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Abstract
We report on the coronal activity cycles of our stellar neighbors α Centauri A/B. The binary has been monitored with XMMNewton since 2002 to study the long-term evolution of coronal activity evolution in X-rays. The solar analog α Cen A was
clearly detected early in the program, but virtually faded away from XMM’s detectors view around 2005. After remaining
nearly a decade in a state of coronal weakness, we now detect a clear re-brightening of its corona. The secondary α Cen B
dominates the X-ray emission at most times and more than a full cycle is covered for this star. A new X-ray maximum was
observed around 2012 that is again followed by gentle dimming over the recent years. The temporal evolution of the X-ray
emission can be well understood, in analogy to the 11 year solar-cycle, by coronal activity cycles with different amplitudes and
periods operating in both stars.
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Introduction

The well know binary α Centauri A/B system consist of
a G2 (A) and K1 (B) star at a distance of 1.3 pc that orbit each other with a period of 86 yr. The M dwarf Proxima Centauri is in common proper motion with α Cen A/B,
but outside the FOV of the presented data and not discussed
here. Together they make up the stellar system closest to
the Sun. The α Cen system is with an age of about 5 Gyr
slightly older than the Sun, α Cen A/B are both slow rotators (Prot = 30−40 d) and show overall low activity levels of
log LX /Lbol ≈ −6 . . . − 7. The secondary is slightly more
active than the primary and largely dominates the X-rays
emission of the system.
Here we give an update on results from our XMM-Newton
X-ray monitoring campaign that has been ongoing since
2003 with typically one or two observations taken per year;
the Chandra HRC-I joined the monitoring in 2005 after the
major X-ray dimming of α Cen A. We continue our longterm study presented Robrade et al. (2012) and extend the
analysis with observations performed in the years 2012 –
2016. For details regarding the used analysis methods and
references we refer to several related publications; for the
XMM campaign see Robrade et al. (2005, 2012), for an analysis of the Chandra data see Ayres (2009, 2014), a long-term
view in X-ray/FUV/UV of α Cen B is presented in DeWarf
et al. (2010).

Figure 1: The α Centauri A/B system in soft X-rays as seen
with the MOS1 detector in January 2016.

resolution of . 100 , but is virtually a photon counting machine (0.08 – 10.0 keV) and we use the measured count rates
for the comparison with XMM. Three additional observations were taken with the HRC-S, where we use the zeroth
order; the Chandra HRC-S/LETGS and XMM/RGS grating
spectra are not discussed here. Calibration differences at the
lowest energies between XMM/EPIC and Chandra/HRC as
well as the temperature dependence of the conversion factors introduce an uncertainty of about a factor of two in
the regime of 1 MK coronal plasma, here relevant for the
activity minimum phase of α Cen A. The conversion from
HRC-S/LETGS zeroth order to HRC-I counts also depends
on plasma temperature, the adopted range refers to average
plasma temperatures of 1 – 5 MK; a description of the instruments is given at http://www.cosmos.esa.int/web/xmm-newton
and http://cxc.harvard.edu.

1.1 X-ray data
For the purpose of this study XMM-Newton and Chandra complement each other quite well. The XMM data is
used to generate images, light curves and medium resolution spectra, results are derived from the EPIC MOS and pn
detectors and refer to the 0.2 – 2.0 keV range. The α Cen binary is quite well resolved in early XMM data, but the dwindling separation between both components due to their orbital motion, from about 14” to 4” over the campaign, complicates the analysis of the individual components in later
data. In contrast, the Chandra HRC-I has a superb spatial
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The α Cen system in X-rays

An X-ray image of the α Cen A/B system taken in January 2016 with XMM MOS1 is shown in Fig. 1. The image
1
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Figure 2: Long-term X-ray luminosity of α Centauri A, XMM
data at 0.2 – 2.0 keV. The grey shades region marks marginal
detections, downward arrows denote upper limits.
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Figure 3: Long-term X-ray luminosity of α Centauri B, XMM
data at 0.2 – 2.0 keV. The evolution shows cyclic behavior.

is smoothed and uses a linear scaling, the circular regions
mark the positions of the two binary components. Both are
clearly detected, even if at the current separation of about 4”
the binary is not fully resolved by XMM.
The reappearance α Cen A in XMM images is mainly due
a coronal re-brightening over the last years and to increasing emission from hotter plasma that produces sufficiently
hard X-ray photons. This behavior is similar to the solar
one, where active regions and larger spot groups are rare
to absent during cycle minima. The previous minimum of
α Cen A had a duration of nearly a decade. While the
α Cen A minimum appears quite long and deep when compared to typical solar minima, prolonged inactive phases are
also known for the Sun. Further, over the last years α Cen B
is approaching a new coronal minimum and the reduced
contrast between the components facilitates the detection of
the primary.
The long-term evolution of the X-ray luminosity of
α Cen A (G2) and α Cen B (K1) derived from the XMM data
is shown in Fig. 2 and Fig. 3 respectively, in both cases a
more or less clear cyclic behavior is present or indicated.
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Figure 4: Long-term X-ray light curve of α Cen A (black) and
B (red) from Chandra. Count rates (1.5” radius) from HRC-I
(circles) and HRC-S/LETGS zeroth order scaled (diamonds).

2.1 The activity cycle of α Cen A
The primary α Cen A was clearly detected in the first
XMM observation in 2003 with LX ≈ 6 × 1026 erg s−1 ,
but subsequently showed a strong and quite rapid X-ray
dimming. Early in the campaign between 2003 and 2005,
the coronal emission measure, especially those of the hotter plasma in the temperature range of about 2 – 10 MK,
decreased dramatically. As a consequence, the star virtually faded from XMM’s view and remained extremely X-ray
faint from about 2005 – 2012, indicating a pronounced activity minimum. At activity minimum with its lower X-ray
brightness and the corresponding cooler plasma temperatures even non-detections with XMM are present. During
this phase detections are often marginal and the derived Xray luminosities are prone to larger uncertainties, also due
to the presence of the secondary, here indicated by the grey
shaded region in Fig. 2. In the following years α Cen A became continuously X-ray brighter and the XMM observations show a reappearance of hotter coronal emission that
is associated with active regions, a typical characteristic of
coronal activity cycles.
When comparing the long-term lightcurve from XMM
with those from Chandra, where α Cen A remained visible in the HRC at all times (see Fig. 4), overall consistent
trends are seen. The HRC is sensitive to much softer X-ray
emission and the better PSF of Chandra allows a clear separation between the components. Direct light curve comparison comparison and various emission line studies show that
the very cool corona at 1 MK exhibits significantly less cyclic
variability than the hotter coronal components, resulting in
cycle amplitudes that are strongly energy dependent.
The combination of all X-ray data indicates that the last
activity maximum occurred at the turn or early in the millennium and that the activity cycle likely has a period of
about 15 – 20 years. In the obtained XMM data we see an
X-ray luminosity ratio LXmax /LXmin of nearly one order of
magnitude, albeit larger uncertainties are present and a clear
maximum has not been covered yet. Observations are ongoing and one has to await future observations to really cover
and quantify a full coronal cycle for α Cen A.
Zenodo, 2016
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2.2.1 α Cen B at coronal maximum
The new XMM data cover the recent coronal maximum
of α Cen B and include an exceptional active phase around
2012. During the XMM observation the X-ray lightcurve exhibits frequent activity and a series of smaller flaring events
as shown in Fig. 5. The lightcurves are derived from the sum
of both components, but are strongly dominated by α Cen B
that contributes & 90 % to the observed X-ray events as determined from the spatial photon distribution. Similarly, enhanced flux levels of α Cen B are also repeatedly observed in
Chandra exposures taken in the years 2010-2012, these often
show comparable variability on timescales of hours.
From the spectral modelling of the 2012 XMM data we
derive for α Cen B an X-ray luminosity of LX ≈ 4 ×
1027 erg s−1 , the brightest quasi-quiescent state in more
than 30 years of X-ray observations. The spectrum is slightly
harder than during the ’normal’ activity maximum state as
for example observed in 2003/2004 and has a stronger contribution from 8 MK plasma that indicates the presence of
pronounced active regions. However, overall the emission
measure distribution is still dominated by 1 – 4 MK plasma
and with an average temperature of about TX = 2.5 MK,
reminiscent of a mildly active star.
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2.2 The activity cycle of α Cen B
In contrast, already one and a half coronal cycles are covered for α Cen B, the corresponding period is Pact ≈ 8−9 yr.
The XMM data include two consecutive maxima and one
clear minimum as can be seen in Fig. 3. The cycle amplitude described by the X-ray luminosity ratio LXmax /LXmin
is about 6 – 9, depending on the ex- or inclusion of the
most extreme data point from 2012. The activity maxima of
2003/2004 and 2011/2012 appear similar in peak flux, but individual exposures taken during the second maximum show
further enhancements in X-ray brightness by 60 – 70 %. By
including the Chandra observations (see Fig. 4) a better temporal sampling is achieved, that reveals significant brightness variations during the recent maximum. These variations are not present in the XMM data of the 2003/2004
maximum, however this maximum occurred before Chandra joined monitoring and may be purely by chance. From
2013 on α Cen B’s activity is declining once again, extrapolating from the existing data the next minimum is expected
to occur around 2017.
To constrain the evolution of coronal properties over the
activity cycle, Robrade et al. (2012) performed a spectral
analysis the XMM data taken during the maximum and minimum state. The spectral models show similar temperature
components, but an order of magnitude decline in emission
measure for the hotter plasma at 3 – 10 MK compared to a
more moderate decline by a factor of a few at cooler temperatures of about 1 – 2 MK. Interpreting the plasma components roughly as quiescent and active/flaring emission, this
trend again reflects the behavior of the Sun over its activity
cycle.
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Figure 5: XMM light curves of ’α Cen B’ in early 2012 in the
0.2 – 2.0 keV band, here the secondary strongly dominates
the X-ray emission of the system.
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