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Introduction: Ample evidence suggests that Ceres contains a large amount of
water (ice) near its surface and in the interior, and its evolutionary history has
been strongly influenced by the existence of liquid water. Water ice has been
discovered in a number of km2 or smaller areas, and could possibly still exist
beneath its surface. Therefore, it is key to understanding the thermal
environment on and beneath the surface of Ceres in order to determine the
existence, current state, and the past of surface and near surface water ice. In
addition, water outgassing has been mysterious on Ceres, with a couple
detections but a number of searches with non-detections. We mapped the
surface of Ceres with ALMA at beam sizes of 50-100 km in three epochs in
2015 and 2017 that covered one full rotation of Ceres in every epoch in order to
determine its thermal properties near the surface. In addition, we used ALMA
compact array ACA to search for HCN around Ceres as a proxy of water
outgassing in October 2017.
Table 1. List of observations. All 12 m data were taken through Band 6
centered at 265 GHz. The ACA 7 m data were taken through Band 6 as well, but
with an average frequency of 259.39 GHz.
Cycle Date

rh (au) ! (au) Local Solar Flux (Jy)
Time
2.97
2.96
13:16
1.02±0.04

TBright (K)

3

2015-Oct-31 to
2015-Nov-12

133±4

4

2017-Sep-26 to 30

2.63

2.93

10:36

1.30±0.07

172±8

5

2017-Oct-15 to 20

2.62

2.62

10:32

1.63±0.04

169±4

Fig. 1. The rotational lightcurve of Ceres at 1.1 mm wavelength from ALMA
Cycle 4 12 m array and Cycle 5 7 m array. Longitude increases towards east.
The observing geometries of the two sets of data are similar, and the total flux
plotted in the figure is corrected to a common observer distance of 2.777 au.
The agreement between the overall shapes of the two lightcurves are excellent,
suggesting real thermal flux fluctuation of about 0.05 Jy over a rotation, or about
6 K in brightness temperature variations. The lightcurves from Cycle 3 and
Cycle 5 12 m data are noisy and not shown here. The variations in Ceres crosssection is <1% over one rotation. The albedo variation of Ceres is about 6%
over a Bond albedo of 0.03, too small to cause a 6 K temperature variation. So
the variations in the lightcurve is due likely to the variations in subsurface
thermal properties. Note that this lightcurve is similar in shape and phasing as
the visible lightcurves of Ceres.

Fig. 2. All brightness temperature measurements of Ceres at wavelengths 1.1 – 1.3 mm
plotted with respect to the true anomaly, where 0º is at perihelion and 180º is at aphelion.
Open symbols mean pre-opposition measurements with the sub-observer point in the
afternoon side, and filled symbols mean post-opposition measurements with the subobserver point in the morning side. Overall our ALMA data have good agreement with
historical measurements, although the temperature from Cycle 3 data, and one set of data
from Cycle 5 12 m appear to be much lower than the overall trend. A slight temperature
trend with respect to true anomaly might be present, with a range of ~20 K, the maximum
near 0-60º true anomaly and the minimum near 300º, although highly uncertain.
Fig. 3. Spectrum of Ceres centered at the
HCN J=3-2 emission line at a rest
frequency of 265.886 GHz. The HCN
model is generated by the Goddard
Planetary Spectrum Generator with an
arbitrary scaling to show the expected
position of the line. No emission line is
detected.
The corresponding 3-sigma
upper limit QHCN is 2x1024 s-1. Assuming
an HCN/H2O ratio typical in comets, the
upper limit QH2O is 2.5x1025 s-1.
Fig. 4. The water production rates and
upper limits for Ceres from our data and
previous results. Although our QH2O could
be completely unconstrained due to the
unconstrained HCN/H2O ratio in Ceres,
overall there is no trend visible for the
QH2O with respect to true anomaly,
especially with the definitive detection of
H2O from Herschel data and the nondetection from IUE data at similar true
anomalies of about 300º pre-perihelion.
Conclusions:
1. Subsurface thermal variations on Ceres are detected from the lightcurves at 1.1 mm
wavelength, likely suggesting relatively high thermal inertia at east longitude of ~30º and
~200º, and relatively low thermal inertia at ~120º and 270º to 360º.
2. Seasonal temperature variations might exist on Ceres, with an offset from its
perihelion/aphelion.
3. No HCN J=3-2 emission line is detected, suggesting a 3-sigma upper limit production rate
of 2x1024 s-1, and an upper limit water production rate 2.5x1025 s-1 if assuming a cometary
HCN/H2O ratio.

I am not at LPSC. Please feel free to email me at jyli@psi.edu if you
have any questions and/or feedbacks for our work. Thank you.
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