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Sunspot plume observations in the EUV
The gas pressure differential between the umbra and surrounding region
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Abstract. The electron density over a bright sunspot plume region was evaluated using lines within #6®@ multiplet. The
plume showed an intensity enhancement factoe®fn the Ov lines compared to regions outside the sunspot umbra. Internal
agreement between the various ratios is excellent which would suggest that thee® do not stfer from blending problems.
The derived mean electron densities for the sunspot plume Njmm= ~ 9.9 compared to lofjle/cm = ~ 10.20-10.45 in

the surrounding area. The derived gas pressure in the plume compared to that outside leads weight to the suggestion that it
plasma flowing from outside the spot into the umbra at transition region temperatures that is the main cause of the down-flows
The plume non-thermal velocities are 5 to 10 krh smaller than those measured in regions external to the spot, suggesting
significantly less turbulence within the umbra.
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1. Introduction true density. Thus the only accurate technique is the first,

. suming that the lines are from the same ion and that ac
Sunspots, the cool dark features visible on the Sun’s surfaceradrl% atomic data exist for that particular ion. In this work v

complex magnetic structures, perhaps even more so than RIS data acquired with tts&/MER instrument on-board SoHC
viously considered as shown by recent high spatial resolutif%{lm(en around 760 A

data (Scharmer et al. 2002). Basedsa&ryLAB data obtained in
the mid-seventies, Foukal et al. (1974) and Noyes et al. (192@
showed the existence of plume features when viewed in Ii§

This wavelength region includes the Y0760 A multiplet.
onization equilibrium, Ov is formed at an approximate tem
rature of 5x 10° K. Within this multiplet there are four line
atios, each using the 761.13 A line. Here we use only th
Wfese ratios due to blending in the fourth. All these lines ¢

by factors up to 15-25 over the normal quiet Sun values. Moggparated by less than 3 A, thus this eliminates possible

recent work by Brynildsen et al. (2001) confirm these ear“%lation uncertainties which can arise if the two lines have

studies and often show that these plume structures are Iarqg gle wavelength separation. In Sect. 2 we discuss the ob
dominated by down-flows of 2030 ks similar to the ear- vational data, while Sect. 3 contains the results, including li

Iler_ data_reported by Dere (1982). Fror_n the dynamical VieWs: 1+h measurements.

point, this would suggest a pressure imbalance between Wﬁe

sunspot and the surrounding region. Although electron den-

sity estimates exist for sunspot plumes formed aroumdl0® _ 2. Observational material

to 25 x 10° K (e.g. Doyle et al. 1985), none of these provide

a comparison with data taken simultaneously in nearby strddie Solar Ultraviolet Measurements of the Emitted Radiatic

tures outside of spots. (SUMER) instrument aboard theSolar and Heliospheric
For a determination of the electron density, two such met@bservatorfSoHO) is a high resolution, stigmatic, normal ir

ods exist; line ratios and emission measure. Because structgidgnce spectrometer covering the wavelength range from 6

in the transition region of the solar atmosphere are much 16510 A and 465-805 A in first and second order, respectiv

than the resolving power of any imaging experiment, estimatedfilhelm et al. 1995, 1997; Lemaire et al. 1997), with an ang

based on the emission measure are only lower limits to tl&& pixel size in the direction along the slit sl and a spec-
tral pixel size between 0.042-0.045 A in first order. The data

Send gfprint requests toJ. G. Doyle, analysed in this paper was obtained on 18 March 1999, exy
http://star.arm.ac.uk/preprints/ ing a band of 120 spatiad 1024 spectral pixels from detector E

formed around 42.5x 10° K. These authors showed that line
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Fig. 1. A TRACE 1600 A image of the sunspot and surrounding region (taken at 21:14 UT on 18 March 1999) with the positiosuniike

slit andTRACE white light contours over-plotted (left panel) out-lining the umbra and penumbra. The central panel and the right panel are |
intensity variations along th&UMER slit as seen in Nv 765 A (at 21:01 UT) and Siv 1402.77 A (at 20:13 UT) respectively. The”1fegion
centered around 40along the slit is known a®QS;, while QS; is the region centered around 0@ S; andS S, are centered around 70

and 80 respectively along the slit.

with a 0.3’ x 120’ slitin first order, positioned through the cen-  The reduction oSUMER raw images involves local gain
tral part of a sunspot umbra. In Fig. 1, we showrace 1600 A  correction, flat-field subtraction and a correction for geometri-
image of the sunspot and surrounding region with the posal distortion. Since we only deal with lines from within the
tion of the SUMER slit and TRACE white light contours of the 760 A multiplet (i.e. lines at 757.68, 759.43, 760.21, 760.43,
umbrapenumbra over-plotted. In the central panel of this figz61.13 and 761.99 A), the wavelength calibration derived from
ure is the intensity variation along tis&/MER slit as seen in the header information is fiicient.

N 1v 765 A. The N1v 765 A image shows enhanced emission

over the sunspot umbra witil0” size which is identified as a

plume area%$ §). A better justification comes from the strongg' Results

ﬂOW registered in Qv a.nd SiIV |ineS al’ound 1400 A an hOUrTWO regions W|th|n the Sunspot and two regions Outside the

earlier. The down-flow can also be seen in thEVNine, how- Spot were selected for Comparison. The Sunspot p|ume spec-

ever it is smaller than that seen one hour earlier irvSi tra (SS) analysed here is shown in Fig. 2 with the quiet sun
In the quiet Sun, the @ lines are weak, however, the en{QS;) spectrum shown for comparison. Note the shift to the

hancement factor in the sunspot plume w&stimes higher red in the sunspot data. In Table 1, we give the derived peak ra-

than the mean intensity outside the sunspot. We should ndiances in units of W st m=2 A~ for all four regions in each

as well that despite the fact that a rotational compensation twdishe OV lines.

been applied, theUMER slit moved~3.5” from its position The electron density sensitivity of the variousvOlines

where the 1400 A spectrum was registered. Nevertheless, Wexe evaluated using the contribution functions derived via

plume remained in theUMER field-of-view, but the flow pat- CHIANTI (Young et al. 2003) and are shown in Fig. 3 (we

tern changed either due to time variability or spatial locatiatid not include the blended 760,260.43 A lines). All of

(we should return to this later). these line lines have a small electron temperature dependence
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Fig. 2. The SUMER sunspot plume spectru®S; (solid line) obtained on 18 March 1999 with the quiet $D§, (dotted line) spectrum over-
plotted showing the six lines from within the ®760 A multiplet. Note that for presentation purposes@® spectrum was multiplied by a
factor of three, also note the line-shift to the red in the sunspot data.

Table 1.Line peak radiances in Wsrm-2 A-1 for the four selected is 178, 152, 139 and 126 mA respectively. Assuming a li
regions (see text for details) for the six lines within thev@60 A formation temperature of I10B/K = 5.4, this implies non-
multiplet. thermal velocities of 39, 32, 29 and 25 kit dor the above
four regions. Taking a slightly lower line formation temper:

Wavelength () QS; QS, SS S$ ture, e.g. lode/K = 5.3 would increase the non-thermal ve
758.68 0.115 0.121 1.117 0.63 locities in the sunspot regions by 2 kmtsThis could occur
759.43 0.104 0100 0.853 0.482 if large down-flows were present. However, as noted above

7602476043 0.384 0403 3563 1.98 examining several strong single resonance lines we did not

tain any evidence for flows in excess of 20 kni at the time of
the Ov plume observations. As noted by Hansteen & Maltl
(1992), a possible problem with any derived non-thermal \
locities is the assumption that this additional component he

Gaussian distribution of velocities. It is beyond the scope
as shown for one of the ratios in Fig. 4. For all the observed lifigis paper to discuss this aspect.

ratios this translates into a possible error of no more than 20%,
which is within the accuracy of the atomic data.

An earlier paper by Wilhelm et al. (2002) suggested blen
ing of the Ov 759.43 A line with a SIv line at 759.34 A. There are very few published results relating to electron den
However, as can be seen from Fig. 3, the internal agreemestimates in the mid-transition region for sunspots. Doyle et
between the various ratios is excellent which would point to(a985) used several density sensitive line ratios on data
negligible blending in any of the @ lines. The derived mean tained with an EUV spectrometer on-boakdvLAB. SiIll lines
electron densities for the four regions are lgcm= = 9.95, (formed at logTe/K ~ 4.5) givesNe = 1 x 10° cm™3, C m1
9.88,10.20and 10.45f&S;, S S, QS; andQS; respectively. lines (formed at loJe/K ~ 4.8) givesNe = 8x 10° cm 3, N 1v
Thus there is a clear factor of two or mordfdience between lines (formed at lod /K ~ 5.0) givesNe = 8x10° cm3 and fi-
the electron density in the sunspot umbra compared to the swuy OV lines impliedN, = 1x 10'° cm3. These observations
rounding regions. were taken over a bright sunspot plume, similar toSti®ER

Based on the two strong unblended Olines (758.68 data discussed here which impliéd = 9 x 10° cm3. The
and 759.43 A), the FWHM values for the four regiosS;, agreement between these two studies is excellent and althc
S$, QS; and QS; (corrected for instrumental broadeningbne may expect some variability, it is possible that sunsp

761.13 0.028 0.041 0.179 0.087
761.99 0.119 0.139 1105 0.602

4. Discussion
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/ ] find evidence for flows in excess of 20 km'siuring the time

of the Ov observations. However, data taken one hour earlier
did show a flow in excess of 80 km’s Dere (1982), noted that
flows within sunspots can be very localized and since the width
of theSUMER slit used here is only 0”3 coupled with the 35
shift between our Nv and Sitv observations, we may have
missed the main flow channel. On-the-other-hand, as noted by
Brynildsen et al. (1998), these flows can show changes on time-
scales down to minutes.

The derived gas pressure in the plume compared to that out-
side the spot measured here would lead weight to the sugges-
tion that it is plasma flowing from outside the spot into the um-

) T T & L N N bra at transition region _temperatures that is the main cause of

' ' ' ' Log Ne/cm;3 ' ' " these down-flows. Brynildsen et al. (2001) also n(_)ted that mqst

plumes could be represented by a single Gaussian broadening

Fig. 3. Three electron density diagnostic line ratios from within they non-thermal motions, although in one spot, two flows were
O v 760 A multiplet, i.e.R, = 76113/75868, R, = 76113/75943 observed, each with a width applying a zero non-thermal veloc-
andRs = 76113/76199 plotted assuming the temperature of formaty. The non-thermal velocities derived here are 5 to 10 kin s
tion is logTe/K = 5.4. The derived densities (based on the data ima|ler than those measured in regions external to the spot,
Table 1) in all four regions are indicated. suggesting significantly less turbulence within the umbra.

Ratio

ssf§51981 QS,

-8 T T T T T T
(Y R, = 761.13/758.68
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