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Introduction:  While Dawn was at Vesta, the body 

behaved as one would expect for a body with neither 
an atmosphere nor a strong magnetic field. Solar 
events passed as expected without any additional ef-
fects from the planet. However, during Dawn’s Survey 
orbit around Ceres in June 2015, located about 10 
Ceres radii (or 4,400 km altitude) away from the body, 
a solar energetic particle (SEP) event was recorded by 
Dawn’s GRaND (Gamma Ray and Neutron Detector) 
[1]. In contrast to similar events observed at Vesta, this 
particular occurrence was accompanied by a pattern of 
spikes in the counts recorded by GRaND’s +Z Phos-
wich scintillator superimposed on the SEP event. The-
se spikes were distinct enhancements lasting on the 
order of minutes to an hour and reoccurred twice after 
the SEP event had ceased (Figure 1).  
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Figure 1. Time series of the +Z phoswich scintillator counts. 
Electron bursts higlighted by dots. The bursts appear alongside an 
SEP event and reoccur on two consercutive orbits. 

 
The spike pattern was absent from the measure-

ments from the Bismuth Germanate (BGO) scintillator. 
This suggests the radiation responsible for the bursts in 
the exterior phoswich scintillator and any of their by-
products were fully absorbed by materials surrounding 
the BGO. The source particles causing the enhance-
ments were likely swift electrons that penetrated di-
rectly into the phoswich or associated bremsstrahlung 
produced in surrounding materials. The phoswich de-
tection threshold for electrons is 20 keV and energy 
deposition during spike events cut off at about 100 
keV, providing an upper bound for the energy of im-
pinging electrons if the phoswich is responding to 
bremsstrahlung. 

Figure 2a shows the location of each burst relative 
to the surface in planetary coordinates, with crater Kait 
defining zero longitude [2]. Other than the fact that all 
the bursts occurred in the southern hemisphere, there 

appears to be no relation with the occurrence of the 
electron bursts with any geographical feature. Howev-
er, in Ceres Solar Orbital (CSO) coordinates, the loca-
tions of the electron bursts are well ordered (Figure 
2b).  The spikes in electrons begin to appear when the 
spacecraft crosses into the southern hemisphere on the 
dayside, with the largest enhancements occurring at 
similar latitudes over 3 consecutive orbits. 

 

 
 
Figure 2. A) Electron burst locations in planetary coordinates.  
There is no correlation of the locations of the bursts with geograph-
ical features. B) Electron burst locations in CSO coordinates. The 
bursts reoccur at similar locations in the southern hemisphere when 
the spacecraft is on the dayside of the planet. Symbol size reflects the 
magnitude of each spike. 
 

Electron Acceleration by Ceres:   Typical elec-
tron energies from the solar wind are on the order of 10 
eV [3], while the electrons detected by GRaND are on 
the order of tens of keV. Therefore, a mechanism is 
required to accelerate these electrons to such high en-
ergies in the Ceres environment. Solar events alone are 
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not able to explain the electron bursts as they would 
not exhibit any location dependence. Furthermore, the 
+Z phoswich scintillator that observed the bursts was 
pointed antisunward and toward the body center at the 
time of the detections, indicating the energetic elec-
trons came from the Ceres direction. It is possible the 
solar event triggered the energetic electron production 
at Ceres. 

Fast-Fermi acceleration at planetary bow shocks is 
known to produce backstreaming electrons with ener-
gies reaching tens of keV [4]. Upstream electrons with 
high pitch angles are not able to pass through the bow 
shock due to the increase in magnetic field strength 
and the inability to conserve their magnetic moment 
[5,6]. These electrons get reflected and accelerated 
along magnetic field lines tangent to the bow shock, 
creating a narrow beam known as the electron fore-
shock. When a spacecraft passes through an electron 
foreshock, it records this event as bursts. This mecha-
nism is able to explain the high energies of the elec-
trons, the localized nature of the detections, and the 
distance from the body that they appear. We postulate 
that the electron bursts recorded by the +Z phoswich 
scintillator were associated with the formation of a 
temporary bow shock generated by either a transient 
atmosphere or an electrically conducting Ceres interi-
or.   

Method:  Dawn lacks the instrumentation tradi-
tionally used to confirm an electron foreshock. With-
out a magnetometer, we cannot measure the direction 
of the interplanetary magnetic field (IMF) at the time 
of the observations. To get around this, we invoke a 
model that places the bow shock at a distance of 1.5 RC 
at the subsolar point. This is the size of a shock that 
would be produced by a gas emission rate of 3x1026 
H2O molecules/s, similar to estimates by Kuppers et al. 
using the Herschel Telescope [7]. With this model, we 
can find the IMF directions necessary for an electron to 
travel from a hypothetical bow shock to the location of 
the spacecraft. We can also calculate the distance from 
the point of tangency to the spacecraft and use fast-
Fermi theory to estimate the energies and fluxes that 
we would be expect from this geometry.  

Since the assumptions used to derive fast-Fermi 
theory are generally oversimplified, it would also be 
beneficial to use in-situ measurements to aid our study. 
The electron foreshock at Earth has been well studied 
and we can use various spacecraft to calculate the flux 
and energies of the reflected electrons with increasing 
distance from the point of tangency. Since the underly-
ing physics for the Earth and Ceres cases will be the 
same, we can scale down the Earth results to the Ceres 
scale. Based on the Earth case, we can use the observa-
tions by GRaND to check if the flux and energies of 
the electrons are consistent with what we would expect 

at the calculated travel distances to Dawn from our 
model.  The combined results of the Earth and Ceres 
model cases will allow us to determine if the accelera-
tion of electrons at Earth and Ceres are consistent with 
the same physical mechanism. 

Ceres is not believed to be a magnetized body, so 
the genesis of the bow shock would have significant 
implications for its surface and/or interior processes. A 
transient atmosphere or a conducting layer are the best 
candidates to act as an obstacle to the solar wind.  
Kuppers et al. [7] reported intermittent observations of 
water molecules at the surface of Ceres by the Her-
schel Space Observatory. Models [8] suggest that a 
transient atmosphere on Ceres could last approximate-
ly ten days, which is the same timescale over which the 
electron bursts occur. Alternatively, if the planet has an 
electrically conducting layer, a bow shock can be gen-
erated as the layer prevents the penetration of the mag-
netized plasma. An enhancement in the IMF due to a 
solar event could trigger such a response. It is suggest-
ed that there is a partially molten or even perhaps liq-
uid layer tens of kilometers beneath the surface rich in 
salt [9], which could act as a conductive layer. While 
this work alone cannot differentiate between an atmos-
pheric or interior origin, the ability to confirm the 
presence of a bow shock lays the groundwork and pro-
vides constraints for future missions and studies. 
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