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�Ê�r¥+�&�T�+�(' � "*) Ñ,+.-" ÐÒÑ ÓeÔ ) � �*) × ª+���+�V��¨�� "��R£E���G¨©± ° ¨��G¤ Ô Ó Üf×µØ Ô )·�/�+¥/� Ó Üf×µØ �*)?²
���6¥+�&�T�+�6���+�6 T�I£Hßf¦§��¨�� "��R£q���G¨©�w�.©�'10.2 +43" ÐÒÑ ÓÕÔ65 � � 5 × ¨©�?�/£H�+�¡�+¢i���+���T�+�/�j§c�G�¡�f� ÓeÔ75 � � 5 × f±

� ÔÖÓ �©×� � Ø
�
� Ó �©× � �ÛÚ�Ü��� � Ó �©×� � Ø

�
 " ÐÒÑ $ � � �

Ô Ó Üf×µØ Ô65 � � Ó Üf×uØ � 5 Þ
���+�8
 �w�T®A«A�¡�¡�w�u���+�E�G¨��E¤��w¤P§+�¡�¡�1©����T�I�%���k�l¥k�R©���¨��¡ !®k���w�/� ° ®+�+£q���¡�G�à� ° ���k� §+�/¨©���w£E�w�.©��¢©��9¸� �Y³´�R�¡�w�w�/�s�/�¡�G�+¢V�I�w�=���+�´��¨�� "��R£E���G¨��¡�1©�³��+�w£H�m£E�G¤m� ° ¨��G¤ �¡�#�T�+�[�á± �/�+¥ Ü �E�R©©�E³��+�E¨��I²
���+�O£R�G�7©��R¨�«I�I���¡�G�¶� ° ���+�V���/���/���E�+�R¨©¢/±P¢G�[«G�1©

� Ó �©× �;:=<?> " ÐÒÑ � ÓÕÔ Ó �©×�×
� " ÐÒÑ Ø � �5 :=<?> " ÐÒÑ � ÓeÔ75 ×

� " ÐÒÑ Þ
È)�G�!©©�w¥k�R¨�� ��¨�� "��E£E���/¨©± ©¨®+£H�����+�I� �¡�¡¤-A@ -�B CED -GF #�HJIAKMLONPRQ4S DTCVU ' W U FYX Ô Ó

�©× X Ø : ! ²&���+�E�
� ÓÕÔÖÓ �©×�×uØ�Ü �/�k¥rª � Ó �©×lØ � �5 : <?> " ÐÒÑ

� " ÐÒÑ � ÓÕÔ65 ×qÞ�·�E�+£R�XªZ[\ []_^ " ÐÒÑ ÓeÔ75a` � 5 ×µØcb " ÐÒÑYd � �5 :�<?> " ÐÒÑ
� " ÐÒÑ � ÓÕÔ65 ×�e ` �w�¡¤-A@ -�B CfD -GF #gH IhKML.NPiQjS DhC U ' W U FkX Ô Ó

�©× X Ø : ! `
^ " ÐÒÑ ÓÕÔ65l` � 5 ×uØ�Ü �E�R©©� Þ
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 5" ÐÒÑ ÓeÔ75 ×  8�W���+�o©©�E�·� ° «/�R�¡�A£E�¡���w�.©�� 5 ©�®+£H�ª���T�I�

�¡�¡¤-A@ -�B CED -GF #�HVIhKMLONPRQ4S DTCVU ' W U FYX Ô Ó
�©× X Ø : ! `

° �G¨��s¢/�¡«/�R� Ô75 ²�A�!ª
^ " ÐÒÑ ÓeÔ65l` � 5 ×uØ b?" ÐÒÑ d � �5 :=<?> " ÐÒÑ

� " ÐÒÑ � ÓÕÔ65 ×�e Ë*�
� � 5�� � "�
 5" ÐÒÑ ÓÕÔ65 ×
� `
�Î² �/²

^ Ñ ÓÕÔ65a` � 5 × Ø b ÑYd�� � �5 � < �
� Ñ � ÓÕÔ65 ×�e ` � 5 Þ���� � Ü ` � 5�� � "�
 5" ÐÒÑ ÓÕÔ65 × `

^ " ÓÕÔ65a` � 5 × Ø b " d�� � �5 : < �
� " � ÓeÔ65 × e ` X � 5 X Ú � < � � ÓeÔ75 ×

� " � Ø � � "�
 ` � 5�� � "�
 5" ÐÒÑ ÓeÔ65 ×qÞ
� ������� �"!�#

�

!
�

!$
%'&)(+*�,.-0/1*�24365720%8/:9<;=(+*>%?&)(+*A@+20&4*>%+&B5B-DC+5E/F%G*IHJ-D&B5)KD*:9L&)(+*�,
20%8/1*>M:K0-D&I5720%N243O&)(+*F&P20&Q-DC*>%G*>MIHSRT5)U	@+21/1*
/	&V(8-D&A&)(+*WKD*>CE21,>5)&BRX%G20M>U X � 5 X UXYJ/>&[Z>*FHSM\*.-D&P*>M�20M]*.^_Y8-DCG&P2 � � "�
 5 3� 5�� � "�
 5" ÐÒÑ ÓeÔ65 ×_`
�á�à�G¨©¥+�R¨�����£R�G¤P§!®A���µ���+�µ£H�+�/¨��/£q���E¨��¢©©���¡£ ° ®+�+£E���w�/�sËi�:� � 5W� � "�
 5" ÐÒÑ ÓeÔ65 ×
� ªJ³´�l¥k�R©©£R¨��q���baR����+� «/�R�¡�A£E�¡�á±�©¨§T�I£R�i�¡� ©¨§k�+�R¨©�w£R�/��£E�A�G¨©¥+�¡�T�I���.©6³��[��� ��c Ó ¤m�Y¥!®+�¢®!© × ªed_c `Wf c Ó �/�k¢G�w�.© c�q�á³)�E�R�ª���+�6«/�R�¡�A£E�¡���w�.©·�I�+¥`���+�W�k�G¨�¤s�/�8«G�R£q���G¨ � ���i���+�4©¨®k¨ ° �/£E�V� ° ���+�4©��I���E�w�¡�[��� × ²
���+�¶«/�R�¡�A£E�¡�á± � 5 �¢©��H�/ßI�R� �9©i���+�P¤m�¡�w¥Ö«I�/�R®k�¶�/� ���+�P¤s�.©�� £R�R�¡���¡� ���+�`«G�R�¡�Y£R�[�á±©¨§T�/£E�/²hg��·�F®+¤m�R¨©�w£R�/�¡�¡± ° �G�¡�w�J³x���+�M§T�/¨©���w£E�w����¨��0i��R£q���G¨�±G²E� ° ���+�¢©�§T�I¨©���¡£R�¡����¨�� i��R£E���G¨©±
¢G�A�.©��T®k�Û���+¨��9®+¢G�`���+���+£E���[���¡�T®!©�©�§+�+�E¨���jlk*ªY³)�r£R�/�!©��¡¥+�R¨����T�I�Û���+�R©�§+�/¨©���w£E�w�V£E�G¤m�1©
° ¨��G¤ �¡�#�T�k�¡�á±¶�/�k¥

Ë*�\� � 5�� � "�
 5" ÐÒÑ ÓÕÔ65 ×:� Ø Ë Þ
� ° ���k�R©L§T�/¨����¡£R�¡�r£R�G¤m�1© ° ¨��/¤ �� c�T®k�+¥T�/¨�±`� ° ���+�o©��Q���R�¡�¡�¡���9ªT���+�E�

Ë*�\� � 5�� � "�
 5" ÐÒÑ ÓÕÔ65 ×:� Ø�ÜkÞmonqpsrBtXu1nLrBtwvL��x0�Guy�0�Jz|{�xDuy}~�0rV{�t���{�u nl}���rB�qu1{J� {�t|u rB�<���
���+�L©��H�/�+¥+�/¨�¥^�/�¡¢G�G¨��[���k¤!�H�/ßI�1©l�w�f��� �/£E£R�T®k�=�´�/�¡�+���k����¨��0i��E£E���G¨��¡�1©l£R�G¤m�¡�+¢ ° ¨��G¤

�w�#�+�+�¡�á± ³��¡���+�T®k�n¥+�¢©©���¡�+£q���¡�G�®� ° ���k�T©��¸�/¨�¨©�¡«Y�¡�+¢��G� ���+��©��I���E�w�¡�[���/² �A�w�k£R�¸³´�­�/¨©�
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����� g��á���
����� ¬�
����+Ç�¬����	���µ����Ç��
�G�+�[±¶�w�f���R¨��.©©���R¥� f±¶���+�T©©�i�/¨©¨��[«A�¡�+¢:�/�¸���+� ©��I���R�¡�w�[��� Ó ³��[���+�9®k�W¨©�R�R¤m�¢©¨©©�w�G�����_�E£E��© × ª�[�W�¢©6�+�­®!©��i£E�G¤P§!®k���w�+¢^���+�O��¨�� i��R£E���G¨��¡�1©6� ° §T�/¨����¡£R�¡�1©6³��k�w£H�­³��¡�w� �+�q«G�R¨6¨��?�I£H�­���+�
©��Q���R�¡�¡�¡���/²
ÇW�p���+�s£R�G�f��¨��/¨©±9ª ���+�m T�/£HßG¦Ò��¨��0i��E£E���G¨��¡�1© �/�w¢/�G¨��[���+¤��G�+�[±Ï�H�/ßI�1©O�w�f���¸�/£R£E�T®+�f�O���+�
��¨��0i��R£q���G¨©�w�.©i£R�/¤s�¡�+¢ ° ¨©�G¤ �w�#�+�+�¡�á±Ê�/�+¥Ö�I¨�¨��[«Y�w�k¢­�G�Ê���+��©��Q���R�¡�¡�¡���/² �´±�¥+�G�¡�+¢ ©©�!ª
¤m�G¨��o§+¨©£R�¢©��¡�G�¸£R�/�P c�r¥+�/�+�r�w�P���+�WaE�G�+�V³��+�R¨©�à¤m�G¨©�o§+¨��E£R�¢©��¡�G�¸�¢©�¨��R¯F®+�¡¨��E¥�²
���+�¼©�£H�k�R¤m�·Ë Ü ²wËµ���,§+�2�I�w�!© ���+�µ¥+���_�E¨��R�k£R�l c�q�á³)�E�R�à���+�µ¥+�¡¨��E£E� �/�+¥r T�I£Hßf¦§��¨��0i��R£q���G¨©�w�.©
�/�¡¢G�G¨©�¡���+¤P©R²

satellite satellite

               STANDARD ALGORITHM BACKTRAJECTORIES ALGORITHM

Particle trajectories coming from infinity Backward trajectories of particles coming from infinity

���w¢T®k¨��mË Ü ²¡Ë � �Y���/�+¥T�/¨©¥¶�/�w¢/�G¨��[���+¤ �/�+¥¶ T�/£Hßf��¨��0i��R£q���G¨©�w�.©6�/�¡¢G�G¨©�¡���+¤
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�ÏÀµÃ��ªÄ � �O¿�ÄRÃ�� �GÃsÀ ¿�Å­ÂUÄRÃ�� ���
�
¿�Å­Â�Â��EÂ���¿�ÀµÃ�� � 
 ÀuÀµÂ��:¿�� �r¿�¿�Å­Â!� 
 À��"���oÂ Ã��¶¿µÅ­Â
�#�O¿�Â$���?ÄE¿�Â

�T�G¨r�`¢G�[«G�R��§c�/�w�f� Ô65 �G�Ï���k��©�®+¨ ° �I£R�s� ° ���+�P©��I���R�¡�w�[����³��[���Ê�P�k�G¨�¤s�/��«/�R£E���G¨ ���
Ó ¥k�w¨©�R£E���R¥ª�w�!©©�w¥k�O���+�o©��I���R�¡�w�[��� × ª+���k�O£.®+¨�¨©�R�f��© Ó �+�/�¶¥k�w¤m�R�7©��¡�G�+�¡�1©¨© × ¨��E£R�E�¡«/�R¥Ï�/¨©�
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��á���

� Ñ Ó � 5 × Ø ���
W U�� � Æ	� B W U�
 c���
���� Ó

� 5 Þ����8× ^ Ñ ÓÕÔ65l` � 5 ×�� � 5 `� " Ó � 5 × Ø �
W U�� � Æ	� B W U�
 c���
���� Ó

� 5 Þ ���8× ^ " ÓeÔ65l` � 5 ×�� � 5 Þ

���	������� ��� *! #"%$'&)(+*,*T*-$)(
���+�à�¡�G�¶£1®+¨©¨��E�=��³�¨©�¡���1©·�9©

� " Ó � 5 ×µØ �/. � d 0 "<21-354 Ñ e � 6 ���,§ d � � �3�4 Ñ e � W U�� � Æ7� B W U8�:9 P<; UP DhC U F Ó � 5 Þ����8× ���,§ d � 0 " �>=5<�3�4 Ñ e � � 5 Þ
�´±³§T�9©�©��¡�+¢ �¡�P©¨§+�k�R¨��¡£?�I�8£E�A�/¨�¥+�¡�T�I���1©µ³��¡��� ��c Ó ¤m�A¥7®+�R®7© × ª�d_c `[f c Ó �/�+¢G�¡�1©u 8�E�á³´�R�R����+�Û«/�R�¡�A£E�¡���w�.©´�I�+¥i���+���k�G¨�¤s�/�Y«G�R£q���G¨ � ���W���+��©¨®k¨ ° �/£E��� ° ���+��©��I���E�w�¡�[��� × ªG³)���G A�H�/�¡�
���T�I�

� " Ó � 5 ×µØ �?. � d 0 "<21-354 Ñ e � 6 ���,§ d � � �3�4 Ñ e �A@,BC�D P<; �!E 6F E 6
�!E 6F E 6

�?Gc	H ©©�w� Ó d_c × H £R�T© Ó d_c ×JI
I ���7§ d � 0 " �>=c<K3�4 Ñ e Ë*��L 9 PM; UP D )ON PQN R FTS � �+c � d_c � f c Þ

���+�à¥k�R©©£R¨��q���ba?�I���w�/�¸� ° ���+�V«/�R�¡�A£E�¡�á±�©¨§+�/£R�r�¡�¶©�§+�+�R¨©�w£R�/�%£R�Y�G¨�¥k�w�T�Q���1©��¡�?�/¥7©o���
� "VU �?. � dW0 "<21-3�4 Ñ e � 6 ���,§ d � � �3�4 Ñ eYX,Z[" Z#\�]

X,^[" ^ \�]
X,_[" _ \�]

� Wa`cbOd 6
We`cbOd�f

� P 6P f
� F E 6 @ P _g _ihF E 6 @ P _kj fg _ h

�lGc I
I ���,§ d � 0 " �>=c<�3�4 Ñ e H ©©�w� Ó d_c × H £E�T© Ó d_c × Ë*� L 9 P<; UP D )ON PQN R FmS � d_c � f c � ��c `
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� P 1 `d = Ø � 1 < : � P
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�!E 6F E 6
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