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7KH�LF\�ZRUOGV�RI�RXU�VRODU�V\VWHP�SUHVHQW�VRPH�WDQWDOL]LQJ�FKDOOHQJHV�
IRU�H[SORUDWRU\�VFLHQFH��:KDW�OLHV�EHQHDWK�WKH�LF\�VXUIDFH"�ΖI�WKHUHȇV�ZDWHU��
FRXOG�WKHUH�EH�OLIH"�$QG�ZLOO�ZH�QHHG�LFH�VNDWHV�RQ�RXU�ODQGHU"

appendix 
a

why icy worlds?

why did nessp choose icy worlds for 
this year’s roads?

what are the icy worlds you will be exploring in this challenge?

$Q�ȊLF\�ZRUOGȋ�LV�GHȴQHG�DV�D�ERG\�ZKRVH�RXWHU�VXUIDFH�LV�FRPSRVHG�PRVWO\�RI�ZDWHU�
LFH�WKDWȇV�VR�FROG�LWȇV�DV�KDUG�DV�URFN�RQ�(DUWK��7KH�LQWHULRUV�RI�WKH�ODUJHVW�RI�WKHVH�LF\�
ERGLHV�PD\�DOVR�KDYH�D�JOREDO�VXEVXUIDFH�RFHDQ�RI�OLTXLG�ZDWHU�DQG�D�URFN\�LQQHU�
FRUH�

7KH�PRVW�ZHOO�NQRZQ�LF\�
PRRQ�LV�-XSLWHUȇV�PRRQ�
(XURSD��KRZHYHU��QHDUO\�DOO�RI�
WKH�RXWHU�SODQHWVȇ�PRRQV�DUH�
FRQVLGHUHG�WR�EH�LF\�ZRUOGV��
7KH�VXUIDFH�EHORZ�WKH�GHQVH�
DWPRVSKHUH�RI�6DWXUQȇV�PRRQ�
7LWDQ�LV�DOVR�FRPSRVHG�RI�URFN�
KDUG�ZDWHU�LFH�DQG�VFLHQWLVWV�
WKLQN�7LWDQ�DOVR�KDV�DQ�LQWHUQDO�
JOREDO�ZDWHU�RFHDQ��$QRWKHU�
IDVFLQDWLQJ�LF\�ZRUOG�LV�7ULWRQ��
ZKLFK�KDV�ODUJH�SOXPHV�
HUXSWLQJ�IURP�LWV�FRPSOH[�
VXUIDFH�

1RW�DOO�LF\�ZRUOGV�DUH�PRRQV��
7KH�GZDUI�SODQHWV�3OXWR�DQG�
&KDURQ�DUH�ERWK�FRQVLGHUHG�WR�
EH�LF\�ZRUOGV��DORQJ�ZLWK�&HUHV�
LQ�WKH�DVWHURLG�EHOW�

$V�\RX�FDQ�VHH��WKHUH�DUH�
PDQ\�LF\�ZRUOGV��)RU�WKLV�
PLVVLRQ��ZH�ZLOO�EH�IRFXVLQJ�
RQ�-XSLWHUȇV�PRRQ�(XURSD��WKH�
WDUJHW�RI�1$6$ȇV�XSFRPLQJ�
(XURSD�&OLSSHU�PLVVLRQ�

)LJXUH����6RPH�RI�WKH�LF\�PRRQV�RI�WKH�RXWHU�SODQHWV�DQG�GZDUI�SODQHWV�3OXWR�
DQG�&KDURQ��7KH�PRRQV��3OXWR��DQG�&KDURQ�DUH�VKRZQ�RQ�WKH�VDPH�VFDOH�DV�WKH�
(DUWKȇV�PRRQ��ZKLFK�LV�QRW�DQ�LF\�ZRUOG�EXW�LV�SURYLGHG�IRU�VFDOH���$GDSWHG�IURP�
PRQWDJH�E\�(PLO\�/DNGDZOOD@�ZLWK�IUHH�XVH�IRU�HGXFDWLRQDO�SXUSRVHV�XQGHU�WKH�
&UHDWLYH�&RPPRQV�OLFHQVH��2ULJLQDO�LPDJHV��1$6$�-3/�
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'R�\RX�WKLQN�OLIH�FRXOG�VXUYLYH��RU�HYHQ�WKULYH��LQ�D�GDUN�VDOW\�RFHDQ�XQGHU�
PLOHV�RI�LFH"

6FLHQWLVWV�EHOLHYH�WKDW�-XSLWHUȇV�PRRQ�(XURSD�KDV�D�JOREDO�RFHDQ����WR����
PLOHV�����WR����NP��EHQHDWK�LWV�LF\�VXUIDFH��(XURSDȇV�RFHDQ�FRXOG�EH�XS�
WR�����PLOHV������NP��GHHS�DQG�FRQWDLQ�WZLFH�DV�PXFK�ZDWHU�DV�DOO�RI�WKH�
(DUWKȇV�RFHDQV�FRPELQHG��7KDWȇV�D�ORW�RI�ZDWHU��FRQVLGHULQJ�(XURSD�KDV�D�
GLDPHWHU�RI�RQO\�������PLOHV��������NP���PDNLQJ�LW�RQO\�D�IUDFWLRQ�RI�WKH�
VL]H�RI�(DUWK��ZLWK�D�GLDPHWHU�RI�������PLOHV���ΖQ�IDFW��PDQ\�RI�WKH�LF\�ZRUOGV�
LQ�WKH�VRODU�V\VWHP�DUH�ZKDW�1$6$�FDOOV�ȊRFHDQ�ZRUOGV�ȋ�7KHVH�ZRUOGV�DUH�
SUREDEO\�KRPH�WR�PRVW�RI�WKH�OLTXLG�ZDWHU�LQ�RXU�VRODU�V\VWHP�

2Q�(DUWK��ZKHUH�WKHUH�LV�ZDWHU�WKHUH�LV�OLIH��7KHUHIRUH��WKHVH�ZDWHU\��LF\�
ZRUOGV�DUH�WKH�SHUIHFW�SODFH�WR�H[SORUH�WKH�OLPLWV�RI�KDELWDELOLW\�LQ�RXU�VRODU�
V\VWHP�DQG�EH\RQG�

why do scientists want explore the icy 
worlds of our solar system?

7R�DQVZHU�WKDW�TXHVWLRQ�ZH�KDYH�WR�JR�EDFN�DERXW�����ELOOLRQ�\HDUV�WR�WKH�
IRUPDWLRQ�RI�RXU�VRODU�V\VWHP�

ΖF\�ZRUOGV�IRUPHG�RXWVLGH�ZKDW�LV�NQRZQ�DV�WKH�IURVW�RU�VQRZ�OLQH��7KLV�
WKHRUHWLFDO�OLQH�RFFXUUHG�DERXW�����PLOOLRQ�PLOHV��RU�DSSUR[LPDWHO\���
DVWURQRPLFDO�XQLWV��IURP�RXU�\RXQJ�VXQ�ȃ�DOPRVW�WKH�GLVWDQFH�WR�-XSLWHU��
%H\RQG�WKH�IURQW�OLQH�LW�ZDV�FROG�HQRXJK�IRU�ZDWHU�DQG�RWKHU�FRPSRXQGV�
OLNH�PHWKDQH�DQG�DPPRQLD�WR�IUHH]H�LQWR�VROLGV��%RGLHV�OLNH�6DWXUQ�DQG�
-XSLWHU�DFFXPXODWHG�D�ODUJH�DPRXQW�RI�PDWHULDO�RYHU�WKHLU�ORQJ�RUELWV�DQG�
EHFDPH�PDVVLYH�HQRXJK�WR�FDSWXUH�OLJKW�JDVVHV�OLNH�K\GURJHQ�DQG�KHOLXP�
LQ�WKHLU�DWPRVSKHUHV��6FLHQWLVWV�WKLQN�WKDW�PDWHULDO�WKDW�GLGQȇW�JR�LQWR�
PDNLQJ�WKHVH�JDV�JLDQWV�IRUPHG�WKH�PDQ\�LF\�PRRQV�WKDW�QRZ�RUELW�WKHP�

2WKHU�LF\�ERGLHV�IRUPHG�RXW�RI�PDWHULDO�RUELWLQJ�WKH�VXQ��0RVW�RI�WKHVH�
ERGLHV��OLNH�3OXWR�DQG�&KDURQ��DUH�VPDOO�DQG�RUELW�LQ�D�UHJLRQ�NQRZQ�DV�WKH�
.XLSHU�EHOW�

you might be wondering Ȅ why are these bodies 
composed of ice instead of rock like the earth?

appendix 
a

why icy worlds?
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*RRG�TXHVWLRQ�

0RVW�RI�WKH�ZRUOGV�WKDW�VFLHQWLVWV�WKLQN�KDYH�OLTXLG�ZDWHU�RFHDQV�
DUH�PRRQV�RI�RQH�RI�WKH�JDV�JLDQWV��OLNH�-XSLWHU�RU�6DWXUQ��7KH�VWURQJ�
JUDYLWDWLRQDO�IRUFH�RI�WKH�PDVVLYH�JDV�JLDQWV�SXVK�DQG�SXOO�RQ�WKH�VXUIDFH�
RI�WKH�PRRQV�LQ�D�SURFHVV�NQRZQ�DV�WLGDO�IRUFLQJ�

:H�DOVR�H[SHULHQFH�WLGDO�IRUFHV�RQ�(DUWK��+DYH�\RX�JRQH�WR�WKH�FRDVW�
DQG�H[SORUHG�D�WLGH�SRRO�RU�EXLOW�D�VDQGFDVWOH�GXULQJ�ORZ�WLGH�RQO\�WR�
FRPH�EDFN�KRXUV�ODWHU�WR�GLVFRYHU�WKH�VDPH�URFNV�DQG�VDQG�FRYHUHG�ZLWK�
ZDWHU"�ΖWȇV�WKH�JUDYLWDWLRQDO�SXOO�RI�RXU�PRRQ�WKDW�FDXVHV�WKH�VXUIDFH�RI�WKH�
RFHDQ�WR�PRYH�XS�DQG�GRZQ��SHULRGLFDOO\�KLGLQJ�DQG�UHYHDOLQJ�VWUHWFKHV�RI�
VKRUHOLQH�

$V�WLGDO�IRUFLQJ�ZRUNV�RQ�WKH�LF\�PRRQV�LW�FDXVHV�FRQVWDQW�GHIRUPDWLRQ�RI�
WKH�VXUIDFH�DQG�WKH�LQWHULRU�RI�WKH�LF\�PRRQV��ZKLFK�LQ�WXUQ�LV�WKH�VRXUFH�RI�
HQHUJ\�DQG�KHDW�WKDW�NHHSV�WKH�LQWHULRU�OLTXLG��<RX�FDQ�REVHUYH�KRZ�IRUFHV�
SURGXFH�KHDW�DW�KRPH�E\�EHQGLQJ�D�SDSHUFOLS�EDFN�DQG�IRUWK��ΖI�\RX�GR�LW�
TXLFNO\�HQRXJK��ZLWKRXW�EUHDNLQJ�LW���\RX�VKRXOG�IHHO�WKH�SDSHU�FOLS�JHWWLQJ�
ZDUP�

7KHVH�WLGDO�IRUFHV��DV�WKH\�EUHDN�XS�RU�GHIRUP�WKH�VXUIDFHV�RI�WKH�LF\�
ZRUOGV��DOVR�SURGXFH�DQ�LQWHUHVWLQJ�YDULHW\�RI�VXUIDFH�IHDWXUHV�ȃ�ZKLFK�
\RXȇOO�VHH�ȴUVW�KDQG�ZKHQ�\RX�SODQ�\RXU�PLVVLRQ�WR�H[SORUH�WKH�PDS�RI�
(XURSD�

but if it’s so cold out there, what keeps the liquid 
water oceans inside icy worlds from freezing?

appendix 
a

why icy worlds?
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)LJXUH����6FLHQWLVWV�ORRN�IRU�H[WUHPH�OLIH�RQ�(DUWK�WR�WU\�WR�
XQGHUVWDQG�ZKHUH�OLIH�PLJKW�H[LVW�LQ�WKH�VRODU�V\VWHP�DQG�EH\RQG��
����7KLV�ȴJXUH�VKRZV�D�EODFN�VPRNHU�RQ�WKH�GDUN�VXUIDFH�EHORZ�
WKH�$WODQWLF�RFHDQ������7KLV�6KRZV�D�VFLHQWLVW�H[DPLQLQJ�DQ�LFH�FRUH�
SURGXFHG�ZKHQ�GULOOLQJ�D�KROH�WR�VR�WKDW�URERWLF�FUDIWV�FRXOG�VHDUFK�
IRU�OLIH�LQ�/DNH�:KLOOLDQV���LPDJHV������:LNLPHGLD�&RPPRQV�����
1$6$�-3/��

(DUWK�KDV�VKRZQ�WKDW�OLIH�FDQ�VXUYLYH�DQG�WKULYH�LQ�D�ZLGH�YDULHW\�RI�
KDELWDWV��ΖQ�IDFW��VR�IDU��VFLHQWLVWV�KDYH�IRXQG�OLIH�RQ�(DUWK�HYHU\ZKHUH�
OLTXLG�ZDWHU�H[LVWV�

7KDWȇV�ULJKW��LI�WKHUHȇV�ZDWHU�WKHUH�LV�OLIH�

6RPH�RI�\RX�PLJKW�KDYH�YLVLWHG�<HOORZVWRQH�1DWLRQDO�3DUN�DQG�KDYH�EHHQ�
ZDUQHG�DERXW�JHWWLQJ�WRR�FORVH�WR�WKH�ERLOLQJ�KRW�K\GURWKHUPDO�SRROV��
7KRVH�SRROV�DUHQȇW�VR�JRRG�IRU�KXPDQ�OLIH��EXW�H[WUHPH�OLIH�IRUPV�FDOOHG�
WKHUPRSKLOHV�ORYH�WKH�KHDW��6FLHQWLVWV�KDYH�HYHQ�IRXQG�OLIH�LQ�QHDU�IUHH]LQJ�
ODNHV�LQ�$QWDUFWLFD��OLNH�/DNH�:KLOODQV��ZKHUH�WKH�ZDWHU�LV�VKLHOGHG�IURP�WKH�
6XQ�E\�D�KDOI�PLOH�RI�LFH�

:K\�LV�ZDWHU�VR�HVVHQWLDO�WR�OLIH�DV�ZH�NQRZ�LW"�2QH�YHU\�LPSRUWDQW�UHDVRQ�
LV�WKDW�LW�SURYLGHV�D�OLTXLG�HQYLURQPHQW�IRU�RXU�FHOOVȇ�ZRUNLQJ�XQLWV��OLNH�
SURWHLQV��WR�PRYH�DERXW��ΖW�DOVR�GLVVROYHV�QXWULHQWV�IRU�RUJDQLVPV�WR�HDW��
WUDQVSRUWV�LPSRUWDQW�FKHPLFDOV�ZLWKLQ�
OLYLQJ�FHOOV��DQG�DOORZV�WKRVH�FHOOV�WR�JHW�
ULG�RI�ZDVWH�

2I�FRXUVH��OLNH�\RX��OLIH�QHHGV�PRUH�
WKDQ�ZDWHU�WR�VXUYLYH��/LIH�DOVR�QHHGV�
D�VRXUFH�RI�HQHUJ\�DQG�IRRG��(DUWK�KDV�
VKRZQ�WKDW�OLIH�KDV�IRXQG�ZD\V�WR�XWLOL]H�
PDQ\�VRXUFHV�RI�HQHUJ\��2UJDQLVPV�
HYHQ�OLYH�DURXQG�YHQWV�GHHS�ZLWKLQ�
RXU�RFHDQ��FDOOHG�EODFN�VPRNHUV��7KH�
RUJDQLVPV�XVH�QXWULHQWV�DQG�KHDW�
OHDNLQJ�IURP�EHQHDWK�WKH�RFHDQ�ȵRRU�
WR�SURGXFH�WKH�HQHUJ\��1R�VXQOLJKW�
UHTXLUHG��6FLHQWLVWV�WKLQN�WKDW�WKH�
ERXQGDU\�EHWZHHQ�WKH�OLTXLG�RFHDQV�
DQG�WKH�URFN\�FRUHV�LQVLGH�LF\�PRRQV�
PD\�KDYH�VLPLODU�YHQWV��ΖI�WKH\�GR��WKHVH�
YHQWV�PLJKW�SURYLGH�HQRXJK�HQHUJ\�DQG�
QXWULHQWV�WR�VXSSRUW�VLPSOH�OLIHIRUPV�

these dark, cold, icy worlds seem like they’re a pretty 
uncomfortable place to live, so why does nasa think they might 
support life?

appendix 
a

why icy worlds?
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6FLHQWLVWV�FRPH�WRJHWKHU�HYHU\�GHFDGH�WR�SURGXFH�D�OLVW�RI�VFLHQWLȴF�JRDOV�WKDW�
ZLOO�GULYH�KRZ�1$6$�PLVVLRQV�H[SORUH�RXU�VRODU�V\VWHP��ΖQ�������WKHVH�VFLHQWLVWV�
GHWHUPLQHG�WKH�PRVW�LPSRUWDQW�JRDOV�IRU�WKH�LF\�ZRUOGV�DUH�

��� 'HWHUPLQLQJ�ZKLFK�RI�WKH�LF\�PRRQV�KDUERU�OLTXLG�RFHDQV

��� &KDUDFWHUL]LQJ�WKH�SURSHUWLHV�RI�WKRVH�RFHDQV

��� &RQGXFWLQJ�UHVHDUFK�ERWK�LQ�VSDFH�DQG�RQ�(DUWK�WR�EHWWHU�XQGHUVWDQG�KRZ�OLIH�
PLJKW�H[LVW�LQ�D�VXEVXUIDFH�RFHDQ

7R�DFKLHYH�WKHVH�JRDOV��VFLHQWLVWV�DUH�WU\LQJ�WR�EHWWHU�XQGHUVWDQG�WKH�HQHUJ\�VRXUFHV�
ZLWKLQ�WKHVH�ERGLHV�WKDW�DOORZ�JOREDO�OLTXLG�RFHDQV�WR�H[LVW��7KH\�DUH�DOVR�ZRUNLQJ�RQ�
WHFKQLTXHV�WR�UHPRWHO\�VHQVH�WKH�SURSHUWLHV�RI�WKHVH�RFHDQV�XVLQJ�PHDVXUHPHQWV�
WDNHQ�IURP�RUELWLQJ�VSDFHFUDIW��
)LQDOO\��VFLHQWLVWV�DUH�GHVLJQLQJ�
ODE�H[SHULPHQWV�DQG�VHDUFKLQJ�
WKH�(DUWK�IRU�OLIH�LQ�H[WUHPH�
HQYLURQPHQWV�WR�EHWWHU�
XQGHUVWDQG�WKH�ELRORJ\�WKDW�
PLJKW�H[LVW�XQGHU�WKH�VXUIDFH�RI�
WKHVH�LF\�ZRUOGV�

6FLHQWLVWV�DUH�KDUG�DW�ZRUN�
WRGD\��EXW�GLG�\RX�NQRZ�WKDW�WKH�
QH[W�WZR�PLVVLRQV�1$6$�SODQV�
WR�VHQG�WR�(XURSD�DQG�7LWDQ�
ZRQȇW�DUULYH�XQWLO������RU�ODWHU"�
%\�WKHQ��\RX�MXVW�PLJKW�EH�UHDG\�
WR�MRLQ�WKHVH�PLVVLRQV�DQG�KHOS�
1$6$�DFKLHYH�LWV�REMHFWLYHV�

what are nasa’s goals for exploring icy worlds?

)LJXUH����7KH�FRPSOH[�VXUIDFHV�
RI�VRPH�RI�WKH�LF\�ZRUOGV�
LPDJHG�E\�WKH�*DOLOHR��(XURSD���
&DVVLQL��(QFHODGXV�DQG�7LWDQ���
DQG�1HZ�+RUL]RQV��3OXWR��
VSDFHFUDIW���LPDJHV��1$6$�-3/�
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past missions to the Icy Worlds

$OWKRXJK�*DOLOHR�*DOLOHL�ȴUVW�GLVFRYHUHG�-XSLWHUȇV�IRXU�ODUJHVW�PRRQV��ΖR��
(XURSD��*DQ\PHGH��DQG�&DOOLVWR��LQ�������ZH�NQHZ�OLWWOH�DERXW�WKH�LF\�
ERGLHV�LQ�WKH�RXWHU�VRODU�V\VWHP�XQWLO�WKH�HDUO\�����V�ZKHQ�WKH�3LRQHHU�
DQG�9R\DJHU�SUREHV�UHWXUQHG�LPDJHV�RI�WKHLU�VXUIDFHV��7KHVH�SUREHV�
GLVFRYHUHG�WKDW�WKH�LF\�ERGLHV�RI�WKH�RXWHU�VRODU�V\VWHP�DUH�GLYHUVH�DQG�
FRPSOH[��ERWK�SX]]OLQJ�DQG�H[FLWLQJ�VFLHQWLVWV��2Q�(XURSD��LPDJHV�VKRZHG�
D�IUDFWXUHG�WHUUDLQ�WKDW�PDGH�LW�DSSHDU�DV�WKH�VXUIDFH�SHULRGLFDOO\�EURNH�
LQWR�SLHFHV��VKLIWHG��DQG�UH�IUR]H��7LWDQ��D�PRRQ�RI�6DWXUQ��KDG�D�WKLFN��
RUDQJH��GHQVH�DWPRVSKHUH�WKDW�SUHYHQWHG�WKH�VSDFHFUDIW�IURP�SHHULQJ�DW�
LWV�VXUIDFH��1HSWXQHȇV�PRRQ�7ULWRQ�KDG�LF\�ODYD�ȵRZV�DQG�DFWLYH�SOXPHV�
WKDW�ODXQFKHG�PDWHULDO�QHDUO\���PLOHV����NP��DERYH�WKH�VXUIDFH��ΖQ�WKH�
FRXUVH�RI�D�IHZ�\HDUV��WKH�VRODU�V\VWHP�EHFDPH�D�PXFK�PRUH�LQWHUHVWLQJ�
SODFH�

1H[W�XS�ZDV�WKH�*DOLOHR�VSDFHFUDIW��ZKLFK�RUELWHG�-XSLWHU�IRU�RYHU���
\HDUV������Ȃ������DQG�WRRN�KLJKHU�UHVROXWLRQ�LPDJHV��ΖW�DOVR�PDGH�
PXOWLSOH�ȵ\E\V�RI�HDFK�RI�-XSLWHUȇV�ODUJH�LF\�PRRQV��7KH�*DOLOHR�VSDFHFUDIW�
GLVFRYHUHG�(XURSDȇV�VXEVXUIDFH�RFHDQ�XVLQJ�D�WHFKQLTXH�FDOOHG�PDJQHWLF�
LQGXFWLRQ��ΖW�DOVR�GHWHFWHG�*DQ\PHGHȇV�PDJQHWLF�ȴHOG�DQG�JRW�D�FORVH�XS�
YLHZ�RI�WKH�SRZHUIXO�YROFDQLF�DFWLYLW\�RQ�ΖR�

)URP������WR�������WKH�&DVVLQL�PLVVLRQ�SURYLGHG�VLPLODU�GDWD�DW�6DWXUQ��
'XULQJ�LWV�ȴUVW�7LWDQ�ȵ\E\��&DVVLQL�UHOHDVHG�WKH�+X\JHQV�SUREH�ZKLFK�VHQW�
EDFN�WKH�ȴUVW�LPDJHV�RI�7LWDQȇV�VXUIDFH�DV�LW�VORZO\�GHVFHQGHG�WKURXJK�
WKH�GHQVH�DWPRVSKHUH��/DWHU�LQ�WKH�PLVVLRQ��&DVVLQL�XVHG�UDGLR�ZDYHV�WR�
UHPRWHO\�REVHUYH�PDQ\�OLTXLG�ODNHV�RQ�WKH�QRUWKHUQ�DQG�VRXWKHUQ�SROHV�RI�
7LWDQ��$QRWKHU�H[FLWLQJ�GLVFRYHU\�RI�WKH�&DVVLQL�PLVVLRQ�ZDV�WKH�GHWHFWLRQ�
DQG�GLUHFW�VDPSOLQJ�RI�SOXPHV�FRPLQJ�RXW�RI�WKH�VRXWK�SROH�RI�WKH�VPDOO�
ZKLWH�LQQHU�PRRQ�(QFHODGXV�
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ΖQ�������1HZ�+RUL]RQV�
EHFDPH�WKH�ȴUVW�VSDFHFUDIW�
WR�WDNH�FORVH�XS�LPDJHV�
RI�3OXWRȇV�VXUIDFH��7KH�
VSDFHFUDIW�ZDV�PRYLQJ�VR�
IDVW�ZKHQ�LW�UHDFKHG�IDU�DZD\�
3OXWR�LW�FRXOG�RQO\�TXLFNO\�
]LS�E\��'HVSLWH�WKLV��1HZ�
+RUL]RQV�SURYLGHG�DPD]LQJ�
KLJK�UHVROXWLRQ�LPDJHU\�RI�
QHDUO\�DOO�RI�3OXWRȇV�VXUIDFH�
DQG�GLUHFWO\�PHDVXUHG�WKH�
SURSHUWLHV�RI�LWV�DWPRVSKHUH��
$JDLQ��VFLHQWLVWV�ZHUH�EORZQ�
DZD\�E\�WKH�XQH[SHFWHG��
3OXWRȇV�FROG�VXUIDFH�ZDV�
VKRZQ�WR�EH�DV�FRPSOH[�
DV�DQ\�RWKHU�LF\�ERG\�ZLWK�
LQWHQVH�OLJKW�DQG�GDUN�FRORU�
YDULDWLRQ�DQG�WDOO�PRXQWDLQ�
ULGJHV��3OXWRȇV�DWPRVSKHUH�
ZDV�DOVR�PXFK�GHQVHU�WKDQ�
VFLHQWLVWV�SUHYLRXVO\�WKRXJKW�

$URXQG�WKH�VDPH�WLPH��WKH�
VSDFHFUDIW�'DZQ�ZHQW�LQWR�
RUELW�DURXQG�&HUHV��D�GZDUI�
SODQHW�LQ�WKH�DVWHURLG�EHOW�
EHWZHHQ�-XSLWHU�DQG�0DUV��
8QOLNH�PDQ\�RI�WKH�LF\�ZRUOGV�
ZH�KDYH�GLVFXVVHG�VR�IDU��
&HUHVȇ�VXUIDFH�LV�D�PL[WXUH�
RI�URFN�DQG�LFH�EHFDXVH�LW�
RUELWV�PXFK�FORVHU�WR�WKH�6XQ��
'DZQ�GLVFRYHUHG�&HUHV�KDV�D�
XQLTXH�VXUIDFH�WKDW�LV�KHDYLO\�
FUDWHUHG�EXW�DOVR�VSHFNOHG�
ZLWK�VDOW\�EULJKW�VSRWV�

)LJXUH����$�WLPHOLQH�RI�SDVW��FXUUHQW��DQG�IXWXUH�PLVVLRQV�WR�WKH�LF\�ZRUOGV�LQ�RXU�
VRODU�V\VWHP���VSDFHFUDIW�LPDJHV��1$6$�-3/�DQG�(6$�
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why icy worlds?
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