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Introduction: hotspot model for Sgr a* emission

e Our Sgr a” flaring lightcurve model
e Structure functions: effects of relativity on SF2 and SF3

P ‘_\- Fitting of lightcurves and discussion of the results / -

Goal:
Understand the effects of relativistic modulation on intrinsic emission.
(Von Fellemberg et al. 2023, 2024)




it / Sgr A* sometimes produces short \ |

bright IR and X-ray flares.
e Hotspot model: flares are produced by
compact blobs of hot plasma orbiting

_ \ near Sgr A*.

INFRARED:

. \_ Synchrotron emission? /" :

(face-on)

G

/ _ - \ Yanagisawa et al 2025

e Orlgm of the intrinsic emmlssmn?

T

X-RAYS:
High energy SSC, IC?

Magnetic reconnection?

0 R ‘@eem to be relate@/

s




Modelling theLC

. e

g Observed emission is the result of an intrinsic emlssmn" e

kernel and the relativistic modulation

._-Fobs Intrznszc (t 7 Tr Td) x GRMod (q5,9 R, k) >

Von Fellemberg 2023

&

F = [p; cos (6,)/R, + p+(R, — 1)*/°]
x {1+ sin [2n(p + p, R, — ) + ln]}’ cos *" b,

+ (7 + Ps R-:‘:' exp (—py|le—31"")cos™ %0, ,

R W here

\exponential rise-decay model/ B a1

z=pscos'’® Oy + pg cos¥? 8, .

Karas 1996




Modelllng the LC 1ntr1ns1c emlssmn

Intrinsic emission:

E[:it::l _ {u:{p[{_t — tp}..-""rr]. { < itp._

exponential rise-decay model exp[—(t —tp)/7a]. t >t

e /0 Each plasma blob 1njects energetlc electrons ' \

srle The average ﬂare l1ght curve in both IR and X-ray is - | -

s | -well approx1mated w1th a double 51ded exponentlal
' -_.' 7 l prof1le . S _ i 2 | _
eiiie PARAMETERS S
A 1. il=‘lux rises as electrons are accelerated trlse e
. _L_t._o'_'Effectlve fadlng tlmescale of the hotspot (by partlcle' 7 [ S ey s Apg—— pp— 3

ime

; __escape conflnement decreased 1nJectlon
- ""‘--7-;'_"f.unresolved coollng) tdecay ' e




' FObS

= [ps cos (0,)/R, + Pw{R - IF "]

ﬂhe hotspot orbits close to Sgr A*, so relativity \ ; i % {1+ sin [;.mm +p.R. — 3 +1n
changes the observed flux S
PARAMETERS

orbital radius _ ; z = ps cos''? 0, + pg cos®

inclination

. & '-: i i=80": shpe
Orbltal faCtor G, ;. % e E —_— il maxk
AT ARG L : ' . = = Dopplerlike max
Lensing max

e Observed light curve = intrinsic hotspot emission* | .=~ _1

-.velativistic modulation / o

K(¢) normalized to 1
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Orbital phase



i:3“:shape
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SFH:
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e Measures the strength of variability as a function of lag:

SFy(T) {jF{f +7) — Fm]?f}

e Small lags — small differences — SF2 ~ 0.

second Moment Structure Functlon SF2

e Largelags — flux differences grow — SF2 rises and saturates.

916

3500 §
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Measures time asymmetry / skewness of flux increments:

SFs(T

To obtain independence from amplitude the SF3 will be divided by: SF5(T;

) o ([F(t+7) = F(t)]°

)1.5

Positive SF3 — faster rise / slower decay; negative — opposite.

"'-_'+*hlI'd Moment Structure Functlon SF3

Relativistic effects can amplify one side of the flare — SF3 can change amplitude or even sign.
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Parameters and their impa

High inclination causes

observed asymmetry

Rs = B: exp + magnification

—— exp + magnification
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. Fazioetal,

PR 0.025

N 0.000

0

2500 5000 7500 10000 12500 15000 17500

Time [s]

2019 light curve

:{_ 0.12 -
N 0.10 -
0.08 -
¥ 006 -
-

N 0.02 4

0.004 — ¥

1 J L W TIOI .
- L] ot Sy et | 1 1
Ll ¥ ¥ e 1Ly

0 2500 5000 7500 10000 12500 15000 17500

SF2

SF2

0.7

0.6 -

0.5 -

0.4 -

0.3 -

0.2

0.1 +

0.7

0.6 -

0.5 1

0.4 1

0.3 1

0.2 1

0.1 1

2013 and 2017:

Two main peaks

Broader flare shape

SF3 decays slowly to zero

2017 SF2

2017 SF3

1500 2000

Lag T (s)
2019 SF2

500 1000

2500

s00

1000

15bo
Lag 7 (s)
2019 SF3

2000

2500

300 1000 1500 2000

2500

sS00

1000

1500

2000

2500




L - ® Y o N * - b
, o 'z . . . s 5 # gk =
e ’ TA . o T el W, * - plly T AT B
Ry : » Lo
- : Ak e g - 3 - ; - . AR
. i g T r # -
A ey St e S " 5 TR
- ¥ el AN e i Y . e
. . Rl L X .
. o, AT T LSS Sy phil . ‘
) . ’ F il X ap ot Aot .
3 F G - # A Ny L "
. ‘ ¥ 4 . g gt »
f .
% ' . P

~ Data Analysis: PyABC

PyABC is used for Bagesmn inference with 51mu1atlon based models | :

It compares the observed SFs w1th SFs generated by the model mmlmlzmg the dlstance

| i i / Averaging the SFs at\ _ .

different phases averages

Intrinsic emission

i ~ 4 | timescalescanbe

s out phase dependent iy

i s ke B shown
S \ relativistic effects. / Py

The parameters are sampled

e from predefmed prlor dlstrlbutlons

200 < < 2000

200 < Tgecay < 2000

1] E‘J k,:,r]-_,it < ]. . E:‘



F1t af averaged SF2 and SF3 all ﬂares A

Simulated lightcurves at random tpeaks to fit the observed averaged SFs
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17 Chandra Flares
Counts/s at tp > 0.09

e Jow intrinsic asymmetry
e moderate inclination.

e Ksuper keplerianorbit. |

Mean SF3
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h Moment Structure ]

° Measures the kurt051s of the flux differences as a functlon of lag usmg the fourth-order
structure function.

e SF4is more sensitive to large-amplitude variations and outliers than SF2.

e It can therefore highlight non-Gaussian and intermittent variability in the light curve.

([F(t+7) - F®)]")
([F(t+7) - F())

B SF (1) =

2

Observed mean SF2 Observed mean SF3 Observed mean SF4

30 40 30 40 30 40
Lag [min] Lag [min] Lag [min]
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Future prospects ideas?

& [ From Sgr A* Flares to QPEs : \

The Sgr A hotspot model is not directly applicable to the recurrent, quasi-periodic
' QPE light curves.

~ GOAL: model a QPE-specific light-curve model.
- Apply the same structure-function summary statistics to the QPE light curves.
Explore whether common statistical s:gnatures can be identified between QPEs

i - | 4 and S rA* varlablllt o




- Summary

e SF2 traces varlablllty amplitude and characteristic timescale.

o SF3 captures temporal asymmetry direction and strength.

° Hotspot Model reproduces observatlons

Imphcatlons

* Flare morphology shaped by both intrinsic emission evolution and relativistic effects.
¢ Full sample: averaged SF3 = 0 — quasi-symmetric profile.

Thank gou for gour attention] ) B

I apprecmte questlons and suggestlons”'

Valentlna Rosa

: valentma rosa@asu €as.cz /
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