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Full-polarization millimeter wavelength variability of Sagittarius A* during the 2018 EHT campaign
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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 parameters. 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 coincides 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 studied astrophysical environments, hosting a rich and diverse population 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 provided valuable insights into its radiation mechanisms and spatial 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, millimeter 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 millimeter and IR/X-ray flares (Fazio et al. 2018), or have suggested that previously perceived delays may have been coincidental (Capellupo et al. 2017). This inconsistency underscores 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).
During the first Event Horizon Telescope (EHT) observing 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 polarimetric properties of Sgr A* and other active galactic nuclei (AGN) during the 2017 Very Long Baseline Interferometry (VLBI) campaign (Goddi et al. 2021). Polarization measurements offer a powerful, time-resolved probe of the emission and propagation processes in Sgr A*, complementing the spatially resolved Event Horizon Telescope (EHT) analysis (Event Horizon Telescope Collaboration 2024; Joshi et al. 2024). Although Sgr A* is powered by a radiatively inefficient accretion flow (Yuan & Narayan 2014), fundamental properties such as magnetic field geometry, plasma composition, and turbulence remain poorly constrained. Unlike total intensity, polarization encodes information about magnetic field structure, Faraday rotation, optical depth, and the nature of the emitting 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 viewing 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 variability in linear polarization and persistent circular polarization, consistent with Faraday conversion in an ordered field (Bower et al. 2018). Temporal features, such as polarization angle swings, depolarization dips, or Q–U loops, provide further diagnostics to distinguish between accretion scenarios, with magnetically arrested disk (MAD) models predicting strong organized fields, and standard and normal evolution (SANE) models favoring weaker turbulent configurations. Moreover, frequency-dependent polarization delays constrain 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 accretion 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 compact 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 characterizing 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 coverage. 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 implemented 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 conclusions 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 elsewhere (EHT Collaboration, in prep.). The VLBI observations were carried out while the array was in its most compact configurations and only antennas within a radius of 180 m (from the array center) were used for phasing. The observations were performed 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 summarizes 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 calibrated using the Common Astronomy Software Applications (CASA) package (The CASA Team et al. 2022) and the special 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 performed using Titan on April 21 and 25, and 3C 279 on April 22 and 24. To evaluate the accuracy of our flux-density calibration, 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 observations agree within 10% in Band 6, consistent with ALMA’s nominal 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 assumption 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 targets confirm this flux stability. However, this method is not well suited for Sgr A*, which exhibits intrinsic variability on minute timescales. In the following, we describe the specialized procedure required to calibrate a time-variable source like Sgr A* accurately.
2.2. Intra-field calibration of Sgr A*
Sgr A* can be understood as the sum of two components (shown in Fig. 1):

	
An extended component (up to parsec scales), hereby called the minispiral. Given its large extension, it is safe to assume that this component is not variable on the timescales comparable to the duration of the observations (i.e., a few hours).



	
A compact, bright component, which presents high variability: Sgr A* itself.




	[image: Thumbnail: Fig. 1. Refer to the following caption and surrounding text.]	Fig. 1. Stokes I CLEAN image of Sgr A* and the minispiral from visibilities at 213.1 GHz, produced after the QA2 calibration for April 21.



The assumption of constant flux density in the QA2 calibration results in a core with constant brightness, shifting all variability to the minispiral. To derive the light curves of Sgr A* (i.e., the compact core), we implemented an algorithm to enhance the QA2 gain calibration for variable sources, building upon previous work presented in Wielgus et al. (2022a), Mus et al. (2022)1. Here we summarize the main procedure, consisting of four steps:

	
Generate a CLEAN image of the source (i.e., the core and the minispiral), labeled as IM0. Although including artifacts (e.g., negative features simulating partial sidelobes of the PSF around Sgr A*), this image serves as an initial model for the minispiral.



	
Subtract the core of Sgr A* from the IM0 image by setting the flux of the pixels corresponding to the compact component to zero, producing an image of only the minispiral (IM1).



	
Visibility (two-component) model fitting: Construct a Visibility model as the Fourier transform of the minispiral (MOD = FT(IM1)) scaled by a time-varying factor S1 (which accounts for the minispiral’s artificial variability introduced by QA2) and a constant factor S2 (core flux density)2, thus describing the entire structure of Sgr A*:

[image: Mathematical equation: $$ \begin{aligned} V^{mod} = S_1 \cdot \mathtt {MOD} + S_2. \end{aligned} $$](1)

For each integration time t, we fit the observed visibilities to our model by minimizing the χ2 function

[image: Mathematical equation: $$ \begin{aligned} \chi ^2(t) = \sum _{i,t} \omega _i \cdot |S_1(t) \cdot \mathtt {MOD} + S_2 - V_i^{obs}(t)|^2, \end{aligned} $$](2)

where ωi are the weights of each visibility.



	
Transfer the variability from S1 to S2 by scaling the Sgr A* light curves as

[image: Mathematical equation: $$ \begin{aligned} V_{cal}(t) = \frac{\bar{S_1}}{S_1(t)} \cdot V_{QA2}(t), \end{aligned} $$](3)

where VQA2 represents the QA2 visibilities, Vcal(t) are the calibrated visibilities, and [image: Mathematical equation: $ \bar{S_1} $] is the median of all minispiral flux densities across all days of the campaign.




This algorithm corrects the amplitude of all visibilities for each integration time, ensuring that the minispiral brightness remains nearly constant (within ≲1%), while allowing the core to exhibit the expected flux density variability, as illustrated in Fig. 2. A final round of flagging is typically performed to remove data points that vary significantly between consecutive time intervals, as detailed in Sect. 3.1.
	[image: Thumbnail: Fig. 2. Refer to the following caption and surrounding text.]	Fig. 2. April 22 total flux density of Sgr A* and the minispiral at 213.1 GHz, before (red and blue crosses) and after (purple and black dots) correcting for variability transfer. The flux density uncertainty, estimated from the covariance matrix, is approximately 0.1% and is therefore not visible.



A complementary calibration method for the time-variable source Sgr A* is presented in Appendix C, where the manual reduction of the ALMA data is described in detail. Additionally, in Appendix D we present the SMA observations and data calibration, and compare the resulting light curves of Sgr A* with those from ALMA as a consistency test.
3. Sgr A* full-polarization variability
3.1. ALMA light curves
Following the intra-field calibration of the ALMA data, presented in Sect. 2.2, we retrieved the full-polarization Sgr A* light curves with a 4 second cadence, which will be analyzed in the following sections3. To remove outliers, we fit the Stokes I light curves with a fifth-order spline function and discard data points deviating beyond a 3σ threshold. Due to the higher noise in the April 25 light curve, we averaged the data over 16-second intervals, matching the timing of the ALMA phasing loop (Goddi et al. 2019), to mitigate its impact.
The ALMA light curves for the four observing days are presented in Appendix E (Table E.1) and plotted in Figs. 3 and 4. Table E.1 summarizes the main variability characteristics of Sgr A*, reporting for each of the four ALMA spectral windows the average and dispersion of three parameters: total intensity (Stokes I), polarized intensity [image: Mathematical equation: $ P=\sqrt{Q^2+U^2} $], and Stokes V. Variability is quantified using the modulation index, defined as the ratio of the standard deviation to the mean. The numerical values are listed in Table E.1. Comparing the modulation indices of the Stokes I light curves with those of the polarized intensity reveals a difference of an order of magnitude, suggesting significantly greater variability in polarization than in total flux density. This behavior is also evident in Fig. 3, which shows the time evolution of total flux density, polarized intensity, polarization angle (EVPA; defined as ϕ = 0.5arg(Q + iU)), and Stokes V across the four observing nights.
	[image: Thumbnail: Fig. 3. Refer to the following caption and surrounding text.]	Fig. 3. Sgr A* ALMA light curves of Stokes I, the polarized intensity, the EVPA, and Stokes V (from top to bottom) for the four spectral bands, for all four days (from left to right, April 21, 22, 24, and 25). Stokes V light curves are tentative, as the detected levels fall below ALMA’s guaranteed CP accuracy. The gray-shaded band on April 24 marks the time range of the Chandra X-ray flare.



While the Stokes V light curve is predominantly negative, consistent with previous studies (Marrone et al. 2006; Bower et al. 2018; Wielgus et al. 2022b), the average amplitude of the circular polarization is around 1% of the total flux, well below the ALMA’s nominal 3σ detection threshold of 1.8%. In this dataset, calibration was performed using 3C279, whose intrinsic circular polarization is unknown. As a result, any true Stokes V signal from the calibrator may be absorbed into instrumental terms and subsequently imprinted onto the target source as an artificial signal. In light of these limitations, we do not attempt to analyze the Stokes V data. A dedicated investigation of the circular polarization, following the approach of Goddi et al. (2021, Appendix G), is planned for a future publication.
Figure 4 presents four additional parameters: the fractional linear polarization m = P/I (LP), the Depolarization Measure (m′), the Rotation Measure (RM), and the Spectral Index α. The RM is defined by the relation ϕ(λ) = ϕ0 + RM(λ2 − λ02) (e.g., Brentjens & de Bruyn 2005), where ϕ0 is the EVPA at the reference wavelength λ0 = c/ν0. Similarly, the depolarization measure m′ quantifies the change in LP per unit frequency (in GHz−1), following the relation m(ν) = m0 + m′(ν − ν0), where m0 is the LP at the reference frequency ν0 (e.g., Goddi et al. 2021). A more detailed discussion of these polarization properties, their variability, and their implications for the accretion rate is provided in Appendix H.
	[image: Thumbnail: Fig. 4. Refer to the following caption and surrounding text.]	Fig. 4. Sgr A* ALMA light curves of the fractional polarization for the four spectral bands, the depolarization measure, the rotation measure, and the spectral index (from top to bottom) for all four days (from left to right, April 21, 22, 24, and 25). The gray-shaded band on April 24 marks the time range of the Chandra X-ray flare.



Finally, the spectral index α is obtained by fitting the flux density variation across the ALMA frequency range using the model I = I0 ⋅ (ν/ν0)α, where I0 is the flux density at the reference frequency ν0. The resulting spectral index exhibits slight oscillations around zero, consistent with the findings from the 2017 light curves presented in Wielgus et al. (2022a). These variations are accompanied by high uncertainty, primarily driven by the short timescale variability of the spectral index and calibration effects. Factors such as the ALMA intra-site antenna configuration, or the calibrator targets and the minispiral model used in QA2 and intra-field calibration, contribute to uncertainties in the absolute flux density across SPWs.
The variability of the full-polarization Sgr A* light curves, characterized by the modulation index and other advanced time-series analysis tools, are explored in detail in Sect. 4.
3.2. Comparison to historical data
To investigate long-term trends in Sgr A*’s behavior, we analyze historical flux density and polarization data from 2005 to 2019, as compiled in Table 6 of Wielgus et al. (2022a). Figure 5 presents the flux density as a function of time, showing that the daily average values from 2018 fall within the range of previously reported measurements. The data also align with a broader trend of increasing average flux density from 2017 (Wielgus et al. 2022a) to 2019 (Murchikova & Witzel 2021).
	[image: Thumbnail: Fig. 5. Refer to the following caption and surrounding text.]	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.



An examination of the modulation indices further supports consistency with past observations (Fig. 6). Comparing our derived modulation indices with the damped random walk (DRW) model fitted to historical data by Wielgus et al. (2022a), 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 values across both years, as well as notable stability throughout the entire experiment (Fig. 7).
	[image: Thumbnail: Fig. 6. Refer to the following caption and surrounding text.]	Fig. 6. Modulation index measured across various observations as a function of observational duration. Each data point from the 2018 ALMA dataset at B3 (227 GHz) is represented by hexagons, while other data points, as well as the fitted damped random walk (DRW) curve with shaded confidence intervals are derived from Wielgus et al. (2022a).



	[image: Thumbnail: Fig. 7. Refer to the following caption and surrounding text.]	Fig. 7. Modulation indices σ/μ of the Stokes I (top) and polarized intensity (bottom) ALMA light curves, for the 2017 and 2018 observations at B1 (black dots) and B4 (blue diamonds), obtained from our analysis.



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 average 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 ranging 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 values 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, bj) by a time difference (lag Δt), and then computing estimates of the correlation between the two signals using the formula
[image: Mathematical equation: $$ \begin{aligned} \mathrm{LNDCF} (\Delta t) = \frac{1}{M} \sum _{i,j} \frac{(a_i - \overline{a}_{\Delta t})(b_j - \overline{b}_{\Delta t})}{\sqrt{(\sigma ^2_{a,\Delta t} - e^2_a)(\sigma ^2_{b,\Delta t} - e^2_b)}}, \end{aligned} $$](4)
where M is the number of data pairs in the lag bin Δt, ea and eb represent the measurement errors of the data points of their respective signals, and the signal amplitudes and standard deviations (i.e., [image: Mathematical equation: $ \overline{a}_{\Delta t} $], [image: Mathematical equation: $ \overline{b}_{\Delta t} $], σa, Δt2, σb, Δt2) 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 correlated 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, particularly 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 inspections of each spectral window.
	[image: Thumbnail: Fig. 8. Refer to the following caption and surrounding text.]	Fig. 8. LNDCF between SPWs B1–B2 (black dots), B1–B4 (red squares), and B3–B4 (blue diamonds), for total flux density (left) and polarized intensity (right), for April 24.



Examining the LNDCF between SPWs across various spectral bands (B1–B4) at minute-scale time lags, as depicted in Fig. 9, reveals a clearer shift in the maximum of the LNDCF for polarized 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, although less pronounced than the delay of −45 ± 15 seconds reported in Wielgus et al. (2022b), Appendix G, observed on April 11, 2017, when a flare was also detected by Chandra. In contrast, the delays observed on other days remain consistent with zero: 7 ± 9 seconds on April 21, 6 ± 10 seconds on April 22, and −3 ± 11 seconds on April 25. No significant delay is observed for total intensity, remaining consistent with zero across all days.
	[image: Thumbnail: Fig. 9. Refer to the following caption and surrounding text.]	Fig. 9. LNDCF between ALMA SPWs B1-B4 for all four days, showing total flux density (left) and polarized intensity (right). The dotted lines indicate the delays between SPWs B1–B4 retrieved from the LNDCF.



4.2. Structure function
The structure function (SF) of the polarized flux density serves as a powerful diagnostic of variability in the emission, revealing characteristic timescales and amplitudes that are sensitive to the turbulence within the accretion flow. In particular, short timescale variability is expected to originate from turbulent processes occurring close to the black hole. Moreover, GRMHD simulations predict that the variability power spectrum depends on the underlying magnetic field configuration, typically modeled as either a MAD or SANE accretion flow (e.g., Event Horizon Telescope Collaboration 2022c; Moscibrodzka 2024). As these models differ significantly in their magnetic flux distribution and turbulence levels, the results from the SF analysis provide insight into the plasma conditions near the event horizon.
To characterize the power spectrum and retrieve the characteristic variability timescales of our Sgr A* light curves, both in total flux density and polarization, we analyzed the behavior of the first-order SF (see Simonetti et al. 1985; Wielgus et al. 2022a). Given a time series {xi}=x1, x2, …, xn observed at times {ti}=t1, t2, …, tn, the SF at a time lag Δt is defined as the sum of all the pairs in the time series, NΔt, for which (tj − ti)≤Δt,
[image: Mathematical equation: $$ \begin{aligned} SF(\Delta t) = \frac{1}{N_{\Delta t}} \sum _{i,j=i+1} \left(x_j - x_i \right)^2. \end{aligned} $$](5)
The analysis of the SF provides information on the temporal structure of our light curves. The SF of a signal affected by measurement and calibration errors, and random noise, such as the ones analyzed in this work, presents three types of slopes in the data (see Fig. 10):

	
At very short timescales, the slope of the SF is almost flat, and corresponds to the level of the noise, which dominates the amplitude of our signal. This SF plateau level is twice the variance of the noise in the data. The higher the noise, the higher the plateau, which could hide the signal properties.



	
A steep increase in the SF, as a result of the random noise becoming less dominant compared with the real signal in our data, indicating real variability in our data. The power spectral density (PSD) slope index αPSD can be calculated using the slope index αSF of this increase in the SF, which follows a power law, as αPSD = −(1 + αSF).



	
A plateau at long time lags, providing an estimate on the characteristic timescale of the light curves’ variability.




	[image: Thumbnail: Fig. 10. Refer to the following caption and surrounding text.]	Fig. 10. SF plots of the Sgr A* 213.1 GHz light curves for total intensity (left) and polarized intensity (right), for April 21, 22, 24 and 25, and all combined (black dots, blue squares, red diamonds, magenta triangles, and cyan crosses, respectively).



In Fig. 10 we observe that while the shapes of the total intensity SFs differ greatly across different days, both the shapes and timescales of the polarized intensity SFs are very consistent. Moreover, the SF for polarization is highly coherent, in contrast to the total flux density SF. This suggests that polarization arises from a coherent emission region, while total flux density comprises contributions from different, less coherent regions.
The results of the SF analysis, described in detail in Appendix F, are summarized in Table 1 (which also includes the results from the high-pass filter periodogram; see Appendix G). We present the results only for the SPWs B1 and B4, as they are representative of the two ALMA lower and upper spectral sidebands. Moreover, there are no significant differences in the SF between SPWs B1–B2 and B3–B4, as evidenced by the strong correlation between different SPWs shown in Fig. 8, so analyzing the timescales for all SPWs would yield similar results.
Table 1. 
Results from the time-series analysis of the ALMA Sgr A* light curves in total flux density and polarized intensity.

Table 2. 
Q − U loop speeds and fraction of scans that are clockwise.

To conclude the SF analysis, we applied the same procedure used to estimate the PSD and timescales from the SF of the 2018 light curves to the full-polarization light curves obtained from the ALMA April 2017 observations, presented in Fig. I.1. Figure 11 presents a comparison between the results of the SF analysis of the 2017 light curves (shown in Appendix I) and the 2018 light curves. We observe fluctuations in the timescales for total intensity, while the results for polarized intensity display a stable timescale across both years, around 0.5–0.6 hours. This consistency further supports the argument that Sgr A* polarization arises from a coherent emission region.
	[image: Thumbnail: Fig. 11. Refer to the following caption and surrounding text.]	Fig. 11. PSD slope index (top) and timescales (bottom) estimated from the SF of the total intensity (left) and polarized intensity (right) 2017 and 2018 light curves, for the spectral bands B1 (blue dots) and B4 (orange squares). A second characteristic PSD and timescale, derived from the Stokes I SF, are marked with a cross (x). PSD values are computed from the SF slope as αPSD = −(1 + αSF) (blue dots and orange squares for the spectral bands B1 and B4, respectively), and from the HPF periodogram (red triangles and green diamonds for the spectral bands B1 and B4, respectively; see Appendix G).



5. Discussion
5.1. Polarimetric loops
Coherent variation of the measured linear polarization, forming loops in the Q − U plane, can serve as a useful tool to constrain the models of the Sgr A* geometry, as discussed in Wielgus et al. (2022b). Such patterns may be associated with bubbles of strongly energized electrons forming as a consequence of a rapid release of magnetic energy into plasma, observed as a high-energy flare. Such bubbles (hotspots) could then transiently orbit the central black hole before being destroyed by instabilities, shearing in a differentially rotating flow, and/or radiatively cooling. Vos et al. (2022) and Vincent et al. (2024) provided detailed theoretical discussions on the formation of Q − U loops, similar to the observational signatures identified in the infrared observations of flaring Sgr A* (GRAVITY Collaboration 2018, 2023; Yfantis et al. 2024b). The millimeter wavelength polarimetric signatures associated with the 2017 April 11 X-ray flare were systematically studied and modeled by Yfantis et al. (2024a) and Levis et al. (2024), both concluding consistency with a clockwise hotspot motion in a compact orbit at a low inclination, as well as the dominance of a vertical magnetic field component. In Fig. 12, we present the polarimetric Q − U plane variation observed by ALMA in April 2018, including April 24, when Chandra reported an X-ray flare (Mossoux et al. 2020). Some more discussion about the flare is given in Sect. 5.2.
	[image: Thumbnail: Fig. 12. Refer to the following caption and surrounding text.]	Fig. 12. Sgr A* ALMA polarimetric loops observed in April 2018, for the spectral band B4, for all four days. The colors of the data points represent the time evolution of the Q − U behavior.



By eye, the 2018 Q − U data do not readily exhibit coherent looping behavior that could be interpreted as orbital motion. This is in contrast to the 2017 April 11 flare, for which the loop is apparent; see Fig. 1 of Wielgus et al. (2022b). However, Ricarte et al. (2025) recently developed a method to determine Q − U rotation speeds and preferential handedness of the pattern using the differential geometry of planar curves. The method is capable of statistically characterizing the local curvature on the Q − U plane and infer the corresponding mean angular velocity, even in cases for which the coherent looping behavior is not visually apparent. In brief, smoothing splines are fit to each scan, and the signed Gaussian curvature is integrated over these light curves with respect to the arc length to obtain an average Q − U rotation rate and clockwise fraction. In this previous work, for the 2017 data of Wielgus et al. (2022b), Ricarte et al. (2025) calculated a pattern speed of ΩQU = −2.6 ± 0.6 deg tg−1, where tg = GMc−3 = 20 s, and that 65%±9% of the scans were curved in a clockwise orientation.
We repeated this analysis for the ALMA 2018 light curves presented in this paper, and the results are shown in tab:curvatures. We considered only the B4 light curves, as the EVPA evolution is almost identical across the four SPWs. This technique is not affected by an overall offset due to the RM. It may, however, be sensitive to the variable internal Faraday effects in Sgr A* (Wielgus et al. 2024). Systematic error bars were computed by surveying over spline fitting parameters as in Ricarte et al. (2025). We consistently recover clockwise motion on all days, similar to the 2017 data. Intriguingly, the most clockwise-biased day is the flaring day, 2018 April 24. Similarly, Ricarte et al. (2025) reported that the flaring period of 2017 April 11 is atypically biased towards clockwise as well. This suggests that Q − U loops may become more coherent during flares, possibly due to the emergence of a dominant polarized hotspot.
For the 2018 data, our all-day average Q − U rotation rate of −1.6 ± 0.9 deg tg−1 is consistent within 1σ with the 2017 measurement reported by Ricarte et al. (2025). This agreement suggests a relatively coherent clockwise accretion flow persisting over a timescale of 1.0 yr ≈ 1.6 × 106 tg. Continued monitoring will be important to assess the long-term stability of this behavior.
One possible explanation for the observed differences between the coherent loopy pattern seen during the 2017 April 11 flare and the more disordered pattern observed on 2018 April 24 is that the 2018 X-ray flare did not actually originate in the immediate vicinity of the event horizon, where the millimeter synchrotron radiation is emitted. However, in Sect. 5.2 we discuss hints of causal relation between the high-energy flare and the millimeter ALMA light curves. Another possibility is the formation of a dominant single hotspot on 2017 April 11 and multiple simultaneous hotspots on 2018 April 24. While presence of several orbiting hotspots may scramble the detailed Q − U signatures, the overall clockwise rotation pattern could still be maintained, driven by components moving with a characteristic orbital velocity. Continuous monitoring of Sgr A* in X-ray and in millimeter is necessary to determine whether formation of coherent Q − U loops associated with high-energy flaring is common.
5.2. High-energy flare
On 2018 April 24 a high-energy flare from Sgr A* was detected by the Chandra X-ray Observatory. Unlike the X-ray flare observed on 2017 April 11 (Event Horizon Telescope Collaboration 2022b; Wielgus et al. 2022b), which occurred just before the start of the ALMA observations, the more powerful, double-peaked 2018 flare was captured during the ALMA coverage. A comparison between the Chandra and ALMA observations for the two events is shown in Fig. 13. While delays between high-energy and millimeter peaks are commonly observed (e.g., Yusef-Zadeh et al. 2008; Michail et al. 2024), the second peak of the 2018 flare appears to coincide with the maximum of the millimeter radio emission. This behavior is reminiscent of the IR/submillimeter flare reported by Fazio et al. (2018).
	[image: Thumbnail: Fig. 13. Refer to the following caption and surrounding text.]	Fig. 13. Chandra counts (top) and Sgr A* total intensity ALMA light curves (bottom) for the flares observed in 2017 and 2018 during the EHT campaigns. The gray-shaded band marks the time range of the high-energy flare, with indicated maximum.



Although the apparent alignment between the X-ray and millimeter light curves could occur by chance, given that the millimeter emission exhibits continuous red noise variability with local maxima typically occurring every few hours, there are reasons to suspect a physical connection. In particular, both magnetic reconnection events and millimeter-wavelength synchrotron emission in Sgr A* are expected to originate in the innermost regions of the accretion flow, near the event horizon. Assuming a causal link between the X-ray and millimeter peaks, the standard interpretation involving a transient, energized component that subsequently cools (producing delayed emission at lower frequencies) could not explain the observed simultaneity. An alternative explanation is that the X-ray and millimeter emissions are co-located and co-moving, and that the observed peak results from a Doppler boost associated with the motion of the emitting region. Such simultaneous emission across a broad energy range could arise if the emission region is optically thin and continuously energized, allowing for a mix of electron populations – some cooling while others are still being accelerated.
Further evidence supporting a causal link comes from the polarized light curves. On the flare day, an inter-band delay in the polarization amplitude |P| is detected, with B1 lagging behind B4 by 21 ± 13 s (see Fig. 9). This is comparable to the 45 ± 15 s lag reported during the 2017 flare (Wielgus et al. 2022b). In both the 2017 and 2018 data sets, delays in the other Stokes parameters, as well as |P| delays on non-flaring days, are consistent with zero. Finally, the millimeter light curves exhibit enhanced variability around the time of the flare (see Sect. 5.3), and the clockwise coherence of the Q–U polarization loop pattern is strongest on the flare day (Sect. 5.1). Taken together, these findings offer compelling evidence for a causal connection between the April 24 X-ray flare and its millimeter counterpart.
5.3. Comparison with GRMHD variability
In Event Horizon Telescope Collaboration (2022c) the variability of Sgr A*, constrained by ALMA observations (Wielgus et al. 2022a), was compared to predictions of general relativistic magnetohydrodynamic (GRMHD) simulations in the EHT simulation library (Event Horizon Telescope Collaboration 2022c; Dhruv et al. 2025b). The variability metric used was the M3 parameter, defined as the ratio of standard deviation to mean value (i.e., the modulation index) calculated over 3 hours long independent segments of total intensity light curves. The analysis revealed a systematic mismatch between most GRMHD models, particularly the strongly magnetized ones preferred by the static consistency metrics (Event Horizon Telescope Collaboration 2022c, 2024), and the observations. The numerical simulations appear to overproduce variability. Here, we extended the previous work by incorporating 2018 ALMA light curves presented in this paper. In total, we have five independent measurements of M3 from 2017 and nine from 2018, plotted in red in Fig. 14 (with the 2017 data in a darker share). A single outlier with M3 ≈ 0.1 corresponds to radio observations following an X-ray Chandra flare on 2017 April 11 (Event Horizon Telescope Collaboration 2022b; Wielgus et al. 2022b). Apart from this case, both 2017 and 2018 measurements indicate consistently low amount of variability; see also Fig. 7. The variability does not increase significantly on 2018 April 24, when another X-ray flare was detected by Chandra (Mossoux et al. 2020), although it is slightly elevated earlier on that day relative to later time, with M3 = (0.047, 0.029, 0.019) over three subsequent 3 h long observing periods (the X-ray flare occurred near the end of the first 3 h period).
	[image: Thumbnail: Fig. 14. Refer to the following caption and surrounding text.]	Fig. 14. Distribution of M3 in ALMA observations taken during the 2017 and 2018 EHT campaigns, compared to the distributions from different GRMHD models. The top panel shows the comparison with the EHT library of GRMHD models, while the bottom panel shows the comparison with the 1T and 2T GRMHD models from Salas et al. (2025). The dark red part of the observational histogram represents the 2017 ALMA data from Wielgus et al. (2022a), and the light red part corresponds to the 2018 results introduced in this paper.



We compared the M3 values measured in the Stokes I observations with those derived from GRMHD simulations in the EHT library. We included 9720 synthetic light curves, each of a duration of 540 GMc−3 ≈ 3 h. The synthetic light curves were generated from 10 independent GRMHD simulations (strongly or weakly magnetized accretion state and 5 black hole spin values), each with 36 different radiative transfer choices for thermal relativistic distribution of energy of electrons (nine inclination angles times four values of the ion-to-electron temperature ratio parameter Rhigh). Additional details are given in Event Horizon Telescope Collaboration (2022c).
The mismatch between the observed variability and that predicted by the simulations persists, suggesting that standard fluid models may be inadequate for describing the properties of turbulent, collisionless astrophysical plasmas. The accretion flow surrounding Sgr A* is most likely collisionless (Mahadevan & Quataert 1997; Event Horizon Telescope Collaboration 2022c), where the electron-ion collision timescale is much longer than the accretion timescale. Under these conditions, the ions and electrons likely to maintain different temperatures (Shapiro et al. 1976; Rees et al. 1982).
Most GRMHD models consider a single-temperature ion (1T) plasma, where the electron density and temperature are not considered in the evolution equations (Gammie et al. 2003; Tchekhovskoy et al. 2011). In these 1T simulations, the ion-to-electron temperature ratio Ti/Te is set by the R(β) prescription, governed by the parameter Rhigh (Mościbrodzka et al. 2016), which constitutes one of the main uncertainties in EHT modeling. The discrepancy in 230 GHz variability may partially stem from not self-consistently modeling the evolution of Te when using the R(β) prescription. In reality, Te is determined by microphysical plasma processes and radiation interactions, rather than simply by Ti. A first-principles kinetic approach is required to completely model these collisionless effects (Parfrey et al. 2019; Crinquand et al. 2022; Galishnikova et al. 2023).
Nonetheless, it is possible to effectively model the electron thermodynamics with two-temperature (2T) treatments in GRMHD simulations by describing a gas consisting of ions and electrons that share the same dynamical equations but have independent thermodynamical evolution (e.g., Ressler et al. 2015; Sądowski et al. 2017; Chael et al. 2018). 2T treatments in strongly magnetized simulations more accurately predict 230 GHz variability in Sgr A* compared to 1T simulations; see Fig. 14. Moreover, including radiative synchrotron cooling of electrons in 2T treatments further decreases M3 relative to uncooled simulations (Salas et al. 2025). These results are consistent with theoretical expectations that the difference in adiabatic indices4 between relativistic electrons and non-relativistic ions effectively suppress fluctuations in the electron temperature (Gammie 2025; Salas et al. 2025). Moscibrodzka (2024) demonstrated that 2T strongly magnetized models exhibit less variability at 230 GHz compared to 1T models. They find that M3 increases with black hole spin but decreases slightly when non-thermal electron physics are included in the ray-tracing.
The collisionless nature of low-luminosity accretion flow such as in Sgr A* highlights the importance of non-ideal physics stemming from long mean free paths of particles. Dhruv et al. (2025a) consider one such weakly collisional model (Chandra et al. 2015), which includes viscosity and heat conduction. They find that incorporating these low-collisionality effects systematically lowers the 230 GHz variability in all 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 different 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 αPSD between –2.5 and –2.9. This is steeper than the DRW process, characterized by αPSD = −2. The power law in the 2017 ALMA total intensity light curves was estimated by Wielgus et al. (2022a) to be αPSD ≈ −2.6, which broadly agrees with the predictions of numerical models. We see consistent estimates of αPSD in the 2018 data set, as presented in Fig. 11 and in Table 1. It is also worth noticing 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 dynamical 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 Observatory 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 intensity, which remains low, with σ/μ < 10%, consistent with previous EHT campaigns and earlier observations. The estimated 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 contrast, 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 intensity, 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 significant 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 variability analysis on short timescales. Both the SF and high-pass filter (HPF) periodogram analyses reveal red-noise behavior 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 polarized intensity remains stable around ∼30 minutes – suggesting 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 emission. While previous flares (e.g., April 11, 2017) exhibited millimeter counterparts delayed by several hours, the 2018 event reveals near-simultaneous peaks in X-ray and millimeter emission, 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 intensity (21 ± 13,s), an enhanced coherence in the Q–U polarization loops (clockwise direction), and an increased intra-day millimeter variability during the flare (with a subsequent decline thereafter). These findings challenge the standard scenario of delayed synchrotron emission from a cooling, expanding 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 – corresponding to ∼1.6 × 106 tg. This persistence provides a non-trivial constraint for GRMHD simulations and warrants comparison with wind-fed accretion flow models (e.g., Ressler et al. 2020). Continued 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 characteristics 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 complementary information on the source’s variability, contributing to a more comprehensive understanding of its temporal behavior.
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1 This algorithm is incorporated into a CASA script and is described in detail in the EHT Memo 2025-TDWG-01. The full pipeline is available for download on GitHub: https://github.com/ealruiz/calminispiral.


2 The model for Stokes Q, U, V assumes a centered point source (i.e., Vmod = S, where S is the flux density of the core Stokes parameter), as the minispiral is unpolarized at millimeter wavelengths (see Goddi et al. 2021).


3 We have also reprocessed the 2017 light curves using the same intra-field calibration pipeline applied to the 2018 data; the results are shown in Appendix I.


4 The adiabatic index γ characterizes the fluid response to compression, relating gas pressure pg and density ρ via pg ∝ ργ.


5 ALMA Memo #594


6 The HPF periodogram tool (DOI: 10.5281/zenodo.13917829) is available for download on GitHub: https://github.com/ealruiz/HPF_Periodogram.




Appendix A:  Absorption line at 227 GHz
Figure A.1 shows the spectrum of Sgr A* in the B3 spectral window on April 22, revealing clear absorption features in channels 17–33 and 56–112. These absorption features are consistently observed across all days of the campaign. Foreground absorption toward Sgr A* at 226.91 GHz was previously reported in the ALMA 2017 data by Goddi et al. (2021). This absorption causes a flux suppression of approximately 4% in the B3 spectral window. To ensure consistency across the Sgr A* light curves from all spectral windows, we flagged the frequency channels affected by absorption prior to further analysis.
	[image: Thumbnail: Fig. A.1. Refer to the following caption and surrounding text.]	Fig. A.1. Bandpass of Sgr A* for the April 22 observations indicating the channels impacted by absorption at B3. The bandpass remains virtually unchanged across all days.




Appendix B:  Light curves of EHT targets
Figure B.1 shows the visibility amplitudes per integration time for each of the EHT targets observed alongside Sgr A*, on April 21, 22, 24, and 25. We display both the sum and difference of the parallel-hand correlations (XX and YY) and the cross-hand correlations (XY and YX), which correspond to the Stokes I, Q, U, and V light curves, respectively, according to the Radio Interferometer Measurement Equation formalism (Smirnov 2011). The visibility amplitude light curves confirm that, unlike Sgr A*, the other AGN targets exhibit stable flux densities throughout each night of observation. This stability is consistent with the modulation indices, at least an order of magnitude lower than those of Sgr A*, indicating that Sgr A*’s variability is intrinsic.
	[image: Thumbnail: Fig. B.1. Refer to the following caption and surrounding text.]	Fig. B.1. Reconstructed visibility-amplitude light curves for the EHT targets obtained with ALMA during the 2018 EHT VLBI campaign: 3C 279 (red circles), M87 (blue triangles), NRAO 530 (green diamonds), and QSO B1921-293 (black squares).




Appendix C:  Manual reduction of ALMA data
We employed a second independent method to derive the ALMA light curves. This method utilizes the SEFD-based data reduction process of "ALMA A2" described in Wielgus et al. (2022a) to produce calibrated data by correcting for atmospheric water vapor and antenna system temperature effects before performing a bandpass, flux density, and polarization calibration. Unlike ALMA A2, where visibilities on short baselines are flagged, this method (similar to that described in Sect. 2.2) accounts for the contributions of the minispiral to the observed variability and flux density, correcting for these effects.
Visibilities representing the point source were defined as those at a uv-distance greater than 50 m, while those at less than 50 m describe the minispiral plus time-variable point source. We used 50 meters rather than 50 kλ as a cutoff to ensure independence from the central wavelength of the spectral windows. Figure C.1 shows that most of the extended structure flux is seen on baselines shorter than 50 m, with the data at longer baselines predominantly corresponding to an unresolved point source as the angular resolution increases.
	[image: Thumbnail: Fig. C.1. Refer to the following caption and surrounding text.]	Fig. C.1. Snapshot of the calibrated data for Sgr A* at 7:23 UTC on April 25 from the SEFD-based data reduction. The colored circles represent the combined visibilities of the minispiral and Sgr A*. The solid colored lines are the mean flux density in each spectral window. The gray-shaded area represents the range of visibilities we consider for the minispiral (0-50 m). The red-shaded area represents the flagging cutoff for the extended structure used by SMA (0-30 kλ).



As the first step of the analysis, phase self-calibration was performed on all data using the extended baselines (> 50 m) to remove residual phase errors, correcting each antenna to produce updated visibilities that describe a central point source.
Next, a central point source was fitted to all data for all baselines using the software package UVMULTIFIT (Martí-Vidal et al. 2014). The residual of this fit is the minispiral, which was then used for amplitude self calibration within each observing block of Sgr A* between calibrators.
Due to a lack of sufficient data at short baselines (< 50 m), some antennas were absent from the gain amplitude table generated from the minispiral. The gain amplitude from the minispiral self-calibration was applied to both the full (combined Sgr A* point source and minispiral) data and the minispiral-only data. The minispiral-only data was then subtracted from the full data, leaving behind a central point source.
This point-source-only data was subsequently used for amplitude self-calibration of the antennas that did not receive amplitude gains from the minispiral self-calibration. Finally, a last amplitude self-calibration was performed using all baselines. The resulting visibilities were used to calculate the total intensity of Sgr A*, which was then averaged for all baselines. Finally, the total intensity was plotted as a function of time to create the light curve.

Appendix D:  SMA observations and data processing
SMA observed Sgr A* for roughly four hours (between 10 and 15 UT) in full-polarization mode, starting as the source was setting in Chile and rising in Hawaii. During these observations, SMA had either six or seven antennas on sky, with an integration time of 9.8 s and a total spectral bandwidth of 16 GHz (8 GHz per sideband, covering 208.1–216.1 and 224.1–232.1 GHz in the lower and upper sidebands, respectively). The array was configured in its extended mode, with typical baseline lengths ranging from 50 to 200 m.
SMA data were initially processed through the COMPASS pipeline (Keating et al., in prep.), which performs flagging and calibration. After applying bandpass corrections, the data were spectrally averaged by a factor of 128, yielding a final spectral resolution of 17.825 MHz. Bandpass solutions were obtained using 3C 279, while flux calibration was derived using Callisto and the Butler-JPL-Horizons 2012 models.5 Amplitude gains were solved using NRAO 530 and J1924–2914 (the latter observed during two tracks) and applied on an elevation-based basis, with typical amplitude corrections of order 5–10% below 25° in elevation. Due to strong line absorption features, spectral channels between 226.6 and 227.0 GHz were flagged (see Appendix A).
After applying the calibration gain solutions, self-calibration gains were derived under the assumption of a point-source model for Sgr A*, solving for a 10 s interval. Once self-calibration gains were applied, the SMA light curve was generated using a naturally weighted average of all visibilities for each time interval and spectral window. A final round of flagging was performed, removing data points with significant window-to-window or interval-to-interval variations. Finally, the data were averaged over seven integration intervals (equivalent to 70 s) to improve the signal-to-noise ratio.
Figure D.1 presents the QA2 ALMA and SMA light curves for each day across the four available bands. Visually, the two datasets exhibit similar structures during overlapping periods and display flux densities consistent within our estimated flux scale uncertainty of ⪅10%. To quantitatively assess the agreement between the SMA and ALMA light curves, we applied the Locally Normalized Discrete Correlation Function (LNDCF; Lehar et al. 1992), as detailed in Sect. 4.1. We analyzed the correlation during overlapping time intervals, matching spectral windows between the two datasets. The cross-correlation values are strong, reaching approximately 0.8±0.1 on April 22 and April 24, and 0.7±0.1 on April 25. On April 21, the LNDCF is slightly lower, around 0.6±0.1. The reduced correlation on April 21 and 25 is likely due to the lower elevation of Sgr A* during ALMA observations coinciding with SMA coverage, leading to lower observed flux densities and increased noise in the light curves. Given this overall consistency, also in agreement with the findings of Wielgus et al. (2022a), we based the subsequent variability analysis on ALMA data alone.
	[image: Thumbnail: Fig. D.1. Refer to the following caption and surrounding text.]	Fig. D.1. Sgr A* light curves for ALMA and SMA at all four available bands.




Appendix E:  Characteristics of the 2018 ALMA light curves
Table E.1 summarizes the main variability characteristics of the full-polarization Sgr A* 2018 ALMA light curves presented in this work and plotted in Figs. 3 and 4.
Table E.1. 
ALMA Sgr A* light curves, in total flux density, polarized intensity, and Stokes V, presented in this paper.


Appendix F:  Details of the structure function analysis
Section 4.2 presents the main results of the SF analysis of the Sgr A* 2018 ALMA light curves. In this appendix we examine in greater detail the behavior of the SF and describe the methodology employed to estimate PSD slopes and variability timescales.
In Fig. 10 the SF of total intensity for April 21 presents a steep increase at a shorter time lag than the other days, and a noticeable dip at long timescales, where a clear plateau is usually expected. Inspection of the light curves presented in Fig. 3 reveals that this feature arises from data sampling, particularly the sudden increase in flux density around 3.5 hours, where there is a gap in observation that does not capture the complete increase in flux density (i.e., it is a consequence of an extreme event in our data). The sampling effect on the SF, together with the limited duration of our light curves, also explains the oscillations of the plateau at long timescales.
To compute the timescales of the light curves, we first fitted a slope to the values of the SF at the steep increase time lags, and retrieved the plateau level (as illustrated in some examples in Fig. F.1). The intersection of the slope and plateau level gives us the timescales. Since the SF presents a clear plateau at long timescales (despite some oscillations caused by the sampling), these timescales are characteristic of our light curves.
	[image: Thumbnail: Fig. F.1. Refer to the following caption and surrounding text.]	Fig. F.1. Sample of SF fitted to retrieve the slope (blue line, with an area corresponding to the 3σ level), the plateau level (orange line) and the timescales (red point, marking the intersection of the slope and the plateau). Left: SF of the April 21 Stokes I denoised light curve. Right: SF of the April 22 Stokes I light curve; we note two distinct slopes, fitted independently (the second slope corresponds to the green line).



The timescales of the Sgr A* total flux density (except for April 22) were computed after denoising the light curve. This process involved binning the data using a window approximately two times the observational cadence and fitting a spline to the resulting light curve. This effectively reduced noise while preserving the main features of the signal, mitigating noise that could affect the SF slope estimates for the total flux density. In the SF of the April 22 total flux density, two distinct slopes are observed, revealing two characteristic timescales (see Fig. F.1).
Denoising was not applied to the April 22 data because, unlike the other days, the shape of the SF enables a good estimate of the two slopes after removing the time lags affected by white noise in the signal (as shown in Fig. F.1). Moreover, denoising would affect the estimate of the first slope, since short time lags are more affected by white noise in our signals, and the presence of two timescales restricts the sampling used to estimate the first slope, making this estimate more sensitive to denoising.

Appendix G:  Periodogram results
To characterize the variability of the full-polarization 2018 Sgr A* light curves, we employed the SF in Sect. 4, which yields both the characteristic timescale and the Power Spectral Density (PSD) slope of the light curves.
An alternative method for characterizing the PSD slope of a signal is the Lomb-Scargle periodogram, commonly used in astronomy to account for non-uniform sampling and gaps in time-series data, such as those present in our light curves (see Fig. 3). The Lomb-Scargle periodogram at a given frequency ω is defined following the formulation stated in Scargle (1982), as
[image: Mathematical equation: $$ \begin{aligned} P_X (\omega ) = \frac{1}{2} \Bigg \{ \frac{ \left[ \sum _j X_j \cos \omega (t_j - \tau ) \right]^2 }{ \sum _j X_j \cos ^2 \omega (t_j - \tau ) } + \frac{ \left[ \sum _j X_j \sin \omega (t_j - \tau ) \right]^2 }{ \sum _j X_j \sin ^2 \omega (t_j - \tau ) } \Bigg \}, \end{aligned} $$]
where X is the physical signal measured at a set of times tj, resulting in time-series data {Xj = X(tj),j = 1, 2, …, N}, and τ is obtained by
[image: Mathematical equation: $$ \begin{aligned} \tan (2\omega \tau ) = \frac{\sum _j \sin 2 \omega t_j }{\sum _j \cos 2 \omega t_j }. \end{aligned} $$]
The periodogram can also be used to identify periodicities within our full-polarization light curves, through statistical analysis of the periodogram distribution evaluated at the set of frequencies {ωn = 2πn/Δt, n = 1, 2, …, N/2}, where N is the number of data points in the time series, and Δt is the time length of the light curve, as proposed in Scargle (1982).
The estimation of the PSD and the search for periodicities in radio astronomical light curves present challenges, as these datasets are often characterized by non-uniform sampling. Additionally, identifying and assessing the reliability of a periodicity in a light curve is more difficult in the presence of red-noise signals, which are common in many astronomical sources. Unfortunately, these challenges render the estimates of the PSD slopes, obtained after applying the periodogram to our signals, unreliable. This unreliability is evidenced by the inconsistency with the PSD slopes estimated using the SF, as presented in Table G.1. No periodicities were identified in the periodogram distributions of any of our light curves.
Table G.1. 
PSD slope estimates of the 2018 ALMA light curves, using the Lomb-Scargle periodogram PLS(ω) and the SF.

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 signal, suppressing the variability components of frequencies lower than a given frequency, ω, in the time domain using a data de-trending algorithm before calculating the periodogram value at that frequency.6
The PSD estimates obtained from the HPF periodogram are presented in Table 1 of the main text, for comparison with the SF results. With this new periodogram implementation, we observe a significant improvement in the results, which are now more consistent with the PSD values obtained from the SF analysis. However, due to the higher noise levels in the total intensity light curves on April 21 and especially April 25, retrieving accurate PSD values remains challenging. This is reflected in the high uncertainty of the estimates and the greater discrepancy with the SF results. Notably, we now observe more stable PSD values across the entire campaign for both total and polarized intensity, compared to the SF estimates, as illustrated in Fig. 11.

Appendix H:  Polarization properties and accretion rate of Sgr A*
The RM and m′ observables provide insight into the structure of the Faraday depth across the source (e.g., Sokoloff et al. 1998). In Table H.1, we present the polarized observables averaged for each day. For the total flux density, polarized intensity, EVPA and Stokes V, we report the daily averages for one spectral window (spw) from each ALMA sideband: B1 and B4. Additionally, we provide the average spectral index, RM, and depolarization values, derived from the full-Stokes light curves.
Table H.1. 
Averaged polarization properties and their measured dispersion across the duration (μ ± σ) of the ALMA 2018 Sgr A* light curves.

Following the methodology described in Goddi et al. (2021), we estimated that the EVPA values are accompanied by an uncertainty of ±0.2–0.3 degrees. This level of uncertainty, smaller than the EVPA rotation introduced by the measured RM values across the ALMA frequency coverage (see Fig. 4 and Table H.1), ensures the robustness of the reported RM evolution curves, as the estimated RM values are not dominated by measurement noise. Figure H.1 illustrates the frequency dependence of the EVPA following a λ2 law, validating the reliability of the derived RM evolution curves.
	[image: Thumbnail: Fig. H.1. Refer to the following caption and surrounding text.]	Fig. H.1. Sample of Sgr A* EVPA measurements across the four ALMA spectral bands (B1–B4) from the four observing days of the 2018 EHT campaign. The EVPA values for each time sample have been mean-subtracted to emphasize the relative variation across frequency. The dashed lines represent the best-fit linear models of the form ϕ(λ) = ϕ0 − RM(λ2 − λ02), used to estimate the RM evolution curves.



The RM values inferred in this study introduce an EVPA rotation of approximately 0.5 to 1 degree within each 2 GHz spectral window, and between 5 to 10 degrees across the full ALMA frequency coverage. This rotation can be visualized from the average EVPA in SPWs B1 and B4 (shown in Table H.1). A large EVPA rotation within the observing frequency bandwidth could decrease the measured fractional polarization, resulting in a bandwidth depolarization. Since the EVPA values of Sgr A* do not exhibit such large rotations, we would expect lower depolarization values. However, the RM can arise from three distinct regions, each with a different spatial scale and, as a result, potentially different variability:

	
internal, hot and turbulent plasma from which synchrotron emission originates. Since Faraday rotation decreases significantly as particles become more energetic (Quataert & Gruzinov 2000), this contribution to the RM is sometimes neglected. However, Wielgus et al. (2024) argued that the internal component may be very important in the context of Sgr A*,



	
thermal plasma in the vicinity of the black hole, surrounding the emission region, which has a greater impact on the RM and contributes to short-term variability. This region would also introduce stronger depolarization effects,



	
colder plasma in the most extended and external regions to the black hole, whose effect on RM manifests as long-term variability.




Additionally, Goddi et al. (2021) suggests that, beyond bandwidth depolarization caused by strong magnetic fields, which would manifest as a high RM, three other mechanisms may contribute to the depolarization observed in Fig. 4: Faraday depolarization, beam depolarization, and thermal non-synchrotron emission. The low EVPA rotation due to Faraday rotation observed for Sgr A* suggests that bandwidth depolarization in Sgr A* is likely minimal, and that the observed depolarization may instead arise from these alternative mechanisms.
Analyzing both the rotation measure (RM) and depolarization offers valuable insight into the plasma structure in the immediate vicinity of the black hole. As shown in Fig. 3, both 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, however, 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 depolarization light curves (see Fig. 4) using the time-series analysis techniques introduced in this work. The lack of significant correlation between the RM and depolarization curves, as indicated by the correlation function analysis, suggests that bandwidth depolarization is unlikely to be the dominant mechanism.
An analysis of variability timescales using the SF reveals distinct timescales in the April 22 light curves. The RM exhibits a characteristic timescale of 32 ± 4 minutes, with a corresponding 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 interpretation 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 mechanism, one would expect the depolarization and RM timescales to closely match. The presence of two distinct timescales for depolarization instead suggests that additional or alternative mechanisms 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):
[image: Mathematical equation: $$ \begin{aligned} \dot{M} =&2.2\cdot 10^{-9} \left[1-\left(\frac{r_\mathrm{out} }{r_\mathrm{in} }\right)^{-(3\beta -1)/2} \right]^{-2/3} \\&\times \left(\frac{M_{BH}}{6.6\cdot 10^9M_\odot } \right)^{4/3} \left(\frac{2}{3\beta -1} \right)^{-2/3} r_\mathrm{in} ^{7/6} RM^{2/3}, \end{aligned} $$]
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, following the estimated angular size of the emission region reported in Event Horizon Telescope Collaboration (2022a). For simplicity, 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.
	[image: Thumbnail: Fig. H.2. Refer to the following caption and surrounding text.]	Fig. H.2. Sgr A* accretion rate evolution through the ALMA 2018 observations, estimated from the RM light curve presented in Fig. 4, using the accretion flow model presented in Marrone et al. (2006). The gray-shaded band on April 24 marks the time range of the Chandra X-ray flare.



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 conducted 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 presented 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, polarized 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 estimates and the timescales derived from the SF and periodogram analyses (see Fig. 11).
	[image: Thumbnail: Fig. I.1. Refer to the following caption and surrounding text.]	Fig. I.1. Sgr A* ALMA light curves of Stokes I, the polarized intensity, the EVPA, and Stokes V (from top to bottom) for the four spectral bands, for all three days (from left to right, 2017 April 6, 7, and 11). Stokes V light curves are tentative, as the detected levels fall below ALMA’s guaranteed CP accuracy.



Table I.1. 
ALMA 2017 Sgr A* light curves, in total flux, polarized intensity, and Stokes V.
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	[image: Thumbnail: Fig. 1. Refer to the following caption and surrounding text.]	Fig. 1. Stokes I CLEAN image of Sgr A* and the minispiral from visibilities at 213.1 GHz, produced after the QA2 calibration for April 21.
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	[image: Thumbnail: Fig. 2. Refer to the following caption and surrounding text.]	Fig. 2. April 22 total flux density of Sgr A* and the minispiral at 213.1 GHz, before (red and blue crosses) and after (purple and black dots) correcting for variability transfer. The flux density uncertainty, estimated from the covariance matrix, is approximately 0.1% and is therefore not visible.
In the text



	[image: Thumbnail: Fig. 3. Refer to the following caption and surrounding text.]	Fig. 3. Sgr A* ALMA light curves of Stokes I, the polarized intensity, the EVPA, and Stokes V (from top to bottom) for the four spectral bands, for all four days (from left to right, April 21, 22, 24, and 25). Stokes V light curves are tentative, as the detected levels fall below ALMA’s guaranteed CP accuracy. The gray-shaded band on April 24 marks the time range of the Chandra X-ray flare.
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	[image: Thumbnail: Fig. 4. Refer to the following caption and surrounding text.]	Fig. 4. Sgr A* ALMA light curves of the fractional polarization for the four spectral bands, the depolarization measure, the rotation measure, and the spectral index (from top to bottom) for all four days (from left to right, April 21, 22, 24, and 25). The gray-shaded band on April 24 marks the time range of the Chandra X-ray flare.
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	[image: Thumbnail: Fig. 5. Refer to the following caption and surrounding text.]	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.
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	[image: Thumbnail: Fig. 6. Refer to the following caption and surrounding text.]	Fig. 6. Modulation index measured across various observations as a function of observational duration. Each data point from the 2018 ALMA dataset at B3 (227 GHz) is represented by hexagons, while other data points, as well as the fitted damped random walk (DRW) curve with shaded confidence intervals are derived from Wielgus et al. (2022a).
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	[image: Thumbnail: Fig. 7. Refer to the following caption and surrounding text.]	Fig. 7. Modulation indices σ/μ of the Stokes I (top) and polarized intensity (bottom) ALMA light curves, for the 2017 and 2018 observations at B1 (black dots) and B4 (blue diamonds), obtained from our analysis.
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	[image: Thumbnail: Fig. 8. Refer to the following caption and surrounding text.]	Fig. 8. LNDCF between SPWs B1–B2 (black dots), B1–B4 (red squares), and B3–B4 (blue diamonds), for total flux density (left) and polarized intensity (right), for April 24.
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	[image: Thumbnail: Fig. 9. Refer to the following caption and surrounding text.]	Fig. 9. LNDCF between ALMA SPWs B1-B4 for all four days, showing total flux density (left) and polarized intensity (right). The dotted lines indicate the delays between SPWs B1–B4 retrieved from the LNDCF.
In the text



	[image: Thumbnail: Fig. 10. Refer to the following caption and surrounding text.]	Fig. 10. SF plots of the Sgr A* 213.1 GHz light curves for total intensity (left) and polarized intensity (right), for April 21, 22, 24 and 25, and all combined (black dots, blue squares, red diamonds, magenta triangles, and cyan crosses, respectively).
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	[image: Thumbnail: Fig. 11. Refer to the following caption and surrounding text.]	Fig. 11. PSD slope index (top) and timescales (bottom) estimated from the SF of the total intensity (left) and polarized intensity (right) 2017 and 2018 light curves, for the spectral bands B1 (blue dots) and B4 (orange squares). A second characteristic PSD and timescale, derived from the Stokes I SF, are marked with a cross (x). PSD values are computed from the SF slope as αPSD = −(1 + αSF) (blue dots and orange squares for the spectral bands B1 and B4, respectively), and from the HPF periodogram (red triangles and green diamonds for the spectral bands B1 and B4, respectively; see Appendix G).
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	[image: Thumbnail: Fig. 12. Refer to the following caption and surrounding text.]	Fig. 12. Sgr A* ALMA polarimetric loops observed in April 2018, for the spectral band B4, for all four days. The colors of the data points represent the time evolution of the Q − U behavior.
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	[image: Thumbnail: Fig. 13. Refer to the following caption and surrounding text.]	Fig. 13. Chandra counts (top) and Sgr A* total intensity ALMA light curves (bottom) for the flares observed in 2017 and 2018 during the EHT campaigns. The gray-shaded band marks the time range of the high-energy flare, with indicated maximum.
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	[image: Thumbnail: Fig. 14. Refer to the following caption and surrounding text.]	Fig. 14. Distribution of M3 in ALMA observations taken during the 2017 and 2018 EHT campaigns, compared to the distributions from different GRMHD models. The top panel shows the comparison with the EHT library of GRMHD models, while the bottom panel shows the comparison with the 1T and 2T GRMHD models from Salas et al. (2025). The dark red part of the observational histogram represents the 2017 ALMA data from Wielgus et al. (2022a), and the light red part corresponds to the 2018 results introduced in this paper.
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	[image: Thumbnail: Fig. A.1. Refer to the following caption and surrounding text.]	Fig. A.1. Bandpass of Sgr A* for the April 22 observations indicating the channels impacted by absorption at B3. The bandpass remains virtually unchanged across all days.
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	[image: Thumbnail: Fig. B.1. Refer to the following caption and surrounding text.]	Fig. B.1. Reconstructed visibility-amplitude light curves for the EHT targets obtained with ALMA during the 2018 EHT VLBI campaign: 3C 279 (red circles), M87 (blue triangles), NRAO 530 (green diamonds), and QSO B1921-293 (black squares).
In the text



	[image: Thumbnail: Fig. C.1. Refer to the following caption and surrounding text.]	Fig. C.1. Snapshot of the calibrated data for Sgr A* at 7:23 UTC on April 25 from the SEFD-based data reduction. The colored circles represent the combined visibilities of the minispiral and Sgr A*. The solid colored lines are the mean flux density in each spectral window. The gray-shaded area represents the range of visibilities we consider for the minispiral (0-50 m). The red-shaded area represents the flagging cutoff for the extended structure used by SMA (0-30 kλ).
In the text



	[image: Thumbnail: Fig. D.1. Refer to the following caption and surrounding text.]	Fig. D.1. Sgr A* light curves for ALMA and SMA at all four available bands.
In the text



	[image: Thumbnail: Fig. F.1. Refer to the following caption and surrounding text.]	Fig. F.1. Sample of SF fitted to retrieve the slope (blue line, with an area corresponding to the 3σ level), the plateau level (orange line) and the timescales (red point, marking the intersection of the slope and the plateau). Left: SF of the April 21 Stokes I denoised light curve. Right: SF of the April 22 Stokes I light curve; we note two distinct slopes, fitted independently (the second slope corresponds to the green line).
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	[image: Thumbnail: Fig. H.1. Refer to the following caption and surrounding text.]	Fig. H.1. Sample of Sgr A* EVPA measurements across the four ALMA spectral bands (B1–B4) from the four observing days of the 2018 EHT campaign. The EVPA values for each time sample have been mean-subtracted to emphasize the relative variation across frequency. The dashed lines represent the best-fit linear models of the form ϕ(λ) = ϕ0 − RM(λ2 − λ02), used to estimate the RM evolution curves.
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	[image: Thumbnail: Fig. H.2. Refer to the following caption and surrounding text.]	Fig. H.2. Sgr A* accretion rate evolution through the ALMA 2018 observations, estimated from the RM light curve presented in Fig. 4, using the accretion flow model presented in Marrone et al. (2006). The gray-shaded band on April 24 marks the time range of the Chandra X-ray flare.
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	[image: Thumbnail: Fig. I.1. Refer to the following caption and surrounding text.]	Fig. I.1. Sgr A* ALMA light curves of Stokes I, the polarized intensity, the EVPA, and Stokes V (from top to bottom) for the four spectral bands, for all three days (from left to right, 2017 April 6, 7, and 11). Stokes V light curves are tentative, as the detected levels fall below ALMA’s guaranteed CP accuracy.
In the text





    
      Fig. 1. 
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        Stokes I CLEAN image of Sgr A* and the minispiral from visibilities at 213.1 GHz, produced after the QA2 calibration for April 21.

      

    

  
    
      Fig. 2. 

      
        [image: Fig. 2. Refer to the following caption and surrounding text.]
      

      
        April 22 total flux density of Sgr A* and the minispiral at 213.1 GHz, before (red and blue crosses) and after (purple and black dots) correcting for variability transfer. The flux density uncertainty, estimated from the covariance matrix, is approximately 0.1% and is therefore not visible.

      

    

  
    
      Fig. 3. 
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        Sgr A* ALMA light curves of Stokes I, the polarized intensity, the EVPA, and Stokes V (from top to bottom) for the four spectral bands, for all four days (from left to right, April 21, 22, 24, and 25). Stokes V light curves are tentative, as the detected levels fall below ALMA’s guaranteed CP accuracy. The gray-shaded band on April 24 marks the time range of the Chandra X-ray flare.

      

    

  
    
      Fig. 4. 
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        Sgr A* ALMA light curves of the fractional polarization for the four spectral bands, the depolarization measure, the rotation measure, and the spectral index (from top to bottom) for all four days (from left to right, April 21, 22, 24, and 25). The gray-shaded band on April 24 marks the time range of the Chandra X-ray flare.

      

    

  
    
      Fig. 5. 
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        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.

      

    

  
    
      Fig. 6. 
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        Modulation index measured across various observations as a function of observational duration. Each data point from the 2018 ALMA dataset at B3 (227 GHz) is represented by hexagons, while other data points, as well as the fitted damped random walk (DRW) curve with shaded confidence intervals are derived from Wielgus et al. (2022a).

      

    

  
    
      Fig. 7. 
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        Modulation indices σ/μ of the Stokes I (top) and polarized intensity (bottom) ALMA light curves, for the 2017 and 2018 observations at B1 (black dots) and B4 (blue diamonds), obtained from our analysis.

      

    

  
    
      Fig. 8. 
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        LNDCF between SPWs B1–B2 (black dots), B1–B4 (red squares), and B3–B4 (blue diamonds), for total flux density (left) and polarized intensity (right), for April 24.

      

    

  
    
      Fig. 9. 
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        LNDCF between ALMA SPWs B1-B4 for all four days, showing total flux density (left) and polarized intensity (right). The dotted lines indicate the delays between SPWs B1–B4 retrieved from the LNDCF.

      

    

  
    
      Fig. 10. 
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        SF plots of the Sgr A* 213.1 GHz light curves for total intensity (left) and polarized intensity (right), for April 21, 22, 24 and 25, and all combined (black dots, blue squares, red diamonds, magenta triangles, and cyan crosses, respectively).

      

    

  
    
      Table 1. 

      Results from the time-series analysis of the ALMA Sgr A* light curves in total flux density and polarized intensity.

      
        


	Day
	SPW
	αPSD
	αPSD
	Timescale



	(2018)
	
	(SF)
	(P(ω))
	(h)



	




	Stokes I





	April 21
	B1
	−2.64 ± 0.04
	−2.2 ± 0.2
	[image: Mathematical equation: $ 0.45^{+0.12}_{-0.08} $]



	
	B4
	−2.59 ± 0.03
	−2.2 ± 0.2
	[image: Mathematical equation: $ 0.36^{+0.07}_{-0.05} $]



	April 22
	B1
	−2.235 ± 0.012
	−2.19 ± 0.12
	[image: Mathematical equation: $ 0.26^{+0.14}_{-0.12} $]



	
	
	−1.947 ± 0.015
	–
	[image: Mathematical equation: $ 1.78^{+0.24}_{-0.18} $]



	
	B4
	−2.155 ± 0.013
	−2.19 ± 0.11
	[image: Mathematical equation: $ 0.25^{+0.16}_{-0.14} $]



	
	
	−1.842 ± 0.017
	–
	[image: Mathematical equation: $ 1.9^{+0.4}_{-0.3} $]



	April 24
	B1
	−2.43 ± 0.03
	−2.23 ± 0.13
	[image: Mathematical equation: $ 0.87^{+0.18}_{-0.13} $]



	
	B4
	−2.33 ± 0.03
	−2.22 ± 0.14
	[image: Mathematical equation: $ 0.87^{+0.19}_{-0.13} $]



	April 25
	B1
	−2.85 ± 0.02
	−2.3 ± 0.3
	[image: Mathematical equation: $ 0.42^{+0.06}_{-0.05} $]



	
	B4
	−2.670 ± 0.019
	−2.2 ± 0.3
	[image: Mathematical equation: $ 0.43^{+0.05}_{-0.04} $]



	All days
	B1
	−2.659 ± 0.011
	−2.42 ± 0.05
	[image: Mathematical equation: $ 0.64^{+0.06}_{-0.05} $]



	
	B4
	−2.609 ± 0.012
	−2.38 ± 0.06
	[image: Mathematical equation: $ 0.60^{+0.06}_{-0.05} $]



	




	Polarized Intensity



	




	April 21
	B1
	−2.34 ± 0.03
	−2.66 ± 0.06
	[image: Mathematical equation: $ 0.52^{+0.11}_{-0.08} $]



	
	B4
	−2.33 ± 0.02
	−2.59 ± 0.08
	[image: Mathematical equation: $ 0.51^{+0.10}_{-0.08} $]



	April 22
	B1
	−2.529 ± 0.008
	−2.65 ± 0.05
	[image: Mathematical equation: $ 0.50^{+0.03}_{-0.03} $]



	
	B4
	−2.530 ± 0.008
	−2.61 ± 0.05
	[image: Mathematical equation: $ 0.50^{+0.03}_{-0.02} $]



	April 24
	B1
	−2.336 ± 0.015
	−2.83 ± 0.06
	[image: Mathematical equation: $ 0.51^{+0.08}_{-0.06} $]



	
	B4
	−2.341 ± 0.013
	−2.76 ± 0.06
	[image: Mathematical equation: $ 0.53^{+0.06}_{-0.05} $]



	April 25
	B1
	−2.359 ± 0.018
	−2.62 ± 0.08
	[image: Mathematical equation: $ 0.55^{+0.08}_{-0.06} $]



	
	B4
	−2.328 ± 0.016
	−2.59 ± 0.09
	[image: Mathematical equation: $ 0.60^{+0.08}_{-0.06} $]



	All days
	B1
	−2.405 ± 0.010
	−2.42 ± 0.05
	[image: Mathematical equation: $ 0.61^{+0.05}_{-0.04} $]



	
	B4
	−2.388 ± 0.010
	−2.61 ± 0.03
	[image: Mathematical equation: $ 0.60^{+0.05}_{-0.04} $]





      

      
Notes. The PSD slopes and timescales are estimated using the SF. For comparison, PSD slopes αPSD from the HPF periodogram P(ω), described in Appendix G, are also included.



    

  
    
      Table 2. 

      Q − U loop speeds and fraction of scans that are clockwise.

      
        


	Time Interval
	ΩQU deg tg−1
	Clockwise Fraction





	April 21
	−2.7 ± 0.7
	0.60 ± 0.08



	April 22
	−0.8 ± 0.4
	0.55 ± 0.03



	April 24
	−1.9 ± 0.4
	0.72 ± 0.05



	April 25
	−0.9 ± 0.5
	0.61 ± 0.09



	All Days
	−1.6 ± 0.9
	0.62 ± 0.09





      

      
Notes. Negative pattern speeds correspond to clockwise motion, for which there is a clear bias.



    

  
    
      Fig. 11. 

      
        [image: Fig. 11. Refer to the following caption and surrounding text.]
      

      
        PSD slope index (top) and timescales (bottom) estimated from the SF of the total intensity (left) and polarized intensity (right) 2017 and 2018 light curves, for the spectral bands B1 (blue dots) and B4 (orange squares). A second characteristic PSD and timescale, derived from the Stokes I SF, are marked with a cross (x). PSD values are computed from the SF slope as αPSD = −(1 + αSF) (blue dots and orange squares for the spectral bands B1 and B4, respectively), and from the HPF periodogram (red triangles and green diamonds for the spectral bands B1 and B4, respectively; see Appendix G).

      

    

  
    
      Fig. 12. 

      
        [image: Fig. 12. Refer to the following caption and surrounding text.]
      

      
        Sgr A* ALMA polarimetric loops observed in April 2018, for the spectral band B4, for all four days. The colors of the data points represent the time evolution of the Q − U behavior.

      

    

  
    
      Fig. 13. 

      
        [image: Fig. 13. Refer to the following caption and surrounding text.]
      

      
        Chandra counts (top) and Sgr A* total intensity ALMA light curves (bottom) for the flares observed in 2017 and 2018 during the EHT campaigns. The gray-shaded band marks the time range of the high-energy flare, with indicated maximum.

      

    

  
    
      Fig. 14. 

      
        [image: Fig. 14. Refer to the following caption and surrounding text.]
      

      
        Distribution of M3 in ALMA observations taken during the 2017 and 2018 EHT campaigns, compared to the distributions from different GRMHD models. The top panel shows the comparison with the EHT library of GRMHD models, while the bottom panel shows the comparison with the 1T and 2T GRMHD models from Salas et al. (2025). The dark red part of the observational histogram represents the 2017 ALMA data from Wielgus et al. (2022a), and the light red part corresponds to the 2018 results introduced in this paper.

      

    

  
    
      Fig. A.1. 

      
        [image: Fig. A.1. Refer to the following caption and surrounding text.]
      

      
        Bandpass of Sgr A* for the April 22 observations indicating the channels impacted by absorption at B3. The bandpass remains virtually unchanged across all days.

      

    

  
    
      Fig. B.1. 

      
        [image: Fig. B.1. Refer to the following caption and surrounding text.]
      

      
        Reconstructed visibility-amplitude light curves for the EHT targets obtained with ALMA during the 2018 EHT VLBI campaign: 3C 279 (red circles), M87 (blue triangles), NRAO 530 (green diamonds), and QSO B1921-293 (black squares).

      

    

  
    
      Fig. C.1. 

      
        [image: Fig. C.1. Refer to the following caption and surrounding text.]
      

      
        Snapshot of the calibrated data for Sgr A* at 7:23 UTC on April 25 from the SEFD-based data reduction. The colored circles represent the combined visibilities of the minispiral and Sgr A*. The solid colored lines are the mean flux density in each spectral window. The gray-shaded area represents the range of visibilities we consider for the minispiral (0-50 m). The red-shaded area represents the flagging cutoff for the extended structure used by SMA (0-30 kλ).

      

    

  
    
      Fig. D.1. 

      
        [image: Fig. D.1. Refer to the following caption and surrounding text.]
      

      
        Sgr A* light curves for ALMA and SMA at all four available bands.

      

    

  
    
      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.



    

  
    
      Fig. F.1. 

      
        [image: Fig. F.1. Refer to the following caption and surrounding text.]
      

      
        Sample of SF fitted to retrieve the slope (blue line, with an area corresponding to the 3σ level), the plateau level (orange line) and the timescales (red point, marking the intersection of the slope and the plateau). Left: SF of the April 21 Stokes I denoised light curve. Right: SF of the April 22 Stokes I light curve; we note two distinct slopes, fitted independently (the second slope corresponds to the green line).

      

    

  
    
      Table G.1. 

      PSD slope estimates of the 2018 ALMA light curves, using the Lomb-Scargle periodogram PLS(ω) and the SF.

      
        


	Data Set
	PSD (PLS(ω))
	PSD (SF)



	




	Stokes I





	2018 Apr 21
	B1
	−1.547 ± 0.057
	−2.64 ± 0.04



	
	B4
	−1.573 ± 0.060
	−2.59 ± 0.03



	2018 Apr 22
	B1
	−1.665 ± 0.047
	−2.235 ± 0.012



	
	B4
	−1.650 ± 0.048
	−2.155 ± 0.013



	2018 Apr 24
	B1
	−1.729 ± 0.050
	−2.43 ± 0.03



	
	B4
	−1.637 ± 0.046
	−2.33 ± 0.03



	2018 Apr 25
	B1
	−1.144 ± 0.055
	−2.85 ± 0.02



	
	B4
	−1.231 ± 0.060
	−2.670 ± 0.019



	




	Polarized Intensity



	




	2018 Apr 21
	B1
	−1.614 ± 0.054
	−2.34 ± 0.03



	
	B4
	−1.688 ± 0.054
	−2.33 ± 0.02



	2018 Apr 22
	B1
	−1.832 ± 0.045
	−2.529 ± 0.008



	
	B4
	−1.910 ± 0.049
	−2.530 ± 0.008



	2018 Apr 24
	B1
	−1.595 ± 0.048
	−2.336 ± 0.015



	
	B4
	−1.744 ± 0.050
	−2.341 ± 0.013



	2018 Apr 25
	B1
	−1.723 ± 0.064
	−2.359 ± 0.018



	
	B4
	−1.718 ± 0.062
	−2.328 ± 0.016





      

    

  
    
      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
	
	
	





      

    

  
    
      Fig. H.1. 

      
        [image: Fig. H.1. Refer to the following caption and surrounding text.]
      

      
        Sample of Sgr A* EVPA measurements across the four ALMA spectral bands (B1–B4) from the four observing days of the 2018 EHT campaign. The EVPA values for each time sample have been mean-subtracted to emphasize the relative variation across frequency. The dashed lines represent the best-fit linear models of the form ϕ(λ) = ϕ0 − RM(λ2 − λ02), used to estimate the RM evolution curves.

      

    

  
    
      Fig. H.2. 

      
        [image: Fig. H.2. Refer to the following caption and surrounding text.]
      

      
        Sgr A* accretion rate evolution through the ALMA 2018 observations, estimated from the RM light curve presented in Fig. 4, using the accretion flow model presented in Marrone et al. (2006). The gray-shaded band on April 24 marks the time range of the Chandra X-ray flare.

      

    

  
    
      Fig. I.1. 

      
        [image: Fig. I.1. Refer to the following caption and surrounding text.]
      

      
        Sgr A* ALMA light curves of Stokes I, the polarized intensity, the EVPA, and Stokes V (from top to bottom) for the four spectral bands, for all three days (from left to right, 2017 April 6, 7, and 11). Stokes V light curves are tentative, as the detected levels fall below ALMA’s guaranteed CP accuracy.

      

    

  
    
      Table I.1. 

      ALMA 2017 Sgr A* light curves, in total flux, polarized intensity, and Stokes V.

      
        


	Day
	UT
	Duration
	Parameter
	Spectral Window
	Samples
	Flux (Jy)
	Modulation
	max-min



	(2017)
	(h)
	(h)
	
	label
	Frequency (GHz)
	
	
	
	(Jy)





	April 6
	8:24 - 14:33
	6.15
	Stokes I
	B1
	212.1 − 214.1
	2324
	2.88 ± 0.13
	0.044
	0.41



	
	
	
	
	B2
	214.1 − 216.1
	2331
	2.87 ± 0.12
	0.043
	0.41



	
	
	
	
	B3
	226.1 − 228.1
	2319
	2.89 ± 0.13
	0.044
	0.48



	
	
	
	
	B4
	228.1 − 230.1
	2329
	2.89 ± 0.13
	0.044
	0.42



	
	
	
	P
	B1
	212.1 − 214.1
	2324
	0.22 ± 0.06
	0.27
	0.22



	
	
	
	
	B2
	214.1 − 216.1
	2331
	0.22 ± 0.06
	0.27
	0.22



	
	
	
	
	B3
	226.1 − 228.1
	2319
	0.22 ± 0.05
	0.25
	0.21



	
	
	
	
	B4
	228.1 − 230.1
	2329
	0.23 ± 0.06
	0.25
	0.22



	
	
	
	Stokes V
	B1
	212.1 − 214.1
	2324
	−0.037 ± 0.015
	0.41
	0.055



	
	
	
	
	B2
	214.1 − 216.1
	2331
	−0.037 ± 0.015
	0.40
	0.056



	
	
	
	
	B3
	226.1 − 228.1
	2319
	−0.037 ± 0.016
	0.42
	0.058



	
	
	
	
	B4
	228.1 − 230.1
	2329
	−0.040 ± 0.015
	0.38
	0.053



	




	April 7
	4:02 - 14:25
	10.37
	Stokes I
	B1
	212.1 − 214.1
	3771
	2.61 ± 0.18
	0.069
	0.73



	
	
	
	
	B2
	214.1 − 216.1
	3765
	2.61 ± 0.18
	0.068
	0.73



	
	
	
	
	B3
	226.1 − 228.1
	3721
	2.61 ± 0.18
	0.069
	0.71



	
	
	
	
	B4
	228.1 − 230.1
	3727
	2.62 ± 0.19
	0.071
	0.75



	
	
	
	P
	B1
	212.1 − 214.1
	3771
	0.18 ± 0.06
	0.31
	0.27



	
	
	
	
	B2
	214.1 − 216.1
	3765
	0.18 ± 0.06
	0.31
	0.27



	
	
	
	
	B3
	226.1 − 228.1
	3721
	0.19 ± 0.06
	0.31
	0.28



	
	
	
	
	B4
	228.1 − 230.1
	3727
	0.20 ± 0.06
	0.33
	0.29



	
	
	
	Stokes V
	B1
	212.1 − 214.1
	3771
	−0.030 ± 0.013
	0.43
	0.058



	
	
	
	
	B2
	214.1 − 216.1
	3765
	−0.030 ± 0.013
	0.43
	0.060



	
	
	
	
	B3
	226.1 − 228.1
	3721
	−0.029 ± 0.012
	0.41
	0.056



	
	
	
	
	B4
	228.1 − 230.1
	3727
	−0.030 ± 0.012
	0.41
	0.059



	




	April 11
	9:00 - 14:03
	2.82
	Stokes I
	B1
	212.1 − 214.1
	1378
	2.73 ± 0.33
	0.119
	1.15



	
	
	
	
	B2
	214.1 − 216.1
	1377
	2.72 ± 0.33
	0.121
	1.16



	
	
	
	
	B3
	226.1 − 228.1
	1370
	2.69 ± 0.34
	0.125
	1.20



	
	
	
	
	B4
	228.1 − 230.1
	1362
	2.69 ± 0.34
	0.125
	1.19



	
	
	
	P
	B1
	212.1 − 214.1
	1378
	0.21 ± 0.05
	0.26
	0.23



	
	
	
	
	B2
	214.1 − 216.1
	1377
	0.21 ± 0.05
	0.26
	0.23



	
	
	
	
	B3
	226.1 − 228.1
	1370
	0.21 ± 0.06
	0.26
	0.24



	
	
	
	
	B4
	228.1 − 230.1
	1362
	0.22 ± 0.06
	0.27
	0.25



	
	
	
	Stokes V
	B1
	212.1 − 214.1
	1378
	−0.033 ± 0.007
	0.20
	0.032



	
	
	
	
	B2
	214.1 − 216.1
	1377
	−0.030 ± 0.007
	0.23
	0.031



	
	
	
	
	B3
	226.1 − 228.1
	1370
	−0.028 ± 0.006
	0.23
	0.029



	
	
	
	
	B4
	228.1 − 230.1
	1362
	−0.027 ± 0.007
	0.25
	0.030





      

      
Notes. Stokes V reported values are tentative, as the detected levels fall below ALMA’s guaranteed CP accuracy.
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