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Abstract. Using measurements of Mg609.78 and 624.94 A lines from the Coronal Diagnostic Spectrometer (CDS) on board
SOHO, we seek to examine the variation of line width and line ratio in regionstiimb at the Northern pole of the Sun. It is

found that above:1150" the ratio of the two coronal Mg resonance lines reduces to values that might be expected for a more
radiatively dominant excitation mode. A comparison of the line widths with these ratios indicates that the line widths start to
show a decrease in their values at the location where the dominant excitation changes from being collisionally to radiatively
dominant, that is, at1150’. We suggest that the decrease in the line widths abdli&0’ is likely to be due to a reduction in

the non-thermal component of the line widths caused by a damping of upwardly propagatiag wHves.
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1. Introduction Table 1.A log of the datasets obtained using thg 240’ CDS slit in
December 2002.

Two recent papers, e.g., Harrison et al. (2002) and O’'Shea dbate  Dataset Pointing ~ Start Exp.

al. (2003), have found evidence for line width decreags o (X,Y)  End (UTC) Time (s)

limb in the equatorial and polar regions, respectively. Thesel7/12 SER150W:26478 59,1071 18:03 60

line width decreases are taken as evidence for magnetic wae/12 SER75W:26479 60,1213 20:54 120

dissipation and, hence, heating of the corona. However, othef”/12 SER150W:26542  0,1070  18:10 60
7/12 SER75W:26543 -1,1215 21:.01 120

papers, notably Wilhelm et al. (2004), have found no evidence?
for a narrowing of line widths in either the equatorial or polar

regions. Using CDS data we investigate the variation of line

widths di-limb in the Northern polar region of the Sun. Fob opservations and data reduction
these observations we use the Mignes at 609.79 and 624.94

A, two resonance lines from the lithium isoelectronic sequenéz1. Initial calibration and line fitting

For lines belonging to the lithium isoelectronic sequence tt&e . -
L » . -~ .._For these observations we have used the normal incidence
relative intensities of the collisonally and radiatively excited S
ectrometer (NIS), which is one of the components of the

components can be determined from a ratio of the doublet r%g-
onance lines. For the Mg624.94609.79 ratio a value of 1:2 oronal Diagnostic Spectrometer (CDS) on board the Solar

(0.5) will indicate a predominantly collisionally excited emisf’jmd Hellosphenc_Observatory (SOHO)’ see Ha}rrlson .et. al.
1995). The details of the observations, including pointing

sion while a value of 1:4 (0.25) will indicate a predominantl nd start times are summarised in Table 1. The data were

radiatively excited emission (Kohl & Withbroe 1982). USin%btained in a polar region during a period when the coro-
measurements of Mg609.79 and 624.94 A lines, we seek t0

. . . ; . nal holes at the poles were ill-defined. For the SER150W
find evidence of line widths decreases fétlanb and to relate . . . :

. . . X . temporal series sequences the CDS slit was pointed in the
this to information provided by the Mgratios.

North polar region in such a way that the bottom few pix-
els corresponded to the limb. For the SER75W sequences, the
slit was shifted north to cover farflalimb regions, a sizable
overlap of~100’ being maintained between the SER150W
and SER75W datasets. Using these two complementary se-
Send dfjprint requests toE. O’'Shea guences data was obtained for the coronal linesxN6§9.79
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and Mgx 624.94 A £1.25¢<10° K). Note that we shall hence- (o) Mg X 609 Mg X 624
forth refer to the lines without the following decimal places,3 '°{ ]
e.g., 624 in place of 624.94, etc. The data was reduced us-,,!
ing the most recent versions of the standard CDS routines
(see http/solg2.bnsc.rl.ac.ykoftwarguguidg¢uguide.shtml.) =
Before fitting the lines with a single Gaussian, and in order

5k

Flux (counts/1e4)
- N W s 0o

. . . . . o] 500 1000 1500 0 500 1000 1500
to increase the signal-to-noise ratio, we binned by 2 along Radial distance /" Radial distance/
the 143 pixel long slit to produce 70 pixels”(43.36") in Y  (®)
for the SER150W sequences, and by 4 to produce 35 pixels Mg X 509 o 1o Mg X 624
(47x6.72") in Y for the SER75W sequences. We then alsa 10% 18R = ot %
summed in time over the 150 time frames in SER150W and o} \6 55 5
the 75 time frames in SER75W to produce the required high s/ ~~_ Ja 5% T E
signal-to-noise line profiles along the Y slit direction. = I . \fi«';‘;\ &g ”12’ - - £
Harrison et al. (2002) discuss the relative contributions eX- oo oos T e o eon e T
pected in the line width of an observed CDS line; the instru- Rodial distance/" Rodiol distance/”

mental width, the thermal width and the non-thermal widtltig. 1. (a) variation of total radiant flux as a function of radial distance
For CDS the instrumental width dominates but is an uncertgiom Sun centre, i.e., radial brightness profiles (b) Measured radiant

quantity due to CDS being designed to measure and compire off-limb (solid line), calculated flux due to scattering (dot-dash
line intensities rather than line profiles. Harrison et al. (200#)e) and the percentage of the total radiant flux due to scattering (dot-
estimate it to have a full width half maximum (FWHM) valueted line).

of ~0.28 A (x0.17 A in Doppler widths) for a Mg 624 line

obtained using the 4 wide slit. More recently, Wilhelm et L _ .
al. (2005) present estimates of CDS and SUMER line Widtp{gnd the limits imposed by the slit size. The extent of type (i)

measured inf-limb regions. From the width measurements cattering has been discussed by David etal. (1997). Using pre-

i : .
Sixm 520 in their Fig. 4 it is possible to establish a maximu(j@umh measurements of the point sprgad function (PSF) of the
upper bound value for the CDS instrumental width-6£29 A. DS telescope at 68 A, and extrapolating to the observed wave-

We suggest that the ‘real’ instrumental width of the CDS irIBer?gths in CDS GIBIS, together with a model of the solar

strument is somewhat below this upper bound value but Iar%I rghtness distribution, David et al. (1997) show that it is pos-

. . le to estimate the proportion of the scattered light in the radi-
than the value 0£0.17 A estimated by Harrison et al. (2002)(.3“‘](:e measurements. The program CBDS.STRAYLIGHT,

However, as there are no SUMER measurements for tke S . .
wev u ' vailable in the SSWIDL software tree, performs the necessary

520 line it is not possible to accurately deduce the CDS instf)

mental width by direct comparison with SUMER data. We sha(fﬁlcu'at'ons' In Fig 1(a) we show, up to 1325he solar bright-

therefore use the upper bound value fromuS520 (<0.29 A) _ness dlstr_lbgtlons used as the mod_el in our_calc_ulatlons, that
the variation of the flux as a function of radial distance from

. . . . . |
as our estimate of the CDS instrumental width in this letter. . ,
note that the Mg 624 line as measured by CDS is not us\;\éun centre. For locations below®50’, where we lacked ob-

ful for estimating instrumental width values due to its blencf?e)r(vgit'ct)rr;sl ttija;a, v;/e lusteg ﬁnn?ﬂ)ﬁ roggm;;enva;!ui f\(lavrhthr;ramal
with a Six line at 624.78 A and a @ line at 625.13 A. These UX distribution calculated from the/dosg function, whe

blends on the blue and red wings of the Mtine have the ef- IS th_e angle between the viewing dlrec_tlor_1 an_d a perpendicu-
lar line normal to the surface. These distributions conform to

fect of increasing the overall measured line width while onl ) ) . ) . )

. . . : e brightness profile (c) discussed in David et al. (1997), i.e.,
being responsible f.or, at maximum, 10% of the radiance Oftemissi(‘c:])n from Zn isot(h()ermal corona with an expo(nentigll de-
blend (see, e.g., W|Ih§Im etal. 2004). o _ crease of density with height. The values of flux abe®690’,

The values that will be quoted by us in this paper will bgere we used the data from the SER75W sequence, have been
Doppler W|dths_, i.e., half/e W|dth_s. As the CDS instrumentalyyyiged by 2 so that they match those of the lower SER150W
and thermal width are unchanging components, we can Stgl@,ence. In Fig 1(b) we show the results of our calculations.
that any change in the width of a CDS spectral line must Bg the coronal lines of Mg 609 and 624 it can be seen that at
due solely to changes in its non-thermal component. no point does the scattering account for more thdfb of the

total radiance and, thus, we feel that it can be discounted as a
2.2. Scattered light factor in the analysis of these lines.

Often scattered light contributions are significant while making Results

observations fi-limb. As reported in Young et al. (1999), scat-

tering within the NISCDS instrument can occur at two locadn Fig. 2 we plot the results of line width measurements for
tions: (i) within the spectrograph and, (ii) within the telescopine December 17 and 27 datasets. These plots combine the re-
section. Type (i) scattering can be neglected as it is considesedts from the SER150W and SER75W datasets obtained on
to take place only in the wavelength dispersion direction atitke same day and, taking the CDS pointing uncertainty35f

not in the spatial direction. Evidence for this comes from thieto account, at the same pointing locations (see Table 1). The
fact that the images obtained in NIS lines do not extend baata from the lower level SER150W observations are plotted
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 0.367 b r Fig. 2 Variation of the Doppler width (un-
> 0 34i 10360 1 corrected for instrumental width contri-
< T 1 butions) versus radial distance for the
= 0.32f . Lo 2647826479 and 265426543 datasets, as
= : 10.347 1 indicated by the numbers shown in each
o 0-307 17 1 plot. The thick black lines show the result
= o.o8f 10.32¢1 7 of a box-car averaging to remove thiéezts

006 26542/26543 | ] [ 26542/26543 | ] of the EPN. Radial dlstancellgcatlons where

: the radiance fell below a critical/S value
1000 1100 1200+ 1500 1000 1100 1200 1500 do not show the results of the line width
Radial distance/" Radial distance/"

measurements.

up to an altitude 01110’ and from there the data is from
the higher level SER75W observations; something reflected in ~ 0.46[ 777~
the lower number of data-points present from that point on. ’
There is a small overlap of 5 data-points allowed between the 65‘
observations from the two datasets. Note that for some of the © ¢ 42 |
datasets in Fig. 2, and, in particular, for the K§24 line, the J r
line widths are not plotted at higher altitudes due to the low i 0.40

values of radiance at these greater heights. We chose not too

0.44F

plot any line widths from summed profiles that had a measured 0-38 1 B

flux of less than a lower limit 0£2500 counts, i.e. a/8 of ~4. 2 0361 ]

Gaussians with thesg$ are still recognizable as such and so ™ : 26478,/26479 ]

we chose this as a lower limit. It will be noticed that the results 0.34 | —=== 26542/26543 .

from Mgx 609 and 624 lines, although formed from the same S e

ion and at the same temperature, show significafgminces in 950 1000 wo;cg | wdw.oto W 1‘50 1200 1250
adial distance/

line width. That is, the Mg 624 line shows consistently larger

values. ;hls may be due to tgﬁ.?m:t of the bIenc!s of Sﬂ.at Fig. 3. Ratio of Mgx 624609 as a function of radial distance in arc-

624.78 A and @v_at 625'_13 in the Mg 624 Ilne,. Wh'c_h sec for the 264726479 and 265426543 datasets. Representative

have the result of increasing the overall measured line widthyncertainties for the 264786479 datasets are plotted as error bars.
Before discussing the line widths in Fig. 2 in more detai-ll:he original unsmoothed ratio values for the 26263479 datasets

we firstly draw the reader’s attention to the fact that the two e shown in grey for comparison.

plots for Mgx 609 share many small-scale line width varia-

tions, e.g., between 1100 and 120énd, more obviously, be-

tween 1240 and 1270 These small-scale variations are ndo reduce the féect of FPN on the data we perform a box-car
caused by real physicaffects but are due to an instrumentaiveraging smoothing of 7 pixels-24”) along the slit for the
effect called ‘Fixed Patterning Noise’ (FPN) which is founddER150W datasets and a smoothing of 5 pixe34(’) along

in the CDS slit in the North-South, i.e., along the slit, direghe slit for the SER75W datasets. The results for this are shown
tion. This fixed-patterning is constant in time and is prese@s the over-plotted thick line in each of the plots.

in radiance, line-of-sight velocity and line-width maps of CDS For the Mgx 609 line of SUMER, Doschek et al. (2001)
data (C.D. Pike, 2004, private communication). This FPN gefound line widths of 0.09-0.11 A (0.15-0.18 A, FWHM) be-
erally causes small-scale variations in the line width valuestateen heights equivalent to 9%&nd 1095. For the Mgx 609

the 3% level. We further note that there is another more gendiag in Fig. 2 we find widths 0&0.315-0.335 A between the
line width variation of about 5-6% from South to North alongame heights. Subtracting out the approximate CDS instrumen-
the slit due to variations in the scan mirror position. This motal width of 0.29 A (see Sect.2.1) by a subtraction of squares,
general €ect is not constant in time andfférent datasets canwe can get a rough estimate ©0.12-0.17 A for the actual
show significant dferences in the size of thdfect. In order width of the Mgx 609 line. Taking into account that the as-
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sumed instrumental width value of 0.29 A is an upper bourd Conclusions
ki s 0 el il of 0 W03 1 U s rc o 3 s i it o o
difference between these values and those of Doschek e g|ght above the I|m_b n polar regions. T_he decrease in line
suggests that our results are fairly consistent with previo\ﬂvf'sdth apove 1.150 coincides W'.th t'he location where the ob-
Mg x line width measurements. s_e_rved line ratio qf Mg X 62/60_9 |nd|cat_es a change froma cql-
lisionally to a radiatively dominant excitation regime. Banerjee
In Fig. 2, itis possible to see that the line widths of both thg z. (1998) and Doyle et al. (1998) have shown that the non-
Mg x lines increase up to an altitude #1150" before show- thermal velocity above a polar coronal hole, as measured from
ing a general decrease above this height. As it is known th@gde Sjvi line in SUMER spectra, shows a deviation from a lin-
for Alfvén waves, the energy flux is proportional to line widtar increase above 200and indicated a region of plateau. We
(Doyle et al. 1998) the question we must ask is: are the dgiggest that the decrease in line widths abel&50” is caused
creases in the line widths at the higher altitudes above "1136y damping of upwardly propagating MHD waves. Beki et
due to some form of wave dissipation? To examine this, we plgt (2002) investigated Algn wave propagation in the linear
in Flg 3 the ratio of the two Mg lines versus helght above thanompressib|e MHD context. They show that 2A8fv waves
limb for each of the datasets. The values from the SERlS%pagaﬂng a|0ng magnetic flux tube go through refraction and
sequence are plotted up to a height~df110" and after that get damped via viscous dissipation and resistivity. The radial
the values come from the SER75W sequence, with an ovgfofile of their energy flux density (Fig. 4) shows an initial
lap of ~15”. These ratios have also been smoothed to remayge up to 1.15 R, where it peaks and further on declines less
the dfects of the FPN discussed earlier. Just above the ||r§féep|y than the rising phase_ ThUS, this theoretical work sup-
(>1000) in Fig. 3, the ratio of the two Mg lines have val- ports our observational evidence of damping of upwardly prop-
ues that we would expect for a more collisionally dominarggating waves. Finally, we note that most of the density diag-
excitation mode, that is, values close to 0.5. There is a changgstics calculations using theoretical line ratios only take col-
however, in the ratios at1150” where they begin a decrease t@isional excitation into consideration. The result presented here
values more expected for radiatively dominant excitation, i.gyuggest that line ratio calculations of electron densities, using
down towards values of 0.25. Similar results have been fougglely collision excitation calculations, may be incorrect in re-
previously by Singh (1985) for Felines. gions far df-limb where radiative excitation becomes stronger
Note that betweer1000 and 1020 the Mgx ratios show than collisional excitation$1150").
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mentioned previously can also be expected to further compli-

cate and alter the expected ratio values of 0.5 at these heighRsferences

If we compare the ratios in Fig. 3 with the line widths irBanerjee, D., Teriaca, L., Doyle, J.G., Wilhelm, K., 1998, A&A, 339,
Fig. 2, itis clear that there is a large decrease in the line width 208
and ratio values at almost exactly the same location, i.e.,Ravid, C., Gabriel, A.H. & Bely-Dubau, F., 1997, Proc. 5th SOHO
~1150". The decrease in the line ratios at this location sug- Workshop, ESA SP-404, 313 .
gests that the dominant excitation changes from being co%s)sﬁhezké(i'AA' Se?gag‘sg” Laming, J.M., Sk, G.A., Wilhelm,
s_ionall_y to radiatively domina_nt. The fact that the de_crease L%yle.,’J.G, éar?er’jee, D. & Perez, M.E., 1998, Sol. Phys., 181, 91
line widths occurs at approximately the same location as thgyle, J.G., Teriaca, L., Banerjee, D., 1999, A&A, 349, 956
decrease in the Mg ratios suggests that the reduction in thelarrison, R.A., Sawyer, E.C., Carter, M.K., Cruise, A.M., et al. , 1995,
nonthermal velocities may be linked in some way to this change Sol. Phys., 162, 233
in the dominant excitation, perhaps due to changes (decreast#s}ison, R.A., Hood, A.W. & Pike, C.D., 2002, A&A, 392, 319
in the electron density. We note that Hassler et al. 1990 foun§&ssler. D-M., Rottman, G.J., Shoub, E.C., Holzer, T.E., 1990, ApJ,

. . . . 348, L77
plateau in their observed line widths between 1.1 and ;2 ohl, J.L. & Withbroe, G.L., 1982, ApJ, 256, 263

which they considered might be due to either wave reflectigfishea E., Banerjee, D. & Poedts, S., 2003, A&A, 400, 1065
andor damping in the lower corona. In our observations, Ugelinlu, E.R., Bozkurt, Z., Afsar, M., Soydugan, E., Soydugan, F.,
to ~1.35 Ry, and, so, further out than those of Hassler et al. , 2002, MNRAS, 336, 1195

we find a definite decrease in the line width values abal@ Singh, J., 1985, Sol. Phys., 95, 253

Ro, i.e., ~1150". The fact that we see a reduction in the lindilheim, K., Dwivedi, B.N. & Teriaca, L., 2004, A&A, 415, 1133

widths would suggest that what we are seeing in these data }g@e_lm, K., Fludra, A., Ter.'aca’ L., Harrison, R.A., Dwivedi, B.N.,
- . . ... 'Pike, C.D., 2005, A&A (in press)
damping of the waves assumed to be responsible for the mmg[mg PR. Klimchuk J.A. & Mason. H.E.. A&A. 1999. 350. 286

increase in the line widthsflimb.



