-thermal fraction
x Bayz = fz X Bpujet(Zaym3) : fraction of the magnetic field

x BTamz = fpr X BTeujet(zams3): factor for bulk momentum
— Damz = Tipzs (1 — Bapz €05(B4343)) 71 - with 84,3 between observer and B3

2
D D
. ! AM3 . / AM3
X qy aM3 = utarget,BH]et(ZAMS) X (D ) , By amz = Ey,BH]etD
BH]et(zapm3) BH]et(zam3)
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