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Parker Solar Probe's WISPR instruments captured the first-ever view of a dust trail in the orbit of asteroid Phaethon. This dust trail creates the Geminids meteor show
We provide details on the detection of a visible white-light dust trail in the orbit of (3200) Phaethon, a large near-Earth "activated" asteroid known to be the parent of tt
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Table 3: Na-Mg-Fe variations in the Geminid meteoroids.

Classification Number Nal (%) Mgl (%) Fel (%)
Na-free 114 3.7 26 751 x64 21.2+x6.0
Na-poor 24 128 £ 1.7 700+46 17.6 4.6
Fe-poor 9 31.8 £9.6 521 +£9.7 16.1 £2.9
Iron 3!  037+028 121 +6.0 87.6+5.7
Solar abundance? - 24 40 36

T A saturated iron meteor among three was excluded.

I Assuming entry speed of 35 km s~! on the line of Fig. 5 for the Geminids.

(a)Na-free Geminids; The Na line 1s almost missing except iron Geminids.

Na < 10%, while Fe/Mg ratio varies widely.

(b)Na-poor Geminids; The Na line 1s fainter than the expected chondritic value. 10% < Na < 20%.

(¢)Fe-poor Geminids; The Iron lines are very faint among normal Geminids whose Na/Mg ratio 1s

normal.

(d)Iron Geminids; The Iron lines 1s dominant. Presence of Mg line but Na line 1s nonexistent.

Note that the Fe/Mg ratio 1s lower than solar in all groups except Irons.
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Table 4: Average F-parameters for Na-Mg-Fe in the Geminids.

Elements Average F-parameter
Na* 0.590 = 0.090
Mg 0.607 = 0.064
Fe 0.543 + 0.062
Shower*™ Average F-parameter

Leonids 2000
Taurids
Perseids
Orionids

(Geminids

0.498 = 0.014
0.535 £+ 0.025
0.535 £+ 0.010
0.545 = 0.012
0.583 = 0.016

* F-values for Na were computed only for meteors with Na > 10%.

xx F-values for different meteor showers refer to Koten et al. (2004).
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is emitted from the ionized gas. search zone
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[]
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[ Interstellar meteoroids ]

Hyperbolic orbit, v > 72 km/s
Orbital velocity of Earth = 30 km/s
Escape velocity at earth orbit = 42 km/s

Nuclearites/SQM

Light is emitted as black-body radiation from an
expanding cylindrical thermal shock wave by elastic

or quasi-elastic collisions with the ambient atoms.
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ol f Geminids LIF

—4476.76 — 3810.09 ~——3869.23 3675.48 ——3371.74
® 0.000s O 0.0333s O 0.0667s A 0.100s

Color spectra of Geminids LIF X
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BIL#E (Z 3, 2021)

Time Temperature
% ra: NCR- §1Oé(I\fEC/Goto Inc.) (S) (K)

Table 1. Geminids Lunar Impact Flashes on 15 December 2007. 0.000 4476.4+95.3

Flash Time (UT) latitude longitude  mag. duration mass Impact Angle |().(0333 3810.1+29.0
A 8:28:18 +1 -83 9 0.033s 0.1kg 4em 51

B 8:54:25  -16 62 6 0017 2  llem 57 0.0667 3869.2+146.5

C 8:55:26 -17 -84 5 0.32 3 12cm 42

D 10-:08:10 20 _75 5 0.32 5  D=15cm 47 0.100 3371.7+x72.5

Abe, Okuyama, Yanagisawa in prep.



LADEE( Lunar Atmosphere and Dust Environment Explorer)
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Biased Ground-based Observation

No observation is made near the poles & along the line of 0° longitude.
 detections only on the lunar leading and trailing sides

* observable only few hours after dusk or before dawn

- Earth-shine enhances the background

>400 events detected by NASA(MSFC)
2005 - 2014

Suggs (2014), D.E. Moser(2015)

(b)

~10 nights / month

(a)

Lunar phase
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Am LUnar-Earth point 6U Spacecraft)

Antenna (X-Band LGA)

SIS ER—

1ocm 2SAY

VT
(X-Band LGA)

EXPLORATION MISSION-1 =z | Y

The first uncrewed, integrated flight test of NASA's Deep Space Exploration Systems. The Orion spacecraft and Space Launch System rocket will launch from a modernized Kennedy spaceport.

IDELPHINUS
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Total distance traveled: 1.

illion miles — Mission duration: 25.5 days — Re-entry speed: 24,500 mph (Mach 32) - 13 CubeSats deployed



Relative response
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Spectral sensitivity of the censor
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Pixel size 7.4um (H) x 7.4 pm (V)
Lens (2 pieces) f=50mm/F1.4
FOV 5.58 x 4.19 deg
Wavelength 400-800nm
Lunar impact flash mode Exposure =1/60 sec
Asteroid observing mode Exposure =1/4000 ~— 34 sec
Limiting magnitude for stars 5.5 Vmag with 1/60 sec exposure
Limiting magnitude for LIFs 4.5 Vmag with 1/60 sec exposure
Power consumption(.8 W
Dimensions 100mm(W) x SO0mm(D) x 100mm(H)
Operating Temperature -10°C~+40°C
Mass 572 g excluding FPGA controller
Controller FPGA + CPU
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EXPLORATION MISSION-1 vasa

The first uncrewed, integrated flight test of NASA’s Orion spacecraft and Space Launch System rocket, launching from a modernized Kennedy spaceport

spLASHDOWN @ @ RE-ENTRY INTERFACE ENTER EARTH ORBIT @ ouTBOUND TRAJECTORY CORRECTION (OTC) 14 ORBIT INSERTION
Pacific Ocean landing Enter Earth’s atmosphere Perform the perigee raise maneuver As necessary adjust trajectory Enter Distant Retrograde
for Lunar insertion to DRO Orbit for next 6-10 days

within view of the U.5.
Navy recovery ships 'l

Ftequires several attitude maneuvers
and Optieal Navigation Checkout

— Heli tric DN I
. — 15— @ FINAL RETURN TRAJECTORY i i B
LAUNCH : ] *m CORRECTION (RTC) -
ﬁ# Su ;';Eo:::f: d Precision targeting for
39B at Kennedy )\" Ry 'ﬁ’ RETURN POWER
Space Center [ FLY-BY (RPF)
.* RPF burn prep and
", R return coast to
JETTISON (2 \' Earth initiated
ROCKET ‘ N i
BOOSTERS * -
Solid rocket » P -"'".B 15
boosters £ : RETHSE;:gE
separate ) OUTBOUND TRANSIT "
‘ -;_;_,.- ORBIT (DRO)

Burn maneuver and
solar panel adjustment;
37,000 miles from the
surface of the Moon

EARTH ORBIT e :
Systems check ' W >
and solar panel N e
adjustments \ S~
TRANS LUNAR . )
INJECTION (TLI) BURN ""-«

Burn lasts for approximately
20 minutes

@800 @\

CUBESATS DEPLOY ”

ICPS deploys 13 CubeSats total o 1w
- : . OUTBOUND POWERED FLY-BY

| Results in DRO insertion;
'. 62 miles from the Moon

3 JETTISON LAUNCH ABORT SYSTEM @8 RETURN TRAJECTORY BURN

INTERIM CRYOQGENIC . ® & CORE STAGE SEPARATION Precision Trajectory Burn ﬂ'ﬂﬁ RETURN TRANSIT

PROPULSION STAGE (ICPS) The LAS is no longer needed, aiming for Earth's Return Trajectory Correction

SEPARATION Orion could safely abort at atmosphere burn prep; travel time 6-10 days

The ICPS provides encugh thrust to Anytime; core stage separation

circularize orbit and commit Orion to TLI and engine shut down [ T P e e S e L A

Total distance traveled: 1.3 million miles - Mission duration: 25.5 days - Re-entry speed: 24,500 mph (Mach 32) - 13 CubeSats deployed



EQUULEUS; EQUilibriUm Lunar-Earth point 6U Spacecraft
S/C will perform ~6 months flight to EML2 with AV of as low as ~10m/s

(deterministic) bv iisina miiltinle hinar aravitv assists (canacitv: ~70ml/s)

Launch Insert to EML2
1%t Lunar +  Final Lunar Libration Orbit
Flyby Flyby
i) L h and 2) Lunar flyby .
@ (Ea)r|yaOupt():it SITase 9 sequence phase 9 (3) EML2 transfer 3 O (4) Observation phase
g (LEOP) | > prece
~ 1 week 1~3 month ~ 5 month > 1 month
gx10> X0
AV2 8 -
6 | §
6
4 L
4
= | E
—-ﬁi 0 - - k N- 2 1
~ | the "
2 | S
un
4 | A 2
6 | 6
* 23 : , 4
8- — x10* 2 4 0
-10 5 0 5 -6 8 -4 -2 «10%
X, km «10° y, km X, km

Left: notional EQUULEUS trajectory in the Sun—Earth rotating frame.

. . . e . Funase+ (2020
Right: arrival and science orbit in the Earth—Moon rotating frame. ( )
*LGA: Lunar Gravity Assist, EML2: Earth-Moon L2 ¢
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Starship
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I’'m an astronomer and professor of Aerospace Engineering from Japan,
HEXADKXFZE T MEFEHILFDEZIKXTY,
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