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Abstract: Stellar magnetic activity is important for formulating the evolution of the star. To represent the
stellar magnetic activity, the S index is defined using the Ca II H+K flux measure from the Mount Wilson
Observatory. Mg II lines are generated in a manner similar to the formation of Ca II lines, which are more
sensitive to weak chromospheric activity. Mg II flux data are available from the International Ultraviolet
Explorer (IUE). Thus, the main purpose of this study was to analyze the magnetic activity of stars. We
used 343 high-resolution IUE spectra of 14 main-sequence G stars to obtain the Mg II continuum surface
flux and Mg II line-core flux around 2,800 Å. We calculated S index using the IUE spectra and compared
it with the conventional Mount Wilson S index. We found a color (B − V ) dependent association between
the S index and the Mg II emission line-core flux. Furthermore, we attempted to obtain the magnetic
activity cycles of these stars based on the new S index. Unfortunately, this was not successful because the
IUE observation interval of approximately 17 years is too short to estimate the magnetic activity cycles
of G-type stars, whose cycles may be longer than the 11 year mean activity cycle of the sun.
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1. INTRODUCTION

The solar activity levels were measured by indexing
the number of sunspots on the solar surface, as well
as the periods of maximum sunspots (solar maximum)
and minimum sunspots (solar minimum) from the so-
lar cycle. Using a telescope, astronomers have observed
sunspots for a long period and found that the solar cycle
corresponds to 11 years. The study of the solar activ-
ity cycle is useful for the study of stars similar to the
sun or those showing a spectrum similar to that of the
sun. The sun can be observed in real-time. However,
the past of the sun is not known to us. In contrast, the
observation of solar-type stars enables us to see the past
of stars proportional to their distance; thus, it provides
a useful indicator for studying the past of the sun.

Unlike the observation of the sun, we cannot see
spots of solar-type stars, and have to rely on the study
of the spectrum. The active magnetic region of low-
temperature stars, similar to the sun (cool stars), pro-
duces strong emission of Ca II H+K resonance lines
(3968–3934 Å) in the optical range and Mg II h+k
lines (2803–2796 Å) in the ultraviolet range, indicating
strong magnetic activity in the chromosphere.

The Mount Wilson Observatory (MWO) has ob-
served Ca II H+K lines of main-sequence stars and stars
similar to those since 1966. Wilson (1978) proved that
many solar-type stars show long-term cycle variation in
Ca II emission and showed for the first time that cy-
cle variation is similar to the magnetic activity cycle
of the full disc solar observation. Moreover, using the
1967 high-resolution data from the Mount Wilson spec-
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trophotometer observations, Wilson defined the S index
as an indicator of stellar activity. The S index is de-
rived from the surface flux of a star and quantifies the
intensity of Ca II lines using the ratio of the Ca II line-
core flux to the continuum flux of two continuum win-
dows nearby (Vaughan et al. 1978). Middelkoop (1982)
also determined the stellar surface flux from the relative
emission S index and suggested a method of derivation
of the color-dependent conversion factor.

In the core of the Ca II H+K resonance lines, the
emission is an important diagnostic of the chromo-
spheres of F-, G-, and K-type stars in the same or simi-
lar temperature range. However, Ca II H+K resonance
lines are less sensitive to the weak chromospheric activ-
ity compared to Mg II h+k fluxes because at 2800 Å,
the photospheric line wings are darker, the opacity is
lower, and the thermalization length of Ca II lines are
longer than that of Mg II resonance lines.

Mg II h+k fluxes of most stars are available from
the International Ultraviolet Explorer (IUE), and many
previous studies have been performed based on these
data. Some of these studies have been related to the
Mount Wilson S index, and the studies revealed that
the Ca II flux and Mg II flux are closely correlated (Buc-
cino et al. 2008; Schrijver 1987; Schrijver et al. 1992;
Rutten et al. 1991; Oranje et al. 1985). Oranje et al.
(1985) and Schrijver et al. (1992) found out the lin-
earity between Mg II h+k line-core fluxes and Mount
Wilson Ca II H+K fluxes using IUE spectra observa-
tions. In particular, Oranje et al. (1985) derived a linear
correlation between the Mg II fluxes and Ca II fluxes.
In addition, Schrijver et al. (1992) compiled a list of
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Table 1
Main-sequence G stars

HD Type mv B − V BC Teff (K)

1835 G3V 6.39 0.67 −0.098 5776
2151 G0V 3.45 0.62 −0.073 5773
10700 G8.5V 3.50 0.72 −0.146 5328
20630 G5Vv 4.83 0.66 −0.111 5696
20794 G8V 5.35 0.71 −0.132 5430
39587 G0V 4.41 0.59 −0.055 5950
44594 G1.5V 6, 64 0.65 −0.098 5799
72905 G1.5Vb 5.63 0.58 −0.050 5863
114710 G0V 4.29 0.58 −0.050 5963
115383 G0V 5.22 0.59 −0.067 6009
128620 G2V −0.01 0.71 −0.132 5528
129333 G1.5V 7.60 0.59 −0.055 5845
131156A G8V 4.72 0.777 −0.139 5465
143761 G0V 5.41 0.60 −0.067 5860

Ca II fluxes corresponding to Mg II fluxes obtained from
the IUE spectral observations. Based on this list, Buc-
cino et al. (2008) calculated the Mount Wilson S index
using 1623 high-resolution IUE spectra of F-, G-, and
K-type stars.

The final goal of this study is to investigate the
stellar magnetic activity cycle of solar-type stars com-
bining Mg II and Ca II, using a vast number of datasets
obtained from the IUE spectra. However, in this paper,
the method of Buccino et al. (2008) was applied to carry
out a pilot study on 14 main-sequence G stars, combin-
ing Mg II and Ca II with reciprocal correction. Ca II
fluxes were determined using the linear correlation of
Oranje et al. (1985).

2. DATA AND METHODS

2.1. Continuum and Line-Core Surface Fluxes near
Mg II Lines

We utilized IUE spectra to analyze the Mg II lines of
main-sequence G stars.1 Table 1 lists the stars em-
ployed for the calibration of Mg II and Ca II. We con-
verted the measured flux from the IUE spectra into sur-
face flux using the correlation of Oranje et al. (1982)

log(F/f) = 0.35 + 0.4(mv +BC) + 4 log Teff (1)

where f represents the measured flux from the IUE
spectra, F indicates the surface flux converted from
f , and mv indicates the visual magnitude from Buc-
cino et al. (2008), Olmedo et al. (2013). BC indicates
the bolometric correction from Flower (1996), and Teff

is the effective temperature from Buccino et al. (2008),
Olmedo et al. (2013). To analyze the UV continuum
surface flux, we utilized high-resolution spectra of the
main-sequence G stars from IUE observations to cal-
culate the continuum flux of Mg II lines Fcont,Mg II and
line-core surface flux FMg II (Buccino et al. 2008). The
continuum flux was obtained by integrating over a range

1These spectra are available in the IUE public library
(https://archive.stsci.edu/iue/).

Figure 1. IUE Spectra of four representative stars: from top,
HD1835 (G3V), HD10700 (G8,5V), HD20630 (G5Vv) and
HD131156A (G8V).

Figure 2. log(Fcont,Mg II) vs. B − V for 343 high resolution
IUE spectra of 14 main-sequence G stars. The red solid
line represents the linear least-squares fitting. The standard
deviations of this slope and y-intercept are 0.81, 0.53.

of 15 Å around the spectrum of 2817.50 Å and 2770.50 Å
in Figure 1.

Figure 2 shows log(Fcont,Mg II) versus the color in-
dex B − V for 343 high-resolution IUE spectra of the 14
stars considered. The best fit was obtained through lin-
ear least-squares fitting, log(Fcont,Mg II) = b (B−V )+a.
The best fit was expressed as follows:

log(Fcont,Mg II) = (−2.702± 0.81)(B − V )

+ (9.305± 0.53).
(2)

Figure 2 shows that data are scattered with large
variations around the best fit. However, with this alone,
we cannot determine whether the continuum flux is a
component dependent on the remaining color index. To
analyze this, we normalized the average continuum flux.

https://archive.stsci.edu/iue/
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Figure 3. The continuum surface flux Fcont,Mg II normal-
ized to the averaged continuum surface flux ⟨Fcont,Mg II⟩
vs. B − V for 343 high resolution IUE spectra of 14 main-
sequence G stars.

Figure 4. Continuum surface flux Fcont,Mg II vs. line-core
surface flux FMg II. The yellow cross indicates B − V <
0.62, the blue cross indicates 0.62 < B − V < 0.71, the
red cross indicates B − V > 0.71, the pink circle indicates
B−V = 0.62, and the brown circle indicates B−V = 0.71.

The continuum flux is given by Equation 3, and the
average normalized continuum surface flux is 1.08.

⟨Fcont,Mg II⟩ = 2.018× 109 × 10−2.7(B−V ) (3)

Figure 3 shows normalized continuum surface flux
versus color B − V . In Figure 3, normalized contin-
uum fluxes seem to be distributed vertically for specific
B − V s. There are various explanations for this phe-
nomenon. As shown in Table 1, there were two or more
stars with the same B − V . In addition, even for a sin-
gle star, the spectrum may show variations depending
on the observation period; thus, continuum flux and
line-core flux values could show deviations. Various ob-
servation results for a single star indicate that chromo-
spheric activity levels are different, and we can presume
that the continuum flux does not depend on a specific
B − V .

Figure 4 shows continuum surface flux Fcont,Mg II

versus Line-core surface flux FMg II. The line-core flux
was obtained by integrating over the range of 1.70 Å at
approximately 2803.53 Å and 2796.35 Å for the high-
resolution IUE spectra in Figure 1.

We can see that the continuum fluxes indicated by
the brown and pink circles increase rapidly compared to

Figure 5. The Mg II line-core flux vs. S index. B − V s are
divided similarly to those in Figure 4.

other B − V ranges. They correspond to B − V = 0.62
and B − V = 0.71, and for B − V , the normalized con-
tinuum fluxes show a vertically wide distribution in Fig-
ure 3. The Mount Wilson S index, defined with the
Ca II continuum flux, is determined by photospheric
emission, and chromospheric activity has little signif-
icance in the range of the line-core flux wavelength.
However, as illustrated in Figure 4, Mg II continuum
fluxes do not depend on B − V but increase with Mg II
line-core flux, and as the continuum fluxes distribute
more widely for a single star, it increases more rapidly;
thus, we can see that the continuum flux has a depen-
dency on the magnetic activity level to some extent.

2.2. The Relation between the Ca II and Mg II Surface
Fluxes

To analyze the correlation between Mg II and Ca II
line-core flux, we indirectly derived the Mount Wilson
S index.

Rutten (1984) found out the correlation between
Ca II line-core flux and Mount Wilson S index for main-
sequence stars of 0.3 ≤ B − V ≤ 1.6.

FCa II = FH + FK ≡ S Ccf T
4
eff × 10−14 (4)

where the conversion factor Ccf is given by

logCcf = 0.25 (B − V )3 − 1.33 (B − V )2

+ 0.43 (B − V ) + 0.24

and 1014 is a factor applied arbitrarily in this relation.
Buccino et al. (2008) obtained Mount Wilson

S index based on the list of FCa II from Schrijver et al.
(1992) and using Equation (4). However, we utilized the
Oranje relation for main-sequence stars (Oranje et al.
1985) to obtain FCa II and obtained the S index using
the following equation:

FMg II = α(FCa II − β) (5)

where

α = 106 (6.2− 11.3 (B − V )) if B − V < 0.45

α = 106 (0.922 + 0.380 (B − V )) if B − V ≥ 0.45

log β = 2.10− 3.64 (B − V )
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Figure 6. S index of the stars listed in Table 1. Red dots indicate the annual average ⟨S⟩.
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Figure 6. Continued
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Figure 6. Continued
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Figure 6. Continued

(Oranje et al. 1985). Line-core emissions of the Ca II
H+K lines and Mg II h+k lines are generated similarly
in almost the same region of the stellar atmosphere;
thus, the correlation between FCa II and FMg II is de-
scribed to be linear.

Figure 5 shows S index versus FMg II where B − V s
are divided similarly to Figure 4. The S index shows
a linear trend, which is logical because of the linear
relationship in Equation (5). The greater the value of
FMg II, the greater the slope increase as both B − V and
the S index increase.

3. RESULTS

We analyzed IUE spectra of the main-sequence G stars
listed in Table 1 and estimated Mount Wilson S index
using Equation (4) and (5) (right panels in Figure 6).
The red dots indicate the annual average of the S index.
We attempted to obtain the magnetic activity cycle of
these stars using the Lomb-Scargle periodogram based
on the S index in Figure 6, however, we were not able
not obtain the cycle (left panels in Figure 6). The ob-
servation interval of these stars is up to ∼20 years, and
the expected period should be 4–7 years. A periodicity
of 1/3 or less than 1/4 can be considered because the
periodogram provides a relatively high false alarm prob-
ability (FAP). Therefore, we could not find a cycle of
less than 4 years, and the obtained cycle does not rep-
resent a reliable result. For HD 2151, a recent study by
Metcalfe et al. (2007) and Buccino et al. (2008) obtained
the star’s magnetic activity cycle by analyzing the Mg II
index deduced from the IUE data with a period of ∼12
years. Using the Lomb-Scargle periodogram, we also
found that the period is ∼13 years, and its observation
interval in IUE data is ∼6210 days (∼17 years). This
period is unreasonable in that it is similar to the obser-
vation interval, and one can rarely determine its cycle
by observing an interval corresponding to its period.
Therefore, we suggest that data with an observation
period of at least 30 years is needed to obtain a 13-year
cycle. For this reason, we also attempted to obtain a
period for other stars; however, we did not obtain a
periodicity 1/3 or 1/4 less than the observation inter-
vals. The sun shows an average sunspot cycle of 11
years, varying from 9 to 14 years. In addition, the low

magnetic activity level cycle could be an exceptionally
long period as 23 years (Friis-Christensen et al. 1991;
Choi et al. 2015). To enable the study of the activ-
ity levels or cycles, data accumulated over a period of
2–3 times the minimum cycle is required. Thus, it is
easy to study the sun’s activity level and cycle as long-
term data are available for the sun. In contrast, these
types of data are not easy to acquire for other types of
stars. In this context, we analyzed the Lomb-Scargle
periodogram of HD2151 for a simple comparison with
the results of previous studies. While we studied the
magnetic activity level of main-sequence G stars, the
periodogram was not analyzed.

4. CONCLUSIONS

The Mount Wilson S index, which is one of the meth-
ods used to study stellar magnetic activity, is defined
by Ca II H+K resonance lines. Mg II lines are gener-
ated in a similar way with the formation of Ca II lines
and are more sensitive to chromospheric activity; thus,
Mg II lines present a more important diagnostic mea-
sure of the chromospheres of F–K stars with similar
temperature ranges. Hence, we investigated the varia-
tion in the magnetic activity level of main-sequence G
stars through Mg II h+k lines utilizing IUE data.

We found that Mg II continuum fluxes do not de-
pend on B − V but increase with Mg II line-core flux,
and as the continuum fluxes distribute more widely for
a single star, they increase more rapidly; thus, we can
see that the continuum flux is dependent on the mag-
netic activity level to some extent. As a result, it is not
ideal to study chromospheric activity using the ratio of
Mg II line-core flux to continuum flux.

We analyzed the correlation between the Mount
Wilson S index and Mg II line-core flux for 14 main-
sequence G stars. Through this analysis, we found that
the correlation between the Mount Wilson S index and
Mg II line-core flux depends on the degree of vertical
variation of the continuum flux, as well as the correla-
tion among the S index, Mg II line-core flux, and color
B − V .

To determine the activity levels of the 14 main-
sequence G stars using the relation of the magnetic
activity of the stars, we compared Figure 6 with the
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S index and Lomb-Scargle periodogram of HD 2151
mentioned in Buccino et al. (2008). We utilized the cor-
relation between FMg II and FCa II (Oranje et al. 1985)
to derive the Mount Wilson S index. In addition, the
Lomb-Scargle periodogram was analyzed for HD 2151.

We found that the magnetic activity cycle of this
star corresponds to ∼13 years, which is similar to that
of Buccino et al. (2008). However, our analysis of the
periodogram showed two dominant periods. It is pos-
sible that this star may exhibit multi-cycle behavior.
However, it is possible that the difference was caused
by the lack of steady observation data over a sufficient
period of at least 20–60 years, which is required for this
kind of analysis of solar-type stars. Therefore, when the
various observation data for different periods or steady
observation data for 30 years are available, we can pro-
duce a result of the magnetic activity study comparable
to the study of the sun.
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