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Sun-as-a-Star

e Disk-integrated observations

e Why do we care?
o Inform us of other stars
o Those stars can tell us about the Sun

o  Curiosity!



What can line profiles tell us?

e Spectral lines change in response to thermal and magnetic activity

o  Examples: Doppler and Zeeman broadening

e [f we can observe these changes in the Sun, and correlate to direct activity measures, we

have tracers of solar activity

e These tracers could in turn inform us of activity cycles in other Sun-like stars



SOLIS/ISS

e High spectral resolution (R = 300,000)
e Daily observations of Sun-as-a-Star from 2006 to 2017
e Ten wavelength bands in 350 - 1100 nm operating range

e [’velooked at the CN, C I and Mn I bands

o Known to be magnetically sensitive

o Not as well studied as Ca II K, Na D I and others




CN band-head (388.4 nm)
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Intensity

CN “Jump”

e MHD simulations show jump is sensitive to magnetic activity

e Magnetic flux elements partially evacuate molecular species (Uitenbroek & Tritschler 2006)
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CN “Jump” and the Solar Cycle

e Anti-correlation between magnitude of jump and magnetic flux density traces the solar cycle

"Jump" Variation of CN band-head and Full-disk Mean Total Flux of the Sun
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UNSCALED CN “JUMP”

CN “Jump” and the Solar Cycle (2)

e Observed change in magnitude consistent with simulations

o 10 gauss change in magnetic flux corresponds to one-percent change in magnitude of jump
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Mn I band (539.4 nm)

e Examined variability of core intensity, full width at half maximum, equivalent width and line bisectors for
select absorption lines of Mn I and C I bands (C I results not shown, but broadly similar)

o Continuation of work done by Bertello et al. (2014)
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Core Intensity

e (Core intensity expected to increase with magnetic activity (Criscuoli et al. 2013)

o  Convolution of Zeeman split line profiles raises CI value relative to non-split profile

Core Intensity Variations in Two Photospheric Spectral Lines of Mn | band
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Full Width at Half Maximum

e FWHM positively correlated to magnetic activity in photospheric Fe I lines (Criscuoli et al. 2013)

o Zeeman splitting leading to broadening of line profile

Full Width at Half Maximum Variations in Two Photospheric Spectral Lines of Mn | band
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Equivalent Width

e EQW sensitive to changes in both temperature and magnetic flux density (Criscuoli et al. 2013)

o  May be able to use in conjunction with FWHM to disentangle thermal and magnetic effects

Equivalent Width Variations in Two Photospheric Spectral Lines of Mn | band
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Line Bisectors

e Measured line bisectors at 25, 50 and 75 percent of core intensity values

o No obvious correlation found with the solar cycle

Quarter Maximum Line Bisector Variations in Two Photospheric Spectral Lines of Mn | band
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Stray Light

e Discrepancy in expected line parameter trends after instrument moved in 2014

o  May be indicative of stray light

e We investigated two approaches to correct for it
o Removing non-linearity between raw photon counts and derived core intensities

o  Fitting sample spectrum to FTS reference spectrum

e Plots in this presentation based on the latter approach

o  May be worth investigating further



Conclusions

e Anti-correlation found between magnitude of CN jump and magnetic flux density,

indicating its potential as a tracer of activity cycles in Sun-like stars

e C(Core intensity, FWHM and EQW vary with the solar cycle, but correlations not as robust

as CN jump

e Would like to see SOLIS up and running again to extend the time series

e Would also like to compare data from ISS with soon-to-be available PEPSI data from

Large Binocular Telescope
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Questions?




