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Alberto Salama	
 

First visit to ISAS, 2002	
 

Giving a speach at the 
banquet of AKARI 
conference, 2009	
 

ASTRO-F Observing 
preparation workshop at 

ESAC, 2005	
 

Thank you 
very much!	
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Outline of this presentation	



  The AKARI mission	


  The FIS instrument	


  FIS All-Sky Survey (Point Source Catalogue) 

Calibration	


  FIS image map calibration	


  FIS Slow-scan calibration	


  Pointing calibration	


  Future	





13/03/25 Herschel Calibration Workshop	

Issei Yamamura	



AKARI-FIS Bright Source Catalogue Ver.1	
 

90 µm	
 

427,071 sources	
 
λ: 65, 90, 140, 160 µm	
 

Sky coverage: > 98 %	
 

(373,819 Sources)	
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Far-IR All-Sky Image maps	
 

90 um / 140 um	
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Far-IR mapping of the AKARI Deep Field South	
 

90 µm	
 

λ	



β	



Matsuura et al., 2011, ApJ 737, 2	
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AKARI Calibration papers	
 
  FIS instrument flight performance���

Kawada, M., et al., 2007, PASJ 59, S389	


  Slow-scan mode calibration���

Shirahata, M., et al., 2009, PASJ 61, 737   (Point source) ���
Matsuura, S., et al., 2011, ApJ 737, 2   (Diffuse radiation)	



  FIS-FTS Spectroscopy mode calibration���
Murakami, N., et al., 2010, PASJ 62, 1155	



  AKARI-FIS Bright Source Catalogue Ver.1 Release note	


  AKARI-IRC Point Source Catalogue Ver.1 Release note���

http://www.ir.isas.jaxa.jp/AKARI/Observation/PSC/Public/	


  AKARI-IRC Point Source Catalogue Ver.1���

Ishihara, D., et al., 2010, A&A 514, A1	


  IRC Image calibration���

Tanabe, T., et al., 2008, PASJ 60, S375	


  IRC Slow-scan observation ���

Takita, S., et al., 2012, PASJ 64, 126	
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The AKARI Mission	
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AKARI Satellite	



Height:  3.7 m	



Weight: 952 kg (@Launch)	



A 68.5 cm φ cooled telescope	



Two scientific instruments covers 
wavelength in 1.8~180 µm	



The telescope and focal-plane 
instruments were kept in 2~6 K by 
stirling coolers and liquid Helium	



Bus m
odule	



Cr
yo

sta
t	
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Orbit and Operation Modes	



Survey Mode & Pointing Mode	



  Sun-synchronous polar orbit	


  Altitude: 700 km	


  Orbital Period: 100 min	
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Telescope & Instruments	



  φ 685 mm, F/6.1, Ritchey-Chretien	


  Silicon carbide mirror	



(Far-Infrared Surveyor) FIS	



IRC (Infrared Camera)	



1.8–26 µm	



50–180 µm	
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Photometric & Spectroscopic Capabilities	



Onboard Instruments	
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AKARI Operation history	



Aug. 26, 2007 LHe boil-off 

(FIS) All-Sky Survey: 1st priority 
LS+Some MP Pointed Obs 

MP + OT Pointed Obs. 

Supplemental (FIS) survey 

only NIR in operation 
MP + OT pointed Obs.  

Checkout & Performance Verification  Checkout  

Phase 1 
(~180 days) 

Phase 2 
(~300 days) 

Phase 3 

2nd PV 

May 7, 2006 

Nov. 10, 2006 

June 1, 2008 

Feb. 15, 2010 

Maintenance 
Cryo-cooler degradation/recovery 

Nov. 24, 2011 Satellite power-off 

Feb. 21, 2006 Launch 

He holding time 
550 days 

Apr. 14, 2006 Ap.Lid Open 
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AKARI Catalogues	
 
Catalogue	

 Release 

date	


# of 

sources	

 Description	


AKARI-FIS Bright Source 
Catalogue ver.1	

 2010/03/30	

 427,071	

 Sources observed at 65, 90, 140, 160 µm 

from the All-Sky Survey	



AKARI-IRC Bright Source 
Catalogue ver.1	

 2010/03/30	

 870,973	

 Sources observed at 9 & 18 µm from the All-

Sky Survey	



The AKARI Asteroid Catalogue 
ver.1	

 2011/10/14	

 5,120	

 Diameter and albedo of asteroids observed in 

the IRC All-Sky Survey	



AKARI LMC Point Source 
Catalogue ver.1	

 2012/11/13	

 660,286	

 Sources observed in the LMC region of 10 

deg2 at  3, 7, 11, 15, 24 µm	



AKARI LMC Near-Infrared 
Spectroscopic Catalogue ver.1	

 2013/01/07	

 1757	

 Spectra of sources in the LMC survey region 

in 2.5–5.0 µm	



The AKARI NEP-Wide Source 
Catalogue ver.1	

 2013/03/15	

 114,794	
 Sources detected in the North Ecliptic Pole 

region of 5.4 deg2 observed at 2, 3, 4, 7, 9, 
11, 15, 18, 24 µm	


The AKARI NEP-Deep Source 
Catalogue ver.1	

 2013/03/15	

 7,284	


Sources detected in the North Ecliptic Pole 
region of 0.67 deg2 observed at 2, 3, 4, 7, 9, 
11, 15, 18, 24 µm. 2–3 time deeper than the 
NEP Wide catalogue	
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The FIS instrument	
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FIS Photometric Mode	



Band	

 N60	

 WIDE-S	

 WIDE-L	

 N160	



Wavelength	

 50–80	

 60–110	

 110–180	

 140–180	

 [µm]	



Central 
Wavelength	

 65	

 90	

 140	

 160	

 [µm]	



Detector	

 Monolithic Ge:Ga	

 Compact Stressed Ge:Ga	

 Ge:Ga chips 
supplied by NICT	



Readout	

 Charge Trans-Impedance Amplifier (CTIA)	


Array format	

 20 x 2	

 20 x 3	

 15 x 3	

 15 x 2	

 Pixels	



Pixel size	


(Physical size)	



27 x 27	


(0.5 x 0.5)	



27 x 27	


(0.5 x 0.5)	



44 x 44	


(0.9 x 0.9)	



44 x 44	


(0.9 x 0.9)	



[arcsec2]	


([mm2])	
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FIS Detectors	



FoV of the FIS	



WIDE-S 

N60 

N160 WIDE-L 

(3x20) 

(2x15) 

(2x20) 

(3x15) 

~8 arcmin 

26.5 deg 

13” 

22” 

44.2” x 44.2” / pixel 
26.8” x 26.8” / pixel 

Sc
an

 D
ire

ct
io

n	



WIDE-S: 3x20	



N60: 	

2x20	



N160: 	

2x15	



WIDE-L:	

3x15	



Overlap each other	



Scan direction ~ along the constant Ecliptic longitude	
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FIS RSRF	



Band: 	

   λc	


N60: 	

 	

65 µm	


WIDE-S: 	

 	

90 µm	


WIDE-L: 	

	

140 µm	


N160: 	

	

160 µm	
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Data acquisition modes (Photometry mode)	



(A) 6-Averaging sampling	


      Nominal mode 	


                         for photometry	



(B) Differential sampling / CDS	


      higher saturation level	



Sampling rate	


	

SW:~24 Hz, LW:~16 Hz	



The SW and LW detectors are reset 
simultaneously	



Reset interval: 0.5 sec, 1 sec, 2 sec	
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FIS internal calibration source	



SPECTROMETER

SCANNER

Short Wavelength Detector
(Ge:Ga; ~2.2K)

Blocking Filters
(σc~300cm-1 & 600cm-1)

Long Wavelength Detector
(stressed Ge:Ga; < 1.8K)

Low-Pass Filter (σc~220cm-1)
High-Pass Filter (σc~133cm-1)

Low-Pass Filter (σc~90cm-1)
Low-Pass Filter (σc~60cm-1)

Dichroic Beam Splitter (σc~85cm-1)
or

Output Polarizer

Hole
or

Input Polarizer

Beam Splitter
(Polarizer)

Filter Wheel

Camera Mirror Camera Mirror

Fixed
Roof-Top Mirror

Mirror TransportMechanism

Movable
Roof-Top Mirror

Collimator Mirror Bending Mirror
100mm

Input Aperture

Calibration Source

for imaging	



for FTS	



LW	

 SW	
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The FIS All-Sky Survey Calibration	
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FIS Survey data (Raw)	



One revolution (~100 min)	



Galactic Plane observed in CDS mode.	



Dark and continuous cal. lamp on at ecliptic poles.	



South Atlantic Anomaly and Bias Boost	



Shutter cls.	



Cal. lamp on	


Cal. pulse	



CDS (Correlated Double Sampling)	



SAA	



CDS	



Bias Boost	
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Green Box: correction/calibration of 
time series data	
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FIS Flux Calibration Strategy	



Purpose	

 Requirement	

 Timescale	

 Source	



Internal 
Calibrators	



Relative	

 Stability	

 < 100 min	

 Cal. lamps	



External 
Calibrators	



Relative	

 Stability	


Visibility	



> 100 min	

 Stars	



Absolute 
Calibrators	



Absolute	

 Accurate flux	

 ∞	

 Stars	


Asteroids	
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FIS Flux Calibration Strategy	



Purpose	

 Requirement	

 Timescale	

 Source	



Internal 
Calibrators	



Relative	

 Stability	

 < 100 min	

 Cal. lamps	



External 
Calibrators	



Relative	

 Stability	


Visibility	



> 100 min	

 Stars	



Absolute 
Calibrators	



Absolute	

 Accurate flux	

 ∞	

 Stars	


Asteroids	
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Calibration pulse signal trend (1 day)	


Periodic pattern is responsivity variation by	


	

Passage of polar-cap region (electron)	


	

Passage of the Galactic Plane (photon)	



SW Ch.8	
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Calibration pulse signal trend (entire survey period)	



No long-term trend (degradation) is found.	
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FIS Flux Calibration Strategy	



Purpose	

 Requirement	

 Timescale	

 Source	



Internal 
Calibrators	



Relative	

 Stability	

 < 100 min	

 Cal. lamps	



External 
Calibrators	



Relative	

 Stability	


Visibility	



> 100 min	

 Stars	



Absolute 
Calibrators	



Absolute	

 Accurate flux	

 ∞	

 Stars	


Asteroids	
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FIS Flux Calibration Strategy	



Purpose	

 Requirement	

 Timescale	

 Source	



Internal 
Calibrators	



Relative	

 Stability	

 < 100 min	

 Cal. lamps	



External 
Calibrators	



Relative	

 Stability	


Visibility	



> 100 min	

 Stars	



Absolute 
Calibrators	



Absolute	

 Accurate flux	

 ∞	

 Stars	


Asteroids	
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Primary calibration standards	



  Asteroids	


  In-collaboration with Thomas Müller.	


  55 candidates of flux standard asteroids are being 

evaluated with AKARI data.	


  Stars	



  In-collaboration with Martin Cohen.	


  All-sky standard network consisting with 614 stars.	



  Planets	


  Model flux provided by courtesy of Raphael Moreno.	


  Mainly for the FTS calibration.	
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Stellar calibrators (F90 ≥ 0.5 Jy)	



≥ 5 Jy	


2–5 Jy	


1–2 Jy	


0.5–1 Jy	



~110/614 sources have estimated 
flux larger than 0.5 Jy in WIDE-S 
band. They are the candidates for 
the FIS calibration standard.	





13/03/25 Herschel Calibration Workshop	

Issei Yamamura	



Survey observations of calibration 
standard asteroids and planet	



  Total 228 measurements of 51 asteroid and two 
planets (Uranus & Neptune) during the FIS survey.	



Uranus	


Neptune	



Ceres	


Vesta	
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Flux measurement	
 

  The flux quoted in the AKARI-FIS Bright Source 
Catalogue is measured on the co-added data from the 
all available scans.	



  Signals of stellar calibrators are those used for the 
catalogue.	



  Signals of asteroids and planets were measured on the 
single scan data individually.	
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Flux conversion factor (SW)	
 
65 µm	
 90 µm	
 Stars / Asteroids / Planets	
 

Model Flux [Jy]	
 

M
es

. /
 M

od
el
	
 

Co
nv

er
sio

n	


Fa

ct
or

 [A
D

U
/Jy

]	
 

Signal [ADU]	
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Flux conversion factor (LW)	
 
140 µm	
 160 µm	
 Stars / Asteroids / Planets	
 

Model Flux [Jy]	
 

M
es

. /
 M

od
el
	
 

Co
nv

er
sio

n	


Fa

ct
or

 [A
D

U
/Jy

]	
 

Signal [ADU]	
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Calibration of the CDS mode data	
 

  No observation of the 
calibration standard was 
made in the CDS mode.	



  Correction function is 
derived by comparing 
the signal of the same 
source.	
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Relative flux error	
 

  StdDev of per-scan flux / coadd Flux	


  Number density contour	


  Majority of sources have errors of 10 % level	


  Small dependency on flux level	



Normal mode	


CDS mode	
 

0.0	
 

0.6	
 
N

or
m

al
iz

ed
 fl

ux
 e

rro
r	
 

0.2	
 

0.4	
 

0.1  1.0     10    100  1000 10000	
 
Flux [Jy]	
 

0.1  1.0     10    100  1000 10000	
 
Flux [Jy]	
 

0.0	
 

0.6	
 

N
or

m
al

iz
ed

 fl
ux

 e
rro

r	
 

0.2	
 

0.4	
 

AKARI FIS-BSC Ver.1 Release note	
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Flux uncertainty	
 

  Overall flux uncertainty of the FIS Bright 
Source Catalogue is ~20 % for all bands.	
 

AKARI FIS-BSC Ver.1 Release note	
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Comparison with IRAS	
 

  Reasonable correlation 
with the IRAS 60 & 
100 µm fluxes.	



  Deviation seen some 
wavelengths / flux 
levels is an issue of 
further investigation.	
 

Normal	


CDS	
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Comparison with other photometries	
 
  FIS Bright Source Catalogue fluxes are consistent with that of FIS Slow-

scan and the ISOPHOT measurements of bright galaxies.	
 

FIS BSC ver.1 Release note	
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FIS-BSC ver.2 & FIS-FSC ver.1	
 

  Release schedule shifted to 2014-2015	


  More sources (FSC)	


  Better flux accuracy	


  Better characterization	



  Detection reliability	


  Flux (small extended sources)	
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Calibrations of FIS diffuse map	
 

90 µm / 140 µm	
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Calibrations of FIS diffuse map	


  The initial flux conversion from ADU (GreenBox output) to MJy/sr is 

made with the gain factor derived for Slow-scan observations.	


  Pre-flight measurements with “Black body” source.	


  Comparison with the the COBE/DIRBE data in the dark sky (1–10 MJy/sr) 

regions.	


  Uncertainties are 5% (65 µm), 5% (90 µm), 13% (140 µm), 25% (160 

µm).	



  Additional processing such as destriping and  
transient response corrections cause deviation from 
the real flux value.  Re-calibration needed.	



  Comparison with the Slow-scan data	


  Comparison with the COBE/DIRBE data	
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Comparison with COBE/DIRBE data	
 

  FIS band fluxes are estimated by 
interpolating the DIRBE ZSMA 
data for every DIRBE data pixel.	



  FIS image is convolved with the 
DIRBE beam.	



  FIS and DIRBE data are 
compared for All-Sky data and 
correction factor is derived.	



  These procedures are repeated. 
Normal and CDS mode data are 
treated separately	
 

DIRBE beam	

FIS image	
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Results (current processing data)	


de

vi
at

io
n	



~15%	

 ~10%	



~20%	

 ~20%	
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CDS/Normal gap	


  Large deviations in the two LW bands at brightnesses ~200 

MJy/sr   failure of the calibration at brighter end of the 
Normal mode.	



  <~200 MJy/sr: Normal mode	


  >~200 MJy/sr: CDS mode	



normal	



CDS	


sc

an
 d

ire
ct

io
n	



new processing	
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Slow-scan calibration���

90 µm	
 

λ	



β	
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AOT FIS01	



  Photometry/Mapping of small area	


  Two round-trip Slow-scan observation 

with a cross-scan step.	


  10~20 x 7 arcmin2 per obs.	



  Parameters	


  Scan speed:	



  8 or 15 arcsec/sec	


  Shift between two scans:	



  70 or 240 sec	


  Reset Interval	



  0.5, 1.0, 2.0 or CDS	


FIS01	
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Slow-scan data example in TSD file	



Calibration lamp 

Source 

Shutter Close 

Glitch 

1770 sec 

AOT : FIS01 

Displayed by FISv (TSD file viewer) 
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Pre-flight calibration	
 
  Pre-flight measurements of the absolute gain, including detector 

responsivity, were carried out using an external “blackbody” source 
located in front of the FIS aperture. 	



  The temperatures ranged from 17 K to 30 K. Attenuators of 20–30 dB 
were used. 	



  The gain factors measured under different temperatures showed good 
agreement within ±5%.	



  Internal calibrator signals were used to monitor / correct the relative 
variation of the detector gain. The reproducibility of the calibrator signals 
was approximately ±5%, and this was also the limiting factor of 
calibration accuracy.	



  In the SW bands at 60 and 90μm, we estimated the accuracy of the pre-
flight calibration to within ±7% by quadratically combining the above 
uncertainties.	
 

Matsuura et al., 2011, ApJ 737, 2	
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Monitor Observation with NGC6543	



  No significant 
time variation 
is observed.	
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Photometry on Slow-scan image	
 

  Point source flux measured by (e.g.,) aperture 
photometry on the ‘calibrated’ Slow-scan 
image is always lower than it must be.	



  It is most likely due to the extended PSF of 
the instrument.	
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Flux standard observations	
 

  Flux coverage:���
0.1–300 Jy	



  18 obs. of 14 stars	


  17 obs. of 11 

asteroids	


  2 obs. of one 

planet (Neptune)	


  13 obs. of 11 

galaxies ���
(for PSF mes.)	



Shirahata et al., 2009, PASJ 61, 737	
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PSF of the FIS	
 

  Cross-talk between 
the detectors is 
observed in the SW 
detector (monolithic 
array structure)	
 

Shirahata et al., 2009, PASJ 61, 737	
 

Measured	


Two-component Gaussian	


Optical simulation	
 



13/03/25 Herschel Calibration Workshop	

Issei Yamamura	



Flux correction factor	
 
  The factor also depends 

on the total (background 
+ source) incoming flux 
at 65 and 90 µm bands 
due to slow transient 
response of the detector. 	
 

Shirahata et al., 2009, PASJ 61, 737	
 

Stars	


Asteroids	
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Correction factor for point source flux	
 

Shirahata et al., 2009, PASJ 61, 737	
 

Large colour correction 
may be needed especially 
for WIDE-S (90 µm) band.	
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Comparison with IRAS/ISO	
 

  11 galaxies (used for PSF measurements)	


  AKARI fluxes are consistent with IRAS / ISO within the 

error.	
 

Shirahata et al., 2009, PASJ 61, 737	
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Position Calibration	
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Outline of attitude determination	
 

IRU	
 

STT	
 

TFSS	
 

IRU: Gyro	


STT: (optical) Star Tracker	


TFSS: Two-dimensional Fine Sun Sensor	


FSTS: Focal-plane Star Sensor	


IRC: Infrared Camera	
 

STTx2	
 AOCS	


G-ADS	
 

AOCS: Attitude and Orbit Control System	


G-ADS: Ground-base Attitude Determination System	
 

Pointed	


Observations	
 

~10 arcsec	
 

Bu
s m

od
ul

e	
 

FSTS	
 

IRC	
 

Pointing 
Reconstruction	
 

All-Sky	


Survey	
 

ESAC	
 

~3 arcsec	
 Bus-Focal Plane 
alignment (variation)	
 CR

Y
O
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Pointing reconstruction	



  For the regions where 
sufficient reference stars are 
detected and G-ADS output is 
smooth, the accuracy of the 
reconstructed position satisfy 
the requirement���
(in-scan: 5 arcmin, cross-scan: 
8 arcmin)	



  The scatter in the residual is 
dominated by the measurement 
error of the IRC event list (due 
to large pixel size).	



Re
sid

ua
l (

ar
cs

ec
)	

 In-Scan	

 Cross-Scan	



IRC Detector position (arcmin)	



Stdev = 1.5 arcsec	

 Stdev = 1.4 arcsec	
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Pointing reconstruction	
 
  FSTS (Star sensor) + IRC detection event + AOCS data	


  Performed by ESAC/ESA	


  Accuracy: better than 2–3 arcsec	
 

Bright (≥ 0.7 Jy) 
events.	
 

3 arcsec	
 

Residual between the IRC events and 
corresponding positions of reference stars.	
 

95 %	
 
All events	
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Distortion of the focal plane	
 

  Telescope + FIS 
internal optics are 
considered to 
determine the 
projected detector 
pixel positions.	



  Offset from  boresite 
to the FIS detectors 
are determined by  
analysis of in-flight 
observing data.	
 

J.J. Sohn 2003–2008	
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FIS-BSC vs 2MASS	
 

  At high-Galactic latitude (|b| ≥ 30 deg, 
LMC/SMC excluded).	



  Matches are searched in 2MASS PSC 
within  d < 20 arcsec.	



  Found 2MASS counterpart(s) in 19184 
out of 22843 sources.	



  Reversing b w.r.t the Galactic plane 
resulted  5199 matches. No peak in the 
distance plot.	



19184	


22843	
 

ID rate =	
 = 84 %	
 

Current FIS BSC 
position accuracy is 
limited by the data 
reduction	
 

6 arcsec	
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FIS-BSC vs 2MASS	
 

  At high-Galactic latitude (|b| ≥ 30 deg, 
LMC/SMC excluded).	



  Matches are searched in 2MASS PSC 
within  d < 20 arcsec.	



  Found 2MASS counterpart(s) in 19184 
out of 22843 sources.	



  Reversing b w.r.t the Galactic plane 
resulted  5199 matches. No peak in the 
distance plot.	
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Self pointing reconstruction method	
 

  Data reduction of slow-scan observation refers to the AOCS and GADS position 
data, which is as accurate as ~10 arcsec. It is  not negligible especially to the IRC 
data of a pixel scale of 2.5 arcsec.	



  Self pointing reconstruction method was developed. It works like All-Sky 
Survey’s pointing reconstruction, comparing the position of sources detected on 
the MIR-S image and the 2MASS PSF.	



  It improves the position accuracy as good as 1 arcsec. If the FIS slow-scan was 
simultaneously carried out, the result is also applied to the FIS data.	



Takita et al., 2012, PASJ, 	
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AKARI in future: New organization	
 

  AKARI (ASTRO-F) Project will be officially closed on 
March 31, 2013	



  A new team will start from April 1, taking over the data 
reduction and production of archiving data. 	



  The new AKARI data processing and analysis team will last 
five years, in which the first three years for the data 
production and the following two years for maintenance and 
archiving.	



  We plan to produce revised version of the All-Sky Survey 
catalogues, image maps, and science ready products from the 
all available pointed observations.	
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