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ABSTRACT

METIS, the “Multi Element Telescope for Imaging and Spectroscopy”, is a coronagraph selected by the European Space
Agency to be part of the payload of the Solar Orbiter mission to be launched in 2017. The unique profile of this mission
will allow 1) a close approach to the Sun (up to 0.28 A.U.) thus leading to a significant improvement in spatial
resolution; 2) quasi co-rotation with the Sun, resulting in observations that nearly freeze for several days the large-scale
outer corona in the plane of the sky and 3) unprecedented out-of-ecliptic view of the solar corona.

This paper describes the experiment concept and the observational tools required to achieve the science drivers of

METIS. METIS will be capable of obtaining for the first time:

° simultaneous imaging of the full corona in polarized visible-light (590-650 nm) and narrow-band ultraviolet HI
Lyman a (121.6 nm);

° monochromatic imaging of the full corona in the extreme ultraviolet He II Lyman a (30.4 nm);

° spectrographic observations of the HI and He I Ly a in corona.

These measurements will allow a complete characterization of the three most important plasma components of the

corona and the solar wind, that is, electrons, hydrogen, and helium. This presentation gives an overview of the METIS
imaging and spectroscopic observational capabilities to carry out such measurements.
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1. INTRODUCTION

Solar Orbiter [1] is one of the Medium-class missions selected for launch by ESA in the framework of the Cosmic Vision
2015-2025 program (with Euclid), aimed to study the Sun and the inner heliosphere, with a payload made up of scientific
instrumentation specifically designed to identify the origins and causes of the solar wind, the solar energetic particles, the
transient interplanetary disturbances, and the heliospheric and Sun's magnetic field.

Solar Orbiter will provide the next major step forward in the exploration of the Sun and the heliosphere after the
successful ESA missions Ulysses and SOHO, as well as the NASA missions TRACE, RHESSI, STEREO and SDO, and
the ISAS mission, Hinode. It will be a key element of the International Living with a Star program, focused on the space
research that has the objective of understanding the processes governing the connected Sun-heliosphere system.

Solar Orbiter will be launched from the Kennedy Space Center on January 2017 (nominal launch date) and after a cruise
phase lasting approximately three years it will start its 7.5 years-long nominal mission phase during which it will orbit
the Sun in about six months and will achieve perihelion distances down to 0.28 Astronomical Units (AU), getting closer
to the Sun than any previous spacecraft. Solar Orbiter will be in a privileged position suitable to perform unprecedented
scientific observations thanks to a powerful combination of in-situ and remote sensing instrumentation. Thanks to regular
gravity-assist maneuvers at Venus the orbit will be tilted bringing the spacecraft to increasingly higher latitudes,
allowing a view of the Sun's polar regions from latitudes higher than 30° (up to 34° close to the end of the mission).
Moreover, Solar Orbiter will be almost co-rotating with the Sun for a part of its orbit, providing for the first time the
capability of remote-sensing solar storms and coronal eruptions building up and development over an extended period
(several days) from the same viewpoint.

Solar Orbiter will perform in-situ measurements of the solar wind plasma, fields, waves, and energetic particles in a
region where they are still relatively unaltered and have not had their properties modified by dynamical evolution during
their propagation. Moreover, remote-sensing instrumentation will carry out simultaneous, high-resolution imaging and
spectroscopic observations both in and out of the ecliptic plane, allowing connecting the in-situ measurements back to
their source regions and structures.

Due to the peculiar orbit of the satellite, however, the characteristics of the environment in which it shall operate heavily
affect the design of its payload, which has to withstand the harsh environment and extreme temperatures

2. METIS SCIENCE OBJECTIVES

The Multi Element Telescope for Imaging and Spectroscopy, METIS [2], investigation has been proposed in response to
the Announcement of Opportunity (D/SCI — 23482) for submitting scientific investigations for the Solar Orbiter mission,
issued by the European Space Agency (ESA) on October 18, 2007, in the frame of a joint ESA-NASA program.

The design of METIS, conceived to perform off-limb and near-Sun coronagraphy and spectrography [4], [5], is
motivated by the aim of addressing the three key scientific questions: i) the origin and heating/acceleration of the solar
wind streams; ii) the origin, acceleration and transport of the solar energetic particles; and iii) the transient ejection of
coronal mass and its evolution in the inner heliosphere (coronal mass ejections, CME’s).

The investigation aims to provide crucial tests apt to verify the hypotheses and models on the following main issues of
solar coronal physics, that have been developed primarily during the SOHO era:

° Is the slow solar wind originating according to more than one physical process and which is the level of
contribution of the possible different sources of slow wind to the heliospheric wind observed ‘in situ’?

° How does the magnetic field topology control the outflow velocity and composition of the slow and fast solar

wind? [3]

Is the magnetic field controlling the emergence of the fast wind at the base of coronal holes?

Do polar plumes and inter-plume regions have a role in channeling the fast wind?

Is ion cyclotron dissipation of fast Alfvén waves the primary energy deposition process in the fast wind?

Is the reconnection at the base of coronal holes responsible for the generation of waves and turbulence that energize

the fast wind?

Which is the nature of coronal heating in open and closed field regions?

° Which is the source of the seed particles of the Solar Energetic Particles (SEPs)?
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° Which is the role of coronal shocks driven by coronal mass ejections in energizing SEPs?

° Which are the mass and magnetic fluxes carried out from the Sun during transient events?

° How does the evolution of the coronal magnetic field, inferred from the large-scale evolution of the outer corona,
trigger coronal mass ejections?

° How does the corona re-adjust after coronal mass ejections on medium-term time scales, ranging between 3 and 10
days (not yet established in the outer corona)?

° How do the quiescent streamers evolve on time scales ranging between 3 and 10 days?

The crucial tests for addressing and solving these still open issues can be achieved by combining the instrument’s
versatility with the uniqueness of the Solar Orbiter mission profile, that is: a close approach to the Sun thus leading to a
significant improvement in spatial resolution; quasi co-rotation with the Sun, which allows to nearly freeze for several
days both the on-disk inner corona and the outer corona in the plane of the sky and, thus, disentangle the evolution of
coronal structures and solar rotational effects on medium-term time scales, an out-of-ecliptic view of the Sun.

2.1 Measurements Requirements

METIS instrument is designed to combine and extend the imaging and spectroscopic capabilities of the SOHO and
STEREO coronagraphs and spectrometers in order to exploit at best the unique characteristic of the Solar Orbiter
mission profile. It can simultaneously image the visible and ultraviolet emission of the solar corona and diagnose, with
unprecedented temporal coverage and spatial resolution (down to about 2000 km), the structure and dynamics of the full
corona in the range from 1.5 to 3 (from 1.7 to 3.5 ) solar radii (R from Sun center, at minimum (maximum) perihelion
during the nominal mission, a region which is crucial in linking the solar atmosphere phenomena to their evolution in the
inner heliosphere. In addition, it can combine both coronagraphy and spectrography to observe the EUV spectral
emission of the two most abundant solar elements in the geo-effective coronal region from 1.5 to 3 R | from Sun center,
at the closest approach (cfr. Figure 1). METIS will be capable of obtaining for the first time [2], [4], [S]:

e simultaneous imaging of the full corona in polarized broad-band (590-650 nm) visible-light (VL) and narrow-band
ultraviolet (UV) HI Lyman o (121.6 nm);

e monochromatic imaging of the full corona in the extreme ultraviolet (EUV) He II Lyman o (30.4 nm);

e spectroscopic observations of HI and He II Lyman o in corona.

These measurements will allow a complete
characterization of the three most important plasma
components of the corona and the solar wind (electrons,
protons, helium). Table 1 shows the METIS Science and
Instrumentation Traceability Matrix

Imaging FOV spectroscopy
sector (RS 2 FOV sector (32°)

The instrument has been designed following a highly
innovative approach, which takes advantage of the multi-
wavelength capabilities of a telescope which uses optics
coated with multilayers highly reflective in the visible-
light band and in the EUV/UV band, as well.

¥
"4 .5° 1.8%2.1°|

0.8°

The coronagraph is based on a novel externally occulted
design, in which light enters through a circular inverted
external occulter (IEO) located at the outside panel of
the S/C heat shield [6]. The IEO is supported by a
suitable truss, which protrudes from the S/C instrument
bay inside the heat shield. Three different coronal light
wavelengths can be selected by a filter mechanism: either

Figure 1 Imaging and spectrographic multi-slits field-of-view (FOV) . O .
at 0.28 AU for the EUV/UV spectroscopic path. The FOV sector for visible, collecte.d by a visible detector after being passed
spectroscopy is about 32°. The remaining FOV is used for imaging through a polarizer, and UV (HI 121.6 nm) or EUV (Hell
in the three wavelength bands: 30.4 nm, 121.6 nm, visible-light. 30.4 nm) lines collected by a EUV/UV detector.
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Science Science Measurement Resolution Signal to- . .
.. . . N . . Field of View
Objective Question Requirement Temporal |Spatial | Noise Ratio
Al) What is . VL 10 min VL: 29-515 1.5°-3°
the (flllgll?)%;l:/ge)lof:}ilt(i)::lo fnl?op SH(:; UV 15 min 40" UV: 6-61 annular; off-limb
mechanism of ’ EUV 240 min EUV: 10-95 corona
ener iti
e | (Spectrography) Intensities | 1y | v 2637 | 15°2.1° 32°sector
et i | A profites of Hl and Hell | gy 650 i | 457 | EUv6-g | offlimb corona
the fast wind? | Ly-¢ for line-of-sight speeds
A) Origins A2) What is (Ima_glng) Measure time . VL: 6-115 15030
and the origin of series of velocity and VL 0.5 min 40" uv annular. off-limb
acceleration solar wind brightness of solar wind; UV 0.5 min Stream: 6-11 coiona
turbulence? best during corotation Poles: 5
of solar
wind A3) How does .
sreams  |the magnetic | (Imaging) Globalmaps of | =gy o) VL 13-230 1.5°-3°
outflow velocities of H” and . “ .
topology He'® for absolute abundance: UV 10 min 40 UV 5-50 annular; off-limb
control the O e ’[EUV 120 min EUV 7-66 corona
. best during corotation
wind speed?
e Lt BT N el B
| Velotties, 0 | + UV 10 min 40 UV 5-50 annular; off-limb
the slow solar densities of H” and He '; .
. . . EUV 120 min EUV 7-67 corona
wind? best during corotation
B1) How are |(Imaging) Global maps of ¢’
B) Sources SEPs density in pre-CME coronal| VL 2 min VL 13-230 1.5°-3°
accelerati or; produced by |ambient, multi-wavelength| UV 4min 20" UV 3-31 annular, off-limb
mechanism | CMEs and UV intensities for deriving| EUV 32 min EUV 3.6-34 corona
and transport|their ionization states in shocks
processes of associated (Spectrography) HILy-a UV 10 min 45” UV 7.5-35 | 1.5°-2.1°-32°sector
Solar shocks? line profile; best <0.3 AU | EUV 60 min EUV 15 off-limb corona
Energetic . ..
barticles B2) How are [Detection and tl.rn{ng o.f . VL 2 min VL 13-23) 15030
SEPs CMEs to help distinguishing . " .
(SEPs) . UV 4min 40 UV 3-31 annular, off-limb
accelerated in |flare-accelerated SEPs from EUV 32 mi EUV 3.6.34
flares? those associated with CMEs. i ' corona
C1) Whatis |(Imaging) UV and visible-
th(.i r.nech. light imaging qf CME pre- VL 2 min . VL 13-230 1.5°-3 .
driving the eruption, eruption and . 20 annular; off-limb
. . . UV 4min UV 3-31
. eruption of reconfiguration of ambient corona
C) Origin CMEs? corona; best out of ecliptic
and early
propagation [C2) Whatis  [(Spectrography) Intensities
of coronal | the evolution |and profiles of HI and Hell UV 10 min UV 32-35 1.5°-2.1°
mass of cool Ly-a lines and possibly EUV 40 min | 45" EUV 11-12 | 32°sector off-limb
cjections plasma in nearby lines of cool ions streamers streamers corona
(CMEs) CMEs? (e.g., Silll 120.6 nm)
C3) How does |Follow evolution of CMEs 15030
the global with UV and visible-light| VL 10 min 40" VL 29-515 annulélr' off-limb
corona imaging from the coronal| UV 5 min UV 3.4-35 co’rona
evolve? base (1.5 Ro at 0.28 AU)

Table 1 Science and Instrumentation Traceability Matrix.
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2.2 Coronal UV and EUV Radiances

The signal-to-noise ratios (SNR) in the measurements required to achieve the science goals, and summarized in the
Traceability Matrix of Table 1, are obtained by optimizing the instrument response against the coronal signal. Figure 2
shows the intensities of the H I 121.6 nm and He II 30.4 nm lines at different heliocentric distances in the extended solar
corona, for representative coronal structures, such as streamers and coronal holes. The intensity values are obtained from
SOHO/UVCS observations, for the HI Ly-o line (right), and from numerical simulations for the Hell Ly-a line,
assuming models for typical coronal structures (left) [9], [10], [11], [12]. As for the radiance of the Hell, 30.4 nm line,
the calculations refer only to the Sun at its minimum of activity. The variability in the HI measurements and in the
models adopted for the Hell calculations are reflected in shaded areas of the intensity profiles plotted in Figure 2
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Figure 2 Measured HI 121.6 nm (right) and estimated He II 30.4 nm (left) coronal radiances for different coronal structures.
The heliocentric distances are converted to angular distances for several spacecraft—Sun distances in the bottom axes.

3. METIS EXPERIMENT OVERVIEW

METIS, the Multi Element Telescope for Imaging and Spectroscopy, is one of the remote-sensing instruments of Solar
Orbiter consisting in an innovative coronagraph for the study and overall characterization of the solar corona [4], [5], [6].
METIS is an inverted-occultation coronagraph that by a combination of multilayer mirror coatings and spectral bandpass
filters, will image the solar corona in three different wavelengths: in visible light, between 590 and 650 nm, and in the
two Lyman-a lines of neutral hydrogen (HI at 121.6 nm) and of singly-ionized helium (Hell at 30.4 nm) (Figure 3).

The visible-light channel also includes a polarimeter to observe the linearly polarized brightness (pB) of the K corona. In
addition, METIS will have the capability of collecting spectra of the HI and Hell Lyman lines simultaneously at three
different heights (accomplished by a multiple slit) in a 32° angular sector of the corona (Figure 1). These measurements
will allow a complete characterization of the three most important plasma components of the corona and the solar wind:
electrons, protons, and helium.
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VLDA

VLDA support

Polarimeter Assembly support

Figure 3 METIS opto-mechanical layout showing the main telescope elements [courtesy of Thales Alenia Space Italia].
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METIS Instrument Performances

CORONAL IMAGING

Avg. Instrumental Stray Light (B../B,)

VL<107°
UV/EUV <107

Wavelength range:

VL: 590-650 nm;
UV:121.6 £ 10 nm
EUV:30.4+2 nm

Spatial resolution

20 arcsec

Field of view

1.5° - 2.9° annular, off-limb corona

CORONAL SPECTROGRAPHY

Wavelength range:

UV:121.6 £0.9nm
EUV:30.4+£0.22 nm

Spectral resolution UV:0.072 nm
EUV: 0.018 nm
Spatial resolution 45 arcsec

Field of view Slit radial positions: 1.5°, 1.8°, 2.1°
Slit extension: 0.8°
GENERAL
Telemetry rate 10 kbit/s
Data volume (compression up to 10) 26 Gb/orbit

Table 2 METIS instrument performances.
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3.1 Instrument Performances

METIS is designed to address the science questions summarized in the Traceability Matrix (Table 1) by combining the
imaging and spectroscopic capabilities of coronagraphs and spectrometers. The coronagraph can simultaneously image
the visible-light and ultraviolet emissions of the solar corona and diagnose, with unprecedented temporal coverage and
spatial resolution the structure and dynamics of the full corona in the field-of-view (FOV) range from 1.5° to 3°,
corresponding to 1.5 to 3 R at minimum perihelion (0.28 AU), and 2.6 to 5.5 R, at 0.5 AU. Table 2 summarizes the
instrument performances. METIS is an externally occulted coronagraph. The occultation scheme is based on an inverted
external-occulter (IEO). The IEO consists of a single, small (& 40 mm) circular aperture. A small (& 71 mm) spherical
mirror (MO) rejects back the disk-light through the IEO up to 1.1° (i.e., 1.17 R at 0.28 AU) [6], [7], [8].

4. INSTRUMENT OPTICAL DESIGN

The inverted external occulter (IEO) consists of a circular aperture on a disk kept by a cylindrical boom at 500 mm in
front of the telescope. The disk-light through the IOE is rejected back by a spherical heat-rejection mirror (M0). The
coronal light, on the other hand, is collected by an on-axis Gregorian telescope. The suppression of the diffracted light
off the edges of the IOE and MO is achieved, respectively, with an internal occulter (I0) and a Lyot trap (LS). Ref. [7]
gives a detailed description of the METIS optical design. Figure 4 shows a schematic layout of the inverted-occultation
coronagraph.

METIS includes 4 optical paths:

1. linearly polarized visible-light (590-650 nm)

2. narrow-band ultraviolet HI Lyman o (121.6 nm)

3. narrow-band extreme ultraviolet He II Ly a (30.4 nm).

4. spectrographic observations of H I Lyman oo and He II Lyman o in corona.

1218

500 300 8 363 47

L I B K A

1 R v v R L]
EO Boom Boom Door VL Focal Relay LCVRRelay
Baffle Baffle Plane Lens Lens

Figure 4: Optical layout of the Visible-Light and UV/EUV paths in the inverted-occultation coronagraph.
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4.1 UV/EUV Imaging Paths

The ultraviolet (UV) and visible-light (VL) paths are split by an UV interference filter at 12° (cfr. Figure 4). The UV-
capped multilayer (ML) coatings in the primary (M1) and secondary (M2) telescope mirrors are optimized for narrow
bandpass reflectivity at 30.4 nm. The ML cap-layer has good reflectivity also in the UV (122 nm) and visible-light (590-
650 nm) [13]. In the extreme UV (EUV) path, the longer wavelengths are blocked by an Al filter. The UV filter selects
the 122 nm UV band and reflects the VL band. Ref. [7] describes in detail the optical performances of the METIS
UV/EUV Imaging Paths.

4.2 Visible-light Path and Polarimeter

The VL Path includes a polarimeter consisting of a polarimetric optical system (POS) and a relay-optics system (ROS).
The ROS collimates, through the POS, the light from the image formed by the telescope on the intermediate VL focal
plan. Then the ROS re-focuses the image on the VL detector, with a 1:1.2 magnification ratio to match the telescope
plate scale with the APS pixel size. The POS electro-optically modulates the intensity of the linearly polarized brightness
(pB) of the visible-light K-corona. The POS is comprised of polarization optics in “Senarmont configuration”:bandpass
filter (590-650 nm); fixed quarter-wave retarder; polarization modulation package (PMP) with a LCVR cell (Liquid
Crystal Variable Retarder); linear polarizer [14], [15]. A detailed description of the VL Path is given in Ref. [16].

4.3 EUV/UV Spectrographic Path

The EUV/UV spectrographic path in METIS consists of a sector of the telescope primary mirror (M1) that is used for
feeding a multi-slit spectrograph. In the spectrograph, the grating replaces a sector of the secondary mirror (M2). The
grating diffracts the spectrum on the portion of the detector that is not used for coronal EUV/UV imaging.. The grating is
a spherical variable-line-spaced (SVLS) one with a ruling frequency of 1800 lines/mm. The SVLS grating diffracts the
30.4-nm radiation at 4™ order and the 121.6-nm radiation at 1% order on the same location on the focal plane. The multi-
slit input section selects a number of angular field-of-views (FOVs): 1.5°, 1.8° and 2.1° (Figure 1). The spectral
separation between the slits is 0.44 nm at 30.4 nm, and 1.74 nm at 121.6 nm. This minimizes the overlap between the
wings of spectral lines profiles in adjacent slits. ). Ref. [7] describes in detail the optical layout of the METIS
Spectrographic Path with the SVLS grating.

5. DETECTORS ASSEMBLIES

The detectors assemblies turn into electronic signals the coronal light collected by the METIS telescope. The multilayer-
coated mirrors of the telescope enable the simultaneous operation of both the VL detector (VLD) and the EUV/UV
detector (UVD), in visible light and HI Ly-a, respectively. When the Hell Ly-a channel is selected only the UVD
detector is used.

The VLD assembly hosts a Teledyne 2k x 2k, 18 um pixel size, CMOS Active Pixel Sensor (APS), the HyViSi model
coupled with the H2RG (HAWAII 2RG) Read Out Integrated Circuit (ROIC) multiplexer [17]. This APS is managed
directly by the Teledyne SIDECAR, an ASIC integrating a microcontroller with program and data memory able to
operate the APS, including bias and clocks generation [18]. The ASIC is connected with a small board providing a
SpaceWire (SpW) interface to the MPPU for data transfer, telemetry (TM) and telecommand (TC) purposes.

The UVD channel assembly hosts an Intensified Active Pixel Sensor (IAPS) in a 1k x 1k format, 15-um pixel size. that
can be operated in photon counting regime. Observing in the EUV requires a windowless UVD, while radiation hardness
requirements and readout flexibility are satisfied by the characteristics of the space qualified Cypress STAR1000 CMOS
active pixel sensor.

The IAPS is based on a microchannel plate (MCP) intensifier with a phosphor screen output, optically coupled via a 2:1
de-magnifying fiber optic taper to the CMOS sensor. A photocathode deposited on the entrance MCP face converts the
incoming photons in primary photoelectrons, which are then multiplied by the MCP and finally converted into optical
photons by means of the phosphor screen. At the phosphor output, the APS detects these optical photons and converts
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them into electrons. The voltage level resulting from the current to voltage amplification and conversion is digitized with
a 14-bits resolution ADC at a frame rate up-to 12 MHz [19] .

The UVD digital processing electronics is interfaced to the METIS Processing & Power Unit (MPPU) thanks to a small
electronics board called DCB (Detector Control Board) hosting a Spacewire (SpW) link and the interface to the voltage
lines needed to feed the whole assembly [20]. The presence of the DCB also provides a suitable way to test the detector
systems independently from the MPPU. No microcontroller or microprocessors are foreseen on board the DCB as
baseline. The DCB shall manage processing functions only by hardware, exploiting a suitable FPGA.

An internal ion pump is used as Ground Support Equipment (GSE) in order to evacuate the UVD assembly. This
connected to a Service Unit hosting the High Voltage Power Supply (HVPS) for the MCP, the ion pump driver and the
electrical driver for the UVD External Door Windows Mechanism (EDWM), to be open in vacuum.

6. INSTRUMENT RESPONSE ESTIMATE

6.1 Effective areas

The total throughputs of the METIS 4-channel instrument are derived from the component level efficiencies (Table 3).

Instrument subsystem -l 121.6 nm|590-650 nm Reference
Filters transmission/reflectivity 0.3 0.2 0.80 ILuxel Corp & Acton Corp.
ML reflectivity (on M1, M2 & grating)] 0.2 0.34 0.4 [13]
Grating diffraction efficiency. 0.1 0.5 N/A Bach Research Corp.
Polarimeter 0.3 Meadowlark Optics
Detector Quantum Efficiency (KBr) 0.3 0.17 0.9 [10], [17].[21]
Total throughput for imaging 3.6e-3 | 6.9¢-3 3.5e-2
Total through. for spectrography 3.6e-4 | 3.5e-3

Table 3 Estimated efficiencies of the instrument subsystems.

The effectives areas of the four METIS channels are obtained from the instrument vignetting function applied to the
geometrical area of the entrance aperture (& 40 mm), multiplied by the instrument throughputs estimates (cfr. Table 3).
Table 4 gives the numerical values of the effective areas of the VL path and of the EUV/UV imaging and spectrographic
paths as a function of FOV

Effective Areas [cm2]

Field of View Vignetting | Geometrical

[°] Fraction Area [em’] 590-650 nm
1.50 0.036074 0.453 1.63E-03 | 1.63E-04 | 3.14E-03 1.57E-03 | 1.57E-02
1.80 0.131039 1.647 5.93E-03  |5.93E-04 |1.14E-02 5.71E-03 |5.69E-02
2.10 0.244232 3.069 1.10E-02 | 1.10E-03 |2.13E-02 1.06E-02 | 1.06E-01
2.40 0.362141 4.551 1.64E-02 3.16E-02 1.57E-01
2.70 0.481198 6.047 2.18E-02 4.19E-02 2.09E-01
3.00 0.592734 7.449 2.68E-02 5.17E-02 1.91E-01

Table 4 Estimated effective areas of the VL path and EUV/UV imaging and spectrography paths as a function of FOV.

Figure 5 shows the effective areas for the three imaging paths as a function of field-of-view..
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Figure 5 Estimated effective areas of the VL, EUV and UV imaging paths as a function of field-of-view.

6.2 Expected countrates

In order to verify that the overall performances of the METIS instrument meet the science requirements as defined in the
Traceability Matrix (cfr. Table 1), the expected countrates (i.e., CR: detected-photon/s/pixel) have been estimated from
the measured and calculated coronal radiances (I, photons/s/cm’/sr) shown in Figure 2, combined with the effective
areas (177, cm?’) in Table 4:

CR [detected-photon/s/pixel] = Ic[photons/s/cmz/sr] xn [em’] x Qf sr/pixel],
where, the instrument spatial plate scale is given by: 2= (10 arcsec)’/pixel = 2.42 e-9 (sr/pixel) (cfr. Table 2).
The expected imaging countrates are given in Table 5 (at 0.28 AU) and Table 6 (at 0.5AU).

Streamer Coronal Hole

o 590-650 nm 590-650 nm
rovit| v, | 30amm | aremn | 2060 Fag g | 121 g | 90650
1.50 1.58 1.33E-01 1.54E+00 4.38E+02 5.13E-03 | 1.68E-01 3.41E+01
1.80 1.89 1.56E-01 1.83E+00 4.43E+02 3.00E-03 | 1.30E-01 2.48E+01
2.10 2.21 1.21E-01 1.48E+00 2.69E+02 2.78E-03 | 8.39E-02 1.16E+01
2.40 2.52 8.64E-02 | 1.10E+00 1.56E+02 2.39E-03 | 5.31E-02 5.61E+00
2.70 2.84 5.90E-02 | 7.70E-01 1.01E+02 2.03E-03 | 2.97E-02 2.53E+00
3.00 3.16 3.63E-02 | 5.19E-01 3.86E+01 1.74E-03 | 1.67E-02 1.39E+00

Table 5 Estimated imaging countrates (count/s/pixel) at Solar minimum from perihelion at 0.28 AU.

Streamer Coronal Hole
FOV [°] | Height [Re]-121.6nm 21912;5;:1{;}3 -121.6nm 21912:)(5;):;‘1‘)]3
1.50 2.82 4.66E-03 | 6.08E-02 | 7.50E+00 1.57E-04 | 2.37E-03 3.22E-01
1.80 3.38 4.90E-03 | 7.82E-02 | 9.98E+00 3.10E-04 | 2.26E-03 3.65E-01
2.10 3.94 3.10E-03 | 6.18E-02 | 5.39E+00 3.63E-04 | 1.01E-03 1.54E-01
2.40 4.51 2.66E-03 | 4.28E-02 | 3.80E+00 3.38E-04 | 2.82E-04 | 9.51E-02
2.70 5.07 2.05E-03 | 2.84E-02 | 2.91E+00 2.82E-04 | 5.96E-05 | 4.80E-02
3.00 5.64 1.46E-03 | 1.76E-02 | 1.74E+00 2.18E-04 | 1.13E-05 | 2.27E-02

Table 6 Estimated imaging countrates (count/s/pixel) at Solar minimum at 0.5 AU.
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The expected countrates for the EUV/UV spectrographic path are given in Table 7 (at 0.28 AU) and Table 8 (at 0.5AU).

Streamer Coronal Hole

FOV [°] | Height [R_] 121.6 nm 121.6 nm
1.50 1.58 1.33E-02 | 7.68E-01 | | 5.13E-04 | 8.40E-02

1.80 1.89 1.56E-02 | 9.16E-01 | |3.00E-04 | 6.48E-02

2.10 2.21 1.21E-02 | 7.41E-01 | |2.78E-04 | 4.20E-02

Table 7 Estimated spectroscopy countrates (count/s/pixel) at Solar minimum from perihelion at 0.28 AU.

Streamer Coronal Hole
FOV [0] Helght [R@] 121.6 nm 121.6 nm
1.50 2.82 4.66E-04 | 3.04E-02 | | 1.57E-05| 1.19E-03
1.80 3.38 490E-04 | 3.91E-02 | |3.10E-05| 1.13E-03
2.10 3.94 3.10E-04 | 3.09E-02 | |3.63E-05|5.07E-04

Table 8 Estimated spectroscopy countrates (count/s/pixel) at Solar minimum at 0.5 AU.

The spectral resolution corresponds to the minimum spectral resolution element of 4-pixels (i.e., 0.018 nm at 30.4 nm
and 0.072 nm at 121.6 nm), for the slit closest to the disk (1.5°) and for the intermediate slit (1.8°). For the external slit
(2.1°), the spectral resolution is a factor of two lower (0.036 nm at 30.4 nm and 0.144 nm at 121.6 nm). The spatial
resolution corresponds to 2 pixels (45 arcsec) for the slit closest to the disk (1.5°), to 6 pixels (~2 arcmin) for the
intermediate slit (1.8°) and to more than 8 pixels (~3 arcmin) for the external slit (2.1°) [7]. Taking into account that the
detectors’ pixels will be binned to match these spatial and spectral resolutions, the estimated countrates reported in
Tables Table 5Table 6Table 7Table 8, meet the science requirements summarized in the Traceability Matrix (cfr. Table

).

7. CONCLUSION

METIS, the “Multi Element Telescope for Imaging and Spectroscopy”, is a coronagraph selected by the European Space
Agency to be part of the payload of the Solar Orbiter mission to be launched in 2017. The unique profile of this mission
will allow 1) a close approach to the Sun (up to 0.28 A.U.) thus leading to a significant improvement in spatial
resolution; 2) quasi co-rotation with the Sun, resulting in observations that nearly freeze for several days the large-scale
outer corona in the plane of the sky and 3) unprecedented out-of-ecliptic view of the solar corona.

METIS. the Multi Element Telescope for Imaging and Spectroscopy. is one of the remote-sensing instruments of Solar
Orbiter consisting in an innovative coronagraph for the study and overall characterization of the solar corona. METIS is
an inverted-occultation coronagraph that by a combination of multilayer mirror coatings and spectral bandpass filters,
will image the solar corona in three different wavelengths: in visible light, between 590 and 650 nm, and in the two
Lyman-a lines of neutral hydrogen (HI at 121.6 nm) and of singly-ionized helium (Hell at 30.4 nm). These
measurements will allow a complete characterization of the three most important plasma components of the corona and
the solar wind, that is, electrons, hydrogen, and helium.
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