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ABSTRACT

There are two moons around Mars, Phobos and Deimos. Because they
have never been explored directly, their origin is uncertain. Currently, the
exploration mission of the Martian moons is planned in Japan. Its most
important purpose is the elucidation of Martian moons origin. It is possible
to give a constraint of the origin if we reveal whether the compositions of
Martian moons are closer to Martian or primordial by elemental analysis.
There is the large deference of hydrogen concentration between
compositions of Martian and primordial. The amount of hydrogen is one of
the important indicators to reveal the origin of Martian moons. Neutron is
sensitive to the amount of hydrogen, which is an effective moderator for
neutron. Therefore, by comparing the neutron fluxes in each energy range,
hydrogen concentration in Martian moons will be determined. In this study,
we estimate the difference of the neutron fluxes emitted from surface of the
Martian moons by simulation derived from the elemental composition and
discuss the origin of Martian moons.

This document is provided by JAXA.



g9 BB RV L

PEFDHEICEDONERMEDIRDUR
Study for origin of Martian moons using
neutron spectrometry

Junya Ishiil, Daisuke Aoki!, Kouhei Yoshida!, Masayuki Naito?, Hiroshi Nagaoka?,
Nobuyuki Hasebe® 2

1. School of Advanced Science and Engineering, Waseda University, Tokyo, Japan,
2. Research Institute for Science and Engineering, Waseda University, Tokyo, Japan



Outline
MR E- 51

HEFS I —2 3V OBE

Ialb—I g fEER

NEEHEEERID/NYHIHSHUR

it
anji
=p

This document is provided by JAXA.



Background

~ Mars has two moons, Phobos and Deimos

Martian moons explorations in the past |

' Planned Mission in Russia

Phobos1, 2 (1988) ——> Disruption of communication with the satellite
Phobos-Grunt (2011) — > Failure of leaving from the orbit around the earth
I Martian moons have never been explored directly.

Their origin is uncertain.

Recently, the mission of Martian Moon eXploration (MMX) is planned in Japan.

L Gamma-ray and Neutron Spectrometer (GNS) is proposed.

The purpose of my study : to give a constraint for elucidation of Martian moons
origin by neutron measurement in the simulation

This document is provided by JAXA.



Mars has two moons, Phobos and Deimos =

Martian moons explorations in the past

Planned Mission in Russia
Phobos1, 2 (1988) ——> Disruption of communication with the satellite

Phobos-Grunt (2011) — > Failure of leaving from the orbit around the earth

‘ Martian moons have never been explored directly.
Their origin is uncertain.

Hvpotheses of Martian moons origin

< Giant impact>

. < captured asteroid >

debris

asteroid  Captured by Mars gravity
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iCandidate composition of Martian moons

Primitive composition — CI chondrite

Martian composition — Martian meteorites (Shergotty, Chassigny, Nakhla)

Tablel. Average concentrations of elements in meteorites (Martian
meteorite Compendium, NASA, 2015; Anders and Grevesse, 2013)

CI chondrite Shergotty Chassigny Nakhla

H 2.02 0.00 0.00 0.00
& 3.45 0.00 0.00 0.00
O 46.4 41.4 39.6 41.0
Mg 953 9.24 19:1 5.86
Al 0.869 229 0.413 2.07
S1 10.7 i 17.6 ko

S 5.26 0.17 0.080 0.070
Ca 0.928 5.34 0.474 931
Fe 18.5 15.0 21.0 152
Others 2.36 3.78 1.76 3.64

Most chondritic composition have high H-concentration.
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A co‘rnstraint for
elucidation of Martian
Whether the moons origin will be given.

composition is closer to ’
Martian or Chondritic is

distinguished. @

® How to determine H-concentration of Martian moons
Determination of "'
H-concentration Neutron Spectrometry

(MESSENGER, Lunar Prospector, Dawn,...)
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Neutron and gamma-ray production

in planetary surface

GCR

thermal - fast neutron
y-ray epithermal neutron

y-1ay

Planetary surface (with /r S ’
thin or no atmosphere B e
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.| Inelastic
| scattering |
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The fluxes of secondary neutrons are varied with
H-concentration in planetary surface

L Hydrogen is an effective moderator for neutron

The H-concentration in planetary surface could be determined
by comparing the neutron fluxes in each energy range.
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Simulation code we used:
PHITS 2.76(Particle and Heavy lon Transport code System) code

Models used in PHITS

* INCL4.6 (Intra-Nuclear Cascade of Liege) ; A. Boudard. et al. 2013
* JENDL-4.0; K. Shibata et al. 2011
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Energy spectra of protons and helium nuclei

: : — Nuclei component (98%) ———— protons (87%)
Galactic Cosmic

Ray (GCR)

— helium nuclei (12%)

— heavy particles(1%)

—— Electrons component (2%)

Empirical equation by Reedy et. al(1994),Lal et. al(1998)

E(E + 2myc?)(E + x + e X %)_y
(E + ep x Z)(E + 2m,,C? + e x 2)

J(E,p) = C X [cm2 s (MeV/n)—1]

X = a exp(—bE)

C, a, b and y are given by Lal (1998) and McKinney et al. (2006).

C a b Y
H 1.24 X 106 780 2.50 %10 2.65
He 2.26 X105 660 1.40 X 10 2.7
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spectra of protons and helium nuclei
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Figure. The comparison of GCR spectra between the data of BESS observation in 1997
(p = 491 [MV]) and the energy spectra of proton and helium nuclei given by the
empirical equation.
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|Simulation geometries (1)

S
Observation plane neutron
(10 m X 10 m)
source (GCR)
A
GCR
20m
< > S

Ilmm

20m Neutron fluxes emitted from surface of Phobos
depending on H-concentration (0 to 20000 ppm)

Compositions: Cl chondrite or Martian meteorites (four types)
H-concentration: 0 to 20000 ppm
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Figure : Neutron energy spectra of CI chondrite and Shergotty.

This document is provided by JAXA.



Boron-loaded plastic scintillator
BC454 or EJ254 (5% B):
® 100 mm x ¢ 51 mm x 76 mm thick

Li-glass scintillator GS20:
@ 100 mm x 4 mm thick

—~ I
Electronics box
Bleeder
e PMT (2" ¢) circuit ey
Nadir Satellite
B LP Electronics box
] . |

; ) S R Gd film (0.5 mm thick)
SiPM (3 x 3 mm) Plastic scintillator
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Li-glass scintillator GS20: Boron-loaded plastic scintillator

¢ 100 mm x 4 mm thick BCA454 or EJ254 (5% B):
® 100 mm x ¢ 51 mm x 76 mm thick

Electronics box
PLS
Bleeder
Tl T ¥
E Satellite
LiG
B LP | Electronics box

Gd film (0.5 mm thick)

SiPM (3 x 3 mm’?) Plastic scintillator

[LG)SLi +n > 3H + a(Qff:4.78MeV)
7Li + a (QfE:2.792MeV) %E%E‘%}

[BLP)2B +n — { -
JLi* + a (QfE:2.310MeV) JahiCiRHE
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Neutron |
| Spectrometer (NS) |

7.5cm
BLP(Boron Loaded Plastic scintillator)
covered by Gd (0.25 mm thick)

Vv

&
™~

LiG (Lithium Glass scintillator)
0 Tneutron 4 mm thick

Neutron e 3y ranges

1eV 500 keV 7 MeV

i \ : ’ o
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|Simulation geometries (1)

S
Observation plane neutron
(10 m X 10 m)
source (GCR)
A
GCR
20m
< > S

Ilmm

20m Neutron fluxes emitted from surface of Phobos
depending on H-concentration (0 to 20000 ppm)

Compositions: Cl chondrite or Martian meteorites (four types)
H-concentration: 0 to 20000 ppm
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Simulation geometries (2) \\—/

———

Space Craft S

: A %
/; ' —T— BLP
8
20km

Neutron Source
Neutron fluxes emitted from surface of Phobos
depending on H-concentration (0 to 20000 ppm)

Phobos [LIG]SLi +n - 3H + a (Q-value:4.78MeV)

ZLi + a (Q-value:2.792MeV) grand state}

[BLP]'2B +n - {
7Li* + a (Q-value:2.310MeV) ecited state
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Results(2): Correlation of neutron counting between LiG and BLP gl

11 | | I | I
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reflect difference of
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Neutron counting
rates in LiG reflect
difference of the
elemental
compositions
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r > dotted lines represent neutron counting rate from Phobos
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Comparison W|th the vaIue of Phobos observatlon (simulation)

X dotted lines represent neutron countmg rate from Phobos
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Observation time and statistical error

Giant impact

11 T T | |

- |
.

— Cl —=— r
té 10 - Shergotty —=— 0 ¢ ! -
— Chassigny —=— - la]
0 .
o -
£ 8r e 3
S * 500
E ? — |—i—i —
-
e o6r 1000 -
F
C D —
g

4 - .2 o ]
5 capture .- 5000
< 7 e
2 [ - 10000 i

7

% 2r 2000@ .
(will L w

1 ] | | | I

2 2.5 3 3.5 4 4.5 5

LiG neutron counting rate [cps]

This document is provided by JAXA.

- Phobos#5 8 & B 20 km &5 8 B
D 5B 1000F) TO TS
EZRR

-S/CDRFL2000 kgfFH LU
LIGEBLPD RV FL—AT
NGS5 RREFODE
BENZREEVNEEEFRE

I\ S S ER BRI R [
lﬂﬁiﬁ t L/T: o

Dt

_IIEH&J:EL/T’EFWE? \jll._-n-l-
(X. #1000%) &7 BIRFRE T,
RIR KRB ENEYEE
BZEnTAHZEDTEE,




+=A

A aff
NEFEDHBELT. OV MERENERER
%Em’&ﬂiml, LIGEBLPIZCHITHPMEFETEED KR
EEKREEEIAL—avItkYRLT=,

KREFESAZBTH5REFD/NVITTIOURET
MENARBFLON., EE20 kmDER A TlXER1000F)
DEBITIRERAEREXNEYME T THED
—C'_é *ErTgh\ﬁzﬁh_/ﬁh\ﬁTki_/ﬁiC_:HJ/nJlj_d_é

Eig@*ﬁ*gtfd:éo e
PHFARGKEMERE |/
HWT . N EFERREZMHBHAT BLP

DB NEFERELGYSD, ———

LiG
10 cm Tneutron

This document is provided by JAXA.



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10
	page11
	page12
	page13
	page14
	page15
	page16
	page17
	page18
	page19
	page20
	page21
	page22
	page23
	page24
	page25
	page26
	page27
	page28



