X-RAY ECHOES:
A LINK BETWEEN SGR A*’S PAST ACTIVITY
AND THE CMZ’s 3D STRUCTURE

IPAG

Institut de Planétologie

et d’Astrophysique
de Grenoble
T
X-ray echoes
f
Arches -
1E 1743.1-2843
e » Sgr A* ~
Quintuplet 1E 1740.7-2942 k(gl
? o
N
S
+
Rad v
adlo Ar
3
S
" 1A 1742294 3
IGR J17497-2821 S
—

Maica Clavel (IPAG, France)
Danya Alboslani, Samantha Brunker, Dani Lipman, Cara Battersby (Uconn, USA)
Régis Terrier, Andrea Goldwurm (APC, France) et al.

IAU S405 — Galactic center — May 22, 2026




X-RAY ECHOES: O
A LINK BETWEEN SGR A*’S PAST ACTIVITY o
AND THE CMZ’s 3D STRUCTURE

IPAG

Institut de Planétologie
et d’Astrophysique
de Grenoble

X-ray echoes

« Sgr A¥

Maica Clavel (IPAG, France)

Danya Alboslani, Samantha Brunker, Dani Lipman, Cara Battersby (Uconn, USA)
Régis Terrier, Andrea Goldwurm (APC, France) et al.

IAU S405 — Galactic center — May 22, 2026



X-ray echoes — Reflection process
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X-ray echoes — Reflection process

Detectability of the echoes
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X-ray echoes — Light propagation

Time delay

Longer light path for the echoes

Delays up to 1000 years in the CMZ
depending on the cloud position

Sgr A*

Towards Earth
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X-ray echoes — Light propagation
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X-ray echoes — Light propagation

Time delay

Cloud
Longer light path for the echoes
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X-ray echoes — Light propagation

/ 4. Chandra

observations

Time delay

Longer light path for the echoes

Delays up to 1000 years in the CMZ
depending on the cloud position

Sgr A*
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Event duration

2017

v
2008

Towards Earth

Evidence for rather short events, <1 — 10 years
[Clavel et al. 2013, Churazov et al. 2017, Terrier et al. 2018]

Partial illumination slicing through the cloud
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2008

Towards Earth

X-ray echoes — Light propagation

Echoes can be used to study the inner structure of few clouds

Works from Brunker et al. 2025 & Alboslani et al. 2025

Stone cloud X-ray echoes

Morphology match between molecular tracers and X-rays

Features missing in X-rays likely missed by the observations

» The event cannot be much longer than few months




Extending to the full CMZ

Top view

Towards Earth
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Extending to the full CMZ
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Extending to the full CMZ
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Diagnostics to investigate X-ray echoes

X-ray echoes
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Molecular cloud diagnostics

3D positions hard to constrain
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X-ray diagnostics

Variability studies
Spectral studies
Polarization studies (see F. Marin’s talk)
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[see review by Goldwurm et al. 2026]

Sgr A* was brighter
for a short amount of time
during the past centuries
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Diagnostics to investigate X-ray echoes

X-ray echoes

« SgrA*

Molecular cloud diagnostics

X-ray diagnostics

3D positions hard to constrain

In recent years:

Increasing constraints on the 3D

(see S. Longmore’s talk)

Can we use them to probe
Sgr A*’s past activity
scenarios?
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—_— Variability studies
Spectral studies
Polarization studies (see F. Marin’s talk)

‘ Sgr A* was brighter

g ‘ for a short amount of time

during the past centuries

[see review by Goldwurm et al. 2026]
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Learning from “known” ¢
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Work from Lipman et al. 2026
(see H.P. Hatchfield’s talk)
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Learning from “known” cloud positions
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» SgrA*

y [pc]
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» Applying the “same” methods
N to all illuminated clouds

Catalog from Terrier et al. 2018
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llluminated cloud positions found

Line-of-sight Distance from Sgr A* (pc)
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llluminated cloud positions found
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Parabola fit

1, 2 and 3-event scenario tested
Systematics investigated
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Comparison with X-ray constraints

Chuard et al. in prep

X-ray spectral shape depends on scattering angle

= Anisotropy (e.g. continuum, self absorption)
= Monte Carlo model to fit the spectra
[Walls et al. 2016, Chuard et al. 2018]

Sgr A*

» Fit to the data

Multi-parameter model

Bayesian X-ray Analysis (BXA)

to probe the full parameter space
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Comparison with X-ray constraints
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Comparison with X-ray constraints
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Conclusion & Perspectives

X-ray echoes are probing Sgr A*’s past activity

Current 3D models require at least 2 short events separated by ~100 years

with Sgr A* at least a million times brighter than it is today

X-ray echoes are probing the CMZ’s 3D structure

Both molecular and X-ray diagnostics are viable
They should be compared to further understand the model systematics

Then combined to improve the model uncertainties

Related review: High Energy emission from the Galactic center

Goldwurm et al. 2026, RMP (in press, arXiv:2602.14148)
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