265 % 26 3 1
20245 A

K X % ik
ACTA ASTRONOMICA SINICA

doi: 10.15940/j.cnki.0001-5245.2024.03.011

BRITEHaumea RS EILE ERIIRTH
FEEL2 fF EL2T zpzmigl? #Eorpl2 agwgl?

(1 BEAFUHENMFER M 510632)
REFAFFERKNE, FHFEEARFHREARERE S M 510632)

IR s Bk SR, P b o 2 S B I £ R B N WU R A P RS LA & R R
AL HEIE L. B, RGGOALE S RGO AL E AT RRAETE — & M 25 R I & K BH R OR R RG5O
BB IE S, H B TR K RIS L. LAEAT R Haumea St Hm TR Hiviaka K3 3 851, 1
HAGOESR OISR, AW T (R R0 54 5 38R ) B A I & s O AL E s . 7]
S5 IR ER, A 4 v A 0 BRI E (Y R GG O AL B A T R AL, TS IR AR E O BRI R DS R Z A
TR, ARAE AT A A, BT RE AT R R AR A X O BB A s R ) O B B ]
B, #riE LENEIE R H R F R, A AR E24 mBEES, 1 mBEGEULKESILRE
k22 W 50,8 mEE iz 8% 2022452 H 7H 202245 A 25 H WL %47 2 Haumea R 4, 15 FI29H5 3:4631HCCD K
BB E O TR E () D 0o B 5 A8 4 v 0 e 0 BV I A SR B R I A B A ORIk, K
5 T 2 Hi'iakafEJet Propulsion Laboratory (JPL)JiZ SInstitut de Mécanique Céleste et de Calcul des

Vol. 65 No. 3
May, 2024

Ephémérides (IMCCE) %% (137 B A7 AE B KA 2.

XE RENEZE, BR: BRLIE, 757% BIRSH, AFREHEXE: 15 iTHE

hESES: P129; CEAFRIEME: A
1 55

BT K BH 2RI F R BUTE 2 A0 1A AR 7 45 1)
ELR, W Fes T 46 75 K BH & 1 JE oA A B
SR S W2 A ORI A B e TR (M
PR R RS, 5 248 H MOt 5 B e W
WAy, HAECCDER FAEAE Ry 38— 1R
HRER, 2 E bR R SRS 25 (International
Astronomical Union, TAU)\E ) = T 2 (Pluto)s
5t & (Makemake) 42 (Haumea) S5 AT £ K
HITEMEKETDERGHAFAE IR, AL
SHRRAEN, WIA R RGO E 4

2023-08-28 15 I J5 A, 2023-12-1 1 FIE iR

FREM I EM R L 5E A ZER KR, RE
60 R G B0 LA A B B 19704,
MorelI5& B 5 o0 56 % Joit o0 1 I 35 ) 10 [ 5z 2.
20114, Ortiz%FP7E X KA1 5 K A&k Orcus (F
— 0 L Vanth) #4733 d 1 HL I R B T R
guot 0 7 B A7 AE JE RS LS, RIS 3 (wobble).
T I K B v R R R A B A5 B 1 HE R G LB B
TETERUR R G0 5 R T RUR BUE SR il R
SRV L R S o O B A 5 1) i R E T
FLERE.

HER LI & RGO BT 2 K Z. ¥8

K EH R TR E (2022YFE0116800), B2 B AR5 400 H (11873026, 11273014), H 5K B AR5 4R UL
G SIE (U1431227), T EZRAGTR TRE KK 2 [0 2z b T DURHA 0 58 00 H (CMS-CSST-2021-B08) % B

ttpengqy@jnu.edu.cn



65 & N

3

s
&

b 3 1

van de KampP#E 7%, R4 60 AFS T2
TR G FE B IR R 0 B R AR R By
REC T 3 TR R ) e 5 22 I M BEE. (H M
TR W00 B, s o ) R i 5 2L W00 B T e 32 31 K AR
T REAS AR S . AR S I T LA R 7 VA
TFIERGFEFH TR, FHRA ARG OME
N 52 AL T R AR A 1) S W B R AR AR IE T k. AR
3%k AT B Haumea J2 Ho 5% T Hiviakatl) B 3
PR RGAE N TN R, T Haumea s — Hilg T
S Namakalf) M2 %5 29 421.8 magl®, # i T7 A%
R F P Ad FH B2 120 BE CCDAE I B2 B ' I 8] P 1) M PR
FRARIRIET8), A S 2 T A SR 1) A7 == 5.
A7 B Haumea 52 4t /2 f GHP 7 k48 5 v 20 Y
% Kk P B PL 3 B Haumeaf1 TP 2 HiYiaka N .
AL P B BT, A 3 T A o o OK TH AR AR K
PKIOTH, M T S RF 71200 5. AR B AT S50Hr el
Segh R 3 B Haumea S 3 T2 Hi'iakalt “F 5 &
72 N2.76 mag (J. HIEBY). Haumea R 4t 1 2 1
REE R T 102 HoOyRE R K e, R T FEM T
BRI (5 AT WOB R 404N BY). Rk, eAT]
VA B A R AR ). ARSOR A TR R AR E
92.76 mag (B3 B E@EE L N12.71) #4745, T
S Hi"iaka%g F 2 1 A %6 i 191 9.(49.12 £ 0.03) 413,
Wi 2 1)1 BE B 7E0.447—1.45" 2 [A) AR 4K (L Jet
Propulsion Laboratory (JPL)J ! Minstitut de
Mécanique Céleste et de Calcul des Ephémérides
(IMCCE)73£?). £E 55 LA Hiiakaf)Jii &
223.80 + 13.75M). Jt4b, #4T B Haumeafs B W
I [ AR iR 00, 2 B 5 R IR AR R
G0 B R A% 5 RETE N
ASCHARI P AR SE275 4 ik
PR RGIZN R, BT 07 B8 ) 25 R4
2 1E GO 193 5 O B 3 A A Haumea R
RVt S NE R SO MY B Y i1y =1 UL DA
BN E AR SBATT R o B R R R I R S
T EHiiakafEJPLJ R AIMCCE 1 & [f i & % ¢
WE—WHIT RS ERE.

“https://ssd.jpl.nasa.gov/horizons.cgi#top/
2http://vo.imcce.fr/webservices/miriade/

2 WMRFBE
2.1 FDERGHA

Kz 7T 2 ELERGMNEshTE HiXR
41 50Oy [ € A B, EEP (Primary) fil 2 AS
(Satellite) [F] i &8 57 O i 5] — 77 [ 1R 325 38 0 [ iz
3, Oy (LM ETR)GLCy (RTE) 54 [F]
Jr AR IE 3. B, St A0 B 3 R I A EE
B IR s Flryg, 60 B 50 R A B B RO A
A, TR 28 BB RN Na. i SCHR[5], Yl
frEmFEENTERCELRE R E, hAENE
L b, BRI GEEROR 3 B (FF A FAT B EE).
Rt an(1) s, o SaliE b, Hodh Lp fLg 5 BN 3
R TBEREKGE.

L

1
= LP(I, (1)
1+Ts

PR A ) B, ARG A 20, et M A
MBI A TR .

1 1
(1+3%)

a=ka.

(2)
WSS, i — e R R AR, 2

BB — A BRI, Ot SR e B (B /N R
) AR 5 TR 58 3 2 A BB (K RO &) IR
FHIAL, PR/, IHB TR, M R G0k
O CLREMLSE Al WL H 2 el R, Bl &1l
FRRE A B [ A TED RIS 6 5 0
b SEWE RN e S

2.2 HUERTEEUXRRR

AR S F OrtizZE 2 ) 417 B 75 1%, A Fphotutils
FES R Haumea £ 4t 1132 5 SR8 70 H 6 O Lk 1)
AL, 15 R R R B R TR O
B KAWTEACEEEEESH, AR
Yem W SRR R R o, KT S
P R 2K 42 98 (Full Width at Half-Maximum,
FWHM)# IR, N 756 5 — 2 &, ARSLiEg A%

A:T’L—TM:

Shttps://photutils.readthedocs.io/en/stable/api/photutils.datasets.make_gaussian_sources_image.html/

33-2



65 &

AL S %% 4T Haumea R G0 E O FIL IR A

3

FEAN I TARA e A 16) o BB T G g, M-
CCEJ 2+ A1 hoy [8] B 38 B A 20224F2 H 7H £3
H30H 352 dZy14 B H 1) 5% TR HiviakatH X T 32
AL E R 2, FF DL Sl R ST H ks U sk
0.8 m¥ 1t HCCDEL % JR0.348(")-pixel ~H# &

TEMAA R bR R SCH[16-17], B2 R
FIFWHMA 2B RN, B RARKEE. MIEAR
AT E AT BERT0.7"1), B S IR A
L.

1 ERREAGUEIMEE. EEPM RRESFIN G850 ON MR — 77 F BT IR EIZ ), e CLEestt Oy WA RITT BRI IZSD. o Mry
S RFOCOABUL R E R AR, ARRLRIBT LI AIER, oFoR EIUR 2 A

Fig.1 Diagram of primary and satellite system. Both the primary P and the satellite S move around the center of mass Cn

clockwise. The photocenter Cp, also moves around Cy clockwise. Symbols r1, and ry show the angular distances from the

photocenter and the center of mass to the primary, respectively. Symbol A shows the angular distance between the photocenter

and the center of mass. Symbol a shows the separation between the primary and the satellite.
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Fig.2 The left and right panels show the photocenter tracks with GS and MM centering algorithms, respectively. In each panel,
the purple track shows the orbit of the satellite around the primary during the simulation, and the pink track shows the real
photocenter track. The details of the interior of the red rectangle are shown in the lower right inset. The photocenter tracks in
panel (a) are shown from the inner to exterior with the seeings (FWHMs) of 1.0”, 1.5"", 2.0", 2.5", 3.0”, and the photocenter

tracks in panel (b) are the same at different seeings and overlaps.
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Fig.3 The relationship between the angular distance 7,
from the photocenter to the primary and the angular

distance a from the satellite to the primary
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Fig.4 The influence of noise on the centering results of GS

and MM centering algorithms

PRk, 7E S PR iR i CCD UG b, BLHex i —
R A B R (A 09 TR R G0 B I E O
FEAREAB BT, 3T 0752 00 52 M 75 S /N TS
R 72 O 0 MR P I B YRR B PR AL, AR SR HERT
DL (GS mew) RGO IE, DAL T B2 1L
X O B B R KA. B AT I 7 I R K
T 0 N GS B, T I GRS TE A E 0
T L A MM W RIGS W | 55 25 [ ) A A
7, F B ARAR ZEAME BIGS @ |, 15 3RS IE S 1T A4

33-5

i ZE Y S s el E M CCDEIME 2 Bl
T a0, FEXTIIN EUG AT T AR, P, i
WRRIE G, # M SCHR (8] 7 vk B T 4k 4L 1
T TR R e AL 3 S CCD MR I RS
ML BEYE 20, Gt M #E1.07-3.07 22 1],

S TRAL B, A ORI Bk AT W) A VA A
T SR 4 v e 0 7 8 % CCDEUE I B
BRI G E AR, FFRAE R B R AR Gaia
Data Release 3 (Gaia DR3)PUR R ILHL. H kit
A5 VT TG 1 A 4 B0 B 2 B R AR D 2 A L, SR A
B30 HsE 8122231 3R fff JIC P 1 . AR IR 1y s 4,
Haumea 5 4t J6 O B8 3R AL KR (0, y) e b fE A1
Fr(&,m) (EMnsy 7 7% G F AR 26 £E V) i Ab 1 45 5%
ST A AR R E I R R A PR O
(1) IR TE AAHR (v, §) (BAFR 23 s SRR AR TE A4 5 R,
aRIRIRE, ORIR ARG, ¥ H SIMCCE £ H I
A7 B (B Haumea 5 4 50 AL E) LU AL 415
B RGN O B 2O — C (The Observed
minus Computed), BIWMI R G0 E5HIR RS0
O B 22, 7E [R]— et B Ax 0 22 IO o, AR SC
THE T AR &M IR 4 AN 7 1) AL B ik 22 1) 35 46 A
Frift 22, X T &R EME, Haumealt) £ Bl & % %
1E20-50 masZ [H], iz 22 AR H T 00 2 4.

F ERIT TR E R AT

PESCHER[12], 72 P EHiaka G R & E 2
JERK~6%. FOLAR MIHRIEN19% + 1%, i T
EHiiaka R 6 5 LEADCARIEE, R Ak T H H &

3.2



65 & N

3

s
&

b 3 3

FAA RN T1%. R LA R+
FUEHEE NG EA. ZPHERO AR TR AT
TR, 193] T Haumea R 48 1628 H 28 (F1 &
AR PIEAR). Bk, MR AR R, W gk} )
R[] AR 67 A0 32 T2 739 B 25 222,76 magtt)) Al L
THE I 2] 3= TR PR 7%, i EHaumea
SEGN, BT AN RS ESER R e T EE

EIIFBHATMMAE L, 51T 2 S ZHUE E
X PRl L IFGSE O 145 R AR, 158 1 R
H. Pk, FMERNAE 7T RN ER
JEARARRS i BRI . £ SEa &, 2 Hau-
mea)t; ARG R A7 B I BT B K ALY mas,
552 P50 i HE e S S HE  BUE — B

1 BEmERCCDHIELHLAA
Table 1 Specifications of the telescope and its CCD

1 m (Kunming) 0.8 m (Yaoan)

Parameters 2.4 m (Lijiang)
Focal Length 1920 cm
Diameter of primary mirror 240 cm
Size of CCD array 1900 x 1900

Size of pixel

Scale factor
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Fig.5 The positional residual distributions of Haumea in right ascension. The hollow rectangles show the average position

residuals fitted with a dotted line when using the Gaussian centering algorithm, and the solid circles show the position residuals

fitted with a solid line when using the new centering algorithm.
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Fig.6 The positional residual distributions of Haumea in declination. The hollow rectangles show the average position residuals

fitted with a dotted line when using the Gaussian centering algorithm, and the solid circles show the position residuals fitted

with a solid line when using the new centering algorithm.
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Table 2 The fitted result of the three parameters model

Method k A" D/ Reduced_x?
GS 0.0475 £ 0.0012 —0.0271 £ 0.0009 —0.0083 =+ 0.0008 3.90
GS_new 0.0681 + 0.0011 —0.0288 £ 0.0009 —0.0093 + 0.0008 3.28
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Fig.7 The position comparison of the satellite Hi’iaka in the JPL ephemeris and IMCCE ephemeris. The solid circles show the
average position residuals in right ascension when using the new centering algorithm. The dotted and solid lines are the fitted

lines obtained based on JPL and IMCCE ephemeris, respectively.
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Research on the Centering Algorithm of Dwarf Planet Haumea
System

HAO Jia-nan’?  PENG Qing-yu’?  GUO Bi-feng?  CAO Jiang-long'? HONG Yao-yao'*?

(1 Department of Computer Science, Jinan University, Guangzhou 510632)
(2 Sino-French Joint Laboratory for Astrometry, Dynamics and Space Science, Jinan University, Guangzhou 510632)

AsstracTt Affected by the Earth’s atmosphere, the image of primary and satellite system observed by
ground-based telescopes often appears unresolved. Therefore, there may be some deviation between the
system photocenter and the center of mass. The accurate measurement of the center of mass is helpful
to improve the orbital parameters and to reveal the formation and evolution of the solar system. Taking
the dwarf planet Haumea and its brighter satellite Hi’iaka as an example, we simulate its motion of the
photocenter around the center of mass and explore whether the track of photocenter is the same with
different seeings. The simulation results show that when using the two-dimensional Gaussian centering
algorithm, the photocenter track is changing with the change of seeing, however, this phenomenon will
not occur when using the modified moment centering algorithm. Based on the simulation results and
the influence of noise, a new centering algorithm is proposed in this paper, which can effectively reduce
the influence of changing seeing on the accurate photocenter position measurement. In addition, we also
consider the influence of primary’s changing luminosity on the photocenter position measurement. The
images of dwarf planet Haumea were observed over 29 nights from February 7, 2022 to May 25, 2022 by
three telescopes located in Yunnan Province. Our results show that the fitted error of the new centering
algorithm’s results is smaller than the two-dimensional Gaussian algorithm’s results. In addition, we find
that theoretical position of the bright satellite from Jet Propulsion Laboratory (JPL) and Institut de
Mécanique Céleste et de Calcul des Ephémérides (IMCCE) ephemeris has a large deviation.

Key words astrometry, techniques: image processing, methods: data analysis, Kuiper belt objects: indi-
vidual: Haumea
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