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超新星 = 星の最期の大爆発
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できる限り早期(<1日)の発見を

consistent with the model discussed above. On the basis of these fits,
our first data points were obtained just over 11 h after SN 2011fe
exploded.
We analysed the Lick spectrum of SN 2011fe using the automated

supernova spectrum interpretation code SYNAPPS10 (Supplementary

Information). At this time only a few hundredths of a solar mass of
material are visible above the photosphere, yet ions typical11 of pre-
maximum type Ia supernovae are seen: O I, Mg II, Si II, S II, Ca II and
Fe II are present with velocities of 16,000 km s21. The fit also shows the
presence ofC II at restwavelengths ofl5 6,580 and 7,234 Å. Iron IIIwas
not needed in the fit. Both high-velocity Si II and Ca II are confirmed by
SYNAPPS (with velocities surpassing 21,000 kms21). Notably,
SYNAPPS finds high-velocity O I (velocity in excess of 20,000 kms21)
for the absorption centred at 7,400 Å. This feature evolved significantly
in only 8 h, between the times at which data was taken at the Liverpool
Telescope and the Lick telescope, with theminimumof the O I absorp-
tion slowing from 18,000 to 14,000 km s21. The rapid evolution in
these optically thin layers is best explained in terms of geometrical
dilution during the early phases. To our knowledge, this is the first
identification of rapidly evolving high-velocity oxygen in the ejecta of a
type Ia supernova.
The early-time spectra provide fundamental insight into the explo-

sion physics of this supernova. As in previous12 type Ia supernovae,
intermediate-mass elements dominate the spectrum. In addition, we
see strong features from unburnt material (carbon and high-velocity
oxygen). The overlap in velocity space implies that the explosion pro-
cessed the outer layers of the progenitor white dwarf but left behind (at
least some) carbon and oxygen. The unburnt material could be con-
fined to pockets, or the ejecta in the outer layers may be thoroughly
mixed. The doubly ionized species (for example Si III and Fe III), which
are often seen in the spectra of many early andmaximum-light type Ia
supernovae13,14, are absent even though our observations were made
,1 d after the explosion, when the energy input from radioactive decay
is near its peak. Supernova 2011fe is spectroscopically most similar
to the slightly underluminous type Ia SN 1992A and SN 1994D15,16,
the second of which also has high-velocity features in the 212-d
spectrum17. One potential explanation for this is that although some
56Ni has beenmixed out to the photosphere, the majority produced in
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Figure 2 | Spectra of SN 2011fe taken 1.5 d after the explosion. Ions typical
of pre-maximum type Ia supernovae are seen: O I, Mg II, Si II, S II, Ca II and Fe II

are present at photospheric velocities of 16,000 km s21. In addition, the fit
shows the presence of C II at wavelengths of l5 6,580 and 7,234 Å. Both high-
velocity Si II and Ca II are seen (with velocities exceeding 21,000 km s21), as is
high-velocity O I (green highlighted region), the first evidence of such a feature
in a type Ia supernova. This feature evolves in,8 h, between themeasurements
of the first two low-resolution spectra. LT, Liverpool Telescope. Inset, Keck I1
HIRES spectrum centred on the Na I D line. In this wavelength range, we
identify only a single significant absorption feature. Fitting aGaussian profile to

it (blue line), we measure a central wavelength of l5 5,893.756 0.02 Å and a
full-width at half-maximum intensity of 0.1846 0.009 Å. The inferred line
equivalent width isW5 0.0456 0.009 Å. If we associate this feature with Na I

at l5 5,889.95 Å (the stronger of the two components in the Na I doublet), the
observed wavelength is offset from the rest wavelength by Dv5 c(lobs/
lrest2 1)5 180 km s21 (where c denotes the speed of light). Similarly, the line is
blueshifted from the systemic velocity ofM101 (v5 2416 2 km s21; ref. 26) by
DvM1015261 km s21. Given the high galactic latitude (b5 59.8u), we consider
it likely that the absorbing material originates in M101 and that the total
extinction to the supernova is negligible.
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Figure 3 | Early photometry of SN 2011fe shows a parabolic rise and
constrains the time of explosion. a, Relative g-band flux as a function of time
for the first four nights after detection. Here we have fit the rise with a t2 fireball
model: we assume that the flux is proportional to (t2 texpl)

2, where texpl denotes
the time of explosion. b, Residuals from the fit. By letting the exponent differ
from two, allowing for a potential departure from the fireball model and only
fitting the first three nights of data, we find a best-fit explosion date of August
23.6876 0.014 UT. On the basis of these fits, our first data points were obtained
just over 11 h after SN 2011fe exploded. Error bars, 1s.

LETTER RESEARCH

1 5 D E C E M B E R 2 0 1 1 | V O L 4 8 0 | N A T U R E | 3 4 5

Macmillan Publishers Limited. All rights reserved©2011

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,
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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 2011fe (Ia, Nugent+2011)

approaches the surface does radiation diffuse far
enough ahead of the shock wave to raise the
temperature of the stellar photosphere. This phase
is sometimes referred to as “shock breakout,”
although the associated radiation is from the
“radiative precursor” of the shock, long before
the shock actually reaches the surface. This
radiative precursor raises the temperature of the
star to ~105 K before the surface expands
dramatically (8).

Shock breakouts have been inferred for a few
relatively local GRBs and x-ray flashes, which
may involve shocks traveling through dense
winds outside compact blue stars, including the
recent SN 2008D (9–14). Here, we describe the
brightening of a red supergiant due to the theo-
retically predicted radiative precursor before the
supernova shock reaches the surface of the star.
Such observations provide information about the
density profile inside the progenitor star (15) and
the physics of radiative shocks, and knowledge
of the spectrum of the associated ultraviolet (UV)
flash has implications for the ionization of the
circumstellar medium (16, 17).

Although core-collapse supernovae are ex-
pected to be most luminous around the time of
shock breakout, most of this energy emerges as
extreme UVor soft x-ray radiation. Hence, core-
collapse supernovae are typically only discov-
ered several days after the supernova explosion
near the peak of their optical light curve; ob-
servations of early light curves are rare (18, 19).
To circumvent this problem, we exploit two
complementary data sets: an optical survey to
locate supernovae and UV data to search for
serendipitously associated shock breakouts. The
first is the Supernova Legacy Survey (SNLS)
(20), which studies distant supernovae using data
taken every 4 days at the 3.6-m Canada-France-

B

A

Fig. 1. (A) Composite of the optical SNLS and the UV GALEX light curves, or observed fluxes as a function
of modified Julian date. All fluxes are host galaxy subtracted and are not corrected for internal extinction.
The gray box indicates the time of the radiative precursor. The points highlighted by circles indicate five
phases of the radiative precursor in the UV, as observed by GALEX. (B) These five phases are illustrated by
a time sequence of original near-UV images (upper row, 1 × 1 arcmin) and difference images (lower row,
with a pre-supernova image subtracted) to emphasize the transient source. Note the drop from point 2 to
the minimum at 3 and the rise to 4, clearly visible in the GALEX images. The lack of optical data during the
UV event is due to both poor weather conditions and technical problems. Both GALEX and SNLS light
curves are available as tables in (25).

Fig. 2. The GALEX near-UV and
far-UV flux against time (modified
Julian date in days). This is a
zoomed-in version of the shaded
time range of Fig. 1 and we mark
the same five data points. The
background levels are shown
before and after the supernova
(left and right panels), and the
central panels show the event
itself. The radiative precursor is
highlighted in yellow. Models for
the post-explosion expansion are
shaded in green; these models
assume an initial photospheric
radius of 500 to 1000 R◉. The
width of the green band is due to
the range of assumed expansion
velocities (1 to 2 × 107 m s−1).
These models assume adiabatic
free expansion of a radiation-
dominated plasma and black-body
emission from a well-defined pho-
tosphere. The models were only
fitted to the near-UV data but are
also consistent with the far-UV data.
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爆発後

ショックブレイクアウト

爆発前(太陽の8倍以上の重さの星)

内部で起こった衝撃波が


星の外へ出てくる瞬間

©東京大学

数日

数時間

shock breakout = 超新星の爆発の”ほぼ瞬間”をとらえる

KISSプロジェクトの目的
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KISS Summary (TM+2014)

Kiso Schmidt telescope + KWFC (4 deg2)

g-band (4700 A)

3-minute exposure (20-21 mag)

1-hour cadence

50-100 deg2 / night

2012/4 - 2015/9 (3.5 yrs) 

~100 nights / year


422 nights in total

spectroscopic follow-up w/ <4m telescopes


OAO188/KOOLS, Nayuta/LISS, Kanata/HOWPol

27 SNe & 1 dwarf nova identified
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Searches for Shock Breakouts

KWFC観測(KISS)でshock breakoutの物理を検証・確立

最遠方の重力崩壊型超新星の観測手段

Kiso/KWFC Subaru/Hyper Suprime-Cam

木曽シュミットシンポジウム2016 2016/07/05,06

Tanaka+2016, Tominaga+ in prep.
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Survey Strategy (TM+2014, PASJ) published

peculiar radio-loud AGN, KISS14k (Tanaka+2014, ApJL) published

KISS14k OISTER monitoring (TM+) almost ready to submit

Type Ibn SN, KISS14z/SN 2014bk (TM+) in prep.

KISS14k EVN+VERA observations (Gabanyi+) in prep.

Early detections of Type Ia SNe (Jiang+) in prep.

peculiar Type IIn SN (Kokubo+)

KISS highlights



KISS highlights

Survey Strategy (TM+2014, PASJ) published

peculiar radio-loud AGN, KISS14k (Tanaka+2014, ApJL) published

KISS14k OISTER monitoring (TM+) almost ready to submit

Type Ibn SN, KISS14z/SN 2014bk (TM+) in prep.

KISS14k EVN(+VERA) observations (Gabanyi+) in prep.

Early detections of Type Ia SNe (Jiang+) in prep.

peculiar Type IIn SN (Kokubo+) in prep.
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KISS Summary

2011年のシュミットシンポで議論開始

観測: 2012/4-2015/9 (3.5年)

解析自動化

一次処理、引き算、超新星候補天体検出・チェック

“KISS w/ KWFC”以外にも

超新星サーベイ w/ Subaru/HSC

重力波電磁波対応天体サーベイ w/ KWFC, HSC (see 

Masaomi’s talk)

MAXI transient可視光対応天体サーベイ w/ KWFC

超新星サーベイ w/ Tomo-e Gozen (see Nozomu’s talk)


shock breakout candidate: 0
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重力波電磁波対応天体フォローアップ観測

木曽シュミットシンポジウム2016 2016/07/05,06

田中くん講演参照

これまでに2イベント検出


GW150914: BH-BH merger, 距離410 Mpc

GW151226: BH-BH merger, 距離440 Mpc


位置決定精度が悪い

http://www.ligo.org/detections.php

http://www.ligo.org/detections.php


重力波電磁波対応天体

フォローアップ観測

木曽シュミットシンポジウム2016 2016/07/05,06

2015/09/16

GW150914アラート

2016/12/28

GW151226アラート

2016/02/11 GW150914発表

2016/06/15 GW151226発表

properties of space-time in the strong-field, high-velocity
regime and confirm predictions of general relativity for the
nonlinear dynamics of highly disturbed black holes.

II. OBSERVATION

On September 14, 2015 at 09:50:45 UTC, the LIGO
Hanford, WA, and Livingston, LA, observatories detected

the coincident signal GW150914 shown in Fig. 1. The initial
detection was made by low-latency searches for generic
gravitational-wave transients [41] and was reported within
three minutes of data acquisition [43]. Subsequently,
matched-filter analyses that use relativistic models of com-
pact binary waveforms [44] recovered GW150914 as the
most significant event from each detector for the observa-
tions reported here. Occurring within the 10-ms intersite

FIG. 1. The gravitational-wave event GW150914 observed by the LIGO Hanford (H1, left column panels) and Livingston (L1, right
column panels) detectors. Times are shown relative to September 14, 2015 at 09:50:45 UTC. For visualization, all time series are filtered
with a 35–350 Hz bandpass filter to suppress large fluctuations outside the detectors’ most sensitive frequency band, and band-reject
filters to remove the strong instrumental spectral lines seen in the Fig. 3 spectra. Top row, left: H1 strain. Top row, right: L1 strain.
GW150914 arrived first at L1 and 6.9þ0.5

−0.4 ms later at H1; for a visual comparison, the H1 data are also shown, shifted in time by this
amount and inverted (to account for the detectors’ relative orientations). Second row: Gravitational-wave strain projected onto each
detector in the 35–350 Hz band. Solid lines show a numerical relativity waveform for a system with parameters consistent with those
recovered from GW150914 [37,38] confirmed to 99.9% by an independent calculation based on [15]. Shaded areas show 90% credible
regions for two independent waveform reconstructions. One (dark gray) models the signal using binary black hole template waveforms
[39]. The other (light gray) does not use an astrophysical model, but instead calculates the strain signal as a linear combination of
sine-Gaussian wavelets [40,41]. These reconstructions have a 94% overlap, as shown in [39]. Third row: Residuals after subtracting the
filtered numerical relativity waveform from the filtered detector time series. Bottom row:A time-frequency representation [42] of the
strain data, showing the signal frequency increasing over time.

PRL 116, 061102 (2016) P HY S I CA L R EV I EW LE T T ER S week ending
12 FEBRUARY 2016

061102-2

from 35 Hz to a peak amplitude at 450 Hz. The signal-to-
noise ratio (SNR) accumulates equally in the early inspiral
(∼45 cycles from 35 to 100 Hz) and late inspiral to merger
(∼10 cycles from 100 to 450 Hz). This is different from the
more massive GW150914 binary for which only the last 10
cycles, comprising inspiral and merger, dominated the
SNR. As a consequence, the parameters characterizing
GW151226 have different precision than those of
GW150914. The chirp mass [26,45], which controls the
binary’s evolution during the early inspiral, is determined
very precisely. The individual masses, which rely on
information from the late inspiral and merger, are measured
far less precisely.
Figure 1 illustrates that the amplitude of the signal is less

than the level of the detector noise,where themaximum strain
of the signal is 3.4þ0.7

−0.9 × 10−22 and 3.4þ0.8
−0.9 × 10−22 in LIGO

Hanford and Livingston, respectively. The time-frequency
representation of the detector data shows that the signal is not
easily visible. The signal is more apparent in LIGO Hanford
where the SNR is larger. The SNR difference is predomi-
nantly due to the different sensitivities of the detectors at the
time. Only with the accumulated SNR frommatched filtering
does the signal become apparent in both detectors.

III. DETECTORS

The LIGO detectors measure gravitational-wave strain
using two modified Michelson interferometers located in
Hanford, WA and Livingston, LA [2,3,46]. The two
orthogonal arms of each interferometer are 4 km in length,
each with an optical cavity formed by two mirrors acting as
test masses. A passing gravitational wave alters the

FIG. 1. GW151226 observed by the LIGO Hanford (left column) and Livingston (right column) detectors, where times are relative to
December 26, 2015 at 03:38:53.648 UTC. First row: Strain data from the two detectors, where the data are filtered with a 30–600-Hz
bandpass filter to suppress large fluctuations outside this range and band-reject filters to remove strong instrumental spectral lines [46].
Also shown (black) is the best-match template from a nonprecessing spin waveform model reconstructed using a Bayesian analysis [21]
with the same filtering applied. As a result, modulations in the waveform are present due to this conditioning and not due to precession
effects. The thickness of the line indicates the 90% credible region. See Fig. 5 for a reconstruction of the best-match template with no
filtering applied. Second row: The accumulated peak signal-to-noise ratio (SNRp) as a function of time when integrating from the start of
the best-match template, corresponding to a gravitational-wave frequency of 30 Hz, up to its merger time. The total accumulated SNRp

corresponds to the peak in the next row. Third row: Signal-to-noise ratio (SNR) time series produced by time shifting the best-match
template waveform and computing the integrated SNR at each point in time. The peak of the SNR time series gives the merger time of
the best-match template for which the highest overlap with the data is achieved. The single-detector SNRs in LIGO Hanford and
Livingston are 10.5 and 7.9, respectively, primarily because of the detectors’ differing sensitivities. Fourth row: Time-frequency
representation [47] of the strain data around the time of GW151226. In contrast to GW150914 [4], the signal is not easily visible.
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O1終了

2015/09/18 O1開始(official)



MAXI	X-ray	sources

Serino	et	al.	2014
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Fig. 5. An all-sky map of MAXI GRBs in the galactic coordinates. The open circles are the position of

the GRBs also observed by other satellites. The filled circles are the position of the GRBs observed only

by MAXI. The thick dashed lines are at the galactic latitude b=±10◦, where we excluded the events (see

text for the details).

2.4. Light curves of the bursts

2.4.1. Light curves of MAXI bursts

To create light curves of MAXI bursts, we have to select the source region in the image. In

order to reduce systematic background variation, we adopted the data selection using detector

coordinates, rather than celestial coordinates. We selected the region that the separation of the

source-acquisition angle, which is the angle with respect to the orbital plane of MAXI (Mihara

et al., 2011), from the position of the source is |δβ|≤ 1.5◦. The selected region projected to the

celestial coordinate forms a belt-like shape region with the width of 3◦.

The light curves of MAXI data are as a result of a convolution of the source variation

and a change of an effective area. In order to see the intrinsic source variation, we divide

the observed counts by the effective area at the time. However, if a duration of an event is

shorter than a transit time, a position of a source cannot be determined as mentioned in the

previous section. In such a case, the effective area and a flux variation of a source may also be

ambiguous.

The left panels of figure 6 show samples of light curves of GRB 091120 observed by MAXI,

comparing with those of Fermi/GBM (Meegan et al., 2009). According to the light curves of

Fermi/GBM, the duration of this burst is much longer than the transit time. Therefore the

localization error is relatively small. We corrected the MAXI light curves with the effective
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Fig. 7. Flux and hardness of MAXI GRBs. The bursts which were also observed by other instruments

are plotted with circles (simul.-GRBs). The bursts which were not observed by other instruments are

plotted with triangles. The solid error bars correspond to the statistic errors and the dashed error bars

on the average flux correspond to the systematic errors.

spectrum of those high energy instruments is useful to constrain the broad-band spectral shape

of GRBs. Since the MAXI transit time is rather short, the entire GRB episode can extend

beyond the transit time. In these cases, we truncated the data of other missions into the same

start and end time as MAXI’s transit time for the spectral analyses.

We analyzed the time averaged spectra of 7 GRBs. Four of them are jointly fitted with

the GBM or the BAT data. We tested three type of models: power-law (PL), power-law with

exponential cutoff (CPL), and GRB model (GRBM) (so-called Band Function; Band et al.,

1993). When we perform the spectral analyses without the GBM or the BAT data, the Epeak

may converge at an inappropriate value due to the limitation of the GSC energy range. In

such a case, we calculated lower limit of Epeak at 90% confidence by fixing a low energy photon

index α to −1.0. When a high energy photon index β is not well constrained, we fix the

index β to −2.3. We do not consider these models with artificially fixed parameters as the

best fit models. The results are summarized in table 4. All the errors in the table are in 90%

confidence. Although the S/N of GRB 090926B is lower than our criteria, we also listed the

spectral parameters of GRB 090926B in the table, because they are already given by Serino

et al. (2011). The Epeak of the MAXI-Fermi GRBs are 60–100 keV range. While the Epeak of

the MAXI-Swift and MAXI GRBs may be located below 20 keV.
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• Isotropic	
• Low	flux	
• SoC	spectrum

=>	X-ray	flash?	(XRF)
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GRB Swift/XRT Swift/UVOT Kiso Other

151205C No det. 	
(4.7 hr) - No det.	

(0.6-25 days)
-

151212A Detected 
 (2.4 hr) No det. - GROND 2.2m	

(23 mag@13.5 hr)

151216A - - No det.	
(1-14 days)

-

160101A 2 x 10
 (4.5 hr) ~18 mag@4 hr - Fermi GBM, 

CALET, Konus

160102A 1-3 x 10
 (3.9 hr) - No det.	

(1-3 days)
Konus-wind

160104B - - Analyzing	
(1-18 days)

Konus-wind

160206A 1 x 10
(14 hr)

No det.	
(14 hr)

No det.	
(10 hr)

-

flux	(erg	s-1	cm-2)

GRB	151205C:	Kikuchi,	MT,	and	Tomo-e	team	,	2015,	GCN	Circ,	18677	
GRB	160206A:	Morokuma,	Tominaga,	MT+,	2016,	GCN	Circ,	19008

See	also	Negoro-san’s	talk

©Masaomi Tanaka

PI: Akihiro Suzuki (Kyoto)
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Tomo-eでの全天サーベイで自然と??
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Tomo-e Gozen時代の超新星サーベイ

より高い効率での広視野観測

広視野化: 4 deg2 ==> 20 deg2

短い読み出し時間: ~0 sec

サーベイ戦略(~18 mag)

全天 x [ 1時間 cadence ]

3000 deg2 x [ 15分 cadence ]

大量 & 多様な超新星の”早期”発見


~10 shock breakouts / 2 years

~60 superluminous supernovae / 2 years

very nearby supernovae

フォローアップ観測@日本&東アジア
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KISS Summary
2012/04より開始、2015/09で終了

1時間cadenceでの超高頻度超新星探査

見かけ等級 g~20 mag, 距離 d~<200Mpc


~1 shock breakout/3年

KISSでより詳細な物理的理解、すばる/HSCで遠方星形成史etc.

これまで27 SNe/dwarf novaの同定+報告

データ即時解析、国内外follow-up collaboration体制の整備

by-product: 超新星(Ibn型, IIn型), Ia型早期検出, radio-loud AGN

KISSの財産で…

重力波電磁波対応天体同定へ

MAXI transient可視光対応天体同定へ

Tomo-e Gozenでの全天超新星サーベイ

Subaru/HSCサーベイ
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