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Callisto (PIA01478, NASA/JPL)

Rhea
(PIA12648, NASA/JPL/Space Science Institute)

(Anderson & Schubert, 2007) (Iess et al., 2007)
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• STUV 'ÏÐ#2410 km, ®¯°>YT±²LM.
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•Ñ�Ò¡¢ & ÓÔÕ¿À (Anderson et al., 2001)
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• ~ 300 km >gÒ× (Anderson et al., 2001)

•noÌj�y (Zimmer et al., 2000)

–ÒØ 50 ~ 200 km H
ÙÚ ~ ÙÛ km>Ü�{�y (ÝÞ, 2008)

• TX 'ÏÐ#765 km, ¸Mß{2àáH)â�LM.
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• EF�]üÖ��mKw… (ÓÔÁlýþPÿ< Eg vs g>!� Lw= 3 x 105 J /kg)

– STUVË"#}~�� : Eg, Callisto = 2 x 106 J/kg  >  Lw

– TXË}~m��jW���]�$��\}~m%�

• 26Al & 60Fe&B{��mKw… (McKinnon, 2006)

– STUVËCAItuvw 2.6 - 3 Myr´µHEF¶·

• ��ø��NOPHIJKEFNOP (Squyres et al., 1988)

– TXË ~ 103 yr {EFmÖ®}~m��
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EEgg, Rhea, Rhea ~ 10 ~ 1055 J/kg J/kg
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~ Subnebula model >�@ ~

• 'AB.��ø��NOP (Lunine & Stevenson, 1982)

–C���D�WC�W¦�EFC� (103 - 104 yr)
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•LMËxy\GH?@{tu
– )â� Impactor

» Iº³J_KW300 - 500 km (Mosqueira & Estrada, 2003)

• 'xy.Gas-starved disk model (Canup & Ward, 2006#´µCWNOP)

– Solar nebulavw>LJúä\mKinflow

–M���D�WM�WN�EFC� (105 - 106 yr)

•LMË¯°{EF ½dn°OPQ

•LMß>�ø}R]SúTx

–��� Impactor

»  1 m for Rhea

»  ~ O(1) km or less for Callisto
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– jí#��øNOPWØí#CWNOP + YUkMHã� gap tu

• STUV : 70 K ~ 165 K (lmî : 100 K)

• TX # 70 K ~ 250 K (lmî : 95 K)

Gas-starved disk
(CWNOP)
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• ¾i>��Ëqr³HÜ� (Semenov et al., 2003)
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3 x 106 yr for Rhea

      ~ 108 yr for Callisto
(Zaranek & Parmentier, 2004)
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• H2O*NH3>���� (Leliwa-Kopystynski et al., 2002)

• LMno>�Ô%'\��D�]� .
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(Hobbs, 1974)
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• Td = 100 K

• !acc = 0.4 Myr

• tstart = 2.5 Myr

• X = 0

– No NH3
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• Td = 100 K

• !acc = 0.4 Myr

• tstart = 2.5 Myr

• X = 0

– No NH3
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•Td, !acc, tstart, X ]��
•Td ½dSTUV : 70 K ~ 165 K (lmî : 100 K)

         TX # 70 K ~ 250 K (lmî : 95 K)

•!acc ½d103 yr (��øNOP) ~ 107 yr (solar nebula>life time)

•tstart ½d0 yr (CAItu6õ) ~ ( subnebula >life time) - !acc

•X ½d0 ~ 0.3 (NH3>)o�^, Schubert et al., 1986)

� ��HËNH3Ë�zä�ú��\«�wæÖ��

•�M¹'¿À. ~ 0.007 (Bockelee-Morvan et al., 2004)

•ý`9��U*�P<�¹'¿À. ~ 0.01 (Waite et al., 2009)

•STUVgÒ×¹'å . ~ 0.05 (Spohn & Schubert, 2003)
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–´4>��{Ë”���” impactor \¤p

~ 1 m for Rhea,  4 km - 800 m for Callisto , 30 - 6 m for Ganymede

– ��µ¶

» ¯vw>·¸^ ~ z{\LM>/0HãJÖ¹ºæ�^

» z{G»>/0^ ~ z{\LM>/0^

– z{Ë"#l(��\�  ½dimpactor size >)î]���

– ©�/0_�

ui < 0.5 km/s for Rhea , ui < 2.0 km/s for Callisto

• M_� ½d/0Hã�)¼tuË¢â�� (Pierazzo et al., 1997)

• shock heating j}ú½� !heat vs |»j}ú½� !cool

– TX\YZ[O{Ë !heat < !cool

– STUV{Ë !heat > !cool

• /0Hã���jnoz{}ú���j��

(Gault & Heitowit, 1963; O’Keefe & Ahrens, 1982)
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•STUV>EFC�Ë 0.6 Myr ´j{��

•STUVËCAItuvw ~ 4 Myr ´µHEF]¶·mK
–[\³�M¾��> life time ~ 3 Myr

– Solar nebula >¾¹Ë

%CAItuvw 4 Myr ´µ{�JK���]¿À
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– Solid-state convection ?


