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ABSTRACT

The Mid-Infrared Medium-Resolution Eschelle Spectrometer (MIRMES) is one of the focal-plane instrument onboard
SPICA mission proposed in the pre-project phase. It is designed for measuring the strengths and the profiles of lines and
bands emitted from various phases of materials including ionized gas, gas-phase molecules, solid-phase molecules and
dust particles in the wavelengths from 10 to 40um. The MIRMES provides a medium resolution (R=700—1500)
spectroscopic capability in the mid-infrared spectral range (10—36um) with integrated field units of a field-of-view of
about 127X 6” for shorter wavelength range (10—20um) and 12” X 12”.5 for longer wavelength range (20—36um). The
science targets of the MIRMES and the results of the concept study on its optical design and the expected performance
are described.
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1. INTRODUCTION

The core spectral range of SPICA resides between 20 and 200um, in which SPICA will enable us to observe the sky
faintest ever and the Holly Grail for SPICA waits to be discovered. In this spectral range, there exist a number of fine
structure lines of ions and atoms, molecular lines, and band features stemming from solid particles together with the dust
continuum emission, all of which provide significant and crucial information on the evolution of various phases of the
interstellar medium (ISM) that can never be obtained at any other wavelengths. Many important optical and near-infrared
line and band features of objects at high redshifts also come into this spectral range, which allow us for the first time to
understand the physical condition of the remote universe that is hindered by strong absorption at shorter wavelengths.
Whereas the SPICA far-infrared instrument (SAFARI; Swinyard et al. 2010) offers the most sensitive facility in the
imaging and spectroscopic observations in the far-infrared and the mid-infrared camera w/wo lens (MIRACLE; Wada et
al. 2010) provides the best imaging and low-resolution spectroscopy capability in the mid-infrared, a medium-resolution
spectrograph in the mid-infrared (10—40um) is an indispensable and key instrument to maximize the SPICA mission
and carry out a large fraction of the primary scientific objectives discussed in the SPICA Mission Requirement
Document (MRD). Here we propose the Mid-Infrared Medium-Resolution Spectrometer (MIRMES) as one of the focal-
plane instruments onboard SPICA. The MIRMES will play a key role in the studies of interstellar and circumstellar
physics and chemistry. In this proceedings, we summarize the science targets of the MIRMES and describe the results of
the concept study on its optical design, and the expected performance.
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2. SCIENTIFIC TARGETS AND REQUIREMENTS ON INSTRUMENT SPECIFICATION
2.1 Scientific Targets
2.1.1 Physical Condition Diagnostics and Elemental Depletion in the ISM

The ISM consists of the various physical phases, between which the material circulation is crucial for the study of the
evolution of galaxies (e.g., Tielens 2005) and the correct understanding of the physical conditions of each phase is
indispensable. In the 10—40um wavelength range, there exist dozens of fine structure lines from ionized gas (e.g.,
[Nell] 12.81um, [Ne II] 15.56pum, 36.01 um, [NeV] 14.32um, [S 1] 33.48um, 18.71um, [SIV] 10.51pum, [PIII]
17.89 pm, [ArIII] 21.83 pum, [ArV] 13.07 um, [OIV] 25.89 um, [Sill] 34.82 um, [Fe I1] 25.99 um, 35.35 pm, 17.94 pm,
24.5 um, [Felll] 22.93 pm, 33.04 um). MIR fine-structure lines have advantages over optical lines for the unambiguous
diagnostics of physical conditions of obscured regions because they are almost free from extinction and they are not very
sensitive to the electron temperature in the ionized gas. The hardness of the interstellar radiation field (ISRF) can also be
derived from a pair of transitions of the same element in different ionization stages, such as [Nelll]15.56 um
/[Nell]12.81 um (ionization potentials €i,~ 41.0eV and 21.6eV, respectively), [SIV]10.51um /[SIII]18.71um (gi,~34.8eV
and 23.3eV), and [OIV]25.89 um /[Sill]34.82 um (gi,~54.9¢V and 8.2eV) (Thornley et al. 2000; Giveon et al. 2002;
Hunt et al. 2010).

Molecular lines are important for the investigation of the warm ISM heated by UV photons or shocks. Rotational
transitions of H, S(0) at 28.219um, H, S(1) at 17.035 um, H, S(2) at 12.279um (critical density n,<10°cm™) are useful
for the study of warm neutral phase of the ISM with temperatures ranging from ~100 and 1000K, in which these
rotational transitions are an effective coolant (Hunt et al. 2010). Rotational transitions of ortho-H,'°O 715-61¢ at
29.836 um and para-H,'°0 5,,-4,5 at 29.885 pm are good indicators for the presence of C-type shocks with a shock
velocity of >10km s™', since all gas-phase oxygen that is not bound in CO is rapidly converted into H,O in warm
(~300K) molecular gas (Elitzur & de Jong 1978). Emission lines from lowest excited OH cross-ladder transitions at
28.94 pum (v=0, ’IT,,—*I1 3, 7/2—5/2) and at 34.62 pum (v=0, *T1,,—"I13, 7/2—5/2) as well as highly excited OH pure
rotational transitions of v=0, I’=J’-1 (J’=15/2 to 69/2) at wavelengths >20 um (e.g., My, 19/2—17/2 at 30.346 pm,
M1, 17/2—15/2 at 30.657um) are associated with the photo-dissociation of H,O at >9¢V and allow us to investigate the
presence of hot dense gas (Hunt et al. 2010; Tappe et al. 2008).

Observations of [Sill] 34.82um, [Fell] 25.99um, [Felll] 22.93um, [SIII] 33.46pum [NII] 122um, [OI] 146um, and
Hua 12.4 um enable us to determine the gas-phase abundance of Si and Fe, both of which are thought to be major
constituents of interstellar grains, even in highly obscured regions. Since both Si and S are a-elements and, therefore, the
elemental abundance ratio of Si/S is insensitive to the metallicity, the line ratios of [Sill]34.82um /[SIII]33.46pum as well
as [Sill]34.82um /[NII]122pum can be used to derive the gas-phase abundance of Si in the ionized gas. Since Fe** and S*
have similar ionization potentials, [Felll] 22.93um /[SIII] 33.46um as well as [Fel]25.98um /[NII]122um are also good
indicators for the gas-phase abundance of Fe in the ionized gas. A recent study of Spitzer observations of Galactic star-
forming regions indicates that the abundance of silicon in the gas phase in the star-forming region is larger than that in
cool interstellar clouds, suggesting the presence of Si-bearing dust species that is easily destroyed by the UV radiation
other than silicates (Okada et al. 2008). A study of the elemental depletion, which is defined as the deficiency of a given
element in the gas-phase compared to the reference abundance, provides us key information on the chemical link
between the elements in the gas and solid phases in astrophysical environments. MIR and FIR imaging spectroscopy of
the various lines with MIRMES and SAFARI will give us the first opportunity to investigate the depletion pattern among
Si, Mg and Fe in the various phases of the ISM and give us a complete view of dust and gas chemistry in the ISM, which
will be unable to be obtained by any other means (Okada et al. 2009).

2.1.2 Molecules in Circumstellar Disks and Stellar Atmosphere

Various molecular bands exist and have been identified in the 10—40um spectra in circumstellar disks of young sun-like
stars (i.e., classical T Tauri stars) and in cool stars (i.e., brown dwarfs). In particular, search for pre-biotic molecules that
contain C and N would be very interesting. Acetylene (C,H;) has the vs=1-0 bending mode at 13.7um, cyanide (HCN)
has the v,=1-0 bending mode at 14.04pm, '>CO, has the v, bending mode at 14.9um, pure rotational lines of H,O vapor
lines reside in 12um and 40um, and rotational transitions of OH are observed in 20—31um. MIR bands of CO, N,, H,0,
NH;, and CHy, have been observed in M, T, and T dwarfs. Weak NH; band features in 32—46pum may appear in T
dwarfs with T.;<800K (Saumon et al. 2003). HCN is expected to be produced by the efficient photo-dissociation of N,
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in the disk atmosphere of sun-like stars and play a key role in the synthesis of pre-biotic molecules. Pascucci et al.(2009)
have reported systematically higher line flux ratios of HCN/C,H, in young sun-like stars (K1-M5) than in cool stars and
brown dwarfs (M5-M9), suggesting the stronger UV-irradiation environment in sun-like stars. Further mid-infrared
spectroscopic observations of molecules with SPICA/MIRMES will reveal the role of UV-photochemistry on the
synthesis of organic molecules around low-mass young stars.

MIR spectroscopic observations of gas-phase molecules in the atmosphere of evolved low-mass stars will elucidate the
chemical connection between the molecules and dust grains. The isotopic ratio of *C/"*C inferred from the H”CN (Q
branch at 14.1um) and H'’CN (2\/2271v21 and 1v,'-0v,° bands at 14.00——14.04um) features is indicative of the second
stage CNO cycling following the He burning in the very late thermal pulse (Herwig 2001; Evans et al. 2006) and thus
useful to determine the evolutionary phase of the low-mass evolved star. Cyanides (H'’CN and H"*CN) and carbon
chain molecules (polyynes), such as acetylene (C,H, vs Q branch at 13.7um), diacetylene(HC4H vg at 15.9um) and
triacetylene(HC4H vg and v;; bands at 16.1um) have been detected in the post-asymptotic giant branch (AGB) star like
V4334 Sgr (Sakurai’s Object) (Evans et al. 2006). They are important building blocks for carbon dust grains and thus
the detailed study of these species will be significant for the understanding of carbonaceous dust formation.

The warm molecular layer within a few stellar radii beyond, named as a MOLsphere (Tsuji 2000), has been detected in
several red giants based on ISO spectroscopic observations, but no significant progress has been made since then because
of the lack of efficient spectrometers with medium resolution in the MIR. The MOLsphere plays a key role in the mass-
loss and the dust formation process. MIRMES will be the first sensitive spectrometer that can carry out a quantitative
study the MOLsphere in detail after ISO/SWS and will provide crucial information on the chemical evolution of
materials associated with the low-mass stellar activity.

2.1.3 Solid-phase Materials in Dense Interstellar Clouds

Comparison of the dust supply rate from stellar sources with the dust destruction rate in the ISM suggests that the supply
from stars is not sufficient and interstellar grains must be formed in the ISM (Onaka 2000), In fact, a laboratory study
indicates a possibility of silicate formation in cold environments (Nuth & Moore, 1988), but it is still quite uncertain
what kind of dust will indeed form in dense clouds. Bradley (1994) and Bradley et al. (1999) suggest an interesting
possibility that “glass with embedded metal sulfides (GEMS)” grains found in the interplanetary dust particles (IDPs)
may be a good ISM dust analog. GEMS contains sulfur, which is not depleted in the diffuse ISM (Savage & Sembach,
1996). However, sulfur is largely depleted in dense clouds (Joseph et al., 1986), suggesting that dust formed in dense
region may contain sulfur as GEMS. Keller et al. (2002) indicate that GEMS in IDPs have characteristic band features in
the 20—30um region. MgS grains have a broad feature around 30um, whereas FeS grains show several band features in
20—50um. Broad features around 30um have been observed in a number of carbon stars, which are successfully
accounted for by MgS grains (Hony et al., 2002). To our knowledge a similar broad 30pum feature in the ISM has so far
been detected only towards the Galactic center (Chan et al., 1997). The spectral region in 20—50um has not been
explored with sensitive spectrometers and contains a number of interesting solid features untouched. The MIRMES
together with the SAFARI are expected to reveal the dust species formed in the ISM with their high-sensitivity
spectroscopy in mid- to far-infrared (Onaka et al. 2010).

2.1.4 Follow-up Spectroscopy of MIRACLE and SAFARI Objects

In addition to the scientific targets in our Galaxy and nearby galaxies mentioned above, the MIRMES is also expected to
make a significant contribution in the follow-up observations of interesting objects that will have been discovered by the
MIRACLE, SAFARI and JWST. In particular, the MIRMES will play a key role for the investigation of the physical
nature of highly redshifted objects detected by the MIRACLE by using diagnostic lines in optical and/or NIR of the rest
frame, depending on its redshift. The MIRMES spectroscopy is indispensable in maximizing the output of SPICA
mission.
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2.2 Requirements on Instrmental Specification

The SPICA/MIRMES is the medium resolution mid-infrared crossed echelle grating spectrometer with integral field
units (IFU) and shall be designed so that the following instrument requirements are all fulfilled to accomplish the
scientific targets in section 2.1.

The spectral range from 10pum up to 36um shall be covered. The consistency in the absolute flux calibration and the
observational simultaneity between shorter and longer wavelength spectra shall be achieved so that the ratios among fine
structure lines and molecular hydrogen lines in 10—36um are accurately measured. To minimize the impact on the
weight constraint and cover the wide spectral range, the MIRMES shall consist of short and long wavelength modules,
which are designated as Arm-S and Arm-L, respectively, in the following. Simultaneous observations of the same sky
area with the Arm-S and Arm-L are highly required to carry out mid-infrared spectroscopic observations of time-varying
phenomena such as supernovae (SNe), luminous blue variables (LBVs), colliding-winds Wolf-Rayet binaries, novae, etc.
For this purpose, a beam splitter shall be used at the entrance of the fore-optics to split the light from the object into the
short and long wavelength parts and lead them to the Arm-S and Arm-L, respectively.

The width of the pseudo slit is optimized and set to Ana/D, Where Ay, is the longest wavelength for each module and D
is the diameter of the primary mirror of the telescope. As for observations of extended sources, the difference in the slit
width between the Arm-S and Arm-L will result in difficulties in deriving the true physical conditions. Therefore, the 2-
D spectroscopy capability achieved by the IFU units in the fore-optics shall be required to ensure the consistency in the
flux level between the two modules and construct continuous 10—36um spectral maps of extended sources accurately.

Among a number of lines from ions and molecules, several sets of the lines are located in narrow spectral ranges; For
example, [OIV] 25.89um and [Fell] 25.99um lie at adjacent wavelengths with separation only by 0.098um, [Fell]
17.94pm and [PIII] 17.885um lie even more closely with a separation only by AA~0.055um, HCN at 14.04um and
HCN at 14.1um lie with a separation only by AA~0.06um and ortho-H,'°O 7,5-6,¢ at 29.836pum and para-H,'°0 5,,-4,3
at 29.885um lie with a separation only by AA~0.05um. Decomposition of these lines shall be strongly required when
employing them as diagnostic tools to infer the ISM conditions. Therefore, spectral resolution powers R (=A/AL) > 1000
for Arm-S and R > 600 for Arm-L are required.

The efficient spectral mapping capability is required for the investigation of the properties of extended sources such as
supernova remnants (SNRs) and ISM structures in nearby galaxies. The MIRMES shall be equipped with IFUs of the
field of view of at least >5 arcsec and fields of view of >10 arcsec as a goal.

3. RESULTS OF THE CONCEPT STUDY AND THE EXPECTED PERFORMANCES
3.1 Overall Specifications of MIRMES

The present specifications of the SPICA/MIRMES based on the concept study are summarized in Table 1. The MIRMES
consists of two channels; Arm-S, which covers from 10.0um to 19.9um with a moderately high spectral resolution power
R~1490 at 13um, and Arm-L, which covers from 19.5um to 36.1um with R~680 at 27.8um. They share the same field
of view (FOV) by means of a beam splitter at the entrance of the fore-optics. The Arm-S and Arm-L modules consist of
reflective optics with echelle and cross-dispersing gratings. A Si:As detector array of 2048 X 2048 pixels in size with a
plate scale of 0.436 arcsec/pixel is used in the Arm-S module, while a Si:Sb detector array of 1024 X 1024 pixels in size
with a plate scale of 0.427 arcsec/pixel is used in the Arm-L module. The FOV of the MIRMES will be located adjacent
to that of the MIRACLE. The aperture masks for Arm-S and Arm-L have sizes of 127X 6 and 12” X 12”.5, respectively.
Each FOV area is split into 5 slitlets, each of which has a size of 127X 1.2 for Arm-S and 12”X2”.5 for Arm-L, by
means of the IFU units, respectively. The length of the pseudo slit is designed so that nearly an octave of a cross-
dispersed echelle spectrum can fit onto the detector array without overlapping with different orders of the spectrum. The
present specifications of MIRMES based on the concept study satisfy the instrumental requirements in section 2.2.
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Table 1. Specification of the MIRMES

Parameters Arm-S Arm-L
detector array format Si:As 2k X 2k (pixels) Si:Sb 1k X 1k (pixels)
pixel pitch 25 (um/pixel) 18 (um/pixel)
pixel scale 07.403 07.485
wavelength coverage 10.0um—20.0um 19.5um—36.1um
spectral resolution (R=A/AA) 1490 @13um 680 @27.8um
width of pseudo slit 17.2 2”.5
length of pseudo slit 60” 60”
FOV size 12”X6.0 127X 12”.5

In the Arm-S module, the incoming light is cross dispersed so that the spectrum over 4 different orders from m=4" to 7™
falls on the Si:As 2k X 2k detector array. In the Arm-L module the incoming light is cross dispersed so that the spectrum
over 4 diffferent orders from m=5" to 8" falls on the Si:Sb 1k X 1k detector array. The wavelength range covered by the

m™ order spectra is summarized in Table.2. A" and Ay are defined by the wavelengths where the efficiency of the

eschelle grating drops to 40% of the peak in the m™ order. The spectral formats of MIRMES Arm-S and Arm-L on the
detector arrays are shown in Figure 1.

Table 2. Spectral formats of MIRMES Arm-S and Arm-L modules

Arm-S Arm-L
echelle order A,,,;,"(um) A" (um) echelle order A,,,;,"(um) A4 (um)
m=4 15.53 19.97 m=>5 29.5 36.1
m=5 12.71 15.53 m=6 25.0 29.5
m=6 10.75 12.71 m=7 21.7 25.0
m=7 9.98 10.75 m=8 19.5 21.7
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Figure 1. Spectral Formats of MIRMES Arm-S and Arm-L modules on the detector arrays
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3.2 Optical Design of MIRMES

The MIRMES contains no moving parts. A blind mask for dark measurement is installed in the filter wheel placed at the
entrance of the fore-optics and is shared with SPICA/MIRACLE. The FOV of MIRMES is located just next to that of
MIRACLE on the focal plane. The light from the telescope is split by the beam splitter placed just after the first focal
plane, and the shorter wavelength (10—20um) and longer wavelength (20—36um) light is introduced to the Arm-S and
Arm-L modules, respectively. Each module consists of the fore-optics part including the IFU and the spectrograph.

3.2.1 Optical Design of the Image Slicer

Since the MIRMES Arm-S and Arm-L modules consist of all reflective elements, the “Content” type image slicer is
adopted as the IFU for each of Arm-S and Arm-L. The specifications are summarized in Table 3. The incident f/6 beam
from the focal plane of the telescope is converted into a f/10 beam by the F-conversion elliptic mirror and, then, is
reflected by the concave field mirror. The reflected beam is refocused on the slicing mirrors through the Offner optics.
Then the FOV is divided into 5 slitlets by the slicing mirrors and their pupil images are produced on the spherical pupil
mirrors, which are placed independently on the output pupil positions of the Offner system. Finally, the slit images
refocused by the spherical mirror are aligned on the pseudo slit mirrors, forming in a pseudo slit image. Each pseudo slit
mirror is tilted independently so that the central FOV ray of each slitlet becomes telecentric. The F-number of the output
beam from the pseudo slit is f/10. The results of ray-tracing calculation of the IFU for MIRMES/Arm-S are shown in
Figure 2.

. . F conversion mirror
(side view) versios

the first focal plane

the first focal plane

field mirror

F conversion mirror to spectrograph

field mirror F6 — F10
/ .
slit mirror pupil mirrors
pseudo slit mirror (tOp view) Offner refocus system
don  ——
field mirror
o N, / F conversion mirror
slice mlrrg pseudo slit mirror

Subitmi T slit mirror 8
pupit-mirrors e it mi
image slicer ™ \ Offner refocus system

to spectrograph

pupil mirrors \

to spectrograph

Figure 2. Results of ray-tracing calculation of the “Content” type image slicer for Arm-S

Table 3. Specification of the image slicer

Parameters Arm-S Arm-L
incident F-number /6 /6
filed-of-view 127X 6” 127X 12”.5
slice number 5 5
slice mirror width 250pm 450pm
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3.2.2 Optical Design of Spectrograph for Arm-S

The collimator optics of the MIRMES/Arm-S consists of an off-axis non-spherical primary mirror and a free-form-
surface secondary mirror. The effective focal length of the collimator system is 156.2mm and the pupil image with a size
of 31.2mm in diameter is formed for the incident f/10 beam from the image slicer. The camera optics of the
MIRMES/Arm-S consists of 3 free-form-surface mirrors. The final F-number of the camera system is /3.95. The
effective focal length of the camera system is 140.7mm. The cross disperser is placed just after the collimator system.
The echelle grating is set after the cross disperser and splits incident 10—20um light into 4 spectra of the echelle orders
m=4—7. The optical path of the Arm-S spectrograph optics is shown in Figure 3.

Free-Form-Surface
Camera Mirror 3

Si:As 2k X 2k
detector array

<

Free-Form-Surface
| Camera Mirror 2

Free-Form-Surface Echelle Grating
Camera Mirror 1 l<
Cross Disperser
4 Free-Form-Surface
Collimator Mirror 2
Off-axis non-spherical - ”4 pseudo slit

Collimator Mirror 1 “
i d

Al

Figure 3. Ray-tracing results of spectrograph optics for Arm-S

3.2.3 Optical Design of Spectrograph for Arm-L

The collimator optics of MIRMES/Arm-L consists of an off-axis non-spherical primary mirror and a free-form-surface
secondary mirror. The effective focal length of the collimator system is 156.2mm and the pupil image with a size of
31.2mm in diameter is formed for the incident /10 beam from the image slicer. The camera optics of MIRMES/Arm-L
consists of 3 free-form-surface mirrors. The final F-number of the camera system is f/2.65. The cross disperser is placed
just after the collimator system. The echelle grating is set after the cross disperser and splits incident 20—36um light
into 4 spectra of the echelle orders m=5—=8. The optical path of the Arm-L spectrograph optics is shown in Figure 4.
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Figure 4. Ray-tracing results of spectrograph optics for Arm-L
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3.3 Optical Elements
3.3.1 Cross Dispersers and Echelle Gratings

The parameters on grating pitch and blaze angle for cross dispersers and Echelle gratings for Arm-S and Arm-L are
summarized in Table 4.

Table 4. Specification of cross dispersers and Echelle gratings

Dispersers Parameters Arm-S Arm
Cross disperser Grating pitch 45um 92um
Blaze angle ~10deg ~9deg
Echelle grating Grating pitch 87.3um 195pum
Blaze angle ~25deg ~29deg

3.3.2 Beam Splitter

A beam splitter is placed just after the focal plane of the telescope at the entrance of the fore-optics, by which the shorter
wavelength light (10um—20um) is transmitted and the longer wavelength light (20pm-36um) is reflected. The
development of this element has been set forward aiming to fulfill the requirements that the reflectance in the 10—18um
be lower than 0.1% (with the 0.5% tolerance level) and that the reflectance in the 20—36um be higher than 80% (with
the 70% tolerance level).

3.3.3 Short Wavelength Cut-off Filter

A short-wavelength cut-off filter is installed before the beam splitter, by which only the light of wavelengths longer than
10pm is transmitted. The transmittance for the light of wavelengths shorter than 10um should be less than 0.1% (with
the 0.5% tolerance level) to avoid the effect of higher (n>2) order light associated with the incident photons with
A<10um on the Arm-S and Arm-L data.

3.3.4 Mirrors

Image slicer optics both for the Arm-S and Arm-L consist of 7 mirrors (a F conversion mirror, a field mirror, 2 mirrors
for the Offner refocus optics, a slice mirror, pupil mirrors, and a pseudo slit mirror) and the spectrograph optics both for
the Arm-S and Arm-L have 5 mirrors (a non-spherical mirror and a free-form-surface mirror for collimator system and 3
free-form-surface mirrors for the camera system). All of these mirrors are made of aluminum coated with Au and are
required to have higher reflectance than 95% for any wavelengths in concern.

3.4 Volume and Structure

Each of the MIRMES/Arm-S and Arm-L modules fits within a box of 300[mm] X 300[mm] X 150[mm]. All the
structural elements will be made of aluminum. The MIRMES optical elements are supported by the support rim of the
instrumental optical bench (IOB), which is shared with MIRACLE and MIRHES to reduce the total weight (see Kataza
et al. 2010; Wada et al. 2010). The total weight of the MIRMES optics is 4.4kg assuming all the optical elements are
circular-shaped aluminum plate with a diameter as designed and a thickness corresponding to 20% of the diameter.

3.5 Thermal Design

The SPICA/MIRMES contains no moving parts and will not have its own internal blind shatter for dark measurements
nor the calibration lamp to monitor the response of detectors to reduce the weight. The MRMES uses those functions by
sharing the cold shatter and calibration lamp with the MIRACLE. The MIRMES will not make any impact on the
thermal design concerning the moving parts. The thermal design associated with detector electronics of MIRMES is
basically as the same as that of MIRACLE (see Wada et al. 2010)
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4. EXPECTED PERFORMANCE OF MIRMES

The expected MIRMES continuum sensitivities for point source, line sensitivity for point source and line sensitivity for
extended source at low-and high-background for 600 sec ramp duration are shown in Figure 5(a), (b) and (c),
respectively. The calculations have been made based on the assumption for readout noise of nyeaqoy =5 € for Arm-S and
10 ¢ for Arm-L and for detector dark current of ig,4 = 0.2 €7/s for Arm-S and 0.5 ¢7/s.

MIRMES saturation limit for point source for the shortest ramp duration (2 sec) is shown in Figure 5(d). The results
obtained for low-background case and high-background are indistinguishable at the scale of this plot. We assume that the
linearity is guaranteed for less than half of the full well (<0.5 X 10° [e/exposure]).
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10 T T T T ! ! 1e'18 T T T T T T
_ (a) — High background (B=0deg) 0 (b) — High background (B=0deg)
é‘ — Low background (B=90deg) - — Low background (p=90deg)
X P
2 1t \/ 3 1e-19 } \]\/ \/ ]
©
2 =
: 1 AMAL A/
o O1F /\_/\/\/ 3 2 1620} \/ ]
(7] 0]
: :
£
|
001 1 . L L L L 16_21 Il | L Il | L
10 15 20 25 30 35 10 15 20 25 30 35
Wavelength (micron) Wavelength (micron)

MIRMES Line Sensitivity for Extended Source, 1-sigma

for 600 sec integration time at low & high background MIRMES Saturation Limit (1 exposure = 2[sec])

—_ 16'08 T T T T T T S 1000 T T T T T T
© — High background (=0deg) y (d)
A (C) — Low background (p=90deg) =
i 2
w -
o £
g £
< 1e-09 | - S 100} 1
> -
2 \/ 5
.5; |
[
& S
i g
q) -
5 1e_10 L L Il L L Il 3 10 L L L L L L
10 15 20 25 30 35 5 10 15 20 25 30 35 40

Wavelength (micron) Wavelength [micron]

Figure 5. Expected sensitivity and saturation limit of MIRMES
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5. SUMMARY

The Mid-Infrared Medium-Resolution Eschelle Spectrometer (MIRMES) is one of the focal-plane instrument onboard
SPICA mission proposed in the pre-project phase. As a result of the concept study, the MIRMES is designed to have two
channels; Arm-S, which covers from 10.0um to 19.9um with a moderately high spectral resolution power R~1490 at
13um, and Arm-L, which covers from 19.5um to 36.1um with R~680 at 27.8um. They share the same field of view by
means of a beam splitter at the entrance of the fore-optics. The FOV of the MIRMES will be located adjacent to that of
the the mid-infrared camera w/wo lens (MIRACLE). The aperture masks for Arm-S and Arm-L have sizes of 127X 6”
and 127X 127.5, respectively. Each FOV area is split into 5 slitlets, each of which has a size of 12X 1.2 for Arm-S and
127 X275 for Arm-L, by means of the “content” type image slicer in the fore-optics part. The Arm-S and Arm-L
spectrographs consist of all reflective optics with echelle and cross-dispersing gratings. A Si:As detector array of 2048 X
2048 pixels in size with a plate scale of 0.436 arcsec/pixel is used in the Arm-S module, while a Si:Sb detector array of
1024 X 1024 pixels in size with a plate scale of 0.427 arcsec/pixel is used in the Arm-L module. The present
specifications of MIRMES based on the concept study satisfy the instrumental requirements given to accomplish the
primary scientific objectives discussed in the SPICA Mission Requirement Document (MRD). The MIRMES will play a
crucial role, particularly, in the studies of interstellar and circumstellar physics and chemistry and will be an
indispensable and key instrument to maximize the SPICA mission.
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