
SCIENCE BRINGING NATIONS TOGETHERSCIENCE BRINGING NATIONS TOGETHER  

DAN Experiment Onboard the DAN Experiment Onboard the 
Curiosity Rover: Modelling of Curiosity Rover: Modelling of 

the Neutron Sensors the Neutron Sensors 
ResponseResponse  

V. Shvetsov, FLNP JINRV. Shvetsov, FLNP JINR  

ISINNISINN--26, May 28 26, May 28 ––  June 1, 2018, Xi’an, ChinaJune 1, 2018, Xi’an, China  

  

31.05.2018 

ISINN-26, May 28-June 1, 2018, Xi'an, China 

1 



SCIENCE BRINGING NATIONS TOGETHERSCIENCE BRINGING NATIONS TOGETHER  

OverviewOverview  

•• Introduction;Introduction;  

•• DAN experiment history;DAN experiment history;  

•• Martian Soil Modelling Stand at JINR;Martian Soil Modelling Stand at JINR;  

•• Experiments and Comparison with Martian Data;Experiments and Comparison with Martian Data;  
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Water on Mars Confirmation Water on Mars Confirmation 
from Mars Odyssey Missionfrom Mars Odyssey Mission  
Science  05 Jul 2002:Science  05 Jul 2002:  
Vol. 297, Issue 5578, pp. 78Vol. 297, Issue 5578, pp. 78--8181  
DOI: 10.1126/science.1073616DOI: 10.1126/science.1073616  
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H 400 kmH 400 km  

ØØ  400 km400 km  

Main parameters of orbit: 

 Altitude – 400 km; 

Orbital period – 2 hours; 

Orbit inclination – 93.10 

Building the MapBuilding the Map  
On the surface of planet 
making a mesh with selected size of 
pixels. In each pixel independently 
accumulating counts and exposure 
time. Selecting a time interval, 
detector and set of channels to 
create map. 

PoorPoor  spatialspatial  resolutionresolution..  
PixelPixel  sizesize  isis  aboutabout  400400  kmkm..  
ShouldShould  bebe  aboutabout  1010--5050  kmkm  toto  
choosechoose  properproper  placeplace  forfor  
lander/roverlander/rover  missionmission  

WeWe  needneed  neutronneutron  detectordetector  withwith  
collimatorcollimator  onon  thethe  orbiterorbiter  

WithWith  collimatedcollimated  orbitalorbital  detectordetector  
wewe  cancan  choosechoose  properproper  placeplace  forfor  
landinglanding..  NowNow  wewe  needneed  anan  
instrumentinstrument  onboardonboard  thethe  roverrover  
toto  seekseek  forfor  waterwater  iceice  underunder  thethe  
wheelswheels  

31.05.2018 

ISINN-26, May 28-June 1, 2018, Xi'an, China 

5 



SCIENCE BRINGING NATIONS TOGETHERSCIENCE BRINGING NATIONS TOGETHER  

Neutron LoggingNeutron Logging  
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2005 2005 --2006: Testing DAN laboratory 2006: Testing DAN laboratory 
prototypeprototype  
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2004 2004 --  20082008  
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7:02 a.m. PST, Nov. 26, 7:02 a.m. PST, Nov. 26, 
20112011  
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Nov. 26, 2011 Nov. 26, 2011 --  Aug. Aug. 6, 6, 
20122012  
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Aug. 2012, Mars, Gale Aug. 2012, Mars, Gale 
CraterCrater  
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DAN Test Site at DAN Test Site at 
the JINRthe JINR  

Material Layer thickness, mm Segment thickness, mm Block thickness, mm 
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DAN CTN and CETN Sensors Response ModellingDAN CTN and CETN Sensors Response Modelling  

•• Variation of the water ice content from the dry soil Variation of the water ice content from the dry soil 

to 15% weight;to 15% weight;  

•• Variation of the salinity from 0 to 500 g/l;Variation of the salinity from 0 to 500 g/l;  

•• Extracted parameters Extracted parameters ––  die away constants;die away constants;  
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 ExpDec2 of CTN Fit
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 s
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time, mks

Equation y = A1*exp(-x/t1) + A2*exp(-x/t2) + y0

Reduced Chi-S
qr

3,02549

Adj. R-Square 0,99774

Value Standard Error

CTN Fit y0 2,98916E-7 6,41353E-8

CTN Fit A1 4,22798E-5 7,34682E-6

CTN Fit t1 1116,65161 79,72574

CTN Fit A2 0,00379 6,54971E-4

CTN Fit t2 252,23141 11,82441

CTN
max

/CTN
min

 = 248.7

948 < time < 6420 mks
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  CETN, soil with water 10%, density 1.89 g/cm^3

 ExpDec2Fit of CETN, soil with water 10%, density 1.89 g/cm^3
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Model ExpDec2

Equation

y = A1*exp(-x/t1) + A2*exp(-x/t2) + y0

Reduced Chi-Sqr 2.26487

Adj. R-Square 0.99861

Value Standard Error

CETN, soil with 
water 10%, density 
1.89 g/cm 3̂

y0 4.04943E-7 5.02691E-8

A1 5.87359E-5 7.54544E-6

t1 158.06074 8.07035

A2 0.02079 0.00154

t2 30.33474 0.559
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 Calculated CETN inverse lifetime vs water content

C
a

lc
u

la
te

d
 C

E
T

N
 i
n

v
e

rs
e

 l
if
e

ti
m

e
 v

s
 w

a
te

r 
c
o

n
te

n
t 

(u
s
e

c
^-

1
)

Water (weight %)
31.05.2018 

ISINN-26, May 28-June 1, 2018, Xi'an, China 

23 



SCIENCE BRINGING NATIONS TOGETHERSCIENCE BRINGING NATIONS TOGETHER  

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

220

225

230

235

240

245

250

255

260

265

270

275

280

285

290

295

300

305

310

315

320

ta
u

1
_

C
T

N
, 

m
k

s

Water, %

 No NaCl

 10 g/l

 50 g/l

 100 g/l

 200 g/l

 500 g/l

31.05.2018 

ISINN-26, May 28-June 1, 2018, Xi'an, China 

24 



SCIENCE BRINGING NATIONS TOGETHERSCIENCE BRINGING NATIONS TOGETHER  

100 1000 10000

1E-7

1E-6

1E-5

1E-4

0,001

0,01

 

 

 sol35 CdDiff

 CDDIFF, dry soil, density 1.7 g/cm^3

 CDDIFF soil with water 1%, density 1.7 g/cm^3

 CDDIFF, soil with water 1.5%, density 1.7 g/cm^3

 CDDIFF, soil with water 3%, density 1.75 g/cm^3

 CDDIFF, soil with water 5%, density 1.79 g/cm^3

 CDDIFF, soil with water 10%, density 1.89 g/cm^3

 CDDIFF, soil with water 15%, density 2 g/cm^3

s
o
l3

5
 C

d
D

if
f 
(c

p
s
/n

)

Time (usec)
31.05.2018 

ISINN-26, May 28-June 1, 2018, Xi'an, China 

25 



SCIENCE BRINGING NATIONS TOGETHERSCIENCE BRINGING NATIONS TOGETHER  

100 1000

1E-7

1E-6

1E-5

1E-4

0,001

0,01

 

 

 sol35 CETN

 CETN, dry soil, density 1.7 g/cm^3

 CETN, soil with water 1%, density 1.7 g/cm^3

 CETN, soil with water 1.5%, density 1.7 g/cm^3

 CETN, soil with water 3%, density 1.75 g/cm^3

 CETN, soil with water 5%, density 1.79 g/cm^3

 CETN, soil with water 10%, density 1.89 g/cm^3

 CETN, soil with water 15%, density 2 g/cm^3
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 sol35 CdDiff

 CDDIFF counts, 1% salty water soil, 100 g/l density 1.72 g/cm^3, per one incident neutron

 CDDIFF counts, 3% salty water soil, 100 g/l density 1.76 g/cm^3, per one incident neutron
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