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New Parameter Space
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Time-domain Astronomy
Golden Mine of Astronomy

Radio Optical Ultraviolet X/r-ray

LOFAR ATA Pan Starrs PTF, ZTF ? Swift
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Katzman Automatic Imaging Telescope

Naloe SNe Il The KAIT SN Search at Lick Obs.

= . + 1997: 1 (SN 1997bs)
Ibc pec // ; * 1998: 20 (world record)
‘ 22% 4 « 1999: 40 (world record)
L e « 2000: 38 (including SN 2000A)
| b 5% - 2001: 68 (world record; SN 2001A)

| 25% \ 9%
x * 2002: 82 (world record)

b
L2011a, 201168 + 2003: 95 (world record)
B - 2004: 83 2005:82 2006: 84
- 2007: 69 2008:77 2009: 58
http://astro.berkeley.edu/~bait/kait.html




G Ground based Wide-field Survey PrOJects

ZTF tomomow - 47 deg?
The Zwicky Transient Faciity e
(2017-2020)

High-cacence, wide-area survey




Parameters of Ground-based Survey Projects

Ground-based Optical Transient Surveys Relevant with Supernova Search Around the World

Surveys Telescope (m) FoV (dcg2) Mag. Limit. Survey Area Cadence Status

LOSS 0.76 0.012 W ~ 19.0 5000 nearby galaxies 3 ~ 5 days Since 1997
DLS 4.0 4.0 W ~ 240 High galactic latitude Minutes ~ month 1999-2005
ESSENCE 4.0 0.36 W ~ 24.0 Equatorial area 4 days 2002-2008
SNLS 3.6 1.0 R ~243 1300 dcg2 3 days ~ 5 2003-2008
ROTSE-III 0.45 3.42 W ~ 18.5 Entire sky Since 2003
SDSS-IT SN 25 1.5 g~ 232 Southern stripe 82 2 days 2005-2008
CRTS(CSS) 0.7 8.1 V-~ 195 10 minutes ~ year Since 2007
Pan-STARRSI 37 1.8 7.0 g~ 233 7 days Since 2009
SkyMapper 1.35 5.7 g~ 21.2 Entire southern sky Hours ~ years Since 2009
PTF 1.2 7.9 R~ 21.0 I minute ~ 5 days 2009-2012
LSQ 1.0 9.6 V ~ 20.5 Hours ~ days 2009-2015
KISS 1.05 4.6 g~ 20.0-21.0 SDSS fields with high SFR Since 2012
ASAS-SN 24 x 0.14 4 » 20.25 g~ 18.0 Entire sky 1 day Since 2013
iPTF 1.2 7.3 g~ 21.0 90 2013-2017
DES 4.0 3.0 i~ 240 The South Galactic Cap ~7 days 2013-2019
Evryscope 2 x 27 x 0.061 8600 -+ 8150 g~ 16.0 Entire sky 2 Since 2015
ATLAS 205 2 % 30 g~ 195 1 ~ 2 days Since 2015
DLT40 0.41 0.027 r~19.0 Nearby galaxies<40 Mpc | day Since 2016
ZTF 1.2 47.0 R ~20.7 3750 deg” Since 2017
LSST §.4 9.6 R ~ 245 Entire southern sky I minute ~ 10 Future

TNTS 0.6 23 V ~19.5 3 ~ 4 days Since 2012
PTSS 1.04 9.0 V ~ 20.5 3 ~ 5 days Since 2016
TMTS 4 x 0.4 4 x 4.5 W~ 194 10 day Since 2019

Zhang, Wang, et al. 2020, PASP



Wide-field Transient Survey
RS 7 A ONFNAZ BRAOAER

PTF yesterday
The Palomar Transient Factory

(2009-2012)
General synoptic transient survey

iPTF fooay
Intermediate Palomar Transient Factory
2013-2016) )
Focused mini-surveys 104+ papers, szs3+ craions

ZTF tomomow new 47 deg?
The Zwicky Transient Faciity ~ ¢@mer@

(2017-2020)
High-cadence, wide-area survey




Followup facilities

Key Projects

v p Detected transients
will be followed up using
a wide variety of optical

and IR, photometric and Various SNe Dwarf novae
spectroscopic followup
facilities. Transients in nearby galaxies Core collapse SNe
RR Lyrae Solar system objects
CVs AGN
AM CVn Blazars
Galactic dynamics LIGO & Neutrino transients
Flare stars Hostless transients
Nearby star kinematics Orphan GRB afterglows
The power of Time-domain Sciences resides inits  Rotation in clusters Eclipsing stars and planets
diverse science goals and follow-up facilities;
Tidal Disruption Events FBOT

Accurate transient event classification is the

key to their fO”OW'Up and phySicaI Understanding. Nature: 201la (SN Ia), 2011b(SN Ia), 2013, 2014 (||b), 2015 (Ia),

2017 (Luminous SN II), 2019 (double WDs), 2021 (SN Icn), 2021 (WD);
Science: 2012 (l1a),2018



Supernovae discovered by TNTS & PTSS
(N>400)
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Supernova Taxonomy

Supernova spectrum
near maximum light
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Spectroscopic Classification of
C55141118:092034+504148 as a Type II-P Supernova

ATel #6893; Fenxiong Li, Xiaofeng Wamg (Tsinghua University),
Tianmeng Zhang (National Astromomical Observatories of China)
on 11 Jan 2015; 05:46 UT
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Distributed as an Instant Fmail Notice Supernovae
Credential Certification: Xiaofeng Wang (wanmg xféwail. tsinghua. edu. cn)

Subjects: Optical, Supernovae, Transient
Tweet

We report an optical  spectrogram  (range  370-850 mm)  of
(55141118:092034+504148 that waz obtained on 2015 Jan.08.71 UT with the
2.16-m telescope (+BFOSC) at Xinglomg Station of NAOC. The spectrum is
similar to that of a type II-P supernovae over one month after explosion,
with prominent P-Cygni profiles of Balmer linmes. Cross-correlation with a

+—— Galaxy

;

Location of
iPTF14hls

EXPLOSION SEEN

+—— Galaxy

;

Location of
iPTF14hls

NO EXPLOSION SEEN

Arcavi+Wang group et al. 2017, Nature, 551,210

2021/10/13

library of supernova spectra using the comparison tool Gelato
(Harutyunyan et al. 2008, ARA, 488, 383) shows that it matches with SN
20124 at t=50 days since explosion. Given a redshift of 0.028 for the
host galaxy (from emiszion features of supernova lines), an expansion
velocity of about 6300 km/s can be deduced from the Ha absorption
ninimum.

wang_xfmail, tsinghua. edu. cn
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The Upcoming Survey Projects

BlackGEM

Science:

* Gravitational wave counterparts
« Southern All Sky Survey

+ Fast Transients & Variables

* Nearby Universe Survey

Phase 1:

+ 3 wide field telescopes (8.1 square degr. total)

« Primary mirror:  65cm diameter

« Sensitivity: g=23 in 5 minutes

* Location: ESO La Silla

« Optical quality: seeing limited, 0.9" median
* Camera: 1 CCD/telescope, 10k x 10k, 0.56"/pixel g

« Filters: u,g.q,r,i,z filter set, change in 3s "
Phase 2:

* Expansion to 15 telescopes
* 40 square degrees total field of view (@ 0.56"/pix)
« Location: ESO La Silla; or combi ESO, NZ and SA

® USTC-PMO 2.5-m WFST (7 square
degrees)

® R2Pub-60cm wide field (18 square
degrees in ug and ri bands)

® Yunnan Univ.1.6-m Mephisto

® CSST 2.0-m space telescope (1.1
square degrees, 0.07”/pixel)
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Outlines

 Background

 Impact of Wide-field Surveys on Time-domain
Astronomy

* Minute-cadence Wide-field Surveys
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FIRRIEHER.
EZWISR:
« COWD+CO WD
« CO WD+He WD
« He WD+He WD
« WD +sdOB
« sdOB+sdOB
* Red dwarf binary

RPN -
v laEFHERSE
v A5 | TIiRERRTER
v BRENEREH

Classic scenario
The white dwarf steals gas, gaining enough
weight to start carbon fusion—leading to
arunaway explosion.

Hydrogen )

1
Hydrogen layer
builds up

Red giant
(Not to scale)

—
I Core ignites

Red giant
survives

L3

Supernova
Mass = 1.4 Suns

0.4

Orbital Phase

White dwarf merger
Merging white dwarfs generate heat to
spark carbon fusion. But the explosions may
be superficial and lopsided.

White dwarf binary

Orbits shrink as stars
emit gravitational
waves

White dwarfs ~ 5
merge

Heat of merger
sparks fusion

Supernova
Mass 2 1.4 Suns

Double detonation
Just before a merger, one dwarf steals a thin
layer of helium that detonates, igniting
a bigger explosion in the core.

White dwarfs
on point
of merger

Helium layer Shock waves
explodes ignite core

Heliumis
pulled across

N
Second dwarf
thrown from blast

Supernova
Mass = 1.4 Suns
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10-3
Gravitational-wave Frequency [Hz]

Geier et al. 2007; Wang et al. 2013, 2019
Polin et al. 2019; Pala et al. 2020
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TMTSKKIRH
singhua-Ma Huateng Telescopes for Survey

MBUETEREAF ZREKKEIEES FIEARFFRE100005F 5 EX
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The FLUX light curve of TMTS J06093560+4855120 (1.D.:NT061826N491109M01_4_016426)
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TMTS Results with High Cadence Topic Periedie = Variable ~ Flare/Burst ~ Dip/Eclipse ~ Statistic Catalog ~ ULC1st ~ Time Travel: Hello, staff

Load Time: GMT 2021-07-11 14:45:06 & MJD 59406.615 SELECTing ~ Search Notes Frames Status 2021-01-26

Name .0 oordinate (decima oordinate (sexagesimal alactic Coordinate All Obs. Date

TMTS J03080501+5248320 (Download) NT030803N521248M01_2_005231 47.0209, 52.8089 (Query in Simbad) 03:08:05.01 +52:48:32.02 . 202101286,
VSX Type / Period VSX Name / Sources Simbad Type / Sources Gaia Distance (kpc) Abs. Mag G (without/with extinction) B - R (without/with extinction) Gaia Sources
! I Star /1 0.37+/-0.00 13.54 10.78 1
Lamost Designation* Spectral Classification Total Lamost Spectra/Sources Gaia Cross Match? Delta RV max (significance), nrv Average Temperature (K) Average Log g
J030804,97+524832.7 1011 True
Classification Topic

Eclipsing Binary Delta Scuti EB or DS Flare Star Compact Binary Short Period Special Spurious Variation
Obs. Date (Version) Initial X,Y Valid Points/All Points (Quality) Ref. Source Number Zero Mag. Flux
20210126 445.7,1215.0 238/249 (0.96) 5569 25.449 447943+/-2621
Mag Abs. Ave Mag (without/with extinction) Inversed Neumann Ratio/Level Local/Globalluncorr PhiVV Prob (Max Phi VV) A21/median_ratio
11.321+/-0.006 13.49 1.767 1.1 0.764 /0.771/0.501 (3.46) 0.19/1.06
Candidate Period (hour) Local/Global/Uncorr FAP (Max Power) Red Noise?/Double Period Covered? Adjusted R*2 Fourier Amplitude in Flux/Mag Mass Function min (Solar Mass)
1.0784 4.38e-08/ 1.11e-05 / 3.09e-26 (63.5) No/ Yes 0.663 0.006 /0.007 mag
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