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ABSTRACT

Context. Sagittarius A* (Sgr A∗), the supermassive black hole at the center of the Milky Way, provides a unique laboratory to study accretion
dynamics and plasma processes near the event horizon.
Aims. We investigated the variability and polarization properties of Sgr A∗ using ALMA observations during the 2018 Event Horizon Telescope
campaign.
Methods. We analyzed high-cadence full-polarization light curves from ALMA at millimeter wavelengths, performed time-series analysis, and
investigated the temporal behavior during an X-ray flare observed by Chandra on 2018 April 24. The variability characteristics are compared with
expectations from standard accretion flow models.
Results. We find low variability in total intensity (σ/µ < 10%), but significantly higher variability in linear and circular polarization (∼30% and
∼50%, respectively). A time-series analysis reveals red-noise variability, with power spectral densities between −2 and −3 across all Stokes param-
eters. Polarized intensity shows stable intra-day timescales, while total intensity exhibits more variable timescales, suggesting distinct emission
regions, with polarization likely arising from a coherent structure. On April 24, a statistically significant inter-band delay in polarized intensity co-
incides with a near-simultaneous X-ray and millimeter peak that deviates from the typical delayed flare scenario. This event also features enhanced
millimeter variability and coherent polarization loop evolution. The observed simultaneity challenges standard models of transient synchrotron
emission with cooling delays, favoring instead a scenario of continuous energy injection in an optically thin region.
Conclusions. Our results offer new constraints on the physical mechanisms driving variability in Sgr A∗, and provide key observational input for
refining theoretical models of accretion and plasma behavior in the vicinity of supermassive black holes.

Key words. black hole physics – techniques: interferometric – techniques: polarimetric – Galaxy: center

1. Introduction

The Galactic center (GC) is one of the most extensively stud-
ied astrophysical environments, hosting a rich and diverse pop-
ulation of radio sources (Heywood et al. 2022). At the heart
of the GC lies Sagittarius A∗ (Sgr A∗; Balick & Brown 1974),
a supermassive black hole with a mass of approximately
4 × 106 M⊙ (Do et al. 2019; GRAVITY Collaboration 2022;
Event Horizon Telescope Collaboration 2022a). This source
exhibits significant variability at radio frequencies (Brown & Lo
1982; Iwata et al. 2020; Wielgus et al. 2022a; Mus et al. 2022),
with spatial variations in its emission structure observable on
timescales shorter than 30 minutes (GRAVITY Collaboration
2018, 2023).

Particularly striking are the intense flare events detected in
the near-infrared (NIR) and X-ray regimes in the vicinity of
Sgr A∗ (Genzel et al. 2003; Aschenbach et al. 2004; Eckart et al.
2006; Boyce et al. 2019). These flares are thought to result from
magnetic reconnection events, which dissipate magnetic energy
and may produce transient features such as orbiting hot spots of
plasma (Yuan et al. 2003; Dexter et al. 2020; Porth et al. 2021;
Ripperda et al. 2022; Wielgus et al. 2022b).

Multiwavelength studies of Sgr A∗’s variability have pro-
vided valuable insights into its radiation mechanisms and spa-
tial emission regions. Simultaneous X-ray and infrared (IR)
flares suggest that these emissions predominantly originate
from the same regions, with delays of approximately 10–
20 minutes between the two wavebands (Eckart et al. 2004;
Marrone et al. 2008; Boyce et al. 2019). In contrast, millime-
ter and submillimeter flares show more complex behavior, with
reported delays, relative to NIR and X-ray emissions, ranging
from 20–30 minutes (Marrone et al. 2008; Witzel et al. 2021)
to several hours (Yusef-Zadeh et al. 2008; Eckart et al. 2012;
Event Horizon Telescope Collaboration 2022b). Some studies
have even reported minimal or negligible delays between mil-
limeter and IR/X-ray flares (Fazio et al. 2018), or have sug-
gested that previously perceived delays may have been coin-
cidental (Capellupo et al. 2017). This inconsistency under-
scores the need for high-fidelity millimeter light curves, which
have recently become accessible through advanced facilities
such as the Atacama Large Millimeter/Submillimeter Array
(ALMA) and the Submillimeter Array (SMA; Bower et al. 2015;
Witzel et al. 2021).
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During the first Event Horizon Telescope (EHT) observ-
ing campaign in April 2017, millimeter light curves of
Sgr A∗ were obtained from both ALMA and SMA, as reported
by Wielgus et al. (2022a). On April 11, 2017, an X-ray flare was
detected by Chandra (Event Horizon Telescope Collaboration
2022b), providing a unique opportunity to investigate the effect
of an X-ray flare on millimeter-wavelength light curves. While
the light curves from April 6 and 7, 2017, exhibited a low-
variability state, the April 11 light curve showed pronounced
variability following the X-ray flare.

Beyond total intensity, the exceptional sensitivity of
ALMA has also enabled detailed studies of the polarimet-
ric properties of Sgr A∗ and other active galactic nuclei
(AGN) during the 2017 Very Long Baseline Interferometry
(VLBI) campaign (Goddi et al. 2021). Polarization measure-
ments offer a powerful, time-resolved probe of the emis-
sion and propagation processes in Sgr A∗, complementing
the spatially resolved Event Horizon Telescope (EHT) anal-
ysis (Event Horizon Telescope Collaboration 2024; Joshi et al.
2024). Although Sgr A∗ is powered by a radiatively ineffi-
cient accretion flow (Yuan & Narayan 2014), fundamental prop-
erties such as magnetic field geometry, plasma composition,
and turbulence remain poorly constrained. Unlike total intensity,
polarization encodes information about magnetic field struc-
ture, Faraday rotation, optical depth, and the nature of the emit-
ting electrons (e.g., Macquart et al. 2006; Johnson et al. 2015;
Wielgus et al. 2024). In particular, variations in polarization
degree and angle constrain several physical properties: the view-
ing geometry (axisymmetric fields tend to depolarize when
seen face-on; e.g., Shcherbakov et al. 2012), the magnetic field
strength, number density and temperature of electrons through
the Faraday depth (Quataert & Gruzinov 2000; Wielgus et al.
2024), and turbulence in the accretion flow (Bower et al. 2005).
ALMA observations have revealed hour- to month-scale vari-
ability in linear polarization and persistent circular polar-
ization, consistent with Faraday conversion in an ordered
field (Bower et al. 2018). Temporal features, such as polariza-
tion angle swings, depolarization dips, or Q–U loops, pro-
vide further diagnostics to distinguish between accretion sce-
narios, with magnetically arrested disk (MAD) models pre-
dicting strong organized fields, and standard and normal evo-
lution (SANE) models favoring weaker turbulent configura-
tions. Moreover, frequency-dependent polarization delays con-
strain the optical depth and cooling timescales of the emitting
plasma (Wielgus et al. 2022b; Michail et al. 2024).

The polarimetric variability observed in Sgr A∗ after the X-
ray flare detected on April 11, 2017, suggests the presence of
orbital motion of a hot spot near the black hole following a
high-energy flare (Wielgus et al. 2022b), consistent with earlier
findings by GRAVITY (GRAVITY Collaboration 2018, 2020).
More recently, Wielgus et al. (2024) conducted a joint analysis
of polarized light curves of Sgr A∗ at 85–101 GHz and 212–
230 GHz with ALMA, revealing insights into inefficient accre-
tion flows and an internal Faraday screen through the analysis
of rotation measure (RM) and its variability. These results imply
that a significant fraction of Faraday rotation occurs in the com-
pact source near the event horizon, and that the magnetic field
on this scale is organized and not violently variable.

Building upon these findings, for this work we analyzed
Sgr A∗’s millimeter light curves obtained from ALMA and SMA
observations during the second EHT observing campaign in
April 2018, covering four observing days: April 21, 22, 24, and
25. We investigated the full-polarization variability by charac-
terizing and comparing the light curves from the 2017 and 2018

campaigns using time-series analysis techniques. Similarly to
April 11, 2017, an X-ray flare was detected by Chandra on April
24, 2018 (Mossoux et al. 2020), coinciding with ALMA cov-
erage. Therefore, in addition to the full-polarization variability
of Sgr A∗’s light curves, we closely examined this flare event,
assessed its imprint on the millimeter light curves, and compared
our findings with those from 2017.

This paper is structured as follows. Section 2 describes the
observations and details the data reduction procedures imple-
mented to recover the compact source emission variability from
ALMA data. In Sect. 3 we present the full-polarization ALMA
light curves and compare them with historical data. Section 4
details the complete time-variability analysis of the 2017 and
2018 light curves. In Sect. 5 we discuss specific properties of
the light curves, highlighting persistent clockwise Q–U rotation,
accretion physics, and X-ray flaring, and compare the variability
with GRMHD predictions. Finally, we summarize our conclu-
sions in Sect. 6.

2. Observations and data calibration

2.1. ALMA observations and data processing

Sgr A∗ was observed with phased-ALMA (Matthews et al. 2018;
Crew et al. 2023) on April 21, 22, 24, and 25 as part of the
2018 EHT+ALMA campaign. A detailed analysis of the EHT
VLBI observations of Sgr A∗ in 2018 will be presented else-
where (EHT Collaboration, in prep.). The VLBI observations
were carried out while the array was in its most compact con-
figurations and only antennas within a radius of 180 m (from the
array center) were used for phasing. The observations were per-
formed in full-polarization mode in order to supply the inputs
to the polarization conversion process at the VLBI correlators
(Martí-Vidal et al. 2016).

The spectral setup included four spectral windows (SPWs)
of 1875 MHz, two in the lower and two in the upper sideband,
centered at 213.1, 215.1, 227.1, and 229.1 GHz. Table E.1 sum-
marizes the observational and spectral setup of the April 2018
observations, including four tracks (which ranged from roughly
6 to 9 hours). An absorption feature in the SPW centered at
227.1 GHz was flagged to ensure consistency in the Sgr A∗ light
curves (see Appendix A).

ALMA data acquired during VLBI observations are cali-
brated using the Common Astronomy Software Applications
(CASA) package (The CASA Team et al. 2022) and the spe-
cial procedures known as “Quality Assurance Level 2” (QA2)
described in Goddi et al. (2019). Bandpass solutions were
obtained using 3C 279, which also served as the polarization
calibrator on all four observing days. Flux calibration was per-
formed using Titan on April 21 and 25, and 3C 279 on April
22 and 24. To evaluate the accuracy of our flux-density calibra-
tion, we compared the QA2-derived fluxes of VLBI targets with
independent Atacama Compact Array (ACA) flux monitoring of
Grid Sources, some of which overlap with our VLBI sample.
The analysis shows that ALMA fluxes during VLBI observa-
tions agree within 10% in Band 6, consistent with ALMA’s nom-
inal absolute calibration uncertainty (Remijan et al. 2019). This
result aligns with similar findings reported in Goddi et al. (2021,
2025) for VLBI observations in Bands 6 and 7.

The QA2 process relies on self-calibration under the assump-
tion of a point source with constant flux density. This approach
is effective for most VLBI targets, which are generally stable
over the course of an observation. As shown in Appendix B, the
visibility amplitude light curves of both the calibrators and EHT
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Fig. 5. Historical 230 GHz amplitude measurements of Sgr A∗ from 2005 to 2019 in Table 4 of Wielgus et al. (2022a) and average flux density
and standard deviation from Table E.1. The 2017 and 2018 EHT observing campaigns are marked by black vertical lines. Standard deviations for
both the 2017 and 2018 EHT observations are plotted, but are too small to be visible.

we find that variability in 2018 was slightly lower than the
expected value from the model. However, a direct comparison
of the modulation indices from full-polarization ALMA light
curves in the 2017 and 2018 campaigns reveals consistent val-
ues across both years, as well as notable stability throughout the
entire experiment (Fig. 7).

The average linear polarization fraction across the four
SPWs ranges from 3.8% to 5.8%, slightly lower than the
2017 ALMA values of 7.7%–8.5% reported in Wielgus et al.
(2024). Nonetheless, these values remain broadly consistent with
historical measurements spanning 3.6%–9.9% (Bower et al.
2003, 2005; Marrone et al. 2007; Bower et al. 2018). The aver-
age EVPA across spectral windows ranged from –70.30◦

to –117.97◦. The spread in EVPA values seen in Fig. 3
reflects short-term variability in Sgr A∗, while the broader
range observed over nearly 20 years (Bower et al. 2003,
2005; Marrone et al. 2007; Bower et al. 2018; Wielgus et al.
2022b) suggests significant long-term evolution in the linear
polarization.

For circular polarization, we observe daily averages rang-
ing from –0.41% to –1.0% in 2018. The most negative values
align with the 2017 ALMA results, which reported an average
CP of –1.0% to –1.6% (Goddi et al. 2021; Wielgus et al. 2024),
as well as with Bower et al. (2018), who found a mean CP of
–1.1± 0.2% at 225 GHz in 2016. We note, however, that all
of these circular polarization measurements should be regarded
as tentative detections, as the measured levels fall below
the official CP accuracy threshold guaranteed by the ALMA
observatory.

The daily average RM in our 2018 data ranges from −5.32×
105 to −2.63 × 105 rad m−2, comparable to 2017 ALMA results,
which reported daily averages between −5.04× 105 and −3.19×
105 rad m−2 (Goddi et al. 2021; Wielgus et al. 2024). Our val-
ues are also consistent with past measurements over the last two
decades from ALMA (Bower et al. 2018), SMA (Marrone et al.
2007), and BIMA (Bower et al. 2003, 2005). This agreement
suggests a relatively stable long-term Faraday rotation, while
also reflecting short-term variability in Sgr A∗’s polarization
properties.

4. Time-series analysis of the Sgr A∗ light curves

4.1. Cross-correlations between Spectral Windows

To compute the correlation of the Sgr A∗ light curves at
different SPWs, we used the Locally Normalized Discrete
Correlation Function (LNDCF; see Lehar et al. 1992). The
LNDCF consists of binning pairs of flux density measurements
(ai, b j) by a time difference (lag ∆t), and then computing esti-
mates of the correlation between the two signals using the
formula

LNDCF(∆t) =
1
M

∑

i, j

(ai − a∆t)(b j − b∆t)
√

(σ2
a,∆t
− e2

a)(σ2
b,∆t
− e2

b
)
, (4)

where M is the number of data pairs in the lag bin ∆t, ea and
eb represent the measurement errors of the data points of their
respective signals, and the signal amplitudes and standard devi-
ations (i.e., a∆t, b∆t, σ2

a,∆t
, σ2

b,∆t
) are computed for each lag using

the flux densities contributing to the LNDCF. Here, we define
LNDCF(0)=LNDCF0.

Given the abundance of light curves available (one for each
parameter, day of observation of Sgr A∗ and spectral window),
we first computed the LNDCF between SPWs. Strongly cor-
related signals between SPWs (i.e., LNDCF0 & 0.95) suggest
similarity in the information provided by the different spectral
windows from a physical perspective. As illustrated in Fig. 8,
a strong correlation exists between the different SPWs, particu-
larly within the same spectral band, both for the total intensity
and the polarized intensity. Consequently, focusing our study
on one spectral window per band for the subsequent analysis is
appropriate, a conclusion further supported by individual inspec-
tions of each spectral window.

Examining the LNDCF between SPWs across various spec-
tral bands (B1–B4) at minute-scale time lags, as depicted in Fig. 9,
reveals a clearer shift in the maximum of the LNDCF for polar-
ized intensity on April 24, with a delay of −21 ± 13 seconds,
i.e., with the light curve at B1 lagging behind that at B4. This
delay, occurring on the day Chandra reported a flare, is consistent,
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MAD models. Additionally, Nathanail et al. (2025) explore how
the inclusion of explicit resistivity reduces the variability of
GRMHD simulations, potentially helping to reconcile the dif-
ferent accretion flow models.

Apart from the amount of variability, we are interested in
its power distribution across frequencies, as discussed using
SF in Sect. 4.2. As demonstrated by Wielgus et al. (2022a),
GRMHD models generally indicate a steep power law of the
short timescale variability αPS D between –2.5 and –2.9. This is
steeper than the DRW process, characterized by αPS D = −2.
The power law in the 2017 ALMA total intensity light curves
was estimated by Wielgus et al. (2022a) to be αPS D ≈ −2.6,
which broadly agrees with the predictions of numerical mod-
els. We see consistent estimates of αPS D in the 2018 data set,
as presented in Fig. 11 and in Table 1. It is also worth notic-
ing that we consistently see a sub-hour decorrelation timescale
through the PSD and SF analysis, Table 1. While these findings
seem to suggest that such an analysis is sensitive to dynam-
ical timescales in the Sgr A∗ system, these conclusions must
be carefully tested and verified, particularly since the ALMA
light curves data can be fitted well with stochastic Gaussian
process models of significantly longer correlation timescales
(Wielgus et al. 2022a).

6. Conclusions

This work presents a comprehensive analysis of high-cadence,
high signal-to-noise full-polarization light curves of Sgr A∗,
obtained with ALMA during the April 2018 EHT campaign.
Notably, during the same week, the Chandra X-ray Observa-
tory reported a flare on April 24 (between 4:53 and 6:00 UT),
enabling a joint analysis of the millimeter and X-ray light curves
on the day of the flare.

We first characterized the overall variability in total inten-
sity, which remains low, with σ/µ < 10%, consistent with
previous EHT campaigns and earlier observations. The esti-
mated variability remains below the levels predicted by standard
accretion flow models, though recent GRMHD simulations yield
similarly reduced variability (Moscibrodzka 2024; Salas et al.
2025; Nathanail et al. 2025; Dhruv et al., in prep.). In con-
trast, the polarized intensity shows stronger variability, with
σ/µ ∼ 30%.

To quantify the polarization variability, we employed
advanced time-series analysis tools. Cross-correlations between
the four spectral windows (B1–B4) reveal strong inter-band
coherence, with LNDCF0 & 0.95. On minute timescales, we
detect no measurable delays between B1 and B4 for total inten-
sity, consistent with optically thin synchrotron emission at 1.3
mm, an interpretation supported by the 2017 campaign as well.
For the polarized intensity, delays are consistent with zero on
most days, though with marginal positive shifts on April 21–
22 and marginal negative ones on April 25. On April 24 –
the day of the X-ray flare – we detect a statistically signifi-
cant delay of 21 ± 13 s, with B1 lagging B4. A similar delay
was reported for the 2017 flare event, further strengthening
the association between polarization structure and high-energy
activity.

The high quality of the ALMA light curves enabled vari-
ability analysis on short timescales. Both the SF and high-pass
filter (HPF) periodogram analyses reveal red-noise behav-
ior spanning timescales from minutes to hours. The derived
power spectral densities are consistent across methods:
−2.4 ± 0.3 for total flux density (matching the 2017 value)

and −2.6 ± 0.1 for polarized intensity. Structure function
analysis further reveals intra-day variability timescales of
∼20 minutes to 1.5 hours in total intensity, while the polar-
ized intensity remains stable around ∼30 minutes – sug-
gesting a more coherent emission region for the polarized
component.

The April 24 X-ray flare offers a rare opportunity to probe
the connection between X-ray and millimeter-wavelength emis-
sion. While previous flares (e.g., April 11, 2017) exhibited mil-
limeter counterparts delayed by several hours, the 2018 event
reveals near-simultaneous peaks in X-ray and millimeter emis-
sion, within a five-minute window. This is accompanied by a
∼20% increase in millimeter flux density. This simultaneity is
further supported by an inter-band delay in polarized inten-
sity (21 ± 13,s), an enhanced coherence in the Q–U polar-
ization loops (clockwise direction), and an increased intra-
day millimeter variability during the flare (with a subsequent
decline thereafter). These findings challenge the standard sce-
nario of delayed synchrotron emission from a cooling, expand-
ing component. Instead, they support a scenario in which the
emission region is optically thin and continuously energized,
allowing both electron cooling and re-acceleration to occur
concurrently.

A detailed analysis of the Q–U loop rotation rate reveals a
persistent clockwise pattern, consistent with 2017 observations
(Ricarte et al. 2025). This suggests a coherent structure in the
underlying accretion flow on year-long timescales – correspond-
ing to ∼1.6 × 106 tg. This persistence provides a non-trivial con-
straint for GRMHD simulations and warrants comparison with
wind-fed accretion flow models (e.g., Ressler et al. 2020). Con-
tinued monitoring of Sgr A∗ will be essential to assess the long-
term stability of this signal.

Finally, similar to the essential role played by the 2017
ALMA light curve in constraining the temporal variability
of Sgr A∗ and supporting the data calibration for horizon-
scale imaging (Blackburn et al. 2019; Wielgus et al. 2022a;
Event Horizon Telescope Collaboration 2022b), the characteris-
tics of the 2018 ALMA light curve exert a similarly critical
influence on the imaging based on the 2018 EHT observations
(EHT Collaboration, in prep.). In addition, it provides com-
plementary information on the source’s variability, contribut-
ing to a more comprehensive understanding of its temporal
behavior.
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Table E.1. ALMA Sgr A∗ light curves, in total flux density, polarized intensity, and Stokes V, presented in this paper.

Day UT Duration Parameter Spectral Window Samples Flux density Modulation
(2018) (h) (h) label Frequency (GHz) µ ± σ (Jy) σ/µ

April 21 7:23 - 13:30 6.12 Stokes I B1 212.1 − 214.1 1934 2.89 ± 0.15 0.050
B2 214.1 − 216.1 1934 2.90 ± 0.14 0.049
B3 226.1 − 228.1 1894 2.88 ± 0.12 0.042
B4 228.1 − 230.1 1911 2.89 ± 0.13 0.044

P B1 212.1 − 214.1 1934 0.10 ± 0.05 0.49
B2 214.1 − 216.1 1934 0.10 ± 0.05 0.50
B3 226.1 − 228.1 1894 0.12 ± 0.05 0.44
B4 228.1 − 230.1 1911 0.12 ± 0.05 0.43

Stokes V B1 212.1 − 214.1 1934 −0.027 ± 0.009 0.33
B2 214.1 − 216.1 1934 −0.027 ± 0.009 0.33
B3 226.1 − 228.1 1894 −0.030 ± 0.010 0.33
B4 228.1 − 230.1 1911 −0.032 ± 0.009 0.29

April 22 4:25 - 13:15 8.83 Stokes I B1 212.1 − 214.1 3436 2.86 ± 0.15 0.052
B2 214.1 − 216.1 3464 2.87 ± 0.15 0.052
B3 226.1 − 228.1 3471 2.83 ± 0.13 0.046
B4 228.1 − 230.1 3483 2.85 ± 0.15 0.053

P B1 212.1 − 214.1 3436 0.15 ± 0.05 0.31
B2 214.1 − 216.1 3464 0.16 ± 0.05 0.31
B3 226.1 − 228.1 3471 0.17 ± 0.06 0.32
B4 228.1 − 230.1 3483 0.18 ± 0.06 0.32

Stokes V B1 212.1 − 214.1 3436 −0.020 ± 0.013 0.65
B2 214.1 − 216.1 3464 −0.020 ± 0.013 0.65
B3 226.1 − 228.1 3471 −0.020 ± 0.011 0.55
B4 228.1 − 230.1 3483 −0.022 ± 0.010 0.46

April 24 3:05 - 11:56 8.86 Stokes I B1 212.1 − 214.1 3030 3.24 ± 0.12 0.037
B2 214.1 − 216.1 3029 3.25 ± 0.12 0.037
B3 226.1 − 228.1 2995 3.24 ± 0.12 0.037
B4 228.1 − 230.1 3014 3.25 ± 0.12 0.036

P B1 212.1 − 214.1 3030 0.17 ± 0.05 0.30
B2 214.1 − 216.1 3029 0.17 ± 0.05 0.30
B3 226.1 − 228.1 2995 0.18 ± 0.06 0.33
B4 228.1 − 230.1 3014 0.18 ± 0.06 0.33

Stokes V B1 212.1 − 214.1 3030 −0.011 ± 0.015 1.33
B2 214.1 − 216.1 3029 −0.012 ± 0.015 1.28
B3 226.1 − 228.1 2995 −0.015 ± 0.016 1.07
B4 228.1 − 230.1 3014 −0.015 ± 0.016 1.07

April 25 7:07 - 13:14 6.12 Stokes I B1 212.1 − 214.1 744 3.34 ± 0.07 0.021
B2 214.1 − 216.1 744 3.36 ± 0.07 0.021
B3 226.1 − 228.1 744 3.36 ± 0.10 0.029
B4 228.1 − 230.1 743 3.36 ± 0.08 0.025

P B1 212.1 − 214.1 744 0.14 ± 0.04 0.29
B2 214.1 − 216.1 744 0.15 ± 0.04 0.28
B3 226.1 − 228.1 744 0.16 ± 0.05 0.31
B4 228.1 − 230.1 743 0.17 ± 0.05 0.30

Stokes V B1 212.1 − 214.1 744 −0.032 ± 0.014 0.44
B2 214.1 − 216.1 744 −0.032 ± 0.015 0.47
B3 226.1 − 228.1 744 −0.036 ± 0.015 0.42
B4 228.1 − 230.1 743 −0.038 ± 0.016 0.42

Notes. Stokes V values are reported for completeness, but should be considered tentative as their levels fall below ALMA’s guaranteed accuracy
for CP measurements.

G.1. The high-pass filter periodogram

To reduce the sampling-induced noise that negatively impacts
PSD estimates in the classic periodogram formulation, we
employed the recently proposed HPF periodogram (see

Albentosa-Ruiz & Marchili (2024)). This novel periodogram
implementation applies a frequency-dependent HPF to the sig-
nal, suppressing the variability components of frequencies lower
than a given frequency, ω, in the time domain using a data
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Table H.1. Averaged polarization properties and their measured dispersion across the duration (µ ± σ) of the ALMA 2018 Sgr A∗ light curves.

Day spw I P EVPA α RM Depolarization
(2018) (Jy) (Jy) (deg.) (105 rad·m−2) (10−4 GHz−1)

April 21 B1 2.89 ± 0.15 0.10 ± 0.05 −74 ± 19 0.0 ± 0.2 −5.0 ± 1.4 4.6 ± 4.6
B4 2.89 ± 0.13 0.12 ± 0.05 −66 ± 17

April 22 B1 2.86 ± 0.15 0.15 ± 0.05 −94 ± 40 −0.05 ± 0.15 −2.7 ± 1.6 6.0 ± 6.3
B4 2.85 ± 0.15 0.18 ± 0.06 −90 ± 39

April 24 B1 3.24 ± 0.12 0.17 ± 0.05 −105 ± 20 0.05 ± 0.12 −4.4 ± 1.7 5.8 ± 3.6
B4 3.25 ± 0.12 0.18 ± 0.06 −98 ± 20

April 25 B1 3.34 ± 0.07 0.14 ± 0.04 −122 ± 22 0.07 ± 0.15 −6.3 ± 1.2 3.4 ± 2.3
B4 3.36 ± 0.08 0.17 ± 0.05 −114 ± 21

quantities exhibit significant variability, further underscored by
the large dispersion relative to their daily averages reported in
Table H.1. Properly characterizing the plasma properties, how-
ever, requires modeling that can disentangle the contributions of
Faraday rotation from those of depolarization. While a detailed
investigation of the underlying depolarization mechanisms is
beyond the scope of this paper, we do explore the RM and depo-
larization light curves (see Fig. 4) using the time-series analysis
techniques introduced in this work. The lack of significant corre-
lation between the RM and depolarization curves, as indicated by
the correlation function analysis, suggests that bandwidth depo-
larization is unlikely to be the dominant mechanism.

An analysis of variability timescales using the SF reveals dis-
tinct timescales in the April 22 light curves. The RM exhibits a
characteristic timescale of 32 ± 4 minutes, with a correspond-
ing power spectral density (PSD) slope of −2.26 ± 0.016. This
rapid RM variability is consistent with the behavior reported for
2017 data in Wielgus et al. (2024), and supports the interpre-
tation that Faraday rotation originates from an internal screen
co-spatial with the compact synchrotron-emitting region near
Sgr A∗. In contrast, the depolarization light curve displays two
prominent timescales: a short one at 15 ± 2 minutes (PSD slope
−2.338±0.013), and a longer one at 1.16±0.11 hours (PSD slope
−2.485±0.018). This dual-timescale behavior closely resembles
that seen in the SF of the Stokes I light curve (see middle panel of
Fig. F.1). If bandwidth depolarization were the dominant mecha-
nism, one would expect the depolarization and RM timescales to
closely match. The presence of two distinct timescales for depo-
larization instead suggests that additional or alternative mecha-
nisms may be contributing.

Additionally, we estimated the mass accretion rate Ṁ of
Sgr A∗ (in units of M⊙ yr−1) using our RM measurements and
the expression provided in Marrone et al. (2006):

Ṁ =2.2 · 10−9
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where β is a parameter that depends on the accretion flow model,
ranging between 1/2 and 3/2; rin and rout represent the inner
and outer edges of the Faraday screen (in units of Schwarzschild
radius, rs); MBH is the mass of Sgr A∗, expressed in M⊙; and
RM is given in units of rad·m−2. We adopted rin = 3 rs, follow-
ing the estimated angular size of the emission region reported
in Event Horizon Telescope Collaboration (2022a). For simplic-
ity, we took rout → ∞, as its exact value is poorly constrained
and has negligible impact on the accretion rate estimate under

these assumptions. To derive an upper limit on Ṁ, we use the
average RM values measured across the four observing days,
ranging from −3 × 105 to −5 × 105 rad·m−2 (see Table H.1),
and assume β = 3/2. This yields an accretion rate of Ṁ ≈ (2.6–
3.9) × 10−9 M⊙ yr−1, which is consistent with expectations from
magnetically arrested disk (MAD) models for Sgr A∗ (e.g.,
Event Horizon Telescope Collaboration 2022c). The evolution
of Ṁ estimated from the RM values at different integration times
is shown in Fig. H.2.

A more comprehensive analysis, including comparisons with
theoretical models and more sophisticated treatments of the
Faraday screen geometry, is required to further constrain the
plasma conditions around Sgr A∗ and to better understand the
structure of the Faraday-active region near the Galactic Center
black hole.

Appendix I: Full polarization 2017 ALMA light

curves

The Sgr A∗ 2017 light curves from the ALMA observations con-
ducted on April 6, 7, and 11 as part of the 2017 EHT campaign,
originally published in Wielgus et al. (2022a,b, 2024), were also
reprocessed following the updated intra-field calibration pre-
sented in Sect. 2.2. We retrieved the full-polarization Sgr A∗ light
curves, for comparison with the 2018 light curves. Figure I.1
shows the complete ALMA light curves of the total flux, polar-
ized intensity, the EVPA, and Stokes V. A summary of the main
characteristics of these light curves is given in Table I.1. The
presented results demonstrate a high degree of consistency with
the original intra-field reduction A1, described in Wielgus et al.
(2022a), although the flux density is higher, as a result of an
updated QA2 with different calibrators. The modulation indices
indicate similar variability, further supported by the PSD esti-
mates and the timescales derived from the SF and periodogram
analyses (see Fig. 11).
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