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cut image from
Boyce et al. (2022)

unexplained with single
radiative event

what about microlensing
of a Sgr A* accretion disc
hot spot?
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Gravitational microlensing

@ a lens in front of the hot spot could cause an achromatic flare!

o flux amplification A = A(S/0g) with 6 < \/MDygs/ (Dr,Dg)

B ...angular separation Dys. . .source—lens distance

Or. . .Einstein radius Dy, .. .lens—observer distance

M. . .lens mass

Dg ...source—observer distance
@ geometry determined by [5y/0g, to, and tg

tp... time of the closest approach tg ... Einstein crossing time
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Observed flare light curve fitting

@ using Python library pyLIMA (Bachelet et al., 2017)

@ results for the individual light curves:

GRAVITY Spitzer Chandra ALMA
boftu— 05738 0870,  056°3%  1as ‘30
tepming = 156 133 11.21 7338 721 9.9 *50s

topem:s) = 03:24:08 733 03:25:42 728 03:22:33 1117 03:46:01 13,
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Observed flare light curve fitting
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Observed flare light curve fitting
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Observed flare light curve fitting

Chandra
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Observed flare light curve fitting

ALMA
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Lens parameters

@ Dp, =~ Dg = 8.3 kpc = 0 determines MDy g

e Og from tg = 0 /u where p is the relative angular velocity
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Lens parameters

D1, =~ Dg = 8.3 kpc = 0 determines MDyg

Og from tg = 0 /u where p is the relative angular velocity
hot spot period ~ 35 min (Michail et al., 2024)

p ~ 5 x 107° arcsec/min corresponds to 30% speed of light

lens velocity assumed negligible
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Lens parameters

D1, =~ Dg = 8.3 kpc = 0 determines MDyg

Og from tg = 0 /u where p is the relative angular velocity
hot spot period ~ 35 min (Michail et al., 2024)

p ~ 5 x 107° arcsec/min corresponds to 30% speed of light

MDy g = 21 Mgpc for the fitted tg =~ 10 min
intermediate mass black hole = 0.02 pc from Sgr A*
stellar black holes farther away

°
°

°

°

@ lens velocity assumed negligible

°

°

°

@ Santibafiez-Armenta et al. (2025): Sgr A* shadow lensed by MDy,g ~ 50 Mg pc
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Conclusions

@ the observed flare possibly due to microlensing of a hot spot around Sgr A*

o intermediate-mass black hole close
o stellar-mass black hole farther away

o flare detected during a short campaign!

o cluster of lensing stellar-mass black holes?
(Mouawad et al., 2005; Antonini, 2014; Haas et al., 2025)
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Global fitting

Boe e e
o N & O

Intensity

o N B O ®

— Fitted Curve
¢ data

i

0 20 40 60 80 100 1
Time [2019-07-18 03:00:00+min]

Intensity

— Fitted Curve
¢ data

20 40 60 80 100 1
Time [2019-07-18 03:00:00+min]

Intensity

Intensity

— Fitted Curve
¢ data

-20

0 20 40 60 80 100 1
Time [2019-07-18 03:00:00+min]

— Fitted Curve
¢ data

Gravitational lensing of Sgr A*

0 20 40 60 80 100 1
Time [2019-07-18 03:00:00+min]




Antonini, F. On the Distribution of Stellar Remnants around Massive Black Holes: Slow Mass
Segregation, Star Cluster Inspirals, and Correlated Orbits. ApJ, 794(2):106, October 2014.
doi: 10.1088/0004-637X/794/2/106.

Bachelet, E., Norbury, M., Bozza, V., Street, R. pyLIMA: An Open-source Package for
Microlensing Modeling. |. Presentation of the Software and Analysis of Single-lens Models.
AlJ, 154(5):203, November 2017. doi: 10.3847/1538-3881/aa911c.

Boyce, H., Haggard, D., Witzel, G., et al. Multiwavelength Variability of Sagittarius A* in
2019 July. ApJ, 931(1):7, May 2022. doi: 10.3847/1538-4357/ac6104.

Haas, J., Kroupa, P., Subr, L., Singhal, M. The star grinder in the Galactic centre:
Uncovering the highly compact central stellar-mass black hole cluster. A&A, 695:L19,
March 2025. doi: 10.1051/0004-6361,/202453324.

Michail, J. M., Yusef-Zadeh, F., Wardle, M., et al. Multiwavelength Observations of Sgr A*.
[1. 2019 July 21 and 26. ApJ, 971(1):52, August 2024. doi: 10.3847/1538-4357 /ad5332.

Mouawad, N., Eckart, A., Pfalzner, S., et al. Weighing the cusp at the Galactic Centre.
Astronomische Nachrichten, 326(2):83-95, February 2005. doi: 10.1002/asna.200410351.

Dominik Cerny Gravitational lensing of Sgr A* dominik.cerny@matfyz.cuni.cz 10/10



Santibafiez-Armenta, M. J., Magallanes-Guijén, G., Mendoza, S., Cruz-Osorio, A. Modelling
the shadow of Sgr A* through an eclipsing black hole. MNRAS, 540(1):L54-L57, June
2025. doi: 10.1093/mnrasl/slaf033.

Dominik Cerny Gravitational lensing of Sgr A* dominik.cerny@matfyz.cuni.cz 10/10



	References

