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and photometry data
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OIIPEJIEJIEHIIE ®ITVPBI KAPIIKOBOII
ILTAHETDI XAVMEA

113 HABJIIOTEHITI IOKPBITILS 3BE3 bl ®OHA
H POTOMETPHYUECKIIX JAHHDbIX
b.11. Kongpateer, B.C. KopHovxor

KapnnKkoBas nnaHeta Haumea 6blna oTKpbiTa B nosice Konnepa B 2005 roay um
ABNAETCA OAHMM U3 CaMbIX KPYMHbIX 3aHENTYHHbIX 0OBHEKTOB.
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Now there are many dwarf planets in the solar system. Among them the dwarf planet Haumea




Haumea and two satellites: Hi'iaka and
Namaka

A recognized hypothesis in America is the hypothesis of the impact of the origin of satellit
we proposed another mechanism for the formation of satellites



XayMea
B nonepeuHnke coctaBigeT npuMepHo 2350 kM

Macca (1o cmyTHHKaM) M =4.006-10"¢g

[Tepuon Bpamenus Bokpyr Comnrna 281.83 years

Ilepuoa cyTouHOro BpauieHUs
I'=3915483113 h.



Light curve: two unequal maximum-

- hint of a triaxial form Xaumea
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Am=0.32 mag - difference maxand min of the light curve
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Cpasy ke cTallo ScHO: XayMea oOpagacT

YAHUBHUTCIBHBIMI CIDHBHT-IE!CKHMH CBOIICTBaAMH

(TpexocHag popma + HEOOBIYAITHO OBICTPOE
CIIMHOBOE BpalllcHIE), 1 €€ IpuMep pacIIupul
HaIIII

IIPCACTABJICHIIA 00 00bekTax CoIHEeYHO! CHCTEMEL.

Ho 310 emé He Bce.
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HOBAS ITH®OPMAITIS O XAVMEA 13
HABJIIOTEHITIT BATMEHIIS 3BE3/TbI
dOHA

21 AHBAP KAPJIMKOBAA TUJIAHETA

XAYMEA ITIOKPBUIA OTJAJIEHHYIO 3BE3J1Y.
DTO 0YEHB peJIKoe coObITHE padmrogann 12

oOcepBaTopuii Ha 3emite (Ortiz et al. 2017)
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Figure 2 | Haumea’s projected shape. The first time to observe the limb



Secondly, observe the ring around the planet

Ortiz et al.Ring around Xaumea




this projection of the ring had semiaxes
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projection of the ring onto the picture plane
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Using all these observational data, as well as photometric data

a. . =852+2km,
“limb 0 p=-76.30£1.20;
l 75 m=0.32 ma
d . =2287+ " fkm, " ¢
Iring 45
d =541+ ko
2ring 15
- =-7430+1.30,




Based on this information and on the photometry data

from (Ragozzine & Brown 2009), in the work (Ortiz et al.

2017) the following values of the semi-axes of the

ellipsoid of the Haumea’s figure were found

a =1161 km,

3
a, =852 km, R:(ala2a3) =797.5 km.
03 =513 km,

p=1.885 g/sm3.



[TomuepkueM, uTo yrouHeHHad 1mo (Ortiz et al.

2017) ¢popMma MmiIaHETHI 3aMETHO OTIMUAIACH

Ot popmel o (Brown 2009). Hanmpumep,
IJIOTHOCThL ITaHeThl 1.88 r/cm:3 Temepsb
COCTaBIAJIa TOJIBKO /2 MPOILICHTa OT MPE/KHEN.
Ho camoe riiaBHoe: Xaymea He MOmagaia
Tenepb HA MOC/Ie0BATEIbHOCTD

PABHOBCCHbLIX Y/ LIHIICONIT0B Axoon



3amada o ¢gopMe miaaHeTHl XayMea, IpPeJICTaBIsIeT
OOJIBIIOIN MPaKTUIECKUII U TEOPETUIECKUIT HHTEPEC.
AHannz npeaplAyIX UccaeaoBaTeieil He OB MOJI-
HEIM. 1Ipodiema TakoBa. @opMa U opueHTAIUA JI-
IAIICON a ompeaendaeT GopMy e€ro mpoeknuu (JInm-
0a) Ha KapTHHHYIO IIIOCKOCTh. HO Kak pemurs 00-
pPaTHYIO 3aJady:Kak, 3Has JUMO, BOCCTAHOBHUTE IIPO-
CTAaHCTBEHHYI (OpMy CaMOT0 3JUIHUIICONA. YIKe U3
O0IMIX COOOpaKeHUI SCHO: IPU IIININTHISCKOM
auMoOe urypa MOKET OBITh CKAThIM UJIH BBITSHY-
TBIM C(EPOUIOM, IITU K€ TPEXOCHEIM 3JLTUIICOUIOM.
ChnenmanucraMm Io Teopun (GUIyp paBHOBECHA M3-
BECTHO, UTO HTH (PpUIYphI 00, 1ada0T pa3sHbLIMH JI-
HAMHYeCKIMH CBOIICTBAMIL.



Earlier, two a prior1 assumptions were made:

|.Ragozzine & Brown 2009: the rotation axis of
Haumea 1s perpendicular to the observer's sightline;

2. It was also believed that Haumea 1s 1n a state of
relative equilibrium (this 1s triaxial Jacobi ellipsoid).
Based on the assumption (Rabinowitz et al., 2006)
found that the figure of this planet has semi-axes

.:rlzgﬁﬂ km,

a, =75%m, p=2.58g/sm’
1

a, =498 km, R={a1ﬂjaq}3 =718.18 km

These dimensions are comparable to Pluto, and the density is much larger than the density of Pluto



Let coordinate system ox°+’x’ - 18 associated with observer

p X5 coordinate system Ox_ x_x_of ellipsoid
A\ Q 123
3 Euler angles «, 3,y are shown
Xy
£
| N
'xl

the picture plane is Oxgx:?



Let consider an arbitrarily oriented ellipsoid
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The transition matrix from coordinate system of observer
to the system of ellipsoid has the form

[ cosa cosy-sina cosf siny

A=|—CosQ sy —sina cosf cosy

\ sing sin 3

New and old coordinates are related by the formula

x=AxO,

SInQ cosy+cosa cosf3 siny

sinf3 siny

—sInQ sy +cosa cosff cosy cosy sinf |.

—cosa sin f3

cos 3



Projection of the ellipsoid and its axis of rotation onto
the picture plane

We write equation in the system Ox 10 g gand project the

visible ellipsoid onto the observer's picture plane Oxg g

This projection 1s (Kondratyev & Ozernoy 1979)
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where

and a, are the terms of the rotation matrix 4



Then the position angle between the minor semi-axis of

the ellipse and the axis Oxg' 1S
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The position angle »_ between the projections on the pic-

ture plane of the axis of rotation and the axis Oxg 1S
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In the 1important cases -4 =4, when the body has the form
of oblate spheroid, then 4-4_.



1he angle between the angular velocity vector of the
ellipsoid rotation and the observer's picture plane

=aresin(sina -sin 3)

rot



a Semi-major axis
b Semi-minor axis
Ay

R- proection of rotation axis

if R comn. with a - min S

if R coin. with b -max§




1heretore, instead ol Euler's angles «,p,y, we choose
three other angles [gomt, B, ;/]. First, we rotate the coordi-

nate system about the axis Ox? by anglee  :then rotate it
around the new axis Ox) by angles__; finally, we make a
rotation around the new axis Ox by angley. The final ro-

tation matrix 1s

cosy siny 039 ﬂrgf 0 —sin ﬂmr 1 0 0
Ax(} =|—siny cosy O l(; 1 Oﬂ 0 cos ? ot sin P ot |
3 0 0 1) sin 0 cos o
rot rot ) 0 SIg v COSP ot

or, after multiplication,
cosycosﬁmt siny cosg_ . +cosy Smﬁmt s sSIg_ . siny —cosy smﬁmt cosp .

A= —smycosﬁmt Cosy cosg . —siny S11‘1,8mt sing . sing,_ . cosy +siny Smﬁmt cosg

sinf3_ . —cos 3. sing_ cos 5 . cosQ_ .




The system of equations

In principle, part of the work on deriving equations for
unknowns 1n the problem of restoring the shape of an ¢l-
lipsoid has already been done above. However, the mntro-
duction of a new matrix leads to a revision of the prob-
lem. So from the positional observations, we immediately
find the angle sing =211 =0235013, from which g ~13.6°.

rot 2302
As for the position angle of the small axis of the elhpse of
the projection of the ring P ing =—743Y+1.3Y, ¢ 1t1s known

dircctly from observations.



As of January 2017, the parameter of photometry
am e[om25,0735], and the direction to Haumea, according to the
hy~>mp2s
. =14"12"03
ephemerides, “ ’
§=+16Y33'59",
the angles »_and s_of the matrix are taken on the date.

2). As of February 2009, the photometry parameter for
Haumea, according to the ephemerides,
a, =13743M105,

5= +18953'26",

the angle s, of the matrix at that date.
3). [ - p) is direction to the Haumea pole;

[a s ]—the semi-axes of Haumea’s limb;
llimb~ 2limb



¢ .~ the positional projection angle on the picture plane of

the Haumea rotation axis;

p—the position angle of the minor axis of Haumea limb;

B~ the slope of the axis of rotation Haumea to the

picture plane;
y — the rotation angle of Haumea around its axis.

In total, we have eight equations. Among them, two
photometric equations*

]2 %szﬂ %cosz ﬂrot _ IOO.SAml
a% 1281112,6’ 3%0082 ﬂrot ’
a12 %Slnzﬂ 3%0082 ﬂrot _ 100.8Am2
a% 1281112,6’ 3%0082 ﬂrot .



and three equations related to the coordinates of the
Haumea pole:

4 \

cosap,cos§p

+s1in [

[cosa’ COSO_,SIN.. COSO _,SIN0._ || sin,.,cosO Srot
1O
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The eight equations include also eight variables:
SRCNTTN B ﬂ ot %P’ Pb

In addition, the equations include ten known quantities:

El] imb’ﬂ ligb” }f,gﬁl,ﬂ.m] ,ﬂ.mz . cr_.ci{rz . -:"}'E .

When carrying out calculations by this method, one
should use the terms of the rotation matrix written above.
It should also be taken into account that observational
fact (Ortiz et al. 2017) that at the time of covering the dis-
tant star, the brightness of Haumea was minimal (or close
to a minimum). As we were kindly informed in a private
letter of J. L. Ortiz, the phase of the lag between the mini-
mum brightness of Haumea and the moment of eclipse

was 0.037. This gives y~-13.320.



The results of calculations
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Figure 2. Semi-major axis a, (in km) for the ellipsoidal

Haumea model as a function of the photometry parameter am

It 1s interesting to note that the semi-major axis has a
minimum a, ~1120 im
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Figure 3. Semi-middle axis a, for the ellipsoidal

Haumea’s model as a function of photometry parameter
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Figure S. The dependence of the average density

of the Haumea model on an,
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