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Abstract:
An alternative interpretation of the EHT observations of M87, involving a strongly magnetized ergomagnetosphere, that expels

essentially of the gas supplied at large radius as a jet-collimating MHD wind is described. In this case, the emitting regions are
approximated as rapidly evolving flares or sparks. Six generic consequences, that can be sought in existing data, are described.

Pirsa: 25030073 Page 1/20



SOME NUMBETRS

Mass

* M~6.5x10° M..n
* Unit of length, Gm/c?, time, Gm/c3
e ~10©%km,~8hr

* P,,~Imonthatr~6

Spm Sheath?

* Treat as 3-vector a \
* Fiducial model |a| = 0.9, 6,=163° (Walker)
* Rotational energy ~2 x 10°° J
* Good for 102y ‘

Lu etal 3.5mm

-

Liees ™ 6 X 1036 W

e ~600 Lring > 100 Ldisk~10-4 Ledd .
Mass supply rate ~ 1022 kg s1?
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* M~6.5x10° M.
* Unit of length, Gm/c?, time, Gm/c3
e ~10%km,~8hr

* P,,~Imonthatr~6

Spm Sheath?
* Treat as 3-vector a \

* Fiducial model |a| = 0.9, 6,=163° (Walker) -~
* Rotational energy ~2 x 10°° J
* Good for 102y ‘
L.

jets ~ 6 X 1036 W
e ~600 Lring > 100 Ldisk~10-4 Ledd

Mass supply rate ~ 1022 kg s1?

Lu etal 3.5mm

Still much uncertainty
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SOME QUESTIONS

* Why are the disk, plunge so dim?

* What drives the mass supplied away with positive energy?
* How is jet collimated beyond 10,000 gravitational radii?

* Why are jets associated with elliptical galaxies?

Consider high field - B>100 G |
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A. Chael et al.

Magnetically Arrested (Accretion) Disk

0,
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Article PDF

“MAD” accretion

Biet ~ 10G, torus weakly magnetised

Narayan & Quataert 2023
Rees, RB et al 1982

Thick, ion pressure-supported tori collimate the jets
Continuous Flow; B ~ 10G
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RB + Globus

Hole-Energised, Magnetically-Mediated, Ejection-Disk
Black hole

* Spin

* Magnetized

Jets

* Powered by hole AN |
* Electromagnetic D i Al e v
Ergomagnetosphere ' B 9
* Hole also powers disk & AN
* Clutch/capstan/governor
Ejection (not accretion) disk
* Gas expelled

* Large scale field
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MHD wind e |\ b e/ gestan

* Removes gas ‘ o - . S N

 Collimates jets at sheath T | FM" ol o e = 6 — '_'.;. i

Magnetopause atr ~ 10° x < 7/

* High latitude infall in g s \ -, - /e 5N e
ellipticals — [43f | 261\ | e ] | 4 N\ \ | e |
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RB + Globus

Hole-Energised, Magnetically-Mediated, Ejection-Disk
Black hole

* Spin

* Magnetized

Jets VoL

* Powered by hole _ Ny /|

e Electromagnetic mar il a W

Ergomagnetosphere ' B N

* Hole also powers disk

* Clutch/capstan/governor

Ejection (not accretion) disk
* Gas expelled \ N\ VXGE (] Hef T
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ejection disc

"

* large scale field e \ S, v . . 4 / [
MHD wind o I N \ y Sapstan

* Removes gas ) . o O

 Collimates jets at sheath Tao 1T | o i s = :_:: e
Magnetopause at r ~ 10° 4 L =/

* High latitude infall in . ‘ Obs ., {, i\ -

€y < £}y dead zone
| > K¢ active zone |

ellipticals AN ‘ -
M87 powered by black hole rotational not gravitational energy

Nature not Nurture

Focus on global conservation laws not microphysical models
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confinement
by vertical

magnetic field
(or torus)

e.g.Parfrey et al

accretion disc
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magnetic field

(or torus)

e.g.Parfrey et al

accretion disc
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Exploring Kerr spacetime
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Lucifer Gluttony
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-III...

N
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Lucifer Gluttony

Happy ending!

Pirsa: 25030073 Page 11/20



SNAP

* Impulsive acceleration in magnetically dominated regions
* Radiative, relativistic reconnection / magnetoluminescence?

* Emission from local, fast “flares “
* Radiative and expansion cooling
* Orbit with electromagnetic angular velocity

et .~ 1000 B,32s;|_ ~1013B,32cm<<r;L__<10%B,tergs?; Ny .. >100B,?
* Absorption — T; <10 B,%/2 K
e Strong variable linear/circular polarization

 Faraday rotation mainly from sheath, wind

N TETENTEYY
B SR
| 2.

20
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SNAP

* Impulsive acceleration in magnetically dominated regions
* Radiative, relativistic reconnection / magnetoluminescence?

* Emission from local, fast “flares “
* Radiative and expansion cooling
* Orbit with electromagnetic angular velocity

t.,~ 1000 B,32s; | __~1083B,32cm<<r;L__<10%B,tergs?’; Nq. .. >100B,?
* Absorption — T; <10 B,%/2 K
e Strong variable linear/circular polarization

* Faraday rotation mainly from sheath, wmd

KU 5\(/

LM
Tf"&_ ; Local, fast acceleration is a feature
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CRACKLE - Flares

* Flux from individual flare should be time-asymmetric when a few
flares dominate

* Timescale ~ hours
* e.g. cooling flare: S ~ t2/3 exp(-t2); independent of frequency
* Arrow of time: three point correlation function. e.g. <S(t+1)(S(t+1)-S(t))S(t)>
* e.g. expanding flares peak frequency falls
* Whistler: Two point cross-correlation e.g. <S(t+t,v')S(t,v)>

» Use raw flux data; do not excise spikes/RFI

Seek in existing flux data
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RELATIVISITIC GEOMETRICAL OPTICS

I N KERR SPACETIME

Kerr spacetime; m=GM/c2=1; -1 <a<1; point is X PRI e (b pilt)? +pz(d§ +d6?)
Boyer-Lindquist coordinates {t,r,0,¢}

Ray from source § to observer O satisfies Z—? =k= le; k-k=0; C is affine parameter

——— o 10
5 ~~-10

Constants at 0: energy = 1, angular momentum = L, Carter constant = K;
(L, K) -> sky vector X for fixed a 4

Solve first order ODEs for paths : X(E; X) =>x(C ; X), t(C ; X) g‘; '
Escaping, ambivalent and curious photons; photon sphere: r ~ 3 => |X-AX| ~ 5 \K
Hessian (inverse magnification): H(C; X) = [%]; gravitational rotation of E-vector

Compute wavefronts that converge on 0 using y = t(x), once!
Source Doppler shift: D = -(u - k)~ ; Intensity ~ D3

Pirsa: 25030073 Page 15/20



RELATIVISITIC GEOMETRICAL OPTICS

I N KERR SPACETIME

Kerr spacetime; m=GM/c2=1; -1 <a<1; point is X PRI @ (do — wt)? +pz(d§ +d6?)
Boyer-Lindquist coordinates {t,r,0,¢}

Ray from source § to observer O satisfies Z—; =k= le; k-k=0; C is affine parameter

-10

Constants at 0: energy = 1, angular momentum = L, Carter constant = K;
(L, K) -> sky vector X for fixed a 4
Solve first order ODEs for paths : ¥(; X) => x(C ; X), t(£ ; X) g‘; '

Escaping, ambivalent and curious photons; photon sphere: r ~ 3 => |X-AX| ~ 5 \K

Hessian (inverse magnification): H(C; X) = [%]; gravitational rotation of E-vector

Compute wavefronts that converge on 0 using y = t(x), once!
Source Doppler shift: D = -(u - E)‘i ; Intensity ~ 93
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Wavefronts contain all the information for a given spin vector

L TS | L

Pirsa: 25030073 Page 16/20



-100

“s0
500 — - O
100
- J - -:'. J 2VE Jld DIE .
c ber o es. D
A gene ay to es Cd ere ra 0 9 gate po Or congruence
0: image inve
QTIVETSElY Ve JHTE . Rauch+RB 94
= 3 A erted seconda & D
R RB 94 0 /] ONg €
A psSe 10 C3d
D DIVE e SO c s

Pirsa: 25030073 Page 17/20



(J11€C dl Dlid U
= JI ORKE [J
A JI1( 0 - 0
= C ) c
s .0
- D

Pirsa: 25030073

0.04

0.02 -

~0.02}

—0.04

x
I
|

[3)

o

Page 18/20




POP — Caustic Crossing

* Occasional traversals of caustic by jet sparks or sheath flares

e Seek in flux
* Ingress: create 2 images which fade ~ t/2

* Egress: 2 images brighten ~(-t)"/2 and then vanish

» Seek in raw visibility (Fourier transform of brightness)
* Image locations swing around near circular Einstein ring on sky with radius X~5
* Convolve with finite source size

* Diffractive optics plasma effects might be relevant

5 T 1

+ 4?

2"'T|il||ll||||||I||||||_'
_____ -4 -2 0 2 4

&= g wx 2 i ' ;4 -1.06 -1.04 -1.02 -‘;:uf -0.98 096 -0.94 toba (S)
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Summary

* EHT observations are magnificent accomplishment
* MAD model has thick torus supported by hot ions
* Weak field; quasi-steady emission

« HEMMED model has ergomagnetosphere/ejection disk/magnetopause
Strong field
SNAP: reconnection, magnetoluminescence: flares and sparks
CRACKLE : Varibility: arrow of time, whistlers, echoes, polarization
POP: caustic crossing: rapid spikes; visibilities
Seeking in public data
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