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Photometric Observations of 107P/(4015) Wilson—Harrington
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Abstract

We present the rotational states of 107P/(4015) Wilson-Harrington. 107P/(4015) Wilson-Harrington is a
comet-asteroid transition object, and a promising a candidate to be explored by an advanced spacecraft
Hayabusa-Mk2. The physical properties of W-H allow us to infer the origin and evolution of NEO, or the
relationship between asteroids and comets. The photometric observations of light variation, so-called lightcurve,
make clear the physical properties. In addition, the physical properties of 107P/(4015) Wilson-Harrington are
important to design the future mission plan. We have conducted the ground-based observation campaign of

107P/(4015) Wilson-Harrington by using five small and medium-sized telescopes.

Key Words: Asteroid, Comet, Lightcurve

1 107P/(4015) Wilson-Harrington

MNERERER T, KBRFERFOHKTY. BECE
LHETOELOHBREZDOLBRRETHD, Zhvh
DORED B ERIERHRIL, HERSEOELEREZ X
BLELDTHD, T, WERTIWERIFES
BAFBLELOTHS, MEERECEEVEND
RERETHY, BEREFHECML., BREEDE

BEIEVERETHD EEZLNTVWS, —F.,
HE L NRBEOBEE TR L D BRREEE -
BEERRE) S IEE L T 5, N E(2201)0lato & 7
H%E.(3200)PhaethoniT, FHFids 5 LEFREHEA,
SIETERREOBRELILEIDNATEY ., oTE
EEHE LTV EAERHSATHEY, Zhbo
RKiEIL, AREBEEE (Jupiter Family Comet: JFC)A3, #f
REME O & 2 THBEER & 72 o i HIERITE
ANBE (Near Earth Object: NEO) T2 A & 5 B
B, —F. MEOBENLEZ LD L&, Tisserand/¥ 7
A—F—lIWTNOXFELIZFBITEN KEEFEER
(Jupiter Family Comet: JFOICHEH I NV, EHIT,
BEICH-FHMEHEICEVTH, ZRHOREDE
RRJIFC Tt <, /INBEHF(Main Belt Asteroid: MBA)
DA, FORRENRSHS Z EAEHEh TS,

70, R TRMBAEE TEEFETHEE Z ¢ REN
ZHERENTWD, ZHbHiX, AA -~ FEEMain
Belt Comet: MBC)? & SV, ZRET7 XABEREH

40 Spaceguard Research Vol. 3

Tw3, sl & L T, 133PElst-Pizamo,
P/2010A2(LINEAR). P/2005U1(Read), 176P/LINEAR.
INBRE(596)Scheilai B B, Zh b OXREDR, BEED
FEITREO—D> & LT, MMREHFEOTEEIZ
z2 bnTW5aY, -, 133P/Elst-Pizzaro |3 U HMBC
DAY MABRPEIBRISEZDS T ¥ A4 7 THBFRE
FT b OMHE, BEUNKER, INKEQ2)Pallas/ K
B(24)Themis, Tz, ThbEEEZRTIEREIZLL
Bhh3, &0, 133P /Elst-Pizarro, 176P/LINEAR,
P/2005U1(Read}iX Themisfk & L TR SNV I B
E85H2%, BEINREOEMLE LT, ©X0FHMP2
AR AAELTEY, KEEREZEI LidHo
EEEFRLTVWA™, Zokdic, BE - /\BEE
BRELHET S Z 23, NEOOERSEk, /IRE
Fl£ DTS, A IETRFEERARIC 35T B E O EAR K.
HIROADER L W ok KBRMREBEBEOHERE L #
EERNTIRDOFRNY 25,

IR - HEBRBERAOD &2, 107PA4015)
Wilson-Harrington( LA FW-I)23 5 5, W-HiZ, 19495 D
FEARCHVENSBRE SHh, R L LTITPOFESR
SiFbhi, BEREOBAEMEEL hofcicd, IE
FEAMTE A E T3 ICREL Ao il 19795FCH
H &= BRI R B 1979VARW-HE FA—XR&E T
HAHZ EMNHF L, MREFZ4015B 2T bhTs, #E
=T, W-HiZ. (2201)Oljato=(3200)Phacthon & [El#£,



Photometric Observations of 107P/(4015) Wilson-Harrington

PO TEREMEITo THWERELEZX LA TS,

FOHIT, EEFEHRR LN, 2009/2010FOHEIZ
BNTh, WHICBRELRERFEUE RS0l &
BESN TS, W-HITBGRREEa=2.639AU, #
D SRe=0.624, BIHES £i=2.785° Ko7 T R
EENEOTH D, E7-., Tisserand/tF A —F—33.084T
HY., JFFCIZHBEENRY, FOERIT. 4%0DRERT
JFCIth Y., 65%DHBTMBADIMUIICH B L HE S
ATWBY, AT R A FIXCE/NEE PR/ E
BEOBMER-SLEZZLRATVWAEMY, Zok5R2z
Enb, MBADIMUICEIRZF S, KELEREZITE
X5 R ERETHAAREENRH D, & HIZ W-HIL,
FOMBEORKEILHREBIC L AERICELZRET
B, FRRE, RS E 2 IoH RESHEOEE
KEDVDE2THBY, 0k > ZREEZHMICER
TARZER, FROFEREHEOREDAZDICHLEET
HB,

ARFET, Fxid, W-HO HERIECHEROWEZ
TFofz, £, EEABLC LV ETY 5 —0H—HIC
ONWTHHEXIT o7, W-HOERFEHOFREN,
MBCIZRbND X D i REHFEILLIEZLOTHN
. TOBIRIZARRA BMOWMEDHERTR > TS
mENHD, T, TORAI T —CTRE—HERED
TWAHEEGZ L LRS, Z2hE T W-HO B iR,
3226BEf L6 2R LWV D oD BB ENRREN
TWBH, Lal, &b BEREQCEHIAN LR
bDThY., BER+STRAEW, £, BIEDF
M. BEER., BRICOWTRELLTARLATY
2, ZHALOWEREEFER TSI, BHEICR
SERBAPOW-HDZ A A —72RET2LEH
H5, Txix, BT SOREEEEZRONT, &
HABAIx ¥ o _—r B EB Lz, FRTIE, £0
BRIZOWTHET S,

2 @A

SAMVA—TEREO-DOBRIT. 2000FE88 15
2010830 IEMiT T, REAR—AT—FEF—
(BSGC)ImE L, M LR EEEBAFT(OAO)0.5SmEiH
., V—U RXE 1 mEEH, KBEBEAFT.0SmERE
L, NI A RE22mPEBEE AV TIT o7, Efg0—
WHFB O, BAEPEETV. 74 MA—T &=,
=/, 20094128 17H T, BSGC L OAOTHEAIKE
BAL3EHE L, BSGC T, ', I 2274 VF¥F—%F
VW, OAOTiXg’. R, I7 4 ¥ —F RV,

3 BR

BT A bH—7 D> HLomb-Seargled ' Uz X U |

BT EE L. W-HoHEEH 2RO =(E1), B

10k 5, 3oCRAMBTHEOEMERED, TIh
50.2979H (=7.150.01RfNZW-HOEIFAH & L7,
BEHEO 5 5025428 1T, BEOHFR ISV THEMN
HolBBEARLFETI O ThHoOTEHEMADL
sk Lie, =0, 0.0993 H I3 Tk AmEETOF
D AEEMED B 5720 | BB OB LR L,
E LI BERBER Do oD BEAMIL, 02979
A b AR A L Y . FHEORBRLFE LR,
F2iZ, 029798 TV BAKETA VA—F %57, @
WONERSA M —T LRV E—7 PeEIERND
B S A b AI—T ThB, KIT, BEEHOFR %
IRy 2 EPE I T FETFAERICI D RDI,
Zo5h, —FlE LT=Ry 7 EOHELERR £
OFERZEBITT, ZHFEO X 5. BRMORA%E
ERE LB A, KB, HiER, W-HOAERMROZELIC
XY, FA MI—TOMBICXLRELTL B, ZOD
MBOALOKRESZ, EBEBOFRIEFTS, £
T RARLELNETA P I—TOMAOR L L,
BBl O F i C TEBIICRE SAMAEO X1
BL., TOESBRLNELZLHHENLL, BRI E
BHEEHT 5, 20X 3 CHBEMERET SHEN
TRy IETHD, B3 TREND LI, =R I E
TREBWAREZ—2DICRETHZ LXBELY., &5
T, BEMAGRE310° #HiE-10° )& 5 EEBEE
132° #GHE-17° LSRR BN D LW ETBEOFH
Lipote, T, AH T4 RXEFTNETIE, BBl
COHERE330° 27" MIENR BEEN S LV EiGl
FEEiol,

Pouse
g

L] 0.2 0.4 0.8 0.3 i
Feriodldayl

H1. BT oSSR, 025420, 0.2979H . 0.0993 B fF
FICEERRAMES S,

-a.3 |

-8.2

s
2

Relative Magnituda
e
Bo®

-3
h
N

b
v
©w

L L L L s L L L "
@ @©.1 8.2 8.3 8.4 0.5 8.6 8.7 8.3 6.3 1
Phaze

X 2.02979B THVBALS A bH—7

Spaceguard Research Vol. 3 41



) IEEAER fi

ke Ak, Bbni BRI & EEES R Z5)
WEE LTI FARVETAETRDS, I 74
RETFNER, NEERREHEARETETMEL,
EFNEBTOXOEESFEEHA TS L THLN
BRIBERTA MI—T &, BRLLELNLTA T
H—TEHRTE L TINRERREBRTAFET
h5, HIEHIA L BEICH: LB LR EHRET VA,
CEENFNMEA. H5IZTRT, BEEMBEIMIIC L
ETNL, BESAZTIMEC LIcET NV LIRIERER

Ecliptic Latitude{dap}

e 188 208 360
Ecliptic Lonpitude(dep)?

H3. BRALLBLNETA NVI—TOMBAL L8
WSRO IAB R L DXL, BBE#HEFREZ 1° A&
T, EIEFRITOT ~360° | BRETRIC-90° ~+90°
OEFEATHEHEL . LEMLL LWBEMFRERD =,

RbDERTEDT, ZZTRRETS, BRET NV
AD =, L1:L2:L31%1.0:1.0:1.6& 725, = Z TL3#
BEMTH S, ZOEFAO L S I H im0k X
D &< 2 AEWRITKkmY A RO/NNEE Tz, —
F. HEORER IO I I RTINS, iz,

BisE# 029790 . REMME0.09938 & L, W-H

RIS {E L, W-Ho B iEiY, 2EEHED
B FVERDPBS BWTERLTWAZ E &R
B(EBA), —F. BREFALCO=ghE, L1:L2:L3iX
1.5:1.5:1.0 725, Z 0 & D T3 EE THERI X
L HLNABRTHD, BIRET VAL RRICREE
W&ERE L, FOERBZF-E, BRETACO=
gtk & BRI, mERAMERNTARIL o7, T
ST, ZOBREFATREEO/NEREOL ST, B
IR M & 2EIEAEH RS hOFmB—8 LT
WahbOEEILNS,

42 Spaceguard Research Vol. 3

H4. IARET VA, (E)BIRASM» D OWEH. (B)
AR D B O

5. FRETAC, (E)BBMERED D OWHFE, (F)
AR 5> B O

H 6 I FBAXDOERERT., ET7ANVF—THEDL
NEBAEE 28R Tey hTEZET, W-HDX
T MHA T ZORRELERE L=, R, I0&
ST, XMESZ O, PERICERLTVWEY, &
BARIYECIE, SXBRE & L THERRDMEED S
ITH Z &LV, BRSSFRVNRE X, [€6 BT,
FIECR/IRBOMBEICL Ty FERS, KO
BiZ, W-HRRRHRARNFCENEBETHD I &
FRLTWS, ®iC, E6(L)TOPhase3&H6(T)
@Phase-4, TOMIIIXB 2R L THE D, W-HOFEAIZ
LR —ERHIAEEER L TWVD, 27 L,
AEANC BT SRR BT MA I H0.15IRETH
D, RE—HOBRRZHES, DT RIFABERC
BZoTWAOHETAZERAETH S, OAOT
OENBHTIE, ARNLRCE/NEROKEEZTTT
—FZ B/ LN TNSY, XBUNEEIX, Tholen Y Tk
E. M. PEUNRRICHET S, 2055, WHOX
RN T AR FE S L D IIPENERETH S, P
BN § MBC & FIRICMBADAMRNIZE K ST 5
RBERRREREEZZ R TWS, T, RIETIL.
INBRE(65)Cybeleds, CEBI PRI XEUNKE OJEEE R
L. Aok E o2 ST 5™, (65)Cybele
FX. (24)Themis & 2.8 p m-4.0 p mFFIKD A2 b ILBHEL
T3, fefko &0, (24)Themisix133P/Elst-Pizarro
B EOMBCORBIE T2V EEZEZLRTVWA, Z O
X5 RELHERHEL S 2 L— 3 VORBRINLIE
ETBHE, WHL, FOR~L7 FARRCHTHS D
LXBITHSH & MBCO X 5 ICMBADAMAlZ &R &



Photometric Observations of 107P/(4015) Wilson-Harrington

T5, FHCRRENZRETHL EBbhD, FHEIZELY, T4 PA—TBANSEW-HD BiRD
FF 2B LM L, b M2 - - B BRIEIX W-H
04 . . . PREEEHE L TS REEERB LTS, Tk,
EMETHR LN BERICET 2 HERIZ. W-HO#MTT
21 1 roBme. BROVLIA) F—rI vl v EE
s L i ETHLETHHETHS, TNET, RF—FZAIZ
5 , @F. LB UM PEERDF LT ARBTNS, i, 110
L - e © BEREVA MHTOFIINLR/E, BRINERE
B D BRETHS WHDOF L FAEBS T & NTERIE,
" Eses i 1 IRLEFTE 0P T L BT B ETL IR
PR i S . , LABRETHEEERZSD,
0 02 04 0.6 0.8 1
” | | il SEXR
F 1) McFadden, L.A., Ostro, S.J., Barker, E.S., Cochran,
0.2 - D . A.N., Cruikshank, D.P., Hartman, W.K., Soifer, B.T.,
04 L ) i & Veeder, G.D.J. 1984. 2201 Oljato: An Asteroid, a
- I‘:Xiﬂ Comet, or Both? Bulletin of the Amercan
W 0T ol : T Astronomical Society 16, 691.
01 - A e 2) Gustafson, B.A.S. 1989. Geminid meteoroids traced to
el v | cometry activity on Phaethon. Astronomy &
Phase-2 +—x— Astrophysics 225, 533-540.
G- Elages r o J ] 3) Bottke, W.F,, Morbidelli, A., Jedicke, R., Petit, J-M.,
pa L et e - J Levison, H. F., Michel, P, & Metcalfe, T. 2002.
0.1 0 0.1 02 0.3 04

Debiased Orbital and Absolute Magnitude Distribution
of the Near-Earth Objects. Icarus 156, 399-433.

4) Heieh, HH., & Jewitt D. 2006. A lati f
kB2 aE, REO7A7 7y MIMERo R~ P Do g PR 5
comets in the main asteroid belt Science 312,

7 WAE A FETTD, PhaseB B3 2 1251 5B 561-363
REOAABE SR L, TN TN0.0688,0.0809,0.1643,02549, 5y jewitt, D., Weaver, H., Agarwal, J., Mutchler, M. &

r-i’

6. (k)g'. r PERICE B26R, (F)r. i, 2%&%

0.2641, 0.4120, 0.5426, 0.9725(ZX /5 %, Phase-1, Michal, D. 2010. A disruption of the main-belt
-3, -5, -830A0TOEHAI, Phase-2, -4, -6, -7TH3BSGC asteroid P/2010 AZ2. Nature 467, 817-819.
TOREAITH B, 6) Haghighipour, N., 2009. Dynamical constraints on the

origin of Main Belt comets. Meteoritics & Planetary
Science 44, 1863-1869.
4 BELETLEDH 7) Yang, B, & Jewittt D. 2010. Identification of
TRE T AR ER O A2 R LTV 5, Magnetite in B-type Asteroids. The Astronomical
S i Journal 140, 692-698.
b L, REEHSEZ > TWE0THhIE, ZORE o

o P 8) Clark, Be, et al. 2010. Spectroscopy of B-type
D—oE LTHRAHEOTEESREX 6RE, ) oo P P
asteroids: Subgroups and meteorite analogs. Journal of

133P/Elst-Pizarro® & 5 ZBEUNEEDOHE. TOKE Geophysical Research 115, EO6005.

T50m2 5 150mICiER HOKKBFELRD &V D 9) Fernandez, Y.R., McFadden, L.A., Lisse, C.M., Helin,
BERSH B, W-HbRERRIETHIE, RN EF, & Chamberlin, A.B. 1997. Analysis of POSS
ETEEEMEZECTARENE+SEZE L LIS, T2, Images of Comet-Asteroid Transition Object
EREOLZEANTELALERY 5 — 0 —HA 107P/1949 W1 (Wilson-Harrington). Icarus 128,
ELVOThHIE, ZRRMRAEECES LMY Bl

10) Ishiguro, M., et al. 2011. SEARCH FOR THE COMET
ACTIVITY OF 107P/(4015) WILSON- HARRINGTONN
DURING 2009/2010 APPARITION. The Astrophysical

LiL7gvy, & BVIINEOTH 5 W-HIIMBC & th 5 &
KGOROEBE+FIIET D, KBROKET, A

WOMBEHENAELHBEHBEZY, ZOBED Journal 725, 101-.

HADEHBREDRE & 2o FIREMESEX 55, 11) Tholen, D.J., & Barucei, M.A. 1989, Asteroid II
—7F. BREFABOESEZ., —RE2/IKE & Bk (Tucson, AZ: Univ. Arizona Press), 298.
RBRELTVWS LD EELILND, 12) Chamberlin, A.B., McFadden, L.A., Schulz, R, &

Spaceguard Research Vol. 3 43



)2 AER i

Schleicher, D.G. and Bus, SJ. 1996 4015
Wilson-Harrington, 2201 Oljato, and 3200 Phaethon:
Search for CN Emission. Icarus 119, 173-181.

13) Yoshikawa M., Yano, H., Kawaguchi, J., Hayabusa-2
Pre-Project Team, & Small Body Exploration We,
2008. Lunar and Planetary Institute Science
Conference Abstract 39, 117.

14) Hamis, AW, & Young, JW., 1983. Asteroid rotation.
IV. Icarus 54, 59-109.

15) Osip, D, Campins, H., & Schleicher, D.G., 1995. The
rotation state of 4015 Wilson-Harrington: Revisiting
origins for the near-Earth asteroids. Icarus 114,
423-426.

16) Lomb, N.R., 1976. Least-squares frequency analysis
of unequally spaced data. Astrophysical and Space
Science 39, 447-462.

17) Magnusson, P., 1986. Distribution of Spin Axes and
Sence of Rotation for 20 Large Asteroids. Icarus 68,
1-39.

18) Kaasalainen, M., & Torppa, J., 2001. Optimization
Methods for Astercid Lightcurve Inversion. 1 Shape
Determinations. Icarus 153, 24-36.

19) Jordi, K. Grebel, EK, & Ammon, K., 2006.
Empirical color transformations between SDSS system
and other photometric system. Astronomy and
Astrophysics 460, 339-347.

20) Bottke, W.F,, Ir., Cellino, A., Paolicchi, P., and Binzel,
R.P., 2002. Asteroid IlI(Tucson, AZ: Univ. Arizona
Press)

21) Licandro, J. et al, 2009. Spitzer observations of the
asteroid-comet transition object and potential
spacecraft target 107P (4015) ‘Wilson-Harrington.
Astronomy and Astrophysics 507, 1667-1670.

22) Licandro, J., Campins, H., Kelley, M., Hargrove, K,
Pinilla-Alonso, N., Cruikshank, D., Rivkin, A.S., and
Emery, J., 2011. (65) Cybele: detection of small
silicate, water-ice, and organic. Astronomy and
Astrophysics 525, A34.

23) Ivezi'c, Z., & 32 colleagues., 2001. Solar System
Objects Observed in the Sloan Digital Sky Survey
Commissioning Data. The Astronomical Journal 122,
2749-2784.

24) Prialnik, D., & Rosenberg, ED., 2009. Can ice survive
in main-belt comets? Long-term evolution models of
comet 133P/Elst-Pizarro. Monthly Notices of the
Royal Astronomical Society 399, L79-L83.

(201148 1 B 25 B, 2011457 | HXHE)

44 Spaceguard Research Vol. 3



