
/2&$/�*5$',(17�2)�(1(5*(7,&�,21�)/8;�'85,1*',32/$5,=$7,21�21�����5(
7��9��.R]HORYD���%��9��.R]HORY���/��/��/D]XWLQ��3RODU�*HRSK\VLFDO�,QVWLWXWH��$SDWLW\��0XUPDQVN�UHJLRQ���������5XVVLD�6FREHOWV\Q�,QVWLWXWH�RI�1XFOHDU�3K\VLFV��0RVFRZ�6WDWH�8QLYHUVLW\���������5XVVLD

$%675$&7
,QMHFWLRQV� RI� HQHUJHWLF� SDUWLFOHV� DQG� GLSRODUL]DWLRQ� RI� PDJQHWLF� ILHOG� DUH� ZHOO�NQRZQ� VLJQDWXUHV� RIPDJQHWRVSKHULF� VXEVWRUP� LQ� WKH�QHDU�(DUWK� UHJLRQ�RI� SODVPD� VKHHW��+RZHYHU�� WKH� SK\VLFDO� SURFHVVHV� DVVRFLDWHGZLWK�WKHVH�SKHQRPHQD�DUH�QRW�IXOO\�XQGHUVWRRG��7KH�SUHVVXUH�JUDGLHQW�DQG�DQLVRWURS\�DUH��VLJQLILFDQW�SDUDPHWHUVIRU�XQGHUVWDQGLQJ�RI�SK\VLFV�RI�WKH�VXEVWRUP�GHYHORSPHQW��.R]HORYD�HW�DO��������IRXQG�LQ�VWXG\�RI�*(26���GDWDWKDW�WKH�DQWLFRUUHODWLRQ�EHWZHHQ�WKH�SURWRQ�DQG�HOHFWURQ�IOX[HV�LV�FRQQHFWHG�ZLWK�WKH�ZHVWHUQ�HGJH�RI�WKH�H[SDQVLYHDXURUDO�EXOJH��ZLWK�WKH�VSDWLDO�H[WHQW�!����NP�DQG�ZLWK�GXUDWLRQ�QHDU����PLQ���,QVLGH�WKH�DFWLYH�UHJLRQ��ZKHUH�WKHGLSRODUL]DWLRQ�LV�REVHUYHG��WKH�SURWRQ�IOX[HV�DUH�UHGXFHG�DQG�WKH�HOHFWULF�ILHOG�LV�GLUHFWHG�ZHVWZDUG��7KH�LQFUHDVH�RU�GHFUHDVH��RI�SURWRQ�IOX[�PD\�EH�LQWHUSUHWHG�DV�VDWHOOLWH�HQWU\�LQWR�WKH�UHJLRQ�RI�HQKDQFHG��RU�GHFUHDVHG��SODVPDSUHVVXUH�VLQFH�HQHUJHWLF�SURWRQV�JLYH�WKH�PDLQ�FRQWULEXWLRQ�WR�WKH�SUHVVXUH�+HUH� ZH� H[DPLQHG� WKH� &55(6� GDWD� IURP� VHYHUDO� GHWHFWRUV� ZKLFK� PHDVXUHG� WKH� SDUWLFOHV� LQ� D� GLIIHUHQWGLUHFWLRQV��:H�IRXQG�WKH�VLPLODU�YDULDWLRQV�RI�WKH�HQHUJHWLF�SDUWLFOH�IOX[HV��SURWRQV�!���NH9�DQG�HOHFWURQV�!�����NH9��DVVRFLDWHG�ZLWK�WKH�ORFDO�GLSRODUL]DWLRQ��KRZHYHU�WKHVH�YDULDWLRQV�ZHUH�REVHUYHG�GXULQJ�WKH�VKRUWHU�LQWHUYDO�RI������V��.R]HORYD�HW�DO���������6RPHWLPHV� WKH�D]LPXWKDO�DQLVRWURS\�RI�SURWRQ�IOX[HV�RI�GLIIHUHQW�HQHUJ\�PD\�EHGLIIHUHQW�DQG�WKH�IOX[�YDULDWLRQV�DUH�QRQFRKHUHQW�ZLWKLQ�D�VPDOO�VSDWLDO�UHJLRQ�FRPSDUDEOH�WR�WKH�SURWRQ�J\URUDGLXV�KHUH�IURP�����WR������NP���'LVSHUVLRQOHVV�HQHUJHWLF�HOHFWURQ�LQMHFWLRQ�FRLQFLGHV�ZLWK�WKH�GLSRODUL]DWLRQ�DQG�ZLWKWKH�GURS�RI�WKH�������NH9�SURWRQ�IOX[��7KLV�SURWRQ�GURS�EHJLQV�HDVWZDUG�RI�WKH�&55(6�DQG�WKHQ�H[SDQG�ZHVWZDUGZLWK�WKH�YHORFLW\�RI�����������NP�V�

,1752'8&7,21
7KHUH�DUH�WZR�NH\�SURFHVVHV�LQ�WKH�HYROXWLRQ�RI�D�PDJQHWRVSKHULF�VXEVWRUP���D��D�IRUPDWLRQ�RI�WKH�VXEVWRUPFXUUHQW�ZHGJH��6&:��ZLWK�WKH�QHDU�(DUWK�FXUUHQW�GLVUXSWLRQ�LQ�WKH�QHDU�JHRV\QFKURQRXV�SODVPD�VKHHW�DQG��E��WKHRQVHW�RI�PDJQHWLF�UHFRQQHFWLRQ��05��LQ�WKH�PLGWDLO�SODVPD�VKHHW��7KHUH�DUH�WZR�EDVLF�PRGHOV�RI�VXEVWRUP�RQVHWDQG�H[SDQVLRQ��WKH�1HDU��(DUWK�&XUUHQW�'LVUXSWLRQ��&'��DQG�WKH�1HDU��(DUWK�1HXWUDO�/LQH��1(1/��PRGHOV��%RWKPRGHOV� LQFOXGH� ERWK� WKH� 6&:� IRUPDWLRQ� DQG� WKH� 1(1/� IRUPDWLRQ�� 7KH\� DUH� GLVWLQJXLVKHG� E\� WKH� WHPSRUDOVHTXHQFH�LQ�WKH�IRUPDWLRQ�RI�6&:�DQG�1(1/�7KH�6&:�LPDJHV�D�SDUWLDO�GLYHUVLRQ�RU�GLVUXSWLRQ�RI�WKH�FURVV�WDLO�FXUUHQW�ZKLFK�OLQNV�ZLWK� WKH�LRQRVSKHULFFXUUHQWV� WKURXJK� ILHOG�DOLJQHG� FXUUHQWV�� 7KLV�PDJQHWRVSKHUH�LRQRVSKHUH� FRXSOLQJ� SOD\V� DQ� LPSRUWDQW� UROH� LQ� WKHVXEVWRUP�SURFHVV�'DWD� IURP�WKH�&55(6�VSDFHFUDIW�DQG� WKH�JHRV\QFKURQRXV�VSDFHFUDIW�*(26���KDYH�EHHQ�XVHG� WR� VWXG\� WKHHYROXWLRQ� RI� WKH� ORFDO� FRQGLWLRQV� OHDGLQJ� XS� WR� DQG� GXULQJ� &'�� ,Q� WKLV� SDSHU� ZH� SUHVHQW� VRPH� IHDWXUHV� RI� WKHVWUXFWXUH�RI�ERWK�WKH�%�DQG�(�ILHOGV�DQG�RI�WKH�SODVPD�GLVWULEXWLRQ�RFFXUULQJ�GXULQJ�D�IHZ�PLQXWHV�EHIRUH�WKH�RQVHWRI�WKH�VXEVWRUP�H[SORVLYH�SKDVH��7KHVH�IHDWXUHV�DUH�YHU\�LPSRUWDQW�IRU�XQGHUVWDQGLQJ�WKH�SK\VLFV�RI�WKH�VXEVWRUPLWVHOI�
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5(68/76
(QHUJHWLF� SDUWLFOH� DQG� PDJQHWLF� ILHOG� REVHUYDWLRQV� E\� WKH&55(6�DQG�*(26���KDYH�EHHQ�XVHG�WR�VWXG\�WKH�FKDUDFWHULVWLFV�RIWKH� G\QDPLF� EHKDYLRU� �ZLWK� GLIIHUHQW� VFDOHV�� RI� WKH� HQHUJHWLFSDUWLFOHV� LQ� WKH� QHDU�HDUWK� PDJQHWRVSKHUH� GXULQJ� VXEVWRUPV�'HWDLOHG� LQYHVWLJDWLRQV� RI� WKH� VXEVWRUP� GHYHORSPHQW� IRU� VHYHUDOFDVH� VWXGLHV� �.R]HORYD� HW� DO��� ������ ������ ������ /D]XWLQ� HW� DO��������DOORZ�XV�WR�PDNH�WKH�IROORZLQJ�FRQFOXVLRQV�

&KDQJHV�RI�SDUWLFOH�HQHUJ\�GHQVLW\�DQG�HIIHFW�RI�GLVWDQW�FXUUHQWQHDU�7GLS:H� LQYHVWLJDWHG� GLVSHUVLRQOHVV� LQMHFWLRQV� RI� HQHUJHWLF� �!��NH9��LRQV�DQG�HQHUJHWLF��!�����NH9��HOHFWURQV�RQ�WKH�&55(6�QHDUWKH�PDJQHWLF� HTXDWRULDO� SODQH�DQG�QHDU�PLGQLJKW� �.R]HORYD�HW� DO���������:H�FRPSXWHG�PDJQHWLF� ILHOG�+G RI�GLVWDQW�FXUUHQWV� H[FHSWGLDPDJQHWLF�FRPSRQHQW�LQ�DFFRUGDQFH�ZLWK��*XUJLROR�HW�DO���������0D[ZHOO
V� HTXDWLRQ�� �u%W  � ��S�F�-W�� UHODWHV� WKH� PHDVXUHGPDJQHWLF�LQGXFWLRQ�%W WR�WKH�WRWDO�FXUUHQW�-W��%RWK�ORFDO�DQG�GLVWDQWFXUUHQW� VRXUFHV� FRQWULEXWH� WR� WKH� PHDVXUHPHQW� RI� %W�� ,Q� DPDJQHWL]HG� SODVPD�� VXFK� DV� WKDW� RI� WKH� PDJQHWRVSKHUH�� FXUUHQWFRQWULEXWLRQV� FRPH� IURP� PDJQHWL]DWLRQ�� FXUYDWXUH�� DQG� JUDGLHQWGULIWV�RI�SDUWLFOHV��,Q�WKLV�SDSHU�ZH�DUH�LQWHUHVWHG�LQ�WKH�GLDPDJQHWLFFXUUHQW�� ZKLFK� FDQ� EH� VWXGLHG� IURP� WKH� SODVPD� GDWD�� 7KHGLDPDJQHWLF� FXUUHQW� DQG� WKH� SDUWLFOH� PDJQHWL]DWLRQ� DUH� UHODWHGWKURXJK� -F  � F�u0�� ,I� RQH� GHILQHV� +G  � % �� �S0�� WKHQ� WKH0D[ZHOO
V�HTXDWLRQ�IRU�+G LV��u+G  ���S ��F�-G��+HUH�+G LV�GXH�WRDOO�RI�WKH�FXUUHQWV�H[FHSW�WKH�GLDPDJQHWLF�FRPSRQHQW�:H� HVWLPDWHG� SHUWXUEDWLRQ� FXUUHQWV� G- XVLQJ� WKH� GLIIHUHQWLDOYHFWRUV� RI� WKH� FRPSXWHG� PDJQHWLF� ILHOG�+G DQG� WKH� OLQH� FXUUHQWPRGHO� DV� LQ� �.R]HORYD� HW� DO��� ������� :H� DVVXPH� WKDW� ORFDOL]HGFXUUHQW� SHUWXUEDWLRQ� LQ� PDJQHWRVSKHUH� PD\� EH� GHGXFHG� IURPGLIIHUHQWLDO�PDJQHWLF�ILHOG�SHUWXUEDWLRQ�G%�W�� �%�W�GW����%�W���7KHOLQH� FXUUHQW�PRGHO� KDYH� EHHQ� XVHG� WR� VLPXODWH� HTXLYDOHQW� FXUUHQWG-�� DVVRFLDWHG� ZLWK� WKLV� SHUWXUEDWLRQ� G%�� :H� DVVXPH� WKDW� WKHFXUUHQW�G- LV�UHVWULFWHG�WR�WKH�HTXDWRULDO�SODQH�DQG�KDYH�DQ�DUELWUDU\RULHQWDWLRQ��:H�HVWLPDWH�WKH�PDJQLWXGH��RULHQWDWLRQ�DQG�ORFDWLRQ�RI�WKH�FXUUHQW�G- XVLQJ�WKH�%LRW�6DYDUW�ODZ�)LJ��� SUHVHQWV� D� VFKHPDWLF� RI� ILHOG�� FXUUHQW� DQG� SDUWLFOH� IOX[� YDULDWLRQV�� )LJ��� SUHVHQWV� WKHLU� GHWDLOHGGHYHORSPHQW�IRU�RQH�FDVH�VWXG\��2Q�WKHVH�ILJXUHV�FXUUHQW�IORZ�WR�WKH�OHIW�LV�FRUUHVSRQGHG�WR�ZHVWZDUG�FXUUHQW�DQGFXUUHQW�IORZ�WR�WKH�ULJKW�LV�FRUUHVSRQGHG�WR�HDVWZDUG�FXUUHQW�RU�FURVV�WDLO�FXUUHQW�GHFUHDVH��&'���)URP�)LJ����DQG)LJ���RQH�FDQ�VHH�WKDW�D��7KH�SDUWLFOH� HQHUJ\�GHQVLW\� DW� U�a���5( LQFUHDVHV� WRZDUG� WKH� ORFDO�GLSRODUL]DWLRQ�RQVHW��'HFUHDVH�RI� WKHPDJQHWLF�ILHOG�EHIRUH�7GLS FDQQRW�EH�FRPSOHWHO\�DFFRXQWHG�E\�GLDPDJQHWLVP�DORQH��2WKHU�FXUUHQW�VRXUFHV�PXVW�EHDFWLYH��7KH�FXUUHQW�RI�SHUWXUEDWLRQ�RQ�WKH�IURQW�RI�WKH�SURWRQ�LQMHFWLRQ�GLUHFWHG�ZHVWZDUG�DQG�FKDQJHG�WKH�GLUHFWLRQHDVWZDUG�RQ�WKH�OHDGLQJ�IURQW�RI�WKH�HOHFWURQ�LQMHFWLRQ�E�� 7KH� GLVWDQW� FXUUHQW� LQWHQVLW\� EHJLQV� WR� LQFUHDVH� JUDGXDOO\�� -XVW� SULRU� WR� WKH� PRPHQW� 7GLS�� WKLV� FXUUHQWLQFUHDVHV�H[SORVLYHO\�ZKHQ�LQWHQVLYH�KLJK�HQHUJ\��!����NH9��SURWRQ�EXUVW�RFFXUUV�F��,Q�WKH�PRPHQW�7GLS WKH�FXUUHQW�GHFUHDVHV�VXGGHQO\��WKH�&'�RFFXUV���7KH�&'�FRLQFLGHV�ZLWK�WKH�GURS�RI�WKHORZHVW�HQHUJ\�������NH9��SURWRQ�IOX[��7KH�HOHFWURQ�IOX[�LQFUHDVHV�VLPXOWHQHRXVO\�G���%HIRUH�DQG�GXULQJ�GLSRODUL]DWLRQ��WKH�EHKDYLRXU�RI�WKH�ORZ�HQHUJ\������NH9��SURWRQV�DQG�KLJKHU�HQHUJ\�!���NH9��SURWRQV�DUH�GLIIHUHQW�7KXV�WKLV�DQDO\VLV�VXSSRUW�WKH�LGHD�WKDW�VKDUS�WUDQVLHQW�LQFUHDVH�DQG�WKHQ�WUDQVLHQW�GHFUHDVH�RI�PDJQHWRVSKHULFFURVV�ILHOG� FXUUHQW� DW� QHDU�JHRVWDWLRQDU\� GLVWDQFHV� DUH� GXH� WR� � ORFDO� SURFHVV� DQG� PD\� EH� DVVRFLDWHG� ZLWK� DQLQVWDELOLW\�ZKLFK�WULJJHUV�WKH�ORFDO�VXEVWRUP�GLSRODUL]DWLRQ�DQG�SDUWLFOH�DFFHOHUDWLRQ�

)LJ���� $� VFKHPDWLF� RI� WKH� FKDQJHV� LQ� WKHILHOGV��FXUUHQWV�DQG�SDUWLFOH�IOX[HV�QHDU�WKHORFDO�GLSRODUL]DWLRQ�PRPHQW�7GLS IURP� WKH&55(6� REVHUYDWLRQV� � �.R]HORYD� HW� DO���������+HUH�+G LV�WKH�PDJQHWLF�ILHOG�RI�DOOFXUUHQWV� H[FHSW� WKH� GLDPDJQHWLFFRPSRQHQW��%W LV� WKH�PHDVXUHG�PDJQHWLFLQGXFWLRQ�� :S LV� SDUWLFOH� HQHUJ\� GHQVLW\DQG�GM LV�WKH�SHUWXUEDWLRQ�FXUUHQWV�ZLWK�WKHGLDPDJQHWLVP�H[FOXVLRQ�



A1 B1

measured field

perturbation  current, dt=15s

electrons
E1

E4

E7

21.5-31.3 keV

49.5-59 keV

81-94.5 keV

protons P1

P2

P4

P5

37-54 keV

54-69 keV

85-113 keV

113-147 keV

distant currents

)LJ����$Q�H[DPSOH�RI�YDULDWLRQV�RI�ILHOGV�DQG�SDUWLFOH�IOX[HV�RQ�&55(6��)URP�WKH�WRS�WR�WKH�ERWWRP�����DQG����=FRPSRQHQWV� RI� WKH�PDJQHWLF� ILHOG� RI� GLVWDQW� FXUUHQW� DQG�PHDVXUHG�PDJQHWLF� LQGXFWLRQ�%W�� ��� SRVLWLRQ� RI� WKHSHUWXUEDWLRQ�FXUUHQWV�GM �LQ�DUELWUDU\�XQLWV��ZLWK�WKH�GLDPDJQHWLVP�H[FOXGHG��WKH�SRVLWLYH�GLVWDQFH�LV�SDUDOOHO�WR�WKH;�D[LV�ZLWK�UHVSHFW�WR�WKH�&55(6�SRVLWLRQ�����HOHFWURQ�IOX[HV�LQ�WKUHH�HQHUJ\�FKDQQHOV��DQG����LRQ�IOX[HV�LQ�IRXUHQHUJ\�FKDQQHOV�



)LJ����$�VFKHPDWLF�RI�GLVWULEXWLRQ�RI�ILHOGV�DQG�FXUUHQWV�LQWKH�YLFLQLW\�RI� WKH�:76�IURP� WKH�JURXQG� �.R]HORYD�DQG/\DWVN\�������� �D�� DQG� VDWHOOLWH�*(26��� �E�� UHFRUGLQJV�.R]HORYD�HW�DO���������

)LJ����$Q�H[DPSOH�RI�YDULDWLRQV�RI�SDUWLFOH�HQHUJ\�GHQVLW\RQ�&55(6��:S �:H����LRQ��HOHFWURQ��HQHUJ\�GHQVLW\�DQG:P� �� PDJQHWLF� ILHOG� HQHUJ\� GHQVLW\�� /RZHU� SDQHO�UHODWLYH�FRQWULEXWLRQ�RI�WKH�������NH9�SURWRQV�����DQG�WKH!��� NH9� SURWRQV� ���� WR� WRWDO� SURWRQ� HQHUJ\� GHQVLW\�/D]XWLQ�HW�DO���������
7KH�:76�LQ�WKH�LRQRVSKHUH�LV�DQ�LPDJH�RI�D�G\QDPLFSDUWLFOH�SUHVVXUH�ERXQGDU\,Q� WKH�PDJQHWRVSKHUH�D�G\QDPLF�ERXQGDU\�GLYLGLQJWKH� DUHDV�ZLWK� GLIIHUHQW� SDUWLFOH� SUHVVXUH� DSSHDUV� GXULQJVLPXOWDQHRXV�:76�REVHUYDWLRQV�LQ�FRQMXJDWH�LRQRVSKHULFUHJLRQ��7KH� LRQ� �HOHFWURQ�� IOX[HV� LQFUHDVH�ZHVW� �HDVW�� RIWKLV�ERXQGDU\�.R]HORYD� HW� DO�������� IRXQG� LQ� VWXG\� RI� *(26��GDWD� WKDW� WKH� DQWLFRUUHODWLRQ� EHWZHHQ� WKH� SURWRQ� DQGHOHFWURQ�IOX[HV�LV�FRQQHFWHG�ZLWK�WKH�ZHVWHUQ�HGJH�RI�WKHH[SDQVLYH� DXURUDO� EXOJH� �ZLWK� WKH� VSDWLDO� H[WHQW� !���NP���,QVLGH�WKH�DFWLYH�UHJLRQ��ZKHUH� WKH�GLSRODUL]DWLRQ�LVREVHUYHG�� WKH�SURWRQ� IOX[HV� DUH� UHGXFHG� DQG� WKH� HOHFWULFILHOG� LV� GLUHFWHG� ZHVWZDUG�� 7KH� ORFDOL]HG� XSZDUG� )$&�IURP� WKH� LRQRVSKHUH�� UHODWHG� WR�:76� LV� ORFDWHG� RQ� WKHZHVWHUQ� HGJH� RI� WKLV� UHJLRQ� �)LJ����� 7KH� LQFUHDVH� �RUGHFUHDVH��RI�SURWRQ� IOX[�PD\�EH� LQWHUSUHWHG�DV� VDWHOOLWH
VHQWU\� LQWR� WKH� UHJLRQ�RI� HQKDQFHG� �RU�GHFUHDVHG��SODVPDSUHVVXUH� VLQFH� HQHUJHWLF� SURWRQV� JLYH� WKH� PDLQFRQWULEXWLRQ� WR� WKH� SUHVVXUH�� 7KXV� WKH� GDWD� VXSSRUW� WKHLGHD�WKDW�WKH�DXURUDO�EXOJH�PD\�EH�WKH�UHJLRQ�RI�GHFUHDVHGSUHVVXUH�

)LJ�� ��� 6FKHPDWLF� RI� WKH� VHFWRUV� RQ� WKH� ;<�SODQHZKHUH�WKH�J\URFHQWHUV�RI�WKH�SURWRQV�PHDVXUHG�E\GLIIHUHQW�GHWHFWRUV�G��G��ORFDWH�
)LJ���SUHVHQWV�D�FOHDU�DQWL�FRUUHODWLRQ�EHWZHHQ�WKH�UHODWLYH�LPSRUWDQFH�RI�WKH�ORZ�DQG�KLJK�HQHUJ\�SURWRQV�LQWKH�YDULDWLRQV�RI�WKH�SDUWLFOH�SUHVVXUH�GXULQJ�WKH�VXEVWRUP�IURP�&55(6�GDWD��/D]XWLQ�HW�DO���������



/RFDO�GLSRODUL]DWLRQ�FRLQFLGHV�ZLWK�WKH�GURS�RI�WKH�������NH9�LRQ�IOX[HV:H�LQYHVWLJDWHG�GLVSHUVLRQOHVV�LQMHFWLRQV�RI�HQHUJHWLF�HOHFWURQV�!�����NH9�DQG�SURWRQV�!����NH9�RI�WKH�
SoH
FODVV��ZLWK�EHVW�SRVVLEOH�RQH�VHFRQG�UHVROXWLRQ��GXULQJ�VXEVWRUPV�RQ�WKH�&55(6�ZKHQ�VSDFHFUDIW�ZDV�FORVH�WR�WKHPDJQHWLF�HTXDWRULDO�SODQH�DQG�QHDU�PLGQLJKW��:H�IRXQG�WKDW�QHDU�WKH�VXEVWRUP�RQVHW�RQ�D�JHRFHQWULF�GLVWDQFH�RI�a��5(�WKH�VKRUW�LQWHUYDO�RI�������V�FRQVLVW�RI�WKH�WHPSRUDO�VHTXHQFH�RI�VXFK�SKHQRPHQRQV��WKH�SURWRQ�LQMHFWLRQ�ZLWKGLVSHUVLRQ�LQ���V��WKH�SURWRQ�LQMHFWLRQ�ZLWKRXW�GLVSHUVLRQ��WKH�HOHFWURQ�LQMHFWLRQ�ZLWKRXW�GLVSHUVLRQ��VLPXOWDQHRXVO\ZLWK� ORFDO� GLSRODUL]DWLRQ� RQVHW��� DQG� DW� ODVW� WKH� HOHFWURQ� LQMHFWLRQ� ZLWK� GLVSHUVLRQ�� 7KLV� VHTXHQFH� PD\� EH� WKHVLJQDWXUH� RI� ZHVWZDUG� DQG�RU� (DUWKZDUG� H[SDQVLRQ� RI� WKH� VXEVWRUP� DFWLYDWLRQ� ZKHQ� QHZ� ORFDOL]HG� UHJLRQV� RILPSXOVLYH�SDUWLFOH�DFFHOHUDULRQ�DSSHDU�RXWVLGH� WKH�LQLWLDO�SRVLWLRQ�RI�DFWLYH�UHJLRQ��7KH�JURZWK�RI� WKH�FURVV�ILHOGFXUUHQW� LQVWDELOLW\� �/XL� HW� DO�� ������ PD\� EH� DVVRFLDWHG� ZLWK� WKH� REVHUYHG� EXUVWV� RI� HQHUJHWLF� SURWRQV�� 7KHGLVSHUVLRQOHVV�FKDUDFWHU�RI�WKH�SURWRQ�DQG�HOHFWURQ�LQMHFWLRQV�FRQVLGHUHG�KHUH�LV�WKH�DUJXPHQW�IRU�ORFDO�DFFHOHUDWLRQRI�WKH�SDUWLFOHV�QHDU�WKH�&55(6�8VLQJ�WKH�GDWD�IURP�VHYHUDO�GHWHFWRUV��)LJ�����ZKLFK�ZHUH�RULHQWHG�LQ�GLIIHUHQW�GLUHFWLRQV��.RUWK�HW�DO���������ZH�GHWHUPLQH�TXDOLWDWLYHO\�WKH�ORFDWLRQ�RI�WKH�DFFHOHUDWLRQ�UHJLRQ�UHODWLYH�WR�WKH�&55(6�DQG�WKH�GHYHORSPHQW�RIWKLV�UHJLRQ��:H�IRXQG�WKDW�VRPHWLPHV�WKH�D]LPXWKDO�DQLVRWURS\�RI�GLIIHUHQW�HQHUJ\�SURWRQ�IOX[HV�PD\�EH�GLIIHUHQWDQG�WKH�IOX[�YDULDWLRQV�DUH�QRQFRKHUHQW�ZLWKLQ�D�VPDOO�VSDWLDO�UHJLRQ�FRPSDUDEOH�WR� WKH�LRQ�J\URUDGLXV� �KHUH�ULa���������NP��
b2 b2 Tdip

)LJ�����$Q�H[DPSOH�RI�YDULDWLRQV�RI�ILHOG�DQG�SDUWLFOH�IOX[HV�IURP�VHYHUDO�GHWHFWRUV�RQ�&55(6��)URP�WKH�WRS�WR�WKHERWWRP�����%] FRPSRQHQW�RI�PDJQHWLF�ILHOG����������HOHFWURQ�IOX[HV�LQ�WZR�FKDQQHOV�(�����������NH9��DQG�(��������NH9���DQG�������LRQ�IOX[HV�LQ�WKUHH�FKDQQHOV��3��������NH9���3����������NH9��DQG�3����������NH9���)RU�GLIIHUHQWGHWHFWRUV� �IURP� (DVW� WR� :HVW�� WKH� IOX[HV� DUH� VKRZQ� ZLWK� GLIIHUHQW� V\PERO�� VROLG� OLQH�� UKRPEXV� DQG� DVWHULVNUHVSHFWLYHO\��7KH�������NH9�SURWRQ�GURS�EHJLQV�HDVWZDUG�RI�WKH�&55(6�DQG�UHSODFHV�ZHVWZDUG�
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