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Introduction: The latest observations made by the 
Dynamic Albedo of Neutrons (DAN) experiment 
onboard the MSL rover Curiosity have been used to 
monitor the variability of the neutron flux along a trav-
erse of the rover, to estimate average content of water 
and to compare surface measurements of neutron flux 
with measurement performed during the Mars Odyssey 
orbital mission with the neutron spectrometer HEND. 
The main goals of the DAN instrument are measuring 
of the hydrogen distribution in the martian subsurface 
and the characterization of the radiation environment. 
On August, 9, several days after the successful landing 
of the Curiosity rover, DAN has passed its instrument 
aliveness and intial calibration tests and was switched 
into the measurement mode. Since this time DAN has 
performed set of passive and active (see next chapter 
Instrument description) measurements presented in the 
Table 1. 
 
Table 1. List of DAN measurements during first 100 
sols on martian surface. 

Type of meas-
urements 

Passive mode Active mode 

Total number of 
observations 

113 58 

Number of day 
observations 

94 46 

Number of night 
observations 

19 12 

Number of obser-
vations during Cu-
riosity driving 

10 9 (made at 
short stops 
during driv-
ing) 

Average duration 
of single observa-
tion (minutes) 

164  13.5 

  
Instrument description. DAN consists of a pulse neu-
tron generator (DAN/PNG) electrically and logically 
combined with a neutron detection system (DAN/DE). 
Onboard the MSL rover, DAN provides active meas-
urements of the dynamic albedo of thermal and epi-
thermal neutrons induced by a fast neutrons (14 MeV), 
emitted by the DAN/PNG as well as passive monitor-
ing (DAN/PNG is off) of the natural neutron back-
ground produced by Galactic Cosmic Rays (GCR) and 

the neutron background created by the MSL RTG 
[1,2]. DAN active and passive measurements show 
significant variability along the rover’s traverse which 
can be coverted into the variations of water content 
from one rover’s location to another one [3-6]. In our 
investigation we have tried to compare these estima-
tions with predictions obtained from orbital observa-
tions performed by HEND/Odyssey. The global map 
epithermal neutron flux and an averaged water equiva-
lent hydrogen (WEH) distribution (at Gale crater based 
on the homogeneous depth model) derived from the 10 
years of orbital HEND/Odyssey observations are pre-
sented on the figure 1.  

 
Figure 1. The global map of epithermal neutron flux 
and averaged water equivalent hydrogen (WEH) dis-
tribution at Gale crater derived from HEND/Odyssey 
data.  
   
Surface observations: The summary of DAN obser-
vatons during first 100 sols are presented in the Table 
1. The measurements made in the active mode provide 
most interesting science results because it could help to 
derive water depth distribution along the rover’s trav-
erse (see [3]). The passive measurements are the com-
plimentary DAN science. After subtraction of the 
background it also shows significant variability from 
place to place. It may be used to estimate average con-
tent of water to support short (~15 min) active meas-
urements which are performed only at rovers stops.  
As seen from Table 1, the major DAN operation time 
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is covered by passive observations (~ 3 hours per day 
in beginning of the mission and ~ 5 hours per day after 
50 sols). The long passive measurements can be used 
to provide supplementary (to RAD instrument) mon-
toring of the radiation background (see [7]) and search 
for diurnal variations (see [8]).  
An illustration of the variability of DAN data can be 
presented as the ratio of  thermal and epithermal neu-
tron fluxes from one rover stop to another one (see 
Figure 2) and from one sol to another sol (Figure 3). 
This ratio represents variations of elemental composi-
tion related not only to the content of hydrogen but 
also with different abundances of several absorbtion 
elements such as Cl and Fe.  
Numerical simulation shows that most rover stops 
within 500 m from the landing site are consistent with 
the 2-layer model with less hydrogen content in the 
upper layer and more in the bottom layer [3]. The av-
erage content (along all rover stops) of water equiva-
lent hydrogen (WEH) in the upper layer is about 1.3%, 
average content of WEH in the bottom layer is about 
3.9% at the depth ~ 21 cm. We have used these values 
to compare DAN ground truth measurements with 
HEND/Odyssey orbital measurements. We have fixed 
average content of WEH in upper layer (1.3%) and 
depth (21 cm) to the bottom layer and used the water in 
the bottom layer as a free parameter to find best corre-
spondence between numercal model and HEND meas-
urements at the vicinity of Gale crater. The results of 
such an analysis show that HEND data are consistent 
with the content of ~8% WEH in the bottom layer. 
This estimation is based on the normalization that av-
erage content of water in most dry area around Solis 
Planum is about 2% [9]. We could correct it to another 
value of 1.3% which is exactly based on DAN meas-
urements of average WEH in the top layer of regolith. 
In this case HEND measurements will be consistent 
with ~5% WEH in the bottom layer. It is still a little bit 
larger than follows from DAN observations (~4%). 
But this discrepeancy could be explained by a huge 
difference in the instruments footprints. HEND meas-
urements are covering surface area 300 x 300 km while 
DAN measurements represents variability of water 
content on the ~500 m scale only. In addition to this 
we also need to take into account different depth sensi-
tivity of ground and orbital observations. DAN active 
surface measurements are sensitive to ~50 cm depth 
while orbital passive measurements may be used to 
search for water at depths ~1 m.       
 

 
Figure 2. The thermal/epithermal neutron flux ratio 
measured by the DAN instrument along the Curiosity 
path at different locations during the first 100 sols.  
 

 
Figure 3. The thermal/epithermal neutron flux ratio 
measured by the DAN in active (blue) and passive 
mode (red) as a fuction of time from the beginning of 
the surface operations.  
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