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ontribution, we present a brief overview of the MLHES Mission Program ofthe AKARI Astronomy Satellite and its preliminary results.Key words: 
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umstellar matter � infrared: stars � stars: AGB and post-AGB �stars: mass loss stars: winds, out�ows1 Far-IR Observations of Evolved Star Dust ShellsLow to intermediate mass (0.8 − 8 M⊙) stars experien
e 
opious mass loss at therate of 10−7 − 10−4 M⊙ yr−1 during the asymptoti
 giant bran
h (AGB) phase[8, 9℄. The eje
ted matter forms a 
ir
umstellar envelope (CSE), whi
h is originallyspheri
ally symmetri
 [14℄. When mass loss is terminated at the end of the AGBphase, the CSEs be
ome deta
hed and 
oast away from the 
entral star. A number ofimaging surveys of post-AGB shells both in the opti
al (probing re�e
tion nebulae)and mid-IR (probing thermal dust emission) have 
on
luded that the CSEs musthave already developed the axisymmetri
 CSE stru
ture by the end of the AGBphase [1, 15, 19, 21, 22, 23℄.To fully understand mass loss, thorough investigations of the history of AGBmass loss must be done using far-IR emission of 
old dust as the primary tra
er.
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Fig. 1. Left: Ground-based 
omposite B +V image of the 131′′ ×131′′ �eld arounda 
arbon-star IRC+10216 with an average radial pro�le subtra
ted, showing 
on-
entri
 shells resulting from rather spheri
al AGB mass loss [14℄. Right: HST V(WFPC2/F606W) image of the 74′′ ×74′′ �eld around the Egg Nebula, a post-AGBobje
t, displaying the already fully-developed bipolar stru
ture [18℄.Su
h extended CSEs of evolved stars were indeed dete
ted by IRAS [4, 7, 20, 27, 28℄and highly-pro
essed IRAS data revealed the CSE stru
tures [6, 12, 25℄. SubsequentISO studies 
on�rmed the existen
e of large AGB CSEs [5, 10, 11℄. New opportunitieswith Spitzer have re
ently yielded the CSE images of evolved stars, notably leadingto the �rst dete
tion of the interfa
e between the AGB wind and ISM [24℄. Here,we present preliminary results from the latest large-s
ale (> 100 obje
ts) far-IRimaging survey entitled �Ex
avating Mass Loss History in Extended Dust Shells ofEvolved Stars (MLHES)� 
arried out with the AKARI Astronomy Satellite.2 AKARI Astronomy SatelliteAKARI (formerly known as ASTRO-F) is the �rst Japanese satellite dedi
ated to IRastronomy [16℄. The primary obje
tive of the satellite is to 
reate se
ond-generationall-sky IR 
atalogs at better spatial resolution and for wider spe
tral 
overage thanIRAS [2℄. The satellite is equipped with a 68.5 
m 
ryogeni
ally-
ooled teles
opewith two fo
al-plane instruments, the Infrared Camera (IRC) 
overing 1.8 − 26.5
µm in nine bands[17℄ and the Far-IR Surveyor (FIS) 
overing 50 − 180 µm in fourbands [13℄. AKARI was laun
hed on 2006 February 21 (UT) by the Japan Aerospa
eExploration Agen
y (JAXA). S
ien
e operation of AKARI, 
onsisting of large-areasurveys (LSs), mission programs (MPs) and open-time (OT) programs, began on2006 May 8. The all-sky survey was prioritized during Phase 1, whi
h lasted until2006 November 10, and most of the MP and OT programs were exe
uted duringPhase 2, whi
h 
ommen
ed on 2006 November 11. AKARI's 
old 
ampaign has 
ometo an end on 2007 August 26 when the 
ryogen was exhausted.3 The MLHES Mission ProgramThe MLHES MP aims at tra
ing the history of mass loss imprinted in the densitystru
ture of very extended, 
old dust shells surrounding evolved stars by performing
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h pointed FIS s
an, we obtaina roughly 10′ × 20′ map of extended CSEs by dete
ting thermal emission arisingfrom 
ool dust grains in these CSEs. From these far-IR surfa
e brightness maps,we 
an re
onstru
t the history of mass loss over the 
ourse of the latest stagesof stellar evolution. By studying these maps from more than 100 obje
ts, we 
ansystemati
ally examine the mass-loss history during the last 104 − 105 yr with atime resolution of 103 yr.Based on our 
oherent FIS data set, we will examine (1) how stellar propertieswould in�uen
e the history of mass, (2) how the rate of mass loss varies and (3) howand when the non-spheri
al shell stru
ture development really begins. We also per-form a mid-IR imaging with IRC for some sele
ted obje
ts to examine the physi
al
onditions of the inner regions of the CSEs via warmer dust in these shells. Thisadditional information will greatly 
ontribute to our subsequent detailed modelinge�orts to understand the stru
ture and dust-heating energeti
s in these CSEs.4 Preliminary ResultsUnder the MLHES MP AKARImade 149 pointed observations, of whi
h 144 are FISs
an maps and �ve are IRC maps. Approximately 40% of the sour
es appear to showsome kind of extension while about 20% appear as point sour
es. The rest seemsmarginally extended. Further diagnosti
s of the point-spread-fun
tion needs to beperformed before we 
an 
on
lude whether or not these sour
es are truly extended.There seem to be four types of extension among those appear extended. The �rsttype shows a round but 
lumpy CSE, in whi
h the 
entral star seems lo
ated o�-
enter. Y CVn (Fig. 2, top left) is a C-ri
h, SRb variable whose CSE has already beenseen by ISO [10℄. V Tel (Fig. 2, right) is an O-ri
h, SRb variable. AKARI dete
tedthe CSE for the �rst time at far-IR, signifying the fa
t that O-ri
h AGB stars 
analso sustain signi�
ant mass loss that results in the CSE, 
ontrary to a re
ent studyimplying that O-ri
h AGB stars would not drive dust grains as e�e
tively as C-ri
hAGB stars [26℄. The se
ond type displays a round CSE with the 
entral star in themiddle. In U Hya we have 
learly 
aptured the deta
hed shell (Fig. 2, bottom left).The third type exhibits elongated CSEs as in RZ Sgr, an SRb type S-star (Fig. 2,bottom right). The fourth type is an ar
-like shell (not presented here).The estimated sensitivities of the MLHES data based on the standard deviationin the ba
kground sky are roughly 0.1 (0.08) and 0.6 (0.4) MJy sr−1 for the WIDE-Sand WIDE-L band, respe
tively, at the 15 (8) ar
se
 s−1 s
an speed. These valuesare roughly a fa
tor of several better than results obtained in similar observationsdone by Spitzer [3℄. These values and the image quality are 
riti
al to observationallyestablish the history of AGB mass loss, and we will improve them as we 
ontinue to
hara
terize the dete
tor performan
e and instrumental e�e
ts.In Table 1, we summarize how mu
h mass loss history we 
an learn for thesesour
es in the 
ase of a 15 km s−1 wind given the dete
ted CSE size. One of themain obje
tives of the MLHES proje
t is to derive the rate of mass loss as a fun
tionof time, Ṁ(t), and possibly as a fun
tion of proje
ted position, Ṁ(r, θ; t), based ona statisti
ally signi�
ant data set, whi
h will serve as the dire
t observational 
on-straints. By 
onfronting theoreti
al models with our observational 
onstraints, wewill be able to test proposed me
hanisms of dusty mass loss that take pla
e along
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Fig. 2. WIDE-S (90 µm, left) and WIDE-L (140 µm, right) images of the CSEs.Top Left: Y CVn, showing a 
lumpy CSE (∼ 300′′ radius) with the o�-
enter C-ri
hstar. Top Right: V Tel, showing a 
lumpy CSE (∼ 200′′ radius) with the O-ri
h
entral star in the middle. Bottom Left: U Hya, showing a deta
hed round shell(∼ 100′′ radius). Bottom Right: RZ Sgr (O-ri
h S-star), showing an elongatedextension. Ti
kmarks are RA and DEC o�sets with respe
t to the 
entral star inar
se
. The wedges on the top show surfa
e brightnesses in MJy sr−1.the AGB phase.Table 1. Dete
ted CSE Size and 15 km s−1 Wind Crossing TimeRadius Distan
e Wind Crossing Time Time ResolutionSour
e Type (ar
se
) (p
) (yr) (yr)Y CVn C(SRb) 200 218 14000 1000V Tel O(SRb) 200 309 20000 1500U Hya C(SRb) 100 162 5100 770RZ Sgr O(SRb) 150 388 18000 1800A
knowledgement. This resear
h is based on observations with AKARI, a JAXA(Japan Aerospa
e Exploration Agen
y) proje
t with parti
ipation of ESA (EuropeanSpa
e Agen
y).
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