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ABSTRACT

This report describes step by step how the imafjesloyman-a 1216A intensity (phot
cm? s* sr') expected on the CCD detector have been construttesummary, the
images are built starting from images of white figtorona acquired by the
SOHO/LASCO C2 & C3 and Mauna Loa/Mark IV coronagra@nd from Lymarx
intensities and line profiles measured by SOHO/UV@Strument at different
heliocentric distances and latitudes. A routine lb@sn written (in IDL language) able
to provide a Lymam image for any heliocentric distance of the Solabiter
spacecraft and both for the minimum and maximumsesaof the solar cycle.
Simulated images have then been used to estimatexifected counts number and the
exposure times required to have a provided signabtse ratio. It turns out that at solar
minimum very long exposure times (up to more th&80680s) will be required over the
polar regions in order to have a S/N ratio of 18jlevexposure times of ~ 30s will be
sufficient for the equatorial regions. These expesiimes have to multiplied by a
factor ~2 in order to have the same S/N ratio afitte peak in the Ly line profile.

1. SUMMARY OF INPUT INSTRUMENTAL PARAMETERS

The METIS simulated images described here have lm#ained by assuming a series of
instrumental parameters, which are listed for theader convenience in Table 1. All these
parameters can be also found in Tables 3.1, 3.34ahddf the METIS Instrument Experiment
Interface Document-B (EID-B, issue 2, rel.2, 03AIA/0), except for the EUV pass-band filter
width, which has been assumed to be 80 A for thmdrya channel (as suggested by...). These
parameters have been used to build the coronagraphges and in particular to convert LASCO
and Mauna Loa spatial resolutions and UVCS spatidlspectral resolutions to those of the METIS
instrument.

Table1: METISinstrumental parameters
Equivalent focal length 305 mm
Pixel size 15um
Detector size 2048x2048 pixels
Spatial resolution (img. channel) 10.14 arcseclpixe
Spatial resolution (spec. channel) 34 arcsec/pixel
Spectral resolution (H Lg channel) | 0.54 A/pixel
Spectral resolution (He Il channel) 0.13 A/pixel
Passband filter width (spec. channel) 80 A
Coronagraph FOV 1.3°-3.0°
Slit altitudes 1.4°,1.7°, 2.0°
Slit separation 0.8°

from EID-B (issue 2, rel.2, 03/02/2010)
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Figure 1. example of input composite MarklV+LASCO C2+LASCO C3 coronographic
white light images provided by the IfA on-line catalog (see text).

2. INPUT IMAGES, INTENSITIES AND SPECTRA

The input white light coronagraphic images havenb@ewnloaded from the IfA Catalog of Solar
Data Products providing composite MarklV + LASCO C2 + LASCO @8ages (Fig. 1). These
three instruments observe the white light coronth wifferent field of views and different spatial
resolutions. IfA catalog provides at least one cosite image per day, when data are available
from all three instruments at the same time. Compasiages provided by the IfA catalog have
been already coaligned and each image has a riesoloft 1024x1024 pixels; hence, in these
images, MarklV and LASCO C2 spatial resolutions endoeen downgraded to the LASCO C3
resolution (~56 arcsec/pixel), which is approxinhate times larger than the METIS resolution
(~10 arcsec/pixel). Figure 1 shows an example ofipmsite images representative of the corona
white light appearance at the minimum (left) anckimmaum (right) of solar activity.

Input Lymanae intensities (phot cifis* sr') have been assumed from UVCS data observations. In
particular, | assumed the integrated line intengityfiles vs. altitude provided by S. Giordanohe t
“Counts rate Estimates — METIS Instrument Perforcedrdocument (issue 2, rev.2, 11/12/2007).
A power law fitting to the profiles provided in ghidocument yields the following analytic
expressions for the H Lymam-ine intensity (phot cif s* sr*) as a function of the heliocentric
distanceh (see Fig. 2) at the equatoridf and polar li,) regions for the minimum and maximum
phases of solar activity cycle:
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! See internet pagetp://alshamess.ifa.hawaii.edu/prototype/index.php
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Figure 2: example of input Lyman-a intensity profiles measured by UVCS (see text).

Figure 3: example of successive steps followed to build a 2-D Lyman-a intensity image;
this example refersin particular to a spacecraft heliocentric distance of 0.5 AU.
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3. BUILDING THE CORONAGRAPHIC IMAGES

The successive steps followed to build a H Lymageronagraphic image are:
1. Convert the composite 1024x1024 white light imaga 2048x2048 image with the correct
METIS spatial resolution (km/pixel) expected forethctual heliocentric distance of the
Solar Obiter spacecraft (Fig.3, top left);
2. Normalize the white light image to the average ahktitensity profile (obtained averaging
over 90 radial profiles extracted from the inputige, one profile each 4°);
Overplot the outer and inner edges of METIS coromglg field of view (Fig.3, top right);
Apply a trigonometric multiplying function & (where8 is the solar latitude), with€f <1,
to scale the 2-D normalized image to the UVCS paladt equatorial Lymaan- intensities
(Fig.3, bottom left).
An example of Lymare image resulting from the above procedure is shiomiig.3 (bottom right).
In particular, in the resulting image the radiakimsity profiles extracted above the pole or at the
equator coincides with the UVCS intensity profisthat latitudes, while at intermediate latitudes
the intensities are intermediate between polar emdatorial intensities. The resulting image also
mimic the presence of coronal structures: the iveatontrast between the streamer structures and
nearby coronal hole intensities has been preserved.

how

4. BUILDING THE SPECTRO-
SCOPIC IMAGES

The simulated METIS spectrum has been
created starting from a Lyman-spectrum
observed by SOHO/UVCS with the loy-
channel. In particular, in this first attempt | dse
the spectra acquired by UVCS on December 23,
1996 (file d96.12.23.20_40 59.lya.dat): the
reason is that a strong Coronal Mass Ejection
(CME) was also observed in this day, hence the
same dataset has been used to also simulate the
expected spectrum at the CME arrival. In
particular, these UVCS observations have been
acquired with the slit centered at 1.5 solar radii
at a latitude of 55°SE; spectra have been
acquired with spectral, spatial and temporal
resolutions of 0.1437 A/pixel, 21 arcsecs/pixel
Figure 4: the input UVCS Lyman-a spectra and 300 s/exposure, respectively. The
along the dlit (top left) and the same spectra  successive steps followed to build a H Lynean-
adapted to METIS resolutions (top right). spectrum as expected from the 3 METIS slits
These spectra have been used to simulate the  are:

total METI S spectrum from the 3 dlits. 1. Assume the UVCS spectrum acquired at
the first exposure (before the CME

arrival) as representative of a typical coronakspen;

2. Downgrade the spectrum from UVCS (0.1437 A/pixdl, é&csecs/pixel) to METIS (0.54
Alpixel, 34 arcsecs/pixel) spectral and spatiabhgsons;

3. Create 3 spectra for each one of the 3 slits;

4. Create the resulting total spectrum.




For step 3, the intensity observed at each birbleas scaled in order to provide 3 different spectra
with an integrated line intensity which, at thet slenter, equals the Lymandintensity expected
(from the above UVCS intensity vs. altitude prdd)l@n the equator at the actual projected altitude
of observation of each slit. Hence, at this fitsige, the line intensity decays along the slitas n
representative of the real decay expected at thmlaaltitude of observation; moreover, Lyman-
line widths are assumed to be the same at aludéig. These two points will be addressed in the
next future, in order to provide more reliable siated spectra.

The spatial extensioAY (pixels) in the vertical directiolY of the detector region covered by the
METIS spectra is simply determined by 0.8x3600/40-1284 pixels. The extensidX (pixels) in
wavelengthAA (i.e. in theX direction) of each spectrum produced by the eaehad the 3 METIS
slits is fixed by the pass-band filter width (sexble 1), i.eA\ = 80A. Because the first and last slit
are separated by 2x0.8° = 1.6°, which correspond$.6x3600/10.14 ~ 568 pixels, while the
spectrum extensioAA corresponds to 80/0.54 ~ 148 pixels, the totabmsibnAX is 716 pixels.
Hence the total detector area covered by METIStepszopic channel is a rectangle with sixes of
716x284 pixel&

The UVCS exposures acquired in the same
dataset during the CME arrival have been used
to build a Lymana CME image. The image
(Fig. 5) has been built by assuming that the
CME is simply expanding isotropically in the
radial direction with the velocity provided by
the LASCO-CME catalog (courtesy of S.
Giordano). The Lymarr peak CME intensity
has then been scaled, depending on the actual
METIS field of view, to the intensity provided
by the same power law used for the UVCS
Lyman-a streamer intensity at the maximum
phase of solar activity.

Figure 5. the UVCS Lyman-a CME image UVCS spectra acquired during the CME transit
built from the spectra observed during the have been used_ not only to produce a simulated
CME occurrence. Lyman-a CME image, but also to produce a

simulated Lymara spectrum. To this end,
CME spectra from the central (second) METIS slitéhbeen assumed to be equal to UVCS spectra
scaled, as mentioned above, with the maximum steguwer law, while peak intensities of
simulated spectra from the left (first) and rigtitild) METIS slits have been scaled by assuming
the same CME intensity decrease with altitude psrted by Bemporad et al. (2007, ApJ, 655, 576).
In particular, in this work (the only one where daene CME has been observed by UVCS at two
different altitudes) the authors reported @ Q032 A intensity decrease between 1.6 and 1.9 sola
radii by a factor ~2.6.

When METIS will observe spectroscopically a CME #nent will not be observed from the

imaging channel and vice-versa. In order to shothatsame time the CME Lyman-a spectra and
image, the latter has been rotated by 90° and ¢lace of the equatorial plane. The resulting
METIS simulated images have been produced by sinaglging the simulated spectra to the
simulated coronagraphic image (see imageppendix).



Lyman—a exp. times (S/N=10) ~ Lyman—a exp. times (S/N=10)
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Figure 6: example of computed METIS exposure times required for the Lyman-a channel
at the minimum (left) and maximum (right) phases of solar cyclein order to have a signal
to noiseratio YN = 10.

5. ESTIMATE OF REQUIRED EXPOSURE TIMES

The simulated METIS images can be used to estiteeexposure times required at different
heliocentric distances of the Solar Orbiter Spaaféan order to have a fixed signal to noi&AN)
ratio. To this end it is necessary to know:
* Vignetting function: is a functiof(6) only of the angular distand&from the occulter center.
Givenf(0), a 2D vignetting image V can be computed.
» Mirror reflectivity M; Filter transmissiorf; Entrance pupiR. Given these quantities, the
effective areas isA, = (7R?)FM2f(8)  (cn?)
» Detector quantum efficiency Q; given all the aboyeantities and the spectral line
integrated radiancesge, the expected counGineare C,. =l QAs (Ctss™pix™)
By assuming a fixed S/N ratio it is possible toider given the above quantities, the
required exposure times, at each altitude.
Required exposure times have been computed by asguimat the noiséN is due only to the
Poissonian statistic, i.&\ = S¥% henceSN = 10 impliesS = 100 counts. Given a fixe®N ratio
and a number of expected cou@ise (counts/s), the exposure tirtig, (S) required to have thi8N
ratio for a single pixel is simply, = (IN)? / Ciine.

An example of resulting exposure times computedSiit = 10 when the spacecraft will be at a
distance of 0.28 AU is shown in Fig.6 for minimutaf) and maximum (right) of solar activity
cycle. In this computation | assum&#) = 1 and (from D. Moses document of 30/11/2008).y-

a) = 0.27, F(Ly-a) = 0.22 (Al/MgF2), Q(Ly-a) = 0.30. Images in Fig.6 show that at solar
minimum very long exposure times (up to more thaB000s) will be required over the polar
regions in order to have a good S/N ratio, whilpasure times of ~ 30s will be sufficient for the
equatorial regions; on the contrary, at solar maximo more than ~ 100s will be required in polar
regions. These limits will be more stringent foe tpectroscopic channel: in fact, in order to have



the same S/N ratio at the peak of the Lyman-a sgdote, by neglecting the background noise, it
will be necessary to observe for a titag(peak) given by

o\ 2T

texp( peak) = texp

wherer = 0.54 A/pixel is the Lymai channel spectral resolution aads in A. For instance, by
assuming a FWHM = 1 A, henae~ 0.42 A, it turns out that the exposure timesuirgl on the
METIS spectroscopic channel in order to have atlihe peak the sam&N ratio than what
required in the imaging channel are a factor ~~129arger.

6. APPENDIX

Images given in the following appendix are:

Solar maximum corona observed by METIS with Solebiter at 0.28 AU

Solar maximum corona observed by METIS with Solewiter at 0.50 AU

Solar maximum corona observed by METIS with Solebiter at 0.72 AU

Solar minimum corona observed by METIS with Solabit@r at 0.28 AU

Solar minimum corona observed by METIS with Solabit@r at 0.50 AU

Solar minimum corona observed by METIS with Solabi@r at 0.72 AU

Solar maximum corona + CME observed by METIS witha® Orbiter at 0.28 AU
Solar maximum corona + CME observed by METIS witha® Orbiter at 0.72 AU
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