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概要
•Tomo-e Gozen High-Cadence Transient Surveyのデータを使って　
既知の太陽系小天体（SSSB）の位相角曲線を得る 

•2019年からこれまでに44,000個を超える既知のSSSBを検出 
•本発表では以下のものを示す 
サーベイ観測から位相角曲線のプロット、絶対等級算出ま
での手順 
取得した位相角曲線コレクションの一部  
Gaiaにデータと組み合わせた位相角曲線の例

このサーベイは10年継続する予定である。 
検出可能な18等以下（見かけの等級）のほとんどの既知のSSSBで位相角曲線と絶対等級
が、サーベイ終了時までに得られるのではと期待している。



位相角曲線から小天体の表面の特性を推定
• 位相角曲線（横軸に太陽位相角、縦軸にその位相
角での小惑星の明るさをプロットした曲線）

位相角によって明るさが異なる様子 

• 微視的および巨視的効果を含む様々な物理的効
果が位相角曲線の形状に寄与する。 

• 太陽位相角(α)<20°：反射光の干渉が発生する可
能性があり微視的効果が現れる。天体の明るさ
が急上昇＝空隙率の高い表面層（衝効果） 

• α>約90°：巨視的な粗さ（光の波長よりも大きい
細孔、クレーター、山など）が位相曲線の形状
を支配。

 科学目標①

位相角曲線は、空間分解出来ない天体の観測からその
表面散乱特性を推定するためのユニークなツール。

on a given night (Tables 3, 5, 7, and 9) and otherwise make no
corrections for light-curve or rotational variation in reflectance.
For DKBOs with many observations obtained at a regular
cadence during a night and rotation periods less than 8 hr,
averaging all nightly observations may approximate the light-
curve-corrected reflectance at a given phase angle. Clearly,
HJ103 has a high-amplitude light curve that must be removed to
characterize the opposition effect for this CCKBO, but
insufficient sampling of Earth-based observations (Table 7)
precludes construction of HJ103ʼs light curve at low phase
angles. Because we use data from multiple filters and
photometric systems, color corrections must transform all
observations to a single wavelength, here the V-magnitude
(VEGAMAG) system (Tables 1–12). For the DKBOs with
available light curves from New Horizons LORRI, i.e., Arawn,
HE85, HK103, and JY31, we adopt the light-curve mean as the
reflectance at each phase angle.

Upon construction of the complete solar phase curves, we
normalize all observations to the geometric albedo at opposi-
tion and fit them to the Hapke (2012) photometric model
modified following Helfenstein & Shepard (2011). Since we do
not know the diameters of these DKBO targets, we must
assume that their geometric albedos match those of the average
objects in their dynamical classes reported by Lacerda et al.
(2014; Table 14).

3.1. Hapke Parameters

Eight parameters describe the Hapke (2012) model: single
scattering albedo, surface macroscopic roughness, two para-
meters that describe the single particle phase function (SPPF),
and four parameters that describe the opposition effect, the
dramatic, nonlinear increase in reflectance seen as phase angles
decrease to zero. The Hapke (2012) model also includes a
porosity coefficient, K; however, our approach uses the
Helfenstein & Shepard (2011) version which eliminates the
need for the K parameter. We describe each parameter in detail

below, for more detailed descriptions, see reviews by Verbiscer
& Helfenstein (1998) and Verbiscer et al. (2013).
By definition, the single scattering albedo wo˜ is the ratio of

particle scattering to extinction efficiencies; it is related to
particle composition, size, and microstructure. The macro-
scopic roughness parameter q̄ is the mean topographic slope
angle of surface relief at resolutions below the pixel scale of the
observations. The opposition effect is the product of two
phenomena: particle shadow hiding and a constructive
interference phenomenon known as coherent backscatter
(Shkuratov 1988; Muinonen 1990). Both the shadow hiding
opposition effect (SHOE) and the coherent backscatter
opposition effect (CBOE) are described by two parameters,
an amplitude Bo and an angular width h expressed in radians.
The angular width of the SHOE hS is related to the porosity and
particle size distribution of surface particles. The amplitude of
the SHOE BoS is related to particle transparency; it is the
fraction of light backscattered directly from the front surface of
a particle relative to the total amount of light backscattered by
the particle. For a perfectly opaque particle, BoS=1. The
angular width hC and amplitude BoC of the CBOE depend on
the density and size of small scatterers and the mean optical
path length of a photon (medium transparency). Both BoS and
BoC have upper limits of unity.
We use a two-parameter Henyey & Greenstein (1941) SPPF

which is a linear combination of two single-parameter Henyey–
Greenstein functions (McGuire & Hapke 1995):
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The b parameter describes the (assumed to be equal) angular
width of the backward and forward scattering lobes of the
particle phase function and the c parameter describes the
relative amplitude of each lobe. The two parameters character-
ize the mechanical structure of surface grains: surfaces with

Figure 5. Complete solar phase curves of all six distant KBOs in this study plotted separately (A) and together (B) to facilitate direct comparison of their shapes. All
phase curves are normalized to 0 mag at opposition (α=0°) and shown on the same scale. Arawn’s phase curve includes two observations at α=131°, which were
not included in the Porter et al. (2016) study. Solid lines are fits to the Hapke (2012) photometric model described for each DKBO by the parameters in Table 13;
however, the solid lines in (B) for HJ103, HE85, and HZ84 are limited to phase angles no larger than 30°, 80°, and 80°, respectively, because there are no observations
of these DKBOs at higher phase angles. Limiting the range of phase angles for these DKBOs enables comparisons between the shapes of Arawn, HK103, and JY31
which do have observations at higher phase angles. Only some of the New Horizons LORRI observations have been corrected for variation in reflectance with rotation
(i.e., light curve). (See the text for details.)
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slope angles, or roughness, are all very similar, ranging from
23° to 30°.

4.2. Phase Integrals, Phase Coefficients, and Bond Albedos

Table 14 lists the geometric albedos, phase coefficients,
phase integrals, and Bond albedos for each DKBO. Phase
coefficients β (phase curve slopes) are measured between phase
angles 10° and 50°, in the linear portion of the phase curves.
Despite the diversity in dynamical classes, the phase
coefficients are remarkably similar for all six DKBOs, as
Figure 5(B) illustrates, ranging between 0.0291 and
0.0362 mag/deg. Beyond α=80°, however, the shapes of
the phase curves of Arawn, JY31, and HK103 differ from one
another, although insufficient sampling of their light curves at
the highest phase angles limits the robustness of this
conclusion. (Of course the limited range of phase angles for

HJ103 means that the photometric and Hapke parameters
constrained by observations at phase angles α>20° deg are
not at all well constrained.) We calculate the phase integral q
using the approximation provided by Verbiscer & Veverka
(1988),

= + Fq 0.135 2.671 70 , 3( ) ( )
where Φ(70) is the normalized albedo at α=70°.

4.3. Opposition Effect Parameters

Without corrections to the rotational phase curve at low
phase angles, the opposition effect amplitudes and angular
widths are not well constrained for objects that have high-
amplitude light curves such as HJ103. All opposition effect
amplitudes are equal to unity, with the exception of Arawn.

4.4. Single Particle Phase Functions (SPPFs)

Aside from the single scattering albedos, the SPPF
parameters b and c are the only parameters where differences
are apparent among the DKBO dynamical classes. Plots of b
versus c for particles of different transparencies and shapes
occupy a parameter space that is restricted to values yielding a
shape resembling a hockey stick (Hapke 2012). Figure 7 shows
such a hockey stick plot for the six DKBOs and other dark,
airless solar system objects. The thick, solid curve is Hapke’s
(Hapke 2012) empirical hockey stick relation, which approx-
imates the behavior of a broad range of particulate surfaces. It
may be considered a first-order model of most of the particles
found in planetary regoliths. The New Horizons DKBO results
define a trend (thin line in Figure 7) which parallels the thick
hockey stick curve, but the trend is shifted toward character-
istics of smoother, more euhedral particle shapes, b values, by
−0.13± 0.01. Published results for a wide variety of other
dark, airless solar system bodies also follow this trend. Callisto
falls directly on the hockey stick curve and thus deviates from
the SPPF of other dark, airless bodies shown in Figure 7.
Phoebe lies about halfway between the two curves. For Phoebe,
it is worth noting that the plotted point is an average of two
solutions (see Table 15) that were obtained under different
assumptions about the SHOE amplitude Bos. In Solution 1, the
SHOE amplitude was allowed to vary to an unrealistically large
value (BoS=3.4) in comparison to its physical limit of unity,
and the corresponding SPPF parameters are b= -

+0.24 0.11
0.26 and

c=1. Phoebe would plot closer to Callisto on the hockey stick
curve (although with very large uncertainties). For Solution 2,
the value of the SHOE amplitude was fixed at a value
(BoS=2.0) that is closer to the physical limit. The corresp-
onding 2PHG values (b=0.36± 0.03, c=1) would place it
just to the right of the dark body trend, but still within the
expected uncertainty. Both of these solutions were obtained
prior to the incorporation of the CBOE into Hapke’s model.
More recent work that includes both CBOE and SHOE in the
Hapke model (Miller et al. 2011) restricts the SHOE amplitude
to its physical limit BoS=1.0 and agrees best with Solution 2.
The DKBO dark body trend, like the hockey stick trend,

exhibits a weak correlation of increasing c with decreasing b.
One interpretation of this trend is that it characterizes how the
microstructure of superficially similar regolith grains evolve
with time and exposure to the space environment. It suggests
that as the dark particles evolve to rougher, more irregular
shapes, they simultaneously tend to develop an increasing
density of internal scatterers. The SPPF angular widths b span a

Figure 7. McGuire–Hapke (McGuire & Hapke 1995) SPPF c vs. b parameter
(hockey stick) plot including parameters for all KBOs observed by New
Horizons (solid circles) and those for a wide variety of other dark solar system
bodies. Note that for HJ103 b and c are not well constrained since there are no
data for that CCKBO at α>27°. Data points for other dark outer solar system
bodies have been transformed from their published SPPF form parameters to
the McGuire–Hapke b, c system using conversion relations adapted from
Verbiscer et al. (2018a) and given in Table 15. Data points are shown for
Callisto (Buratti 1991; Domingue & Verbiscer 1997), Ceres (Li et al. 2019),
Deimos (Thomas et al. 1996), Ida (Helfenstein et al. 1996), Itokawa (Tatsumi
et al. 2018), Lutetia (Masoumzadeh & Boehnhardt 2019), Mathilde (Clark
et al. 1999), MU69 (Stern et al. 2019), Phobos (Simonelli et al. 1998), Phoebe
(Simonelli et al. 1999; Miller et al. 2011), and Umbriel (Helfenstein et al. 1989;
Buratti & Mosher 1991). Also shown for comparison are parameters for
terrestrial snow and frost surfaces (solid triangles; Verbiscer & Veverka 1990;
Domingue et al. 1997) including new-fallen snow (NF), settling snow (ST),
rain crust (RC), wind-blown snow (WB), and hoarfrost (HF). The thick, solid
curve represents Hapke’s empirical hockey stick relation (Hapke 2012),
= - -c b3.29 exp 17.4 0.9082( ) , that approximates the behavior of a broad

range of particulate surfaces and may represent most particles found in
regoliths. The surfaces of the CCKBOs and scattered disk (SD) objects are
more backscattering than those of the hot classical (HC) and resonant objects
(9:5 and 3:2, plutino). This more strongly backscattering behavior parallels the
hockey stick curve as shown as a thin curve, but the trend is shifted toward
characteristics of smoother, more euhedral particle shapes b valuesby
0.13± 0.01. The plot shows that this trend is characteristic of many low-
albedo solar system bodies.
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Fig. 2.  The phase functions of three asteroid classes, all normalized at zero degree phase angle.  
The lines at phase angles less than ~30º are the respective best-fit models using the data from 
Helfenstein and Veverka (1989) for S and C types (Asteroids II book), and a composite Vesta 
curve from Hicks et al. (2014) for V types.  The various symbols are from actual measurements 
of asteroids listed in Table 8.  Data from Mathilde (Clark et al., 1999) and Bennu (B-type) (Takir 
et al., 2014) are used for additional C types beyond 30º phase angle.  Data for Gaspra 
(Helfenstein et al., 1994), Lutetia (Masoumzadeh et al., 2014), and Eros (Li et al., 2004) are used 
for S type beyond 30º phase angle. 
 
 
  

Li et al. Asteroids IV p.131

位相角の大きいところは 
New Horizonsから観測されたTNO

位相角曲線をHapke photometric model でfitしてやると表面
が不規則か、スムーズか、または内部散乱成分が大きいか
小さいかで、表面が透明か不透明かとかがわかる。 
約30度より大きい位相角では宇宙望遠鏡や探査機からの観
測が必要。近地球小惑星は大きな位相角まで地上から観測
できる天体もある。

http://www.apple.com/jp
https://iopscience.iop.org/article/10.3847/1538-3881/ab3211/pdf
http://www.apple.com/jp


• 絶対等級(H)は小惑星サイズやアルベドを推定するのに重要な
パラメーター 

• 位相角α=0°での明るさでHが定義されている 
• 小惑星の明るさは常にα= 0で測定できるとは限らないため、
異なるαで測定された明るさをfittingしてα= 0での明るさを推
定する 

• このような観測は通常は時間がかかる。 
（1）自転による光度変化を除去する各αで光度曲線観測 
（2）天体の位相角が変化するのを待つ 

• 現状ではほとんどの小惑星のHは、典型的なslopeパラメー
ター(G)=0.15をいう仮定のもとにfitting式から推定 

• G値は小惑星のアルベドや小惑星タイプに依存（右図参
照）。 

• つまり、現在の小惑星カタログではほとんどの小惑星につい
て「正確なH」が載っているわけではない。

Muinonen et al.  
in Asteroid III p.124 (2002)Shevchenko et al. A&A 626, A87 (2019)

High albedo 

Moderate albedo 

Low albedo
Tomo-e Gozenのデータを使い、位相角曲線に基づいて「正確
なH」を再推定することは非常に重要/必須なタスク。

各天体の位相角曲線に基づいた絶対等級推定
 科学目標②

https://ui.adsabs.harvard.edu/abs/2002aste.book..123M/abstract
https://ui.adsabs.harvard.edu/abs/2002aste.book..123M/abstract
https://ui.adsabs.harvard.edu/abs/2002aste.book..123M/abstract
https://ui.adsabs.harvard.edu/abs/2002aste.book..123M/abstract
https://ui.adsabs.harvard.edu/abs/2019A%26A...626A..87S/abstract
https://ui.adsabs.harvard.edu/abs/2019A%26A...626A..87S/abstract


移動天体の検出

1st scan

2nd scan

3rd scan

vi
sit
間
の
時
間
間
隔
は
数

10
分
か
ら

1時
間

高度35°以上の全天スキャン
①一晩で全天を数回visits(一晩で各小惑星の明るさが数点測れる)

② 光源カタログを作成(自動)

12 frames/6 secをone image/regionにスタック

③ 光源カタログから移動天体を区別 
ローウェル天文台の太陽系小天体カタログ「astorb」を参照し、検出され
た時刻の各SSSBの予測位置座標を計算する。その予測座標を中心に6“x6”

の範囲に天体がある場合、その天体はastorbにリストされている既知の小
惑星と見なされ、超新星やトランジット天体のカタログから外す。

２時間で完了

移動天体抜きのカタログで
メインサイエンス

取り除かれた方の 
カタログで 

太陽系小天体の研究

外された天体のRA,DEC,MJD,見かけ等級,等級
誤,astorbでの予想等級,小惑星の名はサーベイ
データベーステーブルに自動的に追加される。
これが移動天体カタログとなる。

※Tomo-e Gozen High-Cadence Transient Surveyはフィルターを使
用していない。 測光のキャリブレーションは、Pan-STARRSカ
タログのrバンドの値を使用して行われる。

Tomo-e Gozen High-Cadence Transient Survey



④ JPL Horizons（既知の小惑星の位置推算webサービ
ス）を使って、小惑星が検出された時刻でのその小惑
星の太陽位相角(α)、地心距離、日心距離を取得

⑥ 位相角曲線 α vs. H(α)を描く

⑦位相角曲線を二つの異なるモデルでフィッテイング
して絶対等級 H とslopeパラメータ Gを求める

絶対等級 H とslopeパラメータ Gの決定

⑤ 距離の補正を行なった上で、位相角αでの明るさ
H(α)を算出
H(α)=V(α)-5xlog10(日心距離x地心距離)

位相角曲線のフィッティングは2つのモデルで試した。 
(1) Lumme–Bowellモデル(Bowell et al.1989)  H、Gシステムとして知られる。 

(2) Muinonen et al.G12モデル(Muinonen et al. 2010)  2つフリーパラメーター
と3つ目の関数が含まれる。

 
 A1=3.33, A2=1.87, B1=0.63, B2=1.22

 

それぞれのモデルでフィッテイングした結果はここで見られる 
(1)  Lumme–Bowell G Model and (2)  Muinonen et al. G12 Model 
You can crick here to see the plots. You can crick here to see the plots.

https://ssd.jpl.nasa.gov/horizons.cgi
https://ssd.jpl.nasa.gov/horizons.cgi
https://drive.google.com/file/d/1gg2YcocR0EDXm6NGODgSp5Xn6eRGFAw1/view?usp=sharing
https://drive.google.com/file/d/1BfcHA_wo6FPgbBxwl712pPledo3aO2Ai/view?usp=sharing
https://drive.google.com/file/d/1gg2YcocR0EDXm6NGODgSp5Xn6eRGFAw1/view?usp=sharing
https://drive.google.com/file/d/1BfcHA_wo6FPgbBxwl712pPledo3aO2Ai/view?usp=sharing


Asteroid category Total number of 
detected asteroids

Aten [NEO, PHA] 5

Aten [NEO] 11

Amor [NEO, PHA] 4

Amor [NEO] 68

Apollo [NEO, PHA] 33

Apollo [NEO] 54

Mars-crossing 510

Inner main belt 703

Main belt asteroids 41263

Outer main belt 1410

Jupiter Trojans 248

Centaur 5

Trans Neptunian 9

2020年4月11日
現在で44323個
の太陽系小天体

検出

As for the categorization, 
please refer here.

これまでに検出された天体グループと天体数
• このサーベイの検出限界は約18等なので、検出される移動物
体はほぼ既知の太陽系小天体。 

• 位相角αの範囲は多くの小惑星で0度から数10度までで、微視
的効果が現れる範囲に対応。絶対等級の推定には十分な位相
角範囲。 

• まだ測定数や位相角の幅が十分でなく、正確なH,Gが算出に
はデータが足りない天体が多い。 

• Tomo-e Gozen High-Cadence Transient Surveyは10年間継続され
るので、サーベイ終了までには多くの既知SSSBで位相角曲
線と絶対等級が得られると期待している。 

• 密なデータポイントが得られた時点で、H,Gの値と表面特
性、小惑星タイプ、アルベドなど相関関係を調べる。

https://ssd.jpl.nasa.gov/sbdb_query.cgi?obj_group=all;obj_kind=all;obj_numbered=num;ast_orbit_class=AMO;OBJ_field=0;ORB_field=0;table_format=HTML;max_rows=200;format_option=comp;c_fields=BgBhBiBjBnBsChAcCq;c_sort=AcA;.cgifields=format_option;.cgifields=ast_orbit_class;.cgifields=table_format;.cgifields=obj_kind;.cgifields=obj_group;.cgifields=obj_numbered;.cgifields=com_orbit_class
https://ssd.jpl.nasa.gov/sbdb_query.cgi?obj_group=all;obj_kind=all;obj_numbered=num;ast_orbit_class=AMO;OBJ_field=0;ORB_field=0;table_format=HTML;max_rows=200;format_option=comp;c_fields=BgBhBiBjBnBsChAcCq;c_sort=AcA;.cgifields=format_option;.cgifields=ast_orbit_class;.cgifields=table_format;.cgifields=obj_kind;.cgifields=obj_group;.cgifields=obj_numbered;.cgifields=com_orbit_class
https://ssd.jpl.nasa.gov/sbdb_query.cgi?obj_group=all;obj_kind=all;obj_numbered=num;ast_orbit_class=AMO;OBJ_field=0;ORB_field=0;table_format=HTML;max_rows=200;format_option=comp;c_fields=BgBhBiBjBnBsChAcCq;c_sort=AcA;.cgifields=format_option;.cgifields=ast_orbit_class;.cgifields=table_format;.cgifields=obj_kind;.cgifields=obj_group;.cgifields=obj_numbered;.cgifields=com_orbit_class
https://ssd.jpl.nasa.gov/sbdb_query.cgi?obj_group=all;obj_kind=all;obj_numbered=num;ast_orbit_class=AMO;OBJ_field=0;ORB_field=0;table_format=HTML;max_rows=200;format_option=comp;c_fields=BgBhBiBjBnBsChAcCq;c_sort=AcA;.cgifields=format_option;.cgifields=ast_orbit_class;.cgifields=table_format;.cgifields=obj_kind;.cgifields=obj_group;.cgifields=obj_numbered;.cgifields=com_orbit_class
https://ssd.jpl.nasa.gov/sbdb_query.cgi?obj_group=all;obj_kind=all;obj_numbered=num;ast_orbit_class=AMO;OBJ_field=0;ORB_field=0;table_format=HTML;max_rows=200;format_option=comp;c_fields=BgBhBiBjBnBsChAcCq;c_sort=AcA;.cgifields=format_option;.cgifields=ast_orbit_class;.cgifields=table_format;.cgifields=obj_kind;.cgifields=obj_group;.cgifields=obj_numbered;.cgifields=com_orbit_class
https://ssd.jpl.nasa.gov/sbdb_query.cgi?obj_group=all;obj_kind=all;obj_numbered=num;ast_orbit_class=AMO;OBJ_field=0;ORB_field=0;table_format=HTML;max_rows=200;format_option=comp;c_fields=BgBhBiBjBnBsChAcCq;c_sort=AcA;.cgifields=format_option;.cgifields=ast_orbit_class;.cgifields=table_format;.cgifields=obj_kind;.cgifields=obj_group;.cgifields=obj_numbered;.cgifields=com_orbit_class
https://ssd.jpl.nasa.gov/sbdb_query.cgi?obj_group=all;obj_kind=all;obj_numbered=num;ast_orbit_class=AMO;OBJ_field=0;ORB_field=0;table_format=HTML;max_rows=200;format_option=comp;c_fields=BgBhBiBjBnBsChAcCq;c_sort=AcA;.cgifields=format_option;.cgifields=ast_orbit_class;.cgifields=table_format;.cgifields=obj_kind;.cgifields=obj_group;.cgifields=obj_numbered;.cgifields=com_orbit_class
https://ssd.jpl.nasa.gov/sbdb_query.cgi?obj_group=all;obj_kind=all;obj_numbered=num;ast_orbit_class=AMO;OBJ_field=0;ORB_field=0;table_format=HTML;max_rows=200;format_option=comp;c_fields=BgBhBiBjBnBsChAcCq;c_sort=AcA;.cgifields=format_option;.cgifields=ast_orbit_class;.cgifields=table_format;.cgifields=obj_kind;.cgifields=obj_group;.cgifields=obj_numbered;.cgifields=com_orbit_class
https://ssd.jpl.nasa.gov/sbdb_query.cgi?obj_group=all;obj_kind=all;obj_numbered=num;ast_orbit_class=AMO;OBJ_field=0;ORB_field=0;table_format=HTML;max_rows=200;format_option=comp;c_fields=BgBhBiBjBnBsChAcCq;c_sort=AcA;.cgifields=format_option;.cgifields=ast_orbit_class;.cgifields=table_format;.cgifields=obj_kind;.cgifields=obj_group;.cgifields=obj_numbered;.cgifields=com_orbit_class
https://ssd.jpl.nasa.gov/sbdb_query.cgi?obj_group=all;obj_kind=all;obj_numbered=num;ast_orbit_class=AMO;OBJ_field=0;ORB_field=0;table_format=HTML;max_rows=200;format_option=comp;c_fields=BgBhBiBjBnBsChAcCq;c_sort=AcA;.cgifields=format_option;.cgifields=ast_orbit_class;.cgifields=table_format;.cgifields=obj_kind;.cgifields=obj_group;.cgifields=obj_numbered;.cgifields=com_orbit_class


• Tomo-e Gozen High-Cadence Transient Surveyで
検出された44323個の小天体の位相角曲線をプ
ロットした。 

• 2つの異なるモデル(1)Lumme–Bowell Gモデル
と(2)Muinonen et al. G12モデルで位相角曲線を
fittingした。 

• 各天体の密な位相角曲線が取得されれば、小
天体の絶対等級と表面特性に関する有望な情
報を提供するが、まだほとんどの天体に対し
て十分なデータ点がない。 

• しかし、このサーベイは10年間継続されるた
め、より多くの天体に対してより密度の高い
位相角曲線が確実に得られるはずである。

まとめと今後
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Gaiaでは4208個の小惑星のH,Gが決定された。Gaia Data Release 2 には14,099個
の太陽系小天体のデータが含まれており、それらとTomo-e Gozenのデータを組み
合わせれば、より広い位相角範囲で位相角曲線が得られるはず。 
さらにPan-STARRSやPalomar Transient Factory、Zwicky Transient Facility、
Asteroid Terrestrial-impact Last Alert System でも同様のデータ取得が見込まれ、
ここ数年のうちに小惑星カタログの絶対等級の精度はかなり改善されるだろう。
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