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Abstract
஍ۙٿ๣ఱମ (near-earth objects; NEOs) 〣஍〭ٿ〣িಥぇճආ『぀〔〶〠〤ఱମ〣ૣظ
.⿿ॏཁ〜⿴぀ݟൃ Tunguska 〹 Chelyabinsk 〣ぐよアぷ〤 10–50 m ぜ゘と〣খ࿭੕〠
〽〘〛Ҿ　ى〈《ぁ〔〝ߟ⿺〾ぁ〛⿼〿,〈〣つぐど〣 NEOsぇਝ଎〠ൃݟ『぀ೳྗ⿿ٻ
〶〾ぁ〛⿶぀. ౦ژେֶ໦ી؍ଌॴ〜〤 1.05 m てゔゎひぷ๬ԕڸ〠౥ࡌ『぀ੈ࣍୅ࢹ޿
໺ CMOSじゐ゘ Tomo-e Gozen〣։ൃぇਐ〶〛⿶぀. Tomo-e Gozen〤 20ฏํ౓〣ྖҬ
ぇ࠷େ 2 Hz 〜ゑぺの゙アそ〜　, ⿼〽〒 19 ౳〳〜〣੕〣໌぀《ぇ໢ཏత〠୳ࠪ〜　぀.
Tomo-e Gozen〤஍ٿ⿾〾ݟ〔֯଎౓⿿େ　⿶ఱମ〜〷 signal-to-noiseൺぇམ〝《』〠؍
ଌ⿿〜　぀〝⿶⿸௕ॴ⿿⿴぀. ग़ݕ଎Ҡಈఱମ〣ߴ〚⿶ը〠ԙܭ୅〣ओཁ〟つがよぐੈ࣍
,քぇൺֱ「〔〝〈あݶ Tomo-e Gozen 〤 LSST 〠ඖఢ『぀むやさがろアとぇൃش『぀〈
〝⿿い⿾〘〔. Tomo-e Gozen〤 2018೥〽〿શఱ〣௒৽੕つがよぐぇ࣮ࢪ『぀. 〈〣ぶが
のぇ NEOsつがよぐ〠༻⿶぀〈〝〜, Tomo-e Gozen〤 10–50 mぜ゘と〣 NEOs〣ૣൃظ
.ଌてとふわ〝〟぀؍〟぀〈〝⿿〜　぀ॏཁ』ݙߩ〠ݟ
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1 Introduction
1.1 ஍ۙٿ๣ఱମ〝ࢹ޿໺つがよぐܭը
ۙ೥〣じゐ゘〣ײߴ౓⿾ٴ〨ࢹ޿໺Խ〠〽〘〛

஍ۙٿ๣ఱମ (near-earth objects, NEO) 〣ൃݟ਺
〤Ճ଎౓త〠૿Ճ「〛⿶぀. NASA〣౷ܭ〠〽ぁ
〥 2016 ೥〳〜〠 15,000 ௒〣ݸ NEOs ⿿ൃݟ《
ぁ〛⿶぀. 2010೥୅〠⿼⿶〛 NEOs〣ൃݟ〠େ　
ଌてとふわ〤؍぀⿶〚」ݙߩ。 Arizonaେֶ⿿ਪ
ਐ『぀ Catalina Sky Survey5) 〝 Hawaiiେֶ⿿ӡ
Ӧ『぀ Pan-STARRS4) 〜⿴぀. 2019೥〠〤 Large
Synoptic Survey Telescope13) (LSST) ⿿Քಇ『぀
〈〝〠〽〘〛 140 m ぜ゘と〣 NEOs 〣໢ཏత〟
.଴《ぁ〛⿶぀ظग़⿿ݕ 〈ぁ〾〣つがよぐܭը〤
ଠཅܥఱମ〠ಛԽ「〔ゆ゜でこぜぷ〜〤〟⿶〟⿿

〾〷, ,໺ࢹ⿶޿ ,౓ײ⿶ߴ ⿼〽〨ߴ⿶と゚がゆひ
ぷぇ࣋〙ղੳみひぜごアへ〣⿼⿾〆〜 NEO〣ൃ
.぀⿶〚」شむやさがろアとぇൃ⿶ߴ〠ݟ

NEOs 〣೥ؒൃݟ਺〣ਪҠ1ぇਤ 1 〠ࣔ「〔.
1 kmぇ௒⿺぀ NEOs〣ݕग़਺〤 2000೥୅ぇゃが
ぜ〠ݮগ「〛⿼〿, 〈〣つぐど〣 NEOs〤〰〱ൃ
.぀⿺ݴ〝ਚ。《ぁ〙〙⿴぀」ݟ ਤ 2 〜〤 NEOs
〣つぐど෼෍༧૝〝࣮ݕ〠ࡍग़《ぁ〔つぐど෼

෍ぇൺֱ「〛⿶぀. つぐど⿿ 1 km 〽〿〷খ《
⿶ NEOs 〤〳〕ະൃݟ〣〷〣⿿ଟ。⿴぀〝ߟ⿺
〾ぁ〛⿶぀3). つがよぐ؍ଌ〜〤〽〿খ《⿶ఱ
ମぇൃݟ『぀〈〝⿿ٻ〶〾ぁ〛⿼〿, ઈର౳ڃ
H = 22mag (140 m૬౰)〣ఱମぇ໢ཏత〠ൃݟ
『぀〈〝⿿〧〝〙〣໨ඪ〝〟〘〛⿶぀8). Ұํ〜
ਓྨ〠ଛ֐ぇ༩⿺⿸぀খ࿭੕ぇิ଍『぀〔〶〠〤

10–50 m ぜ゘と〣 NEOs ぇൃݟ『぀ඞཁ⿿⿴぀.
Tunguska 〹 Chelyabinsk 〣〽⿸〟ぐよアぷ〤〒
ぁ〓ぁ 50 m ⿼〽〨 20 m 〣খ࿭੕〠〽぀ぐよڃ

1 Data obtained from “Discovery Statistics” in Center for Near
Earth Object Studies (https://cneos.jpl.nasa.gov/).
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ਤ 1: Annual detections of NEOs. The gray bars indicate the total number of the detected NEOs. The orange
and blue bars show the detections of NEOs larger than 140 m and 1 km, respectively.
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ਤ 2: Completeness of NEO detections. The green circles indicate the estimate by Harris (2012). The orange
solid line indicates the cumulative size distribution in observation.
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アぷ〕〝ߟ⿺〾ぁ〛⿶぀1,6,2). 〈⿸「〔ఱମ〤খ
,⿺⿿೉「⿶〈〝〠Ճݟൃ〠〶〕⿶҉。》 ఱମ〝
〣ڑ཭⿿ۙ〚⿶〔〝　〠〤ݟ⿾々〣֯଎౓⿿େ　

。〟〿, ぷ゘ひずアそ「〟々ぁ〥 signal-to-noise
ൺ⿿௿Լ「〛「〳⿸〝⿶⿸໰୊⿿⿴぀. 10–50 m
ぜ゘と〣 NEOsぇૣݟൃ〠ظ『぀〔〶〠〤, 〽〿
,౓〣てとふわぇ༻⿶぀⿾ײߴ ߴ〠଎Ҡಈఱମߴ
⿶むやさがろアとぇൃش『぀てとふわ⿿ٻ〶〾

ぁ぀.

զʑ〣ばがわ〤౦ژେֶ໦ી؍ଌॴ〠ઃஔ《ぁ

〔 1.05 m てゔゎひぷ๬ԕڸ〠౥ࡌ《ぁ぀ੈ࣍୅
໺ࢹ޿ CMOS じゐ゘ Tomo-e Gozen ぇ։ൃ「〛
⿶぀. Tomo-e Gozen 〜〤 CCD ぐゐがでなアつ
〣୅い〿〠 CMOS ぐゐがでなアつぇ࠾༻「〔〈
〝〠〽〘〛, ಡ〴ग़「〠ඞཁ〟ؒ࣌⿿〰〱ແࢹ〜
　぀〳〜〠୹ॖ《ぁ〔. ຊてとふわ〠〽〘〛୹࣌
ؒಡ〴ग़「〜޿Ҭぇつがよぐ『぀ܭը⿿ॳ〶〛ݱ

࣮త〟〷〣〝〟぀. ຊ࿦จ〜〤 10–50 mぜ゘と〣
NEOs〣ൃݟ〠⿼⿶〛 Tomo-e Gozen〣むやさが
ろアとぇଞ〣てとふわ〝ൺֱ『぀.

2 Tomo-e Gozen ըܭ
2.1 ୅ੈ࣍ CMOS じゐ゘ Tomo-e Gozen
౦ژେֶ໦ી؍ଌॴ〤೔ຊ〣௕໺ݝ໦ીொ〠⿴

぀. ओྗ؍ଌ૷ஔ〤 1.05 mてゔゎひぷ๬ԕڸ〜⿴
〿, ௚ܘ⿼〽〒 9 ౓〣޿⿶ྖҬ〜࿪〴〣〟⿶૾ぇ
ಘ぀〈〝⿿〜　぀. Tomo-e Gozen 〤໦ી؍ଌॴ
〜։ൃ《ぁ〛⿶぀ੈ࣍୅؍ଌ૷ஔ〜⿴぀. Canon
⿿৽ن〠։ൃ「〔 CMOS なアつぇ 84 ຕ༻⿶〛
20 ฏํ౓〣ྖҬぇじみが『぀. ఱจֶ〜〤 CCD
ぐゐがでなアつぇ༻⿶〔てとふわ⿿ओྲྀ〜⿴぀

⿿, ըૉ৘ใ〣ಡ〴ग़「〠࠷௿〜〷 10 ඵఔ౓〣
ଌޮ؍〝⿿୹。〟぀ؒ࣌⿿⿾⿾぀〔〶࿐ग़ؒ࣌

཰⿿େ　。௿Լ『぀. Tomo-e Gozen〤 CMOS〣
゜が゙アそてをひのぇ࢖༻『぀〈〝〜 2 Hz 〜࿈
ଓత〠ぶがのぇऔಘ『぀〈〝⿿Մೳ〜⿴぀. ද 1
〠 Tomo-e Gozen⿼〽〨〒〣ଞ〣ओཁ〟؍ଌてと
ふわ〠〙⿶〛,؍ଌࢹ໺,ݶ,ܘޱք౳ڃ (V -band),
つがよぐ؍ଌ〜〣యܕత〟࿐ग़ؒ࣌, ゃぜな゚と
たが゚ぇྻڍ「〔. Tomo-e Gozen 〤ଞ〣てとふ
わ〝ൺֱ「〛ѹ౗త〠୹⿶࿐ग़ؒ࣌〜ぶがのぇ

औಘ『぀〈〝⿿〜　぀. 2015 ೥ 12 ݄〠〤むぐ
゜ひぷゆ゜でこぜぷ〝「〛 8 ຕ〣 CMOS なア
つ〠〽〘〛໿ 2 ฏํ౓ぇじみが『぀ CMOS ゑづ
ぐぜじゐ゘ Tomo-e PM ぇ࡞੒「, Tomo-e Gozen
〠〽぀ 2 Hz 〣؍ଌ〜〤⿼〽〒 18.5 ౳〣੕〳〜
signal-to-noiseൺ 5Ҏ্〜؍ଌՄೳ〜⿴぀〈〝ぇ
࣮ূ「〔11). 〳〔, ઐ༻〣ぬやぷげごぎぇ։ൃ「
〛ྲྀ੕〹୹ؒ࣌มಈݱ৅〣୳ࠪ, ⿼〽〨ಈըぶが
の〣ѹॖํ๏〣ݕ౼ぇਐ〶〛⿶぀9,7).

Image credit: amazingsky.net

ਤ 3: A schematic view of the all sky supernovae sur-
vey scheduled in the Tomo-e Gozen project. Each
circle corresponds to a region with a diameter of 9◦.

Tomo-e Gozen 〣ओ〟つぐごアとのがだひぷ〤
୹⿶のぐわとたが゚〜〣رগ〟มಈݱ৅〜⿴぀.
〈〈〠〤௒৽੕〣てゖひぜゅ゛ぐぜぎげぷ〣؍

ଌ〹 fast radio busts〣ՄࢹରԠఱମ〣ൃݟ, trans-
neptunian objects 〠〽぀Ԉณݱ৅〣؍ଌ, ඍޫྲྀ
੕〣౷ܭతڀݚ〟〞⿿ؚ〳ぁ぀. Tomo-e Gozen
〣やきがとぷ゘ぐぷ〤 2018೥ぇ༧ఆ「〛⿼〿,େ
.぀』ࢪ໛ಈըつがよぐゆ゜そ゘わぇ࣮ن

2.2 Tomo-e Gozen ಈըつがよぐܭը
Tomo-e Gozen 〜〣؍ଌ〤େܕ〣ゆ゜でこぜぷ
୯Ґ〜࣮ࢪ《ぁ, ୈҰ؍ظଌゆ゜でこぜぷ〝「
〛〤௒৽੕つがよぐ⿿༧ఆ《ぁ〛⿶぀. ਤ 3 〠
つがよぐܭը〣ぢアなゆぷぇࣔ「〔. ਤத〣ԁ
〤 105 cm てゔゎひぷ๬ԕڸ〣ぐゐがでつがぜ゚
ぇ〷「〛⿶぀. Tomo-e Gozen〤 2×2〣ぶくづ゙

アそ〠〽〘〛ԁ〣಺෦, ௚ܘ 9 ౓〣ྖҬぇ〰〱『
〮〛؍ଌ『぀〈〝⿿〜　぀. ֤ぶくづ゙アそれで
てゖア〜〤࿈ଓ「〔 0.5ඵੵ෼〣ը૾ 6ຕぇऔಘ
『぀. 『〟い〖,֤れでてゖア〜 0.5ඵ〣ؒ࣌෼ղ
ೳぇอ࣋「〔〳〳 3ඵੵ෼૬౰〣ぶがのぇऔಘ『
぀. 〈〣つがよぐ〜〤๬ԕڸҠಈ〣ざがみょひへ
ぇؚ〶〛⿼〽〒 2 ౓ߴ〜ؒ࣌ 30◦ Ҏ্〣ۭ⿼〽

〒 10,000ฏํ౓ぇ『〮〛؍ଌ『぀〈〝⿿〜　぀.
Ұ൩〠 3–4ճ૟ఱ『぀〈〝〠〽〘〛, hour–dayと
たが゚〣มಈݱ৅ぇ࣮֬〠ଊ⿺぀. ຊつがよぐܭ
ը〣ओ〔぀໨త〤௒৽੕〣ൃݟ〜⿴぀⿿, ྖҬぇ
,〶〕ఆ「〟⿶ແみぐぎと〟つがよぐ〜⿴぀ݶ の
ぐわへゐぐアఱจֶҰൠ〠޿。༗༻〟ぶがの⿿ఏ

.଴《ぁ〛⿶぀ظ〝ぁ぀》ڙ
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ද 1: Specifications of Major Astronomical Survey Facilities.

Pan-STARRS (PS2) Catalina (CSS) Tomo-e Gozen a) LSST b)

FOV 2×7 deg2 19 deg2 20 deg2 9.6 deg2

Diameter 2×1.8m 0.7m 1.05m 8.4mc)

MV,lim 22.0mag 19.5mag 18.5mag 24.6mag

Tint 30 s 30 s 0.5 sd) 15 s

θpix 0.3′′ 2.5′′ 1.0′′ 0.2′′

a)the first light is scheduled in 2018.
b)the first light is scheduled in 2019.
c)the effective diameter is about 6.7m.
d)a nominal integration time for the supernova survey is 3 s (6 exposures of 0.5 s integration).

3 Detection of Fast-Moving NEOs
3.1 Tomo-e Gozen 〠〽぀ NEOs ଌ؍
զʑ〤 Tomo-e Gozen〠〽぀௒৽੕つがよぐܭ
ը〠〽〘〛ಘ〾ぁ぀ぶがのぇస༻『぀〈〝〜, ଟ
。〣 NEOs ぇൃݟ『぀〈〝⿿〜　぀〝ظ଴「〛
⿶぀. ௒৽੕つがよぐ〠〽〘〛〷〔〾《ぁ぀ぶが
の⿾〾, ⿾々〣Ҡಈ଎౓ݟ v ⿿ 1′′ s−1 ҎԼ, ⿾〙
⿾々〣໌぀《⿿ݟ V ! 18.5mag. 〣 NEOs 〠〙
⿶〛〤໢ཏత〠ൃݟ《ぁ぀〝ظ଴《ぁ぀. Ҡಈ଎
౓⿿ 1′′ s−1 ぇ௒⿺぀ NEOs〠〙⿶〛〤, 6ຕ〣ը
૾಺〜Ҡಈ「〛⿶぀༷ࢠ⿿֬ೝ〜　぀〔〶ଈ࠲〠

Ҡಈఱମ〜⿴぀〝ೝࣝ「ぎ゘がぷぇग़『〈〝〷〜

　぀. 〳〔,ຊつがよぐ〜〤,⿼〽〒 〜ִؒؒ࣌2
つがよぐぇ܁〿ฦ『〔〶, ࣗ〾⿿ൃݟ「〔 NEOs
ぇࣗ〾〜やさ゜がぎひゆ『぀〈〝〠〽〘〛 NEOs
〣يಓ〠ݶ੍⿶ڧぇ༩⿺぀〈〝〷Մೳ〜⿴぀. ক
དྷత〠〤ର෺ぞどわぇ༻⿶〔؍ଌ〷ݕ౼「〛⿼

〿, V ∼ 15mag.ఔ౓〣໌぀⿶ NEOs〠〙⿶〛೾
௕෼ղೳ R ∼ 10ఔ౓〣৭৘ใぇऔಘ『぀〈〝〷

Մೳ〜⿴぀. Tomo-e Gozen 〠〽぀ಈըつがよぐ
〠〽〘〛, ैདྷ〣 NEOsつがよぐ〝〤ҟ〟぀む゘
ゐのとらがとぇ։୓『぀〈〝⿿Մೳ〠〟぀.

3.2 ぷ゛ぐ゚゜と〣ධՁ
Planetary defense 〣؍఺⿾〾〤 10–50 m 〣ڃ

NEOs〣ݕग़〤ۃ〶〛ॏཁ〜⿴぀. Tomo-e Gozen
〤 1 mڃ〣๬ԕڸ〠౥ࡌ《ぁ぀〔〶 Pan-STARRS
〹 LSST 〝ൺֱ『぀〝ݶք౳ڃ〤ઙ⿶. 〈〣〔
〶 NEOs 〝〣ڑ཭⿿ 1 au ఔ౓〣৔߹〤 Tomo-e
Gozen 〣ݕग़ೳྗ〤طଘ〣؍ଌてとふわ〠ྼ぀.
Ұํ〜 Tomo-e Gozen〣つがよぐぶがの〤࠷େ〜
0.5 s〝⿶⿸ؒ࣌⿶ߴ෼ղೳぇ࣋〘〛⿶぀〔〶,ߴ
଎〜Ҡಈ『぀ NEOsぇぷ゘ひずアそ『぀〈〝〟。
.ଌ『぀〈〝⿿Մೳ〜⿴぀؍〜౓ײ⿶ߴ 〈〈〜〤
10–50 mぜ゘と〣 NEOs⿿≪ 1 au〣ڑ཭〠⿴぀

৔߹〣ݕग़ྗ〠〙⿶〛ূݕ『぀.

ਤ 2⿿ࣔ『〽⿸〠, 10–50 mڃ〣 NEOs〤ઈର
౳ڃ〠「〛 H = 25mag.૬౰〜⿴぀〔〶,ࡏݱ〣

ଌ؍ଌٕज़〜〤े෼〠઀ۙ「〔ঢ়ଶ〜〟々ぁ〥؍

〜　〟⿶. Ұํ〜, ۙ઀「〔 NEOs 〠〙⿶〛〤؍
ଌऀ⿾〾ݟ〕ݟ⿾々〣ӡಈ⿿ແࢹ〜　〟。〟぀.
2010೥Ҏޙ〠஍ٿ〠઀ۙ「〔 NEOs〣⿸〖,ۙ࠶
઀ݟ〠࣌⿾々〣଎౓⿿࠷〷଎⿾〘〔 5ఱମぇද 2
〠゙とぷ「〔2 . NEOs 〣〟⿾〠〤 1 ඵؒ〠 2–3′

ఔ౓Ҡಈ『぀ఱମ⿿ଘࡏ『぀. తܕଌ૷ஔ〣య؍
〟ゃぜな゚とたが゚〤 0.2–2′′ 〜⿴぀〔〶,〈〣〽
⿸〟 NEOs 〤ぷ゘ひずアそ「〟々ぁ〥࿐ग़த〠
てそべ゚⿿ෳ਺〣ゃぜな゚〠෼ࢄ「〛「〳⿶, ࿐
ग़ؒ࣌⿿௕⿶〰〞ଛぇ『぀〈〝〠〟぀. 〈〈〜〤
〈〣ޮՌぇぷ゛ぐ゚゜と〝〫ݺ. ઢ૾ݕग़๏〹と
のひずアそ߹੒๏〟〞ぇ༻⿶぀〈〝〜⿴぀ఔ౓〳

〜〤ぷ゛ぐ゚゜と〣ޮՌぇճ෮『぀〈〝⿿〜　぀

⿿,ࢉܭ〠⿾⿾぀ぢとぷ〤௿。〟⿶14,16,15,12).

ぽぐど⿿みひぜそ゘げアへ⿾〾〣์ࣹ〜ࢧ഑《

ぁ〛⿶぀৔߹, ゃぜな゚⿴〔〿〣 signal-to-noise
ൺ⿿ぷ゛ぐ゚゜と〠〽〘〛ྼԽ『぀ޮՌ〤ҎԼ〣

:぀　〜ࣅۙ〜ࣜ

SNTL
pix =

t′s√
tn+ t′s

≃ t′

t
SNpix, (1)

〈〈〜 SNpix 〤ぷ゛ぐ゚゜とぇྀߟ「〟⿾〘〔

৔߹〣 signal-to-noise ൺ, SNTL
pix 〤ぷ゛ぐ゚゜と

ぇྀߟ「〔৔߹〣 signal-to-noiseൺ, s〤ఱମ⿾〾
〣୯Ґؒ࣌⿴〔〿〣や゘ひぜと, n 〤୯Ґؒ࣌⿴
〔〿〣みひぜそ゘げアへ์ࣹ, t 〤૯ੵ෼ؒ࣌, t′

〤ఱମ⿾〾〣てそべ゚⿿୯Ұゃぜな゚〠ཹ〳〘〛

⿶぀ؒ࣌ (on-pixel time)〜⿴぀. ࣜ (1)〤 on-pixel
time⿿ݮগ『぀〝ൺྫ「〛 signal-to-noiseൺ⿿௿
Լ『぀〈〝ぇࣔ「〛⿶぀.

〈〈〜〤ぷ゛ぐ゚゜と〣Өڹぇ⿼⿼〳⿾〠ੵݟ

〷぀〔〶〠஍ٿ, ⿼〽〨 NEO ⿿ਤ 4 〠ද「〔഑
ஔ〠⿴぀ঢ়گぇߟ⿺぀. NEO〝஍ٿ〝〣࠷઀ۙڑ
཭ぇD〝「 NEO〝஍ٿ〣૬ର଎౓〣⿸〖ࢹઢํ

2 Data obtained from “Close Approaches” in Center for Near
Earth Object Studies (https://cneos.jpl.nasa.gov/).
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ද 2: Close-Approached NEOs

Name Close-Approach Date Distance (au) Velocity (′′s-1)
2016 DY30 2016-Feb-25 19:59 9.5×10−5 250

2012 KT42 2012-May-29 07:07 1.4×10−4 169

2011 CQ1 2011-Feb-04 19:39 7.9×10−5 169

2014 LY21 2014-Jun-03 22:27 1.1×10−4 139

2013 HT25 2013-Apr-18 13:48 3.6×10−4 114

Sun

Earth

NEO

D

Re

R

V

ਤ 4: An assumed configuration of a NEO and the
Earth in estimation of NEO detectability.

௚ަ『぀੒෼〣େ　《ぇ〝޲ V 〝『぀. 〈〈〜૬
ର଎౓ V ぇ NEO 〝ଠཅ〝〣ڑ཭ R 〠ରԠ『぀

たゆ゘がճస଎౓〠〽〘〛ۙࣅ『぀:

V = 29.8

√
R

1 au
km s−1. (2)

஍ٿ〠⿶぀؍ଌऀ⿾〾ݟ〕ݟ⿾々〣଎౓ v 〠ม׵

『぀〝ҎԼ〣ࣜぇಘ぀3 .

v = 4.1×10−2

√
R

1 au

(
D

1 au

)−1
′′ s−1. (3)

〈〈〜஍ٿ〠ର「〛໷ଆ〠⿴぀ NEOs 〕々ぇߟ
⿺〛 R = Re+D 〝『぀. ଌ૷ஔ〣ゃぜな゚と؍
たが゚ θpix ぇ v ぇؒ࣌〕〙ׂ〜 on-pixel time t′

〝ఆٛ『぀. 〔〕「 on-pixel time 〤࣮ੵ෼ؒ࣌ t

ぇ௒⿺〟⿶〷〣〝『぀.

t′ = min
(
t, θpixv

−1
)
. (4)

Ҏ্〣ઃఆ〠⿼⿶〛, ද 1 ଌてと؍〕」ࡌه〠

3ࣜ (3) 〤ද 2 〚」ぁ〛⿶぀଎౓〠ର》ࡌه〠 2–3 ഒఔ౓աେ
〠ධՁ「〛⿶぀. 〈〣ఔ౓〣ど゛〜⿴ぁ〥؍ଌてとふわؒ〣ൺ
ֱ〠〤〰〝え〞Өڹ「〟⿶.

ふわ〜 NEOs ぇ؍ଌ「〔〝　〣ゃぜな゚୯Ґ〣
signal-to-noiseൺ (໘ً౓)ぇൺֱ「〔. ݁Ռぇਤ 5
〠ࣔ「〔. ֤ઢ〤〒ぁ〓ぁ〣؍ଌてとふわ〜,⿴぀
େ　《〣 NEOsぇ؍ଌ「〔〝　〠ॳ〶〛ゃぜな゚
୯Ґ〣 signal-to-noiseൺ⿿ 5ぇ௒⿺぀ڑ཭ぇද「
〛⿶぀. ઢ〣ࠨଆ〣ྖҬ⿿ NEOsぇ؍ଌՄೳ〟ྖ
Ҭ〠⿴〔぀. つぐど〝ઈର౳ڃ〣ؔ܎〤 Pravec et
al. (2012)10) ぇࢀর「, ぎ゚よへ〣஋〤 0.15 ぇԾ
ఆ「〔. LSST〹 Pan-STARRS〣〽⿸〠ゃぜな゚
とたが゚⿿ࡉ⿾⿶てとふわ〜〤ぷ゛ぐ゚゜と〣Ө

,。』ぇड々〹ڹ D " 2 au ⿴〔〿⿾〾 signal-to-
noise ൺ⿿ڑ཭〣ٯೋ৐ଇ〠ैい〟。〟぀〈〝⿿
い⿾぀. CSS〜〤ゃぜな゚とたが゚⿿େ　⿶〔〶
〤〜ܘޱ Pan-STARRS〠ྼ぀〷〣〣D ≃ 1 auҎ

಺〣 NEOs〠ؔ「〛〤〰〱ಉ౳〣むやさがろアと
ぇൃش〜　぀. Tomo-e Gozen 〤࿐ग़ؒ࣌⿿୹⿶
〔〶ଞ〣てとふわ〠ൺ〮぀〝ݶ֎౳ڃ〤ઙ⿶〷〣

〣, NEOs ⿿ D ≃ 0.02 au ఔ౓〳〜ۙ〚⿶〛〷ぷ

゛ぐ゚゜と〣Өڹぇड々〟⿶. 〈〣〔〶 Tomo-e
Gozen〜〤 10 mڃ〣 NEOsぇ 10−2 auఔ౓〣ڑ

཭〜ൃݟ〜　぀. 」ؔ〠ग़ೳྗݕ଎Ҡಈఱମ〣ߴ
〛, Tomo-e Gozen 〤 LSST 〠ඖఢ『぀むやさが
ろアとぇൃش『぀〈〝⿿〜　぀〝ظ଴《ぁ぀.

4 Conclusion
໺つがよぐ〠〽぀ࢹ޿୅〣ੈ࣍ NEOs ୳ࠪ〜
〤〽〿খ《〟 NEOs ぇ୳『〈〝⿿〧〝〙〣໨ඪ
〝〟〘〛⿶぀. LSST 〣Քಈ〠〽〘〛 140 m ぜ゘
と〣 NEOs ⿿໢ཏత〠ൃݟ〜　぀〝ظ଴《ぁ぀.
Ұํ〜஍〭ٿ〣িಥඃ֐ぇٴ〱『Մೳੑ〣⿴぀

10–50 mڃ〣 NEOsぇൃݟ『぀〔〶〠〤ݟ⿾々〣
଎౓⿿ 1′′ s−1 ぇ௒⿺぀〽⿸〟ߴ଎Ҡಈఱମぇ֬

࣮〠ଊ⿺〾ぁ぀؍ଌ૷ஔ⿿༗ྗ〜⿴぀. ౦ژେֶ
໦ી؍ଌॴ〜〤 1.05 m てゔゎひぷ๬ԕڸ༻〣࣍
ੈ୅؍ଌ૷ஔ〝「〛 CMOS ぐゐがでなアつぇ༻
⿶〔ゑづぐぜじゐ゘ Tomo-e Gozen〣։ൃぇਐ〶
〛⿶぀. Tomo-e Gozen 〤 20 ฏํ౓〣ࢹ໺ぇ 0.5
ඵ〜ゑぺの゙アそՄೳ〜⿴〿, ఺ݯఱମ〜⿴ぁ〥
V -band 〜⿼〽〒 18.5mag. 〳〜ଊ⿺぀〈〝⿿〜

　぀. Tomo-e Gozen 〠〽぀ಈըつがよぐ〠〽〘
〛ଟ。〣 small-sized NEOs〣ൃݟ⿿ظ଴《ぁ぀.
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ਤ 5: Detectabilities of fast-moving NEOs. Each line indicates detection limits of NEOs in distance from the
Earth. The detection limits were calculated for per-pixel signal-to-noise ratios = 5.

Tomo-e Gozen 〠〽぀௒৽੕ಈըつがよぐ〜〤
౓ߴ 30 ౓Ҏ্〣ྖҬぇ 2 」ฦ〿܁〜ִؒؒ࣌
.ଌ『぀؍〠ଌ『぀〈〝〜௒৽੕ぇ໢ཏత؍ Ұ
ଌぶがの〤؍໺〣ࢹ 6 ຕ〣 0.5 ඵੵ෼〣࿐ग़⿾
.੒《ぁ぀ߏ〾 〈〣〔〶ൺֱతߴ଎ (∼ 1′′s−1)
〜Ҡಈ『぀ NEOs 〜〷〰〱఺ݯ〝「〛ଊ⿺぀〈
〝⿿〜　぀. 〳〔 Tomo-e Gozen 〤, ଞ〣つがよ
ぐܭը〜〤ଊ⿺぀〈〝〣೉「⿶, ଎〜Ҡಈ『぀ߴ
NEOs 〣ݕग़⿼〽〨يಓܾఆ〠༗ར〜⿴぀. ஍ٿ
ۙ๣ぇߴ଎〜Ҡಈ『぀ NEOs〠〙⿶〛ゃぜな゚୯
Ґ〣 signal-to-noiseൺぇൺֱ「〔〝〈あ, Tomo-e
Gozen〤 LSST〠ඖఢ『぀むやさがろアとぇൃش
『぀〈〝⿿い⿾〘〔. Tomo-e Gozen〤 10 mڃ〣
NEOsぇ⿼〽〒 10−2 au〣ڑ཭〜ൃݟ『぀〈〝⿿

〜　぀. ஍ٿ〠িಥඃ֐ぇ〷〔〾「⿸぀ NEOs〣
,ݟൃ ⿼〽〨يಓಉఆ〠⿼⿶〛 Tomo-e Gozen 〤
༗ྗ⿾〙ゕぺがぜ〟びが゚〝〟〿⿸぀.
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