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Teneckon Kennep

«Kennep» — kocmundeckasi obcepeatopma HACA,
opbuTanbHbIN TENECKON CO CBEPXYYBCTBUTENBHBIM (DOTOMETPOM,
cneumanbHO NpeaHas3HavYeHHbIN 4519 NoMcKa 9K30MnaHeT
(nnaHeT BHe CONHEYHOM CUCTEMBI — Y OPYIrMX 3BE3N),
nogobHbIX 3emne. OTO NepBbI KOCMUYECKUI annapar,
CO3[aHHbIN C TAKOW LienblHo.

OH HasBaH B 4yecTb MoraHHa Kennepa,

OTKPbIBLUErO 3aKOHbI ABUXEHUS NI1aHET.

3anyLieH 6 mapTta 2009 ropa

OcHoBHag nporpamma bbina paccymMtaHa Ha 3,5 roga




Mwuccua Kennep

42 MN3C-maTtpuy, ¢ 00LIKM paspeLleHnem
B 95 meranukcenen gns npoBegeHnUa nccnegosaHum

B none 3peHns ~150 000 3Be3g

Planetary Nebula
K@Plf?’ FOv FOV Center RA: 19h 22m 40s Dec: +44 30' 00" 9/10/04
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[MpoekT Planet Hunters

3anyuieH 16 gekabpsa 2010 roga

Llenb: nonck ak3onnaHeT ¢ NpuBreYeHnem
BONMOHTEPOB, METOAOM BU3YyaribHOMo
OCMOTpa KpuBon bnecka

PykoBoautenb npoekrta: [lebpa duwep -
npodoeccop acTpoHoMum B lenbckom
YHUBEpPCUTETE

CnycTsa ~nonroga nocrne Toro Kak rnepsble
OaHHble C Teneckona ctanu gnsa WupoKou
ny6nuku




OcCHOBHOW UHTEPAIENC

planethunters.ol'g CLASSIFY LOGIN ABOUT~ CANDIDATES TALK TUTORIAL~ MORE~

Can you spot the transits?

Click the plus button and drag
the box to mark them or just
draw a box over the points
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BOJ'IOHTepr - MaBHa4d NpUYnNHa ycnexa rnpoekKkTa

[lesaTenbHOCTb BKIoYana:

e MoHuTOopUHr chopyma Ha Hannune NnoTeHUManbHO MHTEPECHBIX 0OBbEKTOB

e KonnekunmoHupoBaHMe pa3NNYHbIX OOBLEKTOB: KaHANOATOB B
9K3onnaHeThbl, Co34aHne KaTanora Hen3BeCTHbIX ( HA TOT MOMEHT) ABOMHbIX
3aTMEHHbIX 3BE3[, KpaTHbIX 3BE3OHLIX CUCTEM, nepeMeHHbIX 3Be3a (GDOR,
RR lyr)

e baszoBasa dhunbTpauna kKaHAMOATOB B 3K30MMAHETHI

e AKTMBHas nomMowb Hay4yHOW KOMaHAe CTOsILLEN 3a NPOEKTOM U paboTa C
OPYrMMnN yY4EeHbIMU



BonoHTepbl

KvuaH UH Nek
Tomac [xenkobcoH

Hapun Jlakypc
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Kepler-64b aka PH1b

Transits spotted in Kepler light curve of eclipsing
binary KIC 4862625

Quarter 2 Quarter 4

N
Secémdary Eclipse

Secondary Eclipse Secondary Eclipse

05 o B i | ‘ \ (]

Days from Start of Quarter 1 Days from Start of Quarter 1

Robert Gagliano Kian Jek
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MaBHbLIN Bonpoc: npupoaa TPaH3UTHOro curHana

Planet

Kepler Planets Start Out

as “Candidates”

Brown dwarf or
low-mass star

C

_ './

e

binaries binaries

Blended stellar Grazing stellar
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Pa3mep obbekTa

For the light curve of a planetary transit,

( Radius of planet )2
Radius of star

= Transit depth (in decimals)

Given a light curve,
1. We assume it is caused by a planetary transit.
. Check the radius of the star in the subject metadata (i’ icon), this is Rs.
. Find the depth of the dip, which is the transit depth.

. Find —';S& by square-rooting transit depth.

i i Rp
. Find Rp with == X Rs.

. Exoplanets should not be larger than ~ 0.3 Solar radius, thus conclude if it is
possibly a planet

14



[Mpumep

Example:
1004 1 1. Assume it is caused by a planetary transit,
1002 4 P . gl 2. From metadata, Rs = 1.49 Solar radius
10001 Rl d =TT | 3. Transit depth = 1.000 — 0.992 = 0.008
: 4. 7% =.0.008 = 0.08944
0996 1 s & 5.Rp = 0.08944 x 1.49 = 0.133 Solar radius
0.994 ' 6. Conclude: possible transit.
Other units:

Rp in Jupiter Radius = Rp in Solar Radius X 9.73
Rp in Earth Radius = Rp in Solar Radius X 109

This serves as a guide to picking out the possible candidates for those interested. Note: 1. This assumes
ideal conditions. In reality the transit depth may be affected by other astrophysical containminations etc
which may affect the calculation for the radius of the planet. 2. This check is not conclusive, the dip may

still be caused by other reasons. 15



Neptune (3.9R))
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B peanbHoCTMH...

& | cViewer - Ci\Lightcurves TESS_S082\256368884_PDCSAP_SC2.txt =]

File View Help

Star 256368884 (TESS) Measure Candidate Signal

Measured Dimensions
Signal Times

Start Time: m BTID
EndTme: [ 3535.508664 BTID
MidPt Time: m BTID
Duration: m Hours

Object Size

Signal Depth: 44118 PPM
Object Radius: 61.30 REarths
S/N Ratio: 77.3

1.000

0.990

0.980

Normalized PDCSAP_FLUX

0.970 Periodicity Search

Check Periodicity

Periodicity Results

Rank Period Match Count  Match%

Time (RT.INY
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Normalized PDCSAP_FLUX

1.0006

1.0004

1.0002

1.0000

0.9998

0.9996

0.9994

3543.40

3543.45

354350

3543.55

3543.70

Measure Candidate Signal

Star 277511298 (TESS)

Measured Dimensions

startTime: | 354369654 BT | e
End Time: 3543.863320 BTID
StarID:  |277511298

i : i)
MidPt Time: | 3543.779987 BT Mag: &5
Duration: 4,000000 Hours -

i Temp: B3 K

Object Size Bl Radus: ’m Sols
Signal Depth: 816 PPM Mass: N/A Sols
Object Radius: [m REarths Distance: [m Parsecs
SN Ratio: 16.2 RA: ’m Degrees
Dec: 57.499699 Degrees

Metallicity: N/A

Periodicity Search 1

Check Periodicity

Periodicity Results

T —

Rank  Period  MatchCount Match%

354375 354380 3543.85  3543.90

Time (BTJD)
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Flux

U-00pa3sHbin TpaH3nT vs V-0b6pasHbin TpaH3uT
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PakTopbl BNUALWUe Ha popmMy TpaH3UTa

20



[TloTeMHeHMe ancka K Kpato

OnTtnyeckun acbdekT npu HabnogeHun 3séan, Bkntovas ConHue, Npy KOTOPOM LieHTparnbHasa YacTb
ANCKa 3Be3/1bl KaXKeTcs spye, YeM Kpan unm numb amcka.
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BrnnaHue satemMHeHuns

Without limb darkening
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IMPACT PARAMETER: INCLINATION
OF A TRANSITING EXOPLANET




BnusiHue pacctosiHMs OT LieHTpa 3Be3fbl
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WASP-174b nnaHeta ¢ V-006pa3HbIM TPAH3UTOM

1.02

1.00 gimiin s

Normalized Flux

-0.30 -0.20 -0.10 0.00 0.10 0.20 0.30

Normalized Flux

SPECULOOS
-Europa
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Phase



[1BOUHbIE 3aTMEeHHbIe 3Be3abl
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bneck, m ————

[1BOMHbIE 3aTMEHHbIE 3BEe3bl

Kpueaﬂ CBETUMOCTHN 38TM€HHO-ﬂepeMeHHOﬁ 3Be3abl

\/
Koma 3aKpbiTa TyCKnasa 3se3fla, APKOCTb

MeHAEeTCA He3Ha4YUTeJ/IbHO

[lBoHanA 3Be37a CTAHOBUTCA TYCKNOW, KOraa
3aKpbiTa NOBEPXHOCTb APKOro KOMMNOHEHTa

v, NMNepuoa obpaweHns

Bpema —
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PeanbHbi npumep ¢ TESS 3Be3ga TIC 291145873

Star 291145873 (TESS)
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Star 276914715 (TESS)
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AsngaeTrca Ny TpaH3UT cneacTBUEM BIIUAHNEM
apyron 3ee3nbl Ha oToMeTputo?
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[IpoBepKa LueHTponaos

Local View Global View
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Normalized PDCSAP_FLUX

Star 389070884 (TESS)
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[lonck CHUMKOB Ooree BbICOKOro paspeLleHuns

1) DSS ( Digital Sky Survey )

2) SDSS ( Sloan Digital Sky Survey )

3) UKIRT ( The United Kingdom Infra-Red Telescope )
4) Pan-starrs

Flux Row 0

300

250

Row
~ o v = w ~N Lol [=]
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AHanun3 TPF danna

TPF - Target Pixel File ( Lienesoii caiin nukceneii )

nOCTpOGHMe KpMBOI7I bnecka OJ1A Ka>XO40ro rnmmkcend n3 Macku

Flux Row 0
T 300 W, A
0 E a ii“‘\“\‘wuﬁ(‘\\n( \M v I
4 WA AR
1 A A
~ I “|‘|‘|":“"‘f“"“l‘h“«w A
2 - 200 " w w | W it .; i,
3 : : | 1 T 1
e ‘ ‘ |
3 150 5 ’o []]] ‘ | My
-3 2 - on M
: ~ : || I
s - TN
— LI
6 50 I \ ’
2 & ’
7 93 94 95 . 96 97 98 20 6
0 tme BJD 2455000
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ApTedakTbl NOCTOOPabOTKN
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ApTedakTbl NOCTOOPabOTKK

dotomeTpuna naet B AByx BapmaHtax PDCSAP n SAP
SAP - Simple aperture photometry
PDCSAP - Presearch data conditioning SAP

Llenb PDCSAP nogrotoBka KpnBOW K MOUCKY TPAH3UTHbLIX CUTHaroB NyTeM
n3baBneHns KPUBOKU OT LIyMa U ee BblpaBHUBaHUSA

MeToabl NpoBEPKU

e [lIposepka SAP flux yTobbl yoeanTbca B peanbHOCTM TPAH3UTHOIO cUrHana
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BnuaHue manbix nnaHeTt ( U NPOCTO nriaHeT )
CornHe4yHoM cuctemMbl Ha (poTOMETPUIO

(ctano dakTopom gna muccum K2 n TESS )
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YBenumyeHne Konm4ecTBO NuKcenen

tpf.plot (frame=0);

TIC 220479565 - Sector 3

282
4 Target ID: 6922244
3 193
14000
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T 192 12000

'Q _—
] - £ - 10000 7
Q | !

b=
§278 8 4 8000 IQ)

2 &
2 < o 190 6000 3
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0 276 5 o L
o X 2 4000
— >< o 189
v =) 2000
X e
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Pixel Column Number

272 The values shown in this image are also directly accessible as an array:
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Pixel Column Number
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KpuBasi bnecka 3se3abl TIC 6658814

Star 6658814 (TESS)
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AHnmaumsa TPF dainna 3se3gbl TIC 6658814

BKJD ;24898108 = BKJID 2490 . 2484
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Muccusa K2 u nepesanyck

npoekTta Planet Hunters
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N3HOoC obopynoBaHus

9 anBaps 2010 roga BbILWM N3 CTPOSA 2 U3 42 POTOHYBCTBUTENBHBIX MOLYIIEN
dotomeTpa. lNone ob3opa «Kennepay», HA4YMHaAsA C 3TOrO MOMEHTA, YMEHbBLUNITOCH
NPUMEPHO Ha NATbL MPOLIEHTOB

16 nonsa 2012 roga npousoLusia rnosioMmka 0gHoro U3 YeTblpex asuratenen-
MaXxOBUKOB rMpoCcTadbunmanpoBaHHOM NnaTtgopmsl

12 maa 2013 roga npousoLwuna nonomMka asuratens-maxosuka Ne 4
rmpocTabunmanpoBaHHon NnaTtdopMbl N0 HEM3BECTHOM NpuynHe. OpUeHTUPOBKa
annapaTta ctana HectabunbHou 1 anga BpauweHna Kennepa nnaHmpoBanach
NCMOSb30BaTh ABUraTeny opueHTaumnm, Tonnmea Anst KOTopbIX, Kak pacCuYnTbIBaAKOT
B NASA, xBaTuUT eLlé Ha HECKOSIbKO MEecsILEB
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Kepler’s Second Light: How K2 Will Work

Muccunga K2

N()Q\;‘;fx

30 maa 2014 roga odomumnarnsHo
cTapToBarsia HoBast Muccust «K2»,
KOoTopasi NpeacTaBnsieT codou
HabrogeHne 3a SpKkuMm 3Be3gamu
pa3HbIX y4aCTKOB B MIIOCKOCTU
SKIMUNTUKN B TEYEHNE NMPUMEPHO 7S
CYTOK. BmecTo TpeTbero asurarens-
MaxoOBMKa B Ka4ecTBe
CTabuM3npyowero KOCMNUYeCKnm
annapat gpaktopa, B 3TOU MUCCUU
NCNOSIb3yeTCcHa AaBfiEHME CONTHEYHOIO
N3Ny4YeHuns
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Planet Hunters 2.0

Finished for the day?

f

FIELD GUIDE

PLANET TRANSITS
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AsTop Allan R. Schmitt

LC Tools

Hauano paspabotkn 2011 roa

Normalized PDCSAP_FLUX

Star 341299943 (TESS)

aaaaaaaaaaa

Locate:

AutoSave:
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Visual Survey Group

The team

i T

USA
Russia

Switzerland

Denmark



Member

T™w)

MHK

RG

HMS

IAT

DML

MRO

AMV

SAR

VBK

BPP

XpoHonorunsa VSG

2012

2014

2016

2018

2020

2022

Collaboration

PH

Subgroup 1
VSG
Independent
Subgroup 2
Subgroups 1+2
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Cnacnoo 3a BHUMmaHue!



