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Figure 7. Phase-folded planet-stacked light curve of all 284 KOIs deemed to be of acceptable quality. Temporal axis has been re-scaled and binned, with uncertainties

shown given by the standard deviations within each bin. Black solid line represents the expected signature if 7 = 100% of the KOIs had a Galilean analog moon

system. Blue lines show 100 posterior samples from our fits, giving n = 0.167015.

284 KOls used for a Kepler superstack
blue lines: 100 posterior samples

black line: signature it all KOIs had Galilean-like moon system

figure from super-stack idea of
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https://arxiv.org/abs/1806.04672
http://iopscience.iop.org/article/10.3847/1538-3881/aa93f2/meta
http://iopscience.iop.org/article/10.3847/1538-3881/aa93f2/meta

The Exomoon Candidate Around Kepler-1625b

1806.04672

tfigure from Rodenbeck et al. (2018a)

|

. -

L

() () () (-

(0 0) O << N

(@) (@) (@) (o)

[S/_9°] XN|} d¥SDAdd

e

/ e

\ I
0
() (@) ()
- o -
O LN <
[S/ _ 9] XN|} dVS

400 600 800 1000 1200 1400 1600

400 600 800 1000 1200 1400 1600

figure from Heller et al. (in prep.)

.~ sare|e .vt...v.u':.lv’%...os.-._.v%tma WIS wras e n ce o
oY,

aadd .Wufg

ORI
-(f.....
POLLIE B
. LIS
..... et T 6
I

f 0- -n
Ve b
bl
TR

V.
£
e A

AN ST

w3e 2€,

i ! A e "
o L @ X
s 3 =g o Aty
QAL b . c e
2 e fal¥ed Y :

<o 0

L

comen o o

1.004 —

0.996 —

X(1'Td dVSOdd PAZI[EULION

500 600 700 300 900 1000 1100 1200 1300 1400 1500 1600
Time [KBJID]

400

René Heller


https://arxiv.org/abs/1806.04672
http://cdsads.u-strasbg.fr/abs/2018A&A...617A..49R
http://cdsads.u-strasbg.fr/abs/2018A&A...617A..49R

[ L K .1(..-‘.«5.‘?.(...0...»#.?.1.&.0 L Y E T Qe

Hello

1600
René Heller

o e . et s o o mEn o o

1400 1500

1300

llf
7 - £3%
e SN

The Exomoon Candidate Around Kepler-1625b

1806.04672

figure from Heller et al. (in prep.)

‘Hello!

1.004 —

0.996 —

X(1'd dVSOdd PaZI[EUWION

500 600 700 300 900 1000 1100 1200
Time [KBJD]

400


https://arxiv.org/abs/1806.04672

1806.04672

The Exomoon Candidate Around Kepler-1625b

+1}
0
| e star: solar mass, slightly evolved:
9 1.793 (+0.263, -0.488) R (Mathur et al. 2017)
é +1} __ | %} * planet: Jupiter-sized, super-massive (10 M)
e Of T ‘-- fun -
2 " EARELT S
£ 2 , * moon: Neptune-sized, orbit 19.1 (+2.1, -1.9) R,
S -3
! (comparison: Galilean moons between 6 and 27 Rj,p)
9!
_31
4l
B

36 -30 -24 -18 12 -6 0 6 12 +18 +24 30 +36
time from inferior conjunction |hours|

figure from
Teachey et al. (2018) René Heller


https://arxiv.org/abs/1806.04672
https://doi.org/10.3847/1538-4365/229/2/30
http://iopscience.iop.org/article/10.3847/1538-3881/aa93f2/meta
http://iopscience.iop.org/article/10.3847/1538-3881/aa93f2/meta

1806.04672

The Exomoon Candidate Around Kepler-1625b

i % @ ] Transit 2 Transit 2
+1 () % 'i % ,!' |§I“ 0 %%C 0
gLl L L@ ' ip” 1 [ Gy

1.00

-3 \ % i ";‘: 0.50

(Hl &
_4 ”‘Ell ""’“‘ _4 -
o~ {: - 1]
= 0.25
Cg@ -Ht !» 4
2 1 l l I 1 ‘ | | | | | L 000
é +17 1;' P C*) % & % ({) % I 0 Transit 4 m* Transit 4
- (] i ! = Red
S o ML g ST M modl oholghel 44l B o 1.00
‘ BESOR g DT AT ) i
5 | i ii"' T ] Eﬁ' il e T et W'y — c
oF - () <{> <i> T <{> § 2 | 4‘3 075
n 9l = N
S , o)
— y
C& <3} .t R ‘f 02) 8 0.50
)
= 4 '%““0 alidr T {) O _4- O
b B =i o o 0.25
i Y i ik ud 5
— o
5 - . . . . . < 0.00
> 2 {) ({) ({) 0 Transit 5 Transit 5
o p— - | D = )
= !!Ei‘%hs!!ﬁig»__.!iz-j!%' 'iu 0 o b 4 .!i' L i ol N 1.00
T) O e i 3824 \d!!_"fil q -
—

)i O . D LGOI ". iia':.";!':i PI™ ¢ @I
N % + Uh 1 | i !pun ' 4) ({) ({) ﬁﬁ; . o

5l A ! . 0.50
L ;i _4 -
4 i + 0.25
5t RN
. . . . . . " " " L : 1 1 1 1 1 1 1 0.00 1 1 1
-36 -30 -24 -18 -12 -6 0O +6 +12 +18 +24 +30 +36 -24 -18 -12 -6 0 6 12 18 24 -1.0 -0.5 0.0 0.5 1.0
time from inferior conjunction |[hours| time from transit midpoint [h] projected distance [R. ]

figure from animation from
Teachey et al. (2018) Search for "Transits of Kepler-1625" on Youtube Rodenbeck et al. (2018a)


http://iopscience.iop.org/article/10.3847/1538-3881/aa93f2/meta
http://iopscience.iop.org/article/10.3847/1538-3881/aa93f2/meta
https://arxiv.org/abs/1806.04672
http://cdsads.u-strasbg.fr/abs/2018A&A...617A..49R
http://cdsads.u-strasbg.fr/abs/2018A&A...617A..49R
https://www.youtube.com/watch?v=dyI-6AaIjRM
https://www.youtube.com/watch?v=dyI-6AaIjRM

1806.04672

a
6000 _ \/
L
5000 / "\
S
4000
- I I T T . ll\l !
©
S - i :
< 68001 s -
W : 4
2_6600 —Transit 2 ‘Transit 4_~Transit 5
c e i s Y. .
£ 6400 ’ -
S p .
56200-' L 11 v H .
= 500 1000 1500
§ Tage seit dem 1.Januar 2009, 12 Uhr UT
s
C 9
67805z o S
6760 " B
i
Y Transit 5
67401 | » ! |
1490 1495 1500 1505

Tage seit dem 1.Januar 2009, 12 Uhr UT

0,0

Fluss relativ zum Stern in Promille

-2,5

-5,0

P
-2,51-
s m, Transit 5
-5,0¢ ! | =" |
1497 1498 1499

Tage seit dem 1.Januar 2009, 12 Uhr UT

René Heller, Kai Rodenbeck / Universitat Gottingen / Max-Planck-Institut fur Sonnensystemforschung / SUW-Grafik

g. . .o. ) Tag 1489,3.6 . ‘:C:°~o:. o-: .
::'-‘. o ‘ ."? °.~.'°‘.-‘.- l ot : .
o ,”.:.",' Transit 5
— | | ol I |
-36 -24 -12 0 12 24 36

Stunden relativ zur Bedeckungsmitte

The Exomoon Candidate Around Kepler-1625b

"Simple Aperture Photometry" (SAP), 4 years of almost continuous observations
pixel summation time series of calibrated flux in optimal aperture

"Pre-search Data Conditioning Simple Aperture Photometry" (PDCSAP), 4 years
SAP corrected for systematic trends found by correlating times series of quiet stars

zoom into PDCSAP flux of transit 5
note the stellar (and systematic?) variability!

zoom into detrended ("pre-whitened") PDCSAP flux of transit 5
stellar variability removed to some (not fully known) extent with a sum of cosines

"pre-whitened" PDCSAP flux of transit 5
with 100 MCMC realizations

figure from
Heller (2018, Sterne und Weltraum, in press)


https://arxiv.org/abs/1806.04672

1806.04672

The Exomoon Candidate Around Kepler-1625b

Detrending / "Pre-whitening"
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Detrending / "Pre-whitening"
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Injection-Retrieval Experiments

Each panel 10 x 100 sequences of three transits with white noise only fitted with a planet-moon model
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Injection-Retrieval Experiments

Each panel 10 x 100 sequences of three transits with white noise only fitted with a planet-moon model
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10 x 100 sequences of three transits with white noise only fitted with a planet-moon model
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10 x 100 sequences of three transits with white noise only fitted with a planet-moon model

planet-only system injected
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10 x 100 sequences of three transits with white noise only fitted with a planet-moon model

planet+moon system injected

6 - P2/N - P3N | | P4/N T/N . 30
E@ 4 - K] _ Y | Ge : &' g - 20
3 2- . - ) El 10
-(SU o oo | ° ® @)
C O | | | | | | | | | | | | | ® | | B O E
S 6- P2/G - P3/G { | P4/G T/G J
E ® o P B —10
- 4 _ %. | ;. _ T.. o ‘io
© CX ] o® S *e ?
- _ 3 L _20
E - 5) . ° E 30
0

median moon semi-major axis [R)]

figure from
Rodenbeck et al. (2018a)

0O 25 50 75 1001250 25 50 75 1001250 25 50 75 1001250 25 50 75 100125

René Heller


https://arxiv.org/abs/1806.04672
http://cdsads.u-strasbg.fr/abs/2018A&A...617A..49R
http://cdsads.u-strasbg.fr/abs/2018A&A...617A..49R

1806.04672

The Exomoon Candidate Around Kepler-1625b
Kepler (2009-2013) and Hubble (Oct 2017) observations
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