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We present the method for the calibration and analysis ofdi6ER extended thermal dust emis-
sion objects that were observed with AKARI's FIS detectoheTprimary goal of the analysis
of this data set is to map the circumstellar shells of evobtads in detail to understand the an-
cient history of dusty mass loss. After establishing an rekéel aperture photometry method,
we re-characterize the flux dependent slow transient respoorrection factors for each of the
four wavelength bands and propose a new flux calibration ogetbr extended sources. Using
these new correction factors, the photometric measurenaeatmade using a extended aperture
which is defined by a backgrourd3o threshold. With photometry measurements for each of the
four FIS bands, an SED of a modified blackbody was fit to prodiaeeemissivity beta, effective
temperature, and color correction factor.
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1. Introduction

Low to intermediate initial mass stars (0.843) liberate much of their material through mass
loss during the asymptotic giant branch phase. This limeradf the surface matter is thought
to determine the course of the rest of the evolution to becamwhite dwarf. Unfortunately, our
understanding of the evolution of the circumstellar shaieains qualitative at best, and therefore,
observational characterization based on theoretical mdslargently needed.

Probing of the intrinsically cold (below 100 K) circumstilenvelopes (CSESs) in the far-
infrared (far-IR) began in the 1980s with the IRAS satellittshowing the existence of the CSEs
as a consequence of continugesntinual dusty mass loss [2]. In the 1990s, observationdema
with ISO [3] confirmed that these CSEs were rich in molecules$ @ust [4] and their far-IR maps
showed internal structures as signatures of mass-losslatimhs [5]. Observations made at other
wavelengths also indicated that variations in the rate afsass resulted in CSEs with multiple
shells and axisymmetric structures [6]. In the early 21sitwg, the new suite of far-IR satel-
lites, Spitzer, AKARI, and Herschel, became available whiiggher spatial resolution and greater
sensitivities [7, 8, 9].

2. Observations and data reduction

AKARI is the first Japanese satellite dedicated to infrargtdomomy [8]. The diameter of the
telescope is 68.5 cm and is cooled down to 6K in a liquid-melaryostat for reducing the thermal
emission. The Far-Infrared Surveyor (FIS) is one of the tacaf-plane instruments on-board
AKARI [10]. It has four photometric bands between 50-180 mois with two types of Ge:Ga
array devices: the Short-Wavelength (SW) and the Long-Wag¢h (LW) detectors.

Observational data for 165 extended emission objects anef@&nce point-source have been
compiled to form the largest collection of one of the mosts@are far-IR images of the cold ex-
tended circumstellar dust shells of evolved stars. Thia gat is therefore the key to understanding
the dusty mass loss phase of stellar evolution. The majofitgtata (143 objects) is from the
MLHES (excavating Mass Loss History in Extended dust stadlEvolved Stars, Pl: Yamamura)
mission programme and others include data from the FISPNEMAR OBSTR, and DTFIS mis-
sion programmes (7, 10, 5, and 27 objects, respectively).

Due to the intrinsically faint nature of the extended farelétd dust shells, it is critical to have
an optimized data reduction method to minimize the measeméomcertainties. This optimization
was achieved with a new imaging tool kit FAST (FIS-AKARI Slsean Tools, [11]). FAST is
a set of IDL programs that allows for interactive assessnoérthe data quality and on-the-fly
corrections to the time-series data on a pixel-by-pixeldasfter applying FAST corrections, the
nominal pipeline FIS Slow Scan tool was used to generate fnaipsthe time-series scan-mapping
data [12].

3. Photometric flux calibration

The Ge:Ga detectors used by FIS are known to show a slow drgngisponse at low tem-
perature under low background flux conditions, which tyfiydaappens in the space environment
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([13], and references therein). This response effect wastified for point sources [14]. For
point-source flux calibration, source fluxes are measurgédfoom the PSF core of the photomet-
ric calibration sources (solar system objects and stacsjtanflux from the PSF wing is recovered
by using an aperture correction scaling factor based omarétical PSF shape. Then, the slow
transient response correction was determined by compénimgatio between the observed and
expected total fluxes. This correction method, by desigrrksvonly on point sources because it
assumes a specific surface brightness profile (i.e., a GawBSF).

For extended sources, a specific surface brightness prafiteot be assumealpriori. Hence,
we measured the observed total fluxes of point-source refertargets by using a contour aperture
at the 3 surface brightness level, and compared them with their@gpetotal fluxes. Figure 1
shows the slow transient response (the ratio of the obséovexipected total fluxes) as a function
of the total flux for both point sources (dashed) and exterataission objects (solid) [15]. For
the present compilation of FIS slow-scan mapping data ftereled sources, we used the extended
source method to calibrate our flux measurements.

4. Color correction and SED fitting

The FIS fluxes are then fit with a modified blackbody, 0 A ~#B,(T), to determine the
color correction factor to derive the completely-corréctibserved fluxes of the target sources.
Together with photometry at different wavebands coverirggtnof the spectral energy distribution
(SED), it is now possible to characterize the thermal emisgroperties of these target sources.
Figure 2 presents an example of such a fit for U Hydrae, whiehviell-studied AGB star ([16]
and references therein). Previously a dust temperaturd Kfwlas reported. Our fitting suggests a
slightly colder dust temperature of 42 K with a largeof 1.94. This reduced dust temperature is
a result due to the updated flux values especially at the tomgeebands based on the following:
(1) using optimally reduced maps with less noise, a largeyuarnof colder dust was detected, and
(2) updated slow transient response functions optimize@xtended emission yielded better flux
measurements for longer wavebands.
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Figure 2: The SED fit for U Hydrae (the error bars are smaller than thebgys) resulting in an effective
dust temperature of 42 K.

References

[1] G. Neugebauer, et alThe Infrared Astronomical Satellite MissioApJ Letters278 L27 (1984)

[2] K. Young, et al.,.Circumstellar Shells Resolved in IRAS Survey DataAplJ, 409, 725 (1993)

[3] M. F. Kessler, et al.The Infrared Space Observatory (ISO) missid&A, 315 L27 (1996)

[4] I. Yamamura and T. de Jongyarm Gas Around AGB Star&SA Special Publicatio56, 155 (2000)

[5] H. Izumiura, et al. A Detached Dust Shell Surrounding the J-type Carbon Staru@a
VenaticorumA&A, 315 L221 (1996)

[6] T. Ueta, et al. A Hubble Space Telescope Snapshot Survey of Proto-Plyéédoula Candidates:
Two Types of Axisymmetric Reflection Nebulositi¢sl, 528 861 (2000)

[71 M. W. Werner, et al.,The Spitzer Space Telescope MissidpJ Supplement Serie$54, 1 (2004)
[8] H. Murakami, et al.,;The Infrared Astronomical Mission AKARRASJ 59, 369 (2007)

[9] G. L. Pilbratt, et al. Herschel Space Observatory. An ESA Facility for Far-Inéciand Submillimetre
AstronomyA&A, 518 1 (2010)

[10] M. Kawada, et al.The Far-Infrared Surveyor (FIS) for AKARPASJ,59. 389 (2007)
[11] N. Ikeda,FAST User’'s Handbogker. 0.1, ISAS/JAXA (2012)
[12] E. Verdugo, et al. AKARI FIS Data User Manualer. 1.3, ISAS/JAXA (2007)

[13] H. Kaneda, et alTransient response of stressed Ge:Ga detector for ASTRG@W=ances in Space
Research30, 2105 (2002)

[14] M. Shirahata, et alCalibration and Performance of the AKARI Far-Infrared Seyer (FIS) —
Slow-Scan Observation Mode for Point-Sourd®sSJ,61, 737 (2009)

[15] R. L. Tomasino, et alCalibration of the AKARI FIS for Extended EmissiamSPICA Science
Conference 2013, in press

[16] H.lzumiura, et al.Extended dust shell of the carbon star U Hydrae observed AtARI, A&A,
528 A29 (2011)



