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Small Solar System bodies (SSSBs)

We used the SRC and CORR data in the HSC-SSP PDR3 Wide 
for the SSSB extraction. We first constructed the PostgreSQL 
database of SRC data of all detected sources between March 
2014  and January 2020. We developed a system to effectively 
extract known SSSBs from the sources registered to the 
database. The information (coordinates, magnitudes, etc.) on 
known SSSBs is obtained using the orbital data provided by the 
Minor Planet Center (MPC) and the NASA JPL/Horizons web 
tools. As the first result, we identified ~1,000,000 events for 
>200,000 SSSBs for 278 nights. 
 We are currently creating a catalog using the data of PDR3 
Deep/Ultra Deep. In the next step, we will make a catalog of both 
known and newly discovered SSSBs using the final PDR data. 
   Our final goal of this project is to develop a fast extraction and 
identification system for known and newly discovered 
SSSBs among the Subaru HSC data and keep updating the 
HSC SSSB catalog, using a hyper-speed database management 
system and a large-scale parallel computing system[6].

Hyper Suprime-Cam Subaru Strategic Program data
We use photometric (SRC) and 
imaging (CORR) data obtained with 
the Hyper Suprime-Cam Subaru 
Strategic Program (HSC-SSP) 
survey for the SSSB extraction. HSC 
covers a wide field of view of 1.8 deg2 
with 116 CCDs (104 CCDs are used 
for science imaging), and thousands 
of sources are detected in each CCD 
image for one exposure (Fig. 1, 2). 

HSC-Wide detected source DB
(PostgreSQL version 11.10) 

• ~2,000—5,000 sources/ccd
• 104 ccds/exposure
• ~100 exposures/night
• 278 nights

⇒ total ~4.0 billion records !!!
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Input: visit, obstime

objname, pointing, visit, obstime, ccd,
ra_obj, dec_obj, ra_rate, dec_rate, 
ra_3sigma, dec_3sigma,
r, delta, vmag, elong(Flag), alpha

pointing, visit, obstime, ccd, 
exptime, filter, 
id, coord_ra, coord_dec, 
parent, deblend_nchild, 
sdssshape_[xx|yy|xy], 
fluxmag0, fluxmag0err,
circularApertureFlux(Sigma),
psfFlux(Sigma)

ccdsrc (PostgreSQL DB)
(~4.0 billion sources)

observed HSC data frame
(278 nights, ~21,000 exposures for Wide)

Photometric data (SRC) of sources 
detected with the HSC analysis 
pipeline, hscPipe[1,2] (version 8), for all 
frames obtained with Wide survey in 
March 2014 - January 2020 (Public 
Data Release 3: PDR3)[2,3] are stored 
in PostgreSQL database. Fig. 2  An example 

of HSC CCD image, 
z-band, obstime = 
2015-03-16T10:43, 
ccd = 58. 
Blue crosses 
indicate sources 
detected with the 
HSC pipeline, 
hscPipe.

Fig.1  An example of asteroids 
expected to be observed with HSC 
for one exposure. 
Red: numbered (155 objects)
Blue: unnumbered (113 objects)

HSC SSSB candidates
(~10,000 SSSBs/night)

HSC-SSP known SSSB catalog

Photometric data (SRC) of 
detected sources for all 
CCD images (278 nights) 

The investigation of small Solar System bodies (SSSBs) is crucial 
for unraveling the dynamical and collisional evolution from the 
early solar nebula to the current Solar System. To enhance our 
understanding of the history of the Solar System, it is essential to 
comprehensively  grasp the spatial distribution, size distribution, 
and surface properties of various types of SSSBs.
Therefore, it is highly required to increase the observational data 
of small SSSBs for the essential understanding of the collisional 
evolution of the Solar System. Observations with 8-10 m class 
large telescopes enable us to investigate the detailed properties 
of sub-km or smaller SSSBs. 

Even if the observation is not 
dedicated to the SSSB survey, 
SSSBs can be found among many 
observed astronomical objects. 
Since SSSBs are moving objects, 
we need to construct an efficient 
method to extract and identify the 
SSSBs among a huge number of 
detected sources.

NASA JPL/Horizons
(astroquery.jplhorizons)

matching
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obstime = obstime   AND
(coord_ra – ra_obj)2/ra_3sigma2 + 
(coord_dec – dec_obj)2/dec_3sigma2 < 1

(ra_obj, dec_obj)
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2 shape
adaptive moments[5]: sdssshape_xx, sdsshape_yy,  
          sdsshape_xy (indicator of source shape and size)

transverse velocity (ra_rate, dec_rate) * exptime
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Several candidates may be selected when position uncertainty is large.

Objects with 
(ra, dec) fall within 
the HSC FOV at the 
observation

Columns (to be updated):  object[number, name, provisional designation], 
obstime[isot, jd], ra_obj, dec_obj, ra_3sigma, dec_3sigma, azimuth, elevation, 
airmass, glxlon, glxlat, vmag, r, delta, elong, elongFlag, alpha, pointing, visit, ccd, 
exptime, filter, id, coord_ra, coord_dec, parent, deblend_nchild, sdssshape_xx, 
sdssshape_yy, sdssshape_xy, moving_angle, moving_length, magnitudes & errors 
(aperture photometry with radius = 20, 30, 40, 60 arcsec & psf photometry)

Fig. 4  Example objects of SSSBs in HSC-SSP PDR3 . 

HSC-SSP PDR3 SSSB catalog

Information of identified SSSBs are summarized for all 278 nights 
and made the preliminary HSC-SSP PDR3 Wide SSSB catalog. 
The catalog contains ~1,000,000 records for >200,000 unique 
objects. The heliocentric distances of SSSBs when observed are 
shown in Fig. 3. Examples of NEA, Main-belt, Jupiter Trojan, and 
TNO are shown in Fig. 4.  

References:  [1] Bosch+ 2018, PASJ, 70, 5; Bosch+ 2019, ADASS XXVIII, 521 
[2] Aihara+ 2021, PASJ, 74, 247
[3] https://hsc-release.mtk.nao.ac.jp/doc/index.php/sample-page/pdr3/
[4] https://ssd.jpl.nasa.gov/horizons/
[5] https://www.sdss.org/dr12/algorithms/classify/#photo_adaptive
[6] Takata+ 2020, ASPC, 527, 717 (ADASS XXIX); Furusawa+ 2020, SPIE 11452, id. 1145226

Discovered SSSBs
Asteroids/TNOs:  1,329548
Comets:                       4,602
as of 2024-Jan-15 
(from Minor Planet Center) Fig. 3 Histogram of heliocentric distances of objects in the HSC SSSB catalog

Summary and Future works

main belt

Jupiter Trojans
Kuiper belt
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hscPipe terminology[1] 

 pointing = sequential # of date-obs
 visit = exposure
 parent = unique ID of parent source
 deblend_nchild = # of child sources

Horizons terminology[4]
r = heliocentric distance
delta = geocentric distance
elong = solar elongation angle
  (flag = leading or trailing)
alpha = sun-target-observer angle  

Extraction and identification method of SSSBs 
from HSC-SSP data (flowchart)

(e.g., 150 sec for ~10000 candidates) 

すばるHSC-SSP Public Data Release 2 既知太陽系小天体カタログ
⼤坪貴⽂*, ⾼⽥唯史, 古澤久徳, 古澤順⼦, 寺居剛（国⽴天⽂台）, 吉⽥⼆美（産業医科⼤/千葉⼯⼤PERC）, 浦川聖太郎（⽇本スペースガード協会）, HSC超⾼速DBグループ

太陽系小天体 (Small solar system bodies)

HSC-SSP の Public Data Release 2 (PDR2) wide survey データを用いた移動
天体探査とHSC既知太陽系小天体カタログの作成
Ø PDR2 (2014/3̶2018/1) のデータに対して初期同定処理が終了。
約11万天体の約53万イベント

Ø HSC既知太陽系小天体カタログ preliminary 版を準備。希望者には配布中
Ø 点源の小惑星・外縁天体と拡散天体の彗星は別カタログに
Ø 検出精度（検出漏れ、偽検出）、completeness などのチェック作業をおこな
い、近日中には初期成果を公表（できれば嬉しい）

Ø 来年度には public PDR3，さらにはその次の release data (PDR4 or final 
release) にも対応予定

Ø より高速な検索DBシステム[4][5]を利用した高度なカタログ作成手法を構築予定
Ø 是非使っていただき、フィードバックをよろしくお願いします

すばる Hyper Suprime-Cam 戦略枠観測データ
Ø 使用するデータ
HSC-SSP Public Data Release 2 (wide)[1]
- 視野直径1.5°
- CCD 116 個(うち科学使用104個)
- 観測フィルター:  g, r, i, z, y
- 2014/3-2018/1の174夜
- 観測日(pointing)、露出(visit)、検出器(ccd) 
ごとの１次処理済データ
・CCD 画像: CORR-[visit]-[ccd].fits
・検出光源カタログ: SRC-[visit]-[ccd].fits
- 観測時刻、露出時間等の情報もヘッダーから取
得し、全検出光源カタログの座標、形状、明る
さ(等級)等の情報をひとつのデータベースに

ccdsrc: HSC detected source DB
(PostgreSQL version 11.10)

• ~2,000—5,000 sources/ccd
• 104 ccds/exposure
• ~100 exposures/night
• 174 nights

⇒約28億件のレコード数

*E-mail: takafumi.ootsubo@nao.ac.jp

Input: visit, obstime

objname, pointing, visit, obstime, ccd,
ra_obj, dec_obj, ra_rate, dec_rate, 
ra_3sigma, dec_3sigma,
r, delta, vmag, elong(Flag), alpha

pointing, visit, obstime, ccd, 
exptime, filter, 
id, coord_ra, coord_dec, 
parent, deblend_nchild, 
sdssshape_[xx|yy|xy], 
fluxmag0, fluxmag0err,
circularApertureFlux(Sigma),
psfFlux(Sigma)

ccdsrc (PostgreSQL DB)
(~2.8 billion sources)

observed HSC data frame
(174 nights, ~14,000 exposures)

numbered  unnumbered  

Fig.2  HSC 
CCD 画像例, 
obstime =2015-
03-16T10:43, 
ccd = 58. 
青い×はHSCのパ
イプラインで検
出した光源を表
している。

太陽系小天体の
予測位置

Fig.1 2015年3月20日 09:36 UT (visit 
24360) 観測時に HSC 視野内にあると予
測される小惑星。番号付(赤) 155天体，仮
符号(青) 113天体，合わせて 268 天体が
検出候補天体となる。

HSC SSSB candidates
(~10,000 SSSBs/night)

HSC-SSP SSSB catalog

Photometric data of 
detected sources  for all 
ccd images (174 nights) 

太陽系小天体（Small Solar System Bodies: SSSBs）の軌道、組成、サイズ
分布は、原始太陽系星雲から現在までの太陽系の進化を理解するために不可欠な
情報である。原始太陽系円盤での微惑星形成以降の太陽系天体の衝突進化を本質
的に理解するためには、微小な太陽系小天体まで観測データを増やすことが強く
求められている。すばる望遠鏡の 8.2m の大口径と Hyper Suprime-Cam の
広視野撮像という特長を生かした観測は、この目的に非常に適したものである。
太陽系小天体サーベイに特化した観測で

なくても、HSCの観測データの中に多く
の太陽系小天体が含まれている。ただし太
陽系天体は移動天体であるため、各露出フ
レーム１枚１枚にさかのぼり、太陽系小
天体を抽出・同定する効率的な手法を構築
する必要がある。我々は、まず位置推定が
可能な既知太陽系小天体について、HSC
戦略枠サーベイ (HSC-SSP) の公開済み
の観測画像と検出光源リストに基づく既知
小天体の同定・抽出作業を進めている。

NASA JPL/Horizons
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Several candidates may be selected when position uncertainty is large.

Objects with 
(ra, dec) fall within 
the HSC FOV at 
the observation

Column:  objtname, obstime, ra_obj, dec_obj, ra_3sigma, dec_3sigma, azimuth, elevation, 
airmass, glon, glat, vmag, r, delta, elong(Flag), alpha, pointing, visit, ccd, exptime, filter, id,
coord_ra, coord_dec, parent, deblend_nchild, sdssshape_xx, sdssshape_yy, sdssshape_xy,
magnitudes & errors (aperture photometry with radius = 20, 30, 40, 60 arcsec & psf photometry)

# of obs >= 30: 92 objects
# of obs >= 20: 1,132 objects
# of obs >= 10: 13,752 objects
# of obs > 1: 87,196 objects
# of obs = 1: 29,955 objects

Fig. 4 カタログに含まれる天体のCORR 画像例。地心距離1.5au の (7345) Sagamihara 
(左) と最も遠い日心距離 59 au で観測されている 2014 FL70 (右)。

HSC 太陽系小天体カタログ
全PDR2 (174夜) の移動天体の初期同定を終了し、結果を HSC PDR2 既知
太陽系小天体カタログ（暫定版）として PostgreSQL DB 化 し た
(sssb_matched_pdr2) 。ユニークな天体数約11万天体の約53万観測データ
からならる太陽系小天体カタログ。１万天体以上が10回以上観測されている。
観測時の天体の日心距離を Fig. 3. に示す。日心距離 59 au から地心距離
0.23au まで幅広い天体が検出されている。

References:
[1] https://hsc-release.mtk.nao.ac.jp/doc/index.php/sample-page/pdr2/
[2] https://ssd.jpl.nasa.gov/horizons/
[3] https://www.sdss.org/dr12/algorithms/classify/#photo_adaptive
[4] Takata+ 2020, ASPC, 527, 717 (ADASS XXIX) [5]  Furusawa+ 2020, SPIE 11452, id. 1145226

これまでに発見された
太陽系小天体

Asteroids/TNOs: 1,264,645
Comets: 4,503
NEA:                                31,396

Minor Planet Center 2023年3⽉10⽇付 Fig. 3 HSC太陽系小天体カタログに含まれる天体の観測時の日心距離でのヒストグラム

まとめと今後の計画
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hscPipe terminology[1] 

pointing = sequential # of date-obs
visit = exposure
parent = unique ID of parent source
deblend_nchild = number child sourcesHorizons terminology[2]

r = heliocentric distance
delta = geocentric distance
elong = solar elongation angle

(flag = leading or trailing)
alpha = sun-target-observer angle  

HSC-SSP データでの
既知太陽系小天体の抽出・同定手法

(eg., 150 sec for 10870 candidates) 

各観測時刻での太陽系小天体の予測座標に対応
する検出光源をこのデータベースの中から検索

Dump した PostgreSQL DB あるいは csv データファイルとして
提供中。ご興味ある⽅は⼤坪まで(takafumi.ootsubo@nao.ac.jp)

P321b

① ② ③ 

④ ⑤ ⑥ 

# of obs >= 30:      >120 objects
# of obs >= 20: ~1,800 objects
# of obs >= 10: ~22,500 objects

2014 FL702019 CT2 (7345) Sagamihara 2008 GM84

Δ=0.28au Δ=1.5au r=5.2au r=59au

# of obs > 1: ~160,000 objects
# of obs = 1:    ~60,000 objects

numbered  provisional
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