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Frontier of transient sky
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LSST Science Book (after Rau+09, Kasliwal+,Kulkarni+)




Transient survey
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Discovery of rapid transients
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Compared with supernovae:

- Similar luminosity (w/ large diversity)

- Shorter time scale (= small mass involved)
- 5 % event rate




Origin of rapid transients?

® Ultra-stripped envelope SN? Mej ~ 0.1 Msun

® Mej ~0.1 Msun by binary interaction
(e.g., Tauris+13, Moriya+17)
a route to neutron star merger?

Mej ~ 0.01 Msun

® BH-forming supernovae?

® Disk outflow (e.g., Kashiyama+15)
or Accretion-powered transients?




Tomo-e Gozen Transient Survey (2019/4-) Y
. . :9% &%@@
® Tomo-e Gozen @ Kiso Schmidt 222252
22222
® 384 CMOS sensors, no filter ’—:%%‘?,2\;’{@
P A LA L
® 20 deg? FOV ’;;%},22‘
=> Multi-messenger follow-up - /7 \
(Gravitational wave, IceCube neutrino)

® Survey strategy 'U'

. 7000 degz High-sensitivity CMOS

video sensors
Pointing pattern
® 2 hour cadence P

2021-04-08 High-Cadence Survey

® 0.5secx 12 =6 secexposure
=> 18 mag (5 sigma)

® ~ afew rapid transients / 0.5 yr (< 200 Mpc)

® Follow-up with Seimei
® 19A-21A (PI: Morokuma) KOOLS-IFU

® 21B (Pl: Tanaka) KOOLS-IFU + TriCCS

Pedroso, lkeda, et al. in prep.



Update of reference images

(led by Tl 1& X A)

Overall speed-up

Data ﬂOW (led by =K tEEE‘g/U)

Image subtraction
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Challenges in transient detection

New old Difference
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Initial development: ;& ZE = A (FAEX)
Classification with Performance update: E1& —EBS A (BRIEK)

Convolutional Neutral Network (CNN)

I“ urrent (AUC=0.9956)
— VAT TAHC=0.9995)

!

Figure by Ichiro Takahashi
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Performance of new machine

Figure by Ichiro Takahashi

+ Updated
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~100,000 images /day
=> ~150 transient candidates / day = manageable number!



Deep coadd reference for 20,000 deg? sky

(PS1 => Tomo-e)
Led by #ifll £ A (RRK)
2 % 5 ' ‘ e = . t. o ‘ ‘ ?
5 - . ’ ; . - -




Web interface Led by M 183 A (EEX)

Tomo-e transient server List Object TNS List TNS Object GW Galaxy Account Logout

EmD o :

transientld TNS Name R.A., Dec. mag Image Al paramcand mark

Name TNS date project variableld ref PS1 gri 3-color cnncand
date event rawld
current tag

7663084 AT 202%iaw 215.7820207, 50.2220496 19.26 SN/AGN
202105asbsm 2021-04-03 07:52:04 All-Sky Survey 36337384

2021-05-31 link to TNS SN 33941178

7662721 AT 2021njo 241.779068, 47.4434566  18.88 SN/AGN
202105asbff 2021-05-25 07:05:23 All-Sky Survey 75745065

2021-05-31 link to TNS SN 33913289

7662645 AT 2021mvl 248.1849589, 30.0617608 18.45 SN/AGN
202105asbch 2021-05-18 07:17:37 All-Sky Survey 75743697

2021-05-31 link to TNS SN 33914303

7662573 SN 2021mfn 232.4819291, 8.5351936 20.21 SN/AGN

202105asazz 2021-05-13 11:45:36  All-SKky Survey 75747171
2021-05-31 link to TNS SN 33921351

7662405 AT 2018ddw 324.6104024, 28.7729514 18.51 SN/AGN
202105asavh 2018-07-04 08:35:31 All-Sky Survey 75585595

2021-05-31 link to TNS SN 33910368

7663130 AT 2021mnd 185.4441071, 41.7395844  16.50 SN/AGN
202105asbug 2021-05-16 08:03:50 All-Sky Survey 75750725

2021-05-30 link to TNS SN 33971784
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Toward higher time resolution
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Realtime analysis of “movie”

Watch out 16th frame

Application of

object recognition technique
(Single Shot Multibox detector
= SSD, arXiv:1512.02325)




Summary

® Frontier of transient sky
® Rapid transients: new kind of astronomical explosion

® Need rapid spectroscopic follow-up

® Tomo-e Gozen transient survey
® 7000 deg?-2 hr-18 mag

® A number of development work in the past years

® Data reduction pipeline, Real-bogus classifier,




