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-~ MAD disk flux eruption events to describe SgrA* flares.

Sgr A* N1 R VNGB Constraint/Model
Thermal (o, 3 £=35£=0.0501,02
{230 GHz size 0.99 0.98
VA morphology 0.80 0.81
M-ring diameter 0.69 0.66
B M-ring width 0.21 0.24
: |\ M-ring asym. 0.97 0.95
86 GHz flux 0.67, 0.66,
. 86 GHz size 0.56, 0.56,
22 pm flux 0.14, 0.12,
_— i X -ray flux
50 pas —
B Light-curve variability 0.47, 0.47,
" ﬁ c - 4 G variability 0.74, 0.73,
‘ ' . E}IT ~onstrz 1 y
onstraints 0.17, 0.16,
Il I I Il —

Non-EHT constraints 0.01, 0.0,

3 Variability constraints 0.42. 0.42.
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- MAD disk flux eruption events to describe SgrA* flares.
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-~ MAD disk flux eruption events to describe SgrA* flares.

‘Motivation: Best;bet'regibn .
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- MAD disk flux eruption events to describe SgrA* flares.

x-offset(uas)

" GRAVITY. Coilaboration 2018

July 22 201’8-' GRAVITY observeda
- brlght flare |n the V|c:|n|ty of SgrA* -

Posmonal changes ~120 pas in ~30 min-

~03c."

| Maps 50 70% of a closed ik i Ioop “

Approachlng the flux of 82 (15 mJy)
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-~ MAD disk flux eruption events to describe SgrA* flares.

w=18wk, r=10r,

(zB,yB) = (-9,~-12) | Hotspot trajectory in Schwarzschild spacetime
x2 = 1.001
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Antonopoulou & Nathan‘.ail 2024 - " -Super - Keplerian Circular Trajectory




MAD flux e'r.lu_p'ti.on events to 'de'_S¢r{be -SgrA*fﬂzares" .

_ Antonopoulou, Loules, Nathariail 2025
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'MAD ﬂUX e'r.‘u.p'ti_on‘ ev_ehts' to fde‘_Sﬁik{pe -Sg_rA*fflza'res' .

B2/ P,

" How do we identify active regions? -

0.00 0.25

e Significant magnetic field strength”

\ t = 32237 [M]
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'MAD ﬂUX e'r.‘u.p'ti_on‘ ev_ehts' to ‘defsic_"ri’lbe -SgrA*ffI‘.a'res' .

- How do we | idéintify:a.c’t‘h_/é regions? -
e Significant magnetic field strength

ey - ‘ Hig_h',rﬁéghe-’tiza‘t-i’on - .

t = 32237 [M]

| Anltbnopou'lou,' Lbules, Na"t'hanailh2(‘)'25 o : -



'MAD ﬂUX e'r.‘u.p'ti_on‘ ev_ehts' to. ‘defsic_"ri’lbe -SgrA*ffI‘.a'res' .

- ‘How do we _ idéintify:a.c’t‘h_/é r'eg_i.t)nsi? -
e Significant magnetic field strength

ey - ‘ Hig_h',rﬁéghe-’tiza‘t-i’on - .

- e Equatorial plane: Bz*2/Pg ;..
t = 32237 [M]

| Anltbnopou'lou,' Lbules, Na"t'hanailh2(‘)'25 o : -



'MAD flux eruption events to describe SgrA* flares -

e

\ t = 32237 [M] f —389237 [M)]
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'MAD ﬂUX e'r.‘u_p'ti_on events to 'de‘_Ser{be SgrA® fﬂzares' -
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We track the evolution of the active
- region on the equatorial plane * -
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'MAD ﬂUX e'r.‘u_pti_on events to 'de‘_serthe SgrA® fﬂza‘res' .

We track the evolutlon of the actlve
' reglon on the equatorlal plane

1 Outward motion, toward Iarger
orbltal radu - ~ &
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'MAD ﬂUX e'r.‘u_pti_on events to 'de‘_serthe SgrA® fﬂza‘res' .

We track the evolutlon of the actlve
' reglon on the equatorlal plane

ot Outward motion, toward Iarger
Aorbltal radu - ~ &

2.--Counterclockwise orbital rotation, | ~~ 43
due the accretion disk’s rotation - A

up ~0AUK - 0.4UK £
e e '.-\\ s
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'MAD flux eruption events to describe SgrA* flares -

- the energetic flux tubes generated
~.during the flux eruption event. .=~ .

" Disk's magnetic field lines

* Magnetized funnel field lines. -
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. the released magnetic energy -
o _equatorial plane of the disk, -

o ‘magnetized flux tubes ata . "~

'MAD ﬂUX ‘er.'upt.i_on' ’et\(,e'h’[.s' to.-'de;SéHpe..Sg_rA#.'ﬁareS' o
BaSIC aéSL‘lmPﬁQn.S.?j‘ ! o A : e
Du rln gmagnetlc -reéé_n héct:icf)n ,. .

~ generates energetic particles,
, Forming hot spols on the

: ‘These hot spots are~ej‘ected -
-outward and travel along highly

G207 IfeueyieN ‘sa|noT ‘nojnodouoiuy

- fraction of the speed of light '



o 'Generated at the equatonal plane.:'

'MAD flux e'r.‘u_pti_on events to "dej_sor'i’be SgrA® fﬂza‘res' .

Flare Models o

. 'Sphencal hot spots of r= 1M

= and prOpagate anng the flux tube-_-
“with a constant ejectlon veloc:lty '
.'. -between O 5c 0: 80

Bl tube foat- pomt outward .
‘motion & sub- Keplenan orbital-
: rotatlon between 0. 1uK O 4uK
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| MAD flux er.‘u_pti_on events to "dej_sori’be SgrA® fﬂza‘res' .

'Flare Models e
| "'Black Hote Imaglng

Each flare model corresponds to
a flxed flux tube structure -

~ captured ata speC|f|o time: durlng
'. «the flux eruptron event '

'ﬁleferent models represent the |
- overall evolution of the flux tube’ s
: _shape throughout the event

GZ0Z [IBUBYIEN ‘semo’ﬁ ‘no]nodouotuv



MAD flux eruptlon events to descrlbe SgrA* ﬂares

o FIUX tube . -
- motion, counterclockW|se fleld -
: _-Imes&upward trend

"o Hot spot moves along the -
| field lines & =~
A contlnuously galns helght

Y 'Hot spots W|th a reIatnwstlc
ejection velocnty balance out the -
~drag of the: accretion flow and
move clockicein the sky
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MAD flux e'r.lu_.p‘tion events to 'de'_S¢r{be »SgrA*fﬂzares" .

(xB,yB) =
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| MAD flux er.upti_on e'v__ehts' to ‘de‘_sertbe -‘Sg_rA*ffIﬁa'res' -

-JuIy 22.2018: Very trlcky o
= _reproduoe first data pomts S

Fqu tube dlstlnct counterclockwnse
 motion, Contlnuous CIOClese Ioop
& upward trend '

- Hot spot Contlnuouely gainﬁihg heig'htg"
* & appears to be passing very close e
to |ts |n|t|al posmon

PrOJectlon of the qux tube S shape on" f
‘the sky plane '
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'MAD flux e'r.‘u_p'ti,on events to 'de‘_S§r{be -SgrA*fﬂ;ares" -
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‘. “upward trend .

'MAD flux eruption events to describe SgrA* flares - .
Clockwise disk rotation

¥ , Flux tube
counterclockwse fleld Imes &

'A Hot spot moves along the
~COk o field: Imes &
'contlnuously galns helght

_Nearly Keplerlan disk rotatlon -
balances out het spot motion, o
“too high for typical MAD models
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| MAD flux er.lu_p.ti,on' _'e'v__ent_s' to 'de‘_ser{be -SgrA*fﬂ;ares" .

o Best flare model for an evenly
- .spaced range of observatlon '
. ‘angles ' 5

e "ALarger observatlon ang1es
- . produce mcreasmgly deformed
~ 'hot spot orblts ‘

e The GRAVITY obserVa'tione
demonstrate. a strong preference

.for face =on mclmatlons SR 100 50 —50 —100 —150
e X[p,as]
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MAD ﬂUX e'r.‘u_p’ti,on ev_e'nts' to 'de'_S¢r{be _.sgrA*f fla res -

0 —50 —100 —150 S 0 —50 —100 —150
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MAD ﬂUX e'r.‘u_.pti,on ev_ehts' to 'de'_sertbe SgrA* fla res

* “The flux eruptlon events that naturally arise;in -
the MAD accretion. state provide a promising s
_-"framework for reproducing the observed flaring -
' beh.a'vlor in-the vicinity of SgrA*.

e Hot spots W|th a relat|v|st|c ejectlon veIoc:|ty are’- .
"~ able to balance out the : T
-dragging of the flux tube s foot- pomt on the dISk
: .and demonstrate a ,

v oofe - SOUR flare models favor face-on mclmatlons in the |
. range [0 34] and [163 180] for SgrA*




