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Variation of the Second Solar Spectrum
with the solar cycle
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Abstract. The three Volumes of the Atlas of the Second Solar Spectranyitie the linear
polarization measured inside the limb near the heliog@pbies with ZIMPOL (Zurich
Imaging Polarimeter) are based on observations done artenchaximum of the solar
cycle. Indications about a possible solar cycle dependefhtiee Second Solar Spectrum
already exist. We present here some measurements obtaifR8i@L in 2006 during peri-
ods of low solar activity with the same instrumentation aexhhique used for the first two
volumes of the Atlas. Our observations show that some sgduies, in particular chro-
mospheric lines, display remarkable changes, while thpeshaf most photospheric lines
remain unchanged.

Key words. Sun: linear polarization — Sun: Hanl&ect— Sun: solar cycle — Sun: ZIMPOL

1. Introduction observations have been done with ZIMPOL

. o . (Povel 11995; Gandorfer etlal. 2004; Stenflo
The linear polarization due to scattering Pr%2006).

cesses in the solar atmosphere shows spec- ) )

tral signatures that are very rich in physi- ©Observing programs with ZIMPOL started
cal information. Its appearancefidirs dra- N 1994, providing data recorded in se-
matically from the usual intensity spectrunféctéd wavelength windows during the min-
and it is therefore referred to as the Seconlum of the solar cycle [(Stenflo._1S96;
Solar Spectrum. An Atlas of the Seconddtenflo & Keller 1996, 1997)._In Fl_g. 11 of
Solar Spectrum observed near the solar polgienfloet. al. [(2000) the Mgtriplet lines at
(Gandorfer [ 20002002, 2005) was recordeefl67, 5173, and 5184 A recorded in 1995 at
around the maximum of last solar cycle (cfthe solar poles are presented. TA profiles
Fig.[l). The first two volumes of the Atlas wereShow a peak in each core of the three lines. In
obtained at Istituto Ricerche Solari Locarn&ontrastthese peaks are absent or strongly sup-
(IRSOL), while Volume 3 is based on obserPressed in Gandorfer’s Atlas.

vations performed during two campaigns at The most natural explanation for this be-
the McMath-Pierce telescope at Kitt Peak. Alhaviour is a solar cycle variation of the Hanle
effect due to the cycle variation of the magnetic
Send offprint requests to: M. Bianda properties of the polar regions on the Sun at the
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The data reduction technique has been de-
scribed in_Gandorfer et ial. (2004).
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3. Results

Our observations for the Mg5184 A line are

] shown in Fig[P. We compare th@/I profiles

4 reported here with Fig. 11 of Stenflo et.lal.

1 (2000) and with the Atlas data In_Gandoifer

(2000). Stenflo et al. found in 1995 a core

MV, 4 peak in theQ/I profile with an amplitude of

e 0.2%, while Gandorfer in 2000 found no peak
in the same line. Our peak amplitudes vary

Voll Volll Vol from 0.05% to 013%, and have been recorded

Fig. 1. Periods during which Gandorfer's Atlas Ofdrgglggr?egterslggr?:n?n];?nvnr\gi%ﬁsd.it-:—:#ss,’vegr;rége

the Second Solar Spectrum were recorded, relatéh | si t t the li
to the phase of the solar cycle by comparing wit e reappearance @/1 signatures at the line

the Sunspot Number (source SIDC, Solar Influenc&ENnter of the Mg 5184 A line at the poles.
Data analysis Center in Brussels). However, short term changes of the local con-

ditions also #&ect the amplitude.

Interestingly the shape of th@/I profile
atmospheric level of formation of the Mg sc iobserved at the south pole on 2nd August (last
lines. plot in Fig.[2) indicates self-absorption.

To investigate if other lines also show acor-  Strong Fe lines showing core peaks in
relation with the solar cycle we started in 2008he Atlas of the Second Solar Spectrum are
an observing program of the Second Soldtow observed to have weaker or no signa-
Spectrum at solar cycle minimum in severdures. As an example we present in Hib. 3 ob-
other lines and wavelength intervals. servations of the Fe4383 A line. Gandorféer

(2002) found a core peak in thg/1 profile of
0.4%, while in our observation performed at
2. Observations the North Pole on 10th August 2006 the peak

. . has disappeared. An observation at the South
Our observations were done at IRSOL W'”?East limb performed a couple of weeks later

the ZIMPOL polarimeter. The teCh.niquehowevershowedapeak amplitude a28%.
and instrumentation have been described In

Gandorfer {(2000,_2002). The ZIMPOL cam-
era is the UV-sensitive one usgd in Gandarfej conclusions
(2002). The ZIMPOL analyzer is composed of
a piezoelastic modulator (PEM) and a polarizFor most of the lines th€/1 profiles that we
ing beam splitter. The automatic guiding sysebserved in the summer of 2006, near the min-
tem (Kilveler et all_1998) was used to stabilizanum of the solar cycle, are similar to those
the position on the solar disk. A limb trackinggiven in Gandorfer’s Atlas of the Second Solar
device, based on a motor controlled tilt plateSpectrum. Even very tiny structures reported in
is used to correct for the image motion inducethe Atlas, which are just above the noise level,
by seeing in the direction perpendicular to thean be reproduced in our present observations.
solar limb. Several lines show variations as we have
The observations were performed in theeported here. Apparently photospheric lines
summer of 2006 in several lines. In the presemenerally do not show any changes, while
paper we concentrate on the results in thetMghromospheric lines can exhibit firent
5184 A and 4383 A lines. shapes and amplitudes.
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Fig. 3. Intensity and Stoke®/| profiles for the Fe
4383.55 A line. TheQ/| profile in the middle panel
as recorded at the solar North Pole £ cost =
.S’L) on 10th August 2006. Note the absence of the
centralQ/I peak. The last panel show€x| profile

Fig.2. StokesQ/I profiles observed in the Mg

5183.63 A line (solid lines), with corresponding
intensity profiles (dashed lines). The observatio
were done at the solar poles, about five arcsecon

inside the limb, corresponding jo = cosf = 0.1. ecorded at the South-East limb (thus far from the

The four plots refer to observations performed o
the following days (starting from the top): on 22nd§—‘0|es) on 23rd August 2006. Heref| peak can

e seen, although its amplitude is lower than that of
:tugltés"[\lzo(i?hGSBItgeoNnogtu PA(::gu(thr] 2105(t)2 2??# es th c())r(t) e Atlas of the Second Solar Spectrum (Gandorfer
Pole, and on 2nd August at the South Pole. 2002)

The best practical solution would be to
The Hanle &ect s likely to be at the origin do regular observations of selected lines or
of this behavior. This would mean that globaywavelength sections. Coordinated observations
variations of the magnetic field related to th&vould help to optimize the use of the facili-
solar cycle are involved, and that we now havéies during the periods when they are available
a new tool to investigate such cycle changes.to observe the Second Solar Spectrum with the
Although less likely, cycle variations of therequired precision.
Slr:ilisnoggr%:sofot;éhgh;?%lgg%? tgg,'? pﬁgﬁ:g:XAcknowledgements We are grateful for the finan-
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Furthermo_re, we have noticed that some “neﬁeferences
are changing their shapes and amplitudes on
a time scale of a few days. Thus a new Atla&andorfer, A. 2000, The Second Solar
would not be able to account for all such Spectrum, A high spectral resolution polari-
changes. metric survey of scattering polarisation at
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