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Mephisto Survey

- The main features of Mephisto can be summarized as follows:

wide-field multi-channel
Mephisto = Survey + Real Color
I » < sub-minute

- Such a characteristic of Mephisto will play an extremely important rule in
searching and studying fast transients with short durations, because
the time for the time of switching filter is about a few minutes for large
optical telescopes.
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Duration and Luminosity of Transients

Optical transients X-ray transients
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Two Kinds of Cosmic Transients

- Cosmic Transients from Stellar Population: —

Progenitors as Old Population associated with stellar mass:
SNe la, compact object mergers, kilonovae, etc.

Progenitors as Young Population associated with star formation
rate: CCSNe, GRBs, magnetar flares, etc.

Old Population

sky coverage distribution

stellar mass

star formation rate

Young Population



Survey Strategy for Cosmic Transients
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Cheng, Yang et al, 2024, in
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A large sample of galaxy catalog was used to calculate the sky distributions of
the stellar mass and star formation rate of galaxies at different luminosity
distances and with different angular resolutions of celestial sphere corresponding to
FoV of various telescopes.
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Capturing Transients in Sky
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Depth or Sky Coverage?
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ldentify Transients via Color Evolution
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1. SNe and SBs in Nearby Galaxies
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Multi-band Observation of SN 2023ixf (Yang et al, 2024, ApJ)
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2. Lost Generation in Universe
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3. Transients and Their Host Galaxies

Various Catastrophic Events Various Host Galaxies
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A Magnitude

4. Real-Color Properties of Stellar Flares

" T T ] 19.0
" 16.0F 3»\ 14 19.5
S C : : ] 20.0
Asteroids (Unknown) E 18.0 ] 20.5
75% L : 4 13 X
Hostless (r > 24) g:‘; 20-0_ 1 E%{I 2(5)
18% 2 3 7 22.0
Stellar Variables 22.0 : 18.5
e " o 16.0F : 186
/ . 7:/° S 17.0F 3 * i:;
Trar;i:::nts & 18.0 18.9
Ay VUF : ERE .
* 190 S O SRS B
: : 192
Asteroids (Known) :fo:, & 15.0? 32“7 I s
20% E 16-0;‘ — 17.4
Supernovae 7 1. ’
54% Al 17.0%—. .. ‘ . % .« IS
18.0E : 3 17.6
14.4 ¢ 4 E
2 146} 1% =
Flare rate density with m_u=21.3 mag (one-min exposures) Z 18 1" §‘ o
'n': 15'2§—° . - . & & \k b ] ‘— 3 1528
154F 3 15.30
3(my —mggs) o 13.7F * . 1392
—1 —92 = 13.8F 1 F 3w
— 5 ~J e ] ;
> =10 Yiggo ~ 0.5 flares hr™ " deg T e N
14.1 14.00
0 900 1800 2700 2600 2725
Days
—p a large sample with real-color information
40F 11.0 T T T T T T
0.6 C . 30 =
I ' 3 f YZCMi @
I 30 10-8 * ® oo .i Stripe 82
04r : - o 29F
8 1062  w F
3 7 2 = C
0.2 = 20 g 2 28F
: = £ E
N :“: i 0.4 LL‘ %0 E
0.0 C | -
[ 10 1 - 27 - !
: : 102 :
02 B . : 26 F ’
PP | PP 1 1 0: 00 :..1....1....1....1....1....1.:
90 100 110 120 130 0 1 2 3 4 5 2.5 -2.0 -1.5 -1.0 -0.5 0.0
Time (minutes) Au Mag during Flare Log v (hr™)

Kowalski et al., 2009



Frequency (Hz)

5. Limited by Multi-wavelength or
Multi-messenger Observation

Limited by sensitivity and spatial Limited by propagation effects
resolution (GW, neutrino, gamma-ray) (GZK, EBL, etc.)
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Topic lll: Summary

- Scientific goals for Mephisto nearby-galaxies
survey:

- Extremely-early-phase and Extremely-late-
phase properties of various transients

- Astrophysical phenomena from young
population.

- Middle-brightness transients, e.g., classical
nova, luminous red nova, or missing
transients, etc.
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