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Solar system exploration with ALMA

(This slide is based on the accepted proposals. Some of them have not been observed.)
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Solar system exploration with ALMA

(This slide is based on the accepted proposals. Some of them have not been observed.)
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Solar system exploration with ALMA

(This slide is based on the accepted proposals. Some of them have not been observed.)
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Solar system exploration with ALMA
(This slide is based on the accepted proposals. Some of them have not been observed.)
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Mars Reconnaissance Orbiter camera image.
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Mars Express camera image.’
Credit: ESA/DLR/FU Berlin
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Moon 3,470 1800
Venus 12,100 10-60
Juno 250 ~0.2
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Highlights of ALMA Solar system observations: Thermal maps

Determination of the shape of asteroid 3-Juno [Viikinkoski et al., 2015]

Fig. 3. Comparison of the ALMA deconvolved images (rop) to the ALMA+lightcurve model (borrom). The scalebar corresponds to 50 km.

e ALMA Long-Baseline campaign provided a rotational mapping of Juno with the spatial
resolution of 0.042” (60 km!!) [Hunter et al. (ALMA partnership), 2015].

e Using the constraints from ALMA thermal map + VLT light curve, it is proposed that Juno’s
global shape is moulded by impacts rather than gravitational effects.



Highlights of ALMA Solar system observations: Thermal maps

Surface brightness temperature anomaly on Europa: Plumes? [Trumbo et al., 2017]
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Figure 1. Model fit to the ALMA data (a) The ALMA image 1n bnghiness temperature at A = 1.3 mm. (b) Our model image using the best-fit parameters to both the
ALMA and PPR data. (c) The residuals between the model and the data, where positive values indicate locations where the data are wanmer than the model. The
location of the potential plume source region and Galileo thermal anomaly 15 ercled 1n white, where the size of the crcle comesponds to the size of our ALMA
resolution element.

e |nvestigated the locations which had been proposed as plume source regions by past space
mission.



T H<ETHENDEEBRIZEIYIRY TY.

A (=ALMATLMHELGWLERAD . AR, . .

DY T2 R EL
S ER B I]/J-IX-' =

Titan KPR DBWERS (C, H NFELF)D
TR Hf (B TOIRE) DER > XK=,
NEIZLDEIETER.

Pluto KRS DCOB LUHCNR Y > KIER=EA
[CHITEHRERTDELEZFHIL.
HEEN/LEEMIZ/INESWNEERT WS ) -
NETORYTS—REEDITVELT > RERR
D&

REPLTED) LR ZEHELI-ME/MS DE
Bl > KSR, ODNEML DB EER.

HERXRIODERAPMOERN E2TLDD/H>
Kﬁﬁﬁmt/ﬁ ﬁ/ﬁk_

QELVER S
ﬁzﬂﬁléy l_l_a\l

)d#

> OLTRAE, REXRKOMEIZIE
ALMADYIEE (23N R A

ALMAD 1 =—715 &8 %>




ARERXJESBADEFA—23Y

ODREDKRERRTEZXERTHAYE-LEZTOEREZHLHNICLEWNN(AREE, [RF)

R 1 Planets and satellites * 7]-&%?"- (ﬁﬁmiﬂg*ﬁiﬁéiki)
KAFZE | inamulti-dimensional parameter space . .

' « TEIR(MEPIRILF—FEIX)
« {EF (KRR EHEIE)

| BGHEREZH (REDOKES, KEMLDIHER, BIREE,
wxEsE  FR)ICBTSLRIOLRADEE-HEEREMYL.

..... ...... 3 - mgq_ E {EI% 1b$ )
ogi2) KA SRS 0 - R E L Sl
ARRARE IRILF—IRX AR % AL
TR R KEHE ZHE

\_ ] U y \Z:ié]_}iﬁlﬂ_\ )




EZERXIJUBADOEFA~A—23Y

@ FLFLRE (DREIERBEE)NEDISICLTRRESN, EIELE=OH

Mercury Earth

Neptune

€W
Venus Mars ‘ ‘ ‘ ‘

Jupiter

— |0

— Europa

Saturn Uranus

— Titan

— Enceladus

B Planets




Detection of CO and HCN on Pluto’s thin (20 pbar) atmosphere
[Lellouch et al., 2017]

* Pluto disk size =0.1” vs ALMA beam = 0.35". 7
e Better confirmation of CO mole fraction. Credit: NASA/New Hofizons |

e Also, retrieve T(z) from CO line.
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Detection of CO and HCN on Pluto’s thin (20 pbar) atmosphere
[Lellouch et al., 2017]

s HCND ¥R H.
e COZELT T(2) ZENEE B LLHIET.
> HINGFEEDEEMTTHTE.

0.1 - | . 0.1 |- i
008 - HCN (4-3) 2015/06/12.18 — 0oo8 - HCN {4-3} 2015/06/13.21 -
= 0.06 — = 0.06 —
= =
X 0.04 . X 004 [ .
L L
0.02 + - 0.02 _
0 MWW W%\# 0 W MWWW
-0.02 | | | | -0.02 | | | |
354480 354490 354500 354510 354520 354530 354480 354490 354500 354510 354520 354530

Frequency (MHz) Frequency (MHz)



Detection of CO and HCN on Pluto’s thin (20 pbar) atmosphere
[Lellouch et al., 2017]
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Detection of new species in Titan atmosphere. Understanding the atmospheric

chemistry and the habitability [e.g., Cordiner et al., 2014; 2015, Palmer et al.,

2017]

ASTROBIOLOGY

ALMA detection and astrobiological potential of vinyl
cyanide on Titan

Maureen Y. Palmer,"%3* Martin A. Cordiner,”* Conor A. Nixon," Steven B. Charnley,’
Nicholas A. Teanby,* Zbigniew Kisiel,® Patrick G. J. Irwin,® Michael J. Mumma'

Recent simulations have indicated that vinyl cyanide is the best candidate molecule for the formation of cell
membranes/vesicle structures in Titan's hydrocarbon-rich lakes and seas. Although the existence of vinyl cya-
nide (C;H3;CN) on Titan was previously inferred using Cassini mass spectrometry, a definitive detection has been
lacking until now. We report the first spectroscopic detection of vinyl cyanide in Titan’s atmosphere, obtained
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HC3N (J=39-38) [Moreno, in prep.]
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