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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 105 years,

• global magnetic fields “diffusion time” is 109 years

• Solar magnetic field, evolving globally on decadal time scales!
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DIRECT OBSERVATIONS

• Direct observations of the magnetic field 
(Zeeman splitting, polarization) are possible 
only for few special targets (rapidly rotating 
and active), e.g. Ap stars
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Landstreed (2008)



PROXIES FOR MAGNETIC ACTIVITY 
ON SOLAR-LIKE STARS

Proxies:

Variable radiation in:

• chromosphere (optical, UV lines)

• transition region (UV)

• corona (EUV, X-ray)
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Frohlich & Lean (2004)

Dravins et al. (1993)



FRAUNHOFER CaII H AND K LINES
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Morgenthaler et al. (2010)

NSO - SACRAMENTO PEAK



MT. WILSON SURVEY

• Systematic observations of stellar 
magnetic activity began in 1966, when 
Wilson (1968) began the ground-based 
“Mt. Wilson survey”. 

• Observation of Fraunhofer Ca II “H and 
K” lines at 397 and 393 nm, whose line 
cores form in chromospheric plasmas.

Radick et al. (1998)
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SUN IS A TYPICAL LOW-S STAR

Judge & Thompson (2012)

Baliunas et al. (1995)
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SOFT X-RAY FLUX FROM SOLAR TYPE STARS

61 Cyg A 61 Cyg B
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Ca II emission (S-index)

ROSAT (0.1-2.4 keV)



„DISAPPEARANCE” OF THE CORONA OF THE α Cen A
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Robrade et al. (2007)

Chandra spectra – Ayres et al. (2008) 

XMM-Newton (0.2-2.0 keV)



STELLAR MAUNDER MINIMUM
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Hall (2008)



IS THE SUB-CONVECTION ZONE SHEAR LAYER 
ESSENTIAL COMPONENT OF THE DYNAMO?
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Cincunegui et al. (2007)Proxima Centauri



CYCLE PERIODS AGAINST ROTATION PERIOD

Data from Saar & Brandenburg (1999)
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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

• Detection of activity even when no surface evidence (Salabert et al. 2009)
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Fletcher et al. (2010)



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.
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Dziembowski & Goode (2005)



CYCLE IN COROT TARGET HD 49933

• Spectral type: F5V

• Prot = 3.4 days

• S-index ≈ 0.3 (active star)

• Observed by CoRoT during 
60+137 days

• 50 oscillation modes measured
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García et al. (2010)



STELLAR ACTIVITY AND THE DETECTABILITY OF 
SOLAR-LIKE OSCILLATIONS

Chaplin et al. (2011)
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Top panels: Histograms of rhr and σhr, 
for all analyzed stars (gray solid lines) 
and stars with detected solar-like 
oscillations (black dashed lines). 

Middle panels: Histograms normalized 
to a maximum value of unity (same line 
styles).

Bottom panels: Fraction of stars in 
each histogram bin showing 
detected solar-like oscillations. 

Chaplin et al. (2011)



STELLAR SPOTS AND TRANSITS OF PLANETS
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STELLAR SPOTS AND TRANSITS OF PLANETS
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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 II 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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