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CneKTpbl «HanNnpocBeT» U NPAMbIe
[Mpn TpaH3UTAX MOXHO NOYYaTb
KpuBble 6/1eCcKa Ha pa3HbIX AIMHAX BOJIH.
ITO TaKKe NO3BO/ISET NO/IYYUTb CNEKTP,
T.K. aTMmOCPepa MMeeT PasHyto
NPO3PaYHOCTb Ha Pa3HbIX BOJIHAX.

planet spectrum

MHoraa nonyyaroT cnekTp
AHEBHOM CTOPOHbI N/1IaHETHI,

a UHOraa n3y4datoT atmocdepy
«HaNpoOCBEeT», Koraa naaHeTa
NPOXOAUT MeXAay 3Be340M U HaMM.
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CneKTp naaHeThbl
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Isolating a Planet’s Spectrum



HYyBCTBUTE/IBHOCTb N\eTo,u,a

Transits - - . R M|l 3ameTHO npoue
HDS ’ 'HRB"‘QQe -
m Hajneoe| | S 3aperncTpmMpoBaTb
1 (RA KT ik i e CUrHan OT NaHeT

HDS
=t [Tr BOKPYr KPaCHbIX

Kap/IMKOB, T.K.
B 3TOM C/ly4ae MeHblue
paaunyc 3ses3abl.

( Warm Neptunes
- o~ Super Earths

)
7))
©

=
—
O

- —
Q.
=
)
1))
1))
©
=
—
o
-
©
o

<
o
—

10
Semi-Major Axis [Astronomical Units (AU)]

1804.07357



TpaHCMUCCUOHHbIE CNeKTpPbI
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HabntoaeHus TpaH3MTa Ha pPa3HbIX AJMHAX BOJH
NO3BONAET ONpeaennTb CBOUCTBA aTMmocPepbl,
T.K. KAKMe-To BOMIHbl aTMocdepa nponycKkaer
XOPOLUO — Tam pa3mep NAaHeTbl MEHbLLE,
KaKne-To NJ1I0X0 — Tam pasmep bonblue.

HD209458b
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Ob6naka B aTmocdepax 3K30MnnaHeT
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C nomouwbto Kocmuyeckoro
Tesieckona um. Xabbna
NONIy4eH XOPOLLIUN CNEKTP.

B Hem He BUAHO AeTanemn.

9TO MOYXHO 06BACHUTDL
BbICOKMMU 0BnaKkamm.



HabnogeHuna Ha

Keck Il

Boaa n CO B cneKTpe naaHeThbl
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J1MHaMWnKa BHELWHUX C10eB Ha
ropAYnx ronmuTepax

meridional
wirds

stellar

radiation
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core
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winds

1405.3752

day night

[MnaHeTa nporpeBaeTcsl U N3HYTPU, U CHAPYXW.
310 NpMBOAMUT K OYpPHBLIM OBMKEHUSIM B BEPXHEWN YacTy 0O0MOYKM NIaHeThI.
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COBUr camoun ropsven TOYKU oT
NONOXKEHUA TOYKM MONOHA

Primary Transit
starlight

warmer cooler
terminator terminator

Terminator-integrated spectrum
affected by asymmetry.

2003.14311

Full Phase Curve

Superrotating winds predicted on
tidally locked hot Jupiters, affecting
heat redistribution from the dayside.

C)

Most hot Jupiters show evidence for
an Eastward shifted hotspot.

Secondary Eclipse

cooler side warmer side

Integrated dayside spectrum
affected by shifted hotspot.




KoHaeHcaT »kene3a Ha HOYHOW CTOPOHE
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Betep Ha HD 209458

HD209458: CO in Transmission
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Transmission spectral data.
Wind velocity can be directly measured.
The planet is a VERY hot Jupiter.

Wind velocity is ~ 2 km/s
(line is blueshifted by 2 km/s)



o/
Atmospheric Remote-sensing Infrared Exoplanet Large-survey

~1-meter telescope. ~2030 launch. ~1000 exoplanets to study.

See a review of scientific goals related to atmospheric properties and interior composition in 2103.08481



bnoma PREpPbI CneKTp 3emnun ¢ yKasaHHbIMU BMOMapKepamu:
-Knucnopoga,
-O30H,
-YIIEKNC/bIN a3,
-MeTaH,
-B0OAa
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Kucnopopa Ha 3emne




ConHue n nnaHeTbl

SRS AR BoiaeneHue cnekTpa naaHeTbl
Ha poHe n3nyvyeHuns 3se3abl
ABNAETCA TPYAHOWU 3aaa4eN.

CneKkTpbl 3Be3/, pasinyatoTcs.
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[lponcxoxaeHne meTtaHa Ha 3emne




CneKkTp 3emnu
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Decadal survey 2021

CneKkTp 3emnu
B pa3Hble 3NOoXu

B TeyeHme ssontoumm 3emnm
COCTaB aTmocdepbl
CYLLECTBEHHO N3MEHACA.

CooTBeTCTBEHHO,

CMeKTpbl NOTEHUMANbHO
obuTaembix NNaHeT

MOTYT ObITb MOXOXWN HE Ha
COBPEMEHHbIN 3eMHON, a Ha
CMEeKTPbl B NPOLLbIE SMOXM.
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[Mpo3pavyHOCTb U APKOCTb aTMmochepbl 3emMn
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Wavelength

aTmocdepa 3eman mellaeT HabnoaaThb.

[TlosTomy BOAy, MeTaH, 030H N YINEKUC/bIN ra3
NpMAeTCcA UCKaTb N3 KOCMOCA.

A BoT Kucnopog O, MoXxHO HabnoaaTb U ¢ 3emnu,
ec/in ecTb bonbLIMe TenecKonsl.

Light blocked by the upper almosphere
(bast obsanved from space)
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Byayuwine HabntoaeHna Ha E-ELT

D=39 m; 30 tronsits; I= 1 M5V
. 1 D=100 m; 30 tronsits; 1=10.0 M5V
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Plonet Orbital

HeckonbKo net HabatoaeHun Ha E-ELT no3sonAaT
0OHapPYKNTb KUC/IOPOA, HA NJ1IaHeTe TUNna 3eM/u,
BPALLLAOLLENCA BOKPYT KPAaCHOro Kap/iMKa.

A MOHO CTPOUTb CneunasbHble TeJIEeCKOMbI
ONA TAaKUX nccnegoBaHUN.



