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Introduction I 

• Disagreeing Spectral Solar Irradiance 

measurements – used as forcing – 

produce different responses of the 

terrestrial atmospheric chemical 

composition 

• Therefore, it is important to assess the 

amplitudes (including the signs!) of the 

variations as a function of wavelength. 

from Ermolli et al. 2013 



Introduction II 

• With PREMOS/PICARD observations we 

can confirm the amplitudes of the rotational 

time scale of SIM and SOLSTICE 

measurements 

 

• No confirmation of longer time scales 

possible with PREMOS/PICARD 

 thus, no further use of PREMOS data in 

this talk 

from Ermolli et al. 2013 

• VIRGO/SOHO has filter radiometer 

observations since 1996 in the visual and 

near IR 

• It is possible to verify SORCE spectral 

measurements in these pass bands 

• However, the sensitivity change of filter 

radiometers in time is not really 

understood … 



Overview 
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• Some words of caution about filter 
radiometers; 

• VIRGO/SoHO SPM data and  
“as-little-as-possible” degradation 
correction; 

• Results for rotational time scales; 

• Results for variation on an  
activity-cycle time scale 



Degradation rates on 4 S/C 

1st 200 exposure days 
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PREMOS 535, 782 differs not much 

from VIRGO 500, 862, whereas 210 

resembles IPHIR 335.  

Picard cleanliness comes close to 

SOHO 

 

 



SOVA2/EURECA (1992) 

Instruments returned after flight 
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Wehrli et al., 1995, Metrologia 

Right:  335nm filter band pass degraded the same 

way for both operational SPM-A and backup 

SPM-B; 

Left:  Rapid solarization of UG1 blocking glass! 
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Sensitivity changes of  
VIRGO filter radiometers 
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Backup (B) instruments 

Operational (A) instruments 
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Sensitivity changes of  VIRGO 
backup filter radiometers 

TSI x 5 !! 
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862 nm 500 nm 

400 nm 
VIRGO A 
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Simple fit to sensitivity change 
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Sum of two exponential curves 

• Measurements should be left as they 

are, but … 

 … difficult to learn from the uncorrected 

level 2 data 

 Thus, correct,  

    BUT as little as possible ! 
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Simple fit to sensitivity change 
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Sum of two exponential curves 

• Use data after  

6 years in space,  

i.e. 2002 - 2014 

• Linear degradation 

correction only 
Time scale 

1.3 yr 

Time scale 

1689 yr 
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Linearly detrended  
SPM-B measurements 
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Correlation of SPM-B 
measurements with TSI 

28.01.2014 12 



Werner Schmutz 

DAILY DATA

200 400 600 800 1000
Wavelength [nm]

-0.2

0.0

0.2

0.4

0.6

0.8

C
o
rr

el
at

io
n

rotational 

cycle 

DAILY - SMOOTHED DATA

200 400 600 800 1000
Wavelength [nm]

-0.2

0.0

0.2

0.4

0.6

0.8

C
o

rr
el

at
io

n

MONTHLY SNAPSHOTS DATA

200 400 600 800 1000
Wavelength [nm]

-0.2

0.0

0.2

0.4

0.6

C
o
rr

el
at

io
n

Correlation between TSI and SSI (SIM) 
Data 21/04/2004 - 22/08/2011 

28.01.2014 13 

81-DAY SMOOTHED DATA

200 400 600 800 1000
Wavelength [nm]

-1.0

-0.5

0.0

0.5

1.0

C
o

rr
el

at
io

n

activity 

cycle 



Werner Schmutz 14 28.01.2014 

Solar rotational time scale 

Irradiance at 215 nm 
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Correlation of SPM-B 
measurements with TSI 
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A&A 556, L3 (2013)
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Fig. 4. VIRGO SSI (RGB) versus TSI variations based on annual means from 2002 to 2012. Solid lines indicate the robust linear regressions, the
dash dot and dashed lines are, respectively, 1σ and 2σ uncertainties.

measurements of the total solar irradiance used as a proxy for
solar activity. Monthly backup measurements of the SPM-B in-
strument are affected by small, but not negligible, ageing ef-
fects of the instrument that mask the signature of solar activity.
We note that there are several processes (e.g. shift of the peak
wavelengths of the filters due to the diffusion of the filter lay-
ers, development of spectral leaks, radiation damage of the sili-
con detector, etc.) that could influence the ageing and, in princi-
ple, would make it a non-monotonic function of time. Presently
there is no reliable way to quantitatively characterize these pro-
cesses or even to confirm their existence in the VIRGO/SPM
data. Therefore, the only way to take these potential effects into
account is to introduce a sophisticated empirical model of the
degradation with a large number of free parameters. By adjust-
ing these free parameters one is able to control the share of in-
strumental effects and solar signature in the observed variability
even to the extreme case of attributing the full variability to ei-
ther of the two possibilities. We note that the same is true for
all available SSI measurements and there are a number of exam-
ples when different analyses of the same SSI measurements led
to strikingly different results (see e.g. review by Ermolli et al.
2013).

The SPM-B instrument’s daily averages were also analysed
by Fröhlich1 using a sophisticated model of the long-term be-
haviour of the instrument with 13 empirical parameters involv-
ing multiple time and temperature dependencies, as well as
UV irradiance and TSI used as surrogates for the effects of solar
activity effects. Fröhlich derives positive correlations at all three
wavelengths, with cycle amplitude ratios of 0.5, 1.6, and 2.7 for
the red, green, and blue channels with respect to TSI. Such a
strong positive correlation would imply an even stronger nega-
tive correlation in the infrared tail of the spectrum in order to
make the integrated SSI variability consistent with the observed
TSI variability.

Here, we explicitly refrain from sophisticated speculations
about the nature and strength of these instrumental effects and
search for the least number of free parameters. Observational
data indicate that the VIRGO ageing may be summarized by
a fast process (2−3 years) and a slow process (≈1000 y) that
are exponential in time, and that the fast processes have de-
cayed after six years; the ten-year period from January 2002
to March 2012 was empirically approximated by a linear func-
tion in time.

1 Poster at SORCE meeting 2011, available from f t p: / / f t p.
pmodwr c. ch/ pub/ Cl aus/ SORCE_2011/ SPM_post er _cf . pdf

Based on monthly snapshots, positive correlations of SSI
with TSI were found at all three wavelengths. In the analysis
of annual averages, the correlations at 862 nm and at 402 nm be-
come negative. A negative correlation for the IR channel is more
likely real (R2 = 0.22) than for the UV channel (R2 = 0.01),
but both are not significant at the 2-σ level. However, the robust
(R2 = 0.79) positive correlation of monthly snapshots at 500 nm
remains statistically significant at the 5-σ level after smooth-
ing out the solar rotation period. This result based on VIRGO
observations clearly contradicts previous reports (Harder et al.
2009) of anti-correlated spectral irradiance at the peak of the so-
lar spectral energy distribution with the solar cycle.
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Appendix A: SSI variations at 500 nm versus TSI

variations

A robust linear regression analysis of monthly snapshot varia-
tions of SSI at 500 nm versus TSI confirms the positive corre-
lation reported here. The lowest irradiance values occur during
sun spot passages, the largest values during the active mid-term
of cycle 23. Thus, data points shown in the lower-left corner of
Fig. A.1 (x, y < 1) represent measurements taken during pas-
sage of sunspots over the solar disc while those shown in the
upper-right corner represent observations during the declining
phase of solar cycle 23 and rising phase of cycle 24. All data
points are weighted by a bi-square function of their regression
residues, and so the leverage of outliers, e.g. transit of large sun
spots, on regression is minimized. We note that the regression
slope is clearly dominated by the number of data points (green)
with positive correlation, specifically by those in the upper-right
corner representing higher solar activity.

We also note that all points (magenta) that correspond to
anti-correlation between the TSI and SSI-500 are located very
close to the (1, 1) point in Fig. A.1. This means that all cases of
anti-correlation occur when the amplitude of the cycle is small
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Fig.A.1. SSI variation at 500 nm versus TSI variation for the period
from 2001 to 2012 with robust linear regression. Green dots (n = 104)
have positive correlation; magenta dots (m = 21) are anti-correlated
with TSI.
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Fig.A.2. The same as Fig. 3 but for annual mean values.

Table A.1. Slopes of the linear regression (shown in Fig. 4) between rel-
ative variations in the annual means of the VIRGO TSI and SSI monthly
snapshots.

Channel Slope 2-σ uncertainty 1-σ uncertainty R2

SSI-862 −0.71 [−1.55, 0.13] [−1.08, −0.34] 0.22
SSI-500 1.65 [1.02, 2.27] [1.37, 1.92] 0.79
SSI-402 −0.57 [−1.45, 0.32] [−0.96, −0.17] 0.01

and comparable to the uncertainty of the degradation correction.
Therefore, these points are the most sensitive to small devia-
tions in the degradation correction and accordingly the least re-
liable. When the data are restricted to the central cluster (within
a square region of 1 ± 0.0005), the slope is reduced to +0.561
[0.436, 0.686], but remains strictly positive.

The trend of annual-mean data shown in Fig. A.2 is apparent
to the eye: the green curve (500 nm) resembles the black (TSI)
while the red (862 nm) and blue (402 nm) lines almost corre-
spond to images of TSI mirrored at normalization level 1.0. We
note that the temporal position of the extrema of SSI variations
may be affected by the choice of the selected period. However
the sign of the correlation remains unaffected (see Sect. 3.1).
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CAUTION:   

slope values might 

be affected by the 

subtraction of the 

linear trend 
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Fig. 1 from Haigh et al. (2010) 

„Max-Min“ Irradiance Variation 
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Werner Schmutz 
from Ermolli et al. (2013) 

Example: 

variability 

does not 

depend on 

the 

wavelength 

8%  

of TSI 

39%  

of TSI 

23%  

of TSI 

27%  

of TSI 

<4%  

of TSI 

neglected 

Wavelength band variations 
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Appendix A: SSI variations at 500 nm versus TSI

variations

A robust linear regression analysis of monthly snapshot varia-
tions of SSI at 500 nm versus TSI confirms the positive corre-
lation reported here. The lowest irradiance values occur during
sun spot passages, the largest values during the active mid-term
of cycle 23. Thus, data points shown in the lower-left corner of
Fig. A.1 (x, y < 1) represent measurements taken during pas-
sage of sunspots over the solar disc while those shown in the
upper-right corner represent observations during the declining
phase of solar cycle 23 and rising phase of cycle 24. All data
points are weighted by a bi-square function of their regression
residues, and so the leverage of outliers, e.g. transit of large sun
spots, on regression is minimized. We note that the regression
slope is clearly dominated by the number of data points (green)
with positive correlation, specifically by those in the upper-right
corner representing higher solar activity.

We also note that all points (magenta) that correspond to
anti-correlation between the TSI and SSI-500 are located very
close to the (1, 1) point in Fig. A.1. This means that all cases of
anti-correlation occur when the amplitude of the cycle is small
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Fig.A.1. SSI variation at 500 nm versus TSI variation for the period
from 2001 to 2012 with robust linear regression. Green dots (n = 104)
have positive correlation; magenta dots (m = 21) are anti-correlated
with TSI.
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Fig.A.2. The same as Fig. 3 but for annual mean values.

Table A.1. Slopes of the linear regression (shown in Fig. 4) between rel-
ative variations in the annual means of the VIRGO TSI and SSI monthly
snapshots.

Channel Slope 2-σ uncertainty 1-σ uncertainty R2

SSI-862 −0.71 [−1.55, 0.13] [−1.08, −0.34] 0.22
SSI-500 1.65 [1.02, 2.27] [1.37, 1.92] 0.79
SSI-402 −0.57 [−1.45, 0.32] [−0.96, −0.17] 0.01

and comparable to the uncertainty of the degradation correction.
Therefore, these points are the most sensitive to small devia-
tions in the degradation correction and accordingly the least re-
liable. When the data are restricted to the central cluster (within
a square region of 1 ± 0.0005), the slope is reduced to +0.561
[0.436, 0.686], but remains strictly positive.

The trend of annual-mean data shown in Fig. A.2 is apparent
to the eye: the green curve (500 nm) resembles the black (TSI)
while the red (862 nm) and blue (402 nm) lines almost corre-
spond to images of TSI mirrored at normalization level 1.0. We
note that the temporal position of the extrema of SSI variations
may be affected by the choice of the selected period. However
the sign of the correlation remains unaffected (see Sect. 3.1).
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Appendix A: SSI variations at 500 nm versus TSI

variations

A robust linear regression analysis of monthly snapshot varia-
tions of SSI at 500 nm versus TSI confirms the positive corre-
lation reported here. The lowest irradiance values occur during
sun spot passages, the largest values during the active mid-term
of cycle 23. Thus, data points shown in the lower-left corner of
Fig. A.1 (x, y < 1) represent measurements taken during pas-
sage of sunspots over the solar disc while those shown in the
upper-right corner represent observations during the declining
phase of solar cycle 23 and rising phase of cycle 24. All data
points are weighted by a bi-square function of their regression
residues, and so the leverage of outliers, e.g. transit of large sun
spots, on regression is minimized. We note that the regression
slope is clearly dominated by the number of data points (green)
with positive correlation, specifically by those in the upper-right
corner representing higher solar activity.

We also note that all points (magenta) that correspond to
anti-correlation between the TSI and SSI-500 are located very
close to the (1, 1) point in Fig. A.1. This means that all cases of
anti-correlation occur when the amplitude of the cycle is small
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Fig.A.1. SSI variation at 500 nm versus TSI variation for the period
from 2001 to 2012 with robust linear regression. Green dots (n = 104)
have positive correlation; magenta dots (m = 21) are anti-correlated
with TSI.
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Fig.A.2. The same as Fig. 3 but for annual mean values.

Table A.1. Slopes of the linear regression (shown in Fig. 4) between rel-
ative variations in the annual means of the VIRGO TSI and SSI monthly
snapshots.

Channel Slope 2-σ uncertainty 1-σ uncertainty R2

SSI-862 −0.71 [−1.55, 0.13] [−1.08, −0.34] 0.22
SSI-500 1.65 [1.02, 2.27] [1.37, 1.92] 0.79
SSI-402 −0.57 [−1.45, 0.32] [−0.96, −0.17] 0.01

and comparable to the uncertainty of the degradation correction.
Therefore, these points are the most sensitive to small devia-
tions in the degradation correction and accordingly the least re-
liable. When the data are restricted to the central cluster (within
a square region of 1 ± 0.0005), the slope is reduced to +0.561
[0.436, 0.686], but remains strictly positive.

The trend of annual-mean data shown in Fig. A.2 is apparent
to the eye: the green curve (500 nm) resembles the black (TSI)
while the red (862 nm) and blue (402 nm) lines almost corre-
spond to images of TSI mirrored at normalization level 1.0. We
note that the temporal position of the extrema of SSI variations
may be affected by the choice of the selected period. However
the sign of the correlation remains unaffected (see Sect. 3.1).
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Appendix A: SSI variations at 500 nm versus TSI

variations

A robust linear regression analysis of monthly snapshot varia-
tions of SSI at 500 nm versus TSI confirms the positive corre-
lation reported here. The lowest irradiance values occur during
sun spot passages, the largest values during the active mid-term
of cycle 23. Thus, data points shown in the lower-left corner of
Fig. A.1 (x, y < 1) represent measurements taken during pas-
sage of sunspots over the solar disc while those shown in the
upper-right corner represent observations during the declining
phase of solar cycle 23 and rising phase of cycle 24. All data
points are weighted by a bi-square function of their regression
residues, and so the leverage of outliers, e.g. transit of large sun
spots, on regression is minimized. We note that the regression
slope is clearly dominated by the number of data points (green)
with positive correlation, specifically by those in the upper-right
corner representing higher solar activity.

We also note that all points (magenta) that correspond to
anti-correlation between the TSI and SSI-500 are located very
close to the (1, 1) point in Fig. A.1. This means that all cases of
anti-correlation occur when the amplitude of the cycle is small
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Fig.A.1. SSI variation at 500 nm versus TSI variation for the period
from 2001 to 2012 with robust linear regression. Green dots (n = 104)
have positive correlation; magenta dots (m = 21) are anti-correlated
with TSI.
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Fig.A.2. The same as Fig. 3 but for annual mean values.

Table A.1. Slopes of the linear regression (shown in Fig. 4) between rel-
ative variations in the annual means of the VIRGO TSI and SSI monthly
snapshots.

Channel Slope 2-σ uncertainty 1-σ uncertainty R2

SSI-862 −0.71 [−1.55, 0.13] [−1.08, −0.34] 0.22
SSI-500 1.65 [1.02, 2.27] [1.37, 1.92] 0.79
SSI-402 −0.57 [−1.45, 0.32] [−0.96, −0.17] 0.01

and comparable to the uncertainty of the degradation correction.
Therefore, these points are the most sensitive to small devia-
tions in the degradation correction and accordingly the least re-
liable. When the data are restricted to the central cluster (within
a square region of 1 ± 0.0005), the slope is reduced to +0.561
[0.436, 0.686], but remains strictly positive.

The trend of annual-mean data shown in Fig. A.2 is apparent
to the eye: the green curve (500 nm) resembles the black (TSI)
while the red (862 nm) and blue (402 nm) lines almost corre-
spond to images of TSI mirrored at normalization level 1.0. We
note that the temporal position of the extrema of SSI variations
may be affected by the choice of the selected period. However
the sign of the correlation remains unaffected (see Sect. 3.1).
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Werner Schmutz 

C. Wehrli et al.: VIRGO SSI correlation with solar activity

Appendix A: SSI variations at 500 nm versus TSI

variations

A robust linear regression analysis of monthly snapshot varia-
tions of SSI at 500 nm versus TSI confirms the positive corre-
lation reported here. The lowest irradiance values occur during
sun spot passages, the largest values during the active mid-term
of cycle 23. Thus, data points shown in the lower-left corner of
Fig. A.1 (x, y < 1) represent measurements taken during pas-
sage of sunspots over the solar disc while those shown in the
upper-right corner represent observations during the declining
phase of solar cycle 23 and rising phase of cycle 24. All data
points are weighted by a bi-square function of their regression
residues, and so the leverage of outliers, e.g. transit of large sun
spots, on regression is minimized. We note that the regression
slope is clearly dominated by the number of data points (green)
with positive correlation, specifically by those in the upper-right
corner representing higher solar activity.

We also note that all points (magenta) that correspond to
anti-correlation between the TSI and SSI-500 are located very
close to the (1, 1) point in Fig. A.1. This means that all cases of
anti-correlation occur when the amplitude of the cycle is small
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Fig.A.1. SSI variation at 500 nm versus TSI variation for the period
from 2001 to 2012 with robust linear regression. Green dots (n = 104)
have positive correlation; magenta dots (m = 21) are anti-correlated
with TSI.
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Fig.A.2. The same as Fig. 3 but for annual mean values.

Table A.1. Slopes of the linear regression (shown in Fig. 4) between rel-
ative variations in the annual means of the VIRGO TSI and SSI monthly
snapshots.

Channel Slope 2-σ uncertainty 1-σ uncertainty R2

SSI-862 −0.71 [−1.55, 0.13] [−1.08, −0.34] 0.22
SSI-500 1.65 [1.02, 2.27] [1.37, 1.92] 0.79
SSI-402 −0.57 [−1.45, 0.32] [−0.96, −0.17] 0.01

and comparable to the uncertainty of the degradation correction.
Therefore, these points are the most sensitive to small devia-
tions in the degradation correction and accordingly the least re-
liable. When the data are restricted to the central cluster (within
a square region of 1 ± 0.0005), the slope is reduced to +0.561
[0.436, 0.686], but remains strictly positive.

The trend of annual-mean data shown in Fig. A.2 is apparent
to the eye: the green curve (500 nm) resembles the black (TSI)
while the red (862 nm) and blue (402 nm) lines almost corre-
spond to images of TSI mirrored at normalization level 1.0. We
note that the temporal position of the extrema of SSI variations
may be affected by the choice of the selected period. However
the sign of the correlation remains unaffected (see Sect. 3.1).

L3, page 5 of 5

SORCE 

VIRGO B+G 

VIRGO R 

28.01.2014 22 

• VIRGO/SOHO and SIM/SORCE 

measurements are in contradiction to 

each other in the visible part of the solar 

spectrum 

• But, taken into account the uncertainties 

of the VIRGO-TSI correlations, this does 

not imply that the large UV-amplitudes of 

the SORCE measurements are wrong 



Werner Schmutz 

b y 

Most of stellar data are in Strömgern (b+y)/2 

Stellar observations 

23 28.01.2014 



Werner Schmutz 

positive correlation 

(faculae-dominated stars) 

negative correlation 

(spot-dominated stars) 

Fig. from Lockwood et al. (2007) 

The idea is not new. See for example Preminger 

et al. (2011): 

“Therefore, we should not be surprised to find 

Sun-like stars for which activity and 

photospheric radiative flux are anti-

correlated, as they are for the Sun. How, 

then, can we explain that some Sun-like stars 

exhibit activity directly correlated with 

photospheric brightness? It could be due to 

the angle from which we view these stars” 

Stellar brightness variations 
versus activity 

24 28.01.2014 

The Sun is very close to the 

threshold of the transition 

between positive and 

negative correlation. 

Thus, the small residual could 

be either, positive or negative. 



The conclusion is backed up by the entire parameter 

space of magnetic activities   

Activity models for stars 

Werner Schmutz 25 28.01.2014 

Stellar measurements from Lockwood et al. (2007) 

Shapiro et al. (2014) submitted: 

SATIRE model  extrapolated to stars with 

different levels of magnetic activity 

Result:  

the Sun is faculae-dominated 

independently on the viewing angle   



Conclusions 
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 The “simple” question if the Spectral Solar 

Irradiance is positively 😋 or negatively 😕  

correlated with Total Solar Irradiance is 

answered by VIRG/SOHO as: 

 500 nm is clearly positive ! 
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Green 500 nm 
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Conclusions 

Werner Schmutz 28 28.01.2014 

 The “simple” question if the Spectral Solar 

Irradiance is positively 😋 or negatively 😕  

correlated with Total Solar Irradiance is 

answered by VIRG/SOHO as: 

 500 nm is clearly positive; 

 862 nm is straight, i.e. a very small amplitude 

(SIM/SORCE “ok”); 

 400 nm is difficult, possibly negative but 

maybe, also an additional instrumental 

effect. 
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Linearly detrended  
SPM-B measurements 
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Conclusions 

Werner Schmutz 30 28.01.2014 

 VIRG/SOHO: 

 500 nm is clearly positive; 

 862 nm is straight, i.e. very small amplitude; 

 400 nm is difficult, possibly negative but 

maybe also an additional instrumental 

effect. 

 Thus, published SIM/SORCE long-term trends 

are NOT confirmed by VIRGO/SOHO and most 

likely incorrect – in the visible 

 But:  

 Large UV amplitudes are not excluded ! 



Thank you  

for your attention 

PICARD SOHO 



What determines the spectral profile of the solar irradiance variability? 
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from Ermolli et al. (2013) 

also Ball et al. (2011), Lean & Deland (2012), Unruh et al. (2012)  

SORCE data vs. Models 

Rotational variability Activity trends 



Can the modelers change the 11-year variability without spoiling the rotational one?   

In principle, YES 

noise to the 
rotational 
variability 

possible contribution to 
the activity trends  



Hanle effect diagnostics allows one 
to go beyond the spatial resolution 
of the available magnetogramms   

Does the level of the quiet Sun activity change with time? 

L. Kleint et al.: Solar turbulent magnetic fields: Non-LTE modeling of the Hanle effect in the C2 molecule

Fig. 7. Best fits for Q/I (solid), as determined by the χ2-minimization,
to an example synoptic observation, the atlas and ms080509 (dotted, from
top to bottom). Blend lines (Fe I and Cr I) were not included for the
calculations which explains the large differences below 5139.8 Å.

The errors for the single measurements, which were deter-
mined from χ2-contours, are comparably large, because similar
amplitude ratios can be reached with different combinations of
B, ρJ and ρC. Figure 8 shows the contours of constant χ2-values
for the atlas observation for a fixed ρJ = 1.2. Contours for the
synoptic measurements are similar, although generally smaller
because their noise level is lower. In Paper I, the derived error
bars were smaller because they were determined directly from
the measurement noise and collisions were neglected. Here, the
collisions can compensate for variations in magnetic fields (see
Fig. 8) and therefore, we cannot conclude on any variability be-
tween the synoptic measurements and the atlas. The measure-
ment noise, σobs, was taken from the observations as the stan-
dard deviation of Q/ I of a region without spectral lines. If σobs

was overestimated, then the errors of the single measurements
would be smaller. Deriving the error bars from levels of constant
χ2-values assumes that the errors are distributed normally.
However, systematic errors may be present and in that case, the
current error bars may be underestimated. Because the actual
collisions rates on the Sun are unknown, it is not possible to re-
strict the field strength more exactly. The error bars get smaller

Fig. 8. Contours of constant χ2-values (confidence levels {68.3%,
95.4%, 99.7%}, solid lines; two degrees of freedom) for fits to the at-
las observation. ρJ was fixed and the contours were calculated for the
µ-value of the observation. The dotted ellipse represents a confidence
interval of 68.3% for one degree of freedom. It is used to derive the
errors of the single parameters by projections onto one dimensional in-
tervals (see Press et al. 2002).

Table 1. Parameters for best fits.

Observation B [G] ρC ρJ
Syn. obs.∗ 7.41 0.054 1.58
stddev σ 0.76 0.010 0.23

err. of mean σ/
√

78 0.09 0.001 0.03

Atlas 9.1 ± 1.5 0.045 ± 0.006 1.2 ± 0.2
ms080509 8.1 ± 0.8 0.047 ± 0.003 1.4 ± 0.1

Notes. (∗) Averages of 78 synoptic measurements with 0.07 < µ < 0.13,
their standard deviations σ and their errors of the mean. To obtain errors
of the mean, the standard deviations are divided by

√
78, assuming a

normal distribution of the errors.

with better statistics. Therefore, it certainly is worthwhile to con-
tinue the synoptic program and compare the atlas measurement
with future measurements taken during more active phases. The
errors given in Table 1, namely the standard deviation and the
error of the mean, both assume that the errors are distributed
normally, which we cannot reliably determine with the current
number of measurements because statistical tests are inconclu-
sive. If the errors follow a normal distribution, then the error of
the mean may be calculated as σ/

√
78, which would equal to

0.09 G. In this case, increasing the number of measurements and
thus the statistics, would lower the value of the error bars.

Even though a good fit is found for ms080509, it does not re-
produce the observed R1/R2 ratio. It is 0.56 in the model but 0.47
in the observation. We cannot provide a definitive explanation
for ms080509. It is unlikely that the collision rates were different
on one specific date at one specific place in the Sun. What may
be possible is a change in the anisotropy. Even though our slit
subtends 180′ ′ there could be a small chance to place it over a
region with anomalous anisotropy. The anisotropy in our model
was fixed using (average) polarization amplitudes and because
anisotropy, collision rates and magnetic field are linked, it could
explain the result of the fit. Also, the iron lines are more depolar-
ized for this specific measurement and the broad wing of the line
next to R1 could influence the ratio. In conclusion, we cannot ab-
solutely rule out any of the possibilities and can only speculate
about this measurement.
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from Kleint et al. 2011 

differential effect (very robust) 
 
line ratios depend on the magnetic 
field 
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there is a trend (3σ) 

from Kleint et al. 2011 

BUT no clear trend in 2011-2013 
data (Rameli et al. 2014) 

presently there is NO evidence for a link between the irradiance and turbulent 
magnetic field 

REMARK: The exact value of the magnetic field depends on the number of strong 
assumptions since a tricky NLTE radiative transfer calculations are involved. 
Nevertheless, the conclusion about the trend is robust.    



VIRGO and PREMOS 
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