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Chromospheric polarity reversal on sunspots: New insight
from spectro-polarimetric measurements
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Abstract. We present here spectro-polarimetric observations of chromospheric and photospheric lines on an active region. W
show that the presence of polarity reversal between photosphere and chromosphere cannot be detected relying on magnetogrz
and broad band and even narrow band filters only. We demonstrate that opposite signs in Call magnetograms in sunspo
compare to photospheric magnetograms are not due to a reversal of the magnetic field, but rather due to the presence of lii
core emission as suggested from theoretical argumentsiigh®z Almeida (1997).
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1. Introduction mode of the THEMIS telescope It allows to obtain 2-
dimensional maps of the solar active region. Four lines wi
Most of the solar magnetic field observations concern the phacorded simultaneously. We report here results on the ph
tospheric magnetic field. The chromospheric magnetic field dgsheric (Fe 630.2 nm) and the chomosphericqH$56.3 nm
serves less attention maybe due to intrinsifililties to mea- ang Car 854.2 nm) line profiles. The sunspot was locat
sure and interpret. Itis however evident that a better knowled@gg_S17 the first day of observation and reached E08-
of the chromospheric magnetic field would be of fundamentige |ast day. The region was scanned with step®f (the size
importance, for example to study the details of the magnefi¢the spectrograph entrance slits width).
flux emergence from the low layers of the solar atmosphere to 1,4 spatial sampling along the slit i50/pixel. The spec-

the corona, or to investigate magnetic field topology changes;g, sampling is 35 mpixel for Cau, 27 mAypixel for Ha and
active region (especially in regions giving eruptive events). 55 A/pixel for Fa. The exposure time for all wavelength

Among the few observational studies, the presence of “pras 300 msec. Seeing conditions limited the spatial resolut
larity reversal” between the photosphere and chromosphe&sebout 1.
was mentioned by Wang & Shi (1992), Li & Zhang (1994).  The so-called % 1’ THEMIS spectro-polarimetric config-
Sanchez Almeida (1997) points out that such reversal may Rghtion was used: the two beams with orthogonal polarizat
be due to true magnetic field reversal but rather to the preseggging the analyzer are directed into a single camera. The fi
of emission in the line core. The arguments were based on thgpyiew covered by the entrance slits of the spectrograph is
retical simulation and sofar no new observations confirmed tigam inversion was performed for the linear polarizat@n
hypothesis. the top part of the camera received sequentiayQ, | — Q,

In this work we provide observational evidence supporting+ U andl — V while the bottom part recorddd- Q, | + Q,
that the reversal is due to lie emission. l-U, | +V.

This observing strategy allows to reduce the errors com
from uncertainties on the flat-field, to correct for the cross-te
between Stokes parameters (applying a known demodula
matrix) and to reduce the impact of the seeing induced crc

Observations on active region NOAA 0019 were performed bé/K due to the time delay between to successive polarime
tween July 2nd and July 6th 2002 with the spectro-polarimetfli€asurements: 1 s (Skumanich et al. 1997).

2. Observation

! THEMIS is operated on the island of Tenerife by INSU
Send gprint requests toC. Briand, CNRSCNR in the Spanish Observatorio del Teide of the Instituto
e-mail:cbriand@themis.iac.es Astrofisica de Canarias.
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Fig. 1. Magnetograms in Qa(top) and Fe(bottom) from data obtained on June 2nd 2002 at 15h11 UT (left) and June 6th 2002 at 08h20 U
(right). The rectangles underlines the area where a “polarity reversal” seems to be present on the sunspot.

The final error of the measurements &l. = 1073 for respectively. A change of sign &f can result either from a
Fa and 5x 1072 for the two chromospheric line$(stands for change oB,os or from the presence of emission core in Stokes
one of theQ, U or V Stokes parameter arld stands for the profile that induces a change on the sigh’a'§f.
intensity of the continuum in Quiet Sun region).

The Land¥ factor of the FE630.2 nm line is 2.5, of the
Car 854.2 nm line is 1.1 and of &lis 1. All lines exhibit a 3 paig analysis
normal Zeeman pattern with two lobes of opposite polarities
for StokesV. 3.1. Evidences of polarity reversals?

. . ) In a first attempt, the magnetograms fromnCand Fe are
2.1. Line of sight magnetograms reconstruction compared. Two examples are presented in Fig. 1. It is clear

All intensity maps were reconstructed at line center, simuldfiat @ small area (in the rectangles of the previously men-
ing filter with a narrow bandwidth of 125 mA. Magnetogramioned figure) shows opposite sign in the photosphere and the
presented in the following sections were drawn from a fixédiromosphere. Note that the two magnetograms correspond to
pixel position corresponding to the blue peak of Stokesf the same observed region (the phenomenon is thus stable ovel
each spectral lines. Such reconstruction technique does nof®§ny days). However, as explained in the previous section, this
to give any absolute value of the line of sight magnetic fiel@henomenon can also result from an emission in the line core.
Rather it mimics the operation of a magnetograph and alloW@ check if the region presents activity we display its intensity

to show apparent reversal of the Stokepeak. maps (drawn as described in Sect. 2.1) in Fig. 2.
In the weak field approximation, Stok¥sis related to the Such maps (even if obtained at line centre) do not exhibit a
magnetic field by the following formula: specific chromospheric activity, or at least do not strongly show

if the intensity profile is or not in emission. Such kind of argu-
V = 4x 10 B¢ AZQBIOde_ (1) mentwas u_sed by Wang & Shi (1992) to prove the real nature
2 of the polarity reversal from chromosphere to photosphere.

wheregeg is the dfective Land factor,« the filling factor,Bjos Another way to put in evidence the presence of a polar-
the magnetic field along the line of sight aHtl the Stoked ity reversal could be to look at the G&5tokesV parameter.
coming from the magnetic element. For this expression to beleed, two photospheric lines are present at about 0.3 A on
valid, I™ andV have the same units and wavelength and matipe blue wing (see also Fig. 3). Once again, we could conclude
netic fields have to be expresssed in Angstrom and Gaussthe presence of a polarity reversal in this region.
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Fig. 2. Intensity reconstructed maps from thetd® line core corresponding to the magnetograms of Fig. 1. The rectangle underline the
where opposite signs are detected on the magnetograms. Intensity maps are in linear scale.

0.03¢ ' ’ E Finally, Fig. 4 presents another case of reversal of |

: ] StokesV peaks for Ca together with Feand Hr. Cau line
presents an apparent reversal of the Stokgmeak, while Hy
does not. An interpretation in terms of magnetic field rever:
is hardly possible since the two lines are formed almost at
same solar height. The only way to explain this discrepanc
that the opposite sign of the StoKégeaks in Ca and Hr is
only due to the presence of an emission in tha& Care while
He does not exhibit such a feature.
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At first glance, chromospheric magnetic field measurem

StokesV obtained with the weak field approximation. Both profileé; eems to show .a polgrlty reversal of th.e magnetic field cc
are very similar for the Qalines. The discrepancy in amplitude forpared to the orientation at pho_tosphenc level. Howe_ver, ‘
the Fe line at 853.8 nm comes from the multiplicative factor that wa@ve presented here several evidences from observational
used to adjust the @aine (non fitted lines are telluric lines). The twothat such phenomena is not real, but mainly due to the pi
lines on the blue wing of Gaare iron lines. ence of core emission of an absorption line. We must qu
that the results are representative of the whole set of data |

) ) ) ) _ning from the July 2nd to July 6th 2002. We found several are

However, we will show in the following that this “polarity \ith such phenomena in @R line, but we never found evi-
reversal” does not really exists. dence of Stoke¥ peak reversal (compare to the photosphe
lines) from Hx line except in region of flares. Thisftérence

3.2. Evidences for misinterpretation between the two lines is easily explained by thfetence of
) sensitivity of the two lines in respect to the temperature.

To test the presence or not of a polarity reversal, we compare The reality of the existence of polarity reversal (or “tra

the observed Stokééprofiles with theV profiles coming from sg'ent events”) was already discussed and rejected from ob

the weak field approximation formula. With such arJpro"’mrl'\'/ational point of view (Lotzitskaya & Lozitskil982; Patterson

a polarity reversal is indeed present, the sign of the fit would 9 84). However, these studies discussed the subject base

mcorr_ect for the chro_mosphenc lines but corregt for the phota— otospheric lines in case of flares. The study presented |
spheric structures. Figure 3 shows the comparison between S d new arguments from spectro-polarimetric observatic

StokesV obtained from the weak field approximation and tth photospheric and chromospheric lines measured strictly

observed Stokeg. The correct fitting of both Qaand photo- . . ) i
multaneously, in active region away from flares. It gives o

_spherlc lines shows thé.lt the reverse sign of the peak of Smkes?ervational evidences for the theoretical conjectureanichéz
is not due to a magnetic field reversal.

As argued by 8hchez Almeida (1997), the line core emis'-A‘ImGIda (1997).

sion can be undetected if it occurs in a dark structure of a
sunspot. And, indeed, Fig. 4 (middle panel on right) shows tieknowledgementsThe authors thank the referee for the very per

Stokesl profile of Car which clearly exhibits such emissionnent remarks and J.aithez Almeida for the interesting discussion
profile. A. Vecchio acknowledges the support given by THEMIS telescope

Fig.3. Comparison between the measured Stokegthick) and
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Fig. 4. StokesV (left) andl (right) for Fa, Car and Hx (from top to bottom), relatively to the quiet sun intensity continuum. Also superimposed
on Stoked, the intensity in a quiet Sun region around the “polarity reversal” area.
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