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Our goal :

Io Europa Ganymede Callisto

Using ALMA data to study chemical composition of Callisto to 
discuss whether they are habitable.
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1. Alternative name: Jupiter IV

2. Orbital distance to Jupiter: 1.88 x 106 km

3. Mean radius: 2410.3 km (0.378 Earths)

4. Mass: 1.076 x 1023 kg (0.018 Earths)

5. Mean density: 1.834 g/cm3

6. Surface pressure: 7.4019×10−12 atm

7. Atmosphere: CO2 & O2

Introduction (Callisto):
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Observations:

• Atacama Large Millimetre/Submillimeter 
Array(ALMA)

• Frequency: 344.760 GHz~347.345 GHz, band 7

• Integration time: 206 seconds

• Callisto was observed as a bandpass calibrator

• Number of antennae: 21



Approaches to identify molecular transitions on the 
atmosphere of Callisto:

1. From spectral lines to molecular database

2. From molecular database to spectral lines



Approaches to identify molecular transitions on the 
atmosphere of Callisto:

1. From spectral lines to molecular database

2. From molecular database to spectral lines



there are 22 candidate lines in spw0 (347111~347345 MHz)
               19 candidate lines in spw1 (344760~344994 MHz)
               16 candidate lines in spw2 (346550~346734 MHz)
                21 candidate lines in spw3 (345735~345969 MHz)



Selection criteria:

1. Intensity of the spectral features 
should be at least 3 sigmas. 

2. Emission features should occur 
on Callisto disk. 

3. There should not be strong noise 
peaks around Callisto.



However, Doppler shift should be considered…

——(1)
———(2)

for example:
Freq (sky): 346580.976 MHz
Freq (rest): 346556.997 MHz:   : shifted frequency 

V  : velocity





take 346580.976 MHz (sky freq) as an example:



take 346580.976 MHz (sky freq) as an example:

rest freq: 346556.997 MHz
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NO2 transitions in frequency range 344-348 GHz

spw3
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NO2 transitions in frequency range 344-348 GHz

spw3

spw2

spw0

*If NO2 exist, a transition line is expected to be found at 347287MHz.



We identified 1 molecules

SO2(Sulfur dioxide)                               

Results:
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SO2 transitions in frequency range 344-348 GHz

spw2s1
s2



SO2  line s1

sky:346547.589 MHz
rest:346523.6121 MHz
amp:173mJy/beam 



SO2  line s2

sky:346674.726 MHz
rest:346650.7403 MHz
amp:118mJy/beam



Discussions:

We have identified the transition line of SO2,  however, 
there are still some questions need to be answered.



1. In the case of SO2, peaks don’t show at same place on Callisto.

SO2  line s1 SO2  line s2



2. Observed frequency doesn’t match the lab frequency precisely

Take SO2  line s1 for example:

SO2 line s1



Summary 

1. High spectral and spatial resolution of ALMA  helps us getting 
more information about Callisto.

2. We have found SO2  on Callisto, however we still need more 
datas to prove it.

3. Finding SO2 may help us know more about Callisto, especially 
for astrobiology.



The end


