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講演内容

超新星爆発
世界の超新星探査観測
105cm木曽シュミット望遠鏡での超新星探査観測

KWFC (CCDカメラ): Kiso Supernova Survey (KISS)

アマチュア天文家の皆様との共同研究
Tomo-e Gozen (CMOSカメラ)超新星探査観測

アマチュア天文家の皆様との共同研究(再) !?!?
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超新星 = 星の最期の大爆発



supernova スーパーノヴァ

  super = 超

  nova  = 新しい(新星)

1572年

超新星
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Figure 3 Schematic light curves for SNe of Types Ia, Ib, II-L, II-P, and SN 1987A. The curve
for SNe Ib includes SNe Ic as well, and represents an average. For SNe II-L, SNe 1979C and
1980K are used, but these might be unusually luminous. From Wheeler 1990; reproduced with
permission.

Despite their bewildering variety, the majority of early-time light curves of
SNe II (t . 100 days) can be usefully subdivided into two relatively distinct
subclasses (Barbon et al 1979, Doggett & Branch 1985). The light curves
of SNe II-L (“linear”) generally resemble those of SNe I, whereas SNe II-P
(“plateau”) remain within ⇠1 mag of maximum brightness for an extended
period (Figure 3). The degree to which there is a continuity between SNe II-L
and SNe II-P is still debated, and other possible classification schemes are
being considered (Patat et al 1994). The plateau of SN 1992H, for example,
was somewhat shorter than usual and declined with time in the VRI passbands,
and it was barely visible or nonexistent in B and U, leading Clocchiatti et al
(1996a) to call this a hybrid object.
The peak absolute magnitudes of SNe II-P show a very wide dispersion

(Schmitz & Gaskell 1988, Young & Branch 1989), almost certainly due to
differences in the radii of the progenitor stars. Most SNe II-L, on the other
hand, have a nearly uniform peak absolute magnitude (Young & Branch 1989,
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超新星爆発
 = 星の最後の大爆発

LETTER
doi:10.1038/nature10644

Supernova SN 2011fe from an exploding carbon–
oxygen white dwarf star
Peter E. Nugent1,2, Mark Sullivan3, S. Bradley Cenko2, Rollin C. Thomas1, Daniel Kasen1,4, D. Andrew Howell5,6, David Bersier7,
Joshua S. Bloom2, S. R. Kulkarni8, Michael T. Kandrashoff2, Alexei V. Filippenko2, Jeffrey M. Silverman2, Geoffrey W. Marcy2,
AndrewW. Howard2, Howard T. Isaacson2, Kate Maguire3, Nao Suzuki1, James E. Tarlton3, Yen-Chen Pan3, Lars Bildsten6,9,
Benjamin J. Fulton5,6, Jerod T. Parrent5,10, David Sand5,6, Philipp Podsiadlowski3, Federica B. Bianco5,6, Benjamin Dilday5,6,
Melissa L. Graham5,6, Joe Lyman7, Phil James7, Mansi M. Kasliwal8, Nicholas M. Law11, Robert M. Quimby12, Isobel M. Hook3,13,
Emma S. Walker14, Paolo Mazzali15,16, Elena Pian15,16, Eran O. Ofek8,17, Avishay Gal-Yam17 & Dovi Poznanski1,2,18

Type Ia supernovaehavebeenused empirically as ‘standardcandles’ to
demonstrate the acceleration of the expansion of the Universe1–3 even
though fundamental details, such as the nature of their progenitor
systems and how the stars explode, remain a mystery4–6. There is
consensus that a white dwarf star explodes after accreting matter in
a binary system, but the secondary body could be anything from a
main-sequence star to a red giant, or even another white dwarf. This
uncertainty stems from the fact that no recent type Ia supernova has
been discovered close enough to Earth to detect the stars before
explosion. Here we report early observations of supernova SN 2011fe
in the galaxyM101 at a distance7 fromEarth of 6.4megaparsecs.We
find that the exploding star was probably a carbon–oxygen white
dwarf, and from the lack of an early shock we conclude that the
companion was probably a main-sequence star. Early spectroscopy
shows high-velocity oxygen that slows rapidly, on a timescale of
hours, and extensive mixing of newly synthesized intermediate-
mass elements in theoutermost layersof the supernova.Acompanion
paper8 uses pre-explosion images to rule out luminous red giants
and most helium stars as companions to the progenitor.
Supernova 2011fe was detected in the Pinwheel galaxy (M101;

Fig. 1) on 2011 August 24.167 (03:59 UT) with a g-band magnitude
of 17.35mag by the Palomar Transient Factory (PTF). Observations
on the previous night revealed no source to a limiting magnitude of
21.5mag. Given the distance to M101 of 6.4Mpc (ref. 7), this first
observation identified the supernova at an absolute magnitude of
211.7, roughly 1/1,000 of its peak brightness.
Following an alert sent to the PTF consortium (at 19:51 UT), obser-

vations were immediately undertaken by NASA’s Swift satellite, and
spectroscopic observations were carried out at 20:42 UT on the robotic
Liverpool Telescope (La Palma, Canary Islands) equipped with the
FRODOSpec spectrograph. After the calibration of this spectrum, at
23:47 UT an Astronomer’s Telegram was issued9 identifying SN 2011fe
as a young supernova of type Ia. Eight hours later, a low-resolution
spectrum was obtained with the Kast spectrograph at the Lick 3-m
Shane telescope (MtHamilton, California) and a high-resolution spec-
trum was obtained with the HIRES spectrograph at the Keck I tele-
scope (Mauna Kea, Hawaii). These spectra are presented in Fig. 2
(Supplementary Information).
The discovery and extensive follow-up photometry allow us to

estimate the time of explosion to high precision (Fig. 3). At very early

times, the luminosity should scale as the surface area of the expanding
fireball and thus is expected to increase as t2, where t is the time since
the explosion. This assumes that neither the photospheric temperature
nor the velocity changes significantly and that the input energy from
the radioactive decay of 56Ni to 56Co is relatively constant over this
period and occurs near the photosphere. Observations by Swift show
only small changes in the relative flux between the optical and
ultraviolet spectral ranges, and the velocity evolution over the first
24 h is small—consistent with these assumptions (Supplementary
Information).
Using this ‘t2 model’, we find an explosion time at modified Julian

date (MJD) 55796.6966 0.003 (Fig. 3). Letting the exponent of the
power law differ from two, which captures some of the deviations from
the fireball model, and fitting just the first three nights of data, results
in a best-fit explosiondate ofMJD55796.6876 0.014 (2011August 23,
16:296 20min UT). The exponent of the power law is 2.016 0.01,

1Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA. 2Department of Astronomy, University of California, Berkeley, California 94720-3411, USA. 3Department of Physics
(Astrophysics), University of Oxford, Keble Road, Oxford OX1 3RH, UK. 4Department of Physics, University of California, Berkeley, California 94720, USA. 5Las Cumbres Observatory Global Telescope
Network, Goleta, California 93117, USA. 6Department of Physics, University of California, Santa Barbara, California 93106, USA. 7Astrophysics Research Institute, Liverpool John Moores University,
Birkenhead CH41 1LD, UK. 8Cahill Center for Astrophysics, California Institute of Technology, Pasadena, California 91125, USA. 9Kavli Institute for Theoretical Physics, University of California, Santa
Barbara, California 93106, USA. 10Department of Physics and Astronomy, Dartmouth College, Hanover, New Hampshire 03755, USA. 11Dunlap Institute for Astronomy and Astrophysics, University of
Toronto, 50 St George Street, Toronto, Ontario M5S 3H4, Canada. 12IPMU, University of Tokyo, Kashiwanoha 5-1-5, Kashiwa, 277-8583, Japan. 13INAF, Osservatorio Astronomico di Roma, via Frascati 33,
00040Monteporzio (RM), Italy. 14Scuola Normale Superiore, Piazza dei Cavalieri 7, 56126 Pisa, Italy. 15INAF, Osservatorio Astronomico di Padova, Vicolo dell’Osservatorio 5, 35122 Padova, Italy. 16Max-
Planck Institut für Astrophysik Karl-Schwarzschildstrasse 1, 85748Garching, Germany. 17Benoziyo Center for Astrophysics, TheWeizmann Institute of Science, Rehovot 76100, Israel. 18School of Physics
and Astronomy, Tel-Aviv University, Tel-Aviv 69978, Israel.

Figure 1 | PTF g-band image sequence of the field of M101 showing the
appearance of SN 2011fe. From left to right, images are from August 23.22,
24.17 and 25.16 UT. The supernova was not detected on the first night to a 3s
limiting magnitude of 21.5mag, was discovered at magnitude 17.35mag and
increased by a factor of ten in brightness to 14.86mag the following night. The
supernova peaked at magnitude,9.9mag, making it the fifth-brightest
supernova in the past century. The PTF is a wide-field optical experiment
designed to explore the variable sky systematically on a variety of timescales,
with one particular focus being the very early detection of supernovae22,23.
Discoveries such as this one have been made possible by coupling real-time
computational tools to extensive astronomical follow-up observations24,25.
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SN 1987A@LMC

親星: 連星? 質量?
爆発前: 質量放出? 小爆発?
ダスト形成?
重力波? ニュートリノ?

100日

Fillipenko 1997
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かなり前の超新星: 光度曲線

超新星捜索最前線：世界の動向 第2回新天体捜索者会議 2018/11/17-18

20日

https://sne.space
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最近の超新星: 光度曲線

20日

https://sne.space



超新星捜索最前線：世界の動向 第2回新天体捜索者会議
 2018/11/17-18 �8

ショックブレイクアウト

爆発後爆発前
~日

~時間

超新星爆発の瞬間
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SN 2016gkg@NGC 613

9

超新星爆発の瞬間 Bersten+2018, Nature

Victor Buso氏 (アルゼンチン), 16インチ望遠鏡
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世界の超新星探査観測
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世界の超新星探査観測
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世界の超新星探査観測
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世界の超新星探査観測
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  LSST (2022-)

LSST＠チリが網羅的に
超新星を見つけてしまう

爆発直後
1日の間に変動する天体
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木曽シュミット望遠鏡＠長野県

2012-2015: Kiso Supernova Survey (KISS)
2018-: 超新星探査観測(Tomo-e Gozenカメラ)
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ショックブレイクアウト

爆発後爆発前
~日

~時間

༷ࣜ Sʵ̍̎ ըௐॻʢఴ෇ϑΝΠϧ߲໨ʣܭڀݚ
ʢ̖ʣʢҰൠʣڀݚ൫ج ̍基盤研究㸦Ａ㸧㸦一般㸧㸯 

㸯 研究目的、研究方法࡝࡞ 
本研究計画調書ࠕࡣ中区分ࠖࡢ審査区分࡛審査さࢀまࠋࡍ記述࡟当たࠕࠊࡣ࡚ࡗ科学研究費助成事業࠾࡟けࡿ審査及び評価

 ࠋ࡜こࡿࡍ࡟規程ࠖ㸦公募要領㸯㸮㸷頁参照㸧を参考ࡿࡍ関࡟

本欄ࠊࡣ࡟本研究ࡢ目的࡜方法ࡘ࡟࡝࡞い࡚５ࠊ頁௨内࡛記述ࡿࡍこࠋ࡜ 

冒頭࡟そࡢ概要を簡潔࡟ま࡚ࡵ࡜記述ࠊࡋ本文(1)ࠊࡣ࡟本研究ࡢ学術的背景ࠊ研究課題ࡢ核心をࡍ࡞学術的ࠕ問いࠖ(2)ࠊ

本研究ࡢ目的ࡼ࠾び学術的独自性࡜創造性(3)ࠊ本研究࡛何をࡼࡢ࡝う࡝ࠊ࡟こま࡛明ࡼࡋ࡟࠿ࡽうࡘ࡟ࠊ࠿ࡢࡿࡍ࡜い࡚具体

的ࡘ࠿明確࡟記述ࡿࡍこࠋ࡜ 

本研究を研究分担者࡟ࡶ࡜࡜行う場合ࠊࡣ研究௦表者ࠊ研究分担者ࡢ具体的࡞役割を記述ࡿࡍこࠋ࡜ 

㸦概要㸧  

 
 
 
 
 
 
 
 
 
 
㸦本文㸧 

 

 
※留意事項ձ㸸 
1. 基盤研究㸦Ａ㸧ࡣ審査区分表ࡢ中区分ࠊࡾࡼ࡟広い分野ࡢ委員構成࡛多角的視点ࡽ࠿

審査ࡀ行わࡿࢀこ࡟࡜留意ࡢ上ࠊ研究計画調書を作成ࡿࡍこࠋ࡜ 
 
※留意事項ղ㸸 
1. 作成࡟当たࠊࡣ࡚ࡗ研究計画調書作成࣭記入要領を必ࡎ確認ࡿࡍこࠋ࡜ 
2. 本文全体ࡣ㸯㸯ポイント௨上ࡢ大ࡁさࡢ文字等を使用ࡿࡍこࠋ࡜ 
3. 各頁ࡢ上部ࡢタイトル࡜指示書ࡣࡁ動࠿さ࡞いこࠋ࡜ 
4. 指示書࡛ࡁ定ࢀࡽࡵた頁数ࡣ超え࡞いこࠊ࠾࡞ࠋ࡜空白ࡢ頁ࡀ生ࡶ࡚ࡌ削除࡞ࡋいこ

 ࠋ࡜
5. 本留意事項㸦斜体ࡢ文章㸧ࠊࡣ研究計画調書ࡢ作成時ࡣ࡟削除ࡿࡍこࠋ࡜ 
 
 
 
 
 
 
 
 
 
 

様式Ｓ－㸯㸰 研究計画調書㸦添付フ࢓イル項目㸧 

ʢ֓ཁʣ
ຊڀݚͰ͸ɼ౦ژେ ɾֶ105cm໦ીγϡϛοτ๬ԕڸͷ௒ࢹ޿໺ߴ଎ΧϝϥTomoe Gozen(ҎޙTomoe)

Λ༻͍ͯɼ20, 000ฏํ౓Λ 2ִ࣌ؒؒͰϞχλʔ͢Δͱ͍͏աڈʹແ͍ߴස౓ͷ޿Ҭ؍ଌΛ͜͏ߦ
ͱʹΑΓɼۙ๣Ӊ஦ʹ͓͍ͯ, ௒৽੕γϣοΫϒϨΠΫΞ΢τ(໿ 10ఱମ)ΛؚΊͨ໿ 50ఱମͷ௒৽
੕രൃ࠷ॳظͷߴਫ਼౓σʔλΛऔಘ͢Δɽ͜ΕΒͷఱମʹରͯ͠ɼ͍ͤΊ͍ 3.8m๬ԕڸΛ༻͍ͨଈ
࣌෼ޫ؍ଌΛ͍ߦɼޫ౓ۂઢͱՄޫࢹεϖΫτϧͷ؍ଌσʔλΛ͢ݱ࠶Δਫ਼ີͳཧ࿦ϞσϧΛߏங
͢Δ͜ͱͰ, ࣭ྔ์ग़ΛؚΊͨॏྗ่յܕ௒৽੕രൃ௚લͷେ࣭ྔ੕ͷظ࠷ͷ࢟Λ໌Β͔ʹ͢Δ. ·
ͨɼۙ೥ͦͷॏཁੑ͕૿͍ͯ͠ΔϚϧνϝοηϯδϟʔఱจֶͷதͰɼಛʹɼIceCube࣮ݧͷݕग़
͢ΔߴΤωϧΪʔχϡʔτϦϊࣄ৅ʹରͯ͠ɼ͜Ε·Ͱଈ࣌ެ։͞Ε͍ͯͳ͍ cascadeࣄ৅ΛؚΊ
TomoeͰͷ૾ࡱ୳ࠪ؍ଌٴͼ͍ͤΊ͍๬ԕڸͰͷ෼ޫ௥؍ଌΛܥ౷తʹ͜͏ߦͱͰɼߴΤωϧΪʔ
χϡʔτϦϊͷ์ࣹݯఱମΛಛఆ͠ɼߴΤωϧΪʔӉ஦ઢՃ଎ͷϝΧχζϜʹഭΔɽՃ͑ͯ, ಉ࣌ʹ
ಘΒΕΔଟछଟ༷ͳ୹࣌ؒมಈݱ৅Λݕग़͠, ಈతӉ஦ͷະ୳ࠪͷ࣌ؒύϥϝʔλྖҬΛ։୓͢Δ.

ʢຊจʣ
ຊڀݚͰ͸ɼ(1) ॏྗ่յܕ௒৽੕ͷ਌੕ (ͭ·Γେ࣭ྔ੕)ͷരൃ௚લͷେ͖͞, ࣭ྔ, രൃΤω
ϧΪʔ, ੕पߏ଄ (രൃલͷ੕ͷ࣭ྔ์ग़)౳ͷجຊతͳ෺ཧྔΛ͍ߴਫ਼౓Ͱܥ౷తʹಋ͖ɼ(2) Τߴ
ωϧΪʔχϡʔτϦϊٴͼߴΤωϧΪʔӉ஦ઢͷൃੜݯىͷղ໌Λ͏ߦɽ

ֶज़తഎܠ
(1) ॏྗ่յܕ௒৽੕: ॏྗ่յܕ௒৽੕͸, ଠཅͷ 8ഒҎ্ͷ࣭ྔΛ࣋ͭେ࣭ྔ੕ͷظ࠷ (੺৭௒ڊ

੕౳)ͷେരൃͰ͋Γ, ͦͷ๲େͳരൃΤωϧΪʔ΍രൃ࣌ʹ߹੒͞ΕΔॏݩૉΛ௨ͯ͠, Ӊ஦ͷ༷ʑ
ͳεέʔϧʹ͓͍ͯॏཁͳ໾ׂΛՌ͖ͨͯͨ͠ (ۜՏɾ੕ܗ੒΁ͷϑΟʔυόοΫ, Ӊ஦ͷԽֶਐԽ
౳). ۙ೥ͷਫ਼ྗతͳڀݚʹΑΓ, രൃϝΧχζϜ͕໌Β͔ʹͳΓͭͭ͋Δͱͱ΋ʹ, ͦͷ਌੕ʹؔ࿈
͢Δڵຯਂ͍ݱ৅΋ใ͞ࠂΕ͍ͯΔ. ͜Ε·Ͱ༧૝͞Ε͍ͯͳ͔ͬͨ “ԫ৭”௒ڊ੕͕௒৽੕രൃʹ
ྫͨͬࢸ [1]΍രൃલ਺೥ʹେྔͷ࣭ྔ์ग़͕ྫ͖ͨى [2]ͳͲͷใࠂ͸, େ࣭ྔ੕ͷ࠷ऴਐԽஈ֊ʹ

ର͢Δզʑͷཧղ͕ෆे෼Ͱ͋Δ͜ͱΛ͍ࣔͯ͠Δ. ͜ΕΒେ࣭ྔ੕ɾ௒৽੕෾ग़෺ͷ֎૚ͷঢ়ଶ

,৅ͷཧղͷͨΊʹ͸ݱҼ͢Δىʹ ৽͘͠߹੒͞ΕͨॏݩૉΛଟؚ͘Ή಺૚ͷ෾ग़෺ͷد༩͕୎ӽ͠
ͨരൃޙ਺೔ܦաͨ͠ঢ়ଶͰ͸ͳ͘, രൃ1,2ޙ೔Ҏ಺ͷີͳՄ؍ޫࢹଌσʔλ͕ॏཁͱͳΔ (ਤ 1).

ਤ 1: ௒৽੕ͷయܕతͳޫ౓ۂઢ. ఺ઢ͸ཧ࿦༧
૝. Ҭྖ͍ؒ࣌ࠇ (രൃޙ 1,2೔ҎԼ)Λ։୓͢Δ.

ਤ 2: ௒৽੕രൃͷ૝૾ਤɽ1೔ʹෳ਺ճͷ؍ଌΛ
Θͳ͍ͱԼͷύωϧߦ 2ຕͷ෦෼ (਺࣌ؒͷ࣌ؒε
έʔϧ)ͷσʔλ͕ಘΒΕͳ͍ɽ
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アマチュア天文家の皆様との共同研究

©田中雅臣(東北大学)

日本＋世界で
追観測
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機械学習の応用

JPS Multi-messenger astronomy prompted by the neutrino alert IceCube-170922A 2018/03/23
1
4

before

©Takahiro Kato, Masaomi Tanaka

new

ref

subtracted image                 

=|

before
real

subtracted image                 subtracted image                 subtracted image                 
bogusreal vs bogus

~ 1   :   1000

Image subtraction is not perfect, 
but this ratio is improved by 
machine learning technique (e.g., 
Morii+2016). 

「画像の引き算」が完璧ではない．
本物 1 vs 偽物 1000 ==> 1日1万天体

機械学習でも1 vs 10くらいにしかならない．
1/100に減るのはうれしい．

新

古
　引き算画像　

　引き算画像　



2017/02/20-22
 木曽広視野サーベイと京都3.8m即時分光によるタイムドメイン天文学の推進 �21



2017/02/20-22 木曽広視野サーベイと京都3.8m即時分光によるタイムドメイン天文学の推進 22

SDSS KWFC KWFC

リアルタイムでの確認(KISSメンバー＋アマチュア天文家)



2017/02/20-22 木曽広視野サーベイと京都3.8m即時分光によるタイムドメイン天文学の推進 232017/02/20-22 木曽広視野サーベイと京都3.8m即時分光によるタイムドメイン天文学の推進
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なぜ協力を仰いだか？

候補が多すぎて「辛い」．
「画像の引き算」が完璧ではない．

観測しながら天体チェックをするのはかなり大変．
データは自動で解析．
その後，観測も自動になったが，やはり依然として大変．

1人だと見落としもある．

望遠鏡は持っていない(自分で観測はしない)が，何らかの形で
天文学に関わりたい，というアマチュアの方が多くいらっしゃっ
た．(「星なかまの集い」)



アマチュア天文家によるご協力
2012-2015年
~20人のアマチュアの方々の参加
大量の偽物の変動天体から本物(1000個に1個)を選び出す
27天体のCBET/ATel報告中、17の報告に貢献
共著者として報告文章に名前を記載
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Tomo-e Gozen (巴御前)

ÓƷžŞ;Ƈđbeǳā=ô»

! ƒǟĎǜŰƐeaƲzowbb�ª¡­@�©°
! ǜŰƐey�@¬dĠČ

2018/11/17-18 27

蔀関月作, 「巴御前出陣図」,

東京国立博物館, 

©Image: TNM Image Archives

CMOSセンサ84枚

視野: 20平方度
(KWFC: 4平方度)

2時間ごとに半天観測
18-19等級
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　　突発現象に対するサーベイパワー　　

時間分解能[秒] 

視
野

 [
平
方
度

] 



東京大学・木曽観測所 第8回光赤外線天文学大学間連携ワークショップ@国立天文台, 2017/12/14,1510Hz動画東京大学・木曽観測所 第8回光赤外線天文学大学間連携ワークショップ@国立天文台, 2017/12/14,1510Hz動画東京大学・木曽観測所動画東京大学・木曽観測所 29
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超新星
重力波電磁波対応天体(キロノバ)
ニュートリノ電磁波対応天体
彗星
小惑星
流星
地球接近天体(NEO)
デブリ
パルサー
(スーパー)フレア，激変星
ガンマ線バースト
高速電波バースト(Fast Radio Burst)
活動銀河核・相対論的ジェット
X線衛星で見つかった突発天体(ブラックホール連星など)

未知(考えもしていない)天体…

Tomo-e Gozenで実現するサイエンス
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Tomo-e Gozen探査観測への参加？

(1)「天体チェック」(KISSでやってきたことと同じ)

(2) 「追観測」

　Tomo-e Gozenで検出 ==> 情報共有 ==> 追観測

(3) 「観測データ共有(提供)」

　Tomo-e Gozenでも有名銀河を自然と観測する．

　偶然とった皆さんのデータを共有させていただく．

即時追観測が(より)重要！(より)困難！



超新星捜索最前線：世界の動向 第2回新天体捜索者会議 2018/11/17-18 32

世界中で超新星探査観測が精力的に行われている．
「爆発してすぐに(前も)見つける」のが最先端．
木曽シュミット望遠鏡で2012年以降探査観測を行なっている．
候補天体を絞って(機械学習も使って)いるが完全ではない．
目視による即時確認 ==> 即時追観測(他望遠鏡)につなげたい．
ご興味のある方はお知らせください．
諸隈(東京大学): tmorokuma@ioa.s.u-tokyo.ac.jp

冨永(甲南大学)
超新星に名前はつけられます．

Transient Name Server (TNS): https://wis-tns.weizmann.ac.il

まとめ

mailto:tmorokuma@ioa.s.u-tokyo.ac.jp
https://wis-tns.weizmann.ac.il

