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0.0 Abstract

This document describes the possibility of inclgdem EUV/UV spectroscopy path in the
Solar Orbiter's METIS-COR with the inverted-occtilb@ design. In this design a sector of
the telescope primary mirror (M1) can be used tdfa multi-slit spectrometer where the
grating replaces a sector of the secondary mifii) (corresponding to that of M1. The
spherical varied line-spaced (SVLS) grating haso4i@@es/mm and it diffracts, af'@order,
30.4-nm radiation on the same detector used foEth&/UV imaging. Alternatively, a 2400-
lines/mm grating could disperse, dtdrder, 121.6-nm radiation on the same locatiotthen
focal plane. The multi-slit selects a number (€3).pf angular field-of-views (FOV) from
sun center (e.g., at 2,51.7 and 2). This configuration for the spectroscopic paitnes
utilizes some of the optical components of the imggath (M1, EUV/UV detector) or
replaces some of its parts (a sector of M2). Theeefthe inclusion of the spectroscopy path
has a negligible impact on the instrument mass étidg

1.0 Optical concept of the UV spectroscopy path

Figure 1 shows a schematic layout of the invertediltation coronagraph with the
spectroscopy path. The inverted-occultation coroagaty has been described by Fineschi
(2009). The design for an optional EUV/UV spectaysc path calls for a sector of the
telescope primary mirror (M1) feeding a multi-dfgectrometer where the grating replaces a
sector of the secondary mirror (M2) correspondmghiat of M1. The spherical varied line-
spaced (SVLS) grating has 4800 line/mm and it aliffs, at > order, 30.4 nm radiation on
the same detector used for the EUV/UV imaging.

Thermal shield (400) Boom (450) Telescope + Det. (550)

/—H

MO (O 72) Multi -slit
Inverted External Shield’s Entrance M2 (O 240) M1 (O 180)
Occulter (O 40)  Aperture (O 92) SVLS Grating (100x 60)

Figure 1 Conceptual layout of the inverted-occultation c@graph with the insertion of a spherical variable
line-space (SVLS) optimized fof'rder diffraction of Hell 30.4 nm. (Dimensions amemm.)

Release Date 1



IBTITUTO NAZICAALE DI ASTROFISICA TR-09-06-O4-00

I N A F MATIONAL METITLTE FOR ASTAOPHYSIZS g
y l".‘l I L iini A/O 0

1.1  Optical design of the EUV/UV spectrometer

Figure 2 shows the ray-traces of the optional Elg¥csroscopy path that could be included
in the inverted-occultation coronagraph. Figurd8ves the preliminary configuration for the

spectrometer with the grating’s incidence and ddfion angles (e.qg.,. Fineschi, 2004, 2005).
Detector Format (125k¥ 254um
Plate Scale 18 arcsec/2mm
Focal Plane . .
Spectral Resolution (2-pix resolv. element) 12 pm
Effective Focal Length (f/#) 300 mm  (f/7.6)

Table 1 summarizes the optical specifications.

The spectrometer comprises a 4800-lines/mm spheraréed line-spaced (SVLS) grating
that diffracts 30.4-nm radiation, af%order, on the same detector used for the EUV/UV
imaging. Alternatively, a 2400-lines/mm grating tbulisperse, at *i order, 121.6-nm
radiation on the same location on the focal pldme multi-slit selects a number (e.g., 3) of
angular field-of-views (FOV) from sun center (eat,1.5, 1.7 and 2). This configuration
for the spectroscopic path either utilizes somghefoptical components of the imaging path
(M1, EUV/UV detector) or replaces some of its pafassector of M2)._Therefore, the
inclusion of the spectroscopy path has a neglidgibfgact on the instrument mass budget.
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Figure 2 Ray-trace of the spectroscopic path in the inveommililtation coronagraph. (Dimensions are in mm).
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Figure 3 Ray-trace of the EUV spectroscopy path with incieand diffraction angles fof%order 30.4 nm.
(Dimensions are in mm)
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Dimensions of the spectroscopy sector |70 mmx 30 mm
: Radius of Curvature 300 mm
Telescope Mirror Conic Constant -0.70
Off-axis 60 mm
Entrance arm 245.4 mm
Exit arm 499.6 mm
Magnification 2
Slit # (FOV) |3 (1.5, 1.7, 2°)
Spectrometer |y, igjit Width 25um
Height (FOV)| 2.5 mm & 0.5°)
Incidence angleq) 6°
Diffraction angle: 2 order of 30.4 nmf) |12°
Dimensions 100 mmx 60 mm
Sagittal 325.3 mm
Spherical Varied |Radius of Curvature Transverse 325.3 mm
Line-Space Central Ruling Frequency 4800 I/mm
(SVLS) Grating Line Spacing Variation B; fil..4821ee_22
Factors (Harada, et al. 199 % 596 6.3
Detector Format (125k¥ 254um
Plate Scale 18 arcsec/2
Focal Plane Spectral Resolution (2-pix resolv. element) 12 pm o
Effective Focal Length (f/#) 300 mm  (i/7.6)

Table 1Optical specifications of the EUV spectroscopy path.

1.2 Slits Field-of-view

Figure 4 shows an example of the multi-slit fiefewveew with 3 slit apertures. The slits will
rprovide EUV spectra in the FOVs along the direttitangential to the solar limb.
Interpolation of the intensities between the mslitis will recover some low-resolution EUV
imaging along the solar radial direction. The FQ¢ter for EUV spectroscopy is about®35
out of the total 36DFOV. The remaining FOV is used for VL, UV and EliWaging.

1.3 Spectral Coverage
The spectral range is defined by the band-pasBeofitating’s multilayer coating=(4 nm).

The equivalent spectral separation between theislid.5-0.3 nm (Figure 5). This minimizes
the overlap between the wings of the profiles ijaeent slits.
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spectroscopy
FOV sector (39

Figure 4 Example at 0.23 AU of multi-slits field-of-view fahe EUV spectroscopy path. The FOV sector for
EUV spectroscopy is about 3but of the total 360FOV. The remaining is used for VL, UV and EUV imagin
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Figure 5 Chromospheric EUV spectrum illustrating the equéwalspectral separation between slits. The
spectral range is defined by the band-pass ofiing’s multilayer coating (dotted line).
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1.4  Optical Performances

Figure 6 shows the optical performances (spot dimgand rms spot versus field-of-view) of
the EUV spectrometer for the Hell, 30.38 nm, anel $XI, 30.33 nm, lines. The optical
performances in the spectral direction for thoseeshnes are shown in Figure 7.
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Figure 6 Spot diagram (rms) for the Hell, 30.38 nm, andSih¢, 30.33 nm, lines. The box size is B,
corresponding to the spectral resolution element.
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Figure 7 Spot size (rms) in the spectral direction for thetIH30.38 nm, (blue) and the SiXl, 30.33 nm, (giee
lines. The arrows indicate the positions on thalffptane of the three slit images. (Pix size 3u#h)
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APPENDIX A

Abbreviation/
Acronym
APS

AU

EP

EUV
IAPS

IEO

FOV
LCVR

ML

S/IC
SVLS
TBC

TBD
TVLS

uv

VL

IBTITUTO NAZICAALE DI ASTROFISICA

MATICNAL METITLTE FOR ASTAOPHYRIZS l". I h
4

DEFINITION
Active pixel sensor
Astronomical unit
Entrance Pupil
Extreme ultraviolet
Intensified Active pixel sensor
Inverted External Occulter
Field-of-view
Liquid crystal variable polarimeter
Multilayer
Spacecraft
Spherical Varied Line-spaced
To be confirmed
To be determined
Toroidal Varied Line-spaced
Ultraviolet
Visible-light
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