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Mars Dust Counter (MDC)Mars Dust Counter (MDC)
•Impact-ionization type

•730g including electronics
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• 4-Year operation.

• 120 dust impacts detected.
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3 Channel Impact Ionization Detector

COLLECTOR

DUST PARTICLEGRIDS
(0 V, GND)

m

v
- 220 V+ 220 V

--e i +i +i CHARGE
SENSITIVE
AMPLIFIERS

ICEC

0 V

INFLUENCE CHARGE

IMPACT CHARGE

TARGET

AMPLIFIERS

NC
INFLUENCE CHARGE

Q- Q+Q

IMPACT CHARGE IMPACT CHARGE

t t

Q+t+

t

QtQ-
t-

NEGATIVE CHARGE
MEASUREMENT

POSITIVE & NEGATIVE
CHARGE MEASUREMENT

POSITIVE CHARGE
MEASUREMENT



Data Analysis
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Calculation of Particle Mass and Velocityy
Electron Channel Signal

Calculation of velocity and 
mass using parameters of 

determined postion
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Main Objective of NOZOMIMain Objective of NOZOMI MDCMDCMain Objective of NOZOMIMain Objective of NOZOMI--MDCMDC
=(was)  Detection of Martian Dust Ring=(was)  Detection of Martian Dust Ring( ) g( ) g

•• Phobos and DeimosPhobos and Deimos•• Phobos and DeimosPhobos and Deimos
–– Covered with regolith (< mm particles)Covered with regolith (< mm particles)

L l it ( 10 / )L l it ( 10 / )–– Low escape velocity ( 10m/s )Low escape velocity ( 10m/s )
•• Collisions of interplanetary dust particlesCollisions of interplanetary dust particles

–– Ejection of regolith particlesEjection of regolith particles
–– Source of a dust ringSource of a dust ringgg

•• All of Jovian planets have dust ringsAll of Jovian planets have dust rings



Dust Particles Around MarsDust Particles Around MarsDust Particles Around MarsDust Particles Around Mars
•• Lorentz force (Lorentz force (rr < 1µm)< 1µm)•• Lorentz force (Lorentz force (rr < 1µm)< 1µm)
•• Solar radiation pressureSolar radiation pressure eccentricity↑eccentricity↑
•• Martian oblatenessMartian oblateness

–– Small dust are trapped by Mars and lost quicklySmall dust are trapped by Mars and lost quickly
•• Dust from Phobos   Dust from Phobos   rr > 22µm> 22µm
•• Dust from DeimosDust from Deimos rr > 12µm,  inclination ↑> 12µm,  inclination ↑ust o e osust o e os µ , c at o ↑µ , c at o ↑

Phobos’ ring   and   Deimos’ torusPhobos’ ring   and   Deimos’ torus

S lfS lf S t i i h iS t i i h i•• SelfSelf--Sustaining mechanismSustaining mechanism
–– No (No (η η < 1)< 1) small dust abundancesmall dust abundance

•• Direct detection by NOZOMI is difficultDirect detection by NOZOMI is difficult•• Direct detection by NOZOMI is difficultDirect detection by NOZOMI is difficult
•• Statistical analysis is necessaryStatistical analysis is necessary

–– Yes (Yes (η η > 1)> 1) large dust abundancelarge dust abundance
•• Detectable by NOZOMIDetectable by NOZOMI--MDCMDC
•• A few particles at Phobos’ ring crossingA few particles at Phobos’ ring crossing







NOZOMINOZOMI
• Mars aeronomy mission• Mars aeronomy mission
• Interaction between the Martian upper atmosphere 

and solar windand solar wind
• Elliptic retrograde orbits whose apoapis is farther 

than Deimos’ orbitthan Deimos  orbit.

98 07 L h• 98-07  Launch
• 98-12  Earth’s flyby
• 99-10 => 02-10

planned observation
aro nd Marsaround Mars





NOZOMI S h d l d T blNOZOMI Schedule and Troubles

• 98-07  Launch
• 98 12 Use too much fuel at leaving from the Earth• 98-12  Use too much fuel at leaving from the Earth 

(powered fly-by).
Change of orbital plan.g p
Mars arrival   99-10 => 03-12

• 99-07  Stop S-band downlink.
Less problem except occultation experiment

• 02-04  Trouble on CI-PSU.  Maybe a short-circuit.
• 03-12  Gave up insertion into circummartian orbits.





MDC - Aperture DirectionMDC  - Aperture Direction
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1999 Impacts
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1999 Impacts: Dust velocity in space1999 Impacts: Dust velocity in space
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2000-2001 Impacts
NOZOMI
Earth
Mars
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2000-2001 Impacts: Dust velocity in space
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2001-2002 Impacts: Dust velocity in space
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2000-2001 Impacts
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NOZOMI Electronics Trouble
• 02-04-21   A giant solar flare was observed.
• 02-04-23 A proton monitor detected the highest flux so far02 04 23   A proton monitor detected the highest flux so far.
• 02-04-26  Trouble

CI-PSU (Power Supply Unit) off.   Short?
(Heater, Data recorder, Interface)
SI’s are OK.  All SI’s are powered on.

02 05 15 Lost NOZOMI carrier signals• 02-05-15  Lost NOZOMI carrier signals.
• 02-07-15  Recovered NOZOMI carrier signals.
• Recovery operation postponed to be after two Earth’s flybysRecovery operation postponed to be after two Earth s flybys 

(02-12, 03-06).
• 02-10    MDC HV  switched on (observation restarted)

03 06 19 E th’ fl b f l O bit l ti• 03-06-19 Earth’s flyby was successful.  Orbital correction.
• From 03-07   Start recovery operation
• 03-12 Arrival at Mars• 03-12   Arrival at Mars

Give-up insertion into circummartian orbit



NOZOMI condition betweenNOZOMI condition between 
02-07 and 03-07

• Uplink OK
– We can send commands to NOZOMI

• Downlink NG
– Radio is on ranging mode.
– CI-PSU controls the switch between ranging mode 

and telemetry mode.
• Using carrier signal (on/off), we can confirm g g ( )

information of NOZOMI-Housekeeping.



NOZOMI Recovery OperationNOZOMI Recovery Operation

• Uploading a command sequence which sends CI• Uploading a command sequence which sends CI-
PSU-ON commands successively in a short duration.

• Run the sequence until the short circuit is clearedRun the sequence until the short circuit is cleared

• Plan after the recoveryPlan after the recovery
– Detailed check of NOZOMI HK
– Reschedule circummartian orbits

• Larger apoapsis distance.
– MDC data (from 02-10) downloading.

MDC revised software– MDC revised software.

• Recovery operation was not successful• Recovery operation was not successful.



NOZOMI-MDC Results
• No detection of Martian dust ring  --

because NOZOMI gave up the insertion into the Martian orbit– because NOZOMI gave up the insertion into the Martian orbit

• However more than 100 dust impacts were detected• However, more than 100 dust impacts were detected
between 98-7 and 02-4.

• Circumterrestrial orbit (1998)Circumterrestrial orbit (1998)
Mainly around apogee
Large frequency in Nov. (Leonids-related?)g q y ( )

• Interplanetary orbit (1999-2002)
Most of particles are Keplerian, on the zodiacal plane
4-5 possible interstellar particles - detected.

(2-3 matches interstellar gas flow direction)
More in 1999 than in 2000-2002.



L f MDC NOZOMILegacy of MDC-NOZOMI

•• MDCMDC--NOZOMI project has expanded NOZOMI project has expanded 
it f d t t i Jit f d t t i Jcommunity of dust measurements in Japan.community of dust measurements in Japan.

•• Dust accelerator was installed at Univ. Tokyo.Dust accelerator was installed at Univ. Tokyo.

•• Future dust missionFuture dust mission
–– MDM on board BepiColomboMDM on board BepiColombo
–– Dust measurements around MercuryDust measurements around MercuryDust measurements around MercuryDust measurements around Mercury



Future detection of Martian dust ring/torusFuture detection of Martian dust ring/torus

• No approved dust detector plans in Mars missions
– Phobos Soil? 

• Constraint from HST observation.  Dust number 
density is not high enough for optical detection? 

• Theoretical expectation of Phobos-derived 
particles 20-200µm surface regolith size?

• Future mission
– Impact ionization dust detector  for retrograde satellite?  

T t lTarget on larger mass. 
– Piezo type / large area detector for prograde satellite?

Better sensitivity for low-v (<1km/s) dustBetter sensitivity for low-v (<1km/s) dust



HST observation

• Showman et al. 2006 PSS
• On May 28, 2001 Mars’ hypothetical ring 

plane appeared edge-on to Earth withinplane appeared edge on to Earth within 
weeks of its opposition,

i d d hi l li i• No rings were detected. This result limits 
normal optical depths to 3×10−8 for the p p
Phobos ring and 10−7 for the Deimos ring.



Subaru Observation

• 2007-12-17
• Takato Ohtsuki Yoshida Sasaki et al• Takato, Ohtsuki, Yoshida, Sasaki et al.
• Scattered light from Mars was too bright.


