Tokyo Tech

[BE DS OFEILFE

RRIFEKRT BFHEIBRER TR

2020F1H78H (X) *Eu—l E‘m
E6MEHE—1— M /RS



fEAFERE
JLY—S—hFETRERK
B AT EDBEIEE ETRENMADT




-

*ﬁ%l-l-l‘f_lﬁ iy %WE %
BRBERMEITAYY 05 CH L LWFHlERILF

[ A P
(138{=4w1)

BLBHRER  PEREF I

BMABRERRE

' ' N
CAI'- 3> K U2 — LB
(45. 78 FHI~)

MR -
 ERRER

. ‘.'T..' - e
1 (5 AN
i BEBERMEAUE A RICT 2 REEHEE ST
FpptF—R—DMEBRER E SBE CHET 2ICPEES AT
H BEIMOODFLEZRHCI I XI00D7 Y —vIib— L






=V Yant b

HEK (TSR T U e ERASN DR AED T S
(>1mm)

K ERE - N\RE - NE - AL

ISSTHREZ=NICNEK (2017/11/17 ) ChelyabinskfEHa D& T
Paolo Nespolifk®dDtwitterdk D (2013/2/15)


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=yEKCz4I-LNTlZM&tbnid=X0N8iLDh7SJ_CM:&ved=0CAUQjRw&url=http://blog.esuteru.com/archives/6926933.html&ei=ydXMUp-YJo6GlAX7zoHwAQ&bvm=bv.58187178,d.dGI&psig=AFQjCNFjsbpw-VutfNr7SoQHD8DWsdwX5g&ust=1389242045135646

fEEODE RS
IRARDEZRAOIE
R DMEERS I DB(CDhED. IMARET (T E(TTET.

EFIREONE - A
TSR3 5\ ER B DB (L e

B LGRS
i‘m%b\ b 7 _—“ 06:00
35,786km i

Geosynchronous Ring

e 2012DA14
2013/2/15 SHER
s iﬂl?_%b\527,700km

NASA


http://ja.wikipedia.org/wiki/%E7%94%BB%E5%83%8F:The_Earth_seen_from_Apollo_17.jpg
http://upload.wikimedia.org/wikipedia/commons/e/e2/Jupiter.jpg
http://www.google.co.jp/url?sa=i&rct=j&q=2012da14%E3%80%80NASA&source=images&cd=&cad=rja&docid=wEn7AdpXj4BvnM&tbnid=7nvIuGXF-OG65M:&ved=0CAUQjRw&url=http://www.nasa.gov/asteroidflyby/&ei=wyN2UcHsOu-ViQfb_oGgBA&bvm=bv.45580626,d.cGE&psig=AFQjCNG0ixhAx-B7kofn6EzbT58QDxEHCw&ust=1366783290397764
http://ja.wikipedia.org/wiki/%E7%94%BB%E5%83%8F:The_Earth_seen_from_Apollo_17.jpg

= MaalxREA
ETFIEE (fall) B FARBRCER SN, BTSN SEEEIR
R COOERA N NR T BIHBBIEN' BI3S <13

ChelyabinskPf&fa
D& T &[EIUR

FHEEA (find) SETFEEHESNT, EIREEA EERE
gk cDEULFRNIZN

Meteor Crater (Arizona) &Canyon Diablof&5&




BEE O)%‘{.—j/ Ui&

1970 L RT 2,000 1E

2000 D7 —4 16,486 &
20124F5H :  #8&X 42,517 {4 20164F3H : #5828 53,236 {&
2013F4H : #8%0 45,468 {& 20179F4H . #820 56,233 {4
201445H :  #82X 48,879 {& 2018F4H : #5828 58,858 {&
2015F4H :  #8%X 51,615 {& 2020F1H @ #820 62,212 {4

Meteoritical Bulletin Databased D
(ZEINS X 5NZEGEL. Provisional EE, )

IRE CC30FTHRRENZE?
—  FRVREND SHERE (CERENS TS




rEAtRPE A

19694,

D E R A FHEFIE

B (I U VIP 2

£ &

KT 9 DD

BEM:%‘:%E Uiz, TR, FEMRORTE DM (C (&

ENHIBR U,

BEAENEETDC
AKX EZ N KEFEHTHN TS,



PREA

7 7V pArasEkia E TR OB IEL,

WIRFFEIELU THED MIICKDEEN (LEERY) AR,

FEREa & &80 IRMERRRIR & (C K D#HfEBY (CINE =N TS,
INE=NTZERET —ﬂ—(;J:DJL,MZ-_‘TTL —HY N CHAFRIHEE.

SERBDIIEL(FEOEEND

o
www.saharamet.com



[EEDAFHEIEA
FRZTAE - 18R

(RZY =77 > ACEABHIERFUF 72 &)
==/2B01E (FFCEEEa)

¢ =
- SLVEEE
o R

« HH nﬁa@*ﬂgab\‘%‘g
- FEICKHZEITD

S (X<

« IRHATNDERIE

=
A1

Ba(C XD CIRRIBENNE

iﬁ‘ﬁué

——w

fEATO—H—
(B&Y1 bhSe-BayxT)

. WSEEENS <. BERTIEAFRE
. EHERYA NCLS
. R

- HFEE(IAE

e BT A RNTHO>TEISITH=E
« BEIZXDNIEIKEICATFOIEE

o BNEIREIIFE

A AuCTION *
W -




= THE METEORITE MARKET

A place to buy meteorites . . . or just learn about them . . .

WELCOME TO THE METEORITE MARKET

This is the Web's oldest and best place to buy meteorites. We have
good photos of all our specimens and lots of information about

you about meteorites. On the web since 1995.

NWA 7402—one of the
most primitive chondrites

3
- : @

Meteorites for Sale. Enter here and learn
about meteorites on your way to the web's best \
meteorite catalog.

Meteorite Books--and more This links to a

1 is i The Moon! you probably never thought you
i i m ould be able to hold a piece of the Moon in your hands
gradually adding to this.) . . . And equipment too. now you can!

[ [carn about Meteorites. Here are answers to
some of your questions and links to other sites.

=

list of meteorite books--and my comments on them. (I'

SE > RS~ (Dimmitt)
117>/ 5,400

# DT10-9 |¥DT16-4 |[# DT16-7 |# DT29-6

I
|Weight: 10.9 gm ||Weight: 16.4 gm ||Weight: 16.7 gm ||Weight: 29.6 gm |
|Fearures: Part slice. ||Features: Part slice. ||Feamres: Part slice. ||Features: Slice. |
|Price: $49 ||Price: sold ||Price: sold ||Price: sold |

NEZEEG (SAU 005)

157> /\ 825,000

||#SAU005;32-.4.
||Weight: 32.4gm
||Features: Full slice

#SAU005-1-870 |#sAU005-5-892 |#sAU005-15-1
|Weight: 1.870 gm ||Weight: 5.892 gm ||Weight: 15.1 gm
|Features: End ||Peatures: End ||Fea‘rures: Slice

Price: sold [[Price: 52800 [[Price: $7500 [[Price: sold
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« CAI (Calcium and Aluminum rich Inclusion)
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Table 1 Abundances, sizes, and stellar sources of presolar grains.

Grain type Abundance Size Stellar sources
(ppm) (um)

Nanodiamonds 1000 0.002

SiC 40 0.1-20 AGB, SNe, Novae, J-stars

Graphite 2 1-20 SNe, AGB

Oxides 100 0.1-3 RG, AGB, SNe

Silicates (IDPs) 15000 0.1-1 RG, AGB, SNe

Silicates (meteorites) 200 0.1-1 RG, AGB

Si;Ny 0.002 0.3-1

Presolar grain abundances vary with meteorite type.

Yokoyama and Walker (2016)

(A) Nanodiamond

(B) SiC

(C) Graphite

(D) Corundum (Al,O5)




JLY—S —RHFDEMART
SIMS (Secondary ion mass spectrometry)(C KB EFTEIMAD T

of 18 65 &6
- — - -
;—} - =] b0=- { =4
Energy slit
Duoplasmatron
Field aperture
Hexapole
Primary beam
mass filter
Energy slit
and contrast Fc_:cal plane
3 aperture with :
4 detectors v
(’ Electron gun }x\ | m
il Lor=o PreAmps

j|]:. Exit slit
I

2T P
=27 T Sample Oxygen leak
: Pl 2%
i — Lens
Atock 11 Deflector
Sampe stage mmmm Aperture or slit
Channel

| plate

Ireland (2014)

U of Wisconsin-Madison

spot size: <1 um
SIMS lab p IJ




& Presolarfz &EHhhBdDH

o KBEZRODIE(CEEN B N —
'ﬁ:ﬁ‘ﬁﬁkb\ﬁb \3_35 1072 - °

. BT OE B AR
FROYEELT T O 2
TIFB C N RATE

10-3 @0 o ? %’W %8

170/160

¢ ALO,
4 @ Hibonite :
10 — | @ Spinel O -
C ® Mg-Cr Spinel .
® Fe-Mg-Cr Spinel
A& TiO, Y
O Silicates

Solar

107 TN e
107 10 1073 107

180/]60




7l

~ritT 1% SiC~

10000 - S R S + Mainstream
@<><><> o X
aY
=4
> A+B
1000 - - hova
< N ACIRR ~ 4 Q_ ________________
:__ Q
Z. 100 - 0© .
- o
— Q@O o}
08 8 d
10 A ° e
(@]
1 10 100 1000 10000
n2C/BC

Yokoyama and Walker (2016)
(Data from Hynes and Gyngard 2009)




7l

1000

14N/15
—_—
o
o

10

~ritT 1% SiC~

+ Mainstream
o X

100 1000 10000
IZC/ISC

Yokoyama and Walker (2016)
(Data from Hynes and Gyngard 2009)




Al ~wito 1% SiC~

200
200 v
¢ (a) _
o N RN . 12 ce TG A v :
O
. . 100} .
@ -200 2
¢ i & [ [FeH]=0
=) \ —
e | P :
-400 | ) + Mainstream N
; ° X  Q
: aY _0.05,47 D i
i . Jjoo 8 O SiC
600 | nZ - [] GCE (Timmes |
i < A+B . ,’ and Clayton, 1996)|
| x nova 100 L R _
L o) ! —100 0 100 200
-800 e e e 530Si/28S (%)
-800 -400 0 400 800 1200 1600
Yokoyama and Walker (2016) 03"Si/28Si

(Data from Hynes and Gyngard 2009)

SiEMMARLEFERIMEFECESTIL EEDIRVN-KIZRYIEDRIR(S ?



FEAEYD - TABET LY — S —HKIF

= wasa . Group 1-3
= FREEE - AGBE

10%F

3 @ o ? $%m 35009 :.’ - ° Group 4
107 Bty g BIE (?)

¢ Al, O,

4 © Hibonite :
10 E- | @ Spinel o -
| ® Mg-Cr Spinel | 3
® Fe-Mg-Cr Spinel

| @ siiates ° E L% L THSolar(C
e = UL, HOW BB, BELTNS
S J T XN BHE.
180/160




L7 Ty —S—HiF Nittler et al. (2018)

Cts DA AP = <30T
52 L 2 37 ce
Log %2Cr 5000 —e 56901:& —
100 1.00 - b O 13 | orc OfNe._
L . ® This Work
1000 5 A Previous Work
'S . o %, m 15M, SNl zones
2 O/Si High-density SNIa
= Slow deflagrati
100 O o.10k aCe } ka ] 2Faosvtvd:fl:§r::tilc?r:
10 o Y (O Detonation
[ gHe/C ¥ Electron-capture SNe
[ [
10 : ----------- -.---- 2, E‘; OéF--
0.01 : G .
0.00 005 010 045 020 0.25
! ! 53Cr/52Cr
Cts ﬁ T ﬁ T T T 2,* T
J 0
1000 ' b/Nem Qe o = /e %f:e
W m ce ) W, ® 6.? O
1.00 - o/c b <> \ . ' - 1.3 b \ . 1.00
F \ 237
|\ e L g
100 = "".‘ N | 'ﬁ‘[ = J .
g(.) |\ ios T Rossi
= \a . @310 -
O 010k o xi 8 - @ %0 310 40.10
3 F =
R AR s o N S S0, N S ot Solar ..
Solar ~§ :_EE
3 .
0.01 L el Ll 1 1 1 0.01
1 103 102 10 0.10 1 10 100 1000
S9Cr/%2Cr SOTifeT]

CIO> RSA bhoit U760 nmDEE{EYI T LY — S —AIFDCr-TilEMi{ALE 2 IE
=2ESN Ia. F/z(delectron capture SN (ECSN) #Z& ?



SiICOELR[EMUIIK

Mainstream SiC

« REREDI’C/13CHE
EEHE—E

SR B,

S, TLY—S—hTFOERAENM{AKERZ
E2 LHET DWENSDD

S- _Trf(c_ck D'ﬂzb“
JCEBeZRDEMAR

Deviation from Solar Ratio (%)

100 20
KJG
8ot Kr A Ba
60} 0 \
40} ol \ /
20t /j‘ 20 \ / gkic
0 ' —40 " /“KJE
—20} h /
40 —60
— ===
60 I L SKJA[ _gp H/
—801 165
-100 . L L —100 L— L . . . .
80 82 83 84 86 134 135 136 137 138
20
Nd
® 0
: f\
!.' Ill".l _o0k
| i \
[ —40
i \
[ -60 E/ \ / \
\ /]
H \ \ —80
D
—10?L. H-100
26 128 129 130 131 132 134 142 143 144 145 146 148
20 S 20 Sm
r _ KJA
0 uxu—==+KJE of DR
—20} —20f / \
—a0} _aof [\
—60F —60F \. ."II
] \ / -
—80F 80t |
O
—100 84 86 87 88 —100 27748 129 150 152
20 20
Mo Dy
0 0 *
| i \
—20 g -20 '.III
40t D/ 40t \
\
60} 60t \
—80f / —-80F H‘uﬂ
. L p—1
—100 ~100 160 161 162 163 164

94 95 96 97 98 100

Mass

Mass




r-processiB(CEOT LY —5—HIF ?

Table 1 Abundances, sizes, and stellar sources of presolar grams.

Grain type Abundance Size Stellar sources
(ppm) (um)

Nanodiamonds 1000 0.002 @

SiC 40 0.1-20  AGB,SNe, Novae, J-stars

Graphite 2 1-20 (SNe)AGB

Oxides 100 0.1-3 RG, AGB,SNe )

Silicates (IDPs) 15000 0.1-1 RG, AGB,

Silicates (meteorites) 200 0.1-1 RG, AGB

SiN, 0.002 03-1 (sNe)

Presolar gram abundances vary with meteorite type.

* SiC: X grains
* Graphite: Grains with 2C/13C< 20
e Oxides + Silicates: Rare grains (Groups 3-4?7?)
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RIMS (Resonance ionization mass spectrometry) (CKDHIE

Mo isotopes

(a) 200 1 , , (b)1600 ¢ . .
[ SiC Maingroup 1400 | SiC X-grains
° 1200 §
500 4 1000 §
o : o 800
=-400 + = 600 +
w : “ 400 +
Rat 200 1
-800 0
[ -200 _
-1000 - . . . . . . : -400 + . . . . .
92 94 95 96 97 98 100 92 94 95 96 97 98 100
Mo iMo
s-processiE(CEL/ 5 —> (AGB stars) s-, r-, p-processOWL\I NEBEER LRV -2
Yokoyama and Walker (2016) *E*ﬁ%@]ﬁélﬁ(:&% EF"|$_7F/ \— X ~?

(Data from Hynes and Gyngard 2009)
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Ba isotopes

1500 1500
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-1000 [ T T T T I -1000 [ T T T T I
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(Data from Hynes and Gyngard 2009)

SiC x-grain(C(&r-process®Ikfx? — 134Ba, 13°Balcfal@Edp D
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