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ABSTRACT

Motivated by the recent paper by Habbal et al., we have made spectroscopic observations in the wavelength
range of 1072.8—-1079.0 nm of the solar corona above the coronal hole region on several days using a coronagraph.
We made raster scans above the coronal hole region as well as other coronal regions for comparison. The exposure
time of 200 s at a single location permitted us to detect signals of the order bbflthe solar disk brightness.

We did not find any indication of emission around 1074.7 nm due to fluorescence from silicon nanoparticle dust
grains in the coronal hole region in the inner corona proposed by Habbal et al. This may be due to the absence
of silicon nanoparticle dust grains in the coronal hole region or to our detection limit.
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1. INTRODUCTION 7 m focal length yields a dispersion of 0.261 nm mrat the
second order around 1075 nm. The CCD camera(¥4 x
1024pixel format with a pixel size o24x 24 ym from Pho-

metrics has an efficiency of about 10% in the wavelength
range of our interest. The chip size of the CCD camera per-
mitted us to record the spectrum over 6.1 nm around 1075 nm.
Because of our interest in the 1073 nm wavelength, we did not
record the [Fexi] emission line at 1079.8 nm. Data were read
by a 14 bit analog-to-digital converter operating at a speed of
200 kHz.

We have made raster scans of a coronal region overlying the
coronal hole at the north pole in the period of 2003 September
as opposed to a predominantly radial polarization in the rest ?e_ lignwgsg\fg fﬂéhfofgﬁgeﬁggﬁ?}Q’Zesﬁft% O?jg rc\)/r(? dzgocgg)g a—l
of the solar corona. They argued that the observed emiSSior}er%\ber 22 as quided by the EUV Imaain pTeIesco e (EIT)p
and the tangentially directed polarization in the coronal holes . btai gd f n$03|/—|o We al gdg ¢ P f
were due to an emission band around 1074.7 nm and attributedmr‘?geS 0 allne o f - e alSo made ras eL SC‘?”S % h
it to the fluorescence from silicon nanoparticle dust grains in Ot coronal regions for comparison purposes. The slit widt

of 200 um equivalent to 50n the Sun, with an exposure time

the inner corona. Habbal et al. (2003) found the “emission ; .
" ; : : of 200 s, yielded a signal of about 10,000 counts close to the
band” after subtracting two filter images centered at 1074.7 limb, about 60% of the saturation limit of the CCD camera.

and 1072.8 nm. If the emission really exists, a hump at around | diatelv after th . btained th ¢
1074.7 nm could be confirmed with a spectroscopic observation mmediately after the raster scan, we obtained né spectrum
of the center of the solar disk by introducing a neutral density

covering 1072.8-1074.7 nm, as we have attempted here. L L .
We have made spectroscopic observations in 1074.7 andﬁlter in front of the spectrograph slit with exposure times rang-

1079.8 nm emission lines to study the density structure in the N9 from 200 to 300 ms. The transmission of the neutral density
steady coronal loops (Singh et al. 2002). Encouraged by thefilter around 1075 nm is 3.532%, as measured using a scanning
recent paper by Habbal et al. (2003), we used the same setugPectrophotometer (UV-3100PC of the Shimazu Corporation)
of the CCD camera to make new spectroscopic observationsdvailable at the Natl'onal Astronomical Obseryatory, Tokyo',
in the coronal hole region and other coronal regions for com- Japan. We also obtained three spectra at the disk center using
parison, with longer exposure time compared to Singh et al. & wide slit of 10 mm and averaged these spectra to generate

exposure times equal to that of the coronal spectrum and disk

spectrum were obtained after every raster scan. The binned
pixel size of24 x 48 um provided a spatial resolution of 2

We have made spectroscopic observations of coronal hole@nd a spectral resolution of 0.0125 nm. The high spatial and
regions in the wavelength range of 1072.8-1079.0 nm usingSPectral resolution was chosen to give longer exposure time
the 25 cm aperture coronagraph of Norikura Observatory. TheWithout reaching the saturation limit of the CCD camera.
optics of the coronagraph forms the image of the Sun and the After the observation, we averaged the spectra along the slit
corona with an image scale of 2Bim™*. The spectrograph of and dlsperS|on to enhance the Slgnal-to-n0|se ratio. The step

size of the raster scans was chosen betwéeans 30, de-

UIndian Institute of Astrophysics, Koramangala, 1| Block, Bangalore Pending on _the coronal region. The details of Observa“_ons
560034, India; jsingh@iiap.ernet.in. made on various days are given in Table 1. The observed signal
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A number of experiments have been conducted during total
solar eclipses to detect interplanetary dust near the Sun and
dust ring around the Sun (Rao et al. 1981; Hodapp et al. 1992;
Lamy et al. 1992; Ohgaito et al. 2002; and others) and have
yielded contradictory results. Kuhn et al. (1996, 1999) made
spectroscopic observations in the infrared part of the solar spec
trum to detect coronal emission lines. From the polarimetric
observations of the [Fem] emission line at 1074.7 nm made
during the total solar eclipse of 2001 June 21, Habbal et al.
(2003) found tangentially polarized emission in the radial ex-
tension of the low-temperature and low-density coronal holes

2. OBSERVATIONS AND DATA ANALYSIS
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TABLE 1
DETAILS OF CORONAL OBSERVATIONS

Slit Width  Exposure Time Step Size Observed Area

Date Coronal Region (um) (s) (arcsec) (arcsec)

2003 Sep 09..... North pole 200 140 20 508 480
2003 Sep 15..... North pole 160 200 20 508 480

East limb 160 20 5 500« 245
2003 Sep 16..... North pole 160 200 25 508 500

South pole 160 50 5 506 100
2003 Sep 17...... North pole 160 150 30 508 450

West limb 160 20 10 500< 300
2003 Sep 22..... South pole 200 200 30 508 480

was corrected for the dark signal by subtracting the dark frame 3. RESULTS AND DISCUSSION

from the observed spectrum. The flat-field correction was done
by dividing the observed spectrum by the flat-field spectrum,
and the photospheric scattered light component was remove
from the coronal spectrum using the solar disk spectrum. Then,
to enhance the probability of detection of the emission, we
analyzed the data by combining the data of 10, 25, 50, and
100 pixels in spatial resolution and 4, 8, and 16 pixels in on the south pole on 2003 September 22.

spectral resolution. All chosen sets of data have produced sim- Flgun? 120752,101"057;% sollar ?j'jli spfctrum mbthe fwa;)velentgth
ilar results, with random noise decreasing with the increase in'8"9€ © —1979nM. In adadition to a number ot absorption
the number of pixels used for the averaging. lines, a small-amplitude wavelike pattern is also seen in the

To compute the intensity of the emission line, we measured spectrum. This pattern is due to very faint interference fringes

the intensity of the nearby continuum at the center of the solar C3US€d by the infrared filter RM-90 and is common in both the
disk obtained with a neutral density filter of known transmis- disk and the observed coronal spectra. This pattern disappears

sion, with the same experimental setup. The observed count afrom the coronal spectra after the subtraction of the scattered

the disk center in the continuum w67+ 32  with an ex- ight component is done using this disk spectrum..The figure
posure time of 200 ms. The intensity of the emission line was Ishov;/; t_lr_]ﬁ obser¥ed cm:jnis(,)?grssecond ag'a'cjugcélo?hoftwave-
determined from the peak of the Gaussian fit to the emission- engtn. 1he count aroun -0 M was divided by the trans-

line profile obtained after the flat-field correction and subtrac- mission of the neutral density filter to compute the valu&lof

tion of the scattered light component. Then the intensity of the (cognts per s_econd)_ at the disk center. .
line is given byn/N , where andN are the numbers of counts Six panels in the first and second rows of Figure 3 show the

per second for the coronal line and the solar disk continuum, NEENSIty in units of 10° of the central solar disk brightness as
respectively "a function of wavelength at various heights from the east limb

for the wavelength range of 1073-1079 nm with an exposure
time of 20 s. The height of observations is indicated at the top
of each spectrum. All the spectra are shown in the same scale
for easy comparison. A dark-subtracted and flat-fielded spectrum
(before scattered light correction) at a height of &bove the
limb in the top left panel of the first row shows that the scattered
light component wa80 x 10°® of the solar disk brightness. The
spectral profile in the middle panel of the first row obtained at

Figure 1 shows the image of the solar corona obtained on
003 September 10 at 196 ([ka] line) from EIT on board
HO, which indicates the existence of a coronal hole at the
north polar region. This coronal hole was visible throughout
the period of observations. Similarly, a coronal hole was seen
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Fic. 2.—Profiles of the 1073-1079 nm spectra of the center of the solar
Fic. 1.—Image of the solar corona at the 185  [f&e line obtained by disk. Prominent absorption lines at 1074.9 nm and at other wavelengths are
EIT on boardSOHO on 2003 September 10. The box marked at the north seen. In addition, a small-amplitude wavelike pattern visible in the spectrum
pole indicates the coronal region observed lying above a coronal hole. is due to interference fringes caused by the infrared filter.
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Fic. 3.—Profiles of the 1073-1079 nm spectra of the coronal region above the east limb obtained on 2003 September 15 at various heights. The bottom thre:
panels show profiles of the 1073-1079 nm spectra of the coronal region above the south limb obtained on 2003 September 16 at various heights. The heigt
above the limb, where the spectral profile was obtained, is indicated at the top of each spectral profile. All the profiles show emission at 1074.7tlmen due to
[Fe xm] line, and some of these show small dips at 1074.9 nm and at other wavelengths because of remnants of signal due to the absorption lines of the sola
disk. The left panel in the first row shows a dark-subtracted and flat-fielded spectrum (before scattered light correction) at a héighbet Hige limb. Other
panels show the spectra after the scattered light correction.

245’ above the limb clearly shows the 1074.7 nm emission line files. The bottom right spectrum at 28bove the limb does
due to [Fexi]. The spectral profiles also show small narrow not show any emission at 1074.7 nm due to ff€, indicating
dips at 1074.9 nm and some other wavelengths because of remlow temperature in the coronal hole region. The spectra at
nants of absorption lines of the solar disk. The intensity of the higher altitudes (the highest being 488bove the limb) also

emission line at 245above the limb was found to be % do not show any emission in the observed wavelength range.
10 ¢ of the solar disk brightness, and the noise in the continuum (The drop in the intensity at 1073 nm is due to the edge problem
of the spectrum is less thanx 10°° . in our CCD camera and is not real. This happens occasionally,

The bottom three panels of Figure 3 show the spectral pro-when we make observations in the infrared wavelengths and
files at different heights above the limb on the south pole region the signal is weak. Some effect is visible even after the flat-
on 2003 September 16 when there was no coronal hole at thdield correction.) The figure shows that the spectral profiles at
south pole. These were obtained to compare the spectra withhigher altitudes above the limb (448nd 480) are almost flat
those of the coronal hole. The bottom left spectral profile, with small variations of the order df x 10" , but a broad dip
obtained at 100above the limb with pixel-averaging of 20  around 1076 nmis seen in the profiles obtained at lower heights.
along the slit and a spectral resolution of 0.025 nm, clearly This may be due to a small error in the flat-field correction,
shows the emission peak at 1074.7 nm due to thefkEline. as the scattered light component at lower heights is larger. This
The figure shows that the intensity of this emission is 2 may not be due to the emission around 1074.7 nm because the
10°° of the solar disk, and the noise in the spectral profile is intensity levels around 1074 and 1077 nm are almost the same.
5 x 107". These numbers are for observations made with an The maximum amplitude of variation over the whole spectral
exposure time of 50 s. The noise in the spectral profile is coverage i3 x 107 of the solar disk brightness. Therefore,
expected to be less by a factor of 2 for observations made withwe may say that the detection limit with the 200 s exposure
an exposure time of 200 s. inour setup i8 x 107" of the solar disk brightness. The region

Figure 4 shows the plots of spectra in the wavelength rangeabove the south polar coronal hole observed on 2003 September
of 1073-1079 nm in the coronal region above the coronal hole 22 also did not show any emission in this wavelength range
at the north pole obtained on 2003 September 15 with an ex-at all heights up to 480above the limb.
posure time of 200 s. The position of the spectrograph slit Habbal et al. (2003) have argued the existence of an emission
above the north pole is indicated for each of the spectral pro-band around 1074.7 nm in the coronal hole regions from the
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Fic. 4.—Profiles of the 1073-1079 nm spectra of the coronal region above the north polar coronal hole obtained on 2003 September 15 at various heights. The
height above the limb, where the spectral profile was obtained, is indicated at the top of each spectral profile.

observed tangential direction of the polarization, but our ob- 1077 of the solar disk brightness are needed to verify the de-
servations indicate that possible emission around 1074.7 nmtection of the proposed emission from silicon nanoparticle dust
due to fluorescence from silicon nanoparticle dust grains in thegrains in the inner corona.

inner corona is very weak, below the level of 1@f the solar

disk brightness, if it exists. We believe that sufficient intensity

of the emission is required to make useful polarization mea- J. Singh thanks the National Astronomical Observatory, Ja-
surements. There is a probability that very low intensities ob- pan (NAOJ), for providing him with a guest professorship and
served in the coronal hole regions may cause systematic unProfessor J. H. Sastri, officiating Director, for granting him a
certainty in the determination of polarization direction. More leave of absence to visit NAOJ. We thank the referee for useful
spectroscopic observations with a detection limit well below comments.
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