ALY e I —
s L ST AT SR

2024 10. 16

HARENER BED FE

am SCHIT A statistical analysis of over three thousand meteors and their spectra

OXFORD

P Journals

Monthly Notices

of the Royal Astronomical Society

Issues v Advance Access More content v Submit v Alerts About =

Monthly Noticesof tf W

o e fi Sign in through your institution

Advanced
Search

JOURNAL ARTICLE
A statistical analysis of over three
thousand meteors and their spectra 3
Alberto S Betzler &, Takashi Sekiguchi

Monthly Notices of the Royal Astronomical Society, Volume 529, Issue 4,
April 2024, Pages 3408-3423, https://doi.org/10.1093/mnras/stae763
Published: 15 March 2024  Article history v

Volume 529, Issue 4
April 2024

PDF BN SplitView ¢¢ Cite  Permissions = Share v
Article Contents

ABSTRACT ABSTRACT

Gl In this article, over three thousand meteor spectra recorded in

Saitama, Japan, between 2018 and 2021 are analysed. We
performed a principal component analysis of the intensity of
the sodium and magnesium lines and the iron band of each
meteor in combination with the orbital elements and the
kinematic parameters such as the geocentric velocity and the

2 THE DATA
3 RESULTS AND ANALYSES

4 SUMMARY AND CONCLUSIONS

KLVIA ! MACKITC

ademic.oup.com/mnras/article/529/4/3408

CITATIONS VIEWS ALTMETRIC

DO

@O More metrics information

Email alerts

Article activity alert
Advance article alerts
New issue alert

In progress issue alert

Receive exclusive offers and updates

from Oxford Academic

630220?login=

Y



75UV DAlberto S. BetzlerZ( 5225, A—)IVHBHEAEDHD., FADMeteornewsdD

DL DARTZ IV DOF—F7% L, i
HEOB BRSO LEBZINEDZLETREL., ISIZMHIF RLTRIB000EDFT—4 T4 HIZH AT
BEINIDLDTY, #AZ. T HREPRETEMIVRODE 2120 TT,

R

1. 507 — R Bl

Start

Nowv. 28, 2018 - - 2021
Dec. 13, 2018 - - 2021
Novwv.OZ2, 2019 - - 2021
Oct. 31, 2018 - 1S, 2021
Oct. 138, 20138 FJumn. 28, 2022
Jul. 31. 2019 AAauaus=. 11, 2021
Jam. O2, 2109 Jan., O3, 2022
Ocr. 22, 2018 Jun., 28, 2022
NDec. 18, 2018 Feb., 25, 2022
Oct. 10, 2019 Dec. 30. 2021




PCA)

2SR DV TN 2D PCA K, % F 15 (PC) ICBHEAT I SN R ST A—21T,
FRITEBEIN TV EF, GEM, COM. PER, NTA, STA D BEEIIZOEMZ2RI-LTOET,
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Table 8. Principal component analysis of PER
meteor shower data. w is the argument of the
perihelion.

Tabled, Principal component analysis of COM meteor shower
data. 215 the longitude of the ascending node.

Table 6, Principal component analysis of GEM meteor
shower data.

Eigenvilue &Il PC

Parameter Eigenvalue PC B Parameter Eigenvalue PC

V 03 1 o | [ HI 0.624 1

Ni 03775 | : M 04717 y)
Na 033 ) £

0 038 ) : Fe 0.4668 2

Fe 03718 ) Mg 0.354 ! W Na 04652 2

03704 2 -0.3826 2 w 0.3304 3

Table 7. Median values of the chemical, kine-
matic, and dynamic parameters defined as more
representative by the PCA of the entire sample
of Geminids meteors.

Table 5. Median values of the chemical, kine-
matic, and dynamic parameters defined as more
representative by the PCA of the entire sample
of Coma Berenicids meteors.

Table 9. Median values of chemical, kine-
matic, and dynamical parameters defined as
more representative by PCA of the entire sam-
ple of Perseid meteors.

Parameter Value Parameter

Parameter

Vg (kms™) 6.1 _ Vy(kms™ 35 | Hi(km) 110.12
Q2 (deg) M9 Q (deg) 262.08 o (deg) 150.79
Na/Mg 097 - NaMg 024 _ NaMg 102
FelMg 055 Fe/Mg 029 Fe/Mg 0.56
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Table 14. PCA of NTA meteor shower data. q is the perthelion
distance.

Table 10, PCA of LEO meteor shower data. Incl is the
inchnation of the orbit.

Table 12. PCA of QUA meteor shower data. a1s the semimajor
axis.

Par Eigenval PC
Parameter Eigenvalue PC e i

Parameter Eigenvalue PC

q 04487
V, 048

Incl 03745 Vy 0419

[

I l 1

Q 0.3 | 1 04076 | -0454 2

Mg -0.2916 ) Mk 04735 ) f; —Dﬁésvl;? ;
i J

i : i ad I* 03641 3

Table 11. Median values of chemical, kine-
matic, and dynamical parameters defined as
more representative by a PCA of the total
sample of Leonid meteors. Incl is the inclination
of the orbit.

Table 13. Median values of chemical, kine-
matic, and dynamical parameters defined as
more representative by PCA of the entire sam-
ple of Quadrantid meteors. a 1s the semimajor

axis.

Table 15. Median values of chemical, kine- 2
matic, and dynamic parameters defined as more 2
representative by a PCA of the entire sample
of northern Taurid meteors. g is the perihelion

Parameter Value

Parameter

23461 Vy (km s~y
161.83 a (au)

Lo+ © NaMg
L1l Fe/Mg
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Table 16, PCA of STA meteor shower data

Table 18, PCA of ‘other meteor showers' data, Table 20, PCA o the sporadic meteor of iron ype.

Parameter Eigenvalue K Parameter Eigenvalue fC

Eigenvalue

0405) 1 0474 l
I 03495 o B 0445 N g‘:g;; 1
Hl 04113 1 B Mg 57 ] -
Mg 03603 a B 15519 o L ] 2
N 03108 ) 764 ] 05216 )

Table 21. Median values of chemical. kine-
matic, and dynamical parameters defined as
more representative by PCA of the sporadic
meteor of iron type.

Table 17. Median values of chemical, kine-
matic, and dynamical parameters defined as
more representative by PCA of the entire sam-
ple of Southern Taurids meteors.

Table 19. Median values of the chemical, kine-
matic, and dynamic parameters defined as more
representative by the PCA of the ‘other meteor
showers'.

Parameter Parameter

Parameter

y V, (kms™") 409 V, (kms™') 14.2
Ve (kms ™) B2 ol (deg) 55 | Ial (deg) 10.14
q (au) 0.43 q (au) 0.62 q (au) 20
Na/Mg 1200 NaMg 081 _ NaMg 0.29
Fe/Mg Fe/Mg 049 Fe/Mg 751
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Figunre 15. Phase plane of the median intensity of the sodinm line §f against
the peribhelion distance o for some meteor showers from Table 24 The showers
GEM amnd STA formm the extremes of thye median intensity.




O TIX, HARDOTF 27 KX K THHE N KA 2018410 H A H20224£8 H (UT) ORNIZELERLTz3000LL
FEOWRBDOARZMVE 5 HLELTZ, BLF Tl COMEDORDEELHEREZERILET,

() o T MWITEENBFEDMENT A—F (FNITLER TR T LDARY MVERESR S RD
BRIE), WE NT A—% (EP455. J H A EREE, BEO, . i HAGEL BR800, s, B
FOGEFI NG A—F (HODEEE, AN EE R REE) IZOWT PCAZFEITLE T, HiRITBI3 5L
R Tl TRENIT—FRIrEZE ORI EIZEN TS

(i) PCAZ U T, LI EREREHOF NI AL RV LDORROBENX, WiE/ T A—
% (GEM, LEO) L@ NF X—% (PER) IZIF BN BT T SN, £ITNG 2 DT N—T
(SPO. QUA. NTA. STA) EFIIRHZBEEST T SN BT EDHIVEL

(i) e ORERIZBE I 2R E L THLE NI A= DEFEET D LT, A B RO EON
%z X3 AR Em N BEONEZIZIEE O N OEE R L TS DD D, JBE) N A—F
X, SREROWE DR E BB H S,

(iv) 7Y ay 3.4 TEITENTZ PCA DIFEALITBWT, BOH ORI, +l~')17A:bJ:U/i7‘Ji
2RI LDOBRORE LB RO E A 2 > TS, ZOEET. EREBLIOKE R BEIZE
FAZDOERBDERBPPIZNTZDTHHEEMENRH S,

(v) ZOHFHIOHIINE COM BXD QUA FREFETHD. SRR DIREEIXS T R T LDBRORE X
DLHTPITHRUY,

(Vi) REHDO N —F1tix. HLFLLESEEREDOLDOEFLILIWuE, 1k, BXOGEB) N A—
B Do A% i DFRE DT I —FIT DB HDIT TR,

(vii) 2N ANDEFE D AR MDVEIOE & O fiElE 80.5% T, #iPAIX 39.5% 5 96.8% TI
CNSHDRBmRAEIE, ZNZ GEM EPERIZHILLE T . GEM Fi 2B TIX. Na DA Wi RS
Na Z & KRV ED 60.3% BRFLED 1 DROLNFELIZHPER Hi B HETIX. Na DADLRWGFED
2.1% NaDZWHEED 19, Na DEWEEN 1 OETFRHENFE Lz,



(viii) B> TN DGR AR Y MV RO W72 38 PR SR O LD E EE PR 4.8 25 36.6 km/s T
il 14 km/s T, PuBERHAIX 0.4 D5 64.1 EET, HfifilX 10.2 EETY,

(ix) k7T ADFBRDF NI LER TR LDER BT, COMBETHMENTIABD T XTD
ﬁ%#/? )I/J:%ﬂ%&b W3, ZAUIZ DL TH M STt S i PR 72 8k B B A AR S
(x) H %Zl«éci‘ LEO ’ﬁ%ﬂ?}: PER Hit B AEDF NI LR DR 53 A DL TOAZEBREIN
72 (p i = 0.068)e TN5 2 DDFREEEDF NI LFRORRE /3 AL, GEM B2 D7 i LIX R0,
HRELNKEE R RIELTETNODOFREBEHOFT N LERABRICTARRBRENDHHZLERL TN,
(xi) H 7 ABFTIZ. LEO, PER, BXT QUA B DF NI LRRDERE D AR BIZDZEDREINTH
V. ZHUI/NEEL 2003 EH1 A8 QUA B BEDORER I THBE0HE ZUIZBIHL TOS ] REPEA S B,
(xii) QUASR R IEEGEMBE S BE% L 354, PERFEEIEPLEOT E BEDIG A LRIERIZ, BUIPEIZR
FATEBDIPVET  TO2DODFEFEDEHIIZLEVIX. F R LD BB ENQUATE T
IXGEMBREIED21S (13472 D) TH ALV BEIZEH>THHTEE T, GEMFERFHTF NI L
A BEPIEBITES, (22N HERETREREDORGI EZDIEMEL L TR T AZLIETEERA,
(xiii) PERFREAFPCLEOT R L LR 3 5L, COMFREFHIIQUASE ERHIZIERT/MNEE KDL E A
RERETH D BEED mK IR0 ET (plifi=0.182) » 22T, RERKIERIZTANE LIz, FOES

(xiv) FRITLER BIZHEDSRERBY A7 D HIINTATREHEESTASL R TIIMMETIIRL, C
NODFREBHBIOF NI LB RBEVET, NTA L STAX. FAbDOF—FEyNTBIFAEZ0N
FA—¥D LRTT,

(xv) ATz DY 7V OBCRYETR BAAED 39.9 73—k b 40.6 73—B2 N, 2 DORILD ) )
HAIZ -S> TE RO IHORMEZFFH>TOVET , TRHD)N— 57—k, FEROT—7IERERS
ET—FHIR 70 =7 H 357 V)NV B By N7 —2 (BRAMON) IZX->THllIEh 72
B I L TRBEINTZHEWLED 66.2 13—k e 61.3 73— DB ENTT,

Marme = = o i € 0 D=h T] o B o & Vg
HiEFT{F Ccom 1466 D82 0557 13530 25350 27220 000 —030 1131 —4434 1670 280 B33

|17"5I2I 1 SEH#E 1000 0200 13200 28500 30300 053 H#4#### 1118 -4588
|[R%0 12527 1413 DaE2 0537 13540 2580 27540 004 027 11258 —-4445 1674 274 632



