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3D fixed- and free-boundary,
ideal MHD equilibria  

VMEC/NEMEC:

GOURDON:
tracing of 
field lines and
guiding centres

VACFIELD:
vacuum field

magnetic field

INPUT

MFBE:

�"!$# � �	 :B��AB:(�9]�A-R ��� 8DP?A N��9X?A ��
)�=8DAB>

I��4��4 ��!�! � ]�� �	TE:=84���lT�N��9X?A ��
)�n8;AB>�]�L�L^<��=8D:;TU8DABX�]^W � ]^C?5 � 5 \�P?A&% � Y �  �4 5 $ N	�OX?A�N	��><�?<d8;A	�
8;PdA">�TECEW?A-8D]�N %?ABL�X!��� ����A ;O8DAB:=W	TEL N��E]�L�N-<?:D:=ABWS88��� AE5 C?5 88��:���]�X?TELlN	��]�L/�BF)� �EL���]^X	TEL
N���]^L��-Fd><�OX?<dL TE:
N��E]�L��-F�5^5 5'��@ 
 >_ABTEW�� ���B��]/�E8�-�6dT �ETU:=8 ����L�T#R 5  u8�W?ABA-X���T�� ]�W>�?<d8 8;PdA.N���]^L�C�A	��>_A&8;:(
 TEW?X 8DP?A
N��E]�L%N-<?:D:=ABWS88�-5 � �6�D<d>_]^W?C W?A��n8;ABX)(	<.; �=<?:���TUNBA��-F %>;OABX ��: � :DA-A&-u@ ��<dW?X	TE:(
 8;P?:=ABA -qX?]^>_A-W��D]/��W	TEL

�



A���<?]^L�]^@?:D]�T�TE:=A�N��E>��?<O8;ABX.Rz] 8;P 8;PdA�% I+4)Y � ��4)I+4)Y N��9X?AB� ��:�C�]/�EABW'�?:=A��6�=<?:DA�TEWdX.:6�E8;TU8;]/��W	TEL
8;:DTEW��(� ��:D> �?:6��%?L�A�� �E: �?:DA	�6�D<d:DA_TEW?X 88��:���]�X	TUL N-<?:D:=ABWS8 �d:6��%	L^A��-5�\�P?A %>;OABX.-u@ �E<?W?X	TE:(
 % IJ4 Y
N��9X?A ���dF � � W?A-ABX�� 8DP?A+C�A	��>�A-8;:(
 ����8;PdA��?L�T��D>_T @ ��<?W?X?TE:�
EF%RzP?]�L^A+TEW ]�W?] 8;]�TEL%C�<?A	�6� ���"8;P?]/�
@ ��<?W?X	TU:�
+TEW?XZ8;PdA�A&;98;A-:DW	TUL >�TUC�W?A-8D]�N2%	ABL^X ��� P	T ��A�88��@lA �d:6� �9]�X?A-X � �E:�8;PdA � :DA-A&-q@ ��<?WdX	TE:�

�[4)I+4)Y�N	�OX?A � � � 5�\�PdABW I�� �%4 ��!"! � N TUL�NB<dL TU8DA���8;PdA_N	��:D:=A��6� ��W?Xd]�W?C�>�TUC�W?A-8D]�N %?ABL�X ]�W>�D]�XdA
TEW?X �E<d88�=]�X?A)8;P?A �dL T��=>�T @ ��<dW?X	TE:(
 ]^W T � ��:=> �=<?]^8;TE@?L�A � ��:H8;P?A��2: 1BD $ : � N��9X?A�RzPd]�NQP�8;:DTENBA	�
%	A-L�X!L�]^W?A��zTEWdXJC�<d]�X?]^W?C NBA-W�8D:DA	�B5
\�P?A�>�TU]�W.T��>�?L�]^N TU8D]���W�� ��� 8DP?]���N	�OXdA2�(
)�=8;A-> TE:DA��
 u8;A-:;TU8D]/�EA2�d:6�9NBABXd<?:DA � ��:�X?A&8;A-:D>�]�W?]^W?C�8;P?A L�T��=8zN-L��"�=ABX�>�TECEW?A-8D]�N �=<?:���TEN-A � 5HY�IZ6 ���
\�P?A�%"I+4)Y � �[4)I+4)Y N	�OXdA�T����D<?>�A��"W?A	�=8DABX (	<.;��D<?:(��TENBA	�BF 8DP	TU8�]/�BFl]^8,
O]^ABL^X��B����L�<d8D]���W>��Rz]^8DP
NBL/�"�DA-X�(?<.; �D<d:���TEN-A���A	��A-W ]@� ]/�DL�TEW?X�� ��:"A-:DC"�9X?]^N�:DA-C�]���W>�"A&;O]��n8 5� qW ��:DX?A-:"88�!N���><�?<d8DA�T � :=ABA -
@ ��<?W?X	TU:�
"A	�9<d]�L�]^@?:D]^<?> Rz]^8;P�T�@ ��<?W?X	TU:�
�8DP	TU8HN���]^W?NB]^X?A�� Rz] 8;P"8;PdA L�T��=8 N-L��"�=ABX�>�TUC�W?A-8D]�N�=<?:���TEN-A
���H8;P?A N	��:D:=A��6� ��W?Xd]�W?C�>�TUC�W?A-8D]�NB%?ABL�X�F?8;P?A N��9X?A ��
)�n8;AB> ��4 IJ4 Y"� I�� �%4 ���2: 1BD $ : ��P?T��
88� @7AZ<��=ABX 5  qW 8;PdA�� :DA-A&-q@ ��<?WdX	TE:�
 �[4)I+4)Y$N��9X?AZ8;P?AJ88�E8;TEL 86��:6�E]�X	TEL (	<.; �DA-:���A	��T�� � :DA-A
�	TE:DTE>�A-8;A-:�86� TEX��=<>�=8 8DP?A T��6�7ABN-8 :;TU8D]�� ��� TEW ]�X?ABTEL%I37 $ A	�9<d]�L�]^@?:D]^<?> � ��:�T+C�]@��A-W A&;98DAB:DW?TEL
%	A-L�X ����5 	 ]^8DP ��4)I+4)Y"��I3�4�%4 �	� : 1BD $ : � 8DP?]�� �	TU:;TE>�A-8DAB: ]�� X?A&8;AB:=>_]^W?ABX ]^8DAB:DTU8;]@��ABL@
�5
� ��:�8DP?]�� �?<?:�� �"�=AEFgA	�9<d]�L�]^@?:D]�TJTU:DA�N	��><�?<d8;A-X Rz]^8DP �[4)I+4)Y � ��: �UTE:=]���<��2�UTEL�<?A	� ����8DP?A�86�E8QTEL
88�E:6��]^X	TEL (	<.;l5�\�P?A"N��E:D:DA	�6� ��W?X?]^W?C >_TEC�W?A&8;]�N,%	ABL^X��%]^W��D]^X?A�TEWdX'��<d88�=]�X?A�8;P?A �?L�T��D>_T�@ ��<?WdX	TE:�

TE:=A�N TEL^NB<?L�TU8;A-X Rz]^8DP�I3�4�%4 ��!"! � TUW?X 8;P?A-]�: L�T��=8 NBL����DABX�>_TEC�W?A&8;]^N �D<?:(��TENBA	��TE:DA�XdA-8;A-:D>�]�W?A-X�@ 

%	A-L�X�L�]�WdA 8D:;TEN-]�W?C�<��=]�W?C�8;PdA
�2: 1BD $ : � N	�OXdAE5%  � 8DP?A2�?L T��=>�T @ ��<?W?X?TE:�
 ��� 8;P?A A	�9<d]�L�]^@?:D]^<?>
L�]^A���N	��>��dL�A-8DABL@
�]^W��D]^X?A�8;P?A 5HY�IZ6lF?8DP?A�86��:6�E]�X	TEL (	<.;!]/��88���D>_TEL�Lp5 \�P?A-WJ8;PdA�(?<.;�]���]^W?NB:=A T��=ABX
<?WS8;]^L�8;PdA�A	��<?]�L^]�@?:=]�<?> �?L T��D>_TZ@ ��<dW?X	TE:(
 N���]^W?NB]^X?A�� Rz] 8;P 8;P?A 5HY�IZ6 ���[8DP?A!N���:=:DA	�6� ��W?X?]^W?C
>_TEC�W?A&8;]�N %	ABL^X 5 � �E:%>��E:DA"X?A&8QTE]^L����DA-A�Y�P	T��d8DAB:B��TUW?X�DzA	��5 � � � 5

 qWC��A	�=8;]^CSTU8D]���W ���H8;P?A >_TEC�W?A&8;]^N %	ABL^X �n8;:=<?N-8D<?:DA
Gg:6�"�7AB:n8;]^A��=���O8DP?A)>�TECEW?A-8D]�N4%	A-L�X�TU:DA �=8D<?X?]�A-X�Rz] 8;P 8;P?A�� : 1 D $ : � N��9X?A)@C
 %	ABL^X�L^]�W?A 8D:;TEN-]�W?C?5
 qWS8;A-:DA��n8;]^W?C � ��]^WS88� TE:=AEF � ��:�A ;dTE>��dL�AEF �D]�V-A�TEW?X � �"�D] 8;]��EW ���)>�TUNB:6���DN����?]�N�]/�DL�TEW?X�� �E<d88�=]�X?A�8DP?A
�?L�T��D>_T�@ �E<?W?X	TE:(
�� 9 � TEW?X.8;PdA�A-:DC"�9X?]^V TU8D]���W'���H8;PdA�A-X?C�A :DA-C�]��EW ���OF # � 5

$ ]/�EAB:n88��:��n8;<?X?]^A��
\H:;TEN-]�W?C %	A-L�X.L^]�W?A	�%TEW?X.CE<?]�X?]^W?C�N-ABWS8;:=A��BF?8DP?A"X?A	� �"�=]^8D]���W �?TU8D8DAB:DW>����� %	ABL^X.L�]�WdA��%TUW?X'�	TE:n8;]�N-L�A	�
��W �?L T��D>_TA- ��TEN-]�W?C�N���><� ��W?ABWS86� ��G �HYB��� ��F7AU5 Cd5)Xd]/��A-:=86��:zTEW?X�@	T���A2�?L TU8DA��-F>%	:6�n8zR%TEL^LMF?A&8;NU5^F
TE:=A
X?A&8;AB:=>_]^W?ABX�TEWdXJT :���<?C�P!A��n8;]^>�TU8DA ����8;PdA2� �#R�A-:zL��STEX'�EW!8DP?A��=A �=8;:=<?N-8D<?:DA	��@7ABN	��>�A���� �"�6�=]�@?L^A
� *dF � !dF ����� 5

0



� � � 0J����3��
� � �+��2��.�-')�-��3 �-��� ������� �!�%� �������

\�P?A % I+4)Y � ��4 IJ4 Y�N	�OX?A�P	T���@7ABABW A&;98;A-W?X?A-X � :6��> �n8;A-L�L TU:;TU86��:(- ��
9>_>�A-8D:D]^N A���<?]^L�]�@d:D] T+86�
T��(
O>�>�A-8;:=]�N A���<?]^L�]�@d:D] T"@C
�6l5 G 5�7 ]�:��DP?>_TEW 5 7�AB:=A �6�E>_A X?A-8;TE]�L/� ��� 8;P?]/��<��dC�:;TEXdABX N	�OX?A,��A-:6�D]/��W
RzP?]^NQP+TE:=A W?ABN-A��6�DTE:�
 � ��:%8DP?A <?W?X?A-:6�n8QTEW?Xd]�W?C<��� I��4�%4 ��!"! � TU:DA X?A��=NB:=]�@7ABX 5
\�P?A 8;P?:=ABA -qX?]^>_A-W��D]/��W	TEL %"I+4)Y N��9X?A � �dF � � ]��zT %>;OABX)-q@ ��<?W?X	TU:�
!A���<?]^L�]^@?:D]^<?>�N	�OXdA�T��6�D<d>_]^W?C
W?A	�=8;A-X)(?<.; �=<?:���TEN-A��-5  u88� @?T��D]^N C"�STEL)]���88� >�]�W?]^>_]^VBA 8;P?A 86�E8QTUL�ABWdAB:DC�
���� ��>_TEC�W?A&8;]�N��?L�<>�
8;PdAB:D>_TEL � ��� T��dL T��=>�T N��EW>%	W?A-XJ]^WJT�86��:6��]^X	TEL X>��>�TU]�W����S5

�����
	����� �
�������� ��������� � � �

% IJ4 Y <��DA	�_8;PdA�L^A	�h8(-qP	TEWdX?ABX NB<d:��9]�L^]�W?ABTE: N��)��:DXd]�W	TU8DA�� ��� � � �"! ��Rz]^8DP 8;P?A�:;TEXd] TEL N��)��:DX?]^W	TU8DA��@7AB]^W?C 8;P?A!W��E:D>_TEL�]^VBABX 88��:���]�X	TUL (	<.;lF)8;P?A � ��L���]^X	TEL)N��)��:DXd]�W	TU8DA#�)� !%$&��' �)( ��TEW?X 8DP?A
88�E:6��]^X	TEL N	�.��:=X?]�W?TU8;A*! � !+$,!-' �)( �&5�\�P?A��=A N��)��:DXd]�W	TU8DA���TE:=A_:=ABL Tj8;ABX Rz]^8DP 8DP?A_N&
9L�]�WdX?:D]^N TEL
N��)��:=X?]�W	Tj8;A�� �/. ��0 ��1��

. � 243"5 6"37298 � 5 6�8;:<6 3>=?
�2@5 6 �A� ��N��"� � >B�DC WE! �F� ��� =?)G2@5 6 �A� �(�=]�W�� >B��C WE! �F� �

0��H! � ���

1 � 2 3 5 6 37298 � 5 6�8;:<6"3I=J
�2@5 6 �A� ��N��"� ��>K��C WE! �F� ��� =J G2@5 6 �A� �(�=]�W�� >B��C W�!)�L� �

Rz]^8DPNM =?
�2@5 6 �A� � � =? G2@5 6 �A� � � =J

�2@5 6 ��� � � =J G2@5 6 �A� ��O @7AB]^W?C�8DP?A � ��<?:=]�AB:)N��9AQP�N-]�ABWS86� ���HT�(	<); �=<?:���TEN-A[Rz]^8DPW���:=>�TUL�]�V-ABX 88�E:6��]^X	TEL (	<);R��5'�L��]/�"8;P?A�W�<?>�@7AB:2�����7AB:D]/�OX>�BF !+$ >S$ >UT TU:DA�8;P?A<� �EL���]^X	TEL
><�OX?A_W�<?>�@7AB:6��TUW?XVC�WWT-$ WX$$WWT!TE:DA_8;P?A�86��:6�E]�X	TEL)><�OX?A_W�<?>�@7AB:6�-5 \�P?A.N���WS8D:;T �UTE:D]�TEWS8
N��E>�� ��W?A-W�86� ��� 8DP?A >�TUC�W?A-8D]�NB%?ABL�XJTE:=A

�ZY � !

�\[ � 243"5 6"37298 � 5 6"8;:<6"3 =] [ 5
�2@5 6 �A� �nN	�"� � >B��C WE! �L� ��� =] [ 5 G2@5 6 �A� �(�=]�W ��>K��C WE! �F� � � 0 �

�\^ � 2 3 5 6 37298 � 5 6"8;:<6 3 =] ^ 5
�2@5 6 �A� �nN	�"� ��>K�_C WE! �L� ��� =] ^ 5 G2@5 6 �A� �(�=]�W�� >B�DC WE! �F� �

�



Rz]^8DP.8;P?A2� ��<?:=]�AB:�N	�OA P�NB]�A-WS88� M =] [ 5
�2@5 6 ��� � � =] [ 5 G2@5 6 ��� � � =] ^ 5

�2@5 6 �A� � � =] ^ 5 G2@5 6 �A� ��O�5% IJ4 Y 
9]�A-L�X���8;P?A � ��<d:D]�A-:+N	�OA P_N-]�A-W�86� M =?
�2@5 6 �A� � � � =? G2@5 6 �A� � � � =J

�2@5 6 ��� � � � =J G2@5 6 ��� � ��O ����T X?]/�DN-:DA-8DA
W�<?>�@7AB:2���%WdA��=8DABX�(	<.; �D<d:���TEN-A�� ] Rz] 8;P � $ ]�$ � Y TEW?X 8;P?A<� ��<?:=]�A-:"N��9AQP�NB]^ABWS88�*M =] [ 5

�2@5 6 �A��� ��F=] [ 5 G2@5 6 ����� ��F =] ^ 5
�2@5 6 ������� � =] ^ 5 G2@5 6 ����� �"OB���78DP?A�N��E:D:DA	�6� ��W?X?]^W?C >�TUC�W?A-8D]�N %	ABL^X<�EW (?<.; �=<?:���TEN-A���]�W @7A-8qR ABA-W F8;P?TU8z]��-F ����� ��� � � � ����� ���"� � � �E:�X?A-8;TE]�L/���DABA2� ]^C?5 � �&5

Z

R

ϕ

r,s

r,

r,
ϑ

ς

plasma boundary

�"!�# � �  � L�<); �D<d:���TEN-A���� :���> 8DP?A!>�TECEW?A-8D]�N!TA;O]�� 86� 8DP?A �?L T��=>�TZ@ ��<?WdX	TE:�
 � �E:�T 86��:6��]^X	TEL
NB:��"�6� - �=ABN-8D]���W ]�W T.N&
OL^]�W?Xd:D]�NBTEL N	�.�E:DX?]^W	TU8;A ��
)�=8DAB> ��. �"0 ��1 ��5 \�P?A��6�EL�]�X L^]�W?A	�">�TU:DK!8;P?A (	<.;
�D<d:���TEN-A�����W RzP?]�NQP 8;PdA � �E<?:D]^AB:�N	�OA P_N-]�A-W�86�#M =?

�2@5 6 ��� � � � =? G2@5 6 ��� � � � =J
�2@5 6 ��� � � � =J G2@5 6 �A� � �"OZTU:DA.C�]@��ABW�FRzP?]^L�A%8;PdA X?T��DP?A-X�L^]�W?A	�g@lA-L���W?C"86�2�=<?:���TUNBA�� ��W�RzP?]�NQP�8;PdAB� ��<?:=]�A-: N��9AQP�NB]^ABWS88� ���l8;P?Az>_TEC�W?A&8;]�N

%	A-L�X�TE:DA X?A&%	W?A-X 5 \�PdA�TU:D:6�#R � :DA	�?:DA	�DABWS8 8;P?A N-<?:��9]�L^]�W?ABTE:%@	T��D]����EABN-86��:6����� � Y �;� � [ �;� � ^ ��5
\�P?A�8;P?:=ABA&-uX?]�>�ABW>�D]��EW	TEL � :=ABA&-u@ �E<?W?X	TE:(
 �[4)I+4)Y/N��9X?A���� � ]�� T��(
OWS8DP?A��=]��B��� 8;PdA %"I+4)Y/N��9X?A
TEW?X�8;P?A �[4)6O\,: D �UTENB<?<d> N	�OXdA � � � � 5%\�P?A-:DAEF78;P?A2�DP?T��lA ��� 8DP?A �dL T��=>�T @ ��<?W?X	TU:�
�]��zX?A&8;AB: -
>�]�W?A-X�@C
 8DP?A �?:DA	�6�=<?:DA�@	TEL TUW?NBA

�
� �\��� � � � � �

��������� � � �

Rz]^8DP'�ETUW?]��=P?]�W?C�W��E:D>_TEL�N	��>�� ��W?A-WS8 ��� 8DP?A >�TECEW?A-8D]�NB%	A-L�XJTU8�8;PdA�@ ��<?WdX	TE:�
E5
���
	�� � �p��� � � �"�	�� � ! � 9��

7�A-:DA�����]/��8DP?A�>_TEC�WdA-8;]^N4%	ABL^X ]^W��D]^X?Ag8;P?A �?L T��=>�T�@ ��<?W?X?TE:�
EFQ��]/�H8DP?A �?L T��=>�T �?:=A��6�=<?:DA%TEW?X��.]/�
8;PdA�W��E:D>_TEL?<?W?] 8 ��ABN&88��:)A&;98DAB:DW?TEL@- �lA-:6�7ABW?X?]^NB<?L�TE: 88� 8;PdA �?L�T��D>_T�@ ��<?W?X	TU:�
�5 �,�E8;AUF�N���W��=]�X?A-:D]^W?C

9



A���<?]^L�]^@?:D]�T�Rz] 8;P�W?A-8 88��:���]�X	TULSNB<?:=:DABWS8��
Fj8;P?A N���:=:DA���� �EW?X?]�WdC�>�TUC�W?A-8D]�N%	A-L�X ��� P?T�� 86�[@7A%TEX?XdABX
]�W�4�
5�� 9 ��5

���
	�� � �p��� � � � � ��� � 	�� � ! � � �
�[4)6O\,: D �6�EL/��A	��8DP?A<��A-<?>�TUW?W @ ��<?WdX	TE:�
 �UTEL^<?A �?:���@?L�A-> 
9]�A-L�X?]^W?C 8;P?A<�D]^W?C�L^A&- �UTEL^<?ABX >_TEC�-
W?A&8;]�N<� �E8;A-W�8D] TEL �[5� u8�N	��>��d<d8;A	��8;PdA��UTEL�<dA ���� �"� ��� Tj8�8DP?A �?L�T��D>_T!@ ��<dW?X	TE:(
 RzPd]�NQP ]/��8DP?A
��W?L@
 ��<O88�D]^X?A���<	TEWS8;] 8 
 :DA	�9<d]�:DA-X 86�!X?A-8DAB:D>�]�WdA�8;P?A � :DA-A&-u@ ��<dW?X	TE:(
 A���<?]^L�]�@d:D]�<d>JF7RzP?]�L^A�����FE�
TEW?X�� TE:=A!X?A-8DAB:D>�]�WdABX @ 
 8DP?A % I+4)Y�N	�OXdAE5 \�P?AJA	��<?]�L^]�@?:=]�<?> �UTENB<?<d> %	ABL^X ���JTEWdX 8DP?A
N��E:D:DA	�6� ��W?X?]^W?C � :DABA �?L�T��D>_T @ ��<dW?X	TE:(
 TE:DA ��@O8QTE]^W?ABX @C
 ]^8;A-:;TU8D]�W?C 8DP?A � �"�=]^8D]���W ��� 8;P?A � :DA-A
@ ��<?W?X	TU:�
 Rz] 8;P�T N���W��n8QTEWS8 88��:���]�X?TEL (	<);!ABW?N-L��"�=ABX 5

� � � � 0������!�&3 � �!�.'
	-� �J*��B� ���H��3��B� � �&��')�

\�P?A�>_TEC�WdA-8;]^N2%?ABL�XZ� ����T.I�7 $ A���<?]^L�]�@d:D]�<d>�]��[T �D<��7AB:�� ���D]^8D]���W3���g8;PdA�A&;98;A-:DW	TUL >_TEC�W?A&8;]�N
%	A-L�X�����TEWdX�8DP?A %	ABL^X ��� 8DP?A �?L T��=>�T�N-<?:D:=ABWS88�[� ��5

� � ����� � � � # �
 qW��=]�X?A 8DP?A �?L�T��D>_T�@ ��<dW?X	TE:(
Z� ������]/�[K�W��#RzW � :6�E> 8DP?A ����L�<d8D]���W3���)TEWZA	��<?]�L^]�@?:=]�<?>$N	��>�-
�?<d8;TU8;]/��W FgAU5 C?5 �7AB:(� ��:D>�ABX Rz] 8;P 8;PdA % I+4)Y ��: �[4)I+4)Y N��9X?AE5 :�<d88�=]�X?A�8DP?]�� @ ��<dW?X	TE:(
 ] 8
]��2� �"�6�=]�@?L^A_88�JX?A-8DAB:=>_]^W?A � �$����@ 
 <��=]�W?C�8;P?A����9]�:n8;<	TEL -qNBT��D]^W?C�� �?:=]�W?N-]��?L^A � 0 � 5J u8�T��6�=<?>�A��
8;P?TU8z8;P?A N��EW��D]^X?AB:=ABX+A	��<?]�L^]�@?:=]�<?> N���W.%	C�<?:DTU8;]/��WJ]/���D<?:=:6��<dW?X?ABX+@ 
�T N-L��"�=ABX��=<��7AB:DN	��W?X?<dN-8;]^W?C
�DPdA TU8DP�/N���]^W?NB]^X?]�WdC!Rz] 8;P 8;P?A��?L T��=>�T!@ ��<?W?X	TU:�
�53:�<d86�D]�XdA�8DP?]��2�DP?ABTU8;P 8;P?A_>�TECEW?A-8D]�N %	ABL^X
Rz]�L^Ld@7A�VBA-:6�?5 \�PdABW_8DP?A ��W?L@
 >_TEC�W?A&8;]^N %	ABL^X��6��<?:=NBA	��TE:=A%8;P?A �?L�T��D>_T�NB<d:D:DA-WS88� TEW?X 8;P?A �=<?:���TEN-A
NB<d:D:DA-WS8
����]�W?Xd<?NBA-XJ]^W!8DP?A �D<��7AB:=N���WdX?<?N-86��:B5

��� � ���� ����� � � *��

7�A-:DAz��� ]�� 8DP?A�A���<?]^L�]^@?:D]^<?>�>�TUC�W?A-8D]�N %?ABL�X �EW�8;P?A��=<?:���TEN-A� TEWdX �+]�� 8DP?A�W���:=>�TULd<?W?] 8 �EABN-86��:
A&;98DAB:DW?TEL@- �lA-:6�7ABW?X?]^NB<?L�TE:�86��8DP?]����=<?:���TEN-AE5�\�P?]/� N-<?:D:=ABWS8�NB:DABTU8;A	� ���%]�W.8DP?A ]�WS8;A-:DW	TEL�:DABCE]���W F

���
� ���
0 ( 	 � ����� � � � � � �DC � � �

� �DC � � � � � � !��

Rz]^8DPZ8;P?A�� �"�D] 8;]/��W��[� � ��WZ8DP?A��DP?ABTU8;P� TEW?X �_L@
9]�W?C ]^WZ8;P?A��?L�T��D>_T�:=ABC�]/��W 5� qW 8DP?A A&;98DAB:DW?TEL
:DA-C�]��EW+8;P?A N-<?:D:=ABWS8����!NB:=A TU8DA���T >�TUC�W?A-8D]�N2%	ABL^XZRzP?]�NQP ]/��A���<	TEL ]�W >_TEC�W?] 8;<?X?A TEW?X �"�>� �"�=]^8DA
]�W �=]�C�W.88� 8DP?A %	ABL^X �d:6�9X?<?NBA-X+@C
 8DP?A NB<?:=:DABWS8 ( �#Rz]�W?C�]^W!8DP?A �?L T��D>_TdFO8DP	TU8 ]��-F

� ��� C � �
0 ( 	 � ����� � � � �����DC � � �

� �DC � � � � � �"� �

Rz]^8DP!� L/
9]^W?C�]�W 8;PdA�A ;98;AB:=W	TEL�:DA-C�]��EW 5
\�P?A�X?A	%?W?]^8D]���W������ 8DP?A�N-<?:��9]^L�]�WdA TE:%N	�.�E:DX?]^W	TU8;A	� �A��� � � ! ��TEWdX�8DP?A A&;.�?L�]^NB] 8�� ��:D>�<dL TU8D]���W ��� 8DP?A
A���<	Tj8;]��EW��z<��DA-X+]�W�I3�4�%4 ��!"! � TE:=A"X?A��=NB:D]^@lA-X+]^W.X?A-8;TE]�L ]^W.8;P?A W?A ;O8 �DA-N-8D]���W 5

�



� � �+�!����3 �#���.' (.�"�%� �-'�* ����������� �	�
�H�

� � �Z(.�"�%�B���B������� ��� � 0J��� 3 �B(

� ��:�8D:;TEN-]�W?C %	A-L�X L�]^W?A�� ��: C�<?]^X?]�W?C�NBABWS8D:DA���8;PdAg>�TECEW?A-8D]�N %	A-L�X P	T�� 86�z@lAgNBTEL�N-<?L TU8DABX">_TEWC
[8D]�>�A��B5
\�P?A�W�<?>�@7AB: ���%NBTEL�N-<?L Tj8;]��EW�� ��� 8;P?A�>_TEC�W?A&8;]�N %?ABL�X ]��"N	��W��=]�X?A-:;TE@?L@
 :DA-X?<?N-ABX @C
 N��E>��?<O8;]�WdC
]^8B��W T C�:=]�X�� :���> RzPd]�NQPZ8;PdA :DA���<?]^:DA-X �ETUL�<?A	�"TE:DA ]�WS8;A-:6� ��L TU8DABX 5"\�Pd]���C�:=]�XZP?T���88�.N	� �EAB:�8DP?A
:DA-L�A&�ETUW�8�:DA-C�]��EW TEWdX ]^8�P	T���86�+@7A��=< P�NB]�A-WS8;L/
 %?W?A_86�+C�<	TU:;TEWS8;A-A_:=A��=<?L^86��]^W?X?A��7ABWdX?ABWS8 ����]^86�
X?]/�DNB:=A-8DABW?A	�6�B5�\�P?A C�:=]�X @ � ; �?L��E8=8;A-X�]^W<� ]�C?5��"]��gNQP��"�=ABW�T���N	
9L�]^W?X?:D]^N TELO@ � ;��DTU8;]/��� 
9]�WdC 8DP?A�%	:6�n8
:DA	��<?]�:=AB>�ABWS8 5"\�P?A @ � ;Z]/�[N-ABWS8;:=ABX TE:6��<dW?XZ8;P?A N��)��:DX?]^W	TU8DA�� �/. � ��1 � �&5[\�P?A P	TEL@� �D]�XdA L�A-W?CE8DP��
��� 8;P?A�@ � ;JTE:=A�C�]@��A-WJ@C
��U. TEW?X��K1�5 6O]�W?N-A . � F;1 � F��U. TEW?X��*1 X���W��E8,�UTE:�
!]^W�86��:6��]^X	TEL
X?]^:DABN&8;]/��W F ]^8 P?T���86�!@lA�>_TEX?A��D<?:=A�8DP	TU8"8DP?A_@ � ; %?86�2� ��: TUL�L 86��:6��]^X	TEL NB:6���6�(- �DA-N-8;]/��W���]�W N T��=A
���H8;P?:=ABA -qX?]^>_A-W��D]/��W	TEL7N���W.%	C�<?:DTU8;]/��W��B5g\=���;TU8D]��(� 
�8;PdA2�=ABN	��W?X�:DA���<?]^:DA->_A-W�8�8DP?A @ � ; P	T���88� @7A
X?]@�O]^X?ABX!]^W�86��T��=< P�NB]^ABWS8[W�<?> @lA-:,��� C�:=]�X � ��]�WS88� ��� F ����TEWdX�����5

Z

R

ϕ

(R   ,Z  )0 0

∆R ∆R

∆Z

∆Z

1 NR

1

NZ

�"!�# � � �\ �E:6��]^X	TEL N-:6�"���(- �DABN&8;]/��W ���)8;PdA�CE:D]�X @ � ;l5�\�PdA�>_TEC�WdA-8;]^N %	ABL^X ]��"N��E>��?<O8;ABX � ��: ���C�:=]�X � �E]�WS88��]^W�:DTEX?]�TEL�X?]^:DA-N-8;]/��W F ���_C�:=]�X � ��]�WS88��]^W.88��:���]�X	TUL�X?]^:DABN&8;]/��W�TEW?X3�	�+C�:=]�X � ��]�WS88��]^W1 X?]�:=ABN&8;]��EW 5

#



� � � � �!3 �!�-')�-�J�"� 3 ��� ��3.(.�-�+� ����*

I��4��4 ��!�! � <��DA	� 8DP?A"NB<d:��9]�L^]�W?ABTE:%N��)��:=X?]�W	Tj8;A �(
.�n8;A-> ����� � � ! � �DP>��RzWJ]�W � ]^C?5 0 Rz] 8;P ��@7AB]^W?C
8;PdA W>��:D>_TEL�]^VBA-X 88��:���]�X?TEL (	<); � !U$X�\$ � F�� � !"N���:=:DA���� �EW?X���88�"8;P?Az>_TEC�W?A&8;]^N�TA;O]���TEWdX���� �
88� 8;PdA �dL T��=>�T @ ��<?W?X?TE:�
 �&F�RzP?]�L^A�� � 86��:6��]^X	TEL �_TEW?X ! � � ��L/��]�X?TEL ��TE:DA TEWdC�L�A -qL�]^KEA��UTE:=] TE@dL�A��
� !*$ ��'�� � �,!*$ ! ' � �&5 \�P?A��=A N��)��:=X?]�W	Tj8;A��zTU:DA�:DABL�TU8;A-X�Rz] 8;P.8;PdA�N&
OL^]�W?Xd:D]�NBTEL N	�.��:=X?]�W?TU8;A	�
��. �"0 ��1 �

. � 2 3 5 6 37298 � 5 6�8;:<6 3 =?
�2@5 6 ��� ��N��"� �+��( ��> ! � W � � � � =?)G2@5 6 �A� �(�=]�W����)( � > !�� W � � �

0�� �)(
� � � � � � �

1 � 243 5 6"37298 � 5 6�8;:<6 3 =J
�2@5 6 ��� �nN���� �+��( ��> !�� W � � � � =J G2@5 6 �A� �(�=]�W����)( � > !�� W � � �

Rz]^8DPNM =?
�2@5 6 �A� � � =? G2@5 6 �A� � � =J

�2@5 6 ��� � � =J G2@5 6 �A� ��O @7AB]^W?C�8DP?A � ��<?:=]�AB:)N��9AQP�N-]�ABWS86� ���HT�(	<); �=<?:���TEN-A[Rz]^8DPW���:=>�TUL�]�V-ABX 88�E:6��]^X	TEL (	<);R��5'�L��]/�"8;P?A�W�<?>�@7AB:2�����7AB:D]/�OX>�BF !+$ >S$ >UT TU:DA�8;P?A<� �EL���]^X	TEL
><�OX?A"W�<?> @lA-:6� TEW?X+C�WWT�$,W $,W T�TE:DA"8DP?A"88��:���]�X	TUL�><�OX?A[W9<d>�@lA-:6�-5
\�P?A�N���:=:DA	�6� ��W?X?]^W?C�N�� �UTE:D]�TEWS8z@	T��D]/����ABN&88��:��[TU:DA

� 5 Y ���
�
� � ��� .� � =� � ���

1
� � =� �

� 5 � � � �� � � � .� � =� � �%. �)(
� � =� ��� �

1
� � =� � � � ���

� 5 � � � �� ! � � .� ! =� � � �
1
� ! =� �Rz]^8DP

���X. =� � � 1 =� � � � 0 �
TEW?X!8;PdA	��TUN���@?]�TEW


 � � � �
� � 	 � �
� �

� � �
� !
� �
�

� �)(� � �V� � . �� � � 1� ! C � 1
� � � . �� ! �� � � � �

� =� � � =� � � =� � ��TE:=A�8;P?A @	T��D]����EABN-86��:6�,���H8;P?A N&
OL^]�W?Xd:D]�NBTEL�N	�.�E:DX?]^W	TU8;A	�B5\�P?A�A���<?]^L�]�@d:D]�<d> >_TEC�WdA-8;]^NB%	A-L�X�]�W.8;A-:D><����� ] 88��N	��WS8;:;T �UTE:=] TEWS8zN��E>�� ��W?A-W�86�z]���X?A&%	W?ABXJ@C


��� � � � � �� � � � � � �� ! � � 9��

*



Rz]^8DP

� � � 243�5 6"37298 � 5 6�8;:<6 3 =] �"5
�2@5 6 �A� �nN	�"� ���)( � > !�� W � � � � =] �"5 G2@5 6 �A� �(�=]�W����)( � > !�� W � � �

� � � 2 3 5 6 37298 � 5 6�8;:<6 3 =] � 5
�2@5 6 ��� �nN���� �+��( ��> !�� W � � � � =] ��5 G2@5 6 ��� � �D]^W����)( ��> !�� W � � � � � � �

TEW?X-M =] �"5
�2@5 6 �A� � � =] ��5 G2@5 6 ��� � � =] � 5

�2@5 6 �A� � � =] � 5 G2@5 6 �A� ��O�@7AB]^W?C�8;P?A � ��<d:D]�A-:zN��9AQP�NB]^ABWS88� ����T (	<.;3�=<?:���TEN-A Rz]^8DPW���:=>�TUL�]�V-ABX 86��:6��]^X	TEL (	<.; ��5
Z

R

ϕ

r,s

r,

r,
u

plasma boundary

v

outer boundary

0

1
2

3

Ns

-1

�"!�# � �  � L^<.; �D<?:(��TENBA	� � X	T��=P?ABX L�]^W?A�� �2��W RzP?]^NQP 8;P?A � ��<?:=]�A-: N��9AQP�N-]�ABWS86�<��� 8DP?A.>_TEC�W?A&8;]�N
%	A-L�X TE:=A C�]@��ABW�F�?L T��=>�T�@ �E<?W?X	TE:(
 � �6��L^]�X L�]�WdA �&F ��<d8;A-: @ ��<?W?X?TE:�
 ��X	T��DP?A-X.-qX��U8D8;A-X L�]�WdA � TEW?X
� :;TU>_A ��� 8;P?A�C�:=]�X!@ � ; �h8;P?]^NQK'�6��L^]�X!L�]^W?A � � ��: T�86��:6��]^X	TEL N-:6�"���(- �DABN&8;]/��W 5�\�PdA TE:=:6�#R �z:DA	�?:DA	�DABWS8
8;PdA�N-<?:��9]^L�]�WdA TE:%@?T��D]/� ��ABN&88��:���� Y �;� � �;� � �&F?RzPd]�L�A�8DP?A"W�<?>�@7AB:��[TE:=A"]�W?Xd]�NB]^A��%RzP?]^NQPJNQP?TE:;TEN&8;A-:D]�V-A8;PdA2� �"�=]^8;]/��W�� ��� 8DP?A C�:D]^X � ��]^W�86�%Rz]^8DP�:=A����lA-N-8 88� 8;P?A �=<?:���TEN-A��-5

\�P?A % I+4)Y � ��4 IJ4 Y N	�OX?A 
9]�A-L�X��z8;P?A � ��<?:=]�AB:�N	�OA P�NB]�A-WS88�B����T�W�<?> @lA-:B� Y ��� X?]/�DNB:=A-8DA�(	<.;�D<d:���TEN-A���TUW?X ����8;PdA�>_TEC�WdA-8;]^N %	ABL^X �EW �=<?:���TEN-A���]�W @lA&8qR�A-ABW � �DABA�6OA-N-8;]/��W �O5 � �&5�� �E<?:D]^AB:"N��A-
AQP�N-]�ABWS86� � ��:�TE:=@?]^8D:;TE:(
����UTEL�<dA���TE:DA���@O8QTE]^W?ABX @C
 T!L�]^W?A TU:"]�WS8;A-:6� ��L TU8D]���W�����8DP?A_N	�OA P�NB]�A-WS88�
@7A-8qR ABABW�8qR �[WdAB]�CE@ ��<d:D]�WdC (?<.;2�D<?:(��TENBA	�B5 � � TUW�A ;?TU>��?L^Ag8;P?A)]�WS8;A-:6� ��L Tj8;]��EW"]���C�]/�EABW2� ��: =?

�2@5 6 ��� �

=?
�2@5 6 �A� � � =?

�2@5 6 ��� � ��� � C �LC�� �
�*��� � =?

�2@5 6 �A� ����� ��� �FC�� �
�*��� � � # �

� !



Rz]^8DP �K��� � ����� CR� � 5
Y ��><�	TE:=]��6�EW ��� 8;PdA X?A&%	W?] 8;]��EW�� ��� 8DP?A N-<?:��9]^L�]�WdA TE:.N	�.��:=X?]�W?TU8;A	�J4� � � � �.TEW?X � 0 � <��=ABX/]^W
% IJ4 Y � �[4)I+4)Y�Rz] 8;P+8DP?A�X?A&%	W?]^8D]���W>��4� � � � � ��TEW?X)� � ����<��DA-X ]�W I�� �%4 ��!"! � �=P��#R ��8;P	Tj8
8;PdA � �EL�L��#Rz]^W?C 8;:DTEW��(� ��:D>_TU8;]/��W�� ��� 8DP?A2� �E<?:D]^AB:%N	�OA P_N-]�A-W�86�[TU:DA W?ABN-A����;TE:(
�5M =?

�2@5 6 � =?�G2@5 6 � =J
�2@5 6 � =J G2@5 6 � =] ��5

�2@5 6 � =] �"5 G2@5 6 � =] � 5
�2@5 6 � =] � 5 G2@5 6 O ������� � � � �

��� =?
�2@5 :<6 � =?)G2@5 :<6 � =J

�2@5 :<6 � =J G2@5 :<6 � �F�
�)( =] ^ 5

�2@5 :<6 � �F�
�)( =] ^ 5 G2@5 :<6 � ��)( =] [ 5

�2@5 :<6 � ���( =] [ 5 G2@5 :<6
	
� �����
��
������� � � *��

I��4��4 ��!�! � N���><�?<d8DA���8;P?A � ��<?:D]^AB:�N��9AQP�N-]�ABWS86� ���l8;P?A >_TEC�W?A&8;]�N�%	A-L�X<��W_8DP?A,�?L T��=>�T"@ ��<?W?X)-
TE:(
 TEW?X �EW 8DP?A.>_TEC�W?A&8;]�N�TA;O]���@C
 L�]�WdA TE:�A&;98;:DT�� �EL TU8D]���W � :���> 8;P?A.W?A-]�C�P�@ ��<?:=]�W?CZ]^W?W?A-:BF�:DA -
�6�7ABN&8;]@��ABL@
�F �E<d8;A-: �=<?:���TUNBA��-5�\�PdA � ��<?:=]�A-:.N��9AQP�NB]^ABWS88� ����8;P?A (	<.; �D<?:(��TENBA	�+TE:=A N���><�?<d8DABX
� ��: �D<d:���TEN-A�� L@
9]�W?C!]�W @7A-8qR ABABW ��X	T��=P?ABX L�]�WdA�� ]�W � ]^C?5=��TUW?X � ]�C?5 0 ��@C
 L�]^W?A TU:"]�WS8;A-:6� ��L TU8D]���W
�p4�
5 � � # � ��]^W �E:DX?A-:z86��C�A-8z8;PdAB> � ��:%8DP?A �;TE>�A �D<d:���TEN-A��,��W�RzPd]�NQP!8;P?A2� ��<?:=]�AB:�N��9AQP�NB]^ABWS88�,���
8;PdA�>_TEC�WdA-8;]^NB%	A-L�XJTE:DA"C�]@��A-W 5�\�P?A �D<?:(��TENBA	�[TE:=A N���<?WS8DABX3� :���>�8DP?A ��<d86�D]�XdA 86� 8;P?A ]�W>�D]�XdAE5
6O]^W?NBA%8DP?AzC�:D]^X @ � ;�P	T���T :=ABN&8QTEW?CE<?L TE: 86��:6�E]�X	TELONB:��"�6� - �DA-N-8D]���W F�] 8g>�T 
 ]�W?N-L�<?X?A�CE:D]�X � ��]^W�86� 8;P	Tj8
TE:=A ��TE:�T R%T 
 � :���> 8;P?A �?L�T��D>_T @ ��<?W?X	TU:�
�RzPdAB:DA"8DP?A"K�W��#RzL�ABXdC�A ����8;P?A">_TEC�W?A&8;]^NB%	ABL^X.]���W��U8
W?A-ABX?A-X 5 \�PdAB:DA&� ��:DAUF7TEW ��<d8;A-:�@ �E<?W?X	TE:(
���X?T��DP?A-X.-qX>�E8D8DABX�L�]�WdA�]�W � ]^C?5 0 ��]/�%]�WS8D:6�9X?<?NBA-X�RzPd]�NQP
]���TEX>�"�d8;A-X 86��8DP?A�C�A���>�A-8D:�
 ����8;PdA<�dL T��=>�T.@ ��<?W?X	TU:�
�5_\�P?A�>�TECEW?A-8D]�N %	A-L�X ��W CE:D]�X � ��]�WS86�
L/
9]^W?C ��<d86�D]�XdA 8DP?]���@ ��<?WdX	TE:�
 ]���W��E8zN	��><�?<d8;A-X 5�\�P?]�� �=ABL�A-N-8D]���W �;T �EA��[N	��><�?<d8QTj8;]��EW	TELl8D]�>�AE5
� ��: N	��><�?<d8;]^W?C�8DP?A%>_TEC�W?A&8;]^N %	A-L�X ��W�T�C�:D]^X � ��]�WS8 ] 8 ]/� W?A-NBA	�6�;TU:�
�86�"K9W>��R RzP?A&8;P?A-: 8;P?A � ��]^WS8
L�]^A�� �E<d88�=]�X?A ��:"]^W��D]^X?A�8;PdA �?L T��=>�T @ ��<?WdX	TE:�
E5   ��] 8"L�]^A���]^W��D]^X?A�8;PdA�@ ��<?WdX	TE:�
+]^86�"NB<?:(�O]^L�]^W?A TE:
N��)��:=X?]�W	Tj8;A�� P?T �EA�86� @lA.NBTEL�N-<?L TU8DABX 5 � ��:�8;P?]/� �?<?:6� �"�=AEF�] 8�P	T���86� @7A!X?A-8DAB:=>_]^W?ABX @7A-8qR ABABW
RzP?]^NQP �D<d:���TEN-A�� 8DP?A_CE:D]�X � ��]�WS8�]�� L��9N Tj8;ABX�5 \�P?]���]�� X��EW?A�@C
 <��=]�W?C�8;P?A�>_A&8;P��9X ���%N��E>��?L^A&;
]�WS8DABC�:DTU8;]/��W

� �  �J C J � � J � � ! J � �E<d88�=]�X?A
�)(�� J � ]^W��D]^X?A � ��!��

Rz]^8DP J �H. ��� 1 @7AB]�WdC[T[N	��><�?L�A ; �ETU:D] TU@?L�AU5 � ��: T�CE:D]�X2� ��]�WS8 G��/. � ��0 � ��1 � ��8;PdA�NBL/�"�DA-X L^]�W?A�YI�
]���X?A	%	WdABX!@C
�8;PdA"NB<d8���� (?<.;'�=<?:���TEN-A � Rz]^8DP 8;P?A�N	��:D:=A���� ��WdX?]�W?C�86��:6�E]�X	TEL �?L�TEW?A�NQP	TU:;TEN&8;AB:=]�V-ABX
@C
 8DP?A+88�E:6��]^X	TEL�TEW?C�L^A 0 � 5 :�W?L@
 8DP?A ]�>_TEC�]^W	TE:(
 �	TE:n8'���"8;PdA ]�WS8;A-C�:;TEL�4�
5 � ��! �_P	T�� 88� @7A
N��E>��?<O8;ABX�5) qW�NB<d:��9]�L^]�W?ABTE:%N��)��:=X?]�W	Tj8;A���] 8�]���CE]/��A-WJ@C


 q> � ��� � � �� ��.XCR. � �
��. C�. � � � � ��1 C%1 � � � �

1
� !

C �A1 C%1 � �
�/.XC . � � � � ��1VCR1 � � � �

.
� !

�B� ! � � � �

Rz]^8DP�. � . �A��� � � � � ! �&F 1 � 1 ����� � � � � ! ��TEWdX � � � � � 0 � �"�)(g5z  � 8DP?A ]^WS8;ABCE:;TELH4�
5
� � � ��
9]^ABL�X>�
�)(�� � �E: �D<?:(��TENBA � TEW?X VBAB:�� � �E: �D<?:(��TENBA
� � � 8DP?ABW 8;P?A!C�:=]�X � ��]�WS8 L^]�A	� @lA&8qR�A-ABW 8DP?A��=A�8qR �

�"�



�D<d:���TEN-A��B5 � 
 >_ABTEW�� ����8;P?]/��>_A&8;P��9X ABTENQP C�:D]^X � �E]�WS8�]/� NQP	TE:DTEN-8DAB:=]�VBA-X @ 
 TEW ]�WdX?A&; � � �=ABA
� ]^C?5 0 ��5
� ��:�CE:D]�X � ��]^W�86��L@
O]^W?C ]^W��D]^X?A+8;PdA �?L T��D>_T @ �E<?W?X	TE:(
 � � � � ��8DP?AZNB<d:��9]�L^]�W?ABTE:�N	�.��:=X?]�W?TU8;A	�
�A� � � � � � ! � �)P	T ��A�88� @7A[XdA-8;A-:D>�]�W?A-X 5 	 P?]^L�A � � ]�� �D]�><�?L@
 C�]/�EABW @C
�8;P?A�:DA-L TU8D]���W � � � � �)0 � ���)(
8;PdA N��)��:=X?]�W	Tj8;A��D� � TEWdX ! � P	T �EA�88�_@lA�N��E>��?<O8;ABXJ@C
3�=A TE:=NQP?]�WdC.T_V-AB:6����� 8DP?A�8qR � W��EW?L�]^W?A TE:
� <?W?N&8;]/��W��

. � C 2 3 5 6 37298 � 5 6�8;:<6"3 =?
�2@5 6 �A� �nN	�"� ���)( ��> !�� W � � � � � =?)G2@5 6 �A� �(�=]�W����)( � > !�� W � � � � � !

1 � C 243 5 6"37298 � 5 6�8;:<6 3I=J
�2@5 6 �A� ��N��"� ���)( � > !�� W � � � � � =J G2@5 6 �A� � �D]�W��+�)( ��> ! � W � � � � � ! � � �"� �

� ��:�8;P?]/� �?<?:�� ���DAEFO:6��<O8;]�WdA"Y !C�EG �%4 ��� 8DP?A � � ��L^]�@?:DTE:�
 ]/��<��=ABX�� �DABA"6OABN&8;]��EW 0 5����&5��"W��#Rz]^W?C
8;PdA N-<?:��9]�L^]�W?ABTE: N	�.��:=X?]�W?TU8;A	�=���O8DP?A CE:D]�X � ��]�WS8BF�8DP?A)>�TECEW?A-8D]�N %	A-L�X�]���N��E>��?<O8;ABX�<��=]�W?C�4�75 � � 9 �&5
� ��: � � !�8;P?A"CE:D]�X'� ��]^W�8%L�]�A	�%]�W>�D]�XdA�8;P?A ��<O8;AB:�@ ��<?WdX	TE:�
 @?<d8 ��<d86�D]^X?A�8;P?A �?L�T��D>_T @ ��<?W?X?TE:�
E5
 qW 8;P?]/�gN T��=A%8;P?Az>_TEC�W?A&8;]^N %	A-L�X�]�� N	��><�?<d8;A-X�@ 
�<��D]^W?C"8;P?A ���9]�:=8D<	TELON T��=]�W?C����?:D]^W?NB]/�?L�A�4 �
5 � �"� �&5
	 ]^8DP���� �/��� �A��� � � @7AB]^W?C�8;P?A�>_TEC�WdA-8;]^N %	A-L�X���W�8DP?A��?L T��D>_T�@ ��<dW?X	TE:(
�FS]^86� W���:=>�TUL)�EABN-86��:

� � �� � ���� �
� ���� ���� ���� �
� ���� �

���
� � �����

8;PdA2�=<?:���TUNBA ABL^AB>�ABWS8

��� � �����
� �
� �

� � �
� !

�����
� ��� ! � � 0 �

TEW?X�<��=A2��� 4�
5 � * � R A �E@d8QTE]^W � ��:z4�
5 � �"� �

�	� � C ���
0 ( 	 � � ��� ! ��� � � � � � ! � ��� � � � � ! � � � ���LC � � � � � ! � �

� �DC � � � � � ! � � � � � �"� �

� ��: � � C � 8;PdA C�:D]^X � �E]�WS8"L�]^A�� ��<d88�=]�X?A�8;P?A ��<O8;AB:"@ ��<?WdX	TE:�
+TEW?X 8DP?A >�TUC�W?A-8D]�N2%	ABL^X ]���W��U8
N��E>��?<O8;ABX�F	@?<d8,�DA&8 86��VBAB:�� ��� � ! �&5

� �



� � � � ��� 	;��2��.�B(.�#* �%�.�J���-�+�����.3.� ������� ����* 0

 qW<��:DX?A-: 88�2��@d8;TE]�W�T"P?]^C�P�W9<d>_A-:D]�NBTEL	TEN-NB<?:DTEN	
EF�]�W�4�75 � �"��� 8DP?AzW9<d>�@lA-: ����]^WS8;ABCE:;TU8D]���W � ��]�WS86�
P	T���86� @lA!TEX?T��d8;A-X 88� 8;P?A.Xd]��=8;TEW?N-A'���z8;P?A!C�:=]�X � ��]�WS8 � :���> 8DP?A'�?L�T��D>_TZ@ �E<?W?X	TE:(
�5 6O]�W?N-A
8;Pd]���X?]/�=8QTUW?NBA">_T 
 @7A ��AB:(
 �D>_TEL�L � ��:�����>_A"CE:D]�X'� ��]^W�86�BFdT�W>��W.-qA	��<?]�X?]/�=8;TEWS8z]�WS8;A-C�:;TU8D]���W�>_A	�DP
]�� <>�DABX�5 \=� 8;P?]/� ABW?X�F � ��: ABTENQP C�:D]^X � ��]^WS8�G��/. � ��0 � ��1 � ��Rz]^8;P ]^W?X?A&; � � !�� �DA-A3� ]�C?5 0 � ]^86�
>�]�W?]^>�<?>�Xd]��=8;TEW?N-A,� :���> 8;P?A �?L T��D>_T2�=<?:���TEN-A�TEWdX�]^86� �d:6���=A-N-8;]/��W � � � � !�� ���WS88��8;P?]/� �=<?:���TEN-A[]/�
X?A&8;AB:=>_]^W?ABX�547�A-:DA TECSTU]�W 8DP?A%88��:���]�X?TELON	�.�E:DX?]^W	TU8;A � ��]��4�=]�><�?L/
�C�]@��A-W�@C
 � � � �  � �� � FERzP?]^L�A�8DP?A� ��L���]^X	TELON��)��:DX?]^W	TU8DA ! ��]���X?A-8DAB:=>_]^W?ABX�@C
��DA TU:DNQP?]^W?C�8DP?A�>�]�Wd]�>�<?> ���78;P?A � ��L^L��#Rz]�W?C � <dW?N-8D]���W 5

� � ! �
� �/. �A� � � � � � � ! � C�. � � � � �A1 ����� � � � � � ! � C%1 � � � � ��9��
� ��: 8;Pd]�� �?<?:�� �"�=AEF9:6��<O8;]�WdAz4 ! 0 � �%4 ����8;PdA � � �/L�]^@?:;TE:(
�]/�g<��DA-X � �=ABA[6OABN&8;]/��W 0 5 ����5  u8):DA&8;<?:=W��
8;PdAg>_]^W?]�>�<d> � � !�� ��TEW?X"8DP?A� �EL���]^X	TELjN��)��:DX?]^W	TU8DA
!��?5 �	:6�E> 8DP?]�� �UTEL^<?A 8;PdAg>_]^W?]�>�<d>,X?]��n8QTEW?N-A
]���N	��><�?<d8;A-X 5

� ? 2 � 6 ��� � � !�� � � �"� �

   R  ,ϕ  ,Z  

 v  ,u  

u

v

S

0 0 0

S S

∆rmin

P(               )

(         )

�"!�# � � �Gg:����=ABN&8;]��EW � � � � !�� � ��� 8DP?A�C�:=]�X � ��]^W�8�G ��. � �"0 � ��1 � � �EW�86��8;P?A �?L T��D>_T �D<d:���TEN-A  TEW?X
]^86��>_]^W?]�> <?> X?]��n8QTEW?N-A � ? 2 � 6 � :6��> 8;P?]/���D<?:(��TENBAU5� :���<?W?X!8;PdA2� ��]^W�8�� � � � !�� � 8DP?A ]�WS8;A-C�:;TU8D]���W.]^WS8;AB:(�UTEL ]����=A-8 88�

��! 2 � 6 � ��! � ? 2 � 6� ��� �	��
 � � � 2 � 6 � ��! 2 � 6 � � # �

Rz]^8DP ��! � � ���
�
@7AB]^W?C+8DP?A A���<?]^X?]��n8QTEWS8 ]^WS8;ABCE:;TU8D]���W >_A	�DP �D]^VBA ]^W � �EL���]^X	TELgX?]^:DABN&8;]/��W F 8DP?A

T ��A-:;TEC�A � ��L��E]�X	TEL)NB]^:DN-<?><� A-:DA-W?NBA � �	��
 � �)(� � ��� � ��>�]�W���: :;TEX?]^<�� ��TEW?X 8;P?A � :=ABA �	TE:DTE>_A&8;A-:� � RzP?]�NQPZ]^W (	<?A-W?NBA	��8;P?A W9<d>_A-:D]�NBTELHTENBN-<?:;TUN	
�5" u8[P	T��[86� �?:�� �9]^X?A�8DP	TU8 ��� 2 � 6 TUW?X ��! 2 � 6 TE:=A>�<?NQP3�D>_TEL�L^AB:�8DP	TEW�8;P?A X?]/�=8QTUW?NBA2��� 8DP?A�C�:D]^X � ��]^W�8�� :���>�8;PdA2�dL T��=>�T �D<d:���TEN-AE5��	<?:n8;P?A-:�T R�T 

� :6�E>�8;Pd]�� � �E]�WS8%8;PdA�]^WS8;ABCE:;TU8D]���W.]^W�8DAB:(�ETUL ]���]^W?NB:=A T��=ABX��n8;A	�J@C
 �=8DA��

��� � � ��� � : ������� ��� 2 � 6 � � ! � � ��� � : ������� ��! 2 � 6 � ��*��
88��TEW <����7AB:�L�]�>�]^8g8DP	TU8�N���:=:DA���� �EW?X��%88��8;P?A�A	��<?]�X?]/�=8;TEWS8%C�:=]�X �=]�V-A � ��� � ��! ��Rz]^8DP ��� � � ���

�@7AB]�WdC�8;PdA A	�9<d]�X?]/�=8QTUW�8 ]�WS8;A-C�:;Tj8;]��EW�>�A��=P �D]^VBA ]�W 88��:���]�X	TULSX?]�:=ABN-8D]���W�5  qW 4 �
5 � ��* � ]^W?X?A&;�]�N��E<?WS88�

� �



8;PdA�]�WS8;A-C�:;TU8D]���W �=8;A	���BFSRzP?]^L�A)8;P?A � :=ABA��	TE:DTE>�A-8;A-: � � XdA-8;A-:D>�]�W?A	� 8;P?A�CE:6�#R�8;P ���
8DP?A�]�WS8;A-C�:;Tj8;]��EW
]�WS8DAB:��UTELp5  qW � ]^C?5>9 8DP?A"W���W)-qA���<?]^X?]��n8QTEWS8�]^WS8;ABCE:;TU8D]���W >�A��=P.AB>�@7ABXdX?ABX�]�W�8DP?A"A���<?]^X?]��n8QTEWS8��EW?A
]����=P��#RzW 5

u

v

�������	��
������������������������� �!�#"%$�&(')&(*+���,�-�&(�-���/.����0��&(�,�213�/*��4�#1657�#'�')�#'8&9�2�������#"%$�&9'�&(*:�;�,�-����)�,<

=����>&(�-���/.����0��&(�,�?�A@,�#�B�����>C�D(�,*�13��*�$��:�E�,F#�HG	"I<KJML�N�O�&9*	*�C�D9&9�����#'P&(�-�����/"Q$)&('�&9*+�;���%�RCS���+��*R�,�)'P�����
�����Q�T�#"%$�&9'�&(*:�;�,�-�CS���+�H�,*�*��)�AU�V&(�4WX&9.�<IYQ<	=��)�#�Z��D(DKCS���+��*������*�$�1P1P�#'[$�CK<

I

II

III

IVV
u

v

�������B\]
GB"%$�&9'�&(*:�;�,�-�CS���+��*^J�_`�T_!abOc����'V�)��� �T�/"%$�&('�&9*+���,�-�CS�,�+�ad�,�����)�b*+$��+�E��F#�b&(�-���/.����,DM<

WS����.��+&('2C7��&(�-�'�&9*+�;����F#�/*>*+1e��D(D(�/�c�����,�8�6@,�#�+f[*+1e��D(D]�����,F/��&(���[�,�����)�b1P&(�)���c���,'�&($)*Hg-h

ikj/lnmpo�qsrut g-hwv JEx�y-O

���)�b13�,.��)�/��&9F{zS�/D('4&(*�F#�,13C�$ ���#'4���2���)�bC)D|�,*+1e�657��$���'��,�+f2$)*�&(�).3G	"I<XJ~}��-O�<	_T�VGB"I<�J�x�y%O r�t &9*
�6�����/�bC��,���,1P�/���#��U��&9F;�V*+����$�D9'V57� q }�-}�yQ�Q�#<

}w�



� � �Z*�������������� �	�
���
I��4��4 ��!�! � ]�� Rz:D]^8=8;A-W�]^W'�=: D \ D � � *"!�<��=]�W?C � :=ABA TEL^L��9N TU8D]���W<����8;P?A %?ABL�X!X?]^>_A-W��D]/��W���TEW?X
� :DA-A � ��:D>_TU8 5 $ <?A"88� 8;P?A2�	TE:DTEL�L^ABL^]�V Tj8;]��EW�8qR �_N	�OXdA �EAB:��D]��EW��[TU:DA�T �ETU]�L TU@?L�AU5:�W?A N��9X?A ��A-:6�D]/��W
<��=A�� 8;PdA%W	TU8D]/��A%Y D � � �DP?>�AB>�N��E>_>�<dW?]�NBTU8;]/��W�L^]�@?:DTE:�
�TUW?X :D<?W>�4��W T"Y D � � \ ��4�FjRzP?]�L^A)8DP?A
�E8DP?AB:�<��=A��z8;P?A�I+Gg  N���>�>�<?W?]^N TU8D]���W�L�]�@d:;TE:(
�TUW?XJ:=<?W�� ��W�TEW!  ��I D A-CSTU8=8QT �D<��7AB:=N���><�?<d8DAB:-5
\�P?A�X?]�:=ABN&88��:(
 ��� I��4�%4 ��!"! � P	T���8;P?A � ��L^L��#Rz]�WdC �=8D:D<?N&8;<?:=A �

�������	�	
	�	��
�	� �	� �

�	�	�	���	�	�	�	���	�	�	�	���	�	�	�	���	� �	� �	� �
� �	�	�	�	���	�	�	�	��� � �	� � ���	�	�	�	���	�	�	�	���	�	�	�	���	�	�
� � �	� �

����� ������� ����� ������� �	� �����
�	�	�	��� �	� �	���	� �
� � �

� ����������� � ���	�����	� �������� "!��

\�P?A �6��<?:=NBA�N��9X?A�]/� ]^W��=<?@7X?]�:=ABN-86��:�
$#B��%?F�RzP?]�L^A�8;P?A >�TUKEA	%?L�A�TEW?X_8DP?AB�E@ �=ABN&8�N	�OX?A[TE:DA ]�W<�D<d@.-
X?]^:DABN&88��:(
 �"& �E5�6O<?@7X?]^:DABN&88��:(
���' ��N���WS8QTU]�W�� 8DP?A�A&;OA-NB<d8;TE@?L�A	�)TEW?X�8;PdA��D<?@7X?]�:=ABN&88��:(
���' ��( �*) �75
\�P?A2�D< P ;OA��z� � �.TEWdX !+&*( >_TE:=K_8;PdA�N	�OXdA �EAB:��D]��EW��B5

� � � * ���!3 ��������(.�
I��4��4 ��!�! � N���WS8;TE]�W���8DP?A � ��L�L/��Rz]^W?C�><�OXd<?L�A	�BFd]^W?NBL^<?X?A	�BF	>_TE]�W.:���<d8;]^W?A TEW?X �D<d@?:6��<O8;]�WdA��B5

, t�rBs ��w {.��-7vEf � r�.

><�OX K���W��n8 5 � *"! N���W��n8QTEWS86�[TEWdX �UTE:=] TE@?L^A��%<>�DABXJ]�W'�UTE:D]/��<����=<?@?:6�E<d8;]^W?A��

��i?f ~!r=y&k s0/ �
><�OX �	TE:;TUL�L�A-LM5 � *"! �9<?TEWS8;]^8D]�A	� N	��W?N-AB:DWd]�W?C�8;P?A �	TU:;TEL^L�ABL^]�VBTU8;]/��W

��i?f ~!r=y&k t21U{
><�OX N��"�=]�W�< 5 � *"! %	ABL^X��z<��DA-X3� ��:%8DP?A A���<?]�Xd]��=8;TEWS8 ]�WS8;A-C�:;TU8D]���W
><�OX %	ABL^X 5�� *�! >�TECEW?A-8D]�N %	A-L�X�TEW?X�NB<?:(�9]�L�]^W?A TU:%N��)��:DXd]�W	TU8DA��
><�OX � ��<?:B5 � *"! � �E<?:D]^AB:�N��9AQP�N-]�ABWS86�
><�OX ]�WS8;A-C?5�� *�! %	ABL^X��z<��DA-X3� ��:%8DP?A W���W.-uA���<?]�Xd]��=8;TEWS8z]�WS8;A-C�:;Tj8;]��EW
><��� � <?W?N&8;]/��W��B5 � *"! A��=8;TE@?L^]��DPdA�� T�IJG)G ����@JA-WC�O]^:6��Wd>_A-W�8

� �



, t�rBs ��w t^ilkQfMv�- � r � ��i?f ~!rDy�k s0/ ��� .

N����D]�W�< 5 ]�WdN %	ABL^X��z<��DA-X3� ��:%8DP?A A���<?]�Xd]��=8;TEWS8 ]�WS8;A-C�:;TU8D]���W
%	A-L�X 5 ]�W?N >�TECEW?A-8D]�N %	A-L�X�TEW?X�NB<?:(�9]�L�]^W?A TU:%N��)��:DXd]�W	TU8DA��
� ��<?:-5 ]^W?N � �E<?:D]^AB:�N��9AQP�N-]�ABWS86�
]�WS8DABC?5 ]�W?N %	ABL^X��z<��DA-X3� ��:%8DP?A W���W.-uA���<?]�Xd]��=8;TEWS8z]�WS8;A-C�:;Tj8;]��EW

`ZaUt^i!y&�9v?s�t�i � .

>�� @lAU5�� *"! >�TE]^W'�?:6�EC�:;TE>

, t�rBs ��w rBv�1Uy��9v?spt^i � r .

TA;O]��-5�� *�! N���><�?<d8;TU8;]/��W'��� . TEW?XN1 N��)��:DXd]�W	TU8DA������H8;PdA�>_TEC�WdA-8;]^N TA;O]��
@>%	A-L�X 5 � *"! X?A-8DAB:D>�]�W?TU8;]/��W'���H8;P?A NB<d:��9]�L^]�W?ABTE:%N��)��:=X?]�W	Tj8;A��-F

X?A-8DAB:D>�]�W?TU8;]/��W'���H8;P?A >�]�W?]^>�<?> X?]��n8QTEWdNBA��,��� C�:D]^X'� �E]�WS88�
� :6��> 8DP?A �?L T��D>_T�@ ��<dW?X	TE:(
�F
N���><�?<d8;TU8;]/��W'��� 8DP?A >�TUC�W?A-8D]�NB%?ABL�X

@��?L�T��D@ ��<?WdX 5�� *�! N���><�?<d8;TU8;]/��W'��� 8DP?A %	ABL^X ��W.8;P?A �?L�T��D>_T �D<?:(��TENBA �p4�
5 � � 9 � �
N��EL�L�A-N-8B5�� *"! N���L^L�ABN&8;]/��W'���H8;P?A A���<?]^X?]��n8 5�	TU:=88� ���H8;PdA2�=<?:���TUNBA�]�WS8;A-C�:;TEL
�p4�
5 � �"��� �
N��E>��?]^WS8 5 � *"! N���><�?L�A ;.]^W�8DABC�:DTU8;]/��W��p4�
5 � � � � �
NB<d:��9]�N	�.��:-5�� *�! N���><�?<d8;TU8;]/��W'��� 8DP?A NB<?:(�9]�L�]^W?A TU:%N��)��:DXd]�W	TU8DA�� ��� � ! ���p4�
5 � �"��� �
A���<?]^>_A	�DP 5 � *"! N���><�?<d8;TU8;]/��W'���4��<	TUW�8D]^8D]�A����EW!8DP?A A���<?]^X?]��n8QTEWS8 ]�WS8;A-C�:;Tj8;]��EW.>_A	�DP
A���<?]^WS8 5 � *"! N���><�?<d8;TU8;]/��W'������ �p4�
5 � �"� � � Rz]^8DP.8;P?A A���<?]^X?]��n8 5g]^W�8DABC�:DTU8;]/��W.>�A��DP
� NBWdN !C���d@lAU5�� *"! �D<?@?:���<d8D]�W?A � ��: � � ��:6��<d8D]�W?A�Y !"�EG �%4
� NBWdA ! 0 @d@lAU5�� *"! �D<?@?:���<d8D]�W?A � ��: � � ��:6��<d8D]�W?A 4 ! 0 � �%4
� ��<?:=]�A-:B5 � *"! :DA TUX?]�W?CdFd8;:DTEW���� �E:D>_TU8;]/��W��p4�
5 � � *�� �%TEW?X�]�WS8DAB:6� ��L�TU8;]/��W �p4�
5 � � # � �

��� 8DP?A2� ��<?:D]^AB:�N	�OA P_N-]�A-W�86�
L�]^W?AE5 � *"! N���><�?<d8;TU8;]/��W'��� 8DP?A NBL/�"�DA-X�L^]�W?A�YI� � ��:%8DP?A N���><�?L^A&;

]�WS8;A-C�:;TU8D]���W���4�75 � � � � �
W���WdA���<?]�WS8B5�� *"! W���W.-uA���<?]�Xd]��=8;TEWS8 >_A	�DP�TEW?X�]�WS8;A-C�:;Tj8;]��EW
�	TE:n8;]^W�8B5�� *�! A���<?]�Xd]��=8;TEWS8 ]�WS8;A-C�:;TU8D]���W���4�75 � �"��� � � �EAB:,�	TE:n88� ���H8;P?A �?L�T��D>_T

�D<?:(��TENBA
� ��]�WS8 5 � *"! N���><�?<d8;TU8;]/��W'��� . TEW?XN1 N��)��:DXd]�W	TU8DA�� ��4 �
5 � � ��� �
, t�rBs ��w � b�s � y=i
aUf�w�vEilk#spt ��i?r � �#i?f ~.rDy&k s / ��� .

W��?]^X 5 � *"! 
O]^ABL^X���8;P?A �?:��ON-A��6����:zW�<?>�@7AB:
W��?:��ON	�B5 � *"! 
O]^ABL^X���8;P?A"88�U8QTEL W�<?> @lA-:,��� �?:��ON-A����6��:��

� 9



� � � ')�-��3.� 3�� 3 ���!���-�J��*

I��4��4 ��!�! � <��=A���8DP?A � � � L�]^@?:;TE:(
!:6��<O8;]�WdA�� Y !C�UG ��4 TEWdX 4 ! 0 � �%4�5 �,�E8;AUF�8;PdA��DA :���<d8D]�W?A	�
TE:=A�W?TE>_A-XJY !C�EG � � TEW?X�4 ! 0 � � � ]^W!8DP?A   ��I ��AB:��D]/��W����H8;PdA�N	�OXdAE5

� �7�	�����
Y !C�EG �%4 ]��"T_:6��<d8D]�W?A�88� %	W?X T V-AB:�� ���)T ��
)�=8DAB> ��� ��W>��W?L�]^W?A TU: � <?W?N&8;]/��W���]^W � �UTE:D]�TE@?L�A	�B5
7�A-:DA ] 8 ]/��<>�DABX 86�+X?A&8;AB:=>_]^W?A_8DP?A N-<?:��9]�L^]�W?ABTE: N��)��:DXd]�W	TU8DA��Z� � TEW?X ! � � ��:�C�]/�EABW N&
9L�]�WdX?:D]^N TEL
N��)��:=X?]�W	Tj8;A��L. � TEWdX�1 � ��4�75 � �"��� �&5g\�P?A2� � ��:���<d8D]�W?A"W?A-ABX��,�D<d@?:6��<O8;]�WdA � N-W?N !"���?@7AE5 � *"!d5
�"� � � ���
 qW T C�]/�EABW %	W?]^8DA ]�WS8DAB:��UTEL%4 ! 0 � �%4 �=A TE:=NQP?A���� ��: T >�]�W?]^>�<?> ���[T N���WS8;]^W�<���<�� � <?WdN-8;]/��W ���
T �D]^W?C�L^A �UTE:D]�TE@?L�AUF�<��=]�W?C � <dW?N-8D]���W TEWdX %?:6�=8 XdAB:D]@�UTU8;]@��A �UTEL^<?A��-5 \�P?A >�A-8DP��OX ]/�"]�WS8;A-W?X?A-X � �E:
� <?W?N&8;]/��W�� RzP?]^NQP_P	T �EA[T N���WS8D]�W���<>�4%	:6�n8 XdAB:D]@�UTU8;]@��AE547�AB:=AEFS8;PdA � � � :6�E<d8;]^W?A�]��g<��=ABX�88� �DABTE:DNQP
8;PdA�>�]�Wd]�>�<?> ���=� <?W?N&8;]/��W�4 �
5 � ��9 �&5g u8zW?A-ABX�� �D<?@d:6��<d8D]�W?A � N-W?A ! 0 @?@7AE5 � *"!d5

� � � �����J�"�%�-')�
 qW 8DP?A �=<?@7X?]�:=A-88�E:D]�A	� �& � � � � TEW?X �& � ! &*( TE:DA 8;PdA�>_TEKEA&%	L�A	�2� ��:"8DP?A_8qR �+N	�OX?A���A-:6�=]���W��-5
\�P?A&
 NB:=A TU8DA%8;P?A�A ;dA-NB<d8;TE@?L^A�� I��4�%4 ��!"! � \ ��4 TEW?X_I��4�%4 ��!"! �   ��I�]�W �=<?@7X?]�:=ABN-86��:�
 ��' �
5

� � � �B��� �!�
I��4��4 ��!�! � <��=A�� I ��6 -q<?Wd]^88�-F 8;P	Tj8"]��-F�TEL�LH]�W��d<d8�TEW?X ��<d86�?<d8 ��<	TEWS8D]^8;]^A��"TU:DA C�]@��ABW ]^WZ8;P?A	�DA
<?W?] 88�-5g\�P?A�N	�OXdA�WdABABX>� 8DP?:DA-A�]^W��?<d8�%?L�A��-5

�-�J����� �
 #-� � �����?��� ! �������

  �[G 1 \ � N��EW�8;TE]�W>��W	TU>_A	� ���%W���W.- �=8QTUW?X	TE:=X ]�W>�?<d8�TEW?X �E<d88�?<O8 %	L^A���T�� R�A-L�L)T��2�	TE:;TU>_A&8;AB:��
N��EW?NBA-:DW?]^W?C 8;P?A"R ��:DK ���H8DP?A N��9X?AE5�\�P?A ]^W��?<d8���<	TUW�8D]^8D]�A��zTU:DA":DABTEX!]�W �?:���C�:;TU> >�� @lAU5�� *"! TEW?X
�D<d@?:6��<O8;]�WdA � �E<?:D]^AB:B5 � *"!d5

� �



� ' ��( � ) �+� � � #-�#� � �H�d� � ! �H��� ��� ) �

�����	����� ��!���� � �	����
��������� �"� � ������� ���������	
	�	�"�������������������� "!��	����������� � ����� � 
	
�
����
� ��� ������������ ���
 � � �	� �	���
�������"� ��!���
 ��������� �"� � ������� ���������	
	�	�"�������������������� "!��	�����������"� ��!�������� � �"� 
	
	
����
� ��� ������������ ���
 � � �	� �	���
� �������"� ��! ��
 ��������� �"� � ������� ���������	
	�	�"�������������������� "!��	�����������"� ��!��������	���	� � 
	
	
!���
� ��� ������������ ���
 � � �	� �	���
��� ���"��"�� � ���� � �#
 �%$�&�'!(�)+*� �" � �����,�

� ��� �����
�-�/.!0 �1�/0

� � �  #
 � � ����� � � �!����� � ���
��� � �2
 �3� � �

� � � � � � ��
 ��4�� � ��4	��
 �	 !��� � �� !����

� ���	� 5�� 5�� � �

��� �� "!���� ��������" � ���� � �
� �	��� �	� � ��� �� �� �  �	��� �

	�	�	� . ��� �!6��

������� � � �	������ � � � � ����� � � � ���!������	� � ���	� � ���������� �
��� � !�� � �!0  	��� � ������!�� � �!0� 	��� � �  � ��� � �!� � � ��� ���

��� �!6!0 � �-� �!6!0 ��� �!0 � � 
	�
������� � � �	������ � � � � ����� � ��� � �����7�"� � ����� � �

�"� ���	�����	��� �	
	�	�	�����	���8�����	�	��������� ����� � ��!	!��	�	�����	��� ��������!����	�����	���
��� �!6�9 �-� ��6�9 ���0��� 
�� �

����� ���"� � ��� ���:" � ��� � � � � � � ��� � � ��������" � ���� � �
� ��� �����
��
	� ;!.	�

� � �<6	����� ���"� � ��� ���=" � ��� � � � � � � ��� � � ��������" � ���� � �
� � �>� � � �?� � 
�� � ��� � �	�
��0 ��0 �-� �!6	� �-�/0 ��� ��0

�����"� �����7�"���	��� � ��� � � ���������	� �:@ � � ���8@
���	 !� ������� ��� � ����� ���A4������

��� ��.	� �1�/0 �1�35�0
� ����� � � � �!�A��� � �

� ��� � ��� ��� � �

 � 

� � ����� ����� � 4 � � 4 �
� � �-�/.�
!0	��(�B��	� ��� �	�	�	��(AB��	� �1� �	�	�	��(�B��	� ��� �	�	����(�B��	�
� � 
��/0��	�	��(�B��	� ��� �	�	�	��(AB��	� 6	
1�/0	�	�	��(�B��	� ��� �	�	����(�B��	�

� #



5 ]��n8 ��� �UTE:=] TE@dL�A�� �

� �#i	cprBsuaUi -9aUy -�t�iS| v?s�aUi -!�9v?s^| v?s��?f � i
aU{ � r

]�W A���<?]^L�]�@d:D]�<d> NQP	TE:DTEN-8DAB:�� # ! W	TU>_A ���H8;PdA�]^W��?<d8�%?L�A"N��EW�8;TE]�Wd]�W?C�8DP?A
A	�9<d]�L�]^@?:D]^<?> ��<	TEWS8;] 8;]�A	� ��  ��G 1 \ � �

� ��:=>�TU8 8 
)�lA NQP	TE:DTEN-8DAB:�� # ! 8 
)�7A2��� 8DP?A %	L�A � ��:=>�Tj8
1Ut^i
aUy�~
aUr�kQt�t

]�W %	ABL^X NQP	TE:DTEN-8DAB:�� # ! W	TU>_A ���H8;PdA�]^W��?<d8�%?L�A"N��EW�8;TE]�Wd]�W?C�8DP?A �ETUNB<?<?>
%	A-L�X �?:��OX?<dNBABX�@C
!A&;98;A-:DW	TUL N���]^L�� ��  ��G 1�\ ���

� ��:=>�TU8 8 
)�lA NQP	TE:DTEN-8DAB:�� # ! 8 
)�7A2��� 8DP?A %	L�A � ��:=>�Tj8
1Ut^i
aUy�~
aUr�kQt�t

��<d8 %	ABL^X NQP	TE:DTEN-8DAB:�� # ! W	TU>_A ���H8;PdA2�E<d88�?<O8,%?L�A"N��EW�8;TE]�Wd]�W?C�8DP?A N���><�?<d8DABX
>_TEC�W?A&8;]^NB%	ABL^X � : 1�\zG 1�\ ���

� ��:=>�TU8 8 
)�lA NQP	TE:DTEN-8DAB:�� # ! 8 
)�7A2��� 8DP?A %	L�A � ��:=>�Tj8
1Ut^i
aUy�~
aUr�kQt�t

� bE| � yDt�{ � i7s

N��EW>%	C�<?:DTU8;]/��W NQP	TE:DTEN-8DAB:�� # ! W	TU>_A ���H8;PdA�A ;.�lA-:D]�>�ABWS8BF	AE5 C?5 � 6 $ 4 � 1 �dC�:;TEXdA
:8!U> :DABTEL >_T ����: �dL T��=>�T�:DTEX?]�<>�
T"!E> :DABTEL >�]�W��E: �?L�T��D>_T�:;TEXd]�<��

` ��- �

�=86�"� NQP	TE:DTEN-8DAB:�� # ! �?:���C�:DTE> �n88�"��� T��h8DAB: �
y � a	- t^iS| v?s :=A TEX?]^W?C ���H8;P?A ]^W��?<d8 X	TU8;T
k�vUy��#t k-�O��y N	��>��d<d8QTU8D]���W'��� 8DP?A NB<?:(�O]^L�]^W?A TE:�N��)��:DX?]^W	TU8DA��
t�i 1?��vEi -OaUyq~ N	��>��d<d8QTU8D]���W'��� 8DP?A >�TECEW?A-8D]�NB%	A-L�X!]�W>�D]�XdA�8;P?A

�?L�T��D>_T�@ ��<?W?X	TU:�

{�t�i -St�r sMaUilk � N	��>��d<d8QTU8D]���W'��� 8DP?A >_]^W?]�>�<d> Xd]��=8;TEW?N-A�� ��� C�:D]^X

� ��]�WS86� � :6��> 8;P?A �?L�T��D>_T�@ �E<?W?X	TE:(

�9v?s 1?��vEi -OaUyq~ N	��>��d<d8QTU8D]���W'��� 8DP?A >�TECEW?A-8D]�NB%	A-L�X ��<d86�D]^X?A"8;P?A

�?L�T��D>_T�@ ��<?W?X	TU:�

8;A	�=8 NQP	TE:DTEN-8DAB:�� # ! K�]�WdX ��� <��=A ��� 8DP?A N��9X?A

il� W�� 8DA��=8
��� vEt^f�t21UyDtMvE{ 8DA��=8,���H8;PdA�A	��<?]�L^]�@?:=]�<?> %	A-L�X �p4�
5 � �"� � �
�&a�k�vdvE{ 8DA��=8,���H8;PdA�A ;98;AB:=W	TEL �UTENB<d<?> %	A-L�X �p4�
5 � � ! � �

� *



W?:n8 � ]�WS8DABC�A-: L/��R AB:�CE:D]�X � ��]�WS8�]^W . X?]^:DABN&8;]/��W
W?:n8 � ]�WS8DABC�A-: <��>�lA-: CE:D]�X'� ��]^W�8z]^W . X?]^:DA-N-8;]/��W
W?V&8 � ]�WS8DABC�A-: L/��R AB:�CE:D]�X � ��]�WS8�]^W 1�X?]^:DA-N-8;]/��W
W?V&8 � ]�WS8DABC�A-: <��>�lA-: CE:D]�X'� ��]^W�8z]^W 1�Xd]�:DA-N-8D]���W
W��?PS8 � ]�WS8DABC�A-: L/��R AB:�CE:D]�X � ��]�WS8�]^W 0 X?]^:DA-N-8;]/��W
W��?PS8 � ]�WS8DABC�A-: <��>�lA-: CE:D]�X'� ��]^W�8z]^W 0 Xd]�:DA-N-8D]���W
� �U8;AEF ]/�"8DP?AZN	�OX?A+]�� <��=ABX ]�W 8;P?AZ8DA��=8!><�9X?A �h8;A��n8 � ��� vEt�f^t01Uy=tuvE{ �E: �&a�k�v?vU{ ��Fz8DP?ABW,8DP?A
N��E>��?<O8QTU8D]���W����78;P?A >_TEC�W?A&8;]�N %?ABL�X�]��gL^]�>�]^8DABX�88� C�:=]�X<� �E]�WS88�gL@
O]^W?C ]�W 8;PdA�@ ��<?W?X?TE:D]^A���X?A	%?W?ABX
@C
 W?:=8 � FHW?:=8 �OF�W?V-8 � F W?V&8 �OFHW��?PS8 � TEWdX W��?PS8 �O5':[8;PdAB:=Rz]/�DAUF 8;PdA�>_TEC�WdA-8;]^N %	ABL^X ]/� N���><�?<d8DABX
� ��:%8DP?A N���><�?L�A&8;A"C�:=]�X.X?A&%	W?A-X+]�W!  ��G 1 \ �O5

� ��{�|�f � b.t^ils � �Sy;adspt ��i � � ��� ����� ���

�=<?@?>�]�W ]�WS8DABC�A-: >�]�W?]^>�<?> W�<?>�@7AB: ��� ]�WS8;A-C�:;Tj8;]��EW'� ��]^WS88�
]�N	��><�lX ]�WS8DABC�A-: �=<?@d>_]^W�	A� � ��� 2 ��� � >�T ;d]^>�<?> W�<?>�@7AB: ���

]^W�8DABC�:DTU8;]/��W � ��]�WS86�
A��>�DN��E> :DABTEL TEN-NB<?:DTEN	
 ��� 8DP?A ]�WS8;A-C�:;Tj8;]��EW

� � s � y={_t^i
adspt ��iJ��w sp} � k#vEy��#t^f�t�i � aUy�k-�O�#y -�t^i
ads � r � ��� ! � � � ��� ���	� ���

;988��L N !"���?@7A :DABTEL ���lA-NB]/%?A���8;P?A�TEN-NB<?:DTEN	
.86� RzP?]�NQP!8;P?A ����L�<d8D]���W'���
Y !C�UG ��4 ]���:=A���<?]�:=ABX 5�\�P?A�:DA-N���>�>�ABW?X?A-X'�ETUL�<?A
]/�%8;P?A �6��<	TU:DA :6�)�E8 ���H8;P?A >_TENQP?]^W?A �?:DA-NB]/�D]��EW 5

]/��TU]�L N !"���?@7A ]�WS8DABC�A-: >�<>�=8z@7A2�=A-8z88��!dF.- � F���: �
�DA	��� :DABTEL TEN-NB<?:DTEN	
 ��� 8DP?A\��N��)��:=X?]�W	Tj8;A
X?<�� :DABTEL �n8;A�� �D]^VBA � ��:%8DP?A �DA TU:DNQP���� 8DP?A !+N��)��:=X?]�W	Tj8;A
W�<�� ]�WS8DABC�A-: W�<?>�@7AB: ��� ]�Wd]^8;]�TEL�!3�UTEL^<?A��
]�N	��<d8 ]�WS8DABC�A-: 86�E8QTEL�W9<d>�@lA-: ��� Tj8D8;A->��>�%88��X?A-8DAB:=>_]^W?A\��TEW?X !

� � s � y={_t^i
adspt ��iJ��w sp} � {�t�idt�{.vE{ -�t^r sMaUilk � � � ��� ��� �����

A � A ! 0 @d@lA :DABTEL :=ABL Tj8;]/�EA"TEN-NB<?:DTEN	
.86��RzPd]�NQP!8;P?A � �"�D] 8;]��EW'��� 8DP?A
>�]�W?]^>�<?> ]���:=A���<?]^:DABX

A � A ! 0 @d@lA :DABTEL TE@>�6��L^<d8;A TEN-NB<?:DTEN	
.86� RzP?]�NQP!8;P?A � �"�D] 8;]/��W'���H8;P?A
>�]�W?]^>�<?> ]���:=A���<?]^:DABX

X?@ A�! 0 @?@7A :DABTEL � 	 X?@ A�! 0 @?@7A�� Rz]�XO8;P ���H8;P?A ]�WS8DAB:��UTEL ]^W RzP?]�NQP
8DP?A >_]^W?]�>�<d> ]/���DABTE:DNQP?A-X

>_TA;ON TEL^L A�! 0 @?@7A ]�WS8DABC�A-: >_TA;O]�>�<d>�W�<?>�@7AB: ��� N TUL�L�� ��� � N-W?A ! 0 @?@7AE5 � *"!
]/��TU]�L A ! 0 @?@7A ]�WS8DABC�A-: >�<>�=8z@7A2�=A-8z88��! ��: �

��!



� � vEt -�t^r sMaUi7sg��yDt -�wM�#y sp} � r vUyDw�a�k � t^ils � �Sy;adspt ��i � � ��� ��� � ���

�=<?X ]�WS8DABC�A-: W�<?>�@7AB: ��� ]�WS8DABC�:DTU8;]/��W � ��]�WS88�z]^W'� ��L/��]�X?TEL
X?]^:DA-N-8;]/��W

�(�9X ]�WS8DABC�A-: W�<?>�@7AB: ��� ]�WS8DABC�:DTU8;]/��W � ��]�WS88� �7AB:��7AB:=]��9X
]^W 88��:���]�X	TUL�X?]^:DABN&8;]/��W

� �#i	c � � vUt -�t^r suajils ��yDt -_wM��y s�} � r vEy=w�a�k � t^ils � �Sy;adspt ��i � � ��� ��� � ���

W?N � < ]�WS8DABC�A-: � 	#W?N � < � W�<?>�@7AB: ��� A���<?]�Xd]��=8;TEWS8zC�:D]^X � ��]^WS88�
]^W'� ��L/��]�X?TEL�X?]^:DA-N-8;]/��W'�D<d@��=8D]^8;<O8;ABXJ@C
 8;P?A
W��EW.-qA	�9<d]�X?]/�=8QTUW�8zCE:D]�X

W?N � � ]�WS8DABC�A-: � 	#W?N � � � W�<?>�@7AB: ��� A���<?]^X?]��n8QTEWS8 C�:=]�X'� ��]�WS88�
]^W 88��:���]�X	TUL�X?]^:DABN&8;]/��W �D<?@��n8;] 8;<d8DABX�@ 
.8DP?A
W��EW.-qA	�9<d]�X?]/�=8QTUW�8zCE:D]�X

: � ; :DABTEL X?A&%	W?A	� 8DP?A >_]^W 5 X?]/�=8QTUW?NBA � � � ]�W!4�
5 � �"! � � � �E:RzP?]^NQP+� � ]���N	��>��d<d8;A-XJ@C
!]�WS8DABC�:DTU8;]/��W��p4�
5�� �"��� �
:8� ; :DABTEL X?A&8;A-:D>�]�W?A	�%8;P?A >�]�W?]^>�<?> NBABL^L �D]^VBA ���H8;P?A

W��EW.-qA	�9<d]�X?]/�=8QTUW�8zCE:D]�X�� � � ]�W�4�
5�� � # � �
: 0 ; :DABTEL X?A&8;A-:D>�]�W?A	�%8;P?A ]�WdNB:DABT��DA ���H8;PdA�N-ABL^L �D]�V-A ��� 8DP?A

W��EW.-qA	�9<d]�X?]/�=8QTUW�8zCE:D]�X�� � � ]�W�4�
5�� ��* � �

� bE| � k�s � -.{�a�bOt�{.vU{ -�t � � y � i7k � 1 � s�� �-� i ���%aUi - �

X?@��dP?]�>_TA; :DABTEL >_TA;O]�>�<d> �UTEL^<?A ��� � � � C � � 5 � �X?@?:=>�T ; :DABTEL >_TA;O]�>�<d> �UTEL^<?A ��� � � ��C � � 5 � �X?@?V->�T ; :DABTEL >_TA;O]�>�<d> �UTEL^<?A ��� � � �*C � � 5 � �
� v?s � y 1?�9vUi -OaUyq~ � k-��{ | aUy ��� t � � � �

><�D: ]�WS8DABC�A-: >_TA;l5� �ELM5 ><�OXdA"W9<d>�@lA-: � ! $,> $,><�D: C �
W��=: ]�WS8DABC�A-: >_TA;l5 88��:-5g>��9X?A�W�<?> @lA-: �LC�W>�D:F$,W $,W��=:
>�W��D: ]�WS8DABC�A-: W�<?>�@7AB: ��� N��9AQP�N-]�ABWS86�z86�_@7A":DABTEX
> ]�WS8DABC�A-: � ��L��E]�X	TEL7><�OX?A"W�<?> @lA-:
W ]�WS8DABC�A-: 86��:6��]^X	TELl>��9X?A�W�<?>�@7AB:
NB:=N � >JF W F+! � :DABTEL =?

�2@5 6NB:�� � >JF W F+! � :DABTEL =? G2@5 6NBV	� � >JF W F+! � :DABTEL =J G2@5 6NBV-N � >JF W F+! � :DABTEL =J
�2@5 6

� �



�-�J�������  ��' �#��� ����) ( � # ���S� ! % � ��) �

  �[G 1 \ � ]���8;PdA3��<O88�?<d8 ���[8DP?A % � Y �  �4 5 $ N��9X?AE5, u8_]���AB] 8;P?A-:�TUW T��=NB]�]�%	L^A ��:�T @?]�W?TE:�

%	L^A�Rz] 8;P X���<?@?L^A��d:DABN-]��=]���W X	TU8;T3��� 8;P?A�A&;98;A-:DW	TUL >_TEC�W?A&8;]^N�%?ABL�X ����5 \�P?]/��]^W��?<d8�]�� :DABTEX ]^W
�?:���C�:;TU> >�� @lAU5�� *"!�TEWdX �=<?@?:���<d8;]^W?A @>%	A-L�X 5 � *"!d5

5 ]��n8 ��� �UTE:=] TE@dL�A�� �

��t�{ � idrDt��#i?r���w sp} � �&a�k#v?vE{ � � f -

ABW.� :=A TEL W�<?>�@7AB: ���H88�E:6��]^X	TEL �dL TEW����7AB: �7AB:=]��9X
A-W>��� � TA;O]/��
9>_>�A-8D:D]^NB%	ABL^X

ABWd: :=A TEL W�<?>�@7AB: ��� C�:=]�X'� ��]�WS88�z]^W�. X?]^:DABN&8;]/��W
ABWdV :=A TEL W�<?>�@7AB: ��� C�:=]�X'� ��]�WS88�z]^W 1�X?]^:DA-N-8;]/��W
ABW?T :=A TEL W�<?>�@7AB: ��� N��E>�� ��W?A-W�86� ��� 8DP?A >�TUC�W?A-8D]�NB%?ABL�X
ABW>� :=A TEL W�<?>�@7AB: ��� �7AB:D]/�OX>�
ABW.� X :=A TEL W�<?>�@7AB: ���H88�E:6��]^X	TEL �dL TEW�� � �E:%RzP?]�NQP!8;P?A

>_TEC�W?A&8;]^NB%	ABL^XJ]/��N���><�?<d8DABX
A-W>� X � W?]�WS8 ��ABW.� � �"� � � �n8;ABL^L TE:DTU88�E:(- �(
9>_>�A-8D:D]�N %	A-L�X
A-W>� X � ABW>� T��(
9>_>�A-8D:D]�N %	ABL^X

� �U8;AEF ]^W ��:DXdAB:�88��T �"�E]�X X?] P_N-<?L^8D]�A	�[Rz]^8DP Xd] � AB:DA-WS8 ]�WS8;A-C�AB:�L^ABW?CU8;P�� ��W X?] � A-:DA-W�8 N	��><�?<d8;A-:6�-F
8;PdA��DA ��<	TEWS8;] 8;]^A���TE:=A.X?A	%	WdABX T�� :DA TUL �UTE:D]�TE@?L�A	��]�W :=A TEX TEW?X Rz:D] 8;A.]^W��=8D:D<?N&8;]��EW��B5 \�PdA	
 TE:=A
8;:DTEW��(� ��:D>�ABX!]�WS86��]^WS8;ABCEAB: �UTE:D]�TE@?L^A���]�W>�D]�XdA�8;P?A N��9X?AU5

� �9vUi -OaUy=t � r���w sp} � ��yDt - � kB��{�| aUy ��� t^� � / �

:8!�! :=A TEL .�N��)��:DXd]�W	TU8DA ���H8;P?A NBA-WS8;:DA2���H8;P?A @ � ;
V !�! :=A TEL 1 N��)��:=X?]�W	Tj8;A ���H8;P?A N-ABWS8;:=A ���H8;PdA�@ � ;
X?:6! :=A TEL P	TUL/��Rz]�Xd8DP3��� 8DP?A @ � ;!]^W .�X?]^:DABN&8;]/��W
X?V�! :=A TEL P	TUL/��Rz]�Xd8DP3��� 8DP?A @ � ;!]^WN1 X?]^:DA-N-8;]/��W

�7a�k#v?vE{�{�aj�Si � spt k � � f+-�|ly&��-7v9k � - 1&~ � b s � y=i
aUf kB��t^f�r

@?@�� � F K7F L � :=A TEL � ��N���><� ��W?ABWS8@?@�� �OF K7F L � :=A TEL � �ZN	��><� ��WdABWS8@?@�� �dF K7F L � :=A TEL � �JN���><� �EW?ABWS8
Rz]^8DP � $,K�$ W?: ��.$X?]^:DA-N-8;]/��W ��TEW?X � $,L $,W?V��A1 Xd]�:DA-N-8D]���W ��5 � ��: ><��:DA_X?A-8;TE]�L/� �=ABA.:DABTEX
�=8;TU8;A->_A-WS88� ]�W'�D<d@?:6��<O8;]�WdA�@.%	ABL^X 5�� *�!d5

�"�



�-�J����� �  � � � ! )$!+& � ! �*( ! ��� � �

  �[G 1 \ ��]��[TEW���<O88�?<d8B���g8;PdA�% IJ4 Y � �[4)I+4)Y�N	�OXdAE5[ u8[]�� AB] 8;P?A-:[TEWZT��DN-]�] %	L�A2��:�T�@?]�W?TE:�

%	L^A�Rz] 8;P X���<?@?L^A��d:DABN-]��=]���W X	TU8QT ����A	��<?]�L^@?:D]^<?> ��<	TEWS8;] 8;]^A��B5.\�Pd]���]�W��?<O8 ]/��:=A TEX ]�W �?:6��CE:;TE>
>�� @lAU5�� *"! TUW?X3�=<?@?:���<d8;]^W?A � ��<?:=]�AB:-5�� *�!d5

5 ]��n8 ��� �UTE:=] TE@dL�A�� �

��t�{ � idrDt��#i?r���w sp} � � � f -�r

CSTE>�>_T :=A TEL TEX?] TU@	TU8;]^N�N��EW��=8;TEWS8 � W��E8 W?A-ABX?A-X+]�WJI�� �%4 ��!"! � �
ABW.� � :=A TEL W9<d>�@lA-: ��� �7AB:=]��9X�� ��P?T���88��TEC�:=ABA"Rz]^8DP�W>� �
ABW>� :=A TEL W9<d>�@lA-: ��� (?<.; �D<?:(��TENBA	� � $,] $,A-W��
AB><� ��L :=A TEL � ��L/��]�X?TEL�><�OXdA�W�<?>�@7AB:,!*$,> $,AB><� ��L C �
ABWd>�TA; :=A TEL 88��:���]�X	TUL�><�OX?A"W�<?> @lA-: C ABWd>�TA; $,W $,ABWd>�TA;
AB>�W?>_TA; :=A TEL 88�E8;TEL ><�OX?A"W�<?> @lA-:
AB]�T���
9> :=A TEL ��
9>_>�A-8D:�


A-] T��(
O> � ! �=8;A-L�L�TE:;TU86��:(- ��
9>�>_A&8;:D]^N[A	�9<d]�L�]^@?:D]^<?>
A-] T��(
O> � � T���
9>�>_A&8;:D]^N"A���<?]^L�]�@d:D]�<d>

� �U8;AEF	]^W��D]^X?A�8;PdA�N	�OXdA 8DP?A��=A �ETU:D] TU@?L�A	�zTE:DA�8D:;TEW��(� ��:D>�ABX�]�WS86� ]�WS8;A-C�AB:��UTE:D]�TE@?L^A��B5

� �9vEy=t � y kB� ��� kQt � i7spr - � �di?t�id�+sp} ��� vjb!r vUyDw�a�k � r[aUi -Zsp} � ��� vEt^f�t21UyDtMvE{ { aj��i � s�t�k � � f -

NB:=N � >JF W F ] � :=A TEL =?
�2@5 :<6 ��� � �NBV	� � >JF W F ] � :=A TEL =J G2@5 :<6 ��� � �NB:�� � >JF W F ] � :=A TEL =? G2@5 :<6 ��� � �NBV-N � >JF W F ] � :=A TEL =J
�2@5 :<6 ��� � �

@��=<?N � >JF W F � � :=A TEL =] [ 5
�2@5 :<6 �A�����@��(��N � >JF W F � � :=A TEL =] ^ 5
�2@5 :<6 �A�����@��=<�� � >JF W F � � :=A TEL =] [ 5 Y2@5 :<6 �A�����@��(�.� ��>�F W�F � � :=A TEL =] ^ 5 Y2@5 :<6 �A�����

� ��:�><��:DA"X?A&8QTE]^L�� �=ABA�:DABTEX3�n8QTU8DAB>�ABWS88�z]^W �=<?@?:���<d8;]^W?A � ��<?:=]�AB:-5�� *�!d5

� � � 0 ��� ��� 3_�!� ��0J������(.�

I��4��4 ��!�! � ]/��T<�	TE:;TUL�L�A-L�]^VBABX!N	�OX?AU5� u8[N���><�?<d8DA�� 8;P?A�>�TECEW?A-8D]�N %	ABL^X ��W+T_8qR �A-qX?]^>_A-W��D]/��W	TEL
�pT ;d]/��
9>�>_A&8;:D]^N � ��:�TJ8;P?:=ABA -qX?]^>_A-W��D]/��W	TEL�C�:=]�X 5J  ��8;P?A N	��W>%	CE<?:;TU8D]���W A&;OP?]^@?]^86��TA;O]��(
9>_>�A-8D:�
�F
8;PdA >�TECEW?A-8D]�N3%?ABL�X �EW?L/
 P	T�� 86� @lA N	��>��d<d8;A-X � �E: ��W?A+86��:6�E]�X	TEL�NB:��"�6� - �DA-N-8D]���W 5 \�P?A-W 8DP?A

���



N��E>��?<O8QTU8D]���W ]/� �	TE:;TUL�L�A-L�]^VBABX+]�W+1 X?]�:=ABN-8D]���W�5 � ��:�8;P?A 8DP?:DA-A&-qXd]�>�ABW��=]���W	TUL �?:���@?L�A-> 8DP?A�N��9X?A
]�� �	TE:;TUL�L�A-L�]^VBABX ]�W 88�E:6��]^X	TEL)X?]�:=ABN-8D]���W�5  u8�P	T���88� @lA.>_TEX?A �D<?:=A!8DP	TU8�A-]^8;PdAB: 8DP?A!W9<d>�@lA-: ���
C�:=]�X � ��]^W�86��]^W#1 X?]^:DA-N-8;]/��W �h8qR �A-qX?]^>_A-W��D]/��W	TEL	NBT��DA � ��: 8DP?A[W�<?> @lA-: ��� C�:=]�X�� ��]^WS88��]^W_86��:6��]^X	TEL
X?]^:DABN&8;]/��W � 8DP?:DA-A&-uX?]�>�ABW��=]���W?TEL�N T��=A �[]��[T >�<?L 8;]��dL�A ���g8;PdA W9<d>�@lA-: ����<��=ABX �?:��ON-A��6����:6�-5 � ��:[T
C"�)�OX'�7AB:(� ��:D>_TEW?N-A ��� 8DP?A N��9X?A"8;P?A W�<?>�@7AB: ��� �?:��ON-A��6����:6�,�DP>��<?L�X!@7A�T�� �#R�A-: ��� 8qR �?5
\�P?A �D<?@7X?]�:=ABN&88��:(
 �	' ��( �*)��,N	��WS8QTE]^W��JA ;dTE>��dL�A %	L�A	� � �E:+TEW/TA;O]��(
O>�>�A-8;:=]�N N	��W>%	C�<d:;TU8D]���W 5
\�P?A-:DA 8;P?A ]�W>�?<d8 F>��<d88�d<d8�TEW?X �DN-:D]��O8,%?L�A�� TE:=A"C�]/�EABW � ��:�]�WS8DAB:;TUN-8;]@��A"8;A	�=86��TUW?XJ@?TU8;NQP
����@��-5
�#��#-�

]�W>�?<d8 8DA��n8   �[G 1�\ � ��=8;TEW?X	TE:=XJ]^W��?<d8
%	A-L�X �UTEN � �"�"� 0   �[G 1�\ � �g>�TUC�W?A-8D]�NB%?ABL�X ��� A&;98;A-:DW	TULHN	��]�L/�
R ��<d8 5 � �"��� 0   �[G 1�\ � �gA���<?]^L�]�@d:D]�<d>�]^W��?<d8
>�� @lA 8 �EAU5 A �DN-:D]��O8,� �E:zTEW!]�WS8;A-:;TEN&8;]/�EA :D<?W ��W�T�Y D � � \ ��4
>�� @lA ]�@?>�5 A �DN-:D]��O8,� �E:zTEW!]�WS8;A-:;TEN&8;]/�EA :D<?W ��W�TEW�  ��I DzABC�TU8D8;T
��<d86�?<d8 8;A��n8 : 1�\zG 1�\ � ��=8QTUW?X	TE:=X3��<O88�?<d8

&H�d� % � �B�"&

]�W>�?<d8   �[G 1�\ � ��=8;TEW?X	TE:=XJ]^W��?<d8
%	A-L�X �UTEN � �"�"� 0   �[G 1�\ � �g>�TUC�W?A-8D]�NB%?ABL�X ��� A&;98;A-:DW	TULHN	��]�L/�
R ��<d8 5 � �"��� 0   �[G 1�\ � �gA���<?]^L�]�@d:D]�<d>�]^W��?<d8
>�� @lA 8 �EAU5 � �DN-:D]��O8,� �E:zT�@?TU8;NQP
����@ ��WJT_Y D � � \ ��4
>�� @lA ]�@?>�5 � �DN-:D]��O8,� �E:zT�@?TU8;NQP
����@ ��WJTEW!  ��I DzABCSTj8D8QT
��<d86�?<d8 : 1�\zG 1�\ � ��=8QTUW?X	TE:=X3��<O88�?<d8
%	A-L�X >�� @lA � �"��� 0 : 1�\zG 1�\ � �gN���><�?<d8DABX�>�TECEW?A-8D]�NB%	A-L�X

\�P?A�:DA	�D<?L 88� ���H8;P?]/��A&;dTE><�?L�A TE:=A"X?]��=NB<����DA-XZ]�W!X?A&8QTE]^L ]�W�Y�P	T��d8;A-: �O5 � 5

� ��� ���!�����!�
\�P?A�N��9X?A �?:��OX?<dNBA��z8qR ����<O88�?<d8 %	L^A��-5 � L�L �E<d88�?<O8 �9<?TEWS8;]^8D]�A	��TU:DA"C�]@��ABW�]�WJI ��6.<?W?] 88�B5

���!�����!� �	 #&�#� � �H�?���,� ��� � � �

: 1�\zG 1�\ � N���WS8;TE]�W���TEL^L ]�W>� ��:=>�Tj8;]��EW�� ���g  ��G 1�\ � TUW?X�� �"�6�=]�@?L^A"R%TE:=W?]�WdC"�[TUW?X+A-:D:6�E:�>�A�� -
�;TUC�A�� ���H8;P?A N	�OX?AU5

� 0



����� � o � ���

� $��	��
��� �-
 ����"������� � �"� ��! � � � " � ���  � ������� ��� � � � � 4�� ��� �"! � � � � ��� � ��! � �"!��������

��]pF ]^:BF ]�V � TE:=A 8DP?A ]�W?Xd]�NBA	�����H8;P?A C�:=]�X � �E]�WS8�]�W.86��:6��]^X	TELpFO:DTEX?] TUL TEW?X�� Xd]�:DA-N-8D]���W 5

  � � �E:�T�C�:=]�X � ��]^WS8�8;P?A�X?] � AB:=ABW?N-A�@7A-8qR ABA-WZ8;P?A N	��>��d<d8;A-X3%	A-L�XJ� TEW?X�8;P?A�A&;98DAB:DW?TEL %	ABL^X+���
]���L TU:DC�A-: 8DP	TEW 8;P?A_A&;.�lA-N-8DABX >_TA;O]�>�<?> X?] � AB:=ABW?N-A�C�]@��ABW ]�W   �[G 1�\ � F�8;PdABW 	 � D �   � � �
�9NBNB<d:6�B5

� $��	��
��� 
�
�� ��� � � � ��4�� � ��� � � � � � ��4�� ��� � ����
+�����

� C�TE]�W F � ]MF ]�:BF ]�V ��TE:=A�8;PdA�]^W?X?]�N-A��,��� 8DP?A�CE:D]�X � ��]�WS8�]�W!88��:���]�X	TULMF?:DTEX?] TUL�TEW?X�1�X?]�:=ABN-8D]���W�F?RzP?]�L^A
]�@7A�� ��]^:BF ]�V ��]�� 8;P?A�]�W?XdA&;JRzP?]�NQP NQP	TU:;TEN&8;AB:=]�V-A���8;PdA � ���D]^8D]���W ���g8DP?A�C�:=]�X�� ��]^W�8�Rz]^8DPZ:DA	�6�7ABN-8"86�
8;PdA W?A��n8;ABX�(	<.; �D<?:(��TENBA	� � �DABA�� ]�C?5 0 �&5�X?@ � F�X?@ �!TUW?X X?@ �!TE:=A�8;P?A�TE@�����L�<O8 TE><��<?WS88� ����8DP?A
X?] � A-:DABWdNBA��[@lA&8qR�A-ABW 8;P?A N���><� �EW?ABWS88� ���g8;PdA�8qR � %	ABL^X��[]^WJ88�E:6��]^X	TELMF
:DTEX?] TUL�TEW?X+1 Xd]�:DA-N-8D]���W 5
  ��8;P?A	�DA�TE><��<?WS88��TE:DA�<dW?:DABTEL�]/�=8;]^NBL@
!P?]�C�P�F TEW AB:=:6��:[P	T�� �9NBNB<d:DABX X?<d:D]�WdC 8;P?A�N	��><�?<d8QTj8;]��EW ���
8;PdA�>_TEC�WdA-8;]^NB%	A-L�X ��� 8DP?]���CE:D]�X'� ��]^W�8B5

  � 8DP?A2� � � :���<d8D]�W?A 4 ! 0 � �%4 :DA&8;<?:=W��zRz]^8;P!]@��TE]�L��� !OF 	 � D,��  � � � ]/�%Rz:D]^8=8;A-W 5

� $��	��
��� �1
�� ��� � � � ��4�� ��������! ��� ��� ��� ���

7�A-:DA!]/��TU]�L�]���8DP?A.]�W?XdA&; ����8DP?A.AB:=:6��: >�A����;TEC�A'����4 ! 0 � �%4�� � ��:�X?A&8QTE]^L�� �=ABA � � � >_TEW�<	TEL �&F
RzP?]^L�A <d>_]^W TEW?X � >�]�WZN	��:D:=A��6� ��W?X 86� ! � TUW?X � � ! � �,��� 4 �
5 � �"� ��RzP?]�NQP P	T ��A @7ABA-W N���><�?<d8DABX
@C
!4 ! 0 � ��4z5

����� � � �

\�P?A �?:���C�:;TU> �=86�"����Rz]^8DP!TEW!AB:=:6��:�>�A����;TEC�A ]@� TUW�]^W��?<d8 ��:���<d86�?<d8�%	L^A"N���<?L^X.W��E8z@7A �"�lA-W?ABX�5
 u8�TEL���� �=86�"��� N���><�?<d8;TU8;]/��W.]/�=��W?A ���H8;PdA � �EL�L��#Rz]^W?C�AB:=:6��:�� �ON-NB<?:��B5

� $���$�����(���
! �$�"�
$#%��
 � � ��� ������!+�"� � � � �� � �
(����&#$�2
('�'�'�'�' �	 �� ��)+*�*�*�*�* '�'�'�'�'

\�P?]/�"AB:D:���:">�A��6�DTEC�A��9NBNB<d:6� ]/��8;PdA�W�<?> @lA-: ��� 86��:6�E]�X	TEL �?L TUW?A�� � ��:�RzP?]�NQP 8;P?A�>_TEC�W?A&8;]^N %	ABL^X
P	T���88��@7A�N	��>��d<d8;A-X�]���W��U8�T�>�<?L 8;]��dL�A ���l8;P?A W�<?>�@7AB: ��� <>�DABX �?:6�9NBA	�6�6�E:6� �h8;P?:=ABA -qX?]^>_A-W��D]/��W	TEL
N T��DA ��5

� $���$�����(���
! �$�"�
$#%��
( +�"� � � � �� � �
(����&#$�2
('�'�'�'�' �	 �� ��)+*�*�*�*�* '�'�'�'�'

�"�



\�P?]/��AB:D:���:%>�A����;TEC�A �9NBN-<?:6��]@� 8;P?A W�<?>�@7AB:����HC�:=]�X � ��]^W�86��]�W 1/X?]^:DA-N-8;]/��W.]���W��E8zT >�<?L 8;]/�?L�A,���
8;PdA�W�<?> @lA-:,��� <��=ABX3�?:6�9NBA	�6�6�E:6���pTA;O]��(
9>_>�A-8D:D]�N[N T��=A �&5

  � 8;P?A!N��9X?A!]�� <>�DABX ]�W 8DP?A.8;A��n8�><�9X?A.TEX?Xd]^8;]/��W	TEL ]�W>� �E:D>_TU8;]/��W ]/��Rz:D]^8=8;A-W ]^W 8;P?A �=8;TEW?X	TU:DX
��<d86�?<d8 %	L^AE5

����#-�$( � ����� � � � ! )$!+& � ! �*( �

����� ��!���� � ������
 � 5	� .!0+��� 6	
�� �"�	5!5:6	�1� �!.���� 6	�1�0���.�� �	� � ) ���39!9�.	�+����� ) ���%;!."��;
��� � �!��� 
 � 5	� .!0+��� 6	
�� �"��.�5 �1� �	��� � 6	�1� ����9�0
����� ��!���� � ������
 � 5��.!0 ��. 6	
�� �	�	�"� 6	�1� �!."�	� 6	�1�0��	5� �	� � ) ���/;!0"��� ����� ) ���%;!.����
��� � �!��� 
 � 5��.!0 ��. 6"�-�%;!;!;�� �1� �	���!96	�1� ����;	

����� ��!���� � ������
 � 5�08.!0 
!9 6"�-�%;�9�
�5:6	�1� �!0�9� 6	�1�0���.!0 �	� � ) ���39���
�. ����� ) ���%;!.!.	�
��� � �!��� 
 � 5�08.!0 
!9 6"�-�%;�9�
	
 �1� �	����. 6	�1� ��0	�	�
����� ��!���� � ������
 � 5�.8.!0 � ; 6"�-�%;!.!0!.6	�1� �!0!0��6	�1�0���0"� �	� � ) ���/.!.�9 � ����� ) ���%;!.�5�;
��� � �!��� 
 � 5�.8.!0 � ; 6"�-�%;!.!0�� �1� �	���	�6	�1� ��0	��5
����� ��!���� � ������
 � 5!5 .!0 ; 6"�-�%;���;	�6	�1� �!0	
	
 6	�1�0��	�	� �	� � ) ���/.�9�0!5+����� ) ���%;!.!;�5
��� � �!��� 
 � 5!5 .!0 ; 6"�-�%;���9!9 �1� �	����� 6	�1� ��0"��0
��� � �!��� 
 � 5!9 .!0 � 6"�-�%;���
!. �1� �	�	
�56	�1� ��0	
	

����� � � � � �	� ��
 � 5!9 .!0 � 6	��� �	�"�	5 �1� �!0"��; �1� ��0���0 ����� � � ) �1� �	�!0�� ��� �!) ���%;�5�	�
����� � � ��� � �8
 � 5!9 .!0 � 6"�-�%;����!;6	�1� ����;	
 6	�1�0���!0�5
��� � �!��� 
 � 5�;8.!0 � 6"�-�%;"��.!. �1� �	�	
��:6	�1� ��0	
!;
����� � � � � �	� ��
 � 5�;8.!0 � 6	��� �	�"��� �1� ����9!9 �1� ����5�� ����� � � ) �1� �	
	
!. ��� �!) ���%;�5�	5
����� � � ��� � �8
 � 5�;8.!0 � 6"�-�%;"��0	
6	�1� ����.��:6	�1�0���	���
��� � �!��� 
 � 9��8.!0 � 6"�-�%;	�	�!; �1� �	�	
"� 6	�1� ��0���.
����� � � � � �	� ��
 � 9��8.!0 � 6	��� �	�"� 
 �1� ����0!; �1� ��� �	58����� � � ) �1� ����;!; ��� �!) ���%;�5�
��
����� � � ��� � �8
 � 9��8.!0 � 6"�-�/9�;!;�5:6	�1� �����!96	�1� 
!;!0��

\�P?A-:DAEF)8;P?A %?:6�=8�8DP?:DA-A.N���L^<?>_W>� ��� ]�WS8;A-C�AB:���TE:DA 8DP?A!]�W?X?]^NBA	� ���z8;P?A!C�:=]�X � ��]�WS8�]^W 88��:���]�X	TULMF
:;TUX?] TEL TEW?X-1 Xd]�:DA-N-8D]���W F RzPd]�L�A�8DP?A � ��:=8DP N���L^<?>_W N	��WS8QTE]^W��"8;P?A�]�WdX?A&; �[RzP?]^NQP NQP	TU:;TEN&8;AB:=]�V-A��
8;PdAB� �"�D] 8;]��EW ��� 8DP?A�C�:=]�X�� ��]^WS8 Rz] 8;P :=A��6�7ABN&8%88��8;P?A�W?A��n8;ABX (	<); �=<?:���TUNBA��-5�\�P?A[8;Pd:DABA[N���L^<?>_W>�
���H:DABTEL W�<?>�@7AB:�� TE:DA[8DP?A�8;Pd:DABA N	��>�� ��W?A-WS88� � 86��:6�E]�X	TELpF�:;TEX?]�TEL TUW?X 1/X?]�:=ABN-8D]���W � ���=��W?A ����8DP?A
� ��L^L��#Rz]�W?C %	ABL^X�� �

� � � ! )$! &H� ! � (  A	�9<d]�L�]^@?:D]^<?> >�TUC�W?A-8D]�N %	A-L�X���� �p4�
5�� � 9 � �
� ��% ��� (  >_TEC�W?A&8;]^NB%	ABL^X ��� A ;98;AB:=W	TEL�N��E]�L��%������  ��G 1�\ ���
� � � ! ��� �
�j� �  >_TEC�W?A&8;]^NB%	ABL^X!NB:DABTU8;A-X+@C
 8DP?A �D<?:(��TENBA�NB<?:=:DA-W�8 ���	F	@?<O8 �������D] 8;A"]^W �=]�C�W�F

8DP	TU8z]��-F�C�� � �p4�
5�� �"� � �
� � � ! � � ��% �  �UTEN-<?<?>�>_TEC�W?A&8;]^NB%	ABL^X3��� 8DP?A A���<?]�L^]�@?:=]�<?> ��� ]^WJ4�
5�� # � �

#�# � TEW?X � � � TE:DA�8DP?A.NB<d:��9]�L^]�W?ABTE: N	�.��:=X?]�W?TU8;A	� �A��� ! � ���z8;P?A.C�:=]�X � ��]�WS8BF RzP?]�L^A��H��& #-��]/��]^86�
>�]�W?]^>�<?> Xd]��=8;TEW?N-A ��4 �
5 � ����� � � :6�E> 8;P?A3�?L T��=>�T @ ��<?W?X?TE:�
E5 \�PdA��?:����=ABN&8;]��EW ���[8;P?AJC�:D]^X
� ��]�WS8 ��WS88� 8DP?A �?L T��=>�T �=<?:���TUNBA�]���C�]@��ABW�@C
 � �*# � � ��L��E]�X	TEL7N��)��:=X?]�W	Tj8;A ��5

��9



����#-�$( � ����� � ��% ��� ( �

��� � �!��� 
 � 5	� .!0+��� 6	
�� �"��.�5 �1� �	��� � 6	�1� ����9�0
����� � � � � �	� ��
 � 5	� .!0+��� 6	
�� �"��."� �1� �	��� � 6	�1� ����9�. ����� � � ) �1� ��9� � ��� �!) ���%;!.�5!5
����� � � ��� � �8
 � 5	� .!0+��� 6	��� �	�	�!.6	�1� �	�	�	� �1� �	�	�"�
��� � �!��� 
 � 5��.!0 ��. 6"�-�%;!;!;�� �1� �	���!96	�1� ����;	

����� � � � � �	� ��
 � 5��.!0 ��. 6"�-�%;!;�9�0 �1� �	����; 6	�1� ����;��8����� � � ) �1� �!.��!5 ��� �!) ���%;!.�9�0
����� � � ��� � �8
 � 5��.!0 ��. 6	��� �	�	��9:6	�1� �	�	�"� �1� �	�	�
��� � �!��� 
 � 5�08.!0 
!9 6"�-�%;�9�
	
 �1� �	����. 6	�1� ��0	�	�
����� � � � � �	� ��
 � 5�08.!0 
!9 6"�-�%;�9� 
 �1� �	����. 6	�1� ��0	�	� ����� � � ) �1� ����.!0 ��� �!) ���%;!.!;	

����� � � ��� � �8
 � 5�08.!0 
!9 6	��� �	�"� �6	�1� �	�	�"� �1� �	�	�	�
��� � �!��� 
 � 5�.8.!0 � ; 6"�-�%;!.!0�� �1� �	���	�6	�1� ��0	��5
����� � � � � �	� ��
 � 5�.8.!0 � ; 6"�-�%;!.�� � �1� �	�����:6	�1� ��0	��58����� � � ) �1� �	
!;	
 ��� �!) ���%;!.!;�9
����� � � ��� � �8
 � 5�.8.!0 � ; 6	��� �	�"� 
6	�1� �	�	�"� �1� �	�	�	�
��� � �!��� 
 � 5!5 .!0 ; 6"�-�%;���9!9 �1� �	����� 6	�1� ��0"��0
����� � � � � �	� ��
 � 5!5 .!0 ; 6"�-�%;���5	� �1� �	���� 6	�1� ��0"��� ����� � � ) �1� �"� 
	� ��� �!) ���%;�5��!0
����� � � ��� � �8
 � 5!5 .!0 ; 6	��� �	�"��06	�1� �	�	�"� 6	�1� �	�	�	�
��� � �!��� 
 � 5!9 .!0 � 6"�-�%;���
!. �1� �	�	
�56	�1� ��0	
	

����� � � � � �	� ��
 � 5!9 .!0 � 6	��� �	�"�	5 �1� �!0"��; �1� ��0���0 ����� � � ) �1� �	�!0�� ��� �!) ���%;�5�	�
����� � � ��� � �8
 � 5!9 .!0 � 6"�-�%;����!;6	�1� ����;	
 6	�1�0���!0�5
��� � �!��� 
 � 5�;8.!0 � 6"�-�%;"��.!. �1� �	�	
��:6	�1� ��0	
!;
����� � � � � �	� ��
 � 5�;8.!0 � 6	��� �	�"��� �1� ����9!9 �1� ����5�� ����� � � ) �1� �	
	
!. ��� �!) ���%;�5�	5
����� � � ��� � �8
 � 5�;8.!0 � 6"�-�%;"��0	
6	�1� ����.��:6	�1�0���	���
��� � �!��� 
 � 9��8.!0 � 6"�-�%;	�	�!; �1� �	�	
"� 6	�1� ��0���.
����� � � � � �	� ��
 � 9��8.!0 � 6	��� �	�"� 
 �1� ����0!; �1� ��� �	58����� � � ) �1� ����;!; ��� �!) ���%;�5�
��
����� � � ��� � �8
 � 9��8.!0 � 6"�-�/9�;!;�5:6	�1� �����!96	�1� 
!;!0��

\�P?]/� ��<O88�?<d8�]��,�D]^>_]^L TE:)88��8;P?A2��<d86�?<d8 ��� 8;PdA�8DA��=8�><�OX?A�� A���<?]�L^]�@?:=]�<?> � 5 :�W?L@
.8;P?A�X?A&%	W?]^8D]���W>�
��� 8;P?A >_TEC�W?A&8;]�N %?ABL�X'�UTEL^<?A�� ��� 8;P?A L�]^W?A�� � A���<?]p5 K���:D:	�7TEW?X � A	�9<d]M5 �ETUNE5@��TE:=A X?] � AB:=ABWS8 � ��:zC�:D]^X
� ��]�WS88��L@
9]�W?C ]^W��D]^X?A�8;P?A �?L�T��D>_T�@ ��<?W?X	TU:�
�� � � � ���

� � � ! ��� �
�j� �  A ;O8DAB:=W	TEL >_TEC�W?A&8;]�N %?ABL�X�����]�W��=]�X?A�8DP?A �?L T��=>�T�@ ��<?WdX	TE:�
 �p4�
5�� � ! � �
� � � ! � � ��% �  X?] � A-:DA-W?NBA	� @7A-8qR ABA-W+8;PdA�N	��><� ��WdABWS88� ��� �����   �[G 1�\ � �

TEWdXJ��� �p4�
5�� � ! � �

���!�����!� �  %��( ��� �#� � ( � # ����� ! % � ��) �

\�P?A�� �"�6�=]�@?L^A � ��:D>_TU88��TEW?X 8;P?A�X	Tj8QT �=8D:D<?N&8;<?:=A���� : 1 \zG 1 \,�JTE:=A�8;P?A �DTE>�A�T�� ���)  �[G 1�\,�
� �=ABA Y�P	T��d8DAB: 0 5 0 �&5

�"�



� � ���!�.��� '���*

1 �=A TEW?X � �"�6�=]�@?L^AJ8DA��=86� ���"8;P?A TUNBNB<d:;TEN&
 ��� %"I+4)Y � �[4)I+4)Y"� I��4�%4 ��!"! � �	�2: 1 D $ : �
TE:=A X?]��=NB<����DABX � ��: T.L�]�>�]^8DAB: -qX?A&%	W?ABXZTA;O]���
9>�>_A&8;:=]�N 86��KjTE>�TUK+A���<?]^L�]^@?:D]^<?> �M6OA-NE5��O5 � �&F�T'%���A -
�7AB:D]/�OXd]�N �n8;ABL^L TE:DTU88�E: A���<?]^L�]^@?:D]^<?> Rz] 8;P��E<d8�W?A-8�86��:6��]^X	TELONB<?:=:DABWS8��M69ABNE5 �95 ��� TUW?X�T�8qR ��- �7AB:=]��9X?]�N
��<	T��=]@-�T ;d]/��
9>�>_A&8;:D]^N �=8DABL^L TE:DTU88��: A���<?]^L�]�@d:D]�<d> �p6OABNU5 �95�� ��5

� � �Z��� �J�.�����

� ��:�TA;O]/��
9>_>�A-8D:D]^N[N��EW>%	C�<?:DTU8;]/��W��%] 8�]�� � �"���D]^@?L�A[86��N���><�	TE:=A�% I+4)Y � ��4)I+4)Y"��I3�4�%4 ��!�! �
:DA	�D<?L 88��Rz] 8;P N	��><�?<d8QTj8;]��EW�� >_TEX?A Rz]^8DP�8;P?A�TA;O]���
9>�>_A&8;:=]�N A���<?]�L^]�@?:=]�<?> $   % � N��9X?A � � � � 5g\�P?A
8qR ��-qX?]^>_A-W��D]/��W	TEL.� :DABA -q@ ��<?W?X?TE:�
 $   % � N	�OXdA�N	��>��d<d8;A	��L�]^>_] 8;A-: ��: �DA	�	TE:DTU8;:=]@; -qX?A&%	W?A-X �?L T��D>_T
A���<?]^L�]^@?:D]�T ]^W 8DP?A+>_TEC�WdA-8;]^N'%	ABL^X ��� TEW A&;98;A-:DW	TUL[N��EW?X?<?N&88��:���
)�=8DAB> @ 
 ����L/�9]�WdC 8;PdA �":;TEX.-
6OP	TA� :;TEW�� � A	�9<?TU8;]/��W 5 � ��A ;?TU>��?L^A�TJL�]^>_] 8;A-:(-qXdA	%	W?A-X F W��E8�<��)-qX��#RzW �(
O>�>�A-8;:=]�N A	�9<d]�L�]^@?:D]^<?>
��� � 6 $ 4
� 1,�?C�:DTEX?A 8 
)�lA)� �DABA � ]^C?5 # ��]�� N	��W��=]�X?A-:DABX Rz]^8DP,>�T ����: :;TUX?]�<���. � � � �+9C� >JF
]�WC�EAB:6�=A+T��6�7ABN-8�:DTU8;]/��� � ! �+�"�"�dF�@7A-8;T � ��L/��]�X	TUL����	��
 � ! ��9 0�0�� TEWdX 86�E8QTUL�88��:���]�X?TEL N-<?:D:=ABWS8
� � ! � � # 9�I � 5

ASDEX Upgrade Equilibrium

Flux Surface Contours

1 1.5 2 2.5
-1.5

-1

-0.5

0

0.5

1

1.5

Poloidal Current in MA

1 1.5 2

-20.4

-20.4

-20.3

-20.3

-20.3

Current Density in MA/m*m

1 1.5 2
0

0.5

1

1.5

Plasma Parameters

Plasma current (MA) 0.786
diamagnetic part (MA)    0.289
pressure part (MA)    0.497

Magnetic axis
R-position    1.649
z-position    0.130
Flux on axis    3.461
q on axis   -2.658

Plasma Limiting Point
R-position limiting point    1.054
z-position limiting point    0.197
Flux at limiting point    2.300
q (boundary)   -5.478

Beta poloidal (betap(ipp))    0.644
Inductivity coefficient (li)    1.025
betap(ipp) + li/2    1.156

Beta normalized (%)    0.984
Diamagnetic flux (mVs)   -5.212
Toroidal magnetic field (R=1.65)   -2.456
Plasma volume   12.029
Plasma circumference    4.024
Plasma inner energy in MJ    0.279

Stability Parameters

Triangularity (upper)    0.042
Triangularity (lower)    0.068
Elongation (upper)    1.442
Elongation (lower)    1.437
Inverse aspect-ratio    0.333
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