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TRIE F1F (M Bk B 1) 11.2 9.45 4.01
L5 2R RE (g/cmA3) 1.33 1.27

S EREHA(R) 0.444 0.718 0.671
NERE HA(5F) 29.5 84 164.8
BE K3 % (AV) 9.555 ) 30.05
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Gas Element” Protosolar” Jupiter Saturn Uranus Neptune References
Major gases
H- H 0.835 0.8644 0.88 ~0.83 ~(0.82 1,2,3.4,5
He He 0.162 0.136 0.119 ~0.15 ~0.15 1,3,5,6
Condensable gases
H-O O 8.56 x 107% =4.2 %« 10~% 7 ? ? 7
in stratosphere 1.5 = 10—° 2-20 x 1079 5-12 % 10~° 1.5-3.5 x 1072 8
Galileo, 18—21 bar 4.2 > 10— 9
CH, C 4.60 % 107% 2.0 x 103 4.5 x 1073 0.023 0.03 4,5,9,10
NH: N 1.13 >x 10~ .
microwave data® 7 x 10—7 5 x 107% =1.5 x 10 =1.5 x 10% 11,12
at pressures 1-2 bar = few bar =10 bar =10 bar
Galileo, =8 bar 7 = 10— 7
H-S S 2.59 x 10—
microwave data“ 4.6 < 10~¢ 3 x 10— 0.001 11
at presures =few bar =10 bar =10 bar
Galileo, 12—16 bar 7.7 % 1073 7
MNoble gases
20Ne Ne 1.29 < 10—* 2.0 x 10— 7
A AT 2.84 > 107°% 1.6 x 107 7
S4Kr Kr 333 x 1077 7.6 x 107° 7
132 Xe Xe 3.26 % 10719 7.6 x 10710 7
Disequilibrium species
PH; P 4.29 x 1007 5% 10°° 6 x 107° 13
GeH, 6 x 10° 3.5 < 1071° 13
AsHj; 2 x 10710 2.6 < 1077 13
CcoO* 1.3 > 107? 1.8 < 1077 2.5 x 1078 1 x 10°° 8
CcOs 2.5 % 10710 2.5 % 10710 4 x 107! 4 x 10710 8, 14
HCN® detected” 2.5 x 10—10 8
Photochemical species in stratosphere (~1 pbar — 10 mbar)
CH3 detection 3 > 1077 7 x 10710 15
C>H> 2—200 x 1078 2—30 x 1077 1—-200 x 107% 4-300 x 10~% 15
CoHy 5% 10719 —1 % 107% 3 x 107° detection 3—-50 % 10719 15
C>Hg 2—9 x 10 3—10 x 107% 2 x 108 1—3 x 10™° 15
C3H., 3 x 102 2 x 10° 2 x 1010 few x 1019 15
C3Hg <1 = 1077 3 < 10°% 15
CsH- detection 3 %< 1010 2 x 1010 detection 15
CsHsg 2 x 1010 4 < 10712 15

detection?
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Disk Instability Hypothesis(FA & 4~ 22 & 14 32 &)
BMIRSARDESBRELEHSZDERIZOVTR TRTLC
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MIESTE L TCIXEAMICFA R ELGHBENGL 7I< B =18
LA (FOAEX11.13[2HBL TQT<~1ENVS &)

QT:Toomre’s stability parameter,

k=epicyclic period(BEsFE#A): KIGITE DL -YUEI -1V T 5EH, |||-.b|':"__'r
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HFEHK11.1312DL\T

QT [ Toomre’s stability parameter&EFEIENTULNS. A 1KY /NS
UNE, *J?O)J_Eﬁj\ﬁ&b\/l\'ck(?&l') SERODENIRINEE(ICL
5. COABEIAREICGY, BHxdFRDRBDKREIFILULTDKIIC

==
o \ Al .
— n 1\ (11.15)

=

TE2N) S OB RETIIA=10~100mTH 5. B I(ELH(2n)7(-1)
D FFfE TAR T — )l/, FETEHMELNEL.




HFEHK11.1312DL\T

KIEn&EYHTMINSKUT DL TREINSD.
HEENE D ERFE #(orbital frequency)

_Gm_1+3j R\? 15 (R 4+35J R\® 315, (R 8+ 234

3 277\ g Y\ 7 16°°\ r 128 %\ 7 ’ '
em| 3 /R\* 45 /R\* 175 _ /R\®* 2205 /R\®

=2 2 (D) 2 20 (8} 220 (E) s 2242 £ 2.35
= 22(r)+8 4(r) 16 6(r)+128 8(r>+ ’ (2:35)
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Disk Instability Hypothesis(FA & 4~ 22 & 14 32 &)

ER—DDROEHRADERBIZIMZTAE, TEICHRTHREIMGHERZE
BEOXEE, BEZOHD149026 b DL OB ZEERNREDR L T UA%E
BRI M AVFIZEELLD.

#H B:HD149026 b &

HhER NS FI25 7 ED AL EICHAEEHDI49026 D EYENEET HRETHS.
FOUOYNETHERINE-D AAETERINE-ZREOFTHHICEEN
INSKERARAEENDDPTIERZR/NTHAS. F1%(30.356(+0.013,-0.011) KE FZ
=M &E=E130.357(+0.0135,-0.0114) KEB =L H 5.




Disk Instability Hypothesis( & 4~ 22 5E 14 32 &)

ﬁE(=meta| KBEEAYDLLUBDTREDE)DERE

ERASELFEEFEITHEVLDICEEATEREREZHAULIAIC
L\t%*ﬁémﬁ\%o(«k/\—/@ 12.2458) .

ITI

ﬁltL’Cld:

¥

FH0Y

aL\:lTé‘—ﬁ/JﬂZ‘d'%)T—&)L -SRI E D X E (condensable) EULVIEE

LOLRFMGHREZEAHITENRLZTEICRMNELVDRERF (KA 0=

Ly/hD metaI|C|ty7ﬁ\1I:",L\) ELVOEHIFRIFIZHEE=EZN.



X]12.24

KIEHEZICTOVTUELUTONEEHOBERERERELZIE
EN0EERHOEBELTERYT. £F Iiliiwz B THRIESN, 0l

ABOEICHET 5. | 9]
T 25F
i 20f
g 10f
o 02f /
0.0 AL 2 ///
050  -0.25 0.00 0.5 0.50

[Fe/H]




Disk Instability Hypothesis( & 4~ 22 5E 14 32 &)

ERDEE-FLREFHDF

IE

REXZ)FEANTREL MERESHICIDERLRBZICK>THRALIZE
LVOSEAHY . CNTIXEIFEDFBIZTELZLN.

SULMALENTLEITEEBRDZITH4LYD. BFEFRIZE>THBELEIED
ARIZONTRIMN D TLERBEIHITAMELNALN.

i

faam:(Eo=UH o TLVELY




Disk Instability Hypothesis(FA & 4~ 22 & 14 32 &)
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Core Nucleated Accretion (37 £ 75 1HR)
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JR 3 :Continued accretion of solids acts to reduce the planet’s
growth time by increasing the depth of its gravitational potential well,
but has counteracting effects by providing additional thermal energy

to the envelope (from solids that sink to or near the core) and
increased atmospheric opacity from grains that are released in the

upper parts of the envelope.
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JR 3Z: However, such an atmosphere is very tenuous and
distended, with thermal pressure pushing outwards to the
limits of the planet’s gravitational reach and thereby
limiting further accretion of gas.
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Core Nucleated Accretion (27 S£F&1E:R)
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Core Nucleated Accretion
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