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Introduction: solar system
● The solar system 
formed about 4.6 
billion years ago.



Introduction: Callisto
●  Callisto is the fourth Galilean moon orbits around Jupiter.

●  Callisto formed at the same time as the solar system.

●  The size of Callisto compared with other Galilean moons:



Introduction: Callisto
●  Mass: 1.07×1023 kg (0.018 earth mass)
●  Mean radius: 2410.3 km (0.378 Earth radius)
●  Mean density: 1.83 g/cm3 (mixture of ices and rocks)

NASA



Introduction: Callisto

● Exosphere:                                                                                                                                              
Carbon dioxide is revealed by Galileo spacecraft, and molecular oxygen is 
revealed by Hubble space telescope. 

● Solid surface:                                                                                                                                              
water ice, carbon dioxide, silicates, and organic compounds 

● Interior structure:                                                                                                                                               
Callisto may have subsurface oceans of liquid water.



Observations

●  The observational data are taken from ALMA (Atacama 
Large Millimeter/submillimeter Array) that is the largest 
ground-based astronomical facilities in the world.

●  ALMA is an interferometer array in Chile and it used 23 
antennas to observe Callisto in our data (band 7) .

●  Callisto was observed on 23-Oct-2012.

●  Total integration time: 206.64 seconds





Observations     Spectrum
●  spectral line s1
●  sky frequency: 339470.290 MHz
●  rms: 8.8mJy/beam
●  S/N: 5.4 σ



Observations     Spectrum
●  spectral line s2
●  sky frequency: 339573.080 MHz
●  rms: 8.8mJy/beam
●  S/N: 6.1 σ



Observations     Spectrum
●  spectral line s3
●  sky frequency: 340116.950 MHz
●  rms: 8.9 mJy/beam
●  S/N: 5.6 σ



Observations     Spectrum
●  spectral line s2
●  sky frequency: 339573.080 MHz
●  rms: 8.8mJy/beam
●  S/N: 6.1 σ



Observations
● Doppler shift need to be considered.



Observations
Sky frequency: 339573.080 MHz

Doppler effect:△f=fsky-frest
                     

                  △f=(-v/c) fsky

      fsky: sky frequency
      frest : rest frequency
      v: velocity of the receiver relative to the source
      c: speed of light

Rest frequency: 339544.854MHz



To identify spectral lines 
● To search candidates from Jet Propulsion Laboratory.



To identify spectral lines

● Selection criteria:
1. Integrated intensity can’t 
be too low.
2. Frequencies can’t be 
more or less than rest 
frequency by 
2MHz(0.107km/s/channel).

rest frequency:
339544.854MHz



To identify spectral lines

● Frequency range: 

   339.206 GHz to 339.674 GHz

● From database to spectral lines



To identify spectral lines

no signal

no signal 



Spectral line candidates

● 17 candidates for spw0 (NH2CN, C2H5OH , C2H5CN, etc.)
● 10 candidates for spw1 (CH3OCHO, C2H3CN, CH3CHO, etc.)
●   4 candidates for spw2 (HCOCH2OH, HNO3, Phenol , HSC)
● 11 candidates for spw3 (HO3, HOCl, C2H3CN, etc.)



Spectral line candidates

●Ethanol
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● Ethanol



Summary 

● Callisto is an important astronomical object because there 
may be organic compounds on its surface and Callisto may 
be habitable. 

● We need more data to prove that there is ethanol in 
exosphere of Callisto.



Implications 

● Exosphere: chemical composition 

● Cryovolcanos:  a volcano that erupts ice-volcanic melt such 
as water, methane or ammonia.

● Subsurface oceans: molecules can provide evidence that 
Callisto have subsurface oceans.   



The end


