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ABSTRACT
Recent multi-instrument spacecraft studies of the solar photosphere and chromosphere have uncovered

a featureÈa ““magnetic shadow ÏÏÈnot previously discussed in the literature. A region of the mid-
chromosphere neighboring, but not within, a network magnetic element exhibits a suppression of both
the mean UV line/continuum intensity and the characteristic 3 minute oscillation that is clearly observed
elsewhere in apparently similar internetwork regions. The clearest cases appear to occur rarely, and their
properties stand in obvious contrast to the well-known ““ aureoles ÏÏ of enhanced variability seen sur-
rounding some plage regions. It is imperative to understand more clearly the nature of the shadow
region, not least because the suppressed atmospheric heating within it has implications for heating pro-
cesses elsewhere in the chromosphere that are dependent on, or at least related to, the 3 minute oscil-
lation. Based on the measured photospheric magnetic Ðeld, its upward extrapolation, and the appearance
of spectral features formed above the midchromosphere, we suggest that a shadow occurs when magnetic
structures, in a relatively weak background Ðeld, ““ close ÏÏ locally within the chromosphere, suppressing
the upward propagation of magnetoatmospheric waves into the chromosphere.
Subject headings : Sun: atmospheric motions È Sun: chromosphere È Sun: magnetic Ðelds È

Sun: transition region È Sun: UV radiation

1. INTRODUCTION

In a recent paper, Judge, Tarbell, & Wilhelm (2001, here-
after JTW) presented time series observations of the solar
photosphere and chromosphere obtained as part of the
Solar and Heliospheric Observatory (SOHO ; Fleck,
Domingo, & Poland 1995) and Transition Region and
Coronal Explorer (T RACE ; Handy et al. 1999) Joint
Observing Program 72 (““ JOP72 ÏÏ). They drew attention to
a striking suppression in both the time-averaged and 2È3
minute oscillatory components of the UV continuum inten-
sity at 1195.8 formed in the midchromosphere, observedA� ,
over an D10@@] 10@@ area adjacent to a typical quiet-Sun
chromospheric network element with the Solar Ultraviolet
Measurement of Emitted Radiation (SUMER) instrument
(Wilhelm et al. 1995) on SOHO. JTW noted that this was
just the clearest example of several in their data sets. They
dubbed this suppression a ““magnetic shadow ÏÏ since the
network element appears to ““ cast a shadow ÏÏ over the
neighboring, also apparently ““ typical,ÏÏ internetwork
region. The phenomenon is particularly interesting in the
light of observations showing enhanced chromospheric and
photospheric oscillatory power with 3È5 minute periods in
areas, called ““ aureoles,ÏÏ that surround plage regions of
larger photospheric magnetic Ñux (see, e.g., Braun et al.
1992 and Brown et al. 1992). Hints of such aureoles have
recently been reported in quiet-Sun T RACE UV contin-
uum intensities, formed between the photosphere and the
chromosphere, by Krijger et al. (2001). These data, when
considered together, suggest that magnetic Ðelds are related
either directly or indirectly to the suppression (shadow) or
enhancement (aureole) of oscillatory behavior observed in
the chromosphere.
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It is important to identify the physical nature of magnetic
shadows, not only because of their obvious contrast with
the aureoles but also because the implied suppression of
atmospheric heating in the shadows has consequences for
heating processes elsewhere in the chromosphere that
depend on, or are at least related to, the dominant 3 minute
oscillation. To this end, we reexamine the time series data
set examined by JTW that, among the other Ðve discussed
by them, most clearly shows the shadow-like behavior. It
was obtained on 1999 February 26 between 23 :03 and
00 :28 UT and is labeled ““ 26 Feb 1999 (II) ÏÏ by JTW.4 To
supplement the earlier analysis, we compute potential Ðeld
extrapolations of data from the Michelson Doppler Imager
(MDI; Scherrer et al. 1995) instrument on SOHO and
examine the properties of spectral features formed higher
than those discussed by JTW. Our aim is to understand the
physical di†erences that can be inferred between the
shadow and more typical internetwork regions. We propose
that the chromospheric magnetic Ðeld topology, estimated
using potential Ðeld extrapolations, determines the
““ shadowy ÏÏ nature of the time-averaged intensity and oscil-
latory signal observed in the 1999 February 26 (II) JOP72
data.

2. A CLOSER EXAMINATION OF THE 1999 FEBRUARY 26 (II)
DATA SET

Figure 1 displays several panels, each providing a close-
up of the region containing the shadow in the 1999 Feb-
ruary 26 (II) data set. The various quantities are shown as
functions of position x along the projected SUMER slit
(abscissa, in arcseconds) and time t (ordinate, in minutes).
This Ðgure augments those of JTW by including the N I, Si
II, and Si III emission-line intensity time series data from
SUMER. These lines are formed higher than the 1700 A�
(T RACE) and 1195.8 (SUMER) continuum data empha-A�

4 Details of the observations (pointing, co-alignment, spectral windows,
exposure lengths, etc.) and data reduction are discussed by JTW (their ° 2).
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FIG. 1.ÈComplete set of photospheric and UV/EUV 85 minute time series observations for the SOHO T RACE JOP 72 on 1999 February 26, as(B
A
, v

A
)

discussed by JTW. In panels (cÈf ), notice the dramatic reduction in the oscillatory signal, associated with the chromospheric 3 minute oscillation, and
line/continuum intensity about spatial position 80. This is the ““ shadow.ÏÏ The white dotted line is drawn for reference in each panel, and the approximate
formation height of the signal is shown at the top. Notice that the shadow shrinks in spatial extent with height until (g), where it is virtually indistinguishable
from the background at or around 1.7 Mm.
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sized by JTW. By presenting the observed time series in this
way, we can study qualitatively all of the spectral informa-
tion available, formed from the photosphere (Figs. 1a and
1b) through the low-transition region (Fig. 1g), as discussed
in ° 3.1 of JTW.

The shadow itself is most clearly seen in the 1195.8 A�
continuum time series (Fig. 1d) as the broad, persistently
dark feature between and immediately tox0\ 75 x0\ 85,
the left of the bright chromospheric network element (the
subscript ““ 0 ÏÏ in refers to the instrument pointing atx0t \ 0). This is the location of the shadow as identiÐed by
JTW. Indeed, to aid the reader we have placed a light
dotted line over the location of the shadowÏs apparent
center, drawn by eye using Figure 1d, in each of the panels
of Figure 1. We note that persistent bright features associ-
ated with the magnetic network are all tilted to the right in
the Ðgure, and they appear to drift along the SUMER slit.
However, this is because solar rotation was not tracked
with SUMER, and the SOHO spacecraft was rolled by 120¡
from its normal attitude (for perspective, see Fig. 1 of JTW).

We have scaled the high-resolution MDI magnetogram5
of Figure 1a to emphasize the smaller magnetic Ñux den-
sities than shown by JTW. The MDI sensitivity to longitu-
dinal Ðelds is roughly 10 Mx cm~2 in high-resolution mode,
so here we set all Ñux densities with magnitudes below this
value to zero to avoid extrapolation of noise. The Ðelds of
view (FOVs) of MDI and T RACE are larger than that of
SUMER, and we show in Figures 1aÈ1c only those data
that underlie the projected position of the 120A ] 1A
SUMER slit.

The upper panels show MDI, T RACE, and SUMER
time series data sets. In particular, they show the line-of-
sight (LOS) magnetic Ñux density (Fig. 1a ; formed atB

Aheight zB 0.2 Mm above the continuum photosphere) ,
LOS velocity (Fig. 1b ; zB 0.2 Mm), the T RACE 1770v

A
A�

continuum intensity channel (Fig. 1c ; zB 0.45 Mm) and the
SUMER C I 1195.8 continuum intensities (Fig. 1d ;A�
zB 0.7È1.2 Mm). The most obvious feature in this set of
panels is the strong negative polarity Ñux concentration
(with maximum negative Ñux density of [100 Mx cm~2)
between and which is associated with thex0\ 75 x0\ 85,
UV-bright network element immediately to the right of the
shadow Less obvious are several weaker, but(x0\ 86È91).
real, Ñux concentrations of both negative and positive
polarity between and which have associ-x0\ 65 x0\ 74,
ated with them some persistent chromospheric emission
(Figs. 1d, 1e, and 1f) and intermittent emission in the
T RACE 1700 channel and the Si III transition region line.A�
It is interesting that there is nothing special about the verti-
cal photospheric motions underlying the shadowed region,
as seen in the MDI velocity data (Fig. 1b). Likewise, movies
of the full FOV MDI magnetograms show no obvious Ñux
emergence in this region over the duration of the obser-
vations.

The lower panels of Figure 1 show additional SUMER
observations of the emission lines formed considerably
higher than those data shown in the top row: N I 1199.3 A�
(Fig. 1e ; zº 1.5 Mm) ; Si II 1190.7 (Fig. 1f ; zº 1.7 Mm) ;A�
Si III 1206.5 (Fig. 1g ; zº 1.7 Mm). These data clearlyA�

5 The MDI instrument, being a photospheric magnetograph, measures
a quantity that is essentially proportional to / B Æ dS// dS Mx cm~2,B

Awhere B is the actual Ðeld strength vector and dS is a vector element of area
whose plane lies perpendicular to the line of sight.

show that internetwork oscillations are difficult to see in the
emission-line intensities (possible reasons for this are dis-
cussed by JTW and McIntosh et al. 2001 and earlier work
referenced therein). These data do reveal that the mean
intensities of the chromospheric lines (of N I and Si II)
appear to be suppressed in a less dramatic manner than, but
nevertheless similar to, the 1195.8 continuum data ofA�
Figure 1d. Thus, the suppressed intensities that partially
characterize the shadow can be traced to the highest levels
of the chromosphere sampled by these data. The shadowÏs
intensity signature has essentially disappeared at heights
characteristic of the low transition region line of Si III shown
in Figure 1g.

Figure 2 shows the spatial variation of the mean intensity
SIT (Fig. 2, top) and the 3 minute normalized oscillatory
power in *I/SIT (Fig. 2, middle) and *I (Fig. 2, bottom). We
compute the oscillatory power as the integral of Fourier

FIG. 2.ÈDerolled and adjusted (see text) mean intensity SIT (top panel)
and integrated 3È10 mHz oscillatory power in *I/SIT and *I (middle and
bottom panels, respectively) for the T RACE 1700 (thick line) andA�
SUMER C I 1195.8 continuum (thin line) time series data sets presentedA�
in panels c and d, respectively, of Fig. 1. Note the crosshatched area demar-
king the location of the chromospheric shadow in the SUMER time series
and the correlation with the quantities plotted. The average intensity of the
C I 1195.8 continuum in the shadow region is suppressed by 60% relativeA�
to the bright network emission. Similarly, the oscillatory power in the
SUMER and (somewhat) in the T RACE continua lies below the level of
the spatial average (dashed line).
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power at each spatial position over the 3È10 mHz frequency
range in both *I and *I/SIT. The raw signals from T RACE
(Fig. 2, thick solid line) and SUMER (Fig. 2, thin solid line)
are sloped in Figure 1 because of the drift of solar features
under the tilted SUMER slit. To derive power spectra, we
removed this slope by rotating the original time series,
shown in Figures 1c and 1d, by 2¡ counterclockwise.

The middle and bottom panels of Figure 2 show the sig-
nature of the shadow in the 3 minute oscillatory power of
the ““ desloped ÏÏ time series in *I/SIT and *I, respectively.
McIntosh et al. (2001) made use of the former quantity to
assess the degree to which the intensity of the region oscil-
lated, weighted by and relative to SIT, hence negating the
larger network intensities. Here, by using both measures of
oscillatory power, we can study the shadowÏs degree of rela-
tive suppression through *I/SIT and absolute suppression
through *I. In combination, they allow us to completely
characterize the shadow whose location, as deÐned by JTW,
is shown.

The dashed line in the bottom and middle panels of
Figure 2 shows the spatially averaged oscillatory power in
T RACE (thick solid line). The same quantity for the
SUMER data (thin solid line) is scaled by a constant factor
such that the mean value of the two signals, in each case, is
common for the sake of comparison. We see that the oscil-
latory power in *I/SIT is reduced in the network regions

and as expected from earlier(x0\ 65È74 x0\ 85È91),
ground-based analyses (Lites, Rutten, & Kalkofen 1993). It
is also clear that the oscillatory power drops signiÐcantly
below the mean, in *I/SIT and *I, within the shadow for
both the T RACE and SUMER time series, rising margin-
ally above the mean only in some narrow regions (e.g., x0\

for T RACE. Notice that the overall spatial behavior of78)
the SUMER- and T RACE-integrated power spectra is
qualitatively similar.

3. PROPOSITION

In summary, the data discussed above show the follow-
ing. The mean intensity data reveal that the shadow reduces
in horizontal extent, with the increasing height of the forma-
tion of the spectral feature observed, until it is ““ Ðlled in ÏÏ by
network transition region emission that is associated with
the expanding magnetic Ðelds of the chromospheric
network. Chromospheric oscillations, detectable only in the
T RACE and SUMER 1195.8 continuum intensity data,A�
are suppressed throughout the entire region containing a
weak network a shadow(65\ x0\ 74), (75 \x0\ 85),
and a stronger network Since the vertical(85 \ x0\ 91).
photospheric motions are similar throughout the entire
observed region, we should look for a magnetic origin for
the shadow. We propose that magnetic structures that close
within the chromosphere are responsible for the shadow
phenomenon.

To validate this proposition, we compare the data with
potential Ðeld extrapolations of the high-resolution MDI
magnetograms. While more sophisticated extrapolations
using magnetostatic equilibrium calculations (as done by
Metcalf et al. 1995), for example, are appealing, not enough
is known concerning the gas thermodynamics to make them
useful. In addition, the extrapolated chromospheric Ðelds
are very sensitive to these unknowns (Solanki & Steiner
1990) and are nonlinear in the magnetic Ðeld to an extent
that unique extrapolations cannot be guaranteed. By using
the potential Ðeld approximation, we assume that, while

currents present in the chromosphere will change the Ðeld
conÐguration, any gross features of the potential Ðeld
extrapolations, neighboring source regions of particularly
strong photospheric Ðeld concentrations, will maintain their
overall morphology. In the absence of Ñux emergence, the
potential Ðeld extrapolation serves as the simplest reason-
able representation of the magnetic Ðeld topology through-
out the photosphere-chromosphere region.

For each MDI frame, we extract the two-dimensional
region surrounding the slit (x-y dimensions 320A ] 200A),
which we then use as the base (z\ 0) magnetic Ðeld com-
ponent parallel to the LOS magnetic Ðeld [B

A
0 \ B

A
(z\ 0)]

to determine a unique three-dimensional Cartesian poten-
tial Ðeld extrapolation up to a height of 5.0 Mm, wellz\ z

uabove the top of the chromosphere. The transverse com-
ponents of the extrapolated Ðeld at each z are com-[B

M
(z)]

puted via the transformation whereBŒ
M
(z) \ K

M
BŒ
A
(z), BŒ

A
(z)

represents the two-dimensional fast Fourier transform
(FFT) of with the magnetic scaleB

A
(z) \ B

A
0 exp ([z/H

B
),

height set by the physical size of the base pixels (436H
B for MDI), and is the matrix whose ele-km \ 0A.6 K

Mments are the wavenumbers corresponding to the (i, j)th
coefficient of the two-dimensional FFT. This extrapolation
is subject to periodic horizontal boundary conditions and
an upper boundary condition that sets Ðeld components
transverse to the LOS to zero.B

M
(z\ z

u
)

Figure 3 allows us to compare the extrapolated potential
Ðelds with the data of Figures 1 and 2. Figure 3a shows a
vertical plane (the x-z plane containing the SUMER LOS)
through the extrapolated potential Ðeld. Figures 3bÈ3f
exhibit images constructed from the larger FOV MDI (Fig.
3b) and T RACE (Figs. 3cÈ3f ) instruments sampling a
120A ] 20A area immediately surrounding the SUMER slit ;
the latter is marked as a horizontal white line at position
y \ 23@@. The image data (Figs. 3bÈ3d) used here are taken at
the midpoint of the time series and have been shifted
accordingly, such that the abscissa values are those of x0,
the initial frame.

As stated above, Figure 3a gives some pictorial details of
the extrapolated potential Ðeld in the x-z plane containing
the SUMER LOS. The thin solid contours indicate lines of
constant scalar potential and therefore track representative
magnetic Ðeld lines. Inspection of these Ðeld lines quickly
indicates the presence of a quadrupolar Ðeld structure in
the SUMER LOS spanning positions Thex0\ 65È88.
gray scale of this panel gives a measure of the value of

in the plane, and we can also seeoB o [\ (B
A
2 ]B

M
2)1@2]

that one side (Fig. 3a, right ; of this quadrupol-x0\ 74È88)
ar structure has a larger amount of Ðeld associated with it
relative to the other. By assuming a background atmo-
sphere that is approximately stratiÐed, as in model VAL3C
(see Vernazza, Avrett, & Loeser 1981), we can compute the
height z, where the plasma-b is 1 (Fig. 3a,(b \ 8np

g
/B2)

thick white line) in this plane. We also show a projected
closure height of the quadrupolar structure (Fig. 3a, white
cross) at and a height of approximately 1.5 Mm.x0\ 72

In Figure 3b we show the (10 Mx cm~2 thresholded)
MDI high-resolution magnetogram. The negative-positive-
negative Ñux conÐguration spanning positions 65È88,
remarked upon above, is clear. This Ñux arrangement gives
rise to the closed quadrupolar structure of Ðeld lines seen in
Figure 3a. Figures 3c and 3d show the intensities of T RACE
1700 and 1550 ““ C IV ÏÏ channels at the midpoint of theA�
SUMER time series, respectively. These T RACE images are



FIG. 3.È(a) Spatial and vertical variation (with a grossly exaggerated vertical scale) of the computed scalar potential in the SUMER LOS plane at the
midpoint of the time series. Also shown are lines of constant scalar potential (Ðeld lines) in the LOS plane. Notice the quadrupolar ““ looplike ÏÏ structure of the
Ðeld lines around position in (a). This is the feature we attribute to the observation of the shadow in the panels of Fig. 1. (bÈf ) : Data in the 120A ] 20Ax0\ 74
region surrounding the SUMER slit (horizontal white line at y \ 23@@) from the larger FOV instruments used (MDI and T RACE). (e, f ) : Integrated 3È10 mHz
oscillatory power of the T RACE 1700 channel in *I/SIT and *I for the same region. The location of the suppressed oscillatory power in the shadow isA�
clear, especially in (e).
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constructed by averaging Ðve frames around the time series
midpoint to increase the signal-to-noise ratio.

The two-dimensional analog of the lower panels of
Figure 2 is shown in Figures 3e and 3f. We compute the
3È10 mHz oscillatory power maps of *I/SIT (Fig. 3e) and
*I (Fig. 3f) for the T RACE 1700 channel. These maps areA�
constructed from rotation-compensated intensity images to
produce power at each pixel in the x-y plane.6 It is clear
that the 3È10 mHz T RACE 1700 oscillatory power, inA�
*I/SIT and *I, is suppressed in the area surrounding the
1195.8 shadow relative to the power seen elsewhere in theA�
neighborhood of the SUMER slit. This behavior of the
T RACE data appears to have no counterpart in the JOP72
data set from 1998 May 12 analyzed by Krijger et al. (2001).
In these power maps, the suppressed power characteristic of
the shadow extends perhaps through the weak network
region to x0\ 65.

Inspection of Figure 3 immediately suggests the follow-
ing. First, the plasma-b contour lies mostly above 1.2 Mm,
the upper limit of the formation height of the 1195.8 A�
continuum, except near and between andx0\ 73 x0 \ 83

Thus, if the b \ 1 level contour is the primaryx0\ 95.
determinant of oscillatory behavior everywhere (McIntosh
et al. 2001), we would expect to see oscillations everywhere
except in these regions. The observations show that this is
the case, except in the shadow region. Therefore, suppress-
ion of the oscillation within this region requires a di†erent
explanation. The striking feature in this Ðgure is that the
shadow seems to correspond closely to one of the regions
containing Ðelds that close within the chromosphere. This
suggests that the quadrupolar magnetic Ðeld conÐguration
is somehow responsible for the suppressed oscillation and
heating in those regions of the chromosphere, within its
closed Ðelds.

Indeed, by focusing on the magnetic data, we suspect that
we should redeÐne the shadow physically to extend beyond
the realm previously deÐned by JTW. We can see from
Figures 1, 2, and 3 that a similar shadow-like feature,
though far smaller in spatial extent, exists and neighbors the
JTW shadow on the left (centered at This smallerx0\ 70).
shadow exhibits only a fraction of the intensity suppression
and oscillatory power suppression shown in the JTW
shadow. From Figures 3a and 3b, it is clear that the left-
hand side of the quadrupolar region, spanning x0\ 65È74,
has a qualitatively similar nature to the one causing the
JTW shadow. Perhaps the region has weakerx0 \ 65È74
suppression than the JTW shadow because(x0 \ 75È85)
the degree of magnetic Ñux linking the di†erent Ðeld con-
centrations, anchored by the positive Ñux concentration

to the left and right is less. This is shown by the(x0\ 74),
gray scale of Figure 3a. The amount of Ðeld in the JTW
shadow on the right is signiÐcantly greater. From this point
onward we shall refer to these features together as one single
shadow.

To test this proposition further, we performed the poten-
tial Ðeld extrapolation for all of the MDI time series frames
covering the SUMER time series. The results are sum-
marized in Figure 4, which shows two loci (solid white lines)
representing the intersection of two kinds of surface : the
z\ 1 Mm plane, i.e., the approximate height of formation
of the C I 1195.8 continuum, and the surfaces containingA�

6 This method is similar to that presented in Krijger et al. (2001).

FIG. 4.ÈSOHO SUMER C I 1195.8 continuum intensity time seriesA�
data acquired on 1999 February 26 ; see Fig. 1d. The data set shows the
variation of continuum intensity of a region of atmosphere tracked by the
SUMER slit over an 85 minute interval. The solid white lines indicate the
positions of the last ““ open ÏÏ Ðeld lines in the magnetic feature we consider
to be responsible for the shadow at the height of formation (D1 Mm). We
also show the position of the centroid at the same height (white dashed line).
Notice that the lines follow the features of the shadow well.

the Ðeld lines that separate the closed and open magnetic
regions. These loci encompass the entire shadow region and
are directly related to the distance separating the elements
and their relative strength, especially in a region of essen-
tially stationary (Ñux-emergenceÈfree) quiet-Sun inter-
network. The white dashed line shows the position of the
center of the positive polarity region, evaluated at z\ 1
Mm, seen in Figures 3a and 3b.

The observation of a shadow in the quiet-Sun inter-
network thus appears to be a consequence of a long-lived
element of ““ return Ñux ÏÏ neighboring a stronger network
element, which gives rise to a closed-Ðeld region within the
chromosphere that suppresses both spectral intensities (line
and continuum) and the (predominantly 3 minute) chromo-
spheric oscillation.

4. DISCUSSION AND FUTURE WORK

In a nonmagnetic atmosphere, small-amplitude dis-
turbances propagate as acoustic-gravity waves, whose
properties have been known for many decades (e.g., Lamb
1932). The solar chromosphere is a more complex medium
for wave propagation in several ways. Upward-propagating
disturbances rapidly become nonlinear (see, e.g., Carlsson &
Stein 1993), and magnetic Ðelds support magneto-
atmospheric waves, whose behavior is considerably more
complex. For example, the linear problem in homogeneous
magnetic Ðelds has received recent attention analytically
(Cally 2001), and more complex magnetic geometries have
been studied numerically by Rosenthal et al. (2001).
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The modiÐcation of magnetoatmospheric wave modes by
magnetic Ðelds can usefully be viewed in terms of the way
that the atmosphere is stratiÐed and partitioned by the
magnetic Ðeld. First, the surface (or surfaces) where the
plasma-b is of order unity marks an important transition
layer, irrespective of the overall Ðeld topology (see, e.g.,
McIntosh et al. 2001). In predominantly unipolar regions,
the locations of b \ 1 isosurfaces in the atmosphere will
tend to determine the oscillatory behavior seen in certain
spectral features (McIntosh et al. 2001). However, if the
atmosphere has regions where mixed magnetic polarity is
important, we must also expect the partitioning of the mag-
netic Ðeld into open and closed regions to be critical
because certain wave modes are strongly guided by the Ðeld
lines. Our analysis of T RACE and SUMER continua, with
Ðeld extrapolations from MDI magnetograms, indicates
that the latter topological e†ect is directly responsible for
the manifestation of shadows in the SUMER and T RACE
time series. The di†erences in the observed intensity/
oscillatory power signals appear to be caused by a particu-
lar distribution of positive and negative polarity sources of
magnetic Ðeld at photospheric heights.

Before forming our conclusion, two outstanding points
remain : (1) What is the physical mechanism that is
responsible for the suppression of the 3 minute oscillation
or continuum/line emission within the shadow? (2) Why is
the shadow so clearly seen in the 1999 February 26 data and
yet has not been clearly seen in other data sets (e.g., Carlss-
on, Judge, & Wilhelm 1997 ; Judge, Carlsson, & Wilhelm
1997)?

To answer these questions probably requires detailed
MHD simulations, analysis of other joint MDI-SUMER
data sets, and perhaps more sensitive magnetic Ðeld mea-
surements. These are all beyond the scope of this paper.
Concerning point 1 above, while two-dimensional simula-
tions have recently begun under some gross simplifying
assumptions concerning the thermodynamics and radiation
Ðelds (Rosenthal et al. 2001), these initial calculations have
been made for waves with frequencies far above the acoustic
cuto† frequency, which is close to that of the dominant
observed 3 minute chromospheric oscillation. While some
of the properties of these calculations superÐcially show

encouraging features, we suspect that calculations at lower
frequencies are needed that can include the signiÐcant
dynamic e†ects of gravity. Concerning point 2, a shadow is
not as clearly seen in the companion 1999 February 26 (I)
data set, which might be because the 1040 continuum isA�
formed too high to clearly see shadows and/or because
there is a less mixed polarity Ðeld in that particular area
under the projected SUMER slit (see Fig. 1 of JTW). JTW
speculated that the absence of oscillatory power at 1040 A�
throughout the other data set analyzed thereÈthat of 1998
May 16Èmight arise from magnetic inÑuences from Ðelds
whose net Ñux lies below the detectability limit of MDI.
Preliminary comparisons with co-aligned data from the
Advanced Stokes Polarimeter obtained by B. W. Lites
(2001, private communication) indeed reveal signiÐcant
amounts of Ðeld, including mixed polarities, through much
of the region under the projected SUMER slit.

To conclude, the observations of JTW and the presence
of the closed magnetic feature in the upward extension of
the photospheric magnetic Ðeld, which maps out the hori-
zontal position (giving also a reasonable vertical estimate of
the height of closure) of the shadow over the entire time
series, point to the fact that the particular magnetic
conÐgurationÈa sufficiently strong photospheric concen-
tration of positive polarity Ñux lying sufficiently close (D10
Mm) to features of opposite polarityÈis responsible for the
observation of the shadow by SUMER and T RACE. Our
hope is that careful further analysis of these and similar data
sets will help to shed new light on mechanisms responsible
for heating the chromosphere both within and outside
regions of the chromospheric network.
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