
Sgr A* X-ray Flare Census: 
25 Years with Chandra

Daryl Haggard
McGill University
Canada Research Chair
NSERC Arthur B. McDonald Fellow



Fantastic Sgr A* X-ray & MWL Flare Team

Dr. Daryl
Haggard

Dr. Mayura 
Balakrishnan

Dr. H. BoyceDr. M. Nynka

Zach Sumners Nicole Ford

And past contributions from:

Dr. Joe 
Michail

Dr. Sebastiano 
von Fellenberg

Together with co-authors:

J. Neilsen, M.A. Nowak, 
S. Sánchez-Maes, S. P. Willner, 
S. Markoff, H.A. Smith, & J.L. Hora

E. Bouffard C. Robeyns E. Jacquet J. Zhang M. Lariviére

arXiv:2605.13962

https://arxiv.org/abs/2605.13962


1”

~8000 AU
~0.04 pc
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Chandra Detects Sgr A*’s First X-ray Flares!
21 Sept 1999

26-27 Oct 2000

Lx = 2.2 x 1033 erg s-1 (quies)
Lx = 1.0 x 1035 erg s-1 (flare) 

→ flare ~45 x quies !!
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[Ghafourizadeh, et al. 2025]
X-ray flares now routinely 
detected by Chandra, 
XMM, Swift, and  NuSTAR

F1: Sep 2013
HR: 1.7 ± 0.3 

Quiesc. HR: 
0.77 ± 0.01

[Haggard, Nynka, et al. 2019]

[Dodds-Eden et al. 2009; Porquet et al. 2003, 2008; 
Nowak et al. 2012; Neilsen et al. 2013;  Ponti et al. 
2015; Mossoux et al. 2016, 2020 Mossoux & Grosso
2017; Degenaar et al. 2013; Zhang et al. 2017; +++ ]



25 Years Later… Chandra Sgr A X-ray Flare Catalog
Systematically reanalyze 6.8 Ms of Chandra Sgr A* observations over 25 years 

→ Detect and characterize 100 Chandra X-ray flares

→ 18 previously-undetected flares are reported (e.g., from recent Chandra + EHT & JWST MWL campaigns)

→ Full machine-readable table will be publicly available

Provide population-level constraints for models of Sgr A*’s X-ray flares

Enable detailed spectral & timing analysis for the brightest (and MWL) flares



Flare classifications
• Summary statistics for flare population

• Flares classified by strength (fluence) and 
morphology

• Some flares are “flagged” based on visual 
inspection (cut off, suspect duration, etc.)

Total Single Double Sub-structure



Joint spectral fits according to flare brightness

• Compare spectral properties for flares 
“stacked” (jointly fit) based on fluence

• Flaring power law indices of joint spectral fits 
show an evolution from Γf ∼ 3 to 2 as flares 
become more luminous 

• Luminosity is the average of the flares used in 
the spectral modeling (uncertainties in average 
luminosity too small to be seen)



Flare distributions
Left: 
• Duration vs max count rate; 

dotted line PL fit to all flares, 
dashed line to only unflagged 
flares (top panel)

• Strong correlation between 
fluence and max count rate; 
many flagged events in lower left 
may deviate from PL fit due to 
systematics rather than flare 
properties (bottom panel)

Right: 
• 4–8 keV/2–4 keV HRs (hashed 

sections = flagged flares)
• HRs ~normally distributed, with 

larger mean HR for strong flares 
than weak ones (dashed lines)

• Proportion of high energy 
photons likely changes between 
strength classes



X-ray flares show complex morphologies
• Distribution of separation times btwn two most 

significant peaks in double and high substructure flares
• Peaks are often separated by ∼1−2 ks
• Flare timing can constrain orbiting hotspot and other 

models (lensing, e- cooling, flux tubes, guide fields)



Event 
Horizon 
Telescope

ALMA, SMA, Swift, Chandra, and NuSTAR light curves have 
substantial overlap on 2017 Apr 6, 7, and 11 and are combined 
to show MWL variabilty, including around X-ray flare(s)

[EHT et al. Sgr A* “Paper II” 2022]

[Neilsen et al. 2013, Haggard et al. 2019]

Tentative rise in ALMA/SMA LC just 
after Apr 11 X-ray flare

Simultaneous MWL obs: submm to X-ray w/ EHT



Credit: NASA/CXC/J. Vaughan

Credit: NASA

Credit: NASA

Credit: CfA/SAO/N. Patelvon Fellenberg et al. (2025)

Simultaneous MWL obs: 
submm to X-ray w/ JWST

Beautiful MIR flares, but no X-ray flare observed; the SMA detected 
variable emission delayed by 10 minutes after the last mid-IR peak.

J. Michail S. v.Fellenberg
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Summary
Systematically reanalyze 6.8 Ms of Chandra Sgr A* observations 

over 25 years → Detect 100 flares w/ 18 new flares reported

Conduct a population level analysis of flare properties that reveals: 

● Result 1: The spectral index of flares transitions from Γf ~3 to ~2 as flares brighten

● Result 2: Hardness ratios roughly normally distributed; stronger flares systematically 

harder (larger ratio of high-to-low energy photons)

● Result 3: Flare morphology more complex with increasing strength; two double-

peaked morphologies consistently observed across the 25-year dataset

● Result 4: Correlations in duration-maximum count rate, duration-fluence, and 

fluence-maximum count rate that were previously reported by Neilsen+2013 are 

reinforced with improved statistics

Provide population-level constraints for models of Sgr A*’s X-ray flares





Distributions of maximum count rate and duration. 

Hashed sections represent flagged flares.

Top: The distribution of maximum count rates shows 

that bright flares are significantly less common than 

weak ones. 

Bottom: Unflagged flares appear to be 100sto 1000s 

of seconds long, and strong flares have longer 

durations. 

Most flagged flares are long in duration, likely 

because Bayesian Blocks overestimates the duration 

when it is less clear where the change points are.

Characteristics of “flagged” flares



Simulated pile-up corrections

• Pileup corrections for two 
example observations from 
2002 and 2023. 

• Use MARX simulations to 
calculate a true flux (pileup 
corrected) for every observed 
flux. 

• Burn-out can be visually 
identified the right plot and  in 
images as well.

• E. Bouffard et al. (2019) and G. 
Ponti et al. (2015) do not use 
Chandra mission lifetime 
dependent corrections, and 
therefore do not always agree 
with our pileup corrections.

ACIS-I instrument, no grating, 3.1 s/frame 
exposure time. It exhibits burn-out 
turnover, where large true fluxes appear as 
low observed fluxes because the detector 
incorrectly discards piled photons

ACIS-S instrument with no grating and a 0.4 
s/frame exposure time, 24 years into 
Chandra’s lifetime. Pileup is minor; our 
correction (solid pink) agrees with 
Bouffard+2019, Nowak+2012, Ponti+2015. 



New bright flare spectral fits



Flare NH
[1023 cm-2]

Γ fx (2-8 keV, abs)

[erg/cm2/s]
Duration
[ks]

Fluence
[erg/cm-2]

Energy (2-10keV)

[erg]

F1 1.63-0.9
+0.4 2.1±0.1 28.5-1.6

+1.7 x 10-12 5.7 1.6±0.1 x 10-7 3.3 x 1039

Nowak+12 1.43-3.6
+4.4 2.0-0.6

+0.7 8.5±0.9 x 10-12 5.6 4.7±0.5 x 10-8 1.0 x 1039

F2 1.63-0.9
+0.4 2.0±0.3 10.8±0.9x 10-12 3.4 3.6±0.2 x 10-8 7.4 x 1038

Ponti+17 1.6±0.3 2.3±0.3 7.6-3.4
+7.1x 10-12 3.4 2.6±2.4 x 10-8 5.3 x 1038

Porquet+03
(Nowak+12)

1.61-2.2
+1.9 2.3±0.3 7.7±0.3 x 10-12 2.8 2.2±0.1 x 10-8 5.3 x 1038

Porquet+08
(Nowak+12)

1.63-2.6
+3.0 2.4-0.3

+0.4 4.8-0.3
+0.2 x 10-12 2.9 1.4±0.1 x 10-8 3.5 x 1038

Bright X-ray Flare Spectroscopy
F1 Nowak+12 F2

Supports 
synchrotron 

interpretation 
(Ponti+2017):
ΓIR = 1.5-1.7
ΓX = 2.0-2.8

Volume containing this magnetic energy: 

EB = uB V = (B2/8 )(4/3  R3) = Ex

R ~ 2 (B/30 G)-2/3 (Ex /3 x 1039 erg/s)1/3 RS

~ 3 - 5 RS ~ 6 - 10 Rg

GRAVITY polarization periods 

➔ R ~ 6 - 10 rg
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X-ray Flare
April 11

EHT+MWL 

Sgr A* 2017 

campaign 

(black 

symbols)

=

Sgr A*’s Historic (& Variable) SED



X-ray Flare
April 11

EHT+MWL 

Sgr A* 2017 

campaign 

(black 

symbols)

=

MWL data are part of the 11 constraints used to compare to 

GRMHD simulations (along with EHT imaging and variability)

-> all together favour low inclination, cool electrons compared to 

ions, turbulent, strongly magnetized accretion flow
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[EHT et al. Sgr A* “Paper V” 2022]

See also recent GR flare modeling by von Fellenberg et al. 2023 that favors low inclination.

Sgr A*’s Historic (& Variable) SED



EHT

GMVA

EAVN

JWST

MIRI

JWST

NIRcam

Chandra, Swift

XMM, NuSTAR

Sgr A* EHT+JWST+MWL Campaigns

VLT/Keck



2017 Sgr A* MWL Lightcurves

ALMA, SMA, Swift, Chandra, and NuSTAR light curves have 
substantial overlap on 2017 Apr 6, 7, and 11 and are combined 
to show MWL variabilty, including around X-ray flare(s)

[EHT et al. Sgr A* “Paper II” 2022]



ALMA, SMA, Swift, Chandra, and NuSTAR light curves have 
substantial overlap on 2017 Apr 6, 7, and 11 and are combined 
to show MWL variabilty, including around X-ray flare(s)

[EHT et al. Sgr A* “Paper II” 2022]

[Neilsen et al. 2013, Haggard et al. 2019]

2017 Sgr A* MWL Lightcurves

Tentative rise in ALMA/SMA LC just 
after Apr 11 X-ray flare



Ch. 11 Apr

Ch. 07 Apr

NuSTAR 11 Apr

Ch. quiescence

● ALMA, SMA, Swift, Chandra, and NuSTAR light curves have 
substantial overlap on 2017 Apr 6, 7, and 11 and show 
MWL variability, including around X-ray flare(s)

● Joint Chandra and NuSTAR spectral fits during the Apr 11 
(tentative Apr 7) X-ray flares offer joint constraints and high energy fluxes 

[EHT et al. Sgr A* “Paper II” 2022]

2017 Sgr A* MWL Lightcurves Volume containing ~ 1039 erg/s energy 

→ ~ 3 - 5 RS ~ 6 - 10 Rg

GRAVITY polarization periods 

➔ R ~ 6 - 10 rg
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• Chandra X-ray flare + 
ALMA hot spot 
rotating in equat. 
clockwise direction

• Embedded in B-field 
w/ dynamically 
important vertical 
component

2017 Sgr A* X-ray Flare + Polarized Hot Spots
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• Radiates polarized 
synch. emission

• Dominates the linear 
polarization from 
unresolved source

• Hot spot orbital 
radius ∼5 RS
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