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Spectral signature of uncombed penumbral magnetic fields
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Abstract. A combination of two penumbral models similar to those used by Mart́ınez Pillet (2000) is pre-
sented. One matches the observed rms fluctuations perfectly while the other reproduces the observed Net Circular
Polarization. No factor three mismatch exists in this case. The rationale of using two different, but strongly
coupled, models is explained.
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This paper discusses the criticism by Sánchez Almeida
(2001, this issue; SA) to the paper on penumbral magnetic
fields published by Mart́ınez Pillet (2000; MP). The two
observed magnitudes that are of importance are the Net
Circular Polarization (NCP1) and the pixel-to-pixel fluc-
tuations of the gradient with height of the (cosine) mag-
netic field inclination. This last quantity will be referred as
the rms fluctuations. The “uncombed” penumbral model
built by MP consist of a background magnetic field in
which more horizontal penumbral flux tubes are embed-
ded. The background and the tubes have a field-aligned
flow with different velocities. The inclination and velocity
jumps at the tube boundaries were found by MP to repro-
duce the observed NCP of the Fe I 6301 and 6302 Å lines.

This penumbral model does not provide information on
the rms fluctuations by itself; that would require a more
complex model including other tubes in nearby pixels. To
estimate the rms fluctuations, MP considered how differ-
ent realizations, of a more schematic model that preserves
key ingredients (see below), could account for the observed
magnitude of the fluctuations and chose to use a “random
zt model” in which the height of penumbral tubes was ran-
domly varied to estimate the rms fluctuations (see MP).
Key parameters that were included are the spatial resolu-
tion of the observations, the size of the jump in magnetic
field inclination at the tube boundaries, the tube diameter
and a weighting function, g(z). With the parameters used
by MP, the value of the rms fluctuations was found to be
a factor three larger than the observed one.
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1 The wavelength integral of the Stokes V profile.

The mismatch of a factor three was considered as quite
reasonable by MP but is now criticized by SA. We have
therefore generated a new combination of two models that
together reproduce the NCP at disk center and match the
rms fluctuations (1.4 10−4 km−1). This model has fill-
ing factor unity, a jump in inclination of 15◦ (MP used
30◦), background flow velocity of −3 km s−1 (MP used
−1 km s−1), and tube flow velocity of −5 km s−1 (MP
used −2 km s−1). The smaller jump in inclination is fully
compensated by larger flow speeds. Contrary to what is
stated in SA, almost any NCP value can be reproduced
after matching (in the random zt model) the rms fluctu-
ations by simply changing the flow speeds (which do not
enter in the rms estimate).

The use of two models is criticized by SA. We note
that the key ingredients from the models that use radia-
tive transfer to compute the NCP are all passed consis-
tently to the random zt model, except for the half width of
the weighting function g(z) which is not self-consistently
computed from the radiative transfer calculations (but
note that the same applies to the Lz parameter used in
the weighting function, g(z), of Sánchez Almeida 1998).
However, the 200 km width used by MP is a perfectly
reasonable value that corresponds to the size of the re-
gion where penumbral tubes are very efficient in generat-
ing NCP (in the range of 1.2–1.6 mÅ for Fe I 6302.5 Å).

The rms fluctuations are not directly accessible to ob-
servations. They are derived from the null divergence con-
dition applied to vector magnetograms. Comparison with
Sánchez Almeida (1998) therefore leads to the question
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whether the ∇·B = 0 condition can be satisfied in the ra-
diative transfer model that reproduces the NCP. As shown
already by MP (his Eqs. (3) and (4)), this condition only
demands having a purely azimuthal field vector B ≈ Bφ
when the background field lines wind around the penum-
bral flux tubes. This is a perfectly reasonable scenario.

Our schematic uncombed model points to the fact that
a penumbra consisting of 100 km size flux tubes cannot be

ruled out. Note that none of the two penumbral scenarios
studied by Sánchez Almeida (1998) represents this case.

References

Mart́ınez Pillet, V. 2000, A&A, 361, 734 (MP)
Sánchez Almeida, J. 1998, ApJ, 497, 967
Sánchez Almeida, J. 2001, A&A, 369, 643 (SA)


