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$%675$&7� &RQVLGHU� D� VSHFLILF� W\SH� RI� ILVVLRQ� ZKHUH� SV\FKRORJLFDO� FRQWLQXLW\� WDNHV��
D�EUDQFKLQJ�IRUP��DQG�RQH�RI�WKH�RIIVKRRWV�FRPHV�LQWR�EHLQJ�ODWHU�WKDQ�WKH�RWKHU�RII�
VKRRW��/HW�XV�VD\�WKDW�WKH�HDUOLHU�RIIVKRRW�FRPHV�LQWR�EHLQJ�LQ�WKH�OHIW�EUDQFK�DW�W��DQG�
WKH�ODWHU�RIIVKRRW�FRPHV�LQWR�EHLQJ�LQ�WKH�ULJKW�EUDQFK�DW�W����:LWK�UHJDUG�WR�WKH�TXHV�
WLRQ�KRZ�PDQ\�SHUVRQV�DUH�LQYROYHG�LQ�WKLV�FDVH��WKUHH�DQVZHUV�DUH�ZRUWK�FRQVLGHULQJ��
�L��7KH�RULJLQDO�VXEMHFW�SHUVLVWV�XS�WR�W��D�GLVWLQFW�SHUVRQ�FRPHV�LQWR�EHLQJ�LPPHGLDWHO\�
DIWHU�W�DQG�FRQWLQXHV�WR�H[LVW�LQ�WKH�OHIW�EUDQFK��DQG�WKH�WKLUG�SHUVRQ�FRPHV�LQWR�EHLQJ�
LQ�WKH�ULJKW�EUDQFK�DW�W�����LL��7KH�RULJLQDO�VXEMHFW�SHUVLVWV�XS�WR�WKH�PRPHQW�LPPH�
GLDWHO\�EHIRUH�W����D�GLVWLQFW�SHUVRQ�FRPHV� LQWR�EHLQJ�DW�W���DQG�FRQWLQXHV�WR�H[LVW� LQ�
WKH�OHIW�EUDQFK��DQG�WKH�WKLUG�SHUVRQ�FRPHV�LQWR�EHLQJ�LQ�WKH�ULJKW�EUDQFK�DW�W�����LLL��
7KH�RULJLQDO�VXEMHFW�FRQWLQXHV�WR�H[LVW�LQ�WKH�OHIW�EUDQFK��D�GLVWLQFW�SHUVRQ�FRPHV�LQWR�
EHLQJ�LQ�WKH�ULJKW�EUDQFK�DW�W����)RU�WKRVH�ZKR�KROG�WKDW�SHUVRQDO�LGHQWLW\�FRQVLVWV�LQ�
SV\FKRORJLFDO� FRQWLQXLW\� RI� VRPH� VRUW�� WKH� DIRUHPHQWLRQHG� WKUHH� RSWLRQV� H[KDXVW� WKH�
VHQVLEOH�ZD\V� RI� XQGHUVWDQGLQJ� KRZ� RQH� SHUVLVWV� LQ� GHOD\HG� ILVVLRQ��+RZHYHU�� ,� DUJXH�
WKDW�FRPSOLFDWLRQV�DULVH�IRU�HDFK�DQVZHU��+HQFH��GHOD\HG�ILVVLRQ�SRVHV�D�FKDOOHQJH�IRU�WKH�
SV\FKRORJLFDO�DSSURDFK�WR�SHUVRQDO�LGHQWLW\��

.(<:25'6� 'HOD\HG�ILVVLRQ��ILVVLRQ��SHUVLVWHQFH�FRQGLWLRQ��SHUVRQDO�LGHQWLW\��SV\�
FKRORJLFDO�DSSURDFK�WR�SHUVRQDO�LGHQWLW\��

� ,Q�WKLV�DUWLFOH��,�ZLOO�DUJXH�WKDW�WKHUH�LV�DQ�LQWUDFWDEOH�SUREOHP�IRU�WKH�
PDLQVWUHDP� SRVLWLRQ� LQ� WKH� SV\FKRORJLFDO� DSSURDFK� WR� SHUVRQDO� LGHQWLW\��
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ZKLFK�,�VKDOO�GXE� the standard psychological view of personal identity �RU�WKH�
VWDQGDUG� SV\FKRORJLFDO� YLHZ�� IRU� VKRUW��� 7KLV� SUREOHP� LQYROYHV� D� VSHFLILF�
W\SH�RI�ILVVLRQ�ZKHUH�RQH�RI�WKH�RIIVKRRWV�FRPHV�LQWR�EHLQJ�ODWHU�WKDQ�WKH�
RWKHU�RIIVKRRW��&DOO�WKLV�W\SH�RI�ILVVLRQ�delayed fission��0\�FRQWHQWLRQ�LV�WKDW�
QR�YHUVLRQ�RI�WKH�VWDQGDUG�SV\FKRORJLFDO�YLHZ�FDQ�SODXVLEO\�H[SODLQ�WKH�SHU�
VLVWHQFH�FRQGLWLRQ�RI�GHOD\HG�ILVVLRQ�YLFWLPV��

1. The standard psychological view and delayed fission 

� %HIRUH�LQWURGXFLQJ�WKH�SUREOHP��,�QHHG�WR�EH�FOHDU�DERXW�WKH�LQWHQGHG�
WDUJHW� RI� WKLV� DUWLFOH��7KH� VWDQGDUG SV\FKRORJLFDO� YLHZ� KDV� SUREDEO\� UH�
FHLYHG�WKH�PRVW�WKRURXJK�H[DPLQDWLRQV�E\�'HUHN�3DUILW�������DQG�������
DQG�6\GQH\�6KRHPDNHU�������DQG�������� DQG�KDV�DOVR�EHHQ�GLVFXVVHG�E\��
D� JUHDW� QXPEHU� RI� SKLORVRSKHUV� DIWHUZDUG��� /LNH� RWKHU� YHUVLRQV� RI� WKH�
SV\FKRORJLFDO� DSSURDFK� WR� SHUVRQDO� LGHQWLW\�� WKH� VWDQGDUG� SV\FKRORJLFDO�
YLHZ� KROGV� WKDW� D� SHUVRQ� H[LVWLQJ� DW� RQH� WLPH� DQG� D� SHUVRQ� H[LVWLQJ� DW�
DQRWKHU�WLPH�DUH�LGHQWLFDO�WR�HDFK�RWKHU�E\�YLUWXH�RI�PDLQWDLQLQJ�SV\FKR�
ORJLFDO�FRQWLQXLW\�RI�VRPH�VRUW��ZKHUH�SV\FKRORJLFDO�FRQWLQXLW\�FRQVLVWV�LQ�
RYHUODSSLQJ�FKDLQV�RI�VWURQJ�SV\FKRORJLFDO�FRQQHFWHGQHVV��$�SHUVRQ�H[LVW�
LQJ�DW�RQH�WLPH�LV�VWURQJO\�SV\FKRORJLFDOO\�FRQQHFWHG�WR�D�SHUVRQ�H[LVWLQJ�DW�
D�GLIIHUHQW�WLPH�MXVW�LQ�FDVH�WKHUH�H[LVW�D�VXIILFLHQW�QXPEHU�RI�UHOHYDQW�SV\�
FKRORJLFDO�FRQQHFWLRQV�KROGLQJ�EHWZHHQ�WKHP��

������������������������������������������������������
��� )RU� PRUH� UHFHQW� GLVFXVVLRQV� RI� WKH� VWDQGDUG� SV\FKRORJLFDO� YLHZ�� VHH� %UXHFNQHU�
��������������&DPSEHOO���������������DQG�1RRQDQ���������
��� +HUH�,�IROORZ�3DUILWV�H[SOLFDWLRQ�RI�WKH�QRWLRQV�RI�VWURQJ�SV\FKRORJLFDO�FRQQHFWHG�
QHVV�DQG�SV\FKRORJLFDO�FRQQHFWLRQV��VHH�3DUILW�����������������3DUILW� VXJJHVWV�D� UDWKHU�
FDVXDO�YLHZ�UHJDUGLQJ�ZKDW�FRXQWV�DV�D� VXIILFLHQW�QXPEHU�RI�SV\FKRORJLFDO�FRQQHFWLRQV�
IRU�PDLQWDLQLQJ�SV\FKRORJLFDO�FRQWLQXLW\��+H�SURSRVHV�WKDW�WKHUH�DUH�D�VXIILFLHQW�QXPEHU�
RI�SV\FKRORJLFDO� FRQQHFWLRQV�KROGLQJ� IURP�RQH�GD\� WR� WKH�QH[W� LI� WKHLU�QXPEHU� LV�  at؈
least half�WKH�QXPEHU�WKDW�KROG��RYHU�HYHU\�GD\��LQ�WKH�OLYHV�RI�QHDUO\�HYHU\�DFWXDO�SHUVRQ؉�
�3DUILW� ������ ������ 6LQFH� LW� LV� QRW� QHFHVVDU\� WR� VSHFLI\� WKH� FRUUHFW� FULWHULRQ� RI� ZKDW�
FRXQWV�DV�D� VXIILFLHQW�QXPEHU�RI�SV\FKRORJLFDO�FRQQHFWLRQV� IRU� WKH�SXUSRVH�RI� WKLV�DU�
WLFOH�� ,� ZLOO� VLPSO\� DVVXPH� WKDW� WKHUH� LV� D� SODXVLEOH� FULWHULRQ� IRU� GHWHUPLQLQJ� VXFK��
D�QXPEHU��

�VXFK�DV�PHPRULHV��WKH�FRQ�
WLQXDWLRQ� RI� EHOLHIV�� GHVLUHV�� LQWHQWLRQV�� DQG� RWKHU� VXLWDEOH� SV\FKRORJLFDO�
VWDWHV�FDSDFLWLHV� DQG� FKDUDFWHULVWLFV�� XQGHUSLQQHG� E\� WKH� ULJKW� NLQG� RI�
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FDXVH��

� %HDULQJ�LQ�PLQG�WKH�DIRUHPHQWLRQHG�NH\�WHQHWV�RI�WKH�VWDQGDUG�SV\FKR�
ORJLFDO�YLHZ��,�ZLOO�QRZ�WXUQ�WR�WKH�SUREOHP�SRVHG�E\�GHOD\HG�ILVVLRQ��,P�
DJLQH�D�FDVH�ZKHUH�RQHV�ERG\� LV�VFDQQHG�DQG�FRQWLQXHV�WR�H[LVW��DQG�after 
some time��D�QHZ�KXPDQ�ERG\�LV�JHQHUDWHG�DW�D�GLIIHUHQW�SODFH�H[DFWO\�LQ�DF�
FRUGDQFH�ZLWK� WKH� VFDQQHG� LQIRUPDWLRQ��$VVXPLQJ� WKDW� WKH� VFDQQLQJ� DQG�
GXSOLFDWLRQ�SURFHVV�LV�VXFFHVVIXO��WKH�SHUVRQ�RFFXS\LQJ�WKH�QHZ�ERG\�LV�SV\�
FKRORJLFDOO\�H[DFWO\�VLPLODU�WR�WKH�RULJLQDO�SHUVRQ�DV�KH�LV�DW�WKH�WLPH�RI�WKH�
VFDQQLQJ��&DOO�WKLV�FDVH�Delayed Replication��DV�GLDJUDPHG�EHORZ�

�7KH�VWDQGDUG�SV\FKRORJLFDO�YLHZ�DOVR�KROGV�WKDW�LQ�D�FDVH�RI�UHJXODU�
ILVVLRQ�ZKHUH�WZR�RIIVKRRWV�GLYHUJH�DW�WKH�VDPH�WLPH��WKH�SUH�ILVVLRQ�VXE�
MHFW�LV�QXPHULFDOO\�GLVWLQFW�IURP�HLWKHU�RI�WKH�WZR�SRVW�ILVVLRQ�RIIVKRRWV��DQG�
WKXV�WKDW�WKUHH�SHUVRQV�DUH�LQYROYHG�LQ�WRWDO��,Q�WKLV�UHVSHFW��WKLV�YLHZ�LV�GLI�
IHUHQW�IURP�WKH�RQH�GHYHORSHG�E\�'DYLG�/HZLV��������DQG�RWKHU�SHUGXUDQW�
LVWV��ZKLFK�FODLPV�WKDW�D�UHJXODU�ILVVLRQ�FDVH�LQYROYHV�WZR�GLVWLQFW�FRQWLQXDQWV�
SDUWLDOO\�RYHUODSSLQJ�HDFK�RWKHU�EHIRUH�WKH�ILVVLRQ��7KH�VWDQGDUG�SV\FKRORJL�
FDO�YLHZ�GRHV�QRW�DOORZ�RYHUODSV�DW�DQ\�WLPH�EHIRUH�RU�GXULQJ�WKH�ILVVLRQ��,Q�
VKRUW��WKH�VWDQGDUG�SV\FKRORJLFDO�YLHZ�KROGV�WKDW��L��SHUVRQDO�LGHQWLW\�FRQVLVWV�
LQ�QRQ�EUDQFKLQJ�SV\FKRORJLFDO�FRQWLQXLW\��DQG�WKXV�WKDW��LL��LQ�D�UHJXODU�ILV�
VLRQ�FDVH��RQH�FHDVHV�WR�H[LVW�DQG�LV�UHSODFHG�E\�WZR�GLVWLQFW�LQGLYLGXDOV��
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0DWKHPDWLFDOO\�VSHDNLQJ��D�WRWDO�RI�HLJKW�SRVVLELOLWLHV�FDQ�EH�VXJJHVWHG�ZLWK�
UHJDUG�WR�WKH�LGHQWLWLHV�DPRQJ�$��%��DQG�&��
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��� 5HJDUGLQJ�WKH�FDXVDO�EDVLV�RI�SV\FKRORJLFDO�FRQQHFWLRQV��3DUILW�WKLQNV�WKDW�WKH�ULJKW�
NLQG�RI�FDXVH�LV�DQ\�FDXVH��DV�RSSRVHG�WR�WKH�QRUPDO�FDXVH��ZKLFK�UHTXLUHV�WKH�FRQWLQ�
XHG�H[LVWHQFH�RI�WKH�VDPH�EUDLQ��RU�DQ\�UHOLDEOH�FDXVH��FI��3DUILW�����������������,�ZLOO�
IROORZ�3DUILWV�YLHZ�RQ�WKH�ULJKW�NLQG�RI�FDXVH�LQ�WKLV�DUWLFOH��DOWKRXJK�PRVW�RI�P\�DU�
JXPHQWV�ZLOO�ZRUN�ZLWK�RWKHU�YLHZV�DV�ZHOO��
��� $V� WKH� GLDJUDP� VXJJHVWV��$� LV� WKH� FRQWLQXDQW� SHUVRQ� SHUVLVWLQJ� XS� WR� W��%� LV� WKH�
FRQWLQXDQW�SHUVRQ�SHUVLVWLQJ�EHWZHHQ�W�DQG�W����H[FOXVLYHL�H���QRW�LQFOXGLQJ�W�RU�W�����
&�DQG�'�DUH�WKH�FRQWLQXDQW�SHUVRQV�SHUVLVWLQJ�DW�DQG�DIWHU�W���LQ�WKH�OHIW�EUDQFK�DQG�LQ�
WKH�ULJKW�EUDQFK��UHVSHFWLYHO\��
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� ����� $്%��%്&��DQG�$്&�
� ����� $്%��%്&��DQG�$=&�
� ����� $്%��%=&��DQG�$്&� >the First Route@�
� ����� $്%��%=&��DQG�$=&�
� ����� $=%��%്&��DQG�$്&� >the Second Route@�
� ����� $=%��%്&��DQG�$=&�
� ����� $=%��%=&��DQG�$്&�
� ����� $=%��%=&��DQG�$=&� >the Third Route@�

,W�LV�FOHDU�WKDW�����������DQG�����FDQQRW�EH�WKH�FDVH�EHFDXVH�WKH\�DOO�OHDG�WR�
FRQWUDGLFWLRQ��$V�IRU�����DQG������QHLWKHU�LV�LQFRQVLVWHQW��KRZHYHU��,�GR�QRW�
WKLQN�WKDW�����DQG�����DUH�ZRUWK�PXFK�FRQVLGHUDWLRQ�EHFDXVH�WKH\�DUH�OHVV�
SODXVLEOH�WKDQ������DQG�DV�,�VKDOO�DUJXH�ODWHU������LV�SUREOHPDWLF��

� 7KH�)LUVW�5RXWH�KROGV�WKDW�$�LV�QRW�LGHQWLFDO�WR�%��DOWKRXJK�%�LV�LGHQ�
WLFDO�WR�&��6R��RQ�WKLV�DOWHUQDWLYH��$�FHDVHV�WR�H[LVW�LPPHGLDWHO\�DIWHU�W��DQG�
D�QHZ�SHUVRQ�FRPHV� LQWR�EHLQJ� IURP�WKDW�WLPH�RQ��LQ�WKH� OHIW�EUDQFK��� ,I�
WKLV�LV�WUXH��WKHQ�ZH�ZLOO�KDYH�WR�FRQFOXGH�WKDW�D�PHUH�VFDQQLQJ�SURFHVV�FDQ�

�7KLV�OHDYHV�
XV� ����� ����� DQG� ���� DV� WKH� OHDVW� XQWHQDEOH� RI� DOO� WKH� RSWLRQV�� ,� VKDOO� FDOO�
WKHP�� UHVSHFWLYHO\�� WKH� )LUVW� 5RXWH�� WKH� 6HFRQG� 5RXWH�� DQG� WKH� 7KLUG�
5RXWH��&RQIURQWHG�ZLWK�GHOD\HG�ILVVLRQ��DGYRFDWHV�RI�WKH�VWDQGDUG�SV\FKR�
ORJLFDO�YLHZ�PXVW�FKRRVH�RQH�RI�WKH�WKUHH�URXWHV��VLQFH�WKH�DIRUHPHQWLRQHG�
WKUHH� URXWHV� H[KDXVW� DOO� WKH� VHQVLEOH� RSWLRQV�� ,Q� ZKDW� IROORZV�� KRZHYHU���
,�ZLOO�DUJXH�WKDW�JLYHQ�WKDW�RXU�SHUVLVWHQFH�FRQGLWLRQ�LV�SV\FKRORJLFDO�LQ�QD�
WXUH��HDFK�RI�WKHP�\LHOGV�GHHSO\�LPSODXVLEOH�LPSOLFDWLRQV��

2. Problems with the First Route 

������������������������������������������������������
��� 0RUH� VSHFLILFDOO\�� ,� FODLP� WKDW� ���� DQG� ���� DUH� OHVV� SODXVLEOH� WKDQ� ����EHFDXVH� WKH\�
KDYH�DOO�WKH�GLVDGYDQWDJHV�RI�����WKDW�,�ZLOO�VSHFLI\�LQ�WKH�IROORZLQJ�VHFWLRQ�RQ�WKH�)LUVW�
5RXWH��ZKLOH� WKH\�KDYH�QR�SDUWLFXODU� DGYDQWDJHV�RYHU� ����� ���� DQG� ���� DOVR� VKDUH� VRPH�
GLVDGYDQWDJHV�RI� ����WKDW�DUH�GLVFXVVHG� LQ�WKH�VHFWLRQ�RQ�WKH�6HFRQG�5RXWH��ZKLFK�DUH�
QRW� VKDUHG�E\� �����6HH� IRRWQRWHV� �� DQG����� ,Q� DUJXLQJ� WKLV�ZD\�� ,� DVVXPH� WKDW�ZH� DUH�
FRQWLQXDQW�EHLQJV�WKDW�SHUVLVW�IRU�VRPH�WLPH��7KRVH�ZKR�EHOLHYH�WKDW�ZH�DUH�HSKHPHUDO�
WLPH�VOLFH�RI�FRQWLQXDQW�SHUVRQV��VHH��H�J���6LGHU����������������������RU�WKDW�WKH�HQ�
GXULQJ�VHOI�LV�DQ�LOOXVLRQ��VHH��H�J���+XPH�������%RRN����3DUW����6HF�����PD\�FKDOOHQJH�
WKLV�DVVXPSWLRQ��+RZHYHU��,�ZLOO�QRW�GLVFXVV�WKHVH�YLHZV�KHUH�EHFDXVH�WKDW�ZRXOG�WDNH�
XV�EH\RQG�WKH�VFRSH�RI�WKLV�DUWLFOH��
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WHUPLQDWH�RQHV�H[LVWHQFH�ZLWKRXW�GLVWXUELQJ�KLV�PHPRULHV��EHOLHIV�� LQWHQ�
WLRQV��DQG�DQ\�RWKHU�SV\FKRORJLFDO�IHDWXUHV��7KDW�LV�YHU\�KDUG�WR�EHOLHYH��
� $�SRVVLEOH�GHIHQVH�RI�WKH�)LUVW�5RXWH�PD\�UHVRUW�WR�WKH�GLVWLQFWLRQ�WKDW�
3DUILW�GUDZV�EHWZHHQ�SHUVRQDO�LGHQWLW\�DQG�ZKDW�PDWWHUV�LQ�VXUYLYDO��3DUILW�
IDPRXVO\�DUJXHG�WKDW�ZKDW�PDWWHUV�LQ�VXUYLYDO�LV�WKH�SUHVHUYDWLRQ�RI�SV\FKR�
ORJLFDO� FRQWLQXLW\�� QRW� SHUVRQDO� LGHQWLW\� per se� �FI�� 3DUILW� ������ ����������
$FFRUGLQJ�WR�KLP��IRU�H[DPSOH��ZKDW�,�RXJKW�WR�EH�FRQFHUQHG�DERXW�LQ�IDF�
LQJ� OLIH�WKUHDWHQLQJ� LQFLGHQWV� VXFK� DV� DQ� LPPLQHQW� EDWWOH� LV� QRW�ZKHWKHU��
,�ZLOO�VWLOO�H[LVW�DIWHU�WKH�LQFLGHQW�EXW�ZKHWKHU�WKHUH�ZLOO�EH�VRPHRQH�SV\�
FKRORJLFDOO\�FRQWLQXRXV�ZLWK�PH�DV�,�DP�QRZ�EHIRUH�WKH�LQFLGHQW��(PSOR\�
LQJ�WKLV�LGHD��SURSRQHQWV�RI�WKH�)LUVW�5RXWH�PD\�DUJXH�WKDW�DV�ORQJ�DV�ZKDW�
PDWWHUV�WR�$�LV�SUHVHUYHG�LQ�%��LW�LV�LPPDWHULDO�ZKHWKHU�$�LV�LGHQWLFDO�WR�%�
RU�QRW��DQG�WKHUHIRUH�LW�LV�QRW�VR�LPSODXVLEOH�WR�FODLP�WKDW�$�LV�QRW�LGHQWLFDO�
WR�%�LQ�'HOD\HG�5HSOLFDWLRQ��
� 7KLV�UHVSRQVH�GRHV�QRW�VWULNH�PH�DV�WHQDEOH��(YHQ�LI�ZH�JUDQW�WKDW�WKHUH�
LV�D�FRQFHSWXDO�GLIIHUHQFH�EHWZHHQ�SHUVRQDO�LGHQWLW\�DQG�ZKDW�PDWWHUV�LQ�VXU�
YLYDO��DQG�WKDW�WKH�IRUPHU��XQOLNH�WKH�ODWWHU��FDUULHV�QR�SUXGHQWLDO�YDOXH��WKLV�
GRHV�QRW�LPSO\�WKDW�SHUVRQDO�LGHQWLW\�PD\�KROG�LQ�DQ�XQSULQFLSOHG�ZD\��)RU�
LQVWDQFH��LI�D�WKHRU\�FODLPV�IRU�QR�JRRG�UHDVRQ�WKDW�,�ZLOO�VXGGHQO\�FHDVH�WR�
H[LVW�DV�VRRQ�DV�,�VWHS�RXW�RI�WKLV�URRP��WKRXJK��RI�FRXUVH��ZKDW�PDWWHUV�WR�
PH�EHIRUH� ,�JR�RXW� LV�SUHVHUYHG� LQ� WKH�SHUVRQ�ZKR�ZLOO�EH� MXVW�RXWVLGH� WKH�
URRP��WKLV�WKHRU\�RXJKW�WR�EH�GHHPHG�LPSODXVLEOH��3DUILW�KDV�D�SULQFLSOHG�DQ�
VZHU�DV�WR�WKH�KROGLQJ�RI�SHUVRQDO�LGHQWLW\��KH�WKLQNV�WKDW�SHUVRQDO�LGHQWLW\�LV�
FRQVWLWXWHG� E\� SV\FKRORJLFDO� FRQWLQXLW\� WKDW� GRHV� QRW� WDNH� D� �؉EUDQFKLQJ؈
IRUP��

� 3URSRQHQWV�RI�WKH�)LUVW�5RXWH�PD\�WU\�WR�H[SODLQ�DZD\�WKH�LPSODXVLELOL�
W\�MXVW�QRWHG�E\�FRQVLGHULQJ�D�GLIIHUHQW�W\SH�RI�GHOD\HG�ILVVLRQRQH�LQYROY�
LQJ� D� EUDLQ� WUDQVSODQW�� DV� RSSRVHG� WR� D� ERGLO\� VFDQQLQJ� SURFHVV�� ,PDJLQH��
D�FDVH�ZKHUH�RQHV�SV\FKRORJLFDO�FDSDFLWLHV�DQG�FRQWHQWV�DUH�QRW�ODWHUDOL]HG�

�,Q�'HOD\HG�5HSOLFDWLRQ��WKH�SV\FKRORJLFDO�FRQWLQXLW\�KROGLQJ�EHWZHHQ�
$�DQG�%�GRHV�QRW�WDNH�D�EUDQFKLQJ�IRUP��6R��RQ�3DUILWV�YLHZ��LW�RXJKW�WR�EH�
WKH�FDVH�WKDW�$=%��FRQWUD�WKH�)LUVW�5RXWH��7KRVH�ZKR�DUJXH�IRU�WKH�)LUVW�
5RXWH�VWLOO�QHHG�WR�SURYLGH�D�SULQFLSOHG�DQVZHU�WR�WKH�TXHVWLRQ�ZK\�RQH�FHDV�
HV�WR�H[LVW�ZKLOH�JRLQJ�WKURXJK�WKH�VFDQQLQJ�SURFHVV�LQ�'HOD\HG�5HSOLFDWLRQ��

������������������������������������������������������
��� 6RPH�KDYH� DUJXHG� WKDW� LW� LV� LPSRVVLEOH��RU� DW� OHDVW� H[WUHPHO\�GLIILFXOW�� WR� IRUPDOO\�
GHILQH� WKH�QRQ�EUDQFKLQJ� FODXVH� LQ� D� QRQ�FLUFXODU�PDQQHU� �VHH�� H�J���%UXHFNQHU� ������
%UXHFNQHU� � %XIRUG� ������� ,Q�P\� ������� DUWLFOH�� ,� SURIIHU� WKUHH� IRUPXODWLRQV� RI� WKH�
QRQ�EUDQFKLQJ�FODXVH�WKDW�GR�QRW�LQYROYH�D�FLUFXODU�UHDVRQLQJ��
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LQ�WKH�EUDLQ��KLV�WZR�EUDLQ�KHPLVSKHUHV�KDYH�PRUH�RU�OHVV�WKH�VDPH�FDSDFL�
WLHV��DQG�WKH\�DUH�PXWXDOO\�FRPSOHWHO\�UHGXQGDQW�LQ�WKHLU�SV\FKRORJLFDO�FRQ�
WHQWV�EHFDXVH�WKH\�VKDUH�PRVW�RI�WKH�FRQWHQWV�WKURXJK�WKH�FRUSXV�FDOORVXP��
DV� D� UHVXOW�� WKH\� DUH� DOPRVW� V\PPHWULFDO�ZLWK� UHVSHFW� WR� WKHLU�SV\FKRORJLFDO�
VWDWHV�FDSDFLWLHV�� SV\FKR�SK\VLFDO� FKDUDFWHULVWLFV�� HWF�� 6XSSRVH� DOVR� WKDW� WKH�
WZR�KHPLVSKHUHV� DUH� UHPRYHG� IURP� WKH�RULJLQDO� VXEMHFWV� FUDQLXP�� DQG� WKH�
ULJKW�KHPLVSKHUH�LV�SUHVHUYHG�LQ�D�VSHFLDO�GHYLFH�ZKHUH�LW�UHPDLQV�ELRORJLFDOO\�
IXQFWLRQDO� EXW�XQFRQVFLRXV�� LW�ZLOO� JDLQ� FRQVFLRXVQHVV� RQFH� WUDQVSODQWHG� WR��
D�OLYLQJ�KXPDQ�ERG\��7KH�OHIW�KHPLVSKHUH��ZKLOH�LQ�DQ�XQFRQVFLRXV�VWDWH��LV�
WUDQVSODQWHG�WR�D�EUDLQOHVV��OLYLQJ�KXPDQ�ERG\��DQG�D�IHZ�GD\V�ODWHU�WKH�ULJKW�
KHPLVSKHUH�LV�VLPLODUO\�WUDQVSODQWHG�WR�D�GLVWLQFW�OLYLQJ�KXPDQ�ERG\��

�
�
�
�
�
�
�
�
�

�6LQFH�
WKH�WZR�EUDLQ�KHPLVSKHUHV�DUH�TXLWH�VLPLODU� WR�HDFK�RWKHU��HDFK�RI� WKH�WZR�
UHVXOWLQJ�SHUVRQV��DV�VRRQ�DV�KH�JDLQV�FRQVFLRXVQHVV�� LV�VWURQJO\�SV\FKRORJL�
FDOO\�FRQQHFWHG�WR�WKH�RULJLQDO�SHUVRQ�EHIRUH�WKH�WUDQVSODQW�RSHUDWLRQ�WR�DO�
PRVW�WKH�VDPH�GHJUHH��&DOO�WKLV�FDVH�'HOD\HG�'LYLVLRQ��DV�GLDJUDPHG�EHORZ��

������������������������������������������������������
��� 6RPH�PD\� GRXEW�ZKHWKHU� WKLV� FDVH� LV� UHDOO\� DQ� H[DPSOH� RI� GHOD\HG� ILVVLRQ�RQ� WKH�
JURXQGV�WKDW�WKH�XQFRQVFLRXV�ULJKW�KHPLVSKHUH�PD\�EH�OLNH�D�EUDLQ�LQ�KLEHUQDWLRQ��2Q�
WKLV�YLHZ��WKHUH�H[LVWV�D�SHUVRQ�NHSW�LQ�H[LVWHQFH�E\�WKH�ULJKW�KHPLVSKHUH�ZKLOH�LW�LV�LQ�
WKH� GHYLFH�� DQG� WKDW� SHUVRQ� LV� OLNH� DQ� RUGLQDU\� SHUVRQ� LQ� D� VWDWH� RI� GUHDPOHVV� VOHHS��
7KRVH�ZKR�WKLQN�WKLV�ZD\�PD\�DGDSW�WKH�VWRU\�DV�WKH\�VHH�ILW�VR�WKDW�WKH�DGDSWHG�VWRU\�
LV�FOHDUO\�D�FDVH�RI�GHOD\HG�ILVVLRQ��)RU�H[DPSOH��RQH�PLJKW�VWLSXODWH�WKDW�WKH�ULJKW�KH�
PLVSKHUH��DIWHU�UHPRYDO��LV�WR�EH�GLYLGHG�LQWR�PDQ\�SLHFHV��FDUHIXOO\�SUHVHUYHG�LQ�VHSDUDWH�
SODFHV�ZLWKRXW�LUUHSDUDEOH�GDPDJH��DQG�ODWHU�UHDVVHPEOHG�H[DFWO\�DV�WKH\�ZHUH�EHIRUH�WKH�
VXUJHU\��,�OHDYH�LW�RSHQ�ZKDW�WKH�EHVW�DGDSWDWLRQ�RI�WKH�VWRU\�ZLOO�ORRN�OLNH��7KH�SRLQW�
WKDW�,�PDNH�LQ�ZKDW�IROORZV�GRHV�QRW�KLQJH�RQ�WKH�SDUWLFXODU�GHWDLOV�RI�WKH�VWRU\��EXW�UD�
WKHU�RQ�LWV�VWUXFWXUDO�IHDWXUHV��)RU�VLPSOLFLW\V�VDNH��,�ZLOO�DVVXPH�WKDW�P\�SUHYLRXV�GH�
VFULSWLRQ� LQYROYLQJ� WKH� UHPRYDO� DQG�SUHVHUYDWLRQ�RI�RQH�KHPLVSKHUH�SURYLGHV�D�FDVH�RI�
GHOD\HG�ILVVLRQ��

$
�

W����'
�JDLQV�FRQVFLRXVQHVV��

W��7KH�EUDLQ�LV�UHPRYHG��
W����%
�JDLQV�FRQVFLRXVQHVV��

�2QH�KHPLVSKHUH�LV��
LQ�WKH�VSHFLDO�GHYLFH��

'
�&
�

%
�
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�7KH� GDVKHG� OLQH� RQ� WKH� OHIW�KDQG� VLGH� EHWZHHQ� W� DQG� W��� LQGLFDWHV� WKH�
WLPH�GXULQJ�ZKLFK�WKH�WUDQVSODQWDWLRQ�RI�WKH�OHIW�KHPLVSKHUH�LV�SHUIRUPHG��
7KH� GDVKHG� OLQH� RQ� WKH� ULJKW�KDQG� VLGH� EHWZHHQ� W� DQG� W��� LQGLFDWHV� WKH�
WLPH�GXULQJ�ZKLFK�WKH�ULJKW�KHPLVSKHUH�LV�SUHVHUYHG�LQ�WKH�VSHFLDO�GHYLFH���
� 6LQFH�'HOD\HG�'LYLVLRQ�LV�VWUXFWXUDOO\�TXLWH�VLPLODU�WR�'HOD\HG�5HSOLFD�
WLRQ�� SURSRQHQWV� RI� WKH� )LUVW� 5RXWH�� WR� EH� FRQVLVWHQW�� PXVW� KROG� WKDW�
$
്%
��7KLV�LPSOLHV�WKDW�$
�FHDVHV�WR�H[LVW�DV�VRRQ�DV�KLV�EUDLQ�LV�UHPRYHG�
DW� W�� 6LQFH� WKH� HQG� RI� $
� V� H[LVWHQFH� LQYROYHV� D� UDWKHU� GUDPDWLF� WXUQ� RI�
HYHQWV�� L�H��� WKH� UHPRYDO� RI� WKH� EUDLQ� UHVXOWLQJ� LQ� FRPSOHWH� ORVV� RI� FRQ�
VFLRXVQHVV��D�SURSRQHQW�RI�WKH�)LUVW�5RXWH�PLJKW�DUJXH�WKDW�WKLV�LPSOLFD�
WLRQ�LV�DW�OHDVW�QRW�DV�DEVXUG�DV�ZKDW�WKH�)LUVW�5RXWH�LPSOLHV�DERXW�'HOD\HG�
5HSOLFDWLRQ�� QDPHO\�� WKDW� RQH� FHDVHV� WR� H[LVW� DV� VRRQ� DV� KLV� ERG\� JRHV�
WKURXJK�WKH�VFDQQLQJ�SURFHVV��
� +RZHYHU�� ,� GR� QRW� VHH� PXFK� DGYDQWDJH� LQ� WKLV� PDQHXYHU� EHFDXVH� LW�
VHHPV�WR�PH�WKDW�WR�KROG�WKDW�$
്%
�LQ�'HOD\HG�'LYLVLRQ�LV�QR�PRUH�SODXV�
LEOH�WKDQ�WR�KROG�WKDW�$്%�LQ�'HOD\HG�5HSOLFDWLRQ��7R�VHH�WKLV�SRLQW��LP�
DJLQH�WKDW�RQH�XQGHUJRHV�D�VXUJHU\�ZKHUH�WKH�VXUJHRQV�UHPRYH�RQHV�ULJKW�
KHPLVSKHUH�DQG�SUHVHUYH�LW�LQ�D�VSHFLDO�GHYLFH�DV�GHVFULEHG�LQ�'HOD\HG�'LYL�
VLRQ���$JDLQ��DV�LQ�'HOD\HG�'LYLVLRQ��VXSSRVH�WKDW�WKH�WZR�KHPLVSKHUHV�DUH�
SV\FKRORJLFDOO\�TXLWH�VLPLODU�WR�HDFK�RWKHU�ZLWK�UHVSHFW�WR�WKHLU�SV\FKRORJL�
FDO� VWDWHV�FDSDFLWLHV�� SV\FKR�SK\VLFDO� FKDUDFWHULVWLFV�� HWF��� 7KH� UHPRYHG�
KHPLVSKHUH�PDLQWDLQV�WKH�DELOLW\�WR�UHJDLQ�FRQVFLRXVQHVV��EXW�OHW�LW�EH�VWL�
SXODWHG�WKDW��DV�D�PDWWHU�RI�IDFW��WKH�VXUJHRQV�ZLOO�QHYHU�WUDQVSODQW�WKH�ULJKW�
KHPLVSKHUH�WR�D�EUDLQOHVV�OLYLQJ�ERG\��

������������������������������������������������������
��� +HUH�DJDLQ��,�DVVXPH�WKDW�WKHUH�LV�QR�SHUVRQ�NHSW�LQ��RU�EURXJKW�LQWR��H[LVWHQFH�E\�
WKH�ULJKW�KHPLVSKHUH�ZKLOH�LW�LV�LQ�WKH�GHYLFH��7KRVH�ZKR�WKLQN�RWKHUZLVH�VKRXOG�UHYLVH�
WKH�FDVH�DV�WKH\�VHH�ILW�VR�WKDW�WKH�EUDLQ�PDWHULDO�FRQVWLWXWLQJ�WKH�ULJKW�KHPLVSKHUH�LQ�
WKH� UHYLVHG�FDVH��ZKLOH� UHVWRUDEOH� WR� D�ELRORJLFDOO\� IXQFWLRQDO� VWDWH�� IDLOV� WR�JLYH� ULVH� WR�
WKH�H[LVWHQFH�RI�D�SHUVRQ��

�0HDQZKLOH��WKH�VXEMHFWV�OHIW�KHPLV�
SKHUH�UHPDLQV�LQWDFW�DQG�IXOO\�IXQFWLRQDO�LQ�WKH�RULJLQDO�ERG\��PDLQWDLQLQJ�
SV\FKRORJLFDO� FRQWLQXLW\�ZLWK� WKH� VXEMHFW� EHIRUH� WKH� UHPRYDO� RI� WKH� ULJKW�
KHPLVSKHUH�� &DOO� WKLV� FDVH Half-brain Removal �VHH� WKH�$SSHQGL[� IRU� WKH�
GLDJUDP��� ,� WKLQN� LW�ZRXOG�EH� VXUSULVLQJ� LI� DQ\RQH�GHQLHV� WKDW� WKH� VXEMHFW�
VXUYLYHV�WKH�VXUJHU\�LQ�+DOI�EUDLQ�5HPRYDO��$IWHU�DOO��LQ�PDQ\�DFWXDO�FDVHV�
ZKHUH�D�FRQVLGHUDEOH�DPRXQW�RI�D�SDWLHQWV�FHUHEUXP�LV�UHPRYHG��SHRSOH�GR�
QRW�VHHP�WR�GRXEW�WKDW�WKH�SDWLHQW�VXUYLYHV�WKH�VXUJHU\��
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� 1RZ��LPDJLQH�D�VWRU\�H[DFWO\�OLNH�+DOI�EUDLQ�5HPRYDO�H[FHSW�WKDW�RQHV�
HQWLUH�FHUHEUXP�LV�UHPRYHG��DQG�RQO\�WKH�OHIW�KHPLVSKHUH�LV�WUDQVSODQWHG�WR�
D�EUDLQOHVV��OLYLQJ�KXPDQ�ERG\��7KH�ULJKW�KHPLVSKHUH�LV�WR�EH�NHSW�SHUPD�
QHQWO\� LQ�WKH�GHYLFH��&DOO� WKLV�FDVH�Half-brain Transfer� �VHH� WKH�$SSHQGL[�
IRU� WKH� GLDJUDP��� 7KH� RQO\� GLIIHUHQFH� EHWZHHQ� +DOI�EUDLQ� 5HPRYDO� DQG�
+DOI�EUDLQ� 7UDQVIHU� LV� WKDW� WKH� OHIW� KHPLVSKHUH� UHPDLQV� LQ� WKH� RULJLQDO�
ERG\�LQ�WKH�IRUPHU�FDVH��EXW�QRW�LQ�WKH�ODWWHU�FDVH��$FFRUGLQJ�WR�WKH�SV\�
FKRORJLFDO�FULWHULRQ�RI�SHUVRQDO� LGHQWLW\��KRZHYHU��WKHUH�VKRXOG�EH�QR�VLJ�
QLILFDQW�GLIIHUHQFH�EHWZHHQ� WKH� WZR�FDVHV��7KLV� LV�EHFDXVH�� LQ� HLWKHU� FDVH��
SHUIHFW� SV\FKRORJLFDO� FRQWLQXLW\� LV� SUHVHUYHG� EHWZHHQ� WKH� RULJLQDO� VXEMHFW�
DQG�WKH�SRVVHVVRU�RI�WKH�OHIW�KHPLVSKHUH�DIWHU�WKH�VXUJHU\��7KHUHIRUH��DGYR�
FDWHV�RI�WKH�VWDQGDUG�SV\FKRORJLFDO�YLHZ�VKRXOG�KROG�WKDW� LI�WKH�VXEMHFW� LQ�
+DOI�EUDLQ� 5HPRYDO� VXUYLYHV� WKH� VXUJHU\�� WKHQ� WKH� VXEMHFW� LQ� +DOI�EUDLQ�
7UDQVIHU�VXUYLYHV�DV�ZHOO��
� %XW�ZKDW�KDSSHQV�LQ�+DOI�EUDLQ�7UDQVIHU� LV�VWUXFWXUDOO\�H[DFWO\�VLPLODU�
WR�ZKDW�KDSSHQV�LQ�'HOD\HG�'LYLVLRQ�XS�WR�WKH�PRPHQW�MXVW�VKRUW�RI�W����
+HQFH��LI�WKH�VXEMHFW�LQ�+DOI�EUDLQ�7UDQVIHU�VXUYLYHV�WKH�VXUJHU\��WKHQ�ZH�
VKRXOG�FRQFOXGH� WKDW� WKH�RULJLQDO� VXEMHFW� LQ�'HOD\HG�'LYLVLRQ�� L�H���$
��
FRQWLQXHV� WR� H[LVW�XS� WR� WKH�PRPHQW� MXVW� VKRUW� RI� W����7KLV� HQWDLOV� WKDW�
$
=%
��FRQWUD�WKH�)LUVW�5RXWH��
� :H�FDQ�UHFDSLWXODWH�WKH�SUHFHGLQJ�DUJXPHQW�DV�IROORZV��

� 35��� 7KH�VXEMHFW�LQ�+DOI�EUDLQ�5HPRYDO�VXUYLYHV�WKH�VXUJHU\��
� 35��� ,I� WKH� VXEMHFW� LQ�+DOI�EUDLQ�5HPRYDO� VXUYLYHV� WKH� VXUJHU\�� WKHQ�

WKH�VXEMHFW�LQ�+DOI�EUDLQ�7UDQVIHU�VXUYLYHV�WKH�VXUJHU\��
� 35��� ,I� WKH� VXEMHFW� LQ�+DOI�EUDLQ�7UDQVIHU� VXUYLYHV� WKH� VXUJHU\�� WKHQ�

$
=%
�LQ�'HOD\HG�'LYLVLRQ��
� &�� � $
=%
�LQ�'HOD\HG�'LYLVLRQ��
� 6HWWLQJ�DVLGH�GLIIHUHQFHV�LQ�PLQRU�GHWDLOV�DPRQJ�WKH�WKUHH�FDVHV��+DOI�
EUDLQ�5HPRYDO��+DOI�EUDLQ�7UDQVIHU��DQG�'HOD\HG�'LYLVLRQ�XQWLO�MXVW�EHIRUH�
W���� DV� LQVLJQLILFDQW�� DGYRFDWHV� RI� WKH� )LUVW� 5RXWH� PXVW� JUDQW� 35�� DQG�
35���7KH�RQO\�ZD\�WR�UHVLVW�WKH�DUJXPHQW�WKHQ�LV�WR�GHQ\�35���%XW�WKDW�
ZRXOG�EH�WDQWDPRXQW�WR�VD\LQJ�WKDW�WKH�UHPRYDO�RI�KDOI�RI�RQHV�EUDLQ�PDW�
WHU� WHUPLQDWHV� RQHV� H[LVWHQFH�� )URP� WKH� SHUVSHFWLYH� RI� WKH� VWDQGDUG� SV\�
FKRORJLFDO� YLHZ�� WKLV�RXJKW� WR� VRXQG�DV� LPSODXVLEOH� DV� VD\LQJ� WKDW� D�PHUH�
VFDQQLQJ�SURFHVV�FDQ�WHUPLQDWH�RQHV�H[LVWHQFH��JLYHQ�WKDW�WKH�UHFLSLHQW�RI�
WKH� OHIW�KHPLVSKHUH� LQ� WKH�'HOD\HG�5HSOLFDWLRQ� LV� VWURQJO\�SV\FKRORJLFDOO\�
FRQQHFWHG�WR�WKH�RULJLQDO�SHUVRQ�EHIRUH�WKH�VXUJHU\���2QH�SUREOHP�ZLWK�WKH�
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)LUVW�5RXWH� WKHQ� LV� WKDW� LW� LPSOLHV� WKDW� D�PHUH� VFDQQLQJ�RI�RQHV�ERG\�RU�
WKH� UHPRYDO� DQG�SUHVHUYDWLRQ�RI�KDOI� RI� RQHV� EUDLQ� WHUPLQDWHV�RQHV� H[LV�
WHQFH��
� $SDUW� IURP� WKH� SUHFHGLQJ� REVHUYDWLRQ�� WKH� )LUVW� 5RXWH� IDFHV� DQ� HYHQ�
PRUH�VHULRXV�SUREOHP��JLYHQ�WKH�WUXWK�RI�WKH�)LUVW�5RXWH��ZKHWKHU�RQH�VXU�
YLYHV�WKH�VFDQQLQJ�RI�RQHV�ERG\�RU�WKH�WUDQVIHU�RI�RQHV�KDOI�EUDLQ�GHSHQGV�
RQ�ZKDW�ZLOO�KDSSHQ�WR�VRPHRQH�HOVH�in the future��7R�LOOXVWUDWH�WKLV�SURE�
OHP��FRQVLGHU�D�FDVH�H[DFWO\�OLNH�+DOI�EUDLQ�7UDQVIHU�H[FHSW�WKDW�LW�KDV�not�
\HW� EHHQ� GHWHUPLQHG�ZKHWKHU� WKH� VXUJHRQV�ZLOO� SHUIRUP� WKH� RSHUDWLRQ� RI�
WUDQVSODQWLQJ� WKH� ULJKW�KHPLVSKHUHHLWKHU� WKH\�ZLOO� SHUPDQHQWO\� OHDYH� LW�
LQ�WKH�GHYLFH�RU�WKH\�ZLOO�WUDQVSODQW�LW�LQWR�D�OLYLQJ��EUDLQOHVV�KXPDQ�ERG\�
DIWHU�D�ZKLOH��&DOO�WKLV�FDVH�Indeterminate Division �VHH�WKH�DSSHQGL[�IRU�WKH�
GLDJUDP���6XSSRVH�WKDW�,�DP�WKH�UHFLSLHQW�RI�WKH�OHIW�KHPLVSKHUH�VKRUWO\�DI�
WHU�WKH�VXUJHU\��+DYLQJ�MXVW�JDLQHG�FRQVFLRXVQHVV��,�VHHP�WR�UHPHPEHU�WKH�
H[SHULHQFHV�DQG�PHPRULHV�RI�WKH�RULJLQDO�SHUVRQ�EHIRUH�WKH�VXUJHU\��1DWX�
UDOO\��WKLV�OHDGV�PH�WR�EHOLHYH�WKDW�,�KDYH�H[LVWHG�IRU�D�ORQJ�WLPH�EHIRUH�WKH�
VXUJHU\��:RXOG� ,� EH� ULJKW"�$FFRUGLQJ� WR� WKH� )LUVW� 5RXWH�� ZKHWKHU� ,� DP�
ULJKW� LQ�KROGLQJ�WKLV�EHOLHI�GHSHQGV�RQ�ZKDW�ZLOO�KDSSHQ�WR�WKH�ULJKW�KH�
PLVSKHUH�LQ�WKH�IXWXUH��,I�LW�LV�VRPHKRZ�GHVWUR\HG�EHIRUH�WKH�VXUJHRQV�SHU�
IRUP�WKH�IXUWKHU�VXUJHU\�RU�LI�WKH�VXUJHRQV�HQG�XS�QRW�SHUIRUPLQJ�D�IXUWKHU�
RSHUDWLRQ�� WKHQ� WKH� VLWXDWLRQ� ZRXOG� EH� VWUXFWXUDOO\� VLPLODU� WR� +DOI�EUDLQ�
7UDQVIHU�� +HQFH�� DGYRFDWHV� RI� WKH� )LUVW� 5RXWH� VKRXOG� FRQFOXGH� WKDW� WKH�
SHUVRQ�ZKR�XQGHUZHQW�WKH�LQLWLDO�VXUJHU\�KDV�VXUYLYHG�LW��ZKLFK�HQWDLOV�WKDW�
,�KDYH�H[LVWHG�EHIRUH�WKH�VXUJHU\��2Q�WKH�RWKHU�KDQG��LI�WKH�VXUJHRQV�GHFLGH�
WR�SHUIRUP�WKH�VXUJHU\�� DQG�HQG�XS�VXFFHVVIXOO\�SHUIRUPLQJ�WKH�RSHUDWLRQ�
RI�WUDQVSODQWLQJ�WKH�ULJKW�KHPLVSKHUH�WR�D�GLIIHUHQW�UHFLSLHQW�ERG\��WKHUHE\�
EULQJLQJ� D�SHUVRQ� LQWR� H[LVWHQFH�� WKHQ� WKH� VLWXDWLRQ�ZRXOG�EH� VWUXFWXUDOO\�
VLPLODU�WR�'HOD\HG�'LYLVLRQ��,Q�WKDW�FDVH��VLQFH�WKH�)LUVW�5RXWH�KROGV�WKDW�
$
്%
�LQ�'HOD\HG�'LYLVLRQ��SURSRQHQWV�RI�WKH�)LUVW�5RXWH�VKRXOG�DOVR�FRQ�
FOXGH� WKDW� LW� turns out� WKDW� ,� KDYH� QRW� H[LVWHG� EHIRUH� WKH� LQLWLDO� VXUJHU\��
+HQFH�� DFFRUGLQJ� WR� WKH� )LUVW� 5RXWH�� ZKHWKHU� LQ� ,QGHWHUPLQDWH�'LYLVLRQ��
,�KDYH�RU�KDYH�QRW�H[LVWHG�in the past�EHIRUH�WKH�LQLWLDO�VXUJHU\�GHSHQGV�RQ�
ZKHWKHU� WKHUH� ZLOO� EH� D� UHFLSLHQW� RI� WKH� ULJKW� KHPLVSKHUH� in the future��
0DQ\� ZRXOG� ILQG� WKLV� UHVXOW� LPSODXVLEOH�� 6XSSRVH� ,�� KDYLQJ� JDLQHG� FRQ�
VFLRXVQHVV� DIWHU� WKH� VXUJHU\�� DVN�P\VHOI�ZKHWKHU� ,� DP� WKH� VDPH�SHUVRQ� DV�
WKH�RQH�ZKR�ZDV�DQ[LRXV�DERXW�WKH�VXUJHU\��,I�WKH�DIRUHPHQWLRQHG�UHVXOW�LV�
FRUUHFW��WKHQ�,�VKRXOG�DQVZHU؈��,�GRQW�NQRZ�yet��7R�DQVZHU�WKLV�TXHVWLRQ���
,�ZLOO� KDYH� WR�ZDLW� DQG� VHH�ZKHWKHU� WKH� ULJKW� KHPLVSKHUH� RI� WKH� RULJLQDO�
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VXEMHFW�ZLOO�EH� VXFFHVVIXOO\� WUDQVSODQWHG� WR� D�GLIIHUHQW�KXPDQ�ERG\�؉�7KH�
DEVXUGLW\�RI�WKLV�UHPDUN�VHHPV�WR�PH�WR�EH�D�VXIILFLHQW�UHDVRQ�WR�UHMHFW�WKH�
)LUVW�5RXWH��

� 7KH�6HFRQG�5RXWH� VSHFLILHV� WKDW�$=%� DQG�%്&� LQ�'HOD\HG�5HSOLFD�
WLRQ��7KLV�LPSOLHV�WKDW�$��=%��FRQWLQXHV�WR�H[LVW�XQWLO�LPPHGLDWHO\�EHIRUH�
W����EXW�FHDVHV� WR�H[LVW�DV�VRRQ�DV�KLV؈�UHSOLFD؉� �='��FRPHV� LQWR�EHLQJ� LQ�
WKH�ULJKW�EUDQFK�DW�W����7R�LOOXVWUDWH�WKH�LPSODXVLELOLW\�RI�WKLV�LPSOLFDWLRQ��
LPDJLQH� WKDW� \RX� DUH� %� LQ� 'HOD\HG� 5HSOLFDWLRQ� VKRUWO\� EHIRUH� W���� <RXU�
ERG\�ZDV�VFDQQHG�D�ZKLOH�DJR��DW�W���DQG�EDVHG�RQ�WKH�LQIRUPDWLRQ�IURP�WKH�
VFDQQLQJ�SURFHVV��VRPHRQH�RWKHU�WKDQ�\RX�LV�QRZ�DERXW�WR�FRPH�LQWR�H[LV�
WHQFH�VRPHSODFH�HOVH��6XSSRVH�\RX�DUH�QRW�DZDUH�RI�WKHVH�IDFWV��SHUKDSV�\RX�
ZHUH�QRW�HYHQ�LQIRUPHG�ZK\�\RXU�ERG\�ZDV�VFDQQHG���1RZ��LPDJLQH�WKDW��
DW�WKH�YHU\�PRPHQW�\RXU؈�UHSOLFD؉�FRPHV�LQWR�EHLQJ��\RX�ZHUH�LQ�WKH�PLG�
GOH�RI�XWWHULQJ�D�VHQWHQFH�LQ�D�GLVFXVVLRQ�ZLWK�\RXU�IULHQG��,I�%്&�DV�VSHFL�
ILHG� LQ� WKH� 6HFRQG�5RXWH��ZH�ZLOO� KDYH� WR� FRQFOXGH� WKDW� \RX� KDYH� QHYHU�
FRPSOHWHG�WKH�VHQWHQFH�\RX�ZHUH�XWWHULQJ��EHFDXVH�\RX�ZRXOG�KDYH�FHDVHG�
WR�H[LVW�EHIRUH�WKH�VHQWHQFH�ZDV�IXOO\�XWWHUHG��7KH�SHUVRQ�ZKR�FRPSOHWHG�
WKH�VHQWHQFH�ZRXOG�not�EH�\RX��7KLV�LV�VWULNLQJO\�LPSODXVLEOH��<RXU�IULHQG�
ZRXOG�QRW�EHOLHYH�WKDW�KHU�FRQYHUVDWLRQ�SDUWQHU�KDV�just�EHHQ�UHSODFHG�ZLWK�
D�GLIIHUHQW�SHUVRQ�ZKR�LV�ERGLO\�FRQWLQXRXV�ZLWK�\RX��DQG�WKXV�ORRNV�MXVW�
OLNH� \RX��� DQG� LV�SV\FKRORJLFDOO\� FRQWLQXRXV�ZLWK�\RX� �DQG� WKXV� WDONV� DQG�
WKLQNV�MXVW�OLNH�\RX���EXW�ZKR�LV�QRW�DZDUH�WKDW��V�KH�KDV�MXVW�FRPH�LQWR�H[�
LVWHQFH��7KDW�EHLQJ�ZKR� FRPSOHWHG� WKH� VHQWHQFH� FHUWDLQO\�ZRXOG�QRW�EH�
OLHYH�WKDW��V�KH�KDV�MXVW�FRPH�LQWR�H[LVWHQFH�ZLWK�DOO�WKRVH�TXDVL�PHPRULHV��
TXDVL�EHOLHIV��DQG�TXDVL�LQWHQWLRQV�WKDW�VHHP�WR�KDYH�EHHQ�KLV�KHU�RZQ�IRU�
D�ORQJ�WLPH��,Q�VXP��LW�LV�KDUG�WR�DFFHSW�WKDW�WKH�FRPLQJ�WR�EH�RI�someone 
else�WHUPLQDWHV�\RXU�H[LVWHQFH��7KLV�SUREOHP�KDV�WR�GR�ZLWK�WKH�YLRODWLRQ�RI�
ZKDW� LV� NQRZQ� DV� WKH� RQO\� [� DQG� \� SULQFLSOH� LQ� WKH� OLWHUDWXUH� RQ� SHUVRQDO�
LGHQWLW\��7KLV�SULQFLSOH�VWDWHV�WKDW�ZKHWKHU�RU�QRW�[�LV�LGHQWLFDO�WR�y�PXVW�

�

3. Problems with the Second Route 

������������������������������������������������������
��� 1RWH�WKDW�WKH�SUREOHPV�ZLWK�WKH�)LUVW�5RXWH�WKDW�,�VSHFLI\�LQ�WKLV�VHFWLRQ�VWHP�IURP�
WKH�IDFW�WKDW�LW�KROGV�WKDW�$്%�LQ�'HOD\HG�5HSOLFDWLRQ��6LQFH�����DQG�����LQ�WKH�SUHYLRXV�
VHFWLRQ�DOVR�KROG�WKDW�$്%��WKH\�DUH�VXVFHSWLEOH�WR�WKHVH�SUREOHPV�DV�ZHOO��7KLV�REVHU�
YDWLRQ�SDUWLDOO\� MXVWLILHV�P\�SUHYLRXV� FODLP� WKDW� ���� DQG� ���� DUH� OHVV� SODXVLEOH� WKDQ� WKH�
)LUVW�5RXWH��FI��IRRWQRWH�����
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GHSHQG�RQO\�RQ�WKH�LQWULQVLF�IHDWXUHV�RI�WKH�UHODWLRQ�EHWZHHQ�WKHP��LW�FDQ�
QRW�GHSHQG�RQ�D�IDFW�DERXW�DQ\�LQGLYLGXDO�RWKHU�WKDQ�[�DQG�y �VHH�1RRQDQ�
�����������:LJJLQV������������$JDLQVW�WKH�LQLWLDO�SODXVLELOLW\�RI�WKLV�SULQ�
FLSOH��LI�%്&�DV�VSHFLILHG�LQ�WKH�6HFRQG�5RXWH��WKHQ�\RXU�FRQWLQXHG�H[LV�
WHQFH� GHSHQGV� RQ�ZKHWKHU� RU� QRW� �RXU\؈ UHSOLFD؉� FRPHV� LQWR� EHLQJ� VRPH�
ZKHUH�HOVH���

� ,� GR� QRW� ILQG� WKLV� DUJXPHQW� FRQYLQFLQJ�� )RU� DUJXPHQWV� VDNH�� OHW� XV�
JUDQW�WKH�GHIHQGHUV�RI�WKH�6HFRQG�5RXWH�WKDW�$=%�LQ�'HOD\HG�5HSOLFDWLRQ�
�DQG� OHW�XV� UHIHU� WR�HLWKHU�$�RU�%� LQGLVFULPLQDWHO\� DV� WKH�SUH�ILVVLRQ� VXE�
MHFW���1HYHUWKHOHVV��LW�LV�TXHVWLRQDEOH�WKDW�&�DQG�'�DUH�LQ�FRPSHWLWLRQ�WR�EH�
WKH�VDPH�DV�WKH�SUH�ILVVLRQ�VXEMHFW�DV�VSHFLILHG�LQ�WKH�SUHFHGLQJ�DUJXPHQW��
IRU�LW�LV�GRXEWDEOH�WKDW�WKH�UHODWLRQV�&�DQG�'�EHDU�WR�WKH�SUH�ILVVLRQ�VXEMHFW�
DUH�DQDORJRXV�WR�WKRVH�WKDW�WKH�WZR�RIIVKRRWV�EHDU�WR�WKH�RULJLQDO�VXEMHFW�LQ�
UHJXODU�ILVVLRQ��7KLV�LV�EHFDXVH�'�DV�KH�LV�DW�W����XQOLNH�&�DV�KH�LV�DW�W����LV�
QRW�SV\FKRORJLFDOO\�FRQQHFWHG�WR�%�DV�KH� LV� LPPHGLDWHO\�EHIRUH�W����JLYHQ�
WKDW�SV\FKRORJLFDO�FRQQHFWLRQV�PXVW�EH�XQGHUSLQQHG�E\�some�VRUW�RI�FDXVDO�
EDVLV�� 7KH� SV\FKRORJLFDO� VWDWHV� RI� '� DV� KH� LV� DW� W���PD\� EH� TXDOLWDWLYHO\�

�
� 3URSRQHQWV�RI�WKH�6HFRQG�5RXWH�PD\�UHVSRQG�E\�DUJXLQJ�WKDW�WKH�VWDQ�
GDUG�SV\FKRORJLFDO�YLHZ�PDLQWDLQV�WKDW�SHUVRQDO�LGHQWLW\�REWDLQV�RQO\�LQ�WKH�
DEVHQFH�RI�D�FRQFXUUHQW�FRPSHWLWRU�WKDW�LV�DOVR�SV\FKRORJLFDOO\�FRQWLQXRXV�
ZLWK�WKH�RULJLQDO�VXEMHFW��DQG�WKDW�&�DV�KH�LV�DW�W���LV�SV\FKRORJLFDOO\�FRQWL�
QXRXV�ZLWK�$�DV�KH�LV�DW�W��7KH�VWDQGDUG�SV\FKRORJLFDO�YLHZ�KDV�LW�WKDW�ERWK�
RI� WKH� WZR� RIIVKRRWV� LQ� regular fission� DUH� QRW� LGHQWLFDO� ZLWK� WKH� RULJLQDO�
VXEMHFW�EHFDXVH�WKH\�DUH�LQ�FRPSHWLWLRQ��GXH�WR�ERWK�RIIVKRRWV�EHLQJ�SV\�
FKRORJLFDOO\�FRQWLQXRXV�ZLWK�WKH�RULJLQDO�VXEMHFW��WKH\�KDYH�DQ�HTXDO�FODLP�
WR�EH�WKH�VDPH�SHUVRQ�DV�WKH�RULJLQDO�VXEMHFW��3HUVRQDO�LGHQWLW\�LV�SUHVHUYHG�
RQO\�ZKHQ�WKHUH�LV�QR�FRQFXUUHQW�FRPSHWLWRU��,Q�'HOD\HG�5HSOLFDWLRQ��WKH�
DUJXPHQW� JRHV�� %� KDV� QR� FRQFXUUHQW� FRPSHWLWRU�� DQG� LV� SV\FKRORJLFDOO\�
FRQWLQXRXV�ZLWK�$��+HQFH��WKH�VWDQGDUG�SV\FKRORJLFDO�YLHZ�RXJKW�WR�FODLP�
WKDW�$=%��2Q�WKH�RWKHU�KDQG��&�DQG�'�DUH�LQ�FRPSHWLWLRQ��7KHUHIRUH��WKH�
VWDQGDUG�SV\FKRORJLFDO�YLHZ�VKRXOG�KROG�WKDW�$��=%��LV�QRW�LGHQWLFDO�ZLWK�
HLWKHU�&�RU�'��7KLV�LV�ZKDW�LV�LPSOLHG�E\�WKH�6HFRQG�5RXWH��

������������������������������������������������������
���� 1RWH� WKDW� WKH�SUREOHP�WKDW� ,� VSHFLI\� LQ� WKLV�SDUDJUDSK� LV�GXH� WR� WKH� IDFW� WKDW� WKH�
6HFRQG�5RXWH�KROGV�WKDW�%്&�LQ�'HOD\HG�5HSOLFDWLRQ��6LQFH�����DQG�����DOVR�KROG�WKDW�
%്&��WKH\�DUH�VXVFHSWLEOH�WR�WKLV�SUREOHP�DV�ZHOO��2Q�WKH�RWKHU�KDQG��WKH�)LUVW�5RXWH�
LV�QRW�YXOQHUDEOH�WR�WKLV�SUREOHP��VLQFH�LW�KROGV�WKDW�%=&�LQ�'HOD\HG�5HSOLFDWLRQ��7KLV�
LV�DQRWKHU�SDUWLDO�EDVLV�IRU�KROGLQJ�WKDW�WKH�)LUVW�5RXWH�LV�PRUH�VXVWDLQDEOH�WKDQ�����RU�
�����FI��IRRWQRWH����
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TXLWH� VLPLODU� WR� WKH� SV\FKRORJLFDO� VWDWHV� RI�%� DV� KH� LV� LPPHGLDWHO\�EHIRUH�
W����+RZHYHU��WKH�SV\FKRORJLFDO�VWDWHV�RI�WKH�IRUPHU�DUH�QRW�FDXVDOO\�UHODWHG�
WR�WKRVH�RI�WKH�ODWWHU��%\�FRQWUDVW��WKH�SV\FKRORJLFDO�VWDWHV�RI�&�DV�KH�LV�DW�
W���DUH�LPPHGLDWHO\�FDXVHG�E\�WKH�SV\FKRORJLFDO�VWDWHV�RI�%�DV�KH�LV�LPPH�
GLDWHO\�EHIRUH�W����MXVW�OLNH�WKH�ZD\�LQ�ZKLFK�WKH�SV\FKRORJLFDO�VWDWHV�RI�WKH�
WZR�RIIVKRRWV�LQ�UHJXODU�ILVVLRQ�DV�WKH\�DUH�LPPHGLDWHO\�DIWHU�WKH�ILVVLRQ�DUH�
FDXVHG�E\�WKH�SV\FKRORJLFDO�VWDWHV�RI�WKH�SUH�ILVVLRQ�VXEMHFW�DV�KH�LV�DW�WKH�
PRPHQW�RI�ILVVLRQ��&RQVHTXHQWO\��&�DV�KH�LV�DW�W���DQG�'�DV�KH�LV�DW�W���GR�
QRW�VWDQG�LQ�WKH�VDPH�UHODWLRQV�WR�%�DV�KH�LV�LPPHGLDWHO\�EHIRUH�W����8QOLNH�
WKH�WZR�RIIVKRRWV�LQ�UHJXODU�ILVVLRQ��&�DQG�'�LQ�'HOD\HG�5HSOLFDWLRQ�GR�QRW�
KDYH�DQ�HTXDO�FODLP�WR�EH�WKH�VDPH�SHUVRQ�DV�WKH�SUH�ILVVLRQ�VXEMHFW��7KH�
SUHFHGLQJ�DUJXPHQW�LV�PLVWDNHQ�LQ�FODLPLQJ�WKDW�'�LV�D�OHJLWLPDWH�FRPSHWL�
WRU�RI�&�LQ�'HOD\HG�5HSOLFDWLRQ��
� 7KHUH� LV� D� IXUWKHU�SUREOHP� IRU� WKH�6HFRQG�5RXWH��6LQFH�%� DQG�'�DUH�
QHLWKHU� SV\FKRORJLFDOO\� QRU� ERGLO\� FRQWLQXRXV� ZLWK� HDFK� RWKHU���

������������������������������������������������������
���� %�DQG�'�DUH�QRW�SV\FKRORJLFDOO\�FRQWLQXRXV�ZLWK�HDFK�RWKHU�EHFDXVH�WKH�SV\FKRORJL�
FDO�VWDWHV�RI�%�DV�KH�LV�LPPHGLDWHO\�EHIRUH�W���DQG�WKH�SV\FKRORJLFDO�VWDWHV�RI�'�DV�KH�LV�
DW� W���DUH�QRW�FDXVDOO\� UHODWHG� WR�HDFK�RWKHU�� ,Q�DGGLWLRQ�� LI� WKH�WHPSRUDO�GLVWDQFH�EH�
WZHHQ�W�DQG�W���LV�ORQJ�HQRXJK��%�DV�KH�LV�LPPHGLDWHO\�EHIRUH�W���DQG�'�DV�KH�LV�DW�W���
ZLOO�WHQG�WR�EH�SV\FKRORJLFDOO\�GLVVLPLODU��

� ZH� FDQ�
SODXVLEO\�DVVXPH�WKDW�WKH\�DUH�WZR�GLVWLQFW�SHUVRQV��7KHQ��VLQFH�WKH�6HFRQG�
5RXWH�KROGV� WKDW�$=%� LQ�'HOD\HG�5HSOLFDWLRQ�� LW� IROORZV� WKDW�$്'��6R��
WKH�6HFRQG�5RXWH�\LHOGV�WKH�UHVXOW�WKDW�$�DV�KH�LV�DW�W�LV�LGHQWLFDO�WR�%�DV�KH�
LV�LPPHGLDWHO\�DIWHU�W��DQG�WKDW�$�DV�KH�LV�DW�W�LV�QRW�LGHQWLFDO�WR�'�DV�KH�LV�
DW�W����+RZHYHU��WKLV�UHVXOW�GRHV�QRW�DFFRUG�ZHOO�ZLWK�WKH�VWDQGDUG�SV\FKR�
ORJLFDO�YLHZ��:LWK�UHVSHFW�WR�WKHLU�SV\FKRORJ\��%�DV�KH�LV�LPPHGLDWHO\�DIWHU�
W�DQG�'�DV�KH�LV�DW�W���DUH�H[DFWO\�DOLNH��DQG�WKHLU�SV\FKRORJLFDO�VWDWHV�DUH�
FDXVDOO\�UHODWHG�WR�WKH�SV\FKRORJLFDO�VWDWHV�RI�$�DV�KH�LV�DW�W�LQ�H[DFWO\�VLPL�
ODU�ZD\��+RZ�LV�LW�WKHQ�WKDW�RQO\�%�DV�KH�LV�LPPHGLDWHO\�DIWHU�W��EXW�QRW�'�
DV�KH�LV�DW�W����LV�LGHQWLFDO�WR�$�DV�KH�LV�DW�W"�,I�WKH�RQO\�UHOHYDQW�GHWHUPL�
QDQW�RI�SHUVRQDO�LGHQWLW\�LV�SV\FKRORJLFDO�LQ�QDWXUH�DV�WKH�VWDQGDUG�SV\FKR�
ORJLFDO�YLHZ�PDLQWDLQV��DQG�%�DV�KH�LV�LPPHGLDWHO\�DIWHU�W�DQG�'�DV�KH�LV�DW�
W���GR�QRW�GLIIHU�LQ�WKHLU�LQWHUQDO�SV\FKRORJ\�DV�ZHOO�DV�LQ�WKH�SV\FKRORJLFDO�
UHODWLRQV� WKH\� VWDQG� WR� $� DV� KH� LV� DW� W�� WKHQ� SURSRQHQWV� RI� WKH� 6HFRQG�
5RXWH�RZH�XV�DQ�H[SODQDWLRQ�DV�WR�ZK\�LW�LV�WKDW�$�DV�KH�LV�DW�W LV�LGHQWLFDO�
WR�%�DV�KH�LV�LPPHGLDWHO\�DIWHU�W��EXW�QRW�WR�'�DV�KH�LV�DW�W����
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4. Problems with the Third Route 

� 7KH�UHVXOWV�RI�WKH�SUHFHGLQJ�GLVFXVVLRQ�OHDYH�XV�ZLWK�WKH�7KLUG�5RXWH��
%XW�WKHUH�DUH�SUREOHPV�IRU�WKH�7KLUG�5RXWH�DV�ZHOO��6XSSRVH�WKDW�LQ�'H�
OD\HG�5HSOLFDWLRQ��$��%��DQG�&�DUH�DOO�LGHQWLFDO�ZLWK�RQH�DQRWKHU�DV�VSHFL�
ILHG�LQ������7KHQ��DGYRFDWHV�RI�WKH�7KLUG�5RXWH�VKRXOG�FRPPLW�WR�RQH�RI�
WKH�IROORZLQJ�DOWHUQDWLYHV�UHJDUGLQJ�WKH�LGHQWLW\�RI�$�DQG�'��

� ��D�� $=%��%=&��$=&��DQG�$='��
� ��E�� $=%��%=&��$=&��DQG�$്'��
� +HUH�QHLWKHU�DOWHUQDWLYH�LV�SODXVLEOH��)LUVW����D��LV�QRW�WHQDEOH��EHFDXVH�LW�
HQWDLOV�WKDW�&='��ZKLFK�VHHPV�SODLQO\�IDOVH���

������������������������������������������������������
���� 3DUILW� SUHVHQWV� VRPH� VWULNLQJ� H[DPSOHV� UHJDUGLQJ� WKH� LPSODXVLELOLW\� RI� WKLV� UHVXOW��
)RU�LQVWDQFH����D��LPSOLHV�WKDW�LI�&�DQG�'�SOD\�WHQQLV�WRJHWKHU��ZH�RXJKW�WR�GHVFULEH�WKH�
VLWXDWLRQ�E\�VD\LQJ�WKDW�RQH�VLQJOH�SHUVRQ�LV�SOD\LQJ�WHQQLV�E\�KLPVHOI��ZKLOH�PLVWDNHQO\�
EHOLHYLQJ�LQ�HDFK�KDOI�RI�KLV�GLYLGHG�PLQG�WKDW�KH�LV�SOD\LQJ�LW�ZLWK�VRPHRQH�HOVH��6HH�
3DUILW������������������2QWRORJLFDO�PRQLVWV�PD\�JUDQW�WKDW�&='�RQ�WKH�JURXQGV�WKDW�
everything�WKDW�H[LVWV�LV�RQH�DQG�WKH�VDPH��,�ZLOO�QRW�GLVFXVV�WKH�PRQLVWLF�YLHZ�KHUH�EH�
FDXVH�WKDW�ZRXOG�EH�EH\RQG�WKH�VFRSH�RI�WKLV�DUWLFOH��,QVWHDG��,�ZLOO�VLPSO\�DVVXPH��DV�
PRVW��LI�QRW�DOO��GHIHQGHUV�RI�WKH�VWDQGDUG�SV\FKRORJLFDO�YLHZ�VHHP�WR�GR��WKDW�WKHUH�H[�
LVW�D�QXPEHU�RI�GLVWLQFW�SHUVRQV�LQ�WKH�XQLYHUVH��

�,Q�DGGLWLRQ����E��LV�LPSODXVL�
EOH�DV�ZHOO��VLQFH�WKH�VWRU\�RI�'HOD\HG�5HSOLFDWLRQ�FDQ�EH�UHYLVHG�LQ�VXFK�D�
ZD\�WKDW�LW�ZLOO�EH�KDUG�WR�H[SODLQ�KRZ�$=&�DQG�$്'�DW�WKH�VDPH�WLPH��
6XSSRVH�WKDW�WKH�LQWHUYDO�EHWZHHQ�W�DQG�W���LV�YHU\�VKRUWVD\��D�PHUH�IHZ�
VHFRQGV��7KDW�LV��VXSSRVH�WKDW�'�FRPHV�LQWR�EHLQJ�RQO\�D�IHZ�VHFRQGV�DIWHU�
WKH�VFDQQLQJ�RI�$V�ERG\��7KHQ��WKH�LQWHUQDO�SV\FKRORJ\�RI�&�DV�KH�LV�DW�W���
ZRXOG� EH� DOPRVW� WKH� VDPH� DV� WKDW� RI�'� DV� KH� LV� DW� W���� EHFDXVH� ERWK� RI�
WKHP�ZRXOG�EH�SV\FKRORJLFDOO\�FRQQHFWHG�WR�WKH�SV\FKRORJLFDO� VWDWHV�RI�$�
DV�KH�LV�DW�W�WR�DOPRVW�WKH�VDPH�GHJUHH��7KHQ��ZK\�LV�LW�WKDW�$�LV�LGHQWLFDO�
WR�&�EXW�QRW�WR�'"�3HUKDSV�RQH�PD\�DQVZHU�WKDW�WKLV�LV�EHFDXVH�&��EXW�QRW�
'�� KDV� WKH� ULJKW� NLQG� RI� FDXVDO� EDVLV� FRQQHFWLQJ� KLV� SV\FKRORJ\� ZLWK�$��
7KLV�UHVSRQVH�VHHPV�WR�VXJJHVW�WKDW�WKH�ULJKW�NLQG�RI�FDXVDO�EDVLV�LQYROYHV�
WKH� FRQWLQXDWLRQ� RI� WKH� VDPH� ERG\�� VLQFH�&�� EXW� QRW�'�� LV� ERGLO\� FRQWL�
QXRXV�ZLWK�$��DQG�WKDW�VHHPV�WR�EH�WKH�RQO\�QRWDEOH�GLIIHUHQFH�EHWZHHQ�&�
DQG�'� DV� UHJDUGV� WKHLU� UHODWLRQV�ZLWK�$��7KHQ�� WKLV� DQVZHU� VXJJHVWV� WKDW�
SHUVRQDO� LGHQWLW\�FRQVLVWV�DW�OHDVW� LQ�SDUW� LQ�ERGLO\�FRQWLQXLW\��+RZHYHU�� LI�
DQ�DQDO\VLV�LPSOLHV�WKDW�RQH�SHUVRQ�;�LV�LGHQWLFDO�WR�VRPH�SHUVRQ�<�EXW�QRW�
WR�DQRWKHU�SHUVRQ�=�WKDW�LV��DOPRVW��SV\FKRORJLFDOO\�LQGLVWLQJXLVKDEOH�WR�<�
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RQO\�RQ�WKH�JURXQGV�WKDW�<��EXW�QRW�=��LV�ERGLO\�FRQWLQXRXV�ZLWK�;��,�WKLQN�
WKH� VWDQGDUG� SV\FKRORJLFDO� YLHZ� VKRXOG� UHMHFW� WKH� DQDO\VLV�� ,W� MXVW� VRXQGV�
OLNH�WRR�PXFK�GHSDUWXUH�IURP�D�SV\FKRORJLFDO�DSSURDFK�RI�any�VWULSH���

� 1RWH� WKDW�� LI� WKH� VXUJLFDO�SURFHGXUH�RI� WUDQVSODQWLQJ� WZR�EUDLQ�KHPLV�
SKHUHV� WR� GLVWLQFW� OLYLQJ� KXPDQ� ERGLHV� EHFRPHV� WHFKQRORJLFDOO\� DYDLODEOH��
DQG�VXUJHRQV�DFWXDOO\�SHUIRUP�VXFK�D�VXUJHU\��WKHQ�PRVW�DFWXDO�WUDQVSODQW�
FDVHV�ZLOO�EH�LQVWDQFHV�RI�VRPHWKLQJ�OLNH�6HFRQGV�GHOD\HG�'LYLVLRQ��7KLV�LV�
EHFDXVH�LW�LV�KLJKO\�OLNHO\�WKDW�WKH�WZR�UHVXOWLQJ�SHUVRQV�ZLOO�QRW�JDLQ�FRQ�
VFLRXVQHVV� DW� H[DFWO\� WKH� VDPH� WLPH�� (YHQ� LI� WKH� VXUJHRQV� DUH� H[WUHPHO\�

�
� $W�WKLV�SRLQW��LW�PD\�EH�ZRUWK�QRWLQJ�WKDW�WKH�7KLUG�5RXWH�LV�DOVR�VXV�
FHSWLEOH� WR� WKH� VHFRQG� SUREOHP� SRVHG� IRU� WKH� 6HFRQG�5RXWH�� *LYHQ� WKDW�
%്'�LQ�'HOD\HG�5HSOLFDWLRQ��SURSRQHQWV�RI�WKH�7KLUG�5RXWH�VKRXOG�KROG�
WKDW� $=%� DQG�$്'��7KHQ�� WKH\� VKRXOG� SURYLGH� D� SODXVLEOH� H[SODQDWLRQ�
ZK\�$�LV�LGHQWLFDO�WR�%�EXW�QRW�WR�'��GHVSLWH�WKH�IDFW�WKDW�%�DV�KH�LV�LPPH�
GLDWHO\�DIWHU�W�DQG�'�DV�KH�LV�DW�W���DUH�SV\FKRORJLFDOO\�H[DFWO\�DOLNH�DQG�WKH\�
DUH�SV\FKRORJLFDOO\�FRQQHFWHG�WR�$�DV�KH�LV�DW�W�LQ�H[DFWO\�VLPLODU�ZD\��
� )LQDOO\��RQH�FDQ�DUJXH�WKDW�WKH�7KLUG�5RXWH�UHQGHUV�WKH�LGHQWLW\�FRQGL�
WLRQ�RI�D�SHUVRQ�FRPSOHWHO\�DUELWUDU\��7R�VHH�WKLV�SRLQW��LPDJLQH�D�FDVH�VLP�
LODU�WR�'HOD\HG�'LYLVLRQ�H[FHSW�WKDW�'
�FRPHV�LQWR�EHLQJ�RQO\�D�IHZ�VHFRQGV�
�DV�RSSRVHG�WR�D�IHZ�GD\V��DIWHU�%
�GRHV��&DOO�WKLV�FDVH�Seconds-delayed Divi-
sion��VHH�WKH�$SSHQGL[�IRU�WKH�GLDJUDP���7KH�GLDJUDP�RI�6HFRQGV�GHOD\HG�
'LYLVLRQ� VKRXOG� EH� VWUXFWXUDOO\� LGHQWLFDO� WR� WKDW� RI�'HOD\HG�'LYLVLRQ�� 6R���
,�ZLOO�UHXVH�WKH�GLDJUDP�RI�'HOD\HG�'LYLVLRQ�LQ�UHIHUULQJ�WR�WKH�VXEMHFWV�RI�
6HFRQGV�GHOD\HG�'LYLVLRQ���2QO\��LQ�FRQVLGHULQJ�6HFRQGV�GHOD\HG�'LYLVLRQ��
WKH�LQWHUYDO�EHWZHHQ�W���DQG�W���VKRXOG�EH�UHJDUGHG�DV�MXVW�D�IHZ�VHFRQGV���

������������������������������������������������������
���� 1RWH�WKDW�D�GLIIHUHQW�SUREOHP�DULVHV�IRU�WKH�SURSRQHQW�RI�WKH�7KLUG�5RXWH�LQ�UHJDUG�
WR�GHOD\HG�ILVVLRQ�LQYROYLQJ�WKH�WUDQVIHU�RI�RQH�KHPLVSKHUH�RI�WKH�EUDLQ�WR�WKH�GHEUDLQHG�
FUDQLXP�RI�D�OLYH�KXPDQ�ERG\��WKH�UHTXLVLWH�GHOD\�RFFXUULQJ�GXULQJ�WKH�SURFHVV�RI�GLV�
FRQQHFWLQJ� DQG� UHFRQQHFWLQJ� WKH�KHPLVSKHUH�LQ�WUDQVIHU� �VXFK�DV�'HOD\HG�'LYLVLRQ�RU�
+DOI�EUDLQ�7UDQVIHU���,Q�WKLV�W\SH�RI�GHOD\HG�ILVVLRQ�HDFK�RI�&
�DQG�'
�LV�SV\FKRORJLFDOO\�
FRQQHFWHG�WR�$
�E\�YLUWXH�RI�KDYLQJ�RQH�KDOI�RI�$
�V�EUDLQ��DQG�UHWDLQLQJ�WKH�VDPH�IXQF�
WLRQLQJ�EUDLQ��RU�D�VL]HDEOH�SRUWLRQ�WKHUHRI��LV�D�QDWXUDO�FDQGLGDWH�IRU�EHLQJ�WKH�ULJKW�
NLQG�RI�FDXVDO�EDVLV��WKH�UHVW�RI�WKH�ERG\�EHLQJ�LUUHOHYDQW�IRU�WKH�PDLQWHQDQFH�RI�SV\FKR�
ORJLFDO�FRQWLQXLW\��6XFK�GHOD\HG�ILVVLRQ�FDVHV�ZRXOG�ZRUN�DJDLQVW�WKH�SURSRQHQW�RI�WKH�
7KLUG�5RXWH�ZKR�KROGV�WKDW�&
��EXW�QRW�'
��LV�LGHQWLFDO�ZLWK�$
��)RU�LW�ZRXOG�EH�DUEL�
WUDU\�WR�IDYRU�&
�V�FODLP�WR�EHLQJ�LGHQWLFDO�ZLWK�$
�DQG�QRW�'
�V��JLYHQ�WKDW�ERWK�&
�DQG�
'
�KDYH�HQRXJK�QXPEHU�RI�SV\FKRORJLFDO�FRQQHFWLRQV�WR�$
�VXVWDLQHG�E\�WKH�VDPH�NLQGV�
RI�FDXVDO�EDVHV��L�H���UHWDLQLQJ�D�VL]DEOH�IXQFWLRQLQJ�SRUWLRQ�RI�$
�V�EUDLQ���
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FDUHIXO� WR� WUDQVSODQW� HDFK� KHPLVSKHUH� VLPXOWDQHRXVO\�� RQH� RI� WKH� KHPLV�
SKHUHV�ZLOO� SUREDEO\� JDLQ� FRQVFLRXVQHVV� VRPHZKDW� HDUOLHU� WKDQ� WKH� RWKHU��
GHSHQGLQJ� RQ� HQYLURQPHQWDO� YDULDEOHV� VXFK� DV� WKH�PHWDEROLF� FRQGLWLRQV� RI�
WKH�UHFLSLHQW�ERGLHV��,I�WKH�WZR�KHPLVSKHUHV�JDLQ�FRQVFLRXVQHVV�DW�DQ�LQWHUYDO�
RI�D�IHZ�VHFRQGV��WKHQ��DVVXPLQJ�WKDW�HDFK�RIIVKRRW�FRPHV�LQWR�EHLQJ�ZKHQ�
WKH\�JDLQ�FRQVFLRXVQHVV��WKH�VLWXDWLRQ�ZRXOG�EH�6HFRQGV�GHOD\HG�'LYLVLRQ��
� :LWK�WKLV�LQ�PLQG��FRPSDUH�6HFRQGV�GHOD\HG�'LYLVLRQ�ZLWK�DQ�LQVWDQFH�
RI� regular� ILVVLRQ�� ZKHUH� WKH� WZR� KHPLVSKHUHV� RI� WKH� RULJLQDO� VXEMHFW� DUH�
WUDQVSODQWHG�WR�WZR�GLVWLQFW�KXPDQ�ERGLHV�DQG�WKH�WZR�RIIVKRRWV�FRPH�LQWR�
EHLQJ�DW�H[DFWO\�WKH� VDPH�WLPH��FDOO�WKLV�FDVH��SODLQO\��DivisionVHH�WKH�DS�
SHQGL[� IRU� WKH� GLDJUDP���7KH� VWDQGDUG� SV\FKRORJLFDO� YLHZ� LV� VXSSRVHG� WR�
KROG�WKDW�QHLWKHU�RIIVKRRW�LV�LGHQWLFDO�WR�WKH�SUH�ILVVLRQ�VXEMHFW�LQ�'LYLVLRQ��
1RZ��WKH�RQO\�GLIIHUHQFH�EHWZHHQ�'LYLVLRQ�DQG�6HFRQGV�GHOD\HG�'LYLVLRQ�LV�
WKDW�LQ�WKH�ODWWHU�RQH�RIIVKRRW�JDLQV�FRQVFLRXVQHVV�RQO\�D�IHZ�VHFRQGV�ODWHU�
WKDQ� WKH�RWKHU�RIIVKRRW��7KLV� WHPSRUDO�GLVSDULW\��KRZHYHU�� LV� WRR� VOLP� WR�
SURGXFH�D�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�WZR�FDVHV�ZLWK�UHVSHFW�WR�KRZ�
WKH� SUH�ILVVLRQ� VXEMHFW� LV� SV\FKRORJLFDOO\� FRQQHFWHG� WR� WKH� WZR� UHVXOWLQJ�
RIIVKRRWVLQ� ERWK� FDVHV�� WKH� RULJLQDO� SHUVRQ� LV� VWURQJO\� SV\FKRORJLFDOO\�
FRQQHFWHG�WR�ERWK�RIIVKRRWV� WR�DOPRVW�WKH�VDPH�GHJUHH��+HQFH�� WKH�VWDQ�
GDUG�SV\FKRORJLFDO�YLHZ�VKRXOG�KROG�� MXVW�DV� LW�GRHV� LQ�UHJDUG�WR�'LYLVLRQ��
WKDW�QHLWKHU�RIIVKRRW�LV�LGHQWLFDO�WR�WKH�RULJLQDO�SHUVRQ�LQ�6HFRQGV�GHOD\HG�
'LYLVLRQ� DV� ZHOO�� +RZHYHU�� DV� SUHYLRXVO\� QRWHG�� DGYRFDWHV� RI� WKH� 7KLUG�
5RXWH�RXJKW�WR�PDLQWDLQ�WKDW�$
=%
�DQG�$
്'
�LQ�6HFRQGV�GHOD\HG�'LYL�
VLRQ��7KLV�PHDQV� WKDW�� DPRQJ�WKH� WZR�UHVXOWLQJ�SHUVRQV��ZKRHYHU� �ZDNHV؈
XS؉�ILUVW�DIWHU�WKH�VXUJHU\�LV�HQWLWOHG�WR�EH�WKH�RULJLQDO�SHUVRQ��7KLV�VRXQGV�
DUELWUDU\��,PDJLQH�WKDW�\RX�DUH�RQH�RI�WKH�VXUJHRQV�LQ�6HFRQGV�GHOD\HG�'LYL�
VLRQ�ZKR�KDYH�MXVW�SHUIRUPHG�WKH�VXUJHU\��<RX�KDYH�MXVW�VXFFHVVIXOO\�SOXJJHG�
HDFK� KHPLVSKHUH� RI� WKH� RULJLQDO� SHUVRQ� LQWR� WKH� FUDQLXPV� RI� WZR� GLVWLQFW�
KXPDQ�ERGLHV�� DQG� DUH�QRZ�ZDLWLQJ� IRU� WKH� UHVXOWLQJ�SHUVRQV� WR� JDLQ� FRQ�
VFLRXVQHVV��%
�JDLQV�FRQVFLRXVQHVV�D�IHZ�VHFRQGV�HDUOLHU�WKDQ�'
�GRHV��1RZ��LW�
ZRXOG�EH�DUELWUDU\�LI�\RX�FODLP�WKDW�%
�LV�WKH�RQH�\RX�KDYH�MXVW�SHUIRUPHG�WKH�
VXUJHU\�RQ�ZKLOH�\RX�KDYH�QHYHU�SHUIRUPHG�D�VXUJHU\�RQ�'
��7KLV�VRXQGV�DU�
ELWUDU\�EHFDXVH�%
�DQG�'
��ERWK�EHLQJ�VWURQJO\�SV\FKRORJLFDOO\�FRQQHFWHG�WR�
$
�WR�DOPRVW�WKH�VDPH�GHJUHH��VHHP�WR�KDYH�HTXDO�FODLP�WR�EH�$
��$QG�WKLV�LV�
WKH�YHU\�LQWXLWLRQ�WKDW�OHDGV�WKH�VWDQGDUG�SV\FKRORJLFDO�YLHZ�WR�PDLQWDLQ�WKDW�
QHLWKHU�UHVXOWLQJ�RIIVKRRW�LV�WKH�RULJLQDO�VXEMHFW�LQ�'LYLVLRQ��
� ,Q� GHVFULELQJ� WKH� DIRUHPHQWLRQHG� SUREOHP�� ,� KDYH� DVVXPHG� WKDW� HDFK�
RIIVKRRW�FRPHV�LQWR�H[LVWHQFH�DV�VRRQ�DV�WKH�WUDQVSODQWHG�EUDLQ�KHPLVSKHUH�
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JDLQV�FRQVFLRXVQHVV�DIWHU�WKH�VXUJHU\��2I�FRXUVH��PDQ\�FDQ�REMHFW�WR�WKLV�DV�
VXPSWLRQ�� DQG� WKH\� PD\� EH� ULJKW� WR� GR� VR�� 1HYHUWKHOHVV�� ,� WKLQN� WKDW��
D�VLPLODU�SUREOHP�ZLOO�DULVH�IRU�WKH�7KLUG�5RXWH�ZKHQ�ZH�WDNH�D�GLIIHUHQW�
YLHZ�DV�WR�KRZ�DQG�ZKHQ�H[DFWO\�WKH�RIIVKRRWV�FRPH�LQWR�H[LVWHQFH��)RU�LQ�
VWDQFH�� VXSSRVH�ZH� WDNH� WKH� YLHZ� WKDW� HDFK� RIIVKRRW� FRPHV� LQWR� EHLQJ� DV�
VRRQ�DV�HDFK�KHPLVSKHUH�LV�WUDQVSODQWHG�WR�WKH�UHFLSLHQW�ERG\��7KH�SURE�
OHP� WKHQ� LV� WKDW�� LQ� WKH� FDVH� ZKHUH� RQH� KHPLVSKHUH� LV� WUDQVSODQWHG� WR��
D�ERG\�D� IHZ�VHFRQGV�HDUOLHU� WKDQ�WKH�RWKHU�KHPLVSKHUH� LV�WUDQVSODQWHG�WR��
D�GLIIHUHQW�ERG\��LW�ZRXOG�EH�DUELWUDU\�WR�KROG�WKDW�WKH�IRUPHU��DQG�QRW�WKH�
ODWWHU�� LV� LGHQWLFDO� WR� WKH� SUH�ILVVLRQ� VXEMHFW�� +HUH� DJDLQ�� HDFK� RIIVKRRW�
VHHPV�WR�KDYH�DQ�HTXDO�FODLP�WR�EH�WKH�RULJLQDO�SHUVRQ�LQVRIDU�DV�WKHLU�SV\�
FKRORJ\� LV� FRQFHUQHG�� 7R� JHW� DURXQG� WKLV� SUREOHP�� SURSRQHQWV� RI� WKH�
7KLUG�5RXWH�PXVW�EH�DEOH�WR�H[SODLQ�ZK\�WKH�LQWHUYDO�EHWZHHQ�WKH�UHVSHF�
WLYH� HPHUJHQFHV� RI� WKH� WZR� RIIVKRRWV�� QR�PDWWHU� KRZ� VKRUW� LW� LV�� PDNHV��
D� VLJQLILFDQW�GLIIHUHQFH� WR�WKH�HIIHFW� WKDW� WKH�HDUOLHU�EXW�QRW� WKH� ODWHU�RII�
VKRRW� LV� LGHQWLFDO� WR� WKH� SUH�ILVVLRQ� VXEMHFW�� 7KH\� QHHG� WR� H[SODLQ� WKLV�
ZLWKRXW�YLRODWLQJ�WKH�VSLULW�RI�WKH�VWDQGDUG�SV\FKRORJLFDO�YLHZ��
� ,�KDYH�DUJXHG�WKDW�HDFK�RI�WKH�WKUHH�URXWHV�LV�YXOQHUDEOH�WR�VHULRXV�SURE�
OHPV��6LQFH�DQ\RQH�ZKR�HQGRUVHV�WKH�VWDQGDUG�SV\FKRORJLFDO�YLHZ�PXVW�WDNH�
RQH�RI� WKHP��,� VXEPLW�WKDW�WKH�SRVVLELOLW\�RI�GHOD\HG� ILVVLRQ�SRVHV�D�FKDO�
OHQJH�IRU�WKH�VWDQGDUG�SV\FKRORJLFDO�YLHZ�RI�SHUVRQDO�LGHQWLW\���

������������������������������������������������������
���� ,�DP�JUDWHIXO�WR�'HDQ�=LPPHUPDQ�DQG�%RUDP�/HH�IRU�KHOSIXO�GLVFXVVLRQV�RQ�HDUOLHU�
GUDIWV�RI�WKLV�DUWLFOH��

�

Appendix: Variant cases of fission and their diagrams 

�D��'HOD\HG�5HSOLFDWLRQ��6FDQQLQJ�WKH�ERG\�RI�WKH�RULJLQDO�VXEMHFW��DQG�DI�
WHU�VRPH�GHOD\� LQ�WLPH��FUHDWLQJ�DQ�H[DFW�UHSOLFD�EDVHG�RQ�WKH�VFDQQHG�
LQIRUPDWLRQ��

�E��'HOD\HG�'LYLVLRQ��5HPRYLQJ�WKH�WZR�KHPLVSKHUHV�RI�D�EUDLQ�DQG�WUDQV�
SODQWLQJ�WKHP�WR�GLIIHUHQW�KXPDQ�ERGLHV�DW�DQ�LQWHUYDO�RI�D�IHZ�GD\V��WR�
WKH�HIIHFW�WKDW�RQH�RI�WKH�WZR�UHVXOWLQJ�SHUVRQV�ZLOO�JDLQ�FRQVFLRXVQHVV��
D�IHZ�GD\V�ODWHU�WKDQ�WKH�RWKHU��

�F��+DOI�EUDLQ� 5HPRYDO�� 5HPRYLQJ� RQO\� RQH� EUDLQ� KHPLVSKHUH� IURP� WKH�
RULJLQDO�ERG\�DQG�NHHSLQJ�LW�LQ�D�VSHFLDO�GHYLFH�SHUPDQHQWO\��
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�G��+DOI�EUDLQ� 7UDQVIHU�� 5HPRYLQJ� WKH� WZR� KHPLVSKHUHV� RI� D� EUDLQ� DQG�
WUDQVSODQWLQJ�RQH�RI�WKHP�WR�D�GLIIHUHQW�KXPDQ�ERG\�ZKLOH�NHHSLQJ�WKH�
RWKHU�SHUPDQHQWO\�LQ�D�VSHFLDO�GHYLFH��

�H��,QGHWHUPLQDWH�'LYLVLRQ�� 6DPH� DV� �G�� H[FHSW� WKDW� LW� LV� QRW� GHWHUPLQHG�
ZKHWKHU�WKH�KHPLVSKHUH�LQ�WKH�GHYLFH�ZLOO�EH�WUDQVSODQWHG�WR�D�GLIIHUHQW�
KXPDQ�ERG\�RU�OHIW�LQ�WKH�GHYLFH�SHUPDQHQWO\��

�I�� 6HFRQGV�GHOD\HG�'LYLVLRQ��6DPH�DV��E��H[FHSW�WKDW�WKH�LQWHUYDO�EHWZHHQ�
WKH� WZR� UHVXOWLQJ� SHUVRQV� JDLQLQJ� RI� FRQVFLRXVQHVV� LV� RQO\� D� IHZ�
VHFRQGV��

�J��'LYLVLRQ��5HPRYLQJ� WKH� WZR�KHPLVSKHUHV�RI� D�EUDLQ�DQG� WUDQVSODQWLQJ�
WKHP�WR�GLIIHUHQW�KXPDQ�ERGLHV�WR�WKH�HIIHFW�WKDW�WKH�WZR�UHVXOWLQJ�SHU�
VRQV�ZLOO�JDLQ�FRQVFLRXVQHVV�DW�H[DFWO\�WKH�VDPH�WLPH��
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Diagram of Delayed Replication 
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Diagram of Delayed Division and Seconds-delayed Division�
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W����%
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Diagram of Half-brain Removal and Half-brain Transfer 
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Diagram of Indeterminate Division�
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Diagram of Division�

W����%RWK�RIIVKRRWV�JDLQ�FRQVFLRXVQHVV��

W��7KH�EUDLQ�LV�UHPRYHG��

%
�

$
�

W����

W��7KH�EUDLQ�LV�UHPRYHG��
W����%
�JDLQV�FRQVFLRXVQHVV��

�2QH�KHPLVSKHUH�LV��
LQ�WKH�VSHFLDO�GHYLFH��

%
�

$
�

W����

W��7KH�EUDLQ�LV�UHPRYHG��
W����%
�JDLQV�FRQVFLRXVQHVV��

�2QH�KHPLVSKHUH�LV��
LQ�WKH�VSHFLDO�GHYLFH��
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