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Abstract. We investigate the signal which is expected to be produced by magnetic field oscillations in sunspots umbrae due to
the combination of the oscillation model, radiative transfer and observing procedure. For this purpose we investigate the signal
expected to be produced by theoretical models of sunspot oscillations and compare them with the signal seen in observed power
spectra of sunspot magnetograms. We show that the amplitudes of the observed oscillations are compatible with the predictions
of the theoretical model of magnetoacoustic oscillations for the 5-min as well as for the 3-min band. For the particular sunspot
umbral oscillation models used, our analysis suggests that most of the expected observed power in the magnetogram signal
oscillations is actually due to cross-talk from the temperature and density oscillations associated with the magnetoacoustic
wave. A detailed modelling of the observing procedure turns out to be of central importance for the assignment of the observed
oscillations to a specific wave type.
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1. Introduction 5-min signal seen in the magnetograms could have its origin in

. I . _cross-talk.
Sunspot velocity pscnlatlons have been known foralong time. Our aim is to investigate if the observational signature
Relative o the quietsun, sunspots harbor_enhanced 3-min Cherf(?ﬁected to be produced by present theoretical sunspot um-
ggjﬁze(zc Oiﬁigasmfg;za)m%;?i?lﬁgggnfl_mrg %Z%tglsjzir\i”g;ss%_rhl oscillation models is compatible with the observations.
) g LIes : y S . eﬁ‘herefore, we will not review the subject of sunspot oscilla-
vations of oscillations of the sunspot magnetic field emst:af.

However, in the past few yearsifirent groups have reporte ions, but will concentrate on the comparison of a set of such
' . : bservations with the observational signature expected from
on such observations (Horn et al. 1997; Lites et al. 199t : g P

Norton et al. 1998, 1999, 2001:ugdi et al. 1998: Rédi & e theoretical umbral sunspot-oscillations model of Cally and

Solanki 1999; Bellot Rubio et al. 2000; Kupke et al. zoo&ﬁ-wprkers_ (Qally et al. 1994; L'Fes et al. 1998) and on the
Oysmal origin of the expected signal. Preliminary results of

Settele et al. 2002b; Balthasar 2003). For a review on sunsﬁ1IS work have been published by&di et al. (1999).

oscillations, see Staude (1999). : . .
. We first recall the observations on which we base our work
In general, models of (magnetoacoustic) sunspot umb%gl

oscillations tend to predict far smaller amplitudes of oscill ect. 2) and describe the model (Sect. 3). In Sect. 4 we de-

tions of the magnetic field (relative to the observed amplitudeesrmlne the expected observational signature produced by the

of the velocity oscillations) than are observed by most groumodel and filtergram measurements and investigate the origin

(Lites et al. 1998) and it is unclear if they are in agreementwiﬁfthe produced signalin Sect. 5. Section 6 addresses another
the observations measurement method — the center-of-gravity method. The case

o L . of 3-min oscillations is briefly looked at in Sect. 7. Finally the
Earlier investigations (R&di et al. 1998; Settele et al. y y

.. results are discussed in Sect. 8.
2002a) focussed on the cross-talk produced by velocity os-

cillations into the magnetogram signal measured using the

Michelson Doppler Interferometer (MDI, Scherrer 1995) u$. Observational signature

ing astatic constant magnetic fiel@fhe results of Settele et al. _ _ _

(2002a), who take into account the fact that the measuremeH§§ observations on which we base our comparison have been
of MDI's different filters used to produce the magnetograrRsésented by Bedi et al. (1998). These are MDI high reso-

are not made strictly simultaneously, suggest thatdf the lution field of view magnetograms and velocitygrams. More
specifically, we concentrate on the power spectra they observed
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sunspot of the region NOAA 7999 on Nov. 27 1996. This Here we concentrate on one of the oscillatory modes of
sunspot was located very close to disc center. the umbra with a period of 5 min and horizontal wavenum-
The power integrated over the frequency range 2.@er 196 x 102 + i6.18 x 10> km™ because it is a 5-min
3.9 mHz corresponds to rms fluctuations of 6.4 G and 76'm and mode producing rather largeoscillations relative to its
for the magnetogram and velocity signal respectively. The magescillations.
netogram oscillations lead the velocity oscillations by approxi- The output of the sunspot-oscillations code consists of the
mately 65. These are the observational results, which we ndwomplex) perturbations of the magnetic field vector, velocity,
try to reproduce using a theoretical sunspot-oscillations modéénsity and temperature as a function of height in the atmo-
For more clarity these values are summarized in Table 1.  sphere. For test purposes (cf. Sect. 5) we have in some cases
The following spot of the group shows peaks in the 6 mH2tained only some of the perturbations for the further compu-
band which will also be briefly investigated in Sect. 7. Thedations and set the others to 0. This will help us to see how
observations have the advantage to show power located in @agh of them indirectlyféects the measured magnetogram and
central part of umbrae which strongly reduces the risk of amglocitygram through small changes of the line profile.
contamination by stray-light from the penumbra or evolution We computed these perturbations for a series of time-steps
of umbra-penumbra boundary. sampling the 300 s period of the wave. These perturbations are
then superposed on the Maltby M atmospheric model appropri-
ate for a sunspot umbra and permeated by a constant magnetic

Table 1. Summary of observations. field of 1880 G corresponding to that of the observed sunspot.
Radiative transfer calculations through this structure yield the
Frequency [mHz] 6Bms[G] duvms[ms™?] Phase(] emerging spectral line profiles.
2.6-3.9 6.4 76 65

3.2. Simulation of MDI’s filters

MDI magnetograms and velocitygrams are computed from im-
ages obtained using 4 filters, which sample thel 8768 A
3. The model spectral line at dierent wavelengths (Scherrer et al. 1995). A
) ) ) combination of those 4 readings deliver a value which can be
As input for our computation, we use the fluctuations prognyerted to velocity using a look-up table. The magnetogram

duced by a model of sunspot umbral oscillations. These fluggna| is proportional to the fierence of the velocity values
tuations are then superimposed on a sunspot model atigfserved in right and left circularly polarized light.

sphere. Radiative transfer calculations are carried out through |, orger to compare the observations with the spectral line

this structure. Finally the observing procedure is applied to tB?ofiIes produced by the radiative transfer model, we apply

resulting spectral line profiles. More details on each stage Qb filter functions on each of the computed line profiles

the computations are given below. and determine the corresponding synthetic magnetogram and
velocitygram signal therefrom.

3.1. Model of sunspot oscillations In our computation, we assume that all filter measurements
are carried out simultaneously. This is not absolutely correct as

The model used assumes a monolithic structure of the umhtalfrectively takes 30 s to carry out the observations (Settele

magnetic field. It consists of a uniform vertical backgroungk al. 2002a), but it has the advantage of enabling us to isolate

magnetic field of 3000 G in hydrostatic balance. The tenge dfects of the various physical parameters which influence

perature structure of the model consists of 3 layers: in the measured signals. It does however miss some of the cross-

photosphere and chromosphere (betweea —122 km and tak from the velocity to the magnetogram time series.
z = 2146 km,z = 0 km being the solar surface, i.e. the layer
with + = 1) it follows the Malty M sunspot model (Maltby
et al. 1986). Belowz = —122 km, it is described by an isen-4. Comparison of observational and theoretically
tropic polytrope. Finally, it possess an isothermak(2CP K) expected signatures
corona above = 2146 km. Linear adiabatic waves are com- g
L o o . 4, 1. Constant magnetic field

puted in this structure for distinct oscillation frequencies and
horizontal wavenumbers. For more information on the modeigure 1 shows the results of the computations described above
(see Cally & Bogdan 1993; Cally et al. 1994; Lites et al. 1998s a function of time (for one period of the wave). The up-

The case of umbral oscillations in a spreading magneper (lower) panel depicts the magnetogram (velocity) fluctua-
field was discussed at length by Cally (1983). Under certdions around their mean values, expected to be seen by MDI for
simplifying assumptions, it was found that magnetoacoustite model under consideration. The oscillations are linear and
waves are not substantially altered by the field spread (thouggive been scaled so thatms ~ 75 ms?t. This corresponds
torsional Alfven waves are). Nevertheless, the preditereof to the amplitude of the velocity oscillations observed in the
declining field strength with height in the context of assessifigmin band by Rédi et al. (1998). We can now compare the
the importance of cross-talk to observations of magnetic peorresponding synthetic magnetogram signal with that present
turbations on sunspot atmospheres deserves further study. in the observations. The former turns out to show significant
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Fig. 1. Deviation of the magnetogram signal (top) and Doppler velo?-
ity shift from their mean values as a function of time over one perio
of the wave. The solid curves represent the case of a constant vert%
magnetic field, while the other curves show the results obtained 8
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Fig. 2. Perturbations produced by the model at a height of 98 km in

the sunspot atmosphere. The lines correspond to the following pa-
rameters: — solid: vertical magnetic field — dashed: vertical velocity

— dot-dashed: temperature — dotted: density.

the magnetic field strength at a specific height. Secondly, the
temperature and density oscillations inherent to the wave also
cause the height of formation of the spectral line in the atmo-
sphere to oscillate slightly. Due to the general decrease of the
magnetic field strength with height, this would translate into a
change in the sampled magnetic field strength.

Unfortunately, the present state of the theoretical models
used here does not allow us to self consistently compute waves
in an atmosphere with height-dependent magnetic field. To cir-
cumvent this we use the perturbations of the atmospheric pa-
gmeters computed in the presence of a constant magnetic field
g implement them into the Maltby M model to which we
d a magnetic field gradient. The gradient is fixed atrleg

adding a vertical magnetic field gradient into the atmospheric modat-05- It is our hope that a magnetic field gradient does not af-
The magnitude of the gradient is indicated in the lower figure.

fect the perturbations over the height range over which the line
is formed too strongly. The results of these computations are
included in Fig. 1 for diferent values of the magnetic field gra-

oscillations with a rms amplitude of 7.2 G. In principle, this iglient. None of these gradients exceeds the observed gradients
large enough to reproduce the magnitude of the observatiogpically reported in the literature (a review is given by Solanki
However, there is a discrepancy in the phase. Figure 1 sha®3). As can be seen from the figure, the influence of an in-
clearly that in this case, the synthetic velocity leads the magrReeasing magnetic field gradient is to reduce the amplitude of
togram signal which contradicts the observations. the observed magnetic field fluctuations measured by the mag-
Figure 2 shows the perturbations which were implementggtograph and eventually to invert its sign. In the process, the
in the model atmosphere at the height of 98 km, within th&gn of the phase fference between the velocity and magne-
height of formation of the line. It can be seen that the ampliogram signal fluctuations changes and Brescillations seen
tude of the velocity perturbations correspond to the observi@dhe magnetogram start leading over the velocity fluctuations.
one, while the magnetic field perturbations are much smallerTifis agrees with the behavior seen in the observations. It there-
the model at this given height then those detected taking ifigde turns out that the amplitude of the observed magnetogram
account the radiative transfer and detection scheme of MDI.and velocity oscillations can be reproduced by the model si-
multaneously with their phase relationship if a magnetic field
gradient of roughly-3 G/km is present at the analyzed location

. - in the sunspot atmosphere.
Numerous observations show that the magnetic field strength in P P

sunspot§ decreases with height (e.g. Wi}t_mann 1974, Banha{i‘"‘brigin of the observed magnetogram
& Schmidt 1993; Bruls et al. 1995; ledi et al. 1995; see
Solanki 2003 for a review). This gradient is strongest in the
photosphere and appears to decrease with height. In the pPetonishingly, the fluctuations of the magnetic field strength
ence of such a gradient, the influence of the MHD wave on theesent in the model atmosphere at a constant height (located
line profile (or measured magnetogram signal) may be twofoldside the range of height of formation of the spectral line)
Firstly, there is a contribution due to the time dependencewhich are shown in Fig. 2 are significantly smaller than the

4.2. Effect of a magnetic field gradient

fluctuations
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values suggested by the amplitude of the solid curve in Fig. 1. _ MDIFILTER METHOD
For a measured rms velocity fluctuation of 75 th ghe cor-
responding synthetically observed magnetic fluctuations corre- 1o
spond to 7.2 G rms. However, at a specific height in the atmo-
spheric model (within the height of formation of the line), the 5
magnetic field strength fluctuates by no more than 2.5 G rmg;
as can be seen in Fig. 2. (Note that since the magnetic fief
is principally vertical,|5B| is efectively 6B,). In this section

we try to understand what is at the origin of the magnetogram
signal oscillations in spite of the small intrinsic magnetic field
oscillations.

For that purpose, we investigate how each of the physical -1s | ‘
parameters taking part in the oscillationBeats the spectral 0 100 200
line profiles and consequently the output of MDI’s filters. As al-
ready mentioned, the perturbations which we implemented into
the atmospheric model are those of velocity, magnetic field,
temperature and density. In the following analysis we take a 19
step-by-step approach and switcfi the perturbations in one
quantity after another in each step. For this detail investigation so
we consider the case of an atmospheric model with a constagnt
vertical magnetic field. .

In a first step, we implemented all the fluctuations supplied
by the oscillations model, except the magnetic field fluctua-
tions. This case is represented by the solid curves in Fig. 3. It_m
can be seen that although the magnetic field perturbations have
been neglected, the amplitude of the synthetic magnetogram-1sot . . . . . . . .\ o
signal is similar to the magnitude when these perturbationsare © 100 . 200
taken into account (solid curves of Fig. 1). In order to simplify fime [s]
the understanding of Fig. 3, the magnetic field fluctuations hakig. 3. Same as Fig. 1, but all the curves now refer to an atmospheric
been neglected for all the plotted curves. model with a constant vertical magnetic field. Also in all cases the

In a second step, we also removed the density perturbatimnetic field perturbations produced by the wave have been ne-
(dashed curves). The amplitude of the expected measureddeted. In addition, the following _perturbations have been neglected:
cillations is reduced by a factor ofa This means that a sig-~ dasr_]ed curve: density perturbatlon_s — dotted curve: temperature per-
nificant cross-talk from the density perturbations into the ma%l_rbatlons — dot-dashed curve: density and temperature perturbations.
netogram signal is present.

In a third step, we retained the density perturbations, &itength and Doppler velocity shift (Settele et al. 2002a). The
neglected the temperature perturbations (dotted curves). H@sults presented so far described filter observations. Figure 4
again, a strong reduction of the expected measured oscillatighsimilar to Fig. 1 but shows the signature which would be
is achieved and reaches almost a factor/8f Zonsequently, if expected using spectroscopic observations of Stbkaesd V
both the density and temperature perturbations are neglecgt] determining the magnetic field strength using the center-
i.e. if only the velocity perturbations are implemented, almosf-gravity method (using of course the same spectral line as
no magnetogram oscillation is expected to be measured,used by MDI: Ni | 6768.78 A). It can be seen that the pres-
shown by the dash-dotted line in Fig. 3. ence of a magnetic field gradient has a similfieet, but the

In summary, most of the measured magnetogram oscilf@lative phase between the magnetic field and velocity signals
tions produced by this particular wave are actually due to crostained from the evaluation has the opposite sign to that ob-
talks from the density and temperature oscillations (couplégined with MDI. This illustrates that it is far from trivial to
with the velocity oscillations) and only a small amount is dudetermine types of oscillations simply from the phase shift be-
to true magnetic field oscillations. This is partly a peculiarity dfveen the measured magnetic and velocity signal. Attempting
MDI’s sensitivity to changes of the spectral line profile shaptq associate a specific wave type to observations consequently
which are mostly due to the temperature and density variatidrs to include a precise modelling of the observing and analysis
rather then to the magnetic fields and velocity variations inhgrrocedure.
ent to the wave. This difference between the 2 methods may be understood
by keeping in mind that the velocity and magnetic field de-
livered by the magnetogram as well as the center-of-gravity
method do not correspond to values at a specific height in the
The observational signature to be expected from magnetealar atmosphere, but rather give an approximation of those val-
coustic gravity waves depends strongly on the type of obsees over the height of formation of the spectral line (Uitenbroek
vations and on the method used to determine the magnetic fi2@D3). In addition, the methods areffdrently sensitive to
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. CENTER OF GRAVITY METHOD Table 2.3-min oscillations.

Period [S] 0Brms [G] OUrms [m 571] 6Brms/Ovms [GS’m]

179.4 2.1 15.5 0.1
153.8 5.6 4.7 12
151.6 6.0 4.2 14
Observed 54 10.7 0.5

w
Ty T T T T T

LA B B B R U
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It can be seen that depending on the mode considered the
-10 ‘ ‘ ratio of the magnetic to the velocity oscillations is either larger
300 or smaller than the observed ratio. This suggests that 3-min
magneto-acoustic modes are also able to reproduce the obser-
vations. Our aim being to show that the state-of-the-art model
calculations are in principle able to reproduce the observations,
we do not attempt to pick out the exact mode which reproduces
these observations the best. It should be noted that Settele et al.
(2002a) were unable by far to reproduce the amplitude of the
3-min magnetogram fluctuations simply by cross-talk from the
velocity signal (using a static constant magnetic field).
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Av [m/s]

B=const
- --- B+grad 0.84 G/km
- B+grad  1.68 G/km
——————— B+grad 2.53 G/km
——e B+grad 2.95 G/km

-50

8. Discussion
-100 &

Different types of oscillations imply fierent relationships

50 C between the magnetic field and velocity oscillations. Ulrich
100 200 300 (1996) clearly summarized the- B relation for Alfvén waves

Time [s] . .
and compressional waves. The Adiviwaves are expected to

Fig. 4. Same as Fig. 1, but now simulating observations of Stékede observable away from disc center and the phase angle be-
andV measured v_vith a spectrog_rap_h and using the center-of-grauyeensB andév should be 0. The compressional mechanism is
method to determine the magnetic field strength. best observed close to disc center and the phase angle between

6B andév should be close tar/2 with an additional random

subtle chang(—;-s of the line profile’g ;hape. Inversion tecmiq‘t%?nponent, whereby the downward velocity is expected to lag
may solve this problem by providing the depth-dependenggping the magnetic field oscillations.

of the atmospheric parameters. However, even inversion tech-g,nsnnts are not expected to harbor strong oscillations of
niques are confronted with thefficulty to relate the optical y,o ,a5netic field strength. However, various groups reported
depth with the geometrical height (Bellot Rubio et al. 2000). o, the ghservations of such oscillations. They reach@elréint

It should also be stressed again that in this paper we assygie|ysions as far as the origin of the oscillations is concerned.
that all the measurements necessary to determine the velogfiy, e 5|, (1997) presented a significant detection, but didn’t
and magnetic field at one time-step were carried out simultangy, /e it further. Lites et al. (1998) claim that their detection is
ously. In addition, the time necessary to carry out the obserygag: nrohably due to instrumental cross-talk. They based their
tion will also produce some additional cross-talk as was shoWtyiaction on the oscillations expected in a theoretical model at
by Settele et al. (2002a). a specific height and on the phase relation between the mag-
netic and velocity oscillations. Norton et al. (1998) interpreted
their observations in terms of magnetoacoustic waves due to
The observations of idi et al. (1998) also show a sunspdheir phase relationship.uRdi et al. (1998) came to the same
with a power peak in the 3-min band. The signals integratednclusion using a similar argument and doing simple tests on
over that band correspond to oscillations of 5.4 G rms attik possible influence of some atmospheric parameters. Bellot
10.7 ms?! rms. In this case the magnetic oscillation is mucRubio et al. (2000) see the origin of the oscillations they mea-
larger relative to the velocity oscillations than in the 5-misure in opacity ffects.
band. We are interested to see if the amplitudes of such oscil- Here we have shown that a theoretical model of sunspot
lations also correspond with the predictions from models. Fombral oscillations is able to reproduce the 5-min oscillations
that purpose we used 3 oscillatory modes resulting from Cally{asmplitudes and relative phase) observed bgdt et al. (1998)
model with periods of respectively 179.4 s, 153.8 s and 151.6fsa magnetic field gradient of the order of 3k is present in
We scaled the perturbations so that the order of magnitudetioé atmospheric model. We showed that a large part of the mea-
the simulation’s output corresponds to that of the observed rewged magnetic oscillations is actually due to cross-talk from
velocity oscillations. The results are listed in Table 2 for thine density and temperature fluctuations produced by the
different modes. wave itself. This strengthens the long-held view that weak

o
LML N L L L I L B A

a

7. 3-min oscillations
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magneto-atmospheric waves are indeed present in sungpoperative mission between the ESA and NASA. This work was
umbrae. The amplitude of the observations carried out in thartly supported by the Swiss National Science Foundation, grant
3-min band are also compatible with such models. This anlo. 21-45083.95, and by a grant from the ETH¥ch.
ysis doesn'’t rule out other interpretations of the observations,
bu_t s_hows that 'Fhey are not in contradiction with the pre_seng_%’eferences
existing theoretical models of sunspot umbral observations, in
spite of the small magnetic fluctuations that these models &althasar, H. 2003, Sol. Phys., in press
hibit at the height of the line formation. Balthasar, H., & Schmidt, W. 1993, A&A, 279, 243

Finally, our analysis demonstrates that in order to propeﬁ;‘?";toi:g'lj’e*zl‘i_'?da;g"?dggbgﬂ'A';;“; gfb;égB” &
interpret the naFure of the observed oscnlatlo_ns, it is absolut M Is. 3. H. M. J., Sola’nki, S, K’., Ca’rlssoﬁ, M.. & Rutten. R. J. 1995,
necessary to directly compare the observations with a mode A&A, 293, 225
taking into accour_lt the _ph_y5|cal properties of_the oscnlathga"y’ P. S. 1983, Sol. Phys., 88, 77
model, coupled with radiative transfer calculations as well gy, p. S., & Bogdan, T. J. 1993, ApJ, 402, 721
taking into account the complete observing and analysis pkoally, P. S., Bogdan, T. J., & Zweibel, E. G. 1994, ApJ, 437, 505
cedure. In other words it is not fiicient to compare the mea-Horn, T., Staude, J., & Landgraf, V. 1997, Sol. Phys., 172, 69
sured velocity and magnetic signals with the model's charathomenko, E. V., Collados, M., & Bellot Rubio, L. R. 2003, ApJ, 588,
teristic signatures as for example the phasieténce between 606
velocity and magnetic field fluctuations expected at a definfelPke, R., Labonte, B. J., & Mickey, D. L. 2000, Sol. Phys., 191, 97
height for a certain oscillation type, but all the details of the r&ites: B. W. 1992, in Sunspots: Theory and Observations, ed. J. H.
diative transfer and observing procedure have also to be taken'"omas, & N. O. Weiss (Dordrecht: Kluwer), 261

into account if one wants to associate the observations withT'}fZ’QE' X\&Thomas‘ J. H., Bogdan, T. J., & Cally, P. S. 1998, ApJ,

specific oscillation type. This is in agreement with the papgf, . b avrett, E. H., & Carlsson, M., et al. 1986, ApJ, 306, 284
by Settele et al. (2002a) who address the influence of the de(l%'rton, A. A, Ulrich, R. K., Bogart, R. S., Bush, R. I., & Hoeksema,
tion of the observing procedure on the produced magnetogramj T, 1998, in New Eyes to See Inside the Sun and Stars, ed.
oscillations. F.-L. Deubner, J. Christensen-Dalsgaard, & D. Kurtz (Dordrecht:
MDI observations clearly show the presence of MHD Kluwer), IAU Symp., 185, 453
waves in sunspot umbra which are shown to be compatible witbrton, A. A., Ulrich, R. K., Bush, R. I., & Tarbell, T. 1999, in 3rd
the present theoretical models of sunspot umbral oscillations. Advances in Solar Physics Euroconference, Solar Magnetic Fields
However, the informational content of MDI's measurements do and Oscillations, ed. B. Schmieder, A. Hofmann, & J. Staude,
not give enough information to fully characterize the physical ASP Conf. Ser., 136

sk : : A. A., Ulrich, R. K., & Liu, Y. 2001, ApJ, 561, 435
state of the umbra which is necessary to uniquely associate fiy fon, PR N » AR, 96,
observations with a specific oscillation type. Riedi, I., Solanki, S. K., & Livingston, W. 1995, A&A, 293, 252

W to ci t thi bl f le si F[jedi, l., Solanki, S. K., Stenflo, J. O., Tarbell, T., & Scherrer, P. H.
lays to circumvent this problem are for example simul- 1998, A&A, 335, L97

taneous observations with other observing systems delivgfiqi |., & Solanki, S. K. 1999, in 3rd Advances in Solar Physics
ing additional information on the physical state of the um- gyroconference, Solar Magnetic Fields and Oscillations, ed. B.
bra such as possibly magnetograms sampled in other spec-Schmieder, A. Hofmann, & J. Staude, ASP Conf. Ser., 131

tral lines, i.e. other height in the atmosphere, or the use éherrer, P. H., Bogart, R. S., & Bush, R. I., et al. 1995, Sol. Phys.,
spectro-polarimetric observations as presented by Bellot Rubio 162, 129

et al. (2000) and further analyzed by Khomenko et al. (2003)0lanki, S. K. 2003, A&ARyv, 11, 153

However, such ground-based observations have the shortc&itele, A., Carroll, T. A., Nickelt, 1., & Norton, A. A. 2002a, A&A,
ings of being &ected by seeing fluctuations and produce only 386, 1123

1-D spatial cuts through the sunspot in contrast to the 2-D m tesnec;e' ’3‘" f;g‘gair;hé'r\g' f&\')/“;]g'ad;;]'(é 2|0?in A‘f‘A‘ §9r2, 10n£:5r i
produced by MDI. aude, J. , ances olal YSICS Euroconterence,

Solar Magnetic Fields and Oscillations, ed. B. Schmieder, A.
Hofmann, & J. Staude, ASP Conf. Ser., 113
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