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GLOBALLY THE SUN IS A REMARKABLY CONSTANT
STAR

* RMS variations in irradiance (observed bolometric flux), as measured from Earth
orbit since 1978, are = 0.04%

* The 0.04% RMS variations occur on time scales of decades and less,
* the thermal relaxation timescale for the Sun’s convection zone is 10° years,

 global magnetic fields “diffusion time” is 10° years

* Solar magnetic field, evolving globally on decadal time scales!
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Fig. 6. Variations observed in the magnetic Ap star HD 119419 as a function of phase
through the 2.60 d period. The curves show (from the top) the variations of equivalent
width of Fe and Si lines, of brightness in the Johnson UBV bands, and of (B.).

Landstreed (2008)
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PROXIES FOR MAGNETIC ACTIVITY
ON SOLAR-LIKE STARS
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FRAUNHOFER Call H AND K LINES
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MT. WILSON SURVEY

* Systematic observations of stellar
magnetic activity began in 1966, when

Wilson (1968) began the ground-based ' }I [ ashed: Buncan et al

« 5 ) Dotted: ‘a_'u'hlte et al.
Mt. Wilson survey”. 0.00L L Solid: this study =

e Observation of Fraunhofer Ca II “H and
K” lines at 397 and 393 nm, whose line
cores form in chromospheric plasmas.
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F1G. 2.—Solar and stellar data and three transformations for relating
the solar K-index to the stellar S-index.

Radick et al. (1998)
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SUN IS A TYPICAL LOW-S STAR
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Figure 3. A selection of different stellar behavior measured in the Mt. Wilson survey up to
1995, reported by Baliunas et al. (1995). The upper four panels show representative time series
of the “S-index”, the lower panels the number of stars as a function of cycle period, and the
number of stars which were classified as cyclic (C, like the current Sun), irregularly variable (V),
flat (F, the Maunder Minimum Sun?) and with a long-term trend (L).

Cycle Period [yr]

Cycle Classification

F1G. 3.—a) The distribution of cycle periods (in 3 yr bins) for high-<$)>
(upper histogram) and low-(S) (lower histogram) stars (see text). Shaded areas
represent secondary periods for stars where two periods were measured. The
© symbol indicates the bin containing the Sun. (b) Similar to (a) except that
the distribution of long-term activity classifications are shown: “ C” cyclic (the
shaded area shows additional secondary cycle periods), “ V” variable, “F ” flat

Judge & Thompson (2012) (nonvarying), and “L " long-term trend.

Baliunas et al. (1995)
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SOFT X-RAY FLUX FROM SOLAR TYPE STARS
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»DISAPPEARANCE"” OF THE CORONA OF THE a Cen A
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Fig. 2. The Alpha Centauri system observed with < o0 40 ' P 50 1(')0 a0 140 ' 60 180
MOSI during March 2003 (left) and February 2005 -
(rlght), overlayed are brightness contours and 5" FiG. 2.—Chandra LETGS spectra of a Cen 7.5 years apart. The main panels illustrate the spatially resolved LETGS events, binned into an image combining
. f 1 . the plus and minus grating arms. Owing to vignetting, the spectral stripes bloom toward longer wavelengths, and become slightly blended in the more recent
source regions (I‘e.d) to indicate the proper m.OtIOI'l. LETGS exposure. Nevertheless, the short-wavelength portions of both spectra are cleanly resolved. The A component is the lower stripe in the upper spectrum,
The X-ray da.rkemng of aCen A (upper left) is ob- and the upper stripe in the lower one, owing to opposite roll angles in the two epochs. He-like and H-like CNO emissions are conspicuous in the 2040 A interval,
served with XMM-Newton for the first time while the Fe L-shell features below 20 A are weak in these relatively cool (1-2 MK) coronal sources. Si, Mg, and Fe M-shell emissions crowd the 40-100 A

interval, and the isolated Fe 1x and Fe X lines beyond 170 A are very bright. The A and B spectra in the earlier observation (1999.98) are quite similar to one
another, and to the 2007.43 trace of the B component. The new A spectrum, however, displays a striking lack of emission below 30 A (highlighted by blue ovals

Robrade et al. (2007) in both epochs). The top panel compares normalized effective area curves of MOS 1 (with thick blocking filter; vellow shading), HRC-1 (erange shading), and
LETGS zeroth order (red dot-dashed curve). The XMM-Newton camera is sensitive mainly to emission below 0.3 keV (40 A), whereas the Chandra detectors
have extended soft response.

Chandra spectra - Ayres et al. (2008)
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Yearly Averaged Sunspot Numbers 1610-2010
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Figure 17: Left: HD 140538 appears to have made a transition from a flat activity state to an unusually
short cycle in 2000 (from Hall ef al., 2007b). Right: HD 3651 shows evidence of having entered a flat
activity state around 1980 (from Baliunas ef al., 1995).

Hall (2008)

Marek Steslicki: Stellar activity cycles



IS THE SUB-CONVECTION ZONE SHEAR LAYER
ESSENTIAL COMPONENT OF THE DYNAMO?

Proxima Centauri Cincunegui et al. (2007)

Table 2. Nightly averaged 4 index. Column 1: the label used period [day]

in Fig. 7; Col. 2: the xJD at the beginning of the observations:

Col. 3: the quantity of spectra averaged: Col. 4: the total expo- 10204 6?2 33'1 2?3 1?8 135

sure time (in minutes): Col. 5: the average index. - +€— Tm442 days — FAP~ 0.35 i

S e — prm——— i

Label xD N 1 4 I ]
0399 24185 2 50 2.89 - 2 =
0300 62782 2 90 250 o e #o 0.8
0301.1 97278 2 120 2.14 S B
03012 97470 2 180 2.00 L i
0701 109646 2 180 2.84 9k # % T =
0302 1364.69 1 45  2.16 ~ i ! + . T
0602 145166 2 90 2.13 N + 17 | ]
0802 151950 1 45  2.84 L 4 t i 1 i
03031 171575 1 45 228 S oo T M .
03032 171660 7 420 2.63 i + T + 7
0903 189551 2 66 246 R AP Y, bt
0604_1 2160.59 2 90 235 [, ¥ 3\ S
06042 2161.51 5 300 2.00 1R v ol I .
0904 227448 2 60 248 N N T R SN B
0305 244878 1 45 2.6l
0605_1 252355 6 360 246 0002 81'004 I 0.006
06052 2543.60 2 180 2.54 frequency [day~]
ggg; gggg;é % lgg éﬁg Fig.5. Lomb-Scargle periodogram of the data of Table 2. The

False Alarm Probability levels of 50 and 80% are shown.
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CYCLE PERIODS AGAINST ROTATION PERIOD
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SOLAR-STELLAR CONNECTION

Understand dynamo and the interaction of rotation, convection and magnetic field
 Different physical conditions (rotation rate, depth of convection zone)
* Assuming dynamo operates similarly in solar-type stars compared to the Sun

* Constraints on solar dynamos:
* Dynamos periods and activity levels scalings

* Understand relative importance of tachocline and structure of the stars

* Predict solar cycles
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SOLAR CYCLE FROM THE ASTEROSEISMOLOGICAL
POINT OF VIEW

0.6 g N L L LA B B 0.6 g L B L B R B

E BISON - Raw shifts E E GOLF - Raw shifts E

0.5 F = 0.5 =
Nk 3 I
L o04f I 3 % o4t ) =
S oo )1 1y D = sl 111
Y E E = E F E
< 0.3 * ! § 3 = 03 E {“} \ =
> oF AR ;| S 3 .k kit
2 02F 4 2 02F g{ : i E
Q = E QO = E
= 3 3 = 3 R 4 X E
g 01F 3 g 01E A X e E
0.0 0.0 & =
-0.1 E. T B T B BV Y - -0.1 E. T PP P B B .E

1985 1990 1995 2000 2005 2010 1985 1990 1995 2000 2005 2010
Year Year

Figure 1. Top: average frequency shifts of “Sun-as-a-star” modes with frequencies between 1.88 and 3.71 mHz (total-frequency band, blue solid line, and diamond
symbols); 1.88 and 2.77 mHz (low-frequency band, black dotted line, and cross symbols); and 2.82 and 3.71 mHz (high-frequency band, red dashed line, and triangle
symbols).

Fletcher et al. (2010)

» Detection of activity even when no surface evidence (saiabert et al. 2009)
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SOURCES OF OSCILLATION FREQUENCY INCREASE
WITH RISING SOLAR ACTIVITY

* For p-modes, the most plausible explanation of the frequency increase is a less than
2% decrease in the radial component of the turbulent velocity in the outer layers.
Lower velocity implies a lower efficiency of the convective transport, hence lower
temperature, which also contributes to the p-mode frequency increase.

Dziembowski & Goode (2005)
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CYCLE IN COROT TARGET HD 49933
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Fig. 1. Time evolution —beginning February 6, 2007- of the mode amplitude (top), the
frequency shifts using two different methods (central): cross correlations (red triangles) and
individual frequency shifts (black circles); and a starspot proxy (bottom) built by computing
the standard deviation of the light curve (7). All of them are computed using 30-day long
subseries shifted every 15 days (50% overlapping). The corresponding 1o error bars are
shown. Garcia etal. (2010)

50 oscillation modes measured
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STELLAR ACTIVITY AND THE DETECTABILITY OF
SOLAR-LIKE OSCILLATIONS
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Fracltion of detections
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Top panels: Histograms of r, . and oy,
for all analyzed stars (gray solid lines)
and stars with detected solar-like
oscillations (black dashed lines).
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detected solar-like oscillations.

Chaplin etal. (2011)



STELLAR SPOTS AND TRANSITS OF PLANETS
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Fig. 1. Normalized flux of the CoRoT-Exo-2 star, showing a low frequency modulation due to the presence of spots on the stellar
surface, and the 78 transits used to build the phase-folded transit of the Figure[2] For clarity purposes, data have been combined in
64-points bins (~34 min).
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STELLAR SPOTS AND TRANSITS OF PLANETS
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Fig. 2. Normalized and phase folded light curve of 78 transits of
CoRoT-Exo-2b (top), and the residuals from the best-fit model
(bottom). The bin size corresponds to 2.5 min, and the 1-sigma
error bars have been estimated from the dispersion of the points
inside each bin. The residuals of the in-transit points are larger
due to the effect of successive planet occultations of stellar active
regions.
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CONCLUSIONS

* The Sun lies at an overall low level of magnetic activity for a star of its spectral type,
but its activity appears normal for a star of its age.

* We must continue to get much more “boring” data, monitoring the photometric and
Ca Il emission for decades into the future.

* Asteroseismology with Kepler and other experiments will clarify the evolutionary
states of large numbers of stars.

* We must observe in detail “solar twins,” e.g. 18 Sco and 16 Cyg (Metcalfe et al. 2012).
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