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Instrument Overview

5 -- 38um Camera and Spectrometer

m \Wide Field Camera

5 x 5 arc minutes square FOV x 2, AA 5--25 and 20--38um
n Multi-band imaging
n Slit-less spectroscopy R~50--100

m  Mid Resolution Spectrograph
IFU by image slicer
R:(1900--3000)+(1100 --1500)

AN (12.2--23.0)+(23.0--37.5)um at once

m High Resolution Spectrograph
R : 20,000 ~ 30,000 XA 12--18um
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SPICA Scientific objectives

m Resolution of Birth and Evolution of
Galaxies

m Transmigration of Dust In the
Universe

m Thorough Understanding of
Planetary System Formation
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Unvelling the Role of Environment in the

Early Universe | |
Wide Field of View 5'x5’ Imager

MCS explore the star formation activities of galaxies along the large-scale structures
in the high-z Universe up to z ~5, taking advantage of wide-field imaging capability
and excellent sensitivity at > 20 micron.

M=6X 10”14 Msun, 20Mpc X 20Mpc (co-moving) 4



flux density; . 5, (10-11 Wm-2)

0
Life cycle of dust revealed by Infrared

Spectral Features in the MIR

How the materials of various physical phases evolves in the Universe?
SNe as dust budgets in the early universe?
Process of dust nucleation, grain growth and destruction of Dust

Chemical Evolution of the ISM M 10-R SpeC_ from 12 to 38“
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Galactic Ultra-compact M82
HIl region (UCHII) (starburst)
! 5 1l0 115 210 215 Z;O 1;5 40 1 5 10 115 210 215 3!0 3:5 40
Wavelength (micron) Wavelength (micron)

ionized gas ; [Nelll 12.81um, [Ne III] 15.56um, 36.01pm, [NeV] 14.32 um, [S III] 33.48um, 18.71um,
[SIV] 10.51um, [PIII] 17.89um, [ArIII] 21.83um,[ArV] 13.07um, [OIV] 25.89um, [SilI] 34.82um,
[Fe I1] 25.99 um, 35.35um, 17.94um, 24.5um, [Felll] 22.93um, 33.04um

molecular gas; H, S(0) 28.219um, S(1) 17.035um, S(2) 12.279um, C,H, (v;=1-0)13.7um,
HCN (v,=1—0) 14.04um, 2C0O, 14.9um

solid phase molecules and dust grains; GEMS, MgS, FeS, PAHS, crystalline silicates S



"
Formation Mechanism of Gas Giant Planets
Initial Conditions Required for Terrestrial

Planet Formation High-R Spec. at MIR
Observing the dissipation of gas and their structural evolution in planet-forming
regions
The profiles of molecular emission lines Disk gap Exptoplamet

(CO, H20, HCN, CO2, C2H2) in the MIR
- useful to understand
how the structure of gas disks evolve
In the course of planet formation
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SPICA PLM (payload module)

?aﬁ’le} Telescope shell (CFRP)
CFRP

Focal Plane
Instrument
Assembly

Pre-cooling shields
(Al+partly CFRP, 3-folds)
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FPIA: Focal Plane Instrument Assembly

|

S

equipment bench
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Focal Plane map

SCI

60"x60”
FPC-G

720" from Tel. Center
300" %3007

US Instrument pick-off (thd)

5 Diameter=30 arcmin

MCS WFC-L
MCS WFC-S 300"x300”
300”x300” (LRS is not shown)

600" from Tel. Center 600" from Tel. Center

MCS HRS
5 * MCS MRS
6 ){1.2 {HHS—L) 12}1){6:1' {MHS—S)
12"X7".5 (MRS-L)
FPC-5
?20: froT Tel. Center . \
300" x300 Bdg 3y SAFARI 120"x120"

Center 420" from Tel. Center
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Instrument description

MCS consists of the following camera and
spectrographs
WFC: wide field camera
MRS: medium resolution spectrograph
HRS: high resolution spectrograph
Each of them shares their fore-optics.
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Design: Optical architecture

(

SPICA Telescope j

N

Instruments Optical Bench

Short Fore-optics
Tip-and-Tilt mirror system

Long Fore-optics

FOV 6"x1".2
HRS-L

FOV §'x%'
WFC-S

Dichroic Beam

FOV 5'x5' ( Splitter

\

FOV 1Zx7.5
WEFC-L MRS-L

12%6"
MRS-SJ

Telescope Optical Bench )

J
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Fore-Optcs

WFC Field of View

A / 5'x 5'

375 |[MRS/HRS Field of View

13"x13"

Telescope Optical
Center

= -
-

FM3

Telescope
Focal Plane
F/5.4

Pick Off Mirror

Relay optics with Collimator + Camera

Free-surface mirror
Wide FOV including WFC+(MRS/HRS)
Compensate telescope aberrations

FM6

i - - Image Plane
j &y | Folding Flat Mirror (MRS/HRS)

F/8.0

FM5

Pupil Image

Hyperboloid
Mirror

Image Plane
(WFC/LRS)
F/7.3
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Wide-Field Camera (WFC)

5 arcmin

14

5 arcmin

FOV of WFC-S

Si:As 2048x2048

5 arcmin

FOV of WFC-L

Si:Sb 1024x1024

for 5-26um X for 20-38um
1x1 arcmin FOV of
JWST/MIRI SPICA Coronagraph
1.4x18 at telescope boresight]
arcmin
- - -

maximum separation
from telescope boresight

10 arcmin

m  Much larger FoV than JWST/MIRI
m  PSF Nyquist sampling at A= 5 or 10 um (at 7 um for JIWST/MIRI)

maximum separation
from telescope boresight
10 arcmin

5 arcmin



"

WFC-S

FOV:5 x %’

Diffraction limited image
Zodiacal light limit noise
5 -- 25um

Band —pass filters

Grisms for low-resolution
spectroscopy

Fore-op

Telescope Focal Plane
r

tics

IOB top surface

PM2
(XY Polynomial)

200mm

- pM1
%XY Polynomial)
Fore-Optics
Focal Plane

PM5

........... N T

PM4

(XY Polynomial)

Y Polynomial)/ &e

I0OB bottom surface

PM3
_ (XY Polynomia

FLD?2
(Plane)

50.00 MM

)
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Fore-optics

WFC' L Telescope Focal Plane

FOV:5 x5 x 2 field
Diffraction limited image
Zodiacal light limit noise

[ h "

20 -- 38le "~ Image Plane
Si:Sb 1024x1024  0."293 foV/pix 0B topsirace

PM4 T
Band-pass filters (XY Polynomial) | PM2 .

i i PM3 \ 2 (XY Polynomial) | §
Grisms for low-resolution (XY Polynomial) g, = | / R
spectroscopy gz

37 — ‘:‘2? 7 )
pvMe — | |t
(XY Polynomial) $%5
A ™
P (XY Polynomial)\,
/ Fore-Optics
PM5 IDetector Module E Focal Plane
(XY Polynomial) Si:Sb 1024x1024 §
IOB bottom surface 5
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WFC expected performance
For both WFC-S (Si:As 2k x 2xX)/WFC-L(Si:Sb 1k x 1Kk)
Frame integration:617.3 s Background (Zodiacal light) 261K BB18MJy/str at 25um.
Total intearation time:3600s Aperture photometry within the first diffraction null ring

Point source Sensitivity (5 sigma, 3600sec)
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WFC expected survey performance (5’x5’)
For both WFC-S (Si:As 2k x 2xX)/WFC-L(Si:Sb 1k x 1Kk)

Frame integration:617.3 s Background (Zodiacal light) 261K BB18MJy/str at 25um.
Total intearation time:3600s Aperture photometry within the first diffraction null ring

Point source Sensitivity (5 sigma)
for 5x5 arcmin field with 3600 sec iotal observational time
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e WFC SH S[FD‘U 5:-{5 arcmln} 2k : : - : PRI
WFC-L B=10 (FOV=5x5 arcmin) -------
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WFC for cosmological survey (ixi degin 1400 hrs)

Point source Sensitivity (5 sigma)
for 5x5 arcmin field with 3600 sec total cbservational time
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Medium Resolution Spectrograph (MRS)

MRS-5 810.5mm
L2 MRS-S 12.2 —23.0 um
i R 1900 — 3000
Si:As 2k x 2k
pixel scale 0”.403
MRS-L 23.0-37.5 um
R 1100 - 1500
Si:Sb 1k x 1k
pixel scale 0”.485
Image Slicer (slit length x width x slices)
MRS-S; 12" x 1".2 x5
MRS-L; 12" x 2".5x 3
sharing the same FOV,

398mm

MRS-L 810.5mm 200mm

398mm

20



- M Resolution Spectrometer

SPICA/MCS/MRS-

Thour-5a continuum sensitivity (low background case) Thour-5¢ line sensitivity (low background case)
SPICA/MCS/MRS-S (R~3000-1900), MRS-L (R~1100-1500) SPICA/MCS/MRS-S (R~3000-1900), MRS-L (R~1100-1500)
Spitzer/IRS/SH (R~600), LH (R~600) Spitzer/IRS/SH (R~600), LH (R~600)

4::;:: 100 T T T T T T T T T T T T T T T 10'1? T T T T T T T T T T T T T T T
g Spitzer LRS g Spitzer LRS
0H — =
E_’; 0 R~600 3 gg w8  R~600 1
2% =
=4S : o 5%
383 - \/J P

@ 1F ' 3 o3 1019t 3
2% A > 3
Qo O (C) E
£ 25
B5 01f MCS MRS . E% 10720 } MCS MRS .
c c 8
: R~2000 R~2000
(=]
T -
- 0% 30 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 10_218 1'0 1'2 1|4 1|5 1Ia éo éa 2|4 zla ée 3',0 3'2 3|4 éa sl,a 40

Wavelength (micron) Wavelength (micron)



"

Table 1. Spectral Format of MRS-5 and MRS-L on the detector arrays

MRS-5

MES-I.

Echelle Order Ami® (um) A#® (um) Amar® (um)  Echelle Order Amin® (um) Ap® (um) Amaer® (um)

Wavelength (micron)

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Figure 2. Spectral resolution powers of MES-5 and MES-L for a point source

m=5 18.85 20.74 23.04 m=10 33.95 3065 37.563
m=6 15.95 17.28 18.85 m=11 31.00 3241 33.95
m=7 1383 1481 15.85 m=12 28.52 2871 31.00
m=8 1220 12.96 13.83 m=13 26.41 27 42 2852
-- - -- -- m=14 2458 2546 26.41
- -- -- -- m=15 23.00 23.77 2459
MRS-S (m=8,7,65 MRS-L (m=15,14,13,12,11,10)
ﬁ—

. Smﬂ_ T T T T T T T T T T i

G S

§ 2s00) My -

c

5 2000} et .

=

S 1500} ot ]

D

T 1000} N

@

B 500t .

o

2 0




" JEE—
High Resolution Spectrometer (HRS)

m Specifications of HRS

Array format Si:As (2k x 2k) I:As (2k x 2K)
Wavelength coverage 12-18 um 4-8 uym
Spectral resolution (R=A/AA) 20,000-30,000 withdraw

Pixel scale 0.48"/pix

Slit length x width 6.0"x 1.2”

Main disperser CdTe or CdZnTe immersion grating ZnSe immersion grating

m Optical layout




51.2mm
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51.2mm
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HRS expected performance

Pixel scale, wavelength band width : value in the optical design
Fowler-16 sampling — Read noise: 5 electron/pix/read-out

Frame integration time: 300s

High Background : BB T=268.5K normalized to 80 MJy/sr at 25um
Low Background : BB T=274.0K normalized to 15 MJy/sr

10 T T

1-hour on-xource 5-o sensitivity

(mdJy)

—

o
-

low background
high background

+

2
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10

12 14 16 18

Wavelength (micron)

20
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Technical details

m Structure model
m Attitude stability problem

26



"
Structure model

Instrument Optical Bench and Support mount
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Structure design of MRS

Si:As 2kx2k Detector

. Si:Sb 1kx1k Detector
Image Slicer

Dichroic beam =

splitter Image Slicer

MRS-L
MRS-S
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Mirror support

Natural frequency : High enough
Flexure under 1G : correspond few pix.

S-22 Camera Unit2ME235—NO —REHFE—F(205Hz)

MRS-S
(5-16) FLD5M ZE#2E

Y=-4.79 X 10-%deg
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SPICA pointing accuracy

At medium frequency (about 0.01 Hz),

Table 2 Typical Time Functions and Corresponding Provatiliy, POINtING Stability may not good enough.

Density Functions of Pointing Error Sources — i
Time Function Probability Dessity Faneiion ] U0 1HZ = 100sec < Exposure time 600sec

8 { AﬂL T A |
IV TR J
E [ Y1 J4 W N

Nﬂmlal Distribution

; , ,/"./'/,/fj'!! Uﬁl’

--------

around 0.01Hz, O0-p fluctuation may be
about 0.5 arcsec

Uniform Distribution
BT BENEE 4 |
IR
3 S |3 b

Sisusoidal Distribution
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Tip-and-Tilt system for short wavelength
channel

0.5arcsec 0-peack pointing fluctuation

Imaging at 10um :

m Gaussian : SN down to 83%

m Linear sinusoidal : down to 72%

m Circular rotation : down to 62%
Spectroscopy : Most sensitive - HRS-L at 18um
m Gaussian: down to 97%

m Sinusoidal : down to 88%

Worst case is 70% degradation (2 times obs. time)

In order to recover the image quality at the shortest
wavelength, we have decide to use Tip-and-Tilt mirror
system in fore-optics.
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