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Abstract. We present solar equatorial rotation velocities me#he solar equatorial rotation velocity are of the order of a few
sured with two different spectral lines (Fe |1 557.6 nm and Nirh/s (Kiiveler & Woh![1983). From several years of their own
676.8 nm) and two different spectrometers at the German Vageasurements and comparison with data obtained at two other
uum Tower Telescope (VTT) on Tenerife. The ‘classical’ sidebservatories Lustig & \Whl (1989) concluded that no signif-
real solar equatorial rotation velocity of about 2000 m/s h&sant changes of the equatorial plasma rotation due to changes
been confirmed. The results are compared with those from wéthe solar activity could be found.

locity data of the Michelson Doppler Imager (MDI) onboardthe The Ni | 676.8 nm line is used for the determination of
Solar Heliospheric Observatory (SOHO) obtained on 10 JuBeppler motion in two major programs: the Global Oscillations
1996 and 27 May 1999. From both data sets of MDI, a rotatidfetwork Group (GONG) (Harvey etal. 1996) and the Michelson
velocity about 100 to 200 m/s below the ‘classical’ value citedoppler Imager (MDI) on SOHO (Scherrer etlal. 1995). Both
above was found. Possible explanations of this discrepancy exeeriments concentrate on the investigation of the gobal solar

discussed. oscillations, but the data can also be used to determine the solar
plasma rotation. Hathaway et él. (1996) report a value of only
Key words: Sun: photosphere — Sun: rotation 1837 m/s for the solar equatorial rotation velocity within the first

6 months of GONG operation in 1995. Schmidt et al. (1999)
found a similar result with an equatorial rotation velocity of
1790 m/s from MDI full disk velocity data taken 10 June 1996.
1. Introduction This nourished the suspicion that these results could somehow

The rotation of the solar plasma is most often determined B§ related with uncertainties in instrument calibrations as well

measuring the Doppler shifts of photospheric spectral lin88 [0 Properties of the line itself. . . .
across the western and eastern solar hemispheres. In the pad{/é have carried outa comparative observation using the Ni
mainly the magnetically split Fe 1 525.02 nm spectral line h 6.8 nmline (9=1.5) a_nd the honmagnetic Fel 5_5_7'6 nm I|r_1e
been used (e.g. Howard & Harvey 1970; Snodgrass|1984), fmeasure the equatorial rotation velocity. In addition, and in
cause in general the main aim was the measurement of the sB{gf" 10 improve the reliability of our findings we have repeated

large-scale magnetic field. For specific measurements of ffgpically the same measurement with two very different focal

solar plasma rotation the magnetically insensitive Fe | 557.812n€ instruments: an Echelle spectrograph and a Faimgt-P

nm spectral line was chosen, which in addition allowed to ufiier spectrometer.

molecular iodine lines as wavelength reference (e.g. Lustig &

W06hI[1989). The main finding was a solar pl_asma r_otation_gf Observations

about 2000 m/s at the equator with a smooth differential rotation

towards the solar poles. Typical parameters for the differentieite observations were carried out at the VTT and its Echelle
rotation of the plasma rotation as compared with solar structug#@ting spectrometer (Sdjter et al 1985) as well as its scan-
(e.g. sunspots and coronal holes) are summarized by StixI(1989)g double Fabry-&rot spectrometer, called TElecentric SOlar
Typical numerical values of the solar equatorial plasma rotatiGipectrometer (TESOS, see Kentischer €t al. 1998) on 27 May
and their errors are given e.g. by Balthasar (1984): (12711999 from about 8:30 until 18:30 UT.

3) m/s, Duvall (1984): (1988 5.6) m/s, and Ulrich & Bertello Setup for the grating spectrograpfihe spectral line positions
(1996): (1987 7) m/s. From a set of Fourier-Transform Spectrat the focal plane of the grating spectrometer were recorded
obtained at the Kitt Peak National Observatory, Balthasar (1984 ultaneously using two different CCD cameras (AT1 with
claimed that no variation of the solar rotation with depth withih024 x 1024 pixels and XEDAR with2048 x 2048 pixels) with

the photosphere could be determined. Possible daily change&xfosure times of 0.8 s each. In order to obtain sufficient cover-
age of the regions near the east and west limb, the solar image

Send offprint requests t61. Wohl was moved across the spectrograph slit in steps of 10", starting
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at the limb. The slit width equaled about 0.5”. Five of these “°°°[ "\~ T

stepping cycles each were repeated at heliographic positions
of 0°, £15°, and+30° latitude at both limbs within about one
hour.
Setup of the TESOS spectromeldre Fabry-Rrot interferome-
ter TESOS allows to record up to four spectral lines in sequence.
We used 25 wavelength positions for each line with stepwidtk@s 2000
of 2.11 pm and 2.56 pm for the Fe and the Ni line, respectively.
The exposure times were 0.2 s and the cycle time to obtain18oo
the twodimensional spectra was 55 s. The field diameter of tRe
TESOS spectra is 94", therefore a single image position nearisoo
the limb was sufficient. The spectra were taken at the same he-
liographic positions as the short scans taken with the grating4col......... L L I L
spectrograph, as described above. ’ " distance Zf(r)om limb [oigseconds] 0 .
Althoughin principle the two spectrometers could have been
operated in parallel we preferred not to do so: The beam spfitg. 1. Rotation velocity from data taken with the grating spectrograph
ting would reduce the signal-to-noise of the data. The differeditthe solar equator on the east and west limbs. Full lines: Ni | 676.8
observing principles with scanning in the case of the gratifg Spectral line data, asterisks: Fe | 557.6 nm data; meantdnd
spectrograph and fixed positions in the case of the Fabrgtp respectively
spectrometer would have complicated the setup and increased

the total amount of time needed to construct an optimum phigduced in similar steps as those described above. The spectral
gram for parallel observations with both spectrometers. Thefige positions within each scan were obtained with the same
was also no reason to believe the time difference of a few howsgthod, i.e. a second order polynomial was fitted to the lower
between the two measurements would cause any significantggfes of the spectral line profile around the spectral line mini-
fect. Nevertheless the various measurements with the differgfiim, with the minimum of the parabola being the spectral line
instruments could not be exactly cospatial due to rotation apésition.

seeing effects. The method to obtain real solar rotation velocities at the

The mainreasonto use two completely differentinstrumendguator was again similar to that described for the grating spec-
was the higher spectral resolution of the grating spectromefgjgraph, except that more spatial positions within the shorter
and the capability of simultaneous two-dimensional measuggtal distances of 32” from the limbs towards the disk center
ments with the TESOS spectrometer. were available.

The different depths of the spectral profiles used was forced
by the higher noise in the original data from the TESOS spec-
trometer. We limited the analysis to the equatorial region, be-
Data from the grating spectrograpfThe reduction of the data cause higher latitudes were influenced by magnetic activity. The
obtained with the CCD cameras at the grating spectrometer fettuatorial belts were free of activity in all data sets.
lowed the normal procedure by subtracting dark exposures and
correcting for different pixel sensitivity (“flat fielding”). The4 R

. . . . Results
necessary flat-fielded images had been obtained by averaging
spectral images obtained during rapid motion of the telescofiéae sidereal solar equatorial rotation velocities from the aver-
The spectral line positions were determined by fitting second aged spectra at the east and west limbs are given ialFig. 1 for the
der polynomials through the lower 40% of the spectral profiledata from the grating spectrometer and in Eig. 2 for the TESOS
To obtain Doppler shifts the spectral line positions from codata. The averaged values are summarized in Table 1, together
responding positions in the eastern and western hemispheravith the corresponding numbers from the MDI measurements.
the Sun were subtracted. Averages of several arcseconds \ildrere are rather large rms fluctuations of the velocities listed in
taken in the spatial direction as well as from the complete scarable 1 ranging from 68 m/s to 125 m/s, but — as can be seen
mentioned above. The limb distances in arcseconds were cfsam the figures — these stem mainly from the supergranular
verted into heliographic longitude and latitude. These valueslocities measured. They cannot be compared with the errors
were used to reconstruct the tangential solar rotation velocit@ted in the introduction, therefore we do not include them in
from the measured components at the selected positions. Ofdble 1. The error of the velocity determination is of the order
5 of the 10 positions scanned near to the solar limbs were us¢@0 m/s.
in the reduction to have the same spatial coverage as the TES8&ttered light.The results of the VTT data listed do not yet
data. include any correction for scattered light. It is well known that
Data from TESOSThe reduction of data from TESOS is simscattered light can reduce the velocities derived from Doppler
pler with respect to the solar positions, because the same C@Basurements, because a fraction of light from central areas
detector was used for both spectral lines. Its digital images wefethe solar disk is scattered towards to the limb. A theoretical
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Fig. 2. Rotation velocity from data taken with TESOS at the solar equBig. 3.Rotation velocity from MDI data taken at the solar equator on the
tor on the east and west limbs. Full lines: Ni | 676.8 nm spectral lireast and west limbs on 27 May 1999 at noon. The data are averaged for
data, asterisks: Fe | 557.6 nm data; mean&fd, respectively one hour. All pairs of data points with latitudes less tHal? distance
to the solar equator and central distances of more Tharin central
meridian distance are used

investigation of the correction for scattered light of the solar _ » _

equatorial plasma rotation velocity measured in an aureol Table 1. Rotation velocities for 27 May 1999. Comparison between

given by Albregtsen & Anderseh (1985). Tand MDI
One of the CCD cameras used at the Echelle spectrogrably. ment

o line velocity [m/s]
(AT1 camera) had a 16 bit digitization and therefore good sam- " N Fol5576 1965
pling of low light levels outside the solar disk. From these da5C elle spectrograp Ni |%76 3 ' 2027
the scattered light level ata d|stance_ of 12_0 was e_xt_rapolatﬁﬂer spectrometer Fe 1557 6 1926
to be about 0.3% of the disk center intensity. This is in agree- Nil 676.8 2060
ment with earlier measurements of Lustig &W (1993) and pipy Nil 676.8 1842

indicates corrections of the solar rotation velocity of less than
10 m/s. Since the scattered light is less important for longer

wavelengths, the correction for the Ni 1 676.8 nm data would k" and 30" distance to the limb are similar. It remains unclear,
rather negligible i.e. within the accuracy of our measuremeRfether this is fortuitous or related to the supergranulation.
and the solar “noise” caused by the large-scale horizontal flow The average value for the sidereal solar equatorial rotation
pattern. velocity from all data given in Fig]3 and included in Table 1 is
1842 m/s. The average from the old data of 10 June 1996 yields
a value of 1710 m/s using a similar selection procedure near
the solar limbs, while the corrected data of 10 June 1996 give
As already mentioned, the low equatorial rotation velocity fourgimean of 1725 m/s. We expect that most of this discrepancy is
from full disk velocity data of MDI was the motivation for thedue to instrumental and/or reduction differences not caused by
observations described herein. The instrument, its calibratig@l solar changes of the rotation velocity.
and data analysis was described by Scherrer €t al. (1995). Our
results were then compared with the reduced MDI velocity data . , ,
available at the web site of MDI: There was the old set of data Discussion and conclusion
from 10 June 1996 available, which gave a rather low equatoridie determination of the sidereal solar equatorial rotation veloc-
rotation speed of about 1790 m/s when fitting the hourly medw by the grating spectrometer at the VTT yielded the expected
data with the usual formula for differential rotation (Schmidtalue of about 2000 m/s. There is no significant difference de-
et al.[1999). When we learned that old MDI data had been tectable from data reduced from the two spectral lines Ni1 676.8
reduced in early 1999, we downloaded a sequence of data eimand Fe | 557.6 nm. In Figl 1 the rotation velocity data from
tained at noon on 10 June 1996 and a similar sequence obtaipetth spectral lines show good agreement in most of the local
at 27 May 1999. changes, which are due to horizontal flow components of the
Thanks to the possible averaging of data obtained withsapergranulation.
one hour with a cadence of one minute, the noise in these dataAbout the same mean value of the rotation velocity was
is rather small. Therefore all the data points instead of averadgesnd from data obtained with the scanning Fabgre® spec-
are displayed in Figl]3. When comparing the spatial structuresiometer TESOS. Again, the difference between results from
Figs. 2 and 3 it seems that the dip near 17" and the rise betwélea two spectral lines is not significant.

5. Comparison with MDI
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