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Abstract. We analyse observations in the NaD1 line (λ 5896 Å) obtained with the MSDP spectrograph of the Turret Dome of
the Pic du Midi Observatory. Individual images reveal high spatial resolution and the data reduction shows the high capabilities
of the spectrograph to get doppler measurements up to the limit of the resolution of the refractor (0.′′3). Dopplershifts are
obtained in the middle and high photosphere. The smallest granules 0.′′4 show upward motions in the middle photosphere.
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1. Introduction

The time analysis of the plasma and magnetic field on the
Sun surface requires high spatial resolution observations (0.′′2
or better). The combination of the high spatial and spectral
resolutions proves to be a challenge for observational solar
physics (Bonet 1999). This challenge arises because of the
basic properties of the complex interactions between hydro-
dynamics, radiative transfer, magnetic field at the sun sur-
face. The MSDP spectrograph is a good compromise to de-
termine the profile of one or more lines at every point in the
two-dimensional field of view. From these profiles and rel-
ative wavelength dependent contributions of the different at-
mospheric layers, one can extract fluctuations of intensity and
velocity measured at different depths in the solar atmosphere.
The NaD1 line is particularly interesting for photospheric di-
agnostic since its extended wings allow us to obtain informa-
tion from a wide range of heights through the photosphere. The
new CCD camera which has been installed at the MSDP spec-
trograph of the Turret Dome of the Pic du Midi Observatory
helps us to reduce the exposure time down to 20 ms allowing
to freeze the atmospheric seeing and get high spatial observa-
tion close to 0.′′3 of resolution (1 pixel = 0.′′13, Fig. 1).

We present in this paper the capabilities of the MSDP spec-
trograph installed at the Pic du Midi which allows to get dopp-
lergrams approaching the limit of the resolution of the refractor
(0.′′3 defined as the width at half maximun of the Airy function
at λ 5896 Å) over a large field of view.
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2. Observations and data processing

The observations were performed in the NaD1 line (λ 5896 Å)
with the Multichannel Subtractive Double Pass (MSDP) sys-
tem designed by P. Mein, operating on the solar spectrograph as
designed by Z. Mouradian. The MSDP is installed at the focus
of the 50 cm refractor of the Pic du Midi Observatory (Coupole
Tourelle) as described by Mein (1981, 1999, 2002). The obser-
vation was done at disc center on 1st october 2002 (between
9h01m13s and 9h42m54s UT). The exposure time was 20 ms
with Camera LaVision CCD (1280 × 1024 pixels). The pixel
size on the CCD camera was 0.′′13. The spectral resolution is
144 mÅ and 11 channels were recorded simultaneously. The
elementary field of view (FOV) is 90′′ × 14′′ (Fig. 1), but a
larger FOV can be obtained sequentially by moving the image
of the sun in front of the entrance window of the spectrograph
up to 90′′ × 90′′.

In the present study, velocity (V) and intensity (I) maps
have been computed in the wings of the profile where the half-
width is δλ = 288 mÅ. The location of the atmospheric height
corresponding to this chord has been estimated by Eibe (2001)
and Roudier (2001) to be 170 km for velocity (V) and 130 km
for the intensity (I) which represents middle photosphere. In
addition to V and I in the wing of the line, we consider ap-
proximate values of the “continuum intensity” deduced directly
from one extreme channel of the raw data where the spatial
resolution is maximum, because such maps do not suffer any
wavelength interpolation between several channels.

The standard corrections for atmospheric transparence vari-
ations, dark-current, flat-field, and correction of the errors of
interpolations have been computed. The intensity and Doppler
velocity were computed by using the bisector technique (lamb-
dameter technique) at δλ = 288 mÅ.
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Fig. 1. Example of MSDP spectrum NaD1 5896 Å at 09h36m15s UT. The field of view is 90′′× 14′′. The spectral shift between each channel
is 144 mÅ. The wavelength varies linearly from the left to the right of each channel. Numerous very small features close to the limit of the
resolution of the refractor (0.′′3) are visible in the different channels of this raw spectrum.

In the following velocity and intensity maps have been plot-
ted for the observation taken at 9h36m15s and 9h36m18s. The
field of view is 6′′ × 76′′.

3. Velocity an intensity maps: resolution
of the observation

We present in Figs. 2 and 3 the most representative examples
(at 9h36m15s and 9h36m18s UT) of continuum intensities, ve-
locities and intensities measured at δλ = 288 mÅ, middle pho-
tosphere, over a field of view of 6 ′′ × 76′′. In the intensity
image at δλ = 288 mÅ (top), we observe small bright points
which subsist on several consecutive maps. These bright points
are associated with the well known filigree. The location of
some of these bright points (A and B) are indicated in Fig. 2
by arrows. The reached spatial resolution of our intensity and
velocity maps is comparable to the ones obtained by speckle
restoration at the VTT in Tenerife (0.′′4) by Krieg et al. (2000),
Hirzberger et al. (2001) and Hirzberger (2002).

In the velocity map (bottom of Fig. 2), the upflows are
coded in white corresponding to positive Dopplershift. An ar-
row shows, in this figure, the smallest granule C which has a
size of 0.′′4 (width at half maximun of the profile) very close
to the diffraction limit of the refractor. The difference of spa-
tial resolution between the measured resolution in the raw

spectra shown in Fig. 1 (0.′′3) and the limit of spatial resolu-
tion in Dopplershifts (0.′′4) can be explained by interpolations
done at the different steps of the data reduction.

In Fig. 2, the high correlation between the velocity map
(bottom) and intensity continuum map (middle) is clearly vis-
ible. The difference in the appearence of the granules between
the velocity (botttom) and intensity maps at δλ = 288 mÅ (top)
is essentially due to the altitude at which these quantities are
measured, where at this level, the intensity of granulation is
vanishing.

Figures 4 and 5 show the intensity cross sections at δλ =
288 mÅ and continuum, in the central part of the small fea-
ture A (i.e. Fig. 2) which demonstrates the high resolution of
the observation.

Figure 6 exhibits the line profile of that small bright point A
compared to the mean profile derived from all the profiles of
the quiet sun. The line core of the feature A is more or less
centered relative to the mean profile, but we must note that here
the 5 min oscillations have not been removed.

4. Vertical flow characteristics and granule
dimension

To characterize the flow, granule size as well as mean inten-
sity and mean velocity, were derived. First, in order to reduce
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Fig. 2. Example, at 9h36m15s UT, of velocity (bottom), continuum intensity (middle) and intensity at δλ = 288 mÅ (top), arrows indicate the lo-
cation of the smallest details (A, B filigree and C granule) visible in the field fo view (6′′×76′′). The small white line in the left bottom represents
1′′ length. The 9 bands of our observation are available at http://BASS2000.bagn.obs-mip.fr/New2001/Pages/Roudier/dpsm.html

Fig. 3. Second example, at 9h36m18s UT, of velocity (bottom), continuum intensity (middle) and intensity at δλ = 288 mÅ (top). The bright
details are filigree. The small white line in the left bottom represents 1′′ length.

Fig. 4. Cross section of intensity at δλ = 288 mÅ in the central part of
the small feature A (filigree) in Fig. 2.

the low frequency effects of the 5 minute oscillations (p mode),
we applied a simple spatial filtering. Then the granules have
been identified by using the local curvature method of seg-
mentation described in Strous (1994). This segmentation has
been applied to the velocity field in order to isolate the gran-
ules in the Doppler map. Some 3750 granules were identified,
with sizes in the range of 0.′′4 to 1.′′5. Then for each granule,

Fig. 5. Cross section of continuum intensity in the central part of the
small feature A (filigree) in Fig. 2.

the mean intensity (mean velocity) was derived by averaging
all the intensity (velocity) values over the granule area in the
Doppler map. Finally granules smaller than 3 pixels have been
removed and are considered as noise. We also took off the gran-
ules which have their center of gravity too close (5 pixels) to
the limit of the field.
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Fig. 6. Line profile in the point A of Fig. 2 and mean profile.

Fig. 7. Plot of the mean velocity versus to the granule size at δλ =
288 mÅ.

In Figs. 7 and 8 we plot velocity and intensity versus gran-
ule sizes down to 0.′′39. This spatial resolution can be achieved
thanks to the MSDP capabilities.

In our measurements, we do not observe in Fig. 7 upward
velocities increasing with the granule size as previously ob-
served by Berilli et al. (1999), and we note only that Doppler
features show a large dispersion of the velocity whatever their
sizes. In Fig. 8, we note a large dispersion of the brightness
relatively to their size with no special trend as found by Berilli
et al. (1999) and Hirzberger et al. (1997). The plot of Fig. 9 of
the continuum intensity against velocity derived in the middle
photosphere confirms the relation between vertical velocity and
brightness. The difference between our results and those pub-
lished by Berilli et al. (1999) and Hirzberger et al. (1997) may
be due to our crude 5 min oscillations filtering and the presence
of filigrees in the field of view.

Fig. 8. Plot of the mean continuum intensity relatively to the granule
size at δλ = 288 mÅ.

Fig. 9. Plot of the mean intensity continuum relatively to the mean
velocity at δλ = 288 mÅ.

5. Conclusion

The intention of this paper is to show the capabilities of
the MSDP and CCD Camera system of the Pic du Midi
Observatory, for 2D spectro-imagery at high spatial resolution.
We are convinced that these new facilities are well suited to
future detailed investigations of small scale features like flux
tubes or details in the granules. New improvements, using a
thinner grid in the MSDP prism box, will allow to increase
the spectral resolution from 144 mÅ to only 50 mÅ, allowing
the observation of weak photospheric magnetic lines. The mea-
surement of the longitudinal magnetic field will be undertaken
this year with a pixel size of 0.′′2 using a liquid cristal modula-
tor coupled with the MSDP system. Then temporal sequences
over a large field of view (2′× 2′) at different heights will pro-
vide information for statistical studies of the vertical structure
of the granules from high to medium spatial frequencies.
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