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Abstract. The measurement of the Sr I line with full polarimetry and spatial resolution with THEMIS has
provided the unexpected result of an apparent correlation between the Hanle effect signals and the Zeeman
effect signals on this line. Traditionnally, Hanle effect signals in linear polarisation have been interpreted as
the signature of unorganized, turbulent fields, while Zeeman effect signals -mostly in circular polarisationwere interpreted as structured fields. The correlation between both observed by THEMIS requires a change
of mind respect to the picture of the quiet sun, with fewer structured fields and a turbulent field visible also
in deep magnetograms. This picture is supported also by recent results with Mn lines with strong coupling
with its hyperfine structure and of center-to-limb histograms of Zeeman amplitudes.
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Introduction

Aside from active regions, most of the solar photosphere is covered by weak polarisation signals that have led
to use the term quiet sun to refer to them. Nevertheless, such weak signals, when looked upon by powerful
polarimeters, reveal a complicated picture of swarming magnetic fields driven by advection flows related to solar
convection, sometimes showing a residual memory of the polarity of the global solar dynamo at that region and
time, and most often showing a salt-and-pepper aspect perhaps indication of a working local dynamo driven by
turbulence.
In the quiet sun the strongest signals can be seen coinciding with the supergranular boundaries and constituting altogether the photospheric network. The regions inside this network, the internetwork, are the ones
which attract most attention in general, and in this work in particular. A traditional cartoon of such internetwork regions can be drawn by putting together the conclussions from the two magnetic probes used to measure
magnetic fields over the solar photosphere. On the one side, the use of Zeeman effect and, in particular the
circular polarization signals has led, drawing from traditional use of these signals in active regions, to see tiny
structured fields everywhere, sometimes referred to as flux tubes, with field strengths spanning, depending on
the authors, from hundreds of G to kiloGauss. In recent times, we have witnessed a tendence to retrieve mostly
fields of hundreds of G rather than kG. On the other side, Hanle effect, the magnetically-driven depolarization
of lines polarized by resonant scattering, has concluded on the pressence of a turbulent, unorganized field with
strength from as few as 20G up to 100 or 200 G.
Hanle effect requires extremely sensitive polarimetry and because of that reason it has usually been explored
in the absence of any spatial resolution. Spatially resolved Hanle diagnostic would however allow the exploitation
of such a diagnostic tool in manners similar to Zeeman effect and such observational achievement has become a
goal for recent attemp ts in almost all solar telescope. THEMIS, thanks to its powerful polarimetric capabilities,
has been the first to succeed and the results presented here come from the first succesful measurement of Sr I
polarisation with spatial resolution.
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Observational results

The campaign took place in THEMIS in the fall of 2006. A fixed slit time series was acquired, with the slit
parallel to the limb and at 40 arcsecs of it (µ = 0.4). The time series was checked for spatial coherence and
summed up only if spatial coherence was high enough along the spectrgraph. The longer the time summation,
the better the polarimetric sensitivity and the worst the spatial resolution. Such a trade-off between polarimetric
sensitivity and spatial resolution was resolved to provide roughly 10−4 in polarimetric noise and 1 arcsec in mean
resolution. Fig. 1 shows an example of the Stokes parameters after data reduction as well as extracted profiles.
THEMIS allowed an easy retrieval of not just the linear polarization required for Hanle diagnostics, but also
the circular polarisation, where Zeeman signals were readily available for analysis as well. When drawing one
vs. the other, we obtained Fig. 2 which revealed a big amount of new information. In this work we should
nevertheless on the apparent correlation between both signatures,as put in evidence by the two boundary lines
drawn over the data cloud. Such correlation is remarkable in the sense that Zeeman diagnostics (in ordinates)
are supposed to provide information on the structured magnetic fields while Hanle diagnostics (in abscissas)
reveal an unorganized field. If the previous sentence holds right, both field topologies would not bear any
apparent physical relation among them and therefore their signatures would not be correlated.

Fig. 1. Example of the observations of the SrI line at 460.7nm with THEMIS.Left column: Images of the intensity,
linear polarization (Stokes Q) and circular polarization (Stokes V) with wavelength in horizontal and distance over the
sun in vertical (spatial size: 45 arcsec total). The Sr line can be identified by its strong Q signal. Right column:
Selected Q profiles (top) and V profiles (bottom) for granules (black line) and intergranules (grey line). Both the Hanle
depolarisation in Q and the Zeeman signatures in V are easily identified in this example.
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Statistical fluctuations of turbulent fields

Let us start from the hypothesis that a turbulent field may exist, since the Hanle depolarization observed on the
observed data could hardly be generated by any kind of organised magnetic field. The question arises whether
such a turbulent or disorganised field could still generate a Zeeman signature. Let us suppose a magnetic field
vector distribution with a gaussian probability distribution function (PDF). Such distribution can be written
in spherical coordinates as an isotropic distribution of the angles (therefore binomial in the azimuth and the
cosine of the elevation angles) and maxwellian in the modulus of the vector or field strength. Such distribution
has one free parameter: the mean B0 of the maxwellian distribution of the field strength.
It is clear that the appropriate integrals for the circular polarisation of a spectral line subject to the Zeeman
effect in such a field distribution are zero and that therefore one would not observe a Zeeman signature if
the pdf were to be fully realised in the formation region of the line. But this is not often the case over the
sun: one should expect that only a finite number N of PDF realisations are to be found in the formation
region. To guess the orders of magnitude of that N value, one can make the hypothesis that a typical scale
of variation of the magnetic field in the photosphere could be comparable to the mean free path of photons,
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Fig. 2. Amplitude of circular polarisation (due to Zeeman effect) vs. amplitude of linear polarisation (Stokes Q, due
to resonance scattering and Hanle effect) observed on the Sr I line by THEMIS. Crosses represent estimated errors in
both directions. Star symbols are for intergranules (points darker than the average) and diamond symbols for granules
(points brighter than average). The two continuous lines are drawn to limit the regions where data points are found.

so let us give the value of 1 km for such scale. Then in a resolution element of 1 arcsec × 1 arcsec one
should find 700 × 700 = 49000 different realisations of the PDF, so appropriate numbers for N would vary from
N=1 to N=105 . The mean value of the Zeeman signatures is still zero, but with N finite, one finds non-zero
statistical fluctuations of the Zeeman signature. A Montecarlo simulation is shown for illustration in Fig.3,
but the standard deviation of the actual fluctuations can be easily estimated as the amplitude signal for a
magnetic
field aligned with the line of sight and field strength equal to B0 (the mean of the maxwellian), times
√
N . Such is the continuous thick line found in Fig. 3. One can see that, for B0 = 40G the expected signals
are not so far from the actually√observed Zeeman signatures Lites(2002), . Furthermore, and because of the
slowly converging properties of N one should not expect, for N sufficiently large, that the observed Zeeman’s
signatures vary when the spatial resolution is improved by a factor of 2 for instance. This remark is found
to nicely explain the observed fact that both the ASP and DLSP instruments (with typical spatial resolutions
of 1 and 0.6 arcsec respectively) measure simular averages of circular polarisation signals (14M x/cm2 when
put in units of magnetic flux density)Lites & Socas-Navarro(2004), and that even recent Hinode measurements
Lites(2002) with a spatial resolution of 0.3 arcsecs still produce a comparable 10M x/cm2 .
Suppossing an isotropic distribution of fields is a too strong constraint, nevertheless, but the previous exercise
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Fig. 3. Circular polarization amplitude (absolute value) of the FeI line at 630.2nm due to the Zeeman effect computed for
a maxwellian distribution with mean B0 = 40G and isotropical orientation, as a function of the number N of realisations of
the referred probability distribution function. The thick continuous line shows the standard deviation of the distribution
of amplitudes. The dashed thick line gives 3σ values for inllustration.

is a good indication that even a completeley disorganised field as such distribution is, can still produce typical
Zeeman signatures for the quiet photospheric internetwork for maxwellians with mean values (B0 < 200G) that
match nicely the observed Hanle depolarisation. Such distributions result therefore in both appropriate signal
amplitudes for Hanle linear and Zeeman circular signatures and, obviously, both signals are correlated since
arising from the same field topology.
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Conclusion

We have presented THEMIS observations of the Hanle and Zeeman effects of the Sr I line in the quiet photosphere with spatial resolution. This is the first data ever acquired of those signals with spatial resolution, an
instrumental achievement in itself.
In this work we have discussed only one of the results of the analysis of that data: the apparent and unexpected correlation between the Zeeman and Hanle signatures. It is unexpected because traditionally the Hanle
signatures have been interpreted in terms of a turbulent disorganized magnetic field, while Zeeman signatures
have rather been seen as magnetic structures. Magnetic field distributions with high degrees of isotropy result
indeed in null circular polarization if fully realised. In practice, however, no probability distribution is fully
realized and one should consider the effects of statistical fluctuations of the average null signal. We present an
example in terms of a gaussian probability distribution function for the vector magnetic field, parameterized
with the mean value B0 of the maxwellian distribution which describes the distribution of the vector modulus
(the magnetic field strength). When such a fully isotropical distribution is realized a number of times which one
can consider typical of solar conditions and present spatial resolutions (a number smaller or of the order of 105 )
and for mean values typical of the observed Hanle depolarisations (B0 < 200G) the fluctuations of the Zeeman
signatures present amplitudes similar to those observed in the photospheric internetwork. Disorganized fields,
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capable of explaining the Hanle depolarisation, are also able to explain observed magnetographic amplitudes.
We conclude therefore that observed Zeeman signatures may as well result from organized as from unroganized
or turbulent magnetic topologies, and, in that later case, the correlations between Hanle and Zeeman signatures
observed with THEMIS appear naturally since arising from the same magnetic field.
An isotropical distribution of magnetic fields is a too constrained topologyTrujillo Bueno et al.(2004), , but
it shows that even the most unfavourable case for Zeeman effect signatures is able to provide the observed
amplitudes. Furthermore, the slow dependence of such fluctuations on the actual number of realisations and,
ultimately, on the spatial resolution of the observation, seems to satisfy a well-known observational fact, that
the average circular polarization amplitude observed on the quiet sun appears to be insensitive to the spatial
resolution of the data.
I wish to thank you for your cooperation.

References
Lites, B. W. 2002, ApJ, 573, 431
Lites, B. W., & Socas-Navarro, H. 2004, ApJ, 613, 600
Lites, B. W. et al. 2007, ApJ. In press.
Martı́nez González, M., Asensio Ramos, A., López Ariste, A., 2007, A&A. In press
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