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Rare Event Survey: from Kepler to Tomo-e

1. Possible Targets
Evaporating Rocky Planets ?
Long Period Transiting Jupiters
Hierarchical Triple Eclipsing System
Self-lensing Binary of Black Holes?
Alien Mega-Structure
2. GPU-based Astronomical Data Mining
3. Comparison with TESS and Summary



Kepler

D=0.95m

N ~ 200,000

Vmag: 16 ~ 12

Precision: < 0.01%

-OV: 115 deg?
Cadence: 30 min (1 min)
Lifetime: 4 yrs




D=0.95 m
Kepler N ~ 200,000 FOV: 115 deg?
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Precision: < 0.01% Lifetime: 4 yrs
Kepler
.\\3}-.’
40 600 e 6000
“a @
: 400 e 4000
20 - it 1Y Kepler
. 2 =pse AR 200 % 2000
B -.- ., .. ’ v 2% ‘ .
Q g - s . \ P y ~ .
g 0 s KA 0 A 0 ‘)‘E treeset of & -
’ _. . *: S ) \ ’;’E;- F vl Microlensing GC
: ot ~200 L ~2000
—20 ;
—400 ~4000
—40 ~600 6000
40 20 0 20 40 ~500 0 500 ~5000 0 5000

| U Pc pc




PDCSAP_FLUX

Evaporating rocky planets in Kepler ?

KIC12557548

0—-1.5%dips
s .
e, ﬁ,‘.s"" M e . Q%» wﬁﬁ&

1.000
0.999
>< !
=
T
a! 0.998 1 -«
< A A
7] v
O >
e 0.997 -
0.996 - \ 4/
£GP T
P 4
0.995 A i i i A'.:b’ . i ,
0.1 0.2 0.3 0.4 0.5 0.6

Rappaport+12, Kawahara+14



Depth0-1.5%
Duration ™~ 2 hr .




Relative Brightness + Offset

511,08 3 s 12
i W\'ﬁ Gay 1E
e ke e B e i i
¢ - : '
» — 2015.11.19 M ‘:’-.}.’.:. esdb ¥ $015.12.29
= P P R BT IS e P RN s o B
v ’ . v
. .. . . | 2151121 ¥ . . . : Dedt P 2015.12.30
._._WW » AT Focke 16 M 5W," Kaye 3¥
3oh;_:< < r A ST BN PN St s g i, o R ERNE
| 20151125 T . f, oy 70160104
bc:-n " M"}’g@_'?.ﬁo ';:: hcl-n 11“
P g™ e B B ‘0%*;‘3&;%(\5: e BT
o® ¢ ’ - .’: . -
. 2015 12 S a® o g - *. o - 2l
Dol ain ¥ .Y i | TR i, PN B

sifs o . L - BAEN, o 2o e Bt e e e ' .
. P PPN ] 201512 -~ . 2016 ?
BTN A R MM&‘»MR,M R

N P NN | R PN, PR Fore £

-
A s Raye 32
5

"“""M"‘er"“‘*“"!"'f &,},‘w | """"‘.,’\’ praea. { megu

.
o e, » T o e et B 3 INpr— fore.os.;
I Vo ] b y v I i
Kaye 3

} .. o _-" - w:q-'.:}"d . ° | *cwc“ja
3 'j: o, ‘-'-. FF !‘ “‘ i-:"; £ b‘nw—-ﬂ"‘..fq /\&’M,:m 1 cote 18
20 oty wﬂ‘f”“f"‘.‘d }f;l;.;;;_w MM'M ALt AL

.
. . - T . \ »
. 1512 ‘e . 201601 20
nsm.p:.p ﬁm“\"‘ & & r&{wfz‘.\mw Rand
PR P G R R | P e e —— 0100121
- ": _::.. ‘\.\ ‘\ V\"‘- Booes 11 f-‘\r""” i.': \".'
LU L Ll OWLLLLLULULUL LU L LS
2 1 0 1 2 2 1 0 1 2

Time From Phase Zero (hours) Time From Phase Zero (hours)

Rappaport et al. (2016)

Disintegrating rocky planetesimal(s)
around a white dwarf WD 1145+017?

Image credit: Mark A. Garlick
(Harvard/CrfA)



Long Period Transiting Jupiters in Kepler

KIC11709124
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KOI-671 ® 000 — 119 K

KOI-1421* ' 157 K
At least, 1in 5 compact multis K01-2525 o ‘ 132K
has a gas giant/neptune

. KOI-1108 @ @) O -‘- 193K
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Hierarchical Triple System in Kepler
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Residuals
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Self-Lensing White Dwarf Binaries in Kepler
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G star + 0.5 Msol WD: 0.1 %




Self-Lensing Black Hole Binaries in Tomoe?
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Alien Mega-Structure KIC 8462852
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Citizen scientists found this system.
Such a star in 200,000 targets




OBSERVED DATA T PREDICTICN I™"" KIC 8462852
FIVStar

Temperature = 4700 €

Radius = 1 58 solar racii

Mass = 143 solar masses
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GPU-based Box Least Square (gbls)
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TESS 2018-

All Sky Survey

Brightest Stars (~10°) Vmag < 12
2min cadence

0.01% precision

Many analyzers all over the world.

“Tomo-e Rare Event Survey” should focus on ...
~1% signal, but extremely rare (~1/10°)

Or very short times scales (~¥1 min) => unknowns
Or unknown unknowns



Signal > 1%
precision
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