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1 MIRIS Project Summary

- (Objectives
— Space observation camera (SOC)
- Pa-a emission line Galactic plane survey
- Extragalactic Cosmic IR Backaround (CIB) observation
— Earth observation camera (EOC)
- Wide angle NIR imaging of Korean peninsula
- Developing space IR technologies

- Spacecraft : STSAT-3 (SaTReC, KAIST Develop)
- Duration : 2008. 05 ~ 2013. 11 (6 vears)

- Participants : KASI, SaTReC, KARI, KBSI, SNU, ISAS/JAXA
Green Optics, Genesia
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U-§ MIRIS : Science Mission [1/3)

STSAT-3

Galactic Plane Survey (1/2)

Origin of the Warm lonized Medium (WIM)

— (Challenge to the current paradigm of the lonization theory
- Test the effect of Dust scattering for the WIM observation
Observation : Pao survey

— Pao (MIRIS) vS. Ho (Ground-based) : Scattering difference

- Pao is better than Ho in the turbulence study of the WIM
because of the lower dust-extinction
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.k  Science Mission (2/3)

STSAT-3

- (alactic Plane Survey (2/2]

Physical Properties of Turbulence in the Galaxy
— Survey the physical parameters of turbulence in the Galaxy

— Derive Magnetic field strength from the structure
characteristics of turbulence

Observation : Pao survey
— Paa (MIBIS) vs. Ho (Ground-based) : Extinction difference
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N Pac. Observation Plan

STSAT-3

- (alactic Plane <-> Ecliptic
Plane

— Simple Satellite Control

- Current plan
- 2 filters

— Rotated detector FoV: 3.67 deg.
— 20% increase of survey
capability

- ~00% overlap
- Width: 5.9 ~ 7 deg.
— Total survey time = 10 months
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.k Science Mission (3/3]

STSAT-3

- Cosmic Infrared Background (CIB) Observation

Origin of the Near-IR CIB
- Test the hypothesis of the Pop Il origin

— Confirm the degree—scale fluctuation suggested by IRTS & AKARI
and reveal its nature

Observation : | & H-band
— |-band (no Pop i) vs. H-band (Pop lll star expected]
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"ﬁ’ CIB Observation

- CIB Observations:
To reveal the origin of CIB = eeciadoe rode by Totan el 2001
e : 1%,
. Expected MIRIS Sensitivity 1™
(35, Instrumental noise only) s % T
~ | band: 18.6 AB mag. £ w % . |
- Hband: 19.1 AB mag. £ : | ‘E&
- Confusion-limited s
observation R e e
- Two bands: | & H bands .

Wavelength (um)

— peak of CIB?
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"W CIB Observational Plan

- Filters: | & H bands
Blank (dark calibration) MIRIS NEP Obs Reglon

- CIB dedicated phase: 1 month

- Primary target

NEP (North Ecliptic Pole)

— 6.2 sg. deg. observed by AKARI
- Whole area: 10°x10°
- 7x7fields

— 1 sec. integration x 600 frames

- Secondary targets o T e e
— SEP (South Ecliptic Pole) - AKARI Obs Region
— NGP (North Galactic Pole] _
— SGP (South Galactic Pole]) : MIRIS FoV
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-} MIRIS Operation Concept

STSAT-3

Mode Test (3 months) 1st Year 2"d Year
10 orbits/day . .
Bus Test (1 monthi lif needed) lif needed)
Space 0bservation (1 month])
—Galactic Plane 4 orbits/day 6 orbits/day User time
—-Cosmic Background 4 orbits/day 2 orbits/day lif needed)
—(Calibration 2 orbits/day 2 orbits/day
Regular Test &
Earth Observation % mo.nth] Emergency 6 orbits/day
Ground Contact 4 orbits/day 4 orbits/day 4 orbits/day

MIRIS Workshop, 28 Jan 2015 ° KNy B35 8828



I-k Attitude Control Requirements

STSAT-3
Item AXis MIRIS Req. (35) | Bus Spec. (35 Remarks
Attitude update rate > 1 Hz 1~4 Hz
Refer to Mosaic
X, < £0.130 +(.120 overlap
Pointing Knowledge requirements
Field shift by
y < +0.22° +0.18° rotation < 1 pixel
Refer to Mosaic
X, Z < £0.13° +0.13° oyerlap
Pointing Accuracy requirements
Field shift by
Y ¢ +0.22° +0.16° rotation < 1 pixel
-+ 0 -+ 0 i
Stability X, Z < £0.007°/sec +0.007°/sec < 1 pixel
(Drift+litter) Drift by rotation +
y < £0.070°/sec +0.0529/sec X, 2 drift < 1 pixel
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. s ;
'-8  pata Communication Requirements

STSAT-3
MIRIS : Pa a cont. & Dual-band filter
. . 1.2 Mbit/frame
Unit Frame Size (256x256 sensor 1, 16bit)
, 9"3.t 6,000 frame/day
1 Day Obs rl')%'; y (600 frame/orbit x 10 orbits)
Frame I 3.600 frame/day
%rb"s‘a (GP : 600 frames X 4 orbits)
(CAL : 600 frames X 2 orbits)
, .C'B.t 7 Gbit/day
1 day Data rtlj%g y (6,000 frame/day x 1.2 Mbit/frame)
Production - Normal 4.2 Gbit/day
0bs (3,600 frame/day x 1.2 Mbit/frame)

~ RS Encoding & Packet frame were NOT included
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- STSAT-3 Summary

MIRIS E. Box
MIRIS SC

- ' MIRIS SC
MIRIS EC S-band | ‘

Item Specification
Mission Orbit =~ 595 ~ 635 km, Sun synchronous
Mission Life 2 years
Satellite Mass | ~ 175 kg
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STSAT-3

MIRIS Specifications

Item Parameter Specification Remark
Aperture 80 mm
Telescope F-number F/2
Focal length 160 mm
Field of View 3.67° x3.67°
Teledyne PICNIC (HgCdTe])
Detector array | 256 < 256
Detector , :
Pixel size 40 «m
Pixel scale 51.6”
Filters Broadband 1.1&1.6 «m AX[A 20D
Narrowband PAAL & PAAC
Low Earth, Sun-synchronous orbit
Orbit Altitude about 620 km
Inclination 97.8°
MLTAN 22.3 0'clock
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http://miris.kasi.re.kr/miris/stories/instrument.html#telescope
http://miris.kasi.re.kr/miris/stories/instrument.html#detector
http://miris.kasi.re.kr/miris/stories/instrument.html#filters
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STSAT-3

MIRIS Filter Specification

— Filters (6 filters)
« 1(1.05um), H (1.6pm), blank
- Pa o (1.876um), Pa o Cont1, Pa o« Cont2

- Pa o Cont1, Pa o Cont2 — Double band filter

Filter | H PAAL PAAC
Nominal wavelength 1.1 «m 1.6 «m 1876 tm | 184 & 192 «m
Band width (FWHM) 0550 «tm (0910 «m |24 nm 25 & 25 nm
s | it ~—Pa-alpha ==~ Dualband cont.
i i P i 4
§ SZ § 50
1(; _J .__,': L 10

600 800 1000 1200 1400 1600 1800 2000 2200

Wavelength [nm]
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N |

STSAT-3

PICNIC IR Array Specification

Parameter Specification
Detector technology HgCdTe(PACE)
Detector input circuit SFD

Readout mode Ripple(per quadrant)
Pixel readout rate Up to 200kHz
Pixel format 256x256
Pixel pitch 40um
Fill factor >90
Output ports 4 total(1 per quadrant)
Clocks 6
Spectral range 0.9 ~ 2.5um
Quantél;.sE::]aency S 759%
Read noise: multiple <20
sample
Dark current <0.2 e-/sec(@77K)
Well capacity 200,000 e-
Pixel operability >99%
MIRIS Workshop, 28 Jan 2015 17
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"j Passive Cooling Simulation

| Unit : mW
Radiator
2798
S EE— Cooler |
\ 50
\ 359 - Cryostat
| Space : 3K < Telescope U FW unit: 77K

\ B Y - 178K 5
Xg% A 17196 ¢69 ﬂ —

o 102 MLI: 225K
Lonlﬁ?é:n?m A?b1 30 Sof | _Batfle §1 96 Thermal shield: 231K
(Ea edo: f /O 1533 SIC MLI: 262K
To Baffle : 674 111533 —
(Earth IR :192, Albedo : 482) Spacecraft : 300K
To Telscope : 66 f
(Earth IR : 66, Albedo : 0) <4— Conduction <— Radiation
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i MIRIS Dark Test

- Gaussian: readout noise Noise map

- Temperature variation: ~3K
- Increase of hot pixels: ~0.26%
- Increase of noise < 1 ADU

— No difference of dark on
temperature vlariatlion
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STSAT-3

- Band information
— Narrow bands: Pa Cont., Pao

LN |
=i Band Response

- Wide bands: |, H Lo

- Relative brightness
— Source with flat energv

N A P STTS Fevois FEr e/
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spectrum
- Pao = 1.0 (normalized) I
- Pa cont. = 2.2 o)L e
B I — 214 0.5 1.0 wavele g;tl?[m orl 2.0 2.5
- H=37.1

— Uncertainty ~ 10%
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I'\:ﬁ Linearity Test

- Obtain stable integration curve [ o
— Use uniform source
- Pac band

- Linearity correction
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-1 s0C Gain Estimation

STSAT-3

- Mean-Variance
— Readout noise ~ 45e-
— 4be- < ble-
[performance estimation]
- Gain [e-/ADU]
— Mean-Variance test: 8 ~ 1115(”
— Dark current: ~10 '

- Consistent!

" Photon noise

Readout noise
dominant

400 600
mean [ADU]
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o | SOC Flat Fielding

STSAT-3

- Flat fielding for H & Pa bands

— Deviation: reduction of 50%, 42% for H and
Pa cont, respectively -bard H-band 1ﬁ71i:|

- Flatness < 1% e

09 105 1.2 1.6
Pa alpha
Pa Cont.

Before After Before After
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STSAT-3

L.k Performance & Enhancement

- SOC Imaging: Andromeda Galaxy (2013. 12. 17]
I-band (1.05 um) T _ Hband@16pm) :

MIRIS Workshop, 28 Jan 2015



L.} performance & Enhancement

STSAT-3

- SOC Imaging: orion Nebula (2013. 12. 19)

B I-band

B H-band

B Pa-aline
(lonized H)

* Massive Star
— UV Radiation
— lonizes H
— Pa-a line
— Star Forming

Region
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STSAT-3

-} Performance & Enhancement

- SOC Imaging: Rosette Nebula (2013. 12. 23)

B |-band
B H-band
B Paa line
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e

-k Performance & Enhancement

STSAT-3

- S0C Imaging: North Ecliptic Pole (2014. 1. 17, I-band)

Exp 2.0 sec

Exp 1.5 sec

Exp 3.0 sec Exp 5.0 sec
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STSAT-3

Performance & Enhancement

- SOC Imaging: Radial Profile of Stars
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STSAT-3

8-} Performance & Enhancement
- MIRIS Dark Current Noise

_|fx)=ax+b |
with |

a = (0.645 £ 0.087)| ADU s1

- |b=(-0.31+£0.22) ADU

Consistent with ground measurements

Time-averaged dark current [ADU]J

0 ] 2 3 T 5 6
Exposure time [second]
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.k Key Telemetry Status

STSAT-3

 MIRIS Detector Temnerature

240

1
® SOCTMP1

- .t took about 9 hours to reach ~90 K from
) . ~220K after the coopler is turned on.
180f .-.....Tp reduce noise, the cooler is turned off

tion. - AT ~ 3K

~ during the observ
T T e e B

Temperature [K]

T 15 6 17 8 9 20 21 22
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Temperature [K]

.k  Key Telemetry Status

STSAT-3

* MIRIS Structure TemDerature

.. %(J( TT\II] T/S box
# & SOCTTMP: Radiator

s SOCTTMP: Barrel
e ® SOCTTMP: Dewar |

240

230F

IG0H e ¢ SOCTTMP: Baffle} . . . . S

~ « Almost no/dependency on the orbit

phase

- Abodt 12 hours after the cooler is

turned on barrel temperature reaches <

200 K| the design temperature.
' s{the temperature < 230 K,
| the desrgn temperature

expected.

Time (KST)
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By Future Plans

STSAT-3

Main Mission 1: Cosmic Infrared Background

North ECIiDtic Pole Fields North Galactic Pole Fields

[ =60° [ =90° I=120°

a=0hk . . 7X7* RUUTROE SRS SO

.o 50% Overlap--’ T
. ®4timesObs. "
. ®10x10Deg =

o i=1s0°

a=22hf"

: _ ! = 180°

- qi=210°

a=20h|

a = 18h
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4.k Cosmic Infrared Background

STSAT-3

« NEP Monitoring Observations
Change of NEP background brlghtness due to zodlacal light

} I band
| ¢ H-pand ||
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Background brightness [ADU]
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L.k Cosmic Infrared Background

STSAT-3

- Observations of Deep Fields

- ~ r T r
@il SShowcase O Observed O To be observec

[ ® HDF-N
Lockman Hole

(]
ELIAS-N1

® NEP
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%~ pa, emission observations : Plan

STSAT-3
1. Galactic Plane Survey
¢ (Cover 360°along Galactic plane within —3°< b < +3-.
¢ Total 228 fields : 106 north fields + 106 south fields + 16 extended.
¢ Effective exposure : ~20 minutes (3 orbits) per field per filter

@i};@nn&m (150402)
Anti-Sun (140403}

~
Anti-Sun (140303)

Anti-Sun (150203)

NOBHE: ,=a 0o B2 e 7
NO50 1040 B SPIUR, N02T il N2 NO10 NOpO. o N100

I
@ T BTN PTXTL OTRTITL G0 A P TR PR s 9 IR RN DR RN RN IRV PR DO PV TRV v PO D N BB TP
1 & PABEBEE SR EEOES ) | BEILLRE I« SLLLLRRRELEELLLELELLCALCERELLLELELRL R
" e Q, w2 A TR T Yo Y
v . o ® bt
un (141203) -
® o
¥
Sun| (140803)
AN R i x
Anti-Sun (141103) \)/ o s -
Y B
Anti-Sun| (140902)
30 150 120 90 Qg\) 30 ( 330 300 270 240 210 14

¢ 2014 Apr.-2014 Aug. : /= -80°to +100° [observed).
¢ 2014 Nov.-2015 Mar. : /= +100°to +280°
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L~k pa. emission observations : Plan

STSAT-3

2. Additional Pointing Observations
¢ Select some interesting targets in the high galactic latitude.

NNNNNNN

» St [0 -
=\ <y
';,;_‘ )

L0

¢ 2013 Dec.-2014 Feb. : total 12 fields (observed).
¢ 2014 Apr.-2014 Aug. : Zeta Oph., Rho Oph., SMC, LMC (observed).
¢ 2014 Nov.-2015 Mar. : BFS11-B (Star Forming Molecular Cloud), NGC1579, Mon R2.

MIRIS Workshop, 28 Jan 2015
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R-1 pa. emission observations : Early Results

STSAT-3

1. Galactic Plane Survey

MIRIS PAAL filter image
MIRIS PAAC fllter Image
MIRIS Paa emission line (PAAL-PAAC) Image

¢ incompletely processed images : no removal of detector background, no on-orbit
flat field correction, no flux calibration.

¢ Paa emission line image was made using fixed scale factor (0.53) subtraction :
PAAL - 0.55 x PAAC (NEP Obs calculated, PAAL/PAAC Filter Ratio).
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A<} Pac emission observations : Early Results

STSAT-3

1. Galactic Plane Survey

Ha Image (Finkbeiner, 2003, ApJS, Ground 0bs)
MIRIS Paa emission line (PAAL-PAAC) image (This Paper]
FIR + IRAS, SFD E(B-V] (Schiegel et al. 1998)

4 Many of detected Paa features are brighter than predicted by the Ha observations
[some of them are invisible in Ha ).

4 Bright Paa blobs coincide well with dense cloud regions (Star Forming Cloud).
MIRIS Workshop, 28 Jan 2015 38 KNl 28 =a7s



AN Pac emission observations : Early Results

STSAT-3

2. Additional Pointing Observations
L Oe sampl result : LMC [7°><° Fildl

MIRIS (I, H, PAAL PAAC) filter image

¢ Cover the whole LMC region with 4 field observations.
¢ | & H filter : 1 orbit observation per field.
¢ PAAL PAAC filter : D orbits observations per field.

¢ incompletely processed images : no removal of detector background, no on-orbit
flat field correction, no flux calibration.
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N} Pac emission observations : Early Results

STSAT-3

2. Additional Pointing Observations
€ One sample result : LMC

Hoa image (Finkbeiner, 2003) SFD E(B-V) (Schlegel et al. 1998)
MIRIS Paa emission line (PAAL-PAAC) image
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U-1 pa, emission observations : Future Work

STSAT-3

& Cover the region of /= +100°to +280°(2014 Nov.-2015 Mar.) and complete the whole
Galactic plane survey.

¢ Complete basic data reduction (removal of detector background, on—orbit flat field
correction, flux calibration).

¢ Re-estimate the scale factor of PAAL & PAAC and then apply spatially variable scale
factor subtraction.

4 Remove point sources and then complete diffuse Pa« emission line map.

¢ Compare the results with Radio survey data (radio recombination line, radio
continuum) as well as Ha data.

& (Catalog newly detected Pa« blob sources (New 0bj 9.
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LM Observation Plan

STSAT-3

Orbits / day
CIRB
Survey 8 1
Paa Galactic .
Plane Survey 7 7 User time
Calibration 1
(NEP monitoring) 2 [20%?; 3‘;3{" 1 1
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Lk pata Distribution System

- S0C

— Data Reduction S/W Developed (Lynux, Python]
— Will Be distributed by KASI, Big Data Center

‘ Maln Data Server \ — Main data server:
Download Data from Satelite

— Local data server (inside KASI)
- Download from Main Server

Local Data Server - Header RB(_:C_)I'd 0Obs Inof such as 0Obs
Bands, Position

- FITS Image produce
- Register each database

B — MIRIS DR (Data Reduction)
M Pipeline: Image Production for

Science Analysis
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iy Future Plans

STSAT-3

- Follow-Up Observation of Deep Fields
— Lockman Hole
— AKARI Deep Field South
— Hubble Deep Field North / South
— Elias Fields
— North / South Galactic Poles
— elc.

MIRIS Workshop, 28 Jan 2015 44 KNy B35 8828



i

STSAT-3
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