DzDPUD°DY:DYD»DYD3.NENS - DeD°NfN1DYsDY-D¢ DY ¢ NfD»NeNEDY:ND? D¢ DYNEN,D°D» DYs NeN,D,N...D, NeN...

D'P¥%D Nk, D—DUDY:D»D, B, DeDUD+D°

DeD¥D2D¥NN,D. D D- DiD»D°DYDuN, DD 3Dt Neb NeN,Dub¥N<« HD 189733

P b°D-b'bub» : DBYNFN,DuNBuNeN,D2D,Ne
D7D NfD+D»D B°b¥:D2D°PY2D¥%: Flanker [28.08.2013]
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HD 189733 B, Bubu D¢, D»D°DY:DuN,D° B2 BY,D¥:DYViDubY:N, Neb D»NEDY:DY4D!
D2N«b¢ NN"D°D, BY:D° B-D2DuUD-D D. Deeb¥:N%D¥:ND! D¢ DYiN,D¥4D°
NeD¥D»DY:DuNDY:D¥DD¥%: D2DUN,NED° NED°D-DYDNEDUD2D°PUN, D2DY:DUN"BY:D D
NeD»D¥D, D°N,PYD¥NN,DUNEN B¢ D»D°PY:PUN N B, NfBY:D%N«D N, B N...

D2 D°D¥N«DYiD¥Ne. D™D-DY:D+NED DIDUDY:D, Dy Ne NeD°D1N,D° spacetelescope.org

D "NeNeD»DuD B¥:D2D°D¥%:D DU D¢, D»D°DY:DuN,N<« HD 189733 b

D2 b bYN, NED°DONED°NDY:DYDYs B'D,D°D ¢ D°D-D¥:DY:Du Ne B¢ DY4DY4DYaN%NENZ
NeD¢Dub°N,NeD¥:DY4DUN,NED°® DZN1DUDY%NE D+DY:D»NENDYDDY4
N,Bub»BuN«D°D¥:D:D° (Very Large Telescope, VLT) B¢ D¥%DD°D-D°D»D¥: DY:D°D»D ND D
D¢ D°NED¥YD? D2D¥:D N B2 Bubp B°N,DY:D¥NN, DUNEDY, DB° D2 DD D'D DY:DYiDYs

DD, D°D¢,D°D-b¥:DY2Du Ne D¢ DYDY4D¥iN%NENZ DeD¥NDYD N1DuN-D°D¥D3D ¥4
N,Dub»DuN«D°D¥:D ¢ D° «D¥D°D+D+P»» &mdash; NiKN,D¥% D¢ D»D°P¥%buN,D° b DY:DubuN,
NeD DY Dt NtD2DuN, B, B¢ D¥PNENK, D° D¥:D+D»D°D°D°PY:D, D D-

NED°NeD¢ D»D°D2D»Dubv2D¥D¥D3D % NeN,DuboD»D°. D "NeN+D»Dub D¥:D2D°DY2D Dl
D2DYDUND¥D»DYDUNTDYNN... D D»D°DYDuUN, B, B¢ D¥s Nebub! B Dub¥:NE
D¥%NeN,D°PuN,NsNs NeD»D¥DTD¥%D¥:D! D-D°D ' D°NiDubt. DYNED, DY:D°D+D»NZD Dub¥%:b b,
Ne D—Dub¥:D»D, D-D2DuD-D'D° B, D2Nebu B¢ D»D°DY2DUN,N¢ NeD NeN,DubviN«
NeD»D,D2D°NZN,NeNe D2 D¥D DY%Nf ND3NIDONf (B, NeD°D»NZNDub%D, DubYs
NeD2D»NeNZN,NeNe N+, NeN,Dub¥:N« Ne DY2D¥D»D¥:D NBYiD, D, DD¥NENND DV.D,

D¢ D»D°DYDUN,D°DYiD, DY:D° D+D¥D»NENDYDYs NED°NeNeN D32NDY:D D, D¥N,
NeD2D¥%Dupt D-D2Dub-bD'N¢, D¢ YD DY:D+DY:NDU HR 8799 (NebYi., DY:D°D¢ NED DYDUNE:
DYNEDYDPY:D°D»D B-D NED¥:D2D°DY:aN« DN, DY4D¥4N+N,DUNEN NeNEDD-Nf
N+DpN,RNENN... NeDoD-D¥D ¢ D»D°DY:DUN,, «D3D¥DY4D NENZD»Dub¥:N,D°», 15.03.2013).
D7D P¥%:D°D°D¥: b, B, D- N...D°NED°PON,DUNED, NeN,D D° N+N,D¥,:D1
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D¥D DY:D¥D-Dub D, DY:NeN,D2DUDY:DY:D YDt NeD2DuN,D¥:D2D %Dt N,D¥N1DD,
DY.D¥:DIDY:D¥: D, D-D2D»PuNINE DY:DY:D¥:D3D¥: D, D¥:N,DY:NEDYD°NTD,D,, DUN«D»D,
NED°D-D»D¥DTD,N,NE Db N+D2DuN, D2 N+b ¢ DUb°N,N€ D,/D D»D,
D°PY:D°D»D B-D NEPYD2D°N,NE D-D°D2D Neb DY:D¥NeN,NE Dubp NeNEP°D¥N-N,D, D¥N,
D2NEPUDYDUPY:D,. D D-D2DuN«N,DY:D¥s, NN DYs D2 Neb NeN,DubvsDp HD 189733 BuN«N,NE
D¢ D»D°PY:DuN,D° (HD 189733 b), D°D¥N,DNED°Ne D2NED°N%D°DuN,NeNe DY:N+DubDY2NE
D+D»D D-D°D¥% DN, NeD2D¥Dub? B-D2Dub-D'Ne B, B¢ NED¥N...D¥D DN, B¢ PUNEDUD” Pubp
DD, N+b°D¥:DYs BY%D° NfN1D°NeN,DDu B¥%NED+D N,N¢, D%D°N...DYD NN %D ubYsNeNe
pY.pubTD Nf D-D2DUD-D'D¥:D! B, D—DubY:D»Dub?.

DYD¥: B¢ PUNED D¥D D NiDUNDD¥DYNf DYaNeD»D°D+D»Dub¥:D,NZ Neb2DuN,p°

D2 NeN,D¥%N, DY:D¥:DYDub¥:N, D¢ NEDYN...DYDTD Dub¥:D, Ne (N,NED°DY2D-D N,D°)
NfN+bub¥:NDu D¥D+DY:D°NENFDID, D»D, NeD°DYiD¥: DY:D°D»D ND Dy B¢ D»D°DYDuN,Ne,
D¢ D% D¢ DUNED DD Nf Dub3D¥: D¢ D¥:D2N,DYNEDUDY:D Dt &mdash; D¢ DUNED D¥D’
D¥D+NED°N%eDpb¥2D Ne D¢ D»D°DY2DUN,N¢ D2D¥DNEN D3 B-D2Dub-b N«

(2,2 D-DubYsDYNN... NeNfN,D¥D0), B° D¢ DY D2DuD»D NiD BY%:bu
D¥N+D»D°D+D»DubY2D Ne, NED°D2DY2D¥4D? NeD¥:D¥N,DY2DYNDub¥2b NZ
D°D2p°D"NED°N,D¥:D2 NED°D D NfNeD¥D2 D¢ D»D°D¥%DuN,N¢ B, B-D2Dpub-b N,

D¥D¢ NEPUD Dub»D D»D, Dubu NE€D°D'D NfNe &mdash; D¥:DY2 D2 1,13 NED°D-
D+D¥D»NENDBY, Ntbubys Nf DeD:D NPUNED®.

DYD¥% D2Dub»D NiD BY:Du B¢ DUNED, D¥:D D, N1DuN«D°D¥:D3D ¥,

D DD ¢, D¢ D»DUNEDYD2ND°DY:D3D¥s NeD ' D2D D3D° D»D D¥:D, bt B2 Neb¢ Dub°N,NEDU
D-b2Dpub B Ne¢ N,p¥s D2 DPNED°NeDYNfNZ, N,D% D2 Neb DY:NZNZ D¥D+D»D°NeN,NE
NfN1DubY:NDu NED°NeNeN+D N,D°D»D, BY:D°NeNeNf D¢ D»D°DY:DuN,N¢« &mdash; DYsDY2D°
D¥%P°D°D-D°D»D°NeNE NED°P2DY:D¥D! 1,16 DYsD°NeN+N<« D@D D,N,DUNED°. B-NDYiN,

N+D D2D D3 D¢ NEDY:D, NeN...D¥%:D DN, B .D--D-D° D-D°D°D¥,DY:2D¥.D2
D¥%NED+D N, D°D»NEDY:DYD! DY.DUN...D°DY:D oD : BY:Du N,D¥D»NED°DY: D-D2Dub-D'D°
D¢ NED N,Neb3D D2D°PuN, D¢ D»D°DY:DUN,Nf, B-D°NeN,D°D2D»NeNe Db
D¥D+NED°N%D°N,NENNe D¢ Dy DVNED+D N, Dy, D¥%D¥: D, D¢ D»D°DY%:DuN,D°

D¢ NeD, N,Neb3D D2D°PuN, B-D2Dub-D’'Nf Ne N,D¥D! DIDu Neb D»D¥4D?,

D2ND»Dub N+N,D2D by NiDub3p¥: D-D2DuD-D'D° N,D¥D DU D2NED°N %D °DUN,NeNe D¢ D4
DY.D°D»D¥:D! DYNED+D N,Du D2D¥Y:DONEN D3 D¥D+N%DubD¥: NTBubY2N,NED® DYD°NeNe.
Dib¥%D¥%N PYDYNDuby:D Bu D¥NEDED N D D»NEDY:NN... NeD°D¥NEDFNN, Dub?
D-D2Dpub-b’ N B, B¢ P»D°DY:PUN, N« DY:D+NED°N DY-DYs

D¢ NED¥D ¢ DYNENTD DYDY °D»NEDY:DY4 NeD¥:D¥:N, DD ¥NDub¥:D, NZ D N... DYsD°NeNe.
DYNED, NN, p¥:DYs B-D2DuD-D'D° N,D¥% D¢ NED D+D»D DID°PUN,NeNs D0 DY2D°DPYs, N,DV4
D¥N, D D°D»NeDuUN,NeNe, D, NeD¥:D2NEDUDYDUDYDY2D°Ne NeD ¢ Dub°N,NEDI4NDDYD ¢, D, Ne
DY:p°NeN,P¥:D»NEDDYs N,P3:N1DY:D°, NiN,D¥: DYD¥DIDUN, D¥:D+DY:D°NEN DD, N,NE
DD¥D»PUD+D°DY2D Ne D¢ NEDYDUD°NTD, D, D»NfNiDuD2D¥D! NeD°D¥NEDYN-N,D,
D-b2bub-B'N¢ Ne N,P3:N1DY2D¥%NN,NENZ D Py 1 BY4/Ne &mdash;

Nf B¥%D¢D,NeND2D°Dubvsp¥:D! B-B2Dub - N¢ NeN, D% 205 DY4/Ne (NeN,D¥:N, DYADUN,DYD”
D¥D+DYD°NENFDIDUDY2D Ne D¢ D»D°DY:DuN, DY:D°D-NcD2D°DuN,NeNe DY:DUN,DY4D DY4DY4
D»NfN+Dub2NN. .. NeD°D32NED NN DubL; NED, Neo. 2)
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The Radial Velocity Method

ESO Press Photo 22e/07 (25 April 2007)
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D D,Ne. 2. DeebuN,D¥%D” D»NfNDuP2NN... NeD°D¥NEDYNN,DUDL. DYD¥4
D-D°PP¥DY-D°PYs DYNEDED N,D°D»NEDY2DY:D! PYDUN...D°DY:D DD,
D, B¢ D»D°DY:DuN,D°, B, D-D2Dub-D'D° D¢ NED, N,N+D3p D2D°NZN, D'NENfD3 D' NENfD3D°
Ne D¥%:D'D DY:D°DD¥:D2D¥:D! NeD D»D¥:Dt. DYD¥:NN D¥DVINf D-D2Pub-D ' D°
D¢ PuUNED D¥D D N1DuNeD°D, NeDYDuN%eD°DuN,NeNe D¢ D¥D” D DubiN«N,D2D DubYs
D¢ NED N,NeDTDuDY:D,Ne D¢ D»D°DYDuUN,N¢, D¥:D¢ D NeNcD2D°Ne NeD2D¥NZ
NeD¥:DxNeN D2DuDv:DY%:NfNZ D¥NED+D,N,Nf D2D¥DONEN D3 NTDub¥:N,NED° DY4D°NeNs
NeD, NN, Dub¥:N<. D3D¥%D3D D° D2 D¢ NEDYANTDUNeNeDu NeN,DY:D3D¥%: D 'D2D DIDUDY2D Ne
D-D2bub-D'D° D¢ NED D+D»D DID°DuN,NeNe D DYD°DYs, Db NeD2DpN,

D, Neb¢ N<N,ND2D°DuN, NeB¥DuN%Dub%:D, Du B2 Neb DY:NZNZ D¥:D+D»D°NeN,NE

NeD¢ DuboN,NED°, B° D°D¥:D3D D° DYN,D D°P»NebuN,NeNe &mdash; B2 BNED°N+DY:NfNZ.
Dib¥:DuN%DubY2D, Dy D¥:NTDUDYNE NeD»D°D+DYs, DY2DY4
NeD¢DuNtD, D°D»D, Db, NEDY:D2D°DY:DYsNPp DYDuN,DYD N«

NeD ¢, Dub°N,NED¥NPDY:D¢ D D, D2N<N+D¥:DD¥:D3D¥: NED°D-NEDUNDUDY:D, Ne

D¢ D¥D-D2D¥D»NeNZN, Bub3p¥% B-D°PYDuN,D, N,NE. B"D-D¥D+NED°DIDUDY:D, D Ne
NeD°D!N,D° en.wikipedia.org  DED°D° B¢ NED°D?D, D»D¥s, DYNEDED N, D°D»NEDY:ND?
D¢ buNED D¥D’, BYiD°NeNeD° B, N€D°D D NfNe &mdash; NeND¥ D2NeN*, NiN,D¥4

D .D-D2DuNeN,DY2D¥: BYs D2DY2DUNDYD»DYDUNEDY:NN... D¢ D»D°DY:PuN,P°N....

DYNED NiPubYs, DuND»D, B¢ NED DYDUDY:ND»NeNs DYDUN DD D»NfNDub2NN. ..
NeD°D¥NEDYNN,DUDL D, D¢ D»D°DY:DUN,D° DY D¢ NEPYN...DYD D N, B¢ D% B D NePoNf
D-D2ppub -D'N¢, B D-D2DuNeN,DY2D° N,D¥:D»NEDDYs DY4D DYD DYiD°D»NEDY2D°Ne
DY.D°NeNeD°. B ND¥DTD°D»Dub¥:D,NZ, D'D¥:D¢ D¢ D»PUNEDYD2ND°D Dt NeD'D2D b3
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D¢ NED¥D ¢ DYNENTD DYDY-D°D»DubYs BY2Du NeD°PY:D¥Dt NeDoDYiNEDYNN D,
D-b2Dub-B'N¢, B° D¢ NED¥DPPD°NTD D, Bubu NeD°D3NEDYANN,D, DY:D° BD¥NNE
DY:P°D+D»NZD Dub¥:D Ne, B° N.D° DD¥DY4D ¢ D¥:DYDub¥:N,D°, NiN,DY4

D¢ PUNED PubY:D D, PN FD»NeNEDY2D° D»D DY:D D, D—PubviD»Ne&mdash;D-D2Dub-b'P°,
PY:bu NfNED,N,ND2D°DUN,NeNe. DYD¥:D»DY:D°Ne NeD°D¥:NEDYNN,NE D+D¥D»NEN DU
PYD°P+b»NZD D°Pubv:b ¥t B2 1/sin(i) NED°D- (DD Py i &mdash; NfD3p¥sD»
DY:D°DD»DYsDY2D° D¢ D»DYaNDD¥N+N,D, DYNED+D NN« D° D»NfNiNf B-NEDUDY:D,Ne), D,
D¢ P¥D»DY2D°Ne (DY2D°NeN D32NeN%oD°Ne) DY4D°NeN+D° &mdash; D+D¥:D»NEN"BU

D2D¥% NeN,D¥:D»NED°DYs DTDU NED°D-. DEDDYD» DY2D°DeD»D¥:DY:DubY:D Ne i, D°D°P°

D¢ NED°D2D D»D¥s, DY2DUD D-D2DUN+N,DUbYs. De DUND»D, D¢ D»D°DY:DuN p°

D¢ Nep¥%N...DYD D N, D¢ DUNEDUD” B'D,N+D°D¥:DYs D-D2DpD-D N¢ (N,NED°DY:D-D,N,DYaN D1
DY.DbuN,p¥%D"; N€D,Ne. 3), N,D¥% D, D-D2DuN«N,DubY¥: NfD3D¥b» (i &asymp; 90°) B,

NeD°D D, NfNe B¢ D»D°DY:DUN,N¢, DYDY DY2Du DY4D°NeN+D°, B¢ D¥N-DD¥D»NEDNf Dubu
DYD¥DTIDUN, D¥DD°D-D°N,NERN-Ne DYAPuD DY:NN,D°N DY:N1DY2D¥s, NN DYD+N<
D2Nbd-D2D°N,NE B-D°PY4DuN,DY:NDU DPDYD»Dub+D°DY:D Ne D-D2DUD-D’N«.
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D b, Ne. 3. B¢NED°PY:D-D N,DYaND! DYDUN,DYD” DYD+DYD°NENfDIDUDY2D, Ne
NeD°D-D¥:D¢ D»D°DY:DuN,. DYDY: D3D¥%NED, D-DY:DY:N,D°D»D, &mdash; D2NEDPDY4Ne,

D¢ b¥% D2PUNEN,D D°D°D»D, &mdash; NeN€DDI4NeN,NE Neb NeN Dubv4N«
«D¢P»D°DY:DUN,D° + D-D2DuD-D ' D°». DYD¥:D°D°D-D°PY: N.D¥D»NED°DY: NfN+D°NeN,D¥2D°
PONED, D2D¥:D! D+D»DuN«D°D° D2D+D»D DD, PY4D¥:DYiDpubYsN,D°
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D NEDYN...DYDTD Dub¥D Ne D¢ D»D°DY:DUN,N¢ B¢ DPUNEDUD” D' D NeP°D¥:DYs B-D2Dub-D"N«.
D3P D° D¢ D»D°PYDuUN,P° B¢ NEPYN...DYD D N, B-D° D-D2PuD-D D¥b?,

NeN fDY4DYsD°NEDY2D°Ne NeNEDDF4NN,NE NebD NeN,DubviN<« N,D¥:DDu NfD+ND2D°DuN,
D-b° NeN+DuN, B¢ DUNEDUDNENKN, D, Ne D3N, NED°DIDUDY2DY:D¥4D3D¥s DY4N,

D¢ D»D°PYDUN,N¢ NeD2DuN,D°, BY¥2D¥: D3P¥NEDD-D DY DYDub¥%bubu B-D°DY:DuN,DY:DYa.
Di B¢ DYDY ¥N%NENZ B D¥NeN,D°N,D¥N1DY:DYs ND¥NIDYNK... B¢ NED D+DYNEDYD?
DY.p¥:DIDY:D¥ D-D°PY:DuN,D,N,NE D, NeN,p¥%N, D2N,D3:NED,NiDY:NDL

PY.b, DY:D PYaNfBYs, DY NEN'DYs NEDUNINE D D°D»Dubp B2 NeN,D°N,NEDp.

DD -D¥D+NED DIPUDY:D, Dy Ne NeD°DN,D° novacelestia.com  D*P¥%NED°D-D DY
D+D¥D»NENDU DYD¥D DYDY NfFD-DY%D°N,NE, DuN+D»D, D°D°D°D BY4-N,D¥4
D¥D+NEDD -D¥DYs D2ND Dub»D N,NE Neb¢ Dub°N,NE D¢ D»D°DY:DuN,N¢ B D-
D¥D+N%eDUDD¥: Neb ¢ DUDON,NED° Neb, NeN,DubViN<¢. D'D¥D-DYiD¥DTDY:DYaNN.D,
NeN,D¥%D3D%: D2D¥D-NEDY:ND»D, Ne D2D2D¥D D¥DYs D2 NeN,NEDYD!

NeD ¢ Dub°N,NED¥DYDUN,NED° NeD2DUNEN. .. D2NND¥:D°D¥:D3D¥: NED°D-NEPUN"DUDY2D Ne
CRIRES (CRyogenic InfraRed Echelle Spectrograph), NfNeN,D°DY:D¥:D2D»DubY2DYD¥4D3D¥s
DY:D° N,Dub»DuN«D°D¥:D ¢ Du VLT (Very Large Telescope, DZNDubY:NE D+D¥:D»NEN"DYD?
N, Dub»DuN«pp¥D ¢ ) BYD°NED°DY:D°D»NENDDYD! DY:D+N-DUNED2D°N DYNED D
NED°ND ¢ D¥D»D¥DTDUDY:DY:D %Dt B2 NiD D»D DN+D°D¥D! D¢ NfNeN,ND¥-Du

DN, D°P°D°PYiD° D, D¢ NED DYD°D D»DUDD°N%eDub! DEDIDY:DYAD!
PuD2NEDY:D ¢ DuDN«D°D¥,D! D¥:D+N+DUNED2D°N,DYNED D, (ESO). PENIDUDY:NDU D, D-
DyDUPD DuDY:NDD¥:D3D¥s NfDY:D D2DUNEND, N, DUN,D° DY:D°D+D»NZD D°D»D,

Neb NeN,Dub¥Nf HD 189733 Ne D¢ D¥:DY4D¥N%NENZ NeN,D¥2D3D¥4

Neb¢ Dub°N,NEPYDYDUN,NED?, DYD°NeN,NEDYDUDYDY2DY:D3D¥ DY-D° NfN1D°NeN, DD
NeD¢DUb°N,NED° D2 D DY:N,NED°DONED°NDY:D¥DYs DD D°D¢ D°D-D¥DYDu

Ne D'D»D, D¥%:D¥:D! D2D¥D»PY:N<« D¥N, 3,1805 D DY 3,2659 BY:D°DYs, D2 D°D¥:N,DYNEDYDY4
DYD¥DTDY2DYs DD D+D»NZD D°N,NE D»D DY:D D, D¢ D¥DD»D¥iN%eDubDy2D Ne

D¢ P°NEDYD? D2D¥D Ne. B D°DY:Dubu D¢ D¥D D¥D+DYaNDu BDY:D°D+D»NZD Dubysb Ne
D2DpP»D,NNE B2 BD'NENf DYDY, NfNED°NeN,D°Bu B, D%N,NED°DNED°NeDYDY:D3D Y4
DD, D°D¢,P°D-D¥DY:D°, BY%:D° B D»D DY:Du D2DY:D»DYaN« DY4DD¥D»D¥s 2 D, 2,3 BY4DDY4,
D2 PD¥N DYNEDYDY, DYiD+DYD°NENFDID D»D, D»D PY%D D, B¢ D¥D3D»D¥aN%DubY:D Ne
NfD3D°NEDY:DY:D3DY D3D°D-D° CO (NeBY..: de Kok et al., 2013. Detection of carbon monoxide in
the high-resolution day-side spectrum of the exoplanet HD 189733b // arXiv:1304.4014),

D° N,p°PeDIDu D2D¢ DUNED2N DU B D»Ne NeN,D¥D? B¢, D»D°DY:DUN,N¢ DY2D°D+D»NZD D°D»D,
N...D°NED°DN DUNEDYND! B D¥D ¢ D¢, D»DUNEDYD2N DD Dt NeD 2D D3,

D¢ D% DoDYN DYNEDYDYINT DYDUD ¢ D¥sNNEDUD NN D2Dub¥2DY2D¥: D, D-DY4DUNED D»D,
D¥NED+D N, D°D»NEDY:NFNZ NeDD¥NEDIaNN,NE. DED¥DY-DUNIDY2DY4,
NeN€DD¥NN,NE D¢ NENDYDY:D3DYs NeD2DUN,D° DN, D-D2DuD -’ N¢ DYD°DYADY2DY4D3D Y4
D+D¥D»NENBU NeNEDDFNN,D, NeD2DuN,D°, P°P¥:N,DYNEND! DYN,NED°DID°PUN,NsNe
D¥N, D¢ D»D°DY%:DuUN,N¢, B, B¥%DID,D D°Pub¥:D°Ne D DY:N,DUDY:N«D D2DY:D¥NN,NE

D»D D¥:D D! DYNDUbY:NE DYDubD2bub»b, Pep° (B2 NThbubY:N,NEPU D»D DY:D b,

b D¥%N,DubY:ND D2DY2D¥:NeN,NE D2Nebub3b¥%: bY:D° 1/1000 BY:Dub¥:NEN B, NiDubvs
DY:D° NeD¥Nebub B¥%D N... NfN+D°NeN,DoD°N... Neb¢Dub°N,NED?), B° NP¥:DYViNf DIDU
NeD2DuN, D2 NeN,D¥D! DY:D+D»D°NeN,D, NeD D»NEDY2DYs D¢, DY:D3D»D¥aN%eD°DUN,NeNe
D-bubv.b¥:b ¥t B°NDY4D¥NeN,DUNEDYDL. DED°D° BTDU D2ND Dub»D, N,NE D»D D¥%:D D,
D¢ D¥D3D»D¥aN%eDpbY2D Ne D¢, D»D°DY:DUN,N¢ D2 B-D2DpD-D D¥%D¥:DYs NeD2DuN,Du D,
P¥%N,D»D Ntb,N,NE D, N... D¥%N, B-DubviD¥%NKN...? DENTDUDY:NGBN

D NeD¢ D%D»NED-D¥:D2D°D»D, ND¥%N, N,D°DoN,, NiN,D¥% D¢ D»D°DY%DuN,D°
D2NED°N%eD°DUN,NeNes D2D¥,D°NEN D3 NtDub%N,NED° DY4D°NeNe NeD NeN,DubvaN«,

D° D-bY:D°NiD,N,, D»D DY D, D2 NebD¢ Dub°N,N€DY, NeD¥D¥N,D2DuN,NeN,D2N f NZN%.D D
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Pubp B°N,PY:D¥%N«N,DuUNEDY, N.D¥DIDU D DYD»DTDY:aN« D, Neb N<N,ND2D°N,NE

D D¥D ¢ D¢ D»DUNEDYD2ND°D Dt NeD ' D2D D3. DYNED, NDubYs NeD°D¥NED¥N-N,NE

D¢ D»D°PYDuN,N¢ D2D¥: NeN,D¥4D»NEDDY: DIDU NED°D- D+D¥D»NENDU
NeD°D¥%NEDYNN,D, D-D2DuD-b N¢, D2D¥% NeD°P¥:D»NED°DY NED°D- B-D2Dup-b'P°
N,NeDTDUD»Pubp D¢ D»D°DY%:DuN,N¢, B, DUND»D, BY:D¥:DTDY2D¥: NED°D-D»D N+D, N,NE

D D¥%bD¢ D¢ D»DUNEDY:D2ND°D Dt Neb 2D D3 D»D D¥%:D D! B-D2bub-D'N¢, N,p¥: NeD DD D3
D»D BY:D D! D¢ D»D°DYDuN,N« &mdash; N,DubYs D+D¥:D»Dub. D3D¥D3D D°

D¢ D»D°PYDuUN,D° DY:D°N...D¥D D, N,NeNe D12D° N,D¥:DY: NfN1D°NeN,D°Pu B%NED+D, NNk,
D30 Dy B¥D¥:D° B 'D2D DIDUN,NeNe D¢ NENDYDY: D° DYD°DYs («NeD+D¥DONf DY4N,
D-D2DuD-D Ne»), D¥DYD° D¢ NED D+D»D DID°DUN,NeNe NeD¥, NeD°D¥NEDFNN,NENZ

154 D°DY4/Ne, N,D% DuN«N,NE 1/2000 B¥%N, NeD°D¥%NEDY:NN,D, NeD2DuN,D°, NN,D¥%
NeD¥D¥N,D2DuN,NeN,D2NfBuN, Neb'D2D D3N B'D»D DY:N« D2D¥D»DYaN« D»D DY:D Dl

D2 Neb¢ Dub°N,NEDU DY2D° 1/2000 D¥%N, D-DY:D°NiDub¥%:D,Ne B D»D, DY:N« D2D¥D»DYaN<

D D»Ne DY%DUD ¢ D¥4D D2D, DIDY:D¥4:D3D¥s DY.D+NSDUPON,D°, B° DY:D°

D¢ NeEDYN,D D2DY:D ¢ DY4D»DY:DT1DY:D¥DYs D¥N, D-D2DuD-B"N¢ NfND°NeN,DoPp
D¥%NEDED,N,N¢ D¢ D»D°DY2DuN,D° Ne N,D°D°D¥:D? DIDU Neb°D¥NEDYNN,NENZ

D¥N,D D°D»NeDuN,NeNe. DED°D° D3D¥D2DYNENN, D°NeN,NEDYDYDYDYAN,
D°PYD ¢ D»D NN 'D° NeDD¥NEDTNN,D, D2 D' D°DYeDY:D¥DYs NeD»NfN1D°Du

D D¥%N«N,D, D3D°PuN, +154 DoPY4/Ne. DED°DD B4 DY:D+NED°D-DYDY4, D¢ DY4D»DY:N D!
NED°D-DVD°N... DD¥D»PuD+D°DY2D D NeD%NeN,D°D2D»N+DuN, 1/1000 D¥%N, B D»D DYaN«
D2D¥D»DYeN¢« D, DYD°DYiDY:D¥:D3D ¥ D¢ NEDUD2NN"D°DuN, NED°D-NEDUNDUDY:D B

Neb¢ Dub°N,NEPYDYDUN,NED® CRIRES, P°D¥%N,P¥NEND! DYD¥YDIDUN, NfD»b¥:D2D N,NE
NeD'D2D,P3 D2 1/100 000. PSNED¥DY4DU N,D¥:D3D¥4, D2NDu D»D D¥D D,

NeD D2D D3D°NZN,NeNe DD DY:D¥D2NEPUDYDUDY:-DY:DYs D, PY:D D DY%:D°DePY4D2DYs b,

D2 B¢ NED¥N,D, D2D¥:D ¢ DYD»D YD 1DY:D¥D! N,D°D-Du Ne D»D DYD Neb¥:D, NeD°DY:D¥,D1
D-b2bub-D'N¢: D°D¥D3D D° D»D P¥%D D, D-D2Dub-D'N¢ B Neb¢ N<N,ND2D°NZN,
DoNED°NeD%:ND? NeD'D2D D3, D»D D¥D, D, B¢, D»D°DYPuN,N« &mdash; N+, D% b,

D, DD P¥UD+DYUNEDYIN,. D-N,D¥ D¢ D¥bD-D2D¥D»N«DuN, B¢ NED DYDubY:D,N,NE D°

DY:D DYs D°D»DDYNED N, DYs D¢, D¥D,NeD°D° DYiND¥D+DubY:DY-D¥N«N Dbt

D2 NeD ¢, Dub°N,N€DY, Neb B2D D3D°NZN%oD,N...NeNe DoD°D° Db D D¥:D¥:Dp NtDub»D¥4Dy,
D°D¥4N,DYNEND? DY:D°PeD»D°D ND2D°DuN, DY2D° DY:D¥Y:D Dub»NEDY:N®D! Neb ¢ Dub°N,N€
B NeboD¥DYuNB U D»D D¥:D D, D¢ DYD3D»D¥aN%eDub¥2D Ne Ne NED°D-D»D N1DY2NDYs

NeD 'D2D D3p¥%:DYs B, YD ¢ NEDUD Dub»NeDuN, D2Dub»D NiD BYaNf
NeD¥:D2D ¢ D°D Dub¥2D Ne DY:D¥D Dub»NEDY2DYD3D ¥4 Neb ¢, DUPCN,NED®

Ne NEDUD°D»NEDY:NDYL. DeD°D D+DY:D»NENDubU D-D¥%D°Nibub¥:b B
D2Dub»D N1 BY%N¢ B, B¥D¢NEDUD DUD»NDuN, D-D¥:D°NiDup¥2D Dy NeD D2D D3p°

D,, NeD»Dub b¥:D2D°N,Dub»NEDY:D¥4, D¢, NEPYDUDNTD,NZ NeDoD3NEDYLNN,D,

D¢ D»D°PYDUN,Ne. DeNeD»D, B¢ NEDYDYD°D+D»NZD D°N,NE B¢ D»D°DY:DuN,Nf

D2 N,DuN+bub¥:D By NtDub»b¥:Dt P¥%:D¥%NID,, DYDY:D° D¢ NEDYDD DN,

D-b¥%:D°NiD N,Pub»NEDYNFNZ NiD°NeN,NE D¢ NfN,D, B¢ D% NeD2D¥:Dubt D¥%NEDED N, Py,
D, b-b° NeN,D¥% D2NEDUDYANe D¢ NEDYDUD°NTD, Ne Dubu NeD°D¥NEDI:NN,D, DY2D° D»Nf N1t
D-NEPPPY:D Ne B D-DYsDub¥eD N,NeNe NeN,NEDYD3DYs DY4D ¢ NEDUD DUb»Dub¥.DY:aNdYs
D¥D+NEDD -D¥DY: D2 NeD¥D¥:N,D2DuN,N+N.D2D D, Ne B-D°D°D¥4DY:D°DYiD,
D¥%NED+D, N D°D»NEDY:DY:D! DYDUN...D°DY:D DoD,. D'NeN* NoN,D¥4 D,

D¢ D¥D-D2D¥D»D D»D¥ DYN,D Bub»D,N,NE D»D DY:D D, D¢ D¥D*D»D¥N%eDubY2D Ne

D¢ D»D°PYDUN,N¢ B2 B-D2DUD-D BY%:D¥:DYs NeD2DuN,Du D¥N, D»D D¥:D bt

D¢ D¥DD»D¥N%eDUDY2D Ne D-DubYiDY:D¥:D! D°N,DY4D¥:NeN,DUNEN<, D°D¥4N,DYNEN DU
D2D¥:D¥:D+N%eDp DYV2DUD ¢ D¥D D20 PIDYaN«. B’ B¢ PUNED2ND! NEP°D- PY4DuN,DY:D’
D»NfRNEDuD2NN. .. Neb°D¥%NEDYN-N, Dbt (Radial velocity) D+ND» D¥D ¢ NEDYD+D¥D2D°DYs
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PY:D° D¢ NED PYDUNEDU D¢, D»D°DY2DuN,N¢ tau Bodtis b, D°P¥4N,D¥NED°Ne DY

D¢ NED¥N...DYD DN, D¢ DUNEDUD” D-D2DUD-D D¥DL. D7D DY%:D°D°D¥s, DY2D°P1D Ne

D2 NeN fDY4DYD°NEDY-DYDYs NeD ¢ DUb°N,NEDU Neb,NeN,DubYiN<« D»D D¥:D D,

D¢ D¥D3D»D¥aN%eDub¥2D Ne NfD3D°NEDY2DY:D3DY4 D3D°D-D° (CO) B, B¥D¢ NEPUD Dub»b D2
D¢ b¥% Neb'D2D D3Nf D¥NED+D N D°D»NEDY:NFNZ NeDoD3NED¥NN,NE B¢ D»D°DY:DuN,N¢,
NfN+DubY:N®dp NeDYsb¥D3D»D, DD DIN,D, Dubu BYsD°NeNeNf, D¢ D¥NDD¥:D»NEDN f
DY.D°NeNeD° B-D2DuD-D N¢ B, D-D2DuN+N,D¥%:D°, B° NeD¥:D¥:N,D¥2D¥N"DubY:D Dy

D¢ NED¥DPPNTD, Dt D»NfNEDuD2N<N... NeD°D¥NED¥N-N, Dbt B-D2PuD-D'Ne¢ b,

D¢ D»D°PYDUN N« NED°D2DY:2DYs NeD¥:D¥4N, DY:D N DUb¥2D,NZ BY2D°NeNe D¢ D»D°DY2DuN,N¢
D, b-b2Dpb-b’Ne¢. Deeb°NeNeD° D¥D°D°D-D°D»D°NeNE NED°D2DY:DY4D! 6 DY+D°NeNe
PeDb:b,NPuNeD°, NiN,D¥ D2 1,43 NED°D-D° D+D¥D»NEN DU

DY DY:D PYiD°D»NEDY:DYD! BY4D°NeNeN¢, D¥D ¢ NEDUD DUb»DubDY2DY-D YD1
DY.DUN,D¥D DYDY D»NfNEDUD2NN. .. NeDD%NEDYNN,DUD?, DB° D¢ DYaNDDY:D»NEDN f
NeN,D¥: ND, NeD»D¥: NED°D2DY2D¥s 1/sin(i), N,D¥s NeN,D°D»D¥: D2D¥:D -DYD¥DIDY2NBY4
NEP°NeNN+D N.D°N,NE B, DY:D°D°D»D¥:DY:DubY:D DU D¢ D»D¥NDD¥NeN,D,

D¥NED+D N,Ne: i = 44°. B’ NeD»NfNED°Du HD 189733 NeN,D¥ DY2D°D°D»D¥:DY2DubY:D Dl
NfDIPu D+ND»D¥: B D-D2DUNN DYDY (B¢, D»D°DY:PuN,D° B¢ NED¥N...DY:D DN,

D¢ PUNEDUD” B'D Neb°D¥:DYs B-D2DUD-D'N¢, B, NeD»Dub’ b¥:D2D°N, Dub»NEDY2D¥4, Db
D¥%NED+D, N, D° D»DubTD . N, B2 DY%D DY:D¥D! D¢ D»D¥NDD3:NN,D, Ne D»NfNID¥DY4
B-N€PUDY:D N, | &asymp; 90°), B°D°D° B, N,D¥%, NiN,D¥ D2 Dubu B°N,pY:D%N«N, DuNEDU
PuN«N,NE NfD3p°NEPYND! D3D°D-. DYDP¥:NN,D¥:DYINf NfNiDub¥:N®Du

NeD¥:NeNEPUD PY4N,D¥NED D»D NeNE DY:D° B¢ D¥:D Neb°Pu D2 B°N,DY4D¥NeN,DUNEDU

D¢ D»D°PYDUN, N D'NENFD3D, N... PYD¥D»Dub°NfD», D¥D°D»D Nib Bu beb¥%N,DYNENN. ..
DY:b¥DIPUN, NeD2D B DuN,Dub»NEN-N,D2D¥:D2D°N,NE D¥: DID,D-D¥%:D,

DP° B DY.Dbub¥:b¥%:D¥% H20, CH4 B, CO2. b3D°DID D°Ne N,D°D°D°Ne DY4DYsD»DubDN fD»D°
D'D°PuN, NeN,NEDYD3DY: DY4D ¢ NEDUD Dub»DubY:D¥:N fNZ DoD¥DYiD+D DY:D°NtD,NZ

D»D BY:D D! D2 NeD¢ Dub°N,NEDU D¢ D»D°DY:DUN,N¢, D¢ D% D°D¥N,DYNEDYLDL, D°D°D° D¢ D4
D¥N,D¢ DuN1D°N,DoD°DY, D¢ D°D»NENTDUD2, Bubu DY:D¥D DYDY B2N<D Bub»D N,NE D,
b%N,D»D N1b, N,NE D%N, NiPub3D¥:-N,D¥: DuN%eDu. D*DNENN1D Bu NZD¢D,N.DuN€EN,
NED°D- B¢ NEPUD2NN"D°NZN%.Dubt B-Dubv4D¥%:NfNZ (MP®D¢D,N,DUNED® &asymp; 318 M
D—DubYb»D,; D+D¥D»NEND°Ne NiD°NeN,NE NeN,D¥D! BY2D°NeNeN<

D¢NeD N...D¥%D D,N,NeNe DY2D° D' D¥D»NZ D°N,DY:D¥:NN,DUNEN< D D- D2D¥D D¥NEDYD D°
D, P3pub»D,N+), B, DY:D°N...D¥D NeN%D DuN+Ne DVNIDUb%NE D+D»D D-D°D¥: DN,
NeD2D¥:Dubt B-D2Dub-D N¢, DY%PuD¢ NED D3D¥D DYaN« D' D»Ne DD D-D¥%D, D D--D-D°
D¥N,NeNfN,NeN,D2D N+ N,D2DuUNED D¥D! B¢ DYD2DUNEN...DY:DY:NN.D, B,
N,DubviD ¢ DUNEDN,NfNE D°N,DYiD¥NN,DUNEN« B2 B'D, D°D ¢ D°D-D¥sDY2bu
500&ndash;2000°C. D7D D¥:D°D°D¥: N,D°D°D By D¢ D»D°DY:PUN,N¢ DY%D°D D+D¥4D»Dubu
D¢b¥D'N...D¥D NeN, D D»Ne Neb¢Dub°N,NEDY2NDDY:D¢ D, N+DuN«p°D N...

D NeNeD»Pub B¥:D2D°D¥2D D! D°N,DY:D¥:N+N, DUNEN<, D¢ D¥NDD¥D»NEDONf

P+b»D D-D°D, P° B-D2Pub-b'Pu D, PYN,NED°DID°NZN, BY2DY:D¥4D3D¥: Dubp NeD2DuN,De.
P+b° D N... D¢ NED DYDUNEDU DYD¥DIDY:DY: BY4N,NED°D+D¥:N,D°N,NE
PYbuN,D¥D D DoNf, D°P¥NDYNED°Ne D¢ D¥:N,DY:DYs, DY2D° D+DYD»Dubu
NeD¥%:D2DUNENDUDY2DYNN... D¢ NED D+D¥NEDCN..., D¢ D¥D-D2D¥:D»D,N, DYD°PIN,D,
N,D°P°D, Py BY:D¥D»Dub°NfD»N¢« D2 D°N,DY:D¥:N+N,DuNEPU DYDUD“:NEND N...

D¢ P¥: NED°D-DVDUNENF D, D+D¥D»Dubu B D°D»bub°d N... P%N, NeD2D¥%:D N...
NeD2DuN, D, D» D-DubYsD»Dub ¢ D¥D D¥D+DY:NN. .. D¢ D»D°DY:DuN,.

D'NN+Neb¥2D D»D¥NNE, N+N,D¥: B2 B°N,DY:D¥aNeN,DuNEDU HD 189733 b BuN«N,NE
DY:PUD°DY:N, DYNED YD DeD¥D»D N+DuNeN,D2D¥: D2D¥:D N« (0,001% D¢ DY
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D¥.D+NSPUBYINF), BY2D¥ BDYV:PUN, DYsDUN,D°DY:D°. DYDYND»Dub BY:Dubu D+ND»DY)
P¥%DID D D°PubY:D¥s, D¢ D¥NDD¥D»NEDNf DY4DuN,D°DY NDUNENDUN,
NfNeND¥DNtD D2D3:NN,NE D¢ NED, NeN,D¥D»NE D2N«ND¥:D°D N...
N,Dub¥D ¢ DUNED°N,NfNED°N..., D2DuD NE D¥%:D° D' DY:Pub2DY2D¥:D! NeN DYiNEDYDY-DU
HD 189733 b N, pubvsD¢ DUNED°N,NfNED° D" D¥NeN,D,D3D°Pui, 1000°C. B¢D°D°DIDU

D D°PY:DYaNDuU Neb2D D DN Dub»NENN,D2NfNZN, D% D2D¥:D-DY:D¥DIDY2D¥:NN.D
DY:PUD+D¥YD»NENDYD! D¢ NED DYDUND, CO2, DYDY Bubu DYD¥%DIDUN, B, DDy
P+NN,NE. Dib,D*D¥:D°D» DY:D°NeN,D¥D»NEDDY: NeD»D°D+, NiN,D¥ DY4DY:DIDUN,
NeD2D»NeN,NERNNe N"NfDY2D¥:DYs, D° NfD3D»Dub°D,NeD»N<D! D3D°D-

N...D,p¥D, NtDuN-p°D, BY%:PuNfNeN,D¥DN1D D2 B2 D°N,DY4D¥N«N,DUNEDY,
NeD¥%N+N,D34NeN%Dub! D+D¥:D»NEN DDt N+D°NeN,NENZ b .D- D2D¥D DYNEDYD P°.
DeNeD»D, B¥DY% D2NeN' DIDu DuNeN,NE, NeN,D%: DY:D¥DIDuN,

NeD2D D DuN,Dub»NENN,D2D¥:D2D°N,NE B¥s NeD D»NEDY:DY4

DY:PUNED D2DY:DYD2DUNDY2NN... B¢ NEPNTDUNND°N... P2 N D°D°D¥.D!
D°N,DY4D¥aNN, DUNEDU (D° D' D°DY:DY:Ndp DY Neb NeN,DubYsbp HR 8799 D3D¥D2D¥NEN-N,
D% N,p¥bYs, NIN,D¥4 N,D°PoD By D¢ NEDVNTDUNNeN« DY:D¥:D3NfN, B, DY4DuN,NE
DY:DuNeN, D% B2 B°N,DY:D¥:NN,DUNED N... D3D°D-D¥:D2NNN... D3D D3D°DY:N,DY4D2.)

D7D DD ¥YD2NEPUDYDUDY2DY:DYs Ne NeN,D, DY D'NENfD3D°Ne DoD¥:DY,D°DY2D D°
D°NeN,NEDYDY-DYDY4DY:D2 D2D¥, D3D»D°D2D Ne DEDYDYIDY4DYs D-D2D°DYsNDYDY4
(Thomas M. Evans) B,D- BzD°NeN,D3:NED NeD°D¥:D3D¥: NfD¥2D D2DuNEN+D N,PuN,D°
(B’PUD»D PoD¥D+NED N,D°D¥2D Ne) B NeNeD»Dub B¥D2D°D»D° D¢ D»D°DY-PuN,N f

Ne D¢ D¥DYD¥N%NENZ DoD¥:NDYD NiDuN-p°p¥:D30¥: N, DubD»DuN«D°D¥D ¢ D°
«D¥D°D+D+D»», D D-NfNtD°Ne BoNED D2NfNZ D+D»DuN-p°D° B2 NED°D-D»D N1Db%aN<N. ..
NfN1D°NeN,D°D°N... D2D DD DY4D¥:D3D¥%: DD, D°D¢ D°D-D¥:D¥:D°. D3P¥:D3D D°

D¢ D»D°PYDuN,p° B¥%D°N...D¥%D D, N,NeNe DDubTD Nf D-D2PuD-D D¥%D! D,
DY:D°D+D»NZD D°N,Dub»DubYs, D¥D¥:D° D DY:DubuN, N,D°D-Nf NeDuNED:D°, D,

D° BYD°P+D»NZD D°N,Dub»NZ D¢, D¥:D2DUNEDY:NfN,DY2 Dubu BY:D¥N1DY:DYDu

D¢ P¥D»NFND°NED B, B° BD¥%D° B D°D»NEDYDUbYs NfN+D°NeN,pebp B¥%NED+D NN« Bubp
N,D°D-D° B¢ NED D+D»D DID°PUN,NeNe P° D¢ DY:D»DY2D¥D1, D,

D° NeNfDY:DY4D°NEDYDYDYINF NeD2DUN,Nf NebD,NeN,DUbYiN<« B D¥D+D°D2D»NeDuN,NeKe
NeD2buN,, %N, NED°DIDUDY2DY:ND! Dubp D DY2Dub2DYaNDYs D¢ DYD»N fN"D°NED DubYs
(B, DY:DuDY2DY2D¥s N,D°D°D Dy DY%D°D+D»NZD Duby:D Ne, DY2DYs D2

D b¥%N,NED°DNED°ND¥DY:DYs DD D°D¢ D°D-D¥D¥:P, NeNEPDIN-N,NE

D2 DN, DYNEDY:DY, B-D°D2D Neb, N, B¥N, N,Dub¥:D¢ DUNED°N,NfNERK,

D¢ D¥D-D2D¥D»D, D»D, NED°DYDubu D¢ D¥4N+N,NEDYD N,NE DeD°NEN,Nf
N,Dub¥sD ¢ DPUNED°N,N fNEN« DY:D° D' DY:PuD2DY2D¥:DYs D¢ DYD»NfND°NED D,

D¢ D»D°PYDUN,N¢ Ne D¢ DYaDYaD¥N%NENZ N,Dub»DuNeDoD¥D ¢ D° «DiD¢ D N,NTDUNE»;
NeDvs. NED,N.. 4).
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I

Sun-Facing Longitude

(Grid Spacing: 30°)

Global Temperature Map for Exoplanet HD 189733b  Spitzer Space Telescope * IRAC
NASA ¢ JPL-Caltech / H. Knutson [Harvard-Smithsonian GFA) ssc2007-09a

D D, Ne. 4. DYNED, D+D»D D-D N, Dub»NEDY:D°Ne D°D°NEN,D°
NED°NeD ¢ NEDUD DUD»DubY2D N N,DuDYiD ¢ DUNED°N,NfNE DY:D° D' DY:DUD2DY2DYADY4
D¢ P¥D»NFND°NED D, HD 189733 b, D¢D¥%b»NfN1DubY:D¥%:D°Ne D D- D°DYD°D»D D-D°
D-D°D2D,NebD DYiD¥:NeN,D, D+D»DuNep°D° Neb NN DubviN« DN, D2NEDUDYDUDY-D
D2 b bYN,NED°DNED°NeDY2D¥:DYs D' D D°D¢ D°D-D¥b¥:Du Ne B¢ DYDY4DYaN%NENZ
D°D¥4N«bY:D NiDuN-P°D¥:D3D¥%: N,Dub»DuN«D°D¥:D¢ D° «Dib¢,D,N,NTDuNE» (Spitzer).
DeD°PON«D DY:D°D»NEDY:D°Ne NeNEDD¥NN,NE Neb¥:D3:N,D2DuN,N+N,D2NfDuN, 1000°C,
DY BY:D PY:D°D»NEDY:D°Ne &mdash; 700°C. BSD°NEN,D° N,Dub¥:D¢DuNED°N,NfNE
D¢ P¥D»NfNEDDUN,NeNe D D- N,D°P° DY:P°D-ND2D°DubviD¥:D! «N,D°D-D¥:D2D¥4D1
D°NED D2D¥:D». DSD¥D3D D° D¢, D»P°DY:DuUN,D° B D2D DIPUN,NeNe B¢ DY DY:NED+D N D
p%N, ND%N1DoD, DYDubID Nf DYD°D+D»NZD DN, Dub»Pubys B, B-D2DUD-D DY4D?
(B¢ PuNED2D N1D1:ND! N,NED°DY:D-D,N,) B'P¥: N,D¥%N1DD, B-D° D-D2Dub-D' D¥.D!
(P2N,p%NED N1D1aND? N,NED°DY:D D N,), BY:DY:D° BY:DubYaN«DuN, N,D°D-Nf D¥N,
NeDuUNED: D° DD B¢ D¥:D»DY:D¥Dt. D¢D¥ DuN=N,NE D2 N,p%Nibbu N,NED°DY:D-D N,D°
D¥DY:D° D¢ DYD2DUNEDY:NN,D° D° DY2D°DYs DY:D¥N1DYV:NDY. D¢ DYD»NfND°NED DubYs,
DoP¥N DYNEDYDU N...DYD»D¥D DY:DYDy, B° D¢ DUNEPUD” N,D¥%N+DoDY.DL
D2N,p%NED N1D¥:D¥:D3D¥%: DYiD DY:D YN fDY:D° &mdash; NED°NeDoD°D»DubY:DYaN«DY4
D BDY:bub2bYaNdYs, Neb D»NEDY:DYs B D-D»NfN1D°NZN%eD DYa
D2 b, b¥%N,NED°DONED°NDY:D¥DYs D' D D°D¢ D°D-D¥:DY:Du (D2 2D, DD DYiD¥iDYs
D'D.D°D¢D°D-D¥YbY:bu B D°DIDU Neb D»NEDY:DY: NEDD-D¥D3NEDUN,Nbu
D3p¥NENNED, Dy NZD¢D,N,DuUNEN« B D-D»NfND°NZN, D¥%NDUbY%NE DYD°D»D¥s D DY4
NeN€D°D2DY:DUDY:D,NZ NeD¥ NeD2D¥,Dub? B-D2DuD-D D¥D1). DeNeD»D,
D2 B¢ NEDYNTDUN+N+Du D'D2D DIDUbY:D, Ne D%N, D¢ DUNED2D N1DY2DY4D3DYs
N,Nep°PY:D-D N,D° D° B2N P%NED N1D¥%:b¥:DY:Nf DY:D°D+D»NZD B°N,NE P°NED D2NfNZ
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D+D»DuN«p°D° B2 B YN, NED°DONED°NDY:D¥DY, DD, D°D¢D°D-D¥DY:bu

Ne D2N<ND¥:D°D DY NED°D-NEDUN"DUDY.D, DubYs, DY4D¥DTDY:D¥: NfD2D D DuN,NE, BeP°D°
NfD2Dub»D,N1D, D2D°DuN,NeNe NeNEDPDY:N+N,NE D2 D¥:DubYs &mdash; D¢ D% N.D¥DYNS,
D°D°P° b PDY.DubY:DY:D¥s D, DY2D°NeD°D¥:D»NEDD Y, DY4DY2D°

NfD2Dub»D,N1D, D2D°DuN,NeNe, DVD¥DTDY:DYs D¢ b¥aNN,NEPYD N,NE

D¢ NeD PYDUNEDY2NFNZ DeD°NEN,Nf NDubvsb ¢ DUNEDN,Nf NEN<

D¢ P¥:D2DUNEN...DY:DY:NN,D,. DeDUDY4D ¢ DUNED°N,NfNED® D¢ DY4D»NZND¥4D2
DY.p¥DIPUN, DxN«N,NE NED°N+N+N+D,N,D°P¥:D° D b-

D¢ NED D+D»D B-D N PUb»NEDYNK... D°D»D PY:D°N,D N+DuN+p°P KN... DY:D¥D Dub»Dub?,
D™D-D¥:D+NED DIDUDY:D, Dy Ne NeD°DIN,D° en.wikipedia.org ~ D3D¥%D3D D°
D¢D»D°PY:DuN,D° B-D°N...D¥%D DN, B-b° B-D2Dub-b'Nf, D¥%N,NED°DIDUDY:DY:ND! D¥IN,
DY:bubp Neb2DbuN, B-D°N,DYsDubD2D°DuN,NeNe, B, D2 Neb;Dub°N,NEDU

DY:D°D+D»NZD D°NZN,NeNe NeD¥:D%N,D2DuN,NeN,D2N f NZN%.D D

D, b-bY:Dub¥:bub¥:b, Ne &mdash; D¥aNeN,D°DuN,NeNe N,D¥D»NEDDY4 N+D2DpN,
NeD°PY4D¥:D! B-D2DuD-D N¢. D¢D°D°D BYs DYD+NED°D-D¥DY4, Ne D2N<N+D¥4D°D¥4D?
N,D%N1DY2D¥:N«N,NENZ b, D-DY4DuNENNe NED°D-DY2D, NTNf DYDubID Nf

NeD¢ Dub°N,NEDY4DY4 DY2DUD ¢ DYaNeNEDUD NeN,D2DUDY2DY:D s D¢ DUNEDUD
D-D°N,DYsbubY¥:b, Pub¥s (B-D2DUD-D D° + D¢, D»D°PY%DUN,D°) B, Neb ¢ Dub°N,NEDYDY4

D2b¥ D2NEPPPYaNe D-D°N,DYDuDY2D Ne (N,D¥D»NEDDY: D-D2DUD-D'D°), DY:D¥DIDY2DY4
D¥b¢ NEPUD Dub»D N,NE D%N,NED°DID°N,Dub»NEDY:NfNZ

Neb¢ D¥NeD¥:D+DY:D NN, NE (D°D»NED+DUD DYs) D¢ D»D°DY-PuN,N¢

D2 NED°D-D»D NiD¥%NN... NfN+D°N+N,D°D°N... Neb¢Dub°N,NED°. BDZD°D°D-D°D»D¥NNE,
NiN,D¥: D¢ D»D°DY:DuN,D° B¥N,NED°DID°PUN, D¥DD¥4D»D¥s 40% NeD2DuN,D°

D2 D'D D°D¢D°D-b¥bY2bu 290&ndash;435 BY2DYs (N,D¥s BDuNeN,NE N, D¥D»PuN,D¥:D2ND?
b, NfE»NEN,NED°N, D D¥D»DuN,D¥D2NbDt NeD2DuN,) B, B¢ D¥%:NIN.D, BY%bu
D¥%N,NED°DID PN, B2 D¥N«N,D°D»NEDYNN... NfN+D°NeN,D°D°N... 2D DD DY:D¥D3D ¥4
DD P°D¢D°D-D¥b¥:D°, B2 D°D¥N DYNENK. .. P2N,D¥%NED NiDY:ND? N,NED°PY:D-D N,
D+Nb» D2D¥D¥D+N%Du DY B-D°DYsDuUN,DubYs. B!D2DUN, D¢ D»D°DY2DuN,N¢
D¥P°D°D-D°D»NeNe D°D¥D+D°D»NEN,D¥D2D¥-NeD DY2D DYs, DDYNEDD-D DY4
D+D¥D»Dubu DD»NfD+D¥D°D DYs D, DY%D°NeN<N%Dub¥:D¥:NdY4, NiDubvs NtD2DuN,
DbubN,NfD¥%D° B D»D, DY:D°DUD°DY:D¥:D2 D—DubYiD»D,, D°D¥:N DYNENBDU

D2 D¥NeN,D°D»NEDY:NN. .. NfN+D°NeN,DoD°N... Neb¢Dub°N,NED° D2NeN'-N,D°D°D,
PDY:PUPY:DY:D¥:D3D¥: DN, NEDDTD°NZN,. BzDP°D-NcD2D°DuN,NeNe, «D3p¥:D»NfD+NBYLD,
D¢ D»D°DYDUN DDV, » DYDYDINFN, NN NE YD, NEN¢, NeD¥:D2DUNEN "DUDY2DY-DY4
DY:DUD ¢ DYN...DYDID By DY:D° D—bubvsb»NZ, B, NtD2DpuN, N D¥N1DY2DYs DY
NeD2D»N+DuN,NeNe D¢ NED D-DY:D°DD¥DYs D¥D+D N.D°DubviD¥:NN,D,! D'PYDuUN+N,Du Ne
N,Dubvs, NeN,D, B D°D¥:Dv:NDU D3D¥:D2DYNENN, DuN%Du DD¥Dp-NIN,DY4 D4
NeN,N€D¥DuD¥:D, D, B°NPYiD¥NeN,DUNEN D¢ D»D°DYDuUN,N¢. DeN+D»D,
D°N,PY4D¥:NN,DUNED° D+Dub -D¥:D+D»D°N1DY:D° B, B¥%Du Neb¥:D DUNEDTD . N,
D2D-D2PuN«D, BD¥:D°N+D D' D¥:D2 N,D N,D°D¥:D° B, D2D°P¥%:D°D D, Ne, Dubu NtD2DpuN,

D BD¥%D»DIPubY: DN« NE Neb D¥:D BYi, DD°P° Nf D-Dub¥sD¥:D¥Dl. D'DY4D¥sD+N%eDY,
D'D»Ne N,b¥%D3D¥, NiND¥D+N<« PD°Pep¥:Du-DY2D D+NfD NE D2DuN%.DpuNeN,D2D¥4
D¥D+NED°D -D¥D2ND2D°D»D¥s D2 D°N,PY:D¥N«N, DUNEDU DYD+D»D°D°D°, DY%:NfDIDY2D¥4,
NiN,D¥%D+N« NDub¥:D¢ DUNED°N,NfNED® DND»D° B D¥N+N,D°N,D¥%NTD¥D° B D»Ne
N,D¥%:D3D¥, NiN,D¥zD+N<« D2DUN%DuNeN,D2D¥s, NeD32N+N,D°D2D»NeNZN%.Dubp D,N...,
NeD»Dub3p°D° B, NeD ¢ D°NEND»D¥NNE. B’ B°N,DYsD¥N-N,DUNED°N. ..
N,DubviD ¢ DUNED°N,NfNED° NED°N+N,DUN, Ne D3P»NfD+D DY:D¥:DY, D¢ DYaNN DYDYINf
D¢D°NE B¢, b¥:D BY:D DY4D°DUN,NeNe Ne D2D3NeN...D¥D NeN%D DY:D, D¢ D¥N,DY:D°D°DY.D,
D, b°b¥:DY:D DubYsNeD NENFDUN,NeNe D2 D¥D+D»D°D°D° N,D°PYs, D3D D
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N,DubviD ¢ DUNED°N,NfNED° DY:D, DIDW. B’ BN, DY:D¥:N«N,DuNEDU HD 189733 b BY:bu

D D¥%D»DIDYD¥ DxN«N,NE D¥DOND D D¥:D2 N,D,N,D°D¥:D° b, D2D°DY:D°D D, Ne,

D¢ D¥NDDYD»NEDNf NeN,D, D2DUN%DuNeN,D2D° B NebD¢ D°NENNZN,NeNe

N,NeENfD DY2Dubu D2NPUbp¥: B, B D¥D»DIDY:aN« B¢ NED NeNfN,NeN,D2D¥:D2D°N,NE
N,D¥:D»NEDDYs DY:D° NeD°PYiNN... D3D¥NENNED N... B¢ D»D°DY:PuN,p°N...,

D¢D¥D DYD+DYsNN... HD 149026 b, B° B¥%D° HD 189733 B'D»Ne NeN,D¥D3D¥,

DY:PUD D¥NeN,D°N,D¥%N1DY:D¥: DID°NED°DY4. DZD BY:D°DD¥: D°N,DY:D¥NN, DuUNEN«
D3p¥%NENNED N... NZD¢D, NPuNeED¥:D2 Neb¥:D DUNEDTD°N, B¢ NED DYDUN-NE

D¢ P°NEDPYD? BY:D°N,NED Ne, D°D¥4N D¥NEND? D D°PuN, D¥:N+DubY:NE

NeD, D»NEDY:D¥DU D¢ DYD3D»D¥iN%DUbY2D Dy BY%D° B D»D DYDu D2D¥D»DYaN<

589 BY:DY4, D¢ NED NiPubY¥s NiDubVs D+D¥D»NEN DU D°N,DY:D¥N«N, DUNEDYDYD

D D°D2D»Dub¥:D, by, N,pubYvs N, NEPU DY:D+D»D°NeN,NE D¢ D¥4DD»DYaN%eDuDY2D Ne.
DeNeD»D, D' D°D2D»DubY2D D D2DUD»D D°D¥, N.D¥s NED°NeN,N«
NeN,D¥:D»DDY2D¥D2DUbY2D Ne DYDUDTD N f

D°N,D¥:DYiD°DYiD /DY:DYD»PuD°N fD»D°DYiD . D3D¥DD D° D' D2Du DY4D¥Y:D»PpboN fD»N<
D+D»D D-D°D¥, NeDY2DUNEDDUN,D, N+DuN«D°D Bu NfNEPYD2DY:D, «D¢D»NBD2NfN», D,
D¢ D¥D3D»D¥uN%eD°N,NENeNe DN D DuN, B, DYsDubY2DY:D¥ N,D°D°DY:D

D . D-D»NfN1bub¥%:D by, B D»D DY:D° D2D¥D»DY:N¢ DN DYNEDYDDY4
NebD¥:D¥:N,D2DuN,NeN,D2NfBuN, Neb 2D D¥%NfN,NDVs N fNEDY:D2DY:NDYL. B’ DD°DONfNZ
NeN,D¥%NED¥DYNf NeD D2 D3D°NZN,NeNe NfNEDPY:D2DY:D, &mdash; B-D°D2D Neb N, D¥N,
D2D-D°D DYiDYeD¥sD3D¥s NED°NeD ¢ DY4D»D¥sDIDUDY:D Ne, D° DYD°NeDoD¥:D»NED D4

Neb D»NEDY:D¥: &mdash; D¥%N, D2DUD»D Nib DYaN< NeD+D»D DIPubY:D,Ne

(B¢ NED DY:DUNEDY:DY4 N.D°P° B D- B°N,D¥%bYD¥%NN. .. NfNEDYD2DY2Dub?
D¥D+NEPD-NFNZN,NeNe DY:D¥D»DuUb°NfD»NeNEPY2NDU DYNED+D N.D°D»D, B, B-D¥DaN<
D2 B¢ D¥D»N D¢ NEDYD2D YD DY:D D°D°N..., NeDVs. D—D¥:DY:D¥:D°Ne_N,DuUb¥NED Ne).

D’ D3D°D-Du B¢ NED, NeNfN,NeN,D2NfNZN, D2N+Du D2D¥:D-DY4D¥:DIDY2N<Du

D2D-D°P DY4bYaNDp NED°NeD ¢ DY4D»D¥DIDUDY:D Ne &mdash; B D»Ne D°D°DID DY:D3D¥4
D°D2D°D¥%:N,D° NeD2DUN,D° Ne NeDYDUNEDD Dbt D2D+D»D DD, D¥NDY:2DY4D2DY2D YD
D»D DY D, DY:D DD DuN,NeNe D¢ D°NeD° NiD°NeN,D,Nt, Nf B°P¥%N,D¥NEDYD?
NfNED¥D2DY:D, Neb D2D DYNfN,N¢ D2 NeD¥:D %N, D2DuN,NeN,D2N f NZN%oN f NZ
NeN,D¥%NEP¥DYNF B, D°DY4N,DYNEDNe DYD¥DIDUN, Bub3p¥: D¢ D¥:D3D»D¥N,D, N,NE.
D§PUBYs D' D°D»NEN DU DN, D»D DY:D D, N,Dub¥s NEDUDTDU D2NeN,NEDUNED°NZN,NeNe
D¢ P¥D N... YD NeN%oD, D NED°NeD ¢ DYD»D¥DIDUDY:D Ne B, N Dub¥s DY:DubY2NEN Du
D¢ P¥YD3D»DYaN%eDpbY2D By, DY2D¥: Ne NfD2DUb»D NEDub¥%:D, Dub¥s B D°D2D»DubysbD Ne
NED°N+N,DuN, B B¥D»Ne DY4DYD»DUDN fD»/D°N,D¥DY4D¥:D2, D°D¥N,DYNENDU

D2 B'D°PY:DY:ND! DY:D¥DYDuDY:N, D+D»D D-DoP¥s B'NENFD3 B° B'NENfD3Nf &mdash;

D¢ b%NeN DYDYINF NfFD-DD°Ne D»D D¥2D Ne D¢ NEDUD2NED N %D DN, NeNe

D2 D¢ DYD»D¥NeNf. DeNeb»D, D°N,DYiD3:NN,DUNED° N+D¥:D DUNEDTD, N,

PN, NED°DTD°NZN%eD D NeD2DuN, D¥:D+D»D°DoD°, N,D¥: D2 Neb¢ Dub°N,NEPYADYDUN,NE
D¢ b¥b¢ DD D°PuN, N,D¥D»NED*DY: NeD2DuN,, D¢, N€D¥N Db ND B NiDUNEDUD-
D2DUNEN...DY2D By Neb»D¥D, D°N,DY4D¥aNN, DuNEN¢, B2 D°D¥:N,DYNENN...

D D°D2D»Dub¥:D, Dy DY%DUD2DUD»D DD, D° D+D¥D»Dubu D3P»NfD+D¥4D°D¥4 NeD2DpN,
D¢ NED¥DY:D D°DY:NfN,NE BY:Du BY4D¥:DIDUN,, N,D°bP° B°D°D° D¥%N,NED°D-D,N,NeNe D3N,
D¥D+D»D°D°D¥:D2, D¢D°D°D DYs DYD+NED°D-D¥DYs, D¢ DY N'D,NED DY:Du D»D, DY:D D,
D¢ D¥D*D»D¥N%eDUDY2D Ne DY2D°N,NED Ne DY:D¥:DIDY:D¥: NeNfD D N,NE,
DY:D°NeD°D¥D»NEDDY: D3D»N fD+DY4D°D ¥ NED°NeD ¢, DYsD»DY4DIDUDY2
D¥N,NEPDID°NZN%:D Dt DY:D+D»D°NDY:ND! NeD»D¥:Dt. D NfD2Dub»b Nibub¥b Dubvs
Pub3D¥ D3P»NfD+D DY:N« NtD2DuN, BY4DpuDYsNeDuN,NeNe D¥IN, D+DuD»DY:D3D ¥4,
D°DY4D3D ' D° D¢, D¥DD»D¥N%eD°DuN,NeNe N,D¥:D»NED°DY: NfD-DoD Dt NfNiD°NeN,DyzD°
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D2 Neb ¢ Dub°N,NE€DU DY:D°D¥D»D ¥4 589 DY2DY4 (N,D¥N, NeD°PYaN <DL

DIPUD» N, D¥-DYNED DD IDUD2ND?! NtD2DuN, bY2D¥:N1DY%NN. .. N,D¥:DY-D°NEPUD?)
NEDUNEDUD- B¢ NfNED: NfNEDY:DY.-N, D, DYD»DuN,D¥:D2ND?, D°D¥:D3D D° D2DY4DuNeN, D
Ne DIDUD»N,NDYs D¢ DY4D3D»D¥aN%eD°DuN,NeNe DuN%eDu DYsNED DY-DIDUD2NDL D,
D-Dub»DubY:N?, B DY D¢ NED°DON,D NiDuN-p°b, N+DuNEDY:DY:D3D¥.. D7D DY:D DD,
P°N,PY4D¥:NN,DuN€D° HD 189733 b B¥:N,N€D°DID°DuN, N,D¥D»NED°D¥: Neb DY D b,
N,D,D¥%D»DuN,b¥:D2ND! NeD2DuN,, B° B2N+N' D¥N+N,D°D»NEDY:DY:Du DD DD, DY:D¥D
D D-D»NfNDub¥:D B D¢ D¥DD»D¥aN%eD°PuN,. B-N,D¥% D¥:D-DY2D°NiD°DuN,, NN D¥4
D¥D+D»P°DoD° NED°ND¢ D¥D»D¥DIDUDY:N« B DYaNN D°N,DYN1DY-D Y4

D3D»N fD+D¥D°DYs, DYDY D2NN' DIDU D2D DD DYiN< B D- D°D¥N-DYiDYsND°.

Deb¥%D Dub»D, Neb¢Pub°N,NED°, NeD¥:D¥N,D2DuN,NeN,D2NfNZN%.D D NED°D-DY2D¥,D1
D3p»N DD, DY%:Pu DY:D+D»D°PeD¥D2, B¢ NED D2Dub BubysN<« DY:D° NED, Ne. 5.

D D Ne. 5. b—b°D2D_N+b DYiD¥NN,NE D°D»NED+DuD b¥%: Ag (NHDuNEDY:NBN
DoNEPPN-N,N¢, KD, K€D D¥%:D° D¢, DY D3DYNED D-D¥DY:N,D°D»D, &mdash;
NfN+D,N,ND2D°Dubv:Nd! B'D D°D¢ D°D-D¥ibY%s, D¢ DY D2DUNEN,D D°D°D»D, &mdash;

D¢ P¥DNEPUN"DY:DYNN,D, B, D-DYDUNEDUDY:D D) DYN, B D»D DY:aN« D2D¥D»DYaN« P» B,
DYDY DUb»NEDY:NGU D-D°D2D Neb DYD¥NND,, D¢D¥NN,NEDYDUDY-DYNDU B D»Ne
NED°D-D»D,N1D¥:D¥:Dt D3D»NfD+D DYaN« DYN,NED°DID°NZN%D N... P¥:D+D»D°DoD¥D2.
D'D¥%D»NEN DN D3D»NfD+D DY:D° D¥D+D»D°P°D¥:D2 D¢ NED D2D¥D D N, B°
PY:bubY%NENDPD? YN, NEDDTD°N, Dub»NEDYDYD! Neb ¢ D¥ND¥D+DY:D¥:NN.D . Ag.
D'D, D' B¥%:b¥, NiN.D¥ DY:D, DY:D DY:D° D D- D°NED D2NN... BB

NfPeD»D°D ND2D°DuN,NeNe B2 B¢ D¥D»N f N+DubY:DY2NDu B D°DY.DY:Nd .
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D¥:D+NeNfDID D Pubv4p¥:Dt NeN,D°N,NED, D2 Astrophysical Journal Letters ~ D3D°P°
D2D B’ B¥%:b¥%: D, D- NED NeNfD12D°D°, B D°DY:DY:NDU DY:2Du NfD D¥:D2D»DuN,D2DY4NENNZK,
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D¥D+NSNeNDY:DUDY:D D! Neb¥NeN,D¥%D N, D2 N,D¥:DYs, NiN,D¥ NeD°DY2D, DY:D+D»D°DoD°
(ND¥%N+DYDuby, B, N... D2DUNEN... YD Dt Neb»D¥:D?) NeD¥:NeN D3NN, B D-
D¥NDPPNE BY:Dpb»DoD N... N3D°NeN.D, Nt, NED°D-DYDUNE DoDY:N DYNERN. ..

DY:D° DYDY Y:D3D Y DYDUDYNENDU B D»D, DY:N« D2DYD»DYaN« D2D DD, DY4D¥4D3D ¥4
NeD2DpN,D°. B¢D¥:D3D D° D-D° NeN1DuN, NEND»DUPUD2NDD¥DD¥s NED°NeNDuNDY-D Ne
p¥.bY:D, DNfD'NFN, D°D°D-D°N,NENNe NeD DY:D DY.D,, B°D°D° NeD,D3D°NEDUN,DY2N DL

D NDYa.

D D Ne. 6. DYD»D°DY:DuN,D° HD 189733 b, N€D,N+NfDY:D¥D° BY%D° D¥%N-DY:2D¥:D2DU
D D°DY%:DYNN. .. N,DuD»DuNeD°DY:D¢ D° «D¥D°D+D+D»» D, NEPUD-NfD»NEN,D°N,D¥4D?
D¢ NePUD ND NfN%D,N... D, NeNeD»Dub B¥:D2D°D%:D Dt. DEDUDY4DY:2D¥4-NeD DY2D Pl
NTD2DuN, NeD2D»NeDpN,NeNe NEPUD-NfD»NEN,D°N,DYDY4 D¢, DY4D3D»DVaN%DuUbDY2D Ne
D°N.D¥:DY:D°DYiD, D3D°D-D¥D¥D+NED°D-DY:D¥D3D¥: DYD°N,NED Ne
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NeD¢ NED°D2D° &mdash; NEPUD3D D¥DY: DY:D°D D+D¥Y:D»Pubu D2NNED°DIDUDY2DY2DY4D1
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(N,D°P°D Dbvs D¥:D+NED°D-DY:DVs NDuUb ¢ D»D¥s B¢ DUNEPUDY-DY4ND N ,NeNe DYD°

DY ¥N1DYaNFNZ NeN DYNEDYDVNF D¢ D»D°DY2DUN,N¢, DD¥N DYNED°Ne D2NDUD3D P°
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D3D°D -DYD¥D+NED°D-DY:D¥DYs NeD¥uNeN,D¥NDY:D D, D°NEDYDY.DU

NeD D»D b°D°N.D¥%D2, D D- D°D¥N DYNENK. .. NeD3zNeN,DIzNN, D¢D»D°DY:DuN,N¢
D-DubY:DY:D¥:D3D¥: N,D D¢ D° B, NeD'NED° D3D°D-D¥D2N<N... D3 D3D°D¥:N,DYD2.
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D+D¥:D»Dubu D2NND¥DD N... NeD»D¥%NeN... D¢ D°NE

D°D¥:Dv:D Db ¥aNeD NENfDUN,NeNe &mdash; D¢ D¥N«N DVDYNf DYsD+D»D°DoD° BY2D°

HD 189733 b, N+D°D¥%NEDUDU D2NDuD3D¥, NeD¥N+ND¥%NN, B,D- N,D¥D¥%N1D°DNPupb?
D2D-D2DuN«D, D°NED NeN,D°D»D»D D°D¥:D2 N+D12N+ND°N,D,N,D° MgSiO3 B D»b,
NED°NeD ¢ D»D°D2D»PubY2D%:NN... D°D°D¢ DUD»NE D+D¥4D»Dubp
D»Pubpep¥sD ¢, D»D°D2D°D N... NeD D»D D°D°N,D¥:D2, D¢ D¥%N...DYDID N... D¢ b¥
NeD¥NeN,D°D2Nf BY2D° D»D°D2Nf. B’ D3D»NfD+D D¥%:Dy, D3 Du B¢ D»D¥:N,DY:-D¥aN«N,NE
D¥%:D+D»D°D°D¥:D? D+b¥D»NEN B, DY:D¥DIDuN, B D'ND, D'D¥%DID NE b b-

NED°NeD ¢ D»D°D2D»Pub¥2D¥:D¥D3D¥s NeN,Dub°D»D°! DzD+D»D°Peb° bY:P° B'NENFD3D N...
D3p¥NENNED, N... NZD¢D,N,DuUNED°N... PYD¥D3NfN, NeB¥%NeND¥:N+N,NE D,D-

NED°NeD ¢ D»D°D2D»DubY2DY2D¥:D3DYs DIDUD»DUD-D° (B¢ NED, D+D¥4D»Dubp
D2NNeDp¥:D°D¥:D! N Pub¥:D¢ DUNED°N,NfNEDW) B, D'D°PTDU D,D- NeDYiDuNeD,
D¥D°N+D, D' D¥:D2 N.D,N,D°D¥:D° D, D2D°DY:D°D D,Ne (D¢ NED, DN %D D+DYsD»Dubu
D2NN+D¥%:D°D¥:D1 N,DubvsD ¢ DUNED°N,NfNEDY, D°D°D°, D2DUNEDY:NN,DY:DYs, DY2D°

HD 149026 b ), D¥%D DY:D°D°D¥% NeN,D, D2D-D2DuN«D, B D¥%N,DubYsNeD, D2DY2D¥s

D¢ D¥DD»D¥N%D°NZN, 2D DD DYiND! Neb2DuN, D2N-DuN... D D»D DY: D2D¥D»DYs, D,
N,D°D°D By D¢ D»D°DYDuN,Nc B¢ NED, D2D-D3D»NeD Dy B D- D°D¥NDY4D¥4ND°
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Ne NEPUD-NfD»NEN,D°N,D°DYD, D, NeNeD»Dub b¥:D2D°D¥%:D Ne Neb DY2Dub?

D¢ D»D°DYDUN, N HD 189733 b. B7D¢ NEP¥D+D¥:D2D°DY:2DY:N DU DY4DPN,DY:D N«
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D¢ b¥D-D2D¥D»NNZN, NfD-DYD°N,NE DY D¢ D»D°DY:DuN, Dy D3PYNED°D-D D4
D+D¥D»NENBY, NiDub¥s D¢ DUNED DD D¥D+NED°N%DubY2D Ne D2D¥DONEN D3
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D2D°DIDY:NDYs B DYiD ¢ DYD»DYDUDY:D DubYs D¢ NED, D, NeNeD»Dub b¥:D2D°DY:D b,
N,NeD°DY:D-D NPY%NN. .. B¢ D»D°DY:DuN,. D¢D°D°D DY DYD+NED°D-D¥DYs, HD 189733 b
NeN,D°P¥:D¥%:D2D N,NeNe D¥:D DY:D¥D! D D- BY%D°D D+D¥%b»Pubu B,D-NfN+Dub¥%:bYaNN. ..
D¢ D»D°DYDUN, B-D° D¢, NEPUD DUD»D°DYsD, NeD¥D»DY:DuND¥:D¥4Dt NeD NeN DubvaN«,
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