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atomic and molecular physics:
ionisation, CX, recombination,
molecular vibration, 
collisional radiative models 

edge physics
of fusion plasmas

numerics
finite volume method
for heat conduction/
convection problems 
with extreme anisotropy

materials science
sputtering, reflection,
recombination

plasma fluid theory
MHD-equilibrium,
transport equations

kinetic theory
Debye-sheath,
neutral gas transport

turbulence
anomalous radial
transport
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C � � $ � � �¢^3Bl^�C7�

HKg�g\��J�J�b�POHKg\HKh�o}bEaKaf��]:g\g\HK¡�aKN
NQJLHKg\gOHK]Eh���P\]�pQNQg\g\NQgº�RHDMe��MO��N
h�]EP\J�b�aKHKgON'i ��Me]}MO��N�HK]:h pQ��P\PONQh:M
i�NQh�g\HDM��&��NQJLHKg\gOHK]Eh�pQ��P\PON'h+M � ��Me��NQP\JLHK]:h�HKp �,�4NQaKivb�h4i
����]EMO]�NQaKNQp'MOP\HKpUNQJLHKg\g\Hc]Eh�� �

� � �!$ . ���$ 4,- � �¢^3Bl^,X �

����E>
�»��N}NQJLHKg\gOHK]Eh ��P\]�pQN'gOg\NQg
i�Hcg\pQ��g\g\NQi ¡�N'�¢]:P\N;p�b�h P\NQg\��aDM
aK]�pQbEaKaD��HKh gjMeP\]:h�oEaD�G[�bEPj��HKh�o N'acN'p'MeP\HKp
��]EMONQh+MOHcbEa$pQ]:h�i�HDMOHK]:h�gRbdM2bºgO��Pj� bEpQN�B �4]EP»N ¬�b�J���aKN �3�4NQaKi�NQJLHcg\g\HK]:h�b�M2b�MOHK�	�4]:h�NUp�bEh�o:N'M2aK]�pQbEaKaD�
b2g\J�b�aKaKNQP/��]�MONQh+MOHcbEa,i�P\]E�	��b{��]Eg\HKMOHD[EN�pQ��P\P\NQh+M³b�M�MO��HKg���]:g\HDMeHK]EhTHKg/£4]W�RHKh�o�HKh+MO]2MO��Nfg\��P\� b�pQN�B��»��N
pQ��P\P\NQh+M¼p�bEhºJLNQaDM�MO��N»J�bdMONQP\H�b�a3b�h�i�b���h�HK��]EacbEP�b�POp»HKg�pQP\N�bdMeN'i�gjMebE¡�HKaKHKgON'i�¡+��MO��NQP\JL]���NQaKNQp MeP\]Eh�g �
�R��NQP\NRMO��N»[:NQg\g\NQa$HKg�MO��NRp�b�MO��]�i�N{bEh�iºMO��NR��acbEg\J�bZMO��N{bEh�]�i�N ����HKo�B�^�BDCWA �?B��³����HKp�bEa4MOHKJLN ��g\p�bEaKNQg
�¢]:P@��h�HK��]:acb�P@bEP\pQg�b�P\N�� C�� ���RHDMO����acbEg\J�b·i�NQh�g\HDMeHKNQg�]��2b�¡�]E�3M�C�+ 6� - � � bEh�i MONQJL��NQPOb�MO��PON'g
¡�N'M��fNQN'h}A ��� bEh�i&C�+ ���,��Me��HKg»JLN�b�h�g»[:]EaDM?b�o:NQg�]E��A���� � C�+�MO]LA!+ºN � �

I arc

Φ∆

Plasma

Solid

5 µm

��HKoE��PONZ^�BDCWA3B ��_�p?��NQJLNS]���bEh·bEP\p �¢aKN'��M	� B �{P\pQHKh�oº]:h�bº�4P\gjMR��b�aKa�J�b�MONQP\HcbEa � P\HKoE�+M	� �!Cs  � B
�»��NSbEP\pSpQ��P\P\NQh+M 	 : ; 
 ��CSMO]�C�+ � �fpQaK]EgON'g»Me��P\]E�4oE�vb�pQ��P\P\NQh+M2�¢PO]EJ�MO��NU�fbEaKa�HKh:Me]�MO��NS��acb�gOJ�b�B
�2�¢MONQP�MO��N�pQP\N�bdMOHc]EhG]E�Zb�h`bEP\p ���R��HKpe�`p�bEhGJLNQaDM�MO��N
�fbEaKa»J�b�MONQP\HcbEa�i���N�MO] MO��N·b�POp
pQ��P\PONQh:M
£4]W�RHKh�o�HKh+MO]ºMO��N@g\��P\� bEp'N �$i�PO]E��aKN'MOg{pQbEh;¡�NTP\NQaKN�bEg\NQiv�¢P\]:J MO��N@JLNQaDMONQivb�PON�b�����HKo�B»^�BDC�^ �?B{_���P �
��P\HKgOHKh�oEaK�;MO��N���h�Hc��]Ea�b�PTb�P\p�HKgTJL]W[�HKh�ov]E����]EgOHDMONºMO]·Me��N 
	 : ; 
�� 
	 FI]EPON'h+M ���¢]:P\pQN��¢PON MeP\]Eo:PObEi�N
JL]EMOHK]:h�� �,�R��NQh·MO��NSJ�bEoEh�N'MOHKpZ�4NQaKi·HKg»�4b�PObEaKaKNQa�MO]�MO��NSg\��Pj� b�pQN �¢g\NQN ��HKo�B�^�BDCsr �?B

A:X
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��HKo:��P\NZ^�BDCW^3B ��_�pe��NQJ�b�MOHKp�g\¨�N'Mepe�G]���MO�4N�i�N'[ENQaK]:��JLNQh+Mº]��Rb�h�NQaKNQp'MOP\HKp�bEa�bEP\p �!Cs  � B&YZ��N�MO];NQh��
�4b�h�pQNQi�g\NQp']:h�i4bEPj��NQaKNQp'MOP\]:h�NQJLHcg\g\HK]:hL]EP��4NQaKi�NQJLHKgOg\HK]:h�bdM»bSMOHK��]Eh�NZo:N'MOgfaK]�pQbEaKaD�
b�g\J�bEaKaKNQP���]EMONQh+MOHcb�a�i�P\]:�vb�h�ivbº��]Eg\HKMOHD[ENUpQ��P\P\NQh+M2£4]W�RHKh�o�b�M»MO��HKgR��]Eg\HKMOHK]:h�HKh+MO]
MO��N¼g\��Pj� b�pQN�B��»��HKg/pQ��P\PONQh:M�p�bEhTJ�N'aKM$MO�4N¼J�b�MONQP\HcbEaEbEh�iTb2JLN'Meb�a:��acbEg\J�b»HKgIpQP\N�bdMeN'i
�¢N'[ENQh+MO�4bEaKaD�·i�P\]:��aKN'MOgZbEP\N�b�aKgO]�P\NQaKN�b�gONQi�� �$�R��HKp?�;HKg{JL]W[�HKh�o�i���N@MO]LMe��N@Hch:MeN'Peb�p �
MOHK]:h6�RHDMe��MO��N�J�b�o:h�N'MOHKp��4NQaKi � FI]EP\NQh+M ���¢]:P\pQN��?B ��ML��]EgOHDMOHK]:h�g��R��NQP\N·]Eh�N��4b�g
b�i�i�HKMOHK]:h4b�a�MOHK��g�MO��NS��P\]�pQNQg\g2p�b�h·pQ]Eh+MOHch+��NTb�h�i·JLNQaDMRbEi�i�HDMOHK]:h4b�a�bEP\N�b�g'B

�»��HKg�P\N'MOPO]Eo:POb�i4N
bEP\p�J�]�MOHc]Eh pQbEhG¡�N
��h�i�NQP\gjMe]�],i`bEgºb�h�N'¸�NQp'ML]E�RMO��N�HKh:MeNQPOb�p'MOHc]Eh�]��{Peb�i�HcbEa
NQaKNQp'MOP\HKp��4NQaKi�bEh�i�J�b�o:h�N'MOHKpº�4NQaKi �¢gON'N ��HKo�B;^�BDCsr �?B ��M�MO��N�NQi�o:N�]E�»MO��N
��]EgOHDMOHD[:NQaD� pe�4bEP\o:NQi
pQaK]E�4i
]E��HK]Eh�H �'NQi�JLN'MebEaKaKHKpR[�bE��]:��P»HKh
�¢P\]:h:MR]E��MO��NSpQb�MO��]�i�NTb�hvbEi�i�HDMOHK]:h4b�a�PObEi�Hcb�a�NQaKNQp'MOP\HKp��4NQaKi
¡���HKaKi�gZ���}i�HKP\NQp'MONQi;Me]W�fbEP\i�gZMe��N�b�h�]�i�N�BU�»��N�i�HKP\NQp'MOHK]:h;]��³MO��N�i�P\HD�¢M{�¢PO]EJªMO�4N@Hch:MeN'Peb�p'MOHK]:h;]��
MO��HKg{�4NQaKi&b�h�i}MO��N�N ¬,MeN'POh4b�a�J�b�o:h�N'MOHKpT�4NQaKi}i�NQ��NQh�i�gU]Eh;Me��N@i4HKP\NQp'MOHK]:h;]��³Me��HKg{PObEi�HcbEa�N'acN'p'MeP\HKp
�4NQaKi$B ��MZMO��N 
) � 
	 g\Hci�NSMe��N���acb�gOJ�bLJL]W[:NQgUb���b��·�¢P\]:J�MO��N�gO��Pj� bEpQN ���R��N'PON�b�g�Hch·MO��N�]�MO�4N'P
i�HKP\NQp'MOHc]Eh
HDMRJL]W[ENQg»MO]s�fbEP\i�gRMO��NSg\��P\� b�pQN�B�����Me��HKg»NQh��4b�h�pQNQiv��]W�fNQP»£4��¬�]:h+MO]�MO��NU�fbEaKa�HKh�Me��N
P\N'MOPO]Eo:POb�i�N�i�HKP\NQp'MOHK]:h�¡�N'p�bE��g\N�]���MO��N�N'h��4bEh�pQNQi NQaKNQp'MOPOHKpº�4NQaKi HKh MO��N�YZNQ¡+�EN�g\��N�bdMe� �¢i��4N�MO]
MO��NSacbEP\oENQP���acbEg\J�b�i�NQh�g\HDM��&��MO�4NSbEP\p�J�]W[ENQg{bEo:bEHKh�gjM�MO��NU�4NQaKi$B

AEA
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j

Bj x retrograde

B

v   =        
E  x Br

B2up,e v   =        
E  x Br

B2down,e

��HcoE��P\N�^3BDCdr,B ��_�p?��N'J�bdMOHcpUg\¨EN'MOpe�;]E��b�h���h�HK��]EacbEP»b�P\p�B �¢]:P\HKo:HKh4bEa���HKo:��P\N��¢P\]:J �!Cd� �6�
�»��NQP\N@b�P\NU]�Me��NQPRN?¬3��acbEh4bdMeHK]Eh�g�� ]EP�MO��HKg»PON MeP\]Eo:PObEi�NUJ�]�MOHc]Eh	�
YZ��NUMO]�Me��NUacbEP\o:NUbEP\pUpQ��POP\NQh:M{MO��NUJ�b�o:h�N'MOHKp{�4NQaKi·]E��MO��NSbEP\pSp�b�h·¡�NSacb�POoENQP�MO��NSN ¬,MeNQP\h4b�a/]:h�N�B
� ��NQh·MO��NSpQ��P\P\NQh+M2MO]ºMe��NSbEh�]�i�NUHcgRi�N £4NQp'MONQi;HKh
MO��N 
) � 
	 i�HKPON'p'MeHK]Eh·b�¨,HKh�¨�HKh4gjMebE¡�HKaKHDM���p�bEh
i�N'[ENQaK]:�·i�P\HD[�HKh�o�MO��NTb�POpUHKh+MO]�Me��NUPON MeP\]Eo:PObEi�N�i�HKPONQp MeHK]Eh$B
�{aKgO] ��HDM»HKgf��]EgOg\HK¡�aKNZMO�4bdM �3i���N�MO]�MO��N�gjMOPO]Eh�oºNQP\]:g\HK]:h	�3gO��Pj� bEpQNUJ�b�MONQP\HcbEap�bEh
o:N'MRN?¬3��NQaKacN'i��¢aKHc¨�N
��NQaKacN Meg �2HKh+MO]
MO��Nº�4acb�g\J�b�bEh�i o:N MSHK]:h�H��QN'i}MO��NQP\N�Bº�»��NQgON���NQh�N'MOPebdMONºi�NQNQ��N'PSHKh+MO]
MO��Nº��acbEg\J�b
]Eh
MO��N 
) � 
	 g\HKi�N �4�R��NQP\N�b�gR]:h�MO��NUPON'MOP\]:oEPObEi�N�gOHKi�NZMe��N �
i�P\HD�¢MR¡4b�p?¨�MO]ºMO��N���b�aca��3pQP\N�b�MOHKh�oLb
P\]:��oE��g\��P\� b�pQNT�4b�MOpe���R��HKp?��p�bEhvb�p'M2b�g2bºh4N � b�POp�MeP\HKoEo:NQP'B
��h�pQ]Eh+MOPObEgjM�MO]&bEP\pQg���]EM�g\��]EMOg���R��HKp?��i�]}h�]�M�pQP\N�b�MON�Me��NQHKP�]W�Rh���acb�gOJ�bvi���N�Me]}HK]Eh4H���bdMOHK]:h
]���NQP\]�i�NQi�h�NQ�3MePOb�aKg	�nJL]s[EN8�¢N ¬3��NQP\HcJLNQh:M?b�aKaD��bEh�i�HKh�g\HKJ���acb�MOHK]:h�g ��HKh 
) � 
	 i�HcP\NQp'MOHK]Eh �,¡�NQp�b���gON
��]EM�g\��]EMOgLi4]�h�]EM�g\��]W�ªMO�4N�N'¸$N'p'MOg��R��HKpe� bEP\N·p�b�h�i4HKi4bdMeN'gL�¢]EPLP\N'MOP\]:oEPObEi�N·JL]EMOHK]Eh ��gjMOPO]Eh�o
g\NQaD����HKh4i���p'NQi�J�bEoEh�N'MOHcpZ�4NQaKi�]EP»��]:g\HDMeHD[ENUp'ac]E��i�]���HK]:h�H��QNQi�o:bEg�Hch�� P\]Eh+M2]E��MO��NUgO��Pj� bEpQN�B

������� ��� 	�
��������������
�
������! "���# % � � � 0 � 0)����0 ��� � �-�!.���0  % � 2�0�
3

YZ��N�MO]�MO�4N�J�bEoEh�N'MOHKp{�4NQaKi
NQaKNQp'MOPO]Eh�gRbEh�i
HK]:h�g�o���POb�MONZ�RHDMe��� P\NQ©+�4N'h�p'��� � � � � � 	 4�-�bEh�i
Pebs�
i�HK��g � 
 4�� � ���R��NQP\N � 
�Hcg/MO��N¼pQ]:JL��]:h�NQh+M�]��3MO��N�[ENQaK]�pQHDM��S��NQP\��N'h�i4HKpQ��acb�P/MO]{MO��N�J�b�o:h�N'MOHKp³�4N'aci$B
��h;MO��NQP\J�b�a�NQ©,��HKaKHK¡�POHK��J�b�h�i b�gj��gjMeN'J �RHDMO�;M��f]�i�NQo:P\NQNQgU]E�n�¢PON'NQi�]:J ��]:h�N��4b�g � 
 � � X � ���:B
�»��N�oE��PObdMeHK]Eh ]EP�F/bEP\JL]:PTPeb�i�HK��g�HKg@��PO]E��]:PjMeHK]Eh4bEa³Me] � -&B � HKMO��b;J�b�o:h�N'MOHKpº�4NQaKi���N'PO��NQh��
i�HKpQ��acbEPUMe];MO��N��fbEaKa��n]Eh�N�oEN'MOg@Me��N�gObEJLN�P\NQg\��aDMOg�bEg@�RHDMO��]:�3M��4N'aci	�n¡�NQp�b���g\N�MO��N
o���POb�MOHK]:h6Hcg
��NQP\��NQh�i�HKpQ��acbEP¼MO]@Me��NZNQaKNQp'MOP\HKpZ�4NQaKi$B��4]EP�MO��N�g\��N�bdMe�
���+��g\HKpQg��]:h�aD�ºMO��N�i�HKJLNQh�g\HK]:h���N'PO��NQh�i�HKp �
��acbEP�MO]ZMe��N��fbEaKa��EN�Blo3B��4bEPOb�aKacN'a,�4NQaKi���aKHKh�NQg�Hcg�HKJL��]:PjMebEh+MQB �]EP�bEh�HKh�pQaKHKh�NQi�J�bEoEh�N'MOHcp¼�4NQaKi	�:HKh�Me��N
��P\NQg\��N�b�MO�&HK]:h�g�bEP\N�pQ]Eh3�4h4N'i&MO]�Me��N@�4NQaKi���acHKh�NQg{¡+�vMO��N@��N�bE¨;N'acN'p'MeP\HKpT�4NQaKi}HKhvMO��N���PON'gO��N�bdMO� �
�R��NQP\N�b�gnMO��N'�TN ¬3��NQPOHKNQh�p'N»bZgjMOP\]:h�o�NQaKNQp'MOPOHKp³�4NQaKi@�RHDMO��b{�¢]EPOpQN���N'PO��NQh�i�HKpQ��acbEP�MO]{Me��Nf�fbEaKa+HchTMe��N
NQaKNQp'MOP\]:gjMeb�MOHKpfg\��N�bdMe�$Bn��h�pQ]:h+MOPObEgjM �+NQaKNQp'MOP\]:h�gng\Meb��@JL]EPONfg\MOP\]:h�oEaK�SpQ]E���4aKNQi�MO]{MO��N��4NQaKi�acHKh�NQg�i���N
MO]ºMe��NQHKPRJ���pe�vg\J�b�aKaKNQP»oE�,PO]EPObEi�HK��g'B � J�b�o:h�N'MOHKpUg\��N�bdMe�;HKg»�¢]:P\JLNQi·HKh��»�4HKpe�vHK]:h�gRN ¬���NQP\HKNQh�pQN

A�^
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¡�]EMO��N'acN'p'MeP\HKp{bEh�i�J�bEoEh�N'MOHcpR�¢]:P\pQN'g � g\NQN ��HKo�B�^�BDCW  �?Bn�»��NZJ�bEoEh4N MeHKp2g\��N�b�MO���4bEg»bU�RHKi�MO��]E�/���
MO]�A�HK]:hvo���P\]:POb�i�HcH B �2NQP\N ��Me��NTHc]Eh�gZbEP\N@b�pQpQNQaKNQPOb�MONQi;MO]�gO]E��h�i;[:NQaK]�p'HKM��
��N'PO��NQh�i�HKpQ��acbEPRMO]�Me��N
��b�aKa � ��]:��J�pQ]:h�i�HDMOHK]:h�� �$�R��HKp?� pQ]�]Eacg{MO��NQJ �/P\NQi���pQN'gSMO��NQHKPUi�NQh�g\HDM�� ��bEh�i&NQh��4bEh�pQN'gSMO��NLaK]�pQbEa
YZNQ¡+�EN@aKNQh�oEMO�·¡�NQp�b���gONT]E��MO��NTg\J�bEaKaKNQP�HKh�pQaKHKh4b�MOHK]:h
bEh�oEaKN���¡�N'M��fN'NQh;J�bEoEh�N'MeHKp��4NQaKivbEh�i·�fbEaKa� � � � ��
 : � � � �24 � ����!�� � r � B

��HKo:��P\NZ^�BDCs �B ��_�pe��NQJ�b�MOHKpQg ]��
MO��N gO��N�bdMO� �RHDMO� Hch�p'acHKh�NQi�J�bEoEh�N'MOHKpG�4NQaKi ����HKo:��P\NG�¢PO]EJ «UB
¶f��]�i���POb �

�»��N&J�bEoEh�N'MeHKpv�4NQaKi HKh+MOPO],i4��p'NQg�M���]GJL]:P\N}p?�4b�Peb�p'MONQP\HKg\MOHKp}aKNQh�oEMO� gOp�b�aKNQg'B �»��N&�4P\gjM·HKg�Me��N
MO��HKp?¨,h�NQg\gT]���MO��NºJ�bEoEh�N'MOHcp@gO��N�bdMO�$BL�»��NºJ�bEoEh�N'MeHKp�g\��N�bdMe��i�N'MONQP\JLHch�N'i ¡:�&b
J�bEoEh�N'MeHKp��4NQaKi
� �4bEg@b·p?�4b�Peb�p'MONQP\HcgjMOHKpºMe��HKpe¨,h�NQg\g � � �¢pQ]EJL���3MeNQi6b�MTg\]:��h�i g\��NQNQi�� � � . X���� 4,- � ��]E�fMe��N
]EPOi�NQP2]���Me��N@HK]Eh·o���P\]:PObEi�HK��g{b�M{g\]:��h�i;g\��NQNQi}��N'PO��NQh�i�HKpQ��acbEP»MO]LMe��NS��b�aca B �2NQP\N ��Me��NTHK]:h�g2bEP\N
i�N'£4NQp'MONQi;�¢P\]:J MO��NTi�HKP\NQp'MOHK]:hvb�aK]:h�o�MO��NT�4NQaKi���aKHKh�N�MO]W��b�P\i�g2MO��NT�fbEaKa B �]EPR]:¡�aKHK©,��NSbEh�oEaKNQgR]:h�N
oEN'Meg

� � � � ^�� � 4 �	
 � & �¢^3Bl^+A �
�R��NQP\N �	
 ��HKg�MO��N{Hc]Eh�oE��P\]�� P\NQ©,��NQh�p ���¢]:P³MO��NZHK]Eh�g � �	
 � � � � 	 4�- �7B³���4NZP\NQaKN'[�bEh:MfaKNQh�o�Me��bEaK]Eh�o
� HKg»Me��NQh�� ��4 ����!	� ���R��NQP\N
� HKg�MO��NTbEh�oEaKNU¡�N'M���NQNQh 
	 b�h�i�MO��NU�fbEaKa B
�»��N�g\NQpQ]Eh�i}acN'h�oEMO�;gOpQbEaKN@HKgRMO��N�NQaKNQp'MOP\]:gjMeb�MOHKp@YZNQ¡+�EN�gO��NQb�MO�;Me��HKpe¨,h�NQg\g �¢g\NQN���HKo�BR^�BDCs� �?B{�»��N
NQaKNQp'MOP\]:h�g�N ¬3��NQP\HKNQh�pQNºb�i�N'£4N'p'MeHK]Eh}� P\]:J�MO��N�i�HKPON'p'MOHc]Eh}bEaK]Eh�o�MO��N@�4NQaKi���aKHKh�NTMO]W��b�POi�gZMO�4N��fbEaKa
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distributions (for CIII)
along the lines of sight:
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Contours of CIII line emission and parallel velocity
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 vessel V 

 div  V 

 impurity puff 

(pumping efficiency S   ) 
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Plasma fluxes

Inner target  15000 A
Outer target 17000 A

Private flux 900 A

Outer wall 2200 A

Neutral fluxes

Innermost flux surface 30 A

Out of core (wall recycling) 100 A

Into core (wall recycling) 200 A

No core flux from inner target
Out of core (outer target) 400 A

Into core (outer target) 800 A

Gaspuff 500 A

Toroidal gap
100 A (?)

Out of divertor 3000 A

Into divertor 1000 A
(inner target)

Into divertor 1000 A

Out of divertor 3000 A
(outer target)

FLUX BALANCE (CDH)

Pump flux 500 A
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B2-Eirene modelling:
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Langmuir divertor probes (density ramp-up)
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separatrix particle flux density (2MW)
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Density Ramp in L-Mode:
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Hydrogen Dynamics at the Separatrix
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Experiment B2-Eirene
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Divertor energy balance:
For each flux bundle

Energy flux into outer divertor

Energy flux onto outer divertor

Energy losses from neutrals
Contribution of the divergence of radial energy fluxes

Integrals between target plate and divertor entrance

Div I                                                    Div II
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 + convective transport

            

Carbon mass flow:
flow reversal close to the 
separatrix
forward flow in the outer SOL

Large losses obtained in Div II:
radial transport (radiation zone inclined to fieldlines) 
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��� �>� � * � � $ �I�
0� ! � �I� � �B�(�
� ���(���%�%� $�� � � ���"�W* � �1�4 �"�%$ *�� �=� # � � $ #�	��"��� �>� �V*�� � &��
�"	��. / ! �W* ! � �� � I&3� ! � $,� � ! �
 �
0� ! � � � � � ?
	 � � $ ����� �6� ��� � �4 ���M$�� � �"�($ �4���
&�#'���L� �:> # � �"#��&B� �>� #���L� ! � > # �K�%� � �#�*3�"��* � ����4� �%$ ��� * � ����� � �
�
� � � � ��� �%$  � & � #'�6� ! �"�
�'�(#�� � � $ � � � $ ���"��L�
 � #'� � 	 � �4� �>� �
� �K� ���%�"�B�(� $�� � � ���"� . /���� �(��� ��� 	�� � ! �
#�
�%$ �6 ! � #�� � ��"* � � � �4�6� ! � � ���(���%�%� $ �W* � �1�� ��$�� *�#'� �($ � � � ! �"�� � $ � � � ! � �"�=� �""���1� . �0�1� ��� . / ! �

* ! �
� �  � * ! � �
I#��� �<� �
 � � $ � ! � ;*) ?� � ��*� . .C/D��5 ! � � ! �� � �%�"���� �%$J�%� ;+) 56��� ! � ��� � �� �%$��J� #������ $ ��
� $�� �
# � � $ � � > #�� � 	 �V� ��� �S� � $ �"#'�4� � ��I� � �*3�"� � #�*M� ! � �"�($ �(�"�B�%� $�� � �"� 	�* � ��� � � � #��� $ � ' �
��� $ �
& � � � �B�(� �S�%� � � ���E�� $ 1��� �%� �%� ��# $�$ � $ � �,�>�  ��$�� 5)�"��FV�� �%$ � $ �"� �  $�� 5 � � *�� �>� �(�4� $  ��� 	�� $ #'�4��".

G�$ ��� � � $ � � � � ��9�
� ! �  &B�"� $ ��� �"� � $ �
�� � � ! � � � ! �8�
	�* �%� � �%� �"�
� � ����� �!0 �"� �  ��$�� � ��� � ��T��
�
	�* � ��� ��$ � �S� � ��� � �
1�4���
&�#'��� �%$ �%� *�� � �	 � �%$�� �
	K*�#�����������K&3����5W�"� $ � ! � � ���(�"�1� � �T�
�#�(H��� ) /I�
� ) �J�*� )�) ��� )JK�� . / ! � � ��� � � �W�"�
� � ����� �70 �"� � J� $ � ! �L�=� � � $ ��� � �%�7� ��"* � � � �4��� � � ��� ���"�* �%$ ��
&��
�
� � �L� ! � �4� ��$ ������ �($ � $ � � ��	�*�� � �(� �8�"�%$10,$ �"	�� $ �+�����(�
	��M� , ? � ��� ��$ ������ �($ � . / ! �"��� � � ���J�0��AB� � ��
� � �=� � � �4� � 56��� ! � ! �J�"�
� � ����� �#0 �"� �  ! � #�� � &B�J� $�� �
# � � � � $ � � � ! �M��� �%$ �* � �1� �"�=� ��". � � 5W���%�"���
� ! � ) � *�� � &��
�"	 �%�B�>� � � #�� � ��� �%$M��� ��"� � ? �"�($ ��
1�4� $ �;�"�
� � ����� �20 �"� � ;�
N&V#����4� �"� 	�*��
� �"� ��� � �(�� $�� �D�
�
�
 $ � � �"� � � � � � *3�"� � � ��	 �>� � � #,� � ��� �%$  & � � ! �($ � *3� $T�%$�� � � � �� �70 �"� � �
� $ �"��V5 ! �
�
� � ! �7����� � �4��� �
0 �"� � �
 � �����"��	�� $ � � & � � � ��� � #�7	�� � ! ��$ �
�	� �%� *B����*3� $�� � � #�� � � �"�%$�� # � �4���=��� � . � � � ! �"�2�#�&'�4�
�
��AB� � �� �# � ! �  � � � 	 � � $ ���4� �L� #������ $ ���� � �
AB�"��� $ � ��� 	�* �%$ � $ �� ��� � ! �9�=�
 ��� ���� � ��� $  � ���E� $ �"�1��� �
��$,� �"� �
�
�
�� �%$ N56��� ! $ �"#'��� � �
 � �����"��	�� $ �;� ! �W��AB� � �����(� �4� ��$ B�%�"���� �"�($�� # � �����=��� � � ��$�� ��� ! �"��� � � ���J�
� ! � � #������ $ � � �
1�4���
&�#'��� �%$��%$�� �"�
� � ����� �#0 �"� � U� $ � ! �J� � �(�<*�� � �	 � . / *�� � $�� 5 �($ � �  � 	�� ���
� ! �"�� ��AB� � ��M5)����� � � F�� $ � $ � ���%�"��� # $ �<� $ � ! � �"�=� �"�. / ! � � #��
� ���� �%� ��� �%$ �* � �1�J�#&V# � �4� �%$ 
& � �� ���($ � ! � ; � � �%� $ BFV�
� � � ��	 � �
�
�	 �� � �"�����(� � . /��R� � � � ��$ #,	��"��� �>� � *�� � &�����	K � ���(�"�B�%� $�� ��?
� ����� ���"��	� � ��� �"�%$�� �"�
�
� � �%$,� � � ��� �"� �
� � � $ * � �1��� � ��� ��$��K� #������ $ �-& � � ��$�� � �#&V# � �4� �%$ ".! LW��
	��
� � �
�>��$�� �"�
� � ��� �($G� ���J	 ��� �M� $ � ! �J* � � � �
�
�"��	 � 	�� $ ��#�	 & � � ��$�� � �%$�� � $ ���%� � & � � ��$,� �M�#&V# � �4� �%$ #�
5 ! �"��� � $ �"�1�4� � �4����	� � ��� �"� 	M&�� $ � � 56��� ! � � � � �V�
 �"� ���� � �4����	��� �%$�� �
;� � FV� $ �U� $ � �+�%�"�"� # $ � � ! �
�S�%� � � ! � �W� ! � � � � 	 � � $ ����� � ! � � � > # � �" � ��� � �
	 � 1� � ���%�"�B�(� $�� ��? � ������. / ! �
 � *�*,� �(�%� ! �
 ��
	��
� � �

� +�K
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� � ��� )3@ �N� ) . �N� )3+ �N� ) 2 � � ! � 5W���%�"���I����%�"� � � �
	K* � �1� �%$ �7���"��	�75 ! � � ! 5)�"���<*������=� � #��� �G� &��� $ �
� ���+F��"*'�". / ! �
 � *�*�� � ��� ! � ��AN�"�� � � � 	 � ! � �;& � �� ���($ � ! �6	 � 	�� $ �� �%� FV� $ ����� � �#&V# � �4� �%$ � $ � ! �
�%#,� � � $ � � � $ ����� � *�*�� � � �
	 � ��� �($ ��� ) 4 � �B1�����
� ! � �V� $ �K	M# � ! � $R��� 	�	 �($ � $ ���"�#�����".  $�� 	 � � � #�
��AB� � �� � ���W� $ �4� �=� # � � � & � ���"*�� ��� � $ �6� ! � � � � ��� �"� �V*3�"��*B� $,� � � #�� � � * � �1��� � �
� ��$�� ! � � � > # � �"I56��� !
��$,� 	 � � � #, > # � �" �%$�� *3�"��*B� $�� � � #,� � � �=�
 �"� ���� �+�"� � ��� �
� $ �I56��� ! ���� �%$�� 	 � � � #� � � �
#���. � �"�#�����
��� � ! �D� � �%�-*�� � �	 � ��
	M#�� � ��� �%$ �%�  - � ' � ? / *-�(� ��� �)� � F � 	 � FU& � 	K� ��$  �%� ;+) . . � $ � ! �-�� $ �(�
�
> #�� � �>� ��H� � �"#'���"����#�	L� � ���K*����"�� $ ��� � &3�"� � 5+. 0 � � �	 � * � � � 	������"�� �%�  - �.' � ? / *-�%� ��� � � $
� ! � �=� � � $ ��� �9��� � ! ����"* � � � ����� �R�%$�� � $ � ! � --, , �"� �����"�* �%$�� � � � ! � 040 �� � ! ? - � ! ���#'���"�L���#�(�
	��J�
� ! #� � #����� � � � $ ��& � � ! �
D� ! � � *�*��
� �>� &����
��� �<��� > #�� � �#&V# � �4� �%$ ".
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/ ! � �"�V� �-�� �"� 	�*��
���4��� � 56��������� $ � $;A,� �1��� ��$ � /7#��� $ � �'�=$,� 	K� �-� �
� �=�>� �4� �%$ ��� 	��"	 � � � .  � #��
� �
� $�� �
��� � � �%��� ���"��� $ �  � ! ��	K�W#��� $ � $ �"� � ! & � #�� ! �=�=� � ��� �>�  ��0#,�� ��� � � � � � $ � ��$ � *,� � &�����	KC56��� !
� � * � � � �(� �>� � � #'�� ��$�� *����"* � ��� $ � �S� � �(��� � ��� 0,$ �"	�� $ � � � �"�(� ���� $ � $ ��. AE� �I� ! �
��V� ! �6	 � 	�� $ �4#�	
�#&V# � ��� �%$ �
 $�� 5 � �
 �  � ���(� �9�($9$��%$ ?�1� � ���(�"��� � �%��� � �. / ! �+	���� ! �V�9�%� � ! �
� �%$��!) ! � 5 ��� )����
5 � W�
	�*��
�"	�� $ ��� � �V���#&V#��
��� $ � �U� # $,�,� 	�� $ � � �,	 �=� � 0,�>� ��� �%$ E � ���-�%�"� �=� �����
�"��V	 � 	K� $ ��#,	  � #�� � �
���"��	K��(	 � 	�� $ �4#�	 ���"�� � # � �
 5W�"���-	 � �%� �M� � � 	 � �"�
� �S�%� �"I� �7� �"�
� � � $ ���"��". / ! �W�4���� �"�%$�� �
��� �%$ 
� � � ! �-&3�#�%� $�$ � $ � �%�3� ���V�#�&�� � #'��� $ �" � $ � � ���=� $ �L� ! �"��*� � ��� � &��
�" 5)�"���D	 �=� � 0 � � . / ! �*�=�
 �"� ����4�
�"
��$,� 	 � 	�� $ �4#�	 > # � �" � ��� � � 0,$ � �T�%$K� �"�
� �S��� �" $�� 5+. / ! �L	 � � $ �#�&�� � #'��� $ � � � �;� ! � 	K��� ! �=�
��� � ! �
� ��$�� ) ! � 5 �
M� ! � �($ � �"� � � #�� � ��� $ �G� ! �9	 � � > # � �"�. � �"���9� ! � �"� ����� � ��� �($ � � �J� ! �
� $1> #�� $�� � �%� � ! � *,���"��#����"�%� ��� �
� $ � �($ � ! �+�(��� �V� ���4�
�" �
;� $ �4� �=� # � � � . / ! � � � #'�4� $ �" �>� � � #�� � ��� $ �
	 � 	�� $ �4#�	 & � # $��,� � �U�"�%$�� ����� �($  �  5)����� �  � �
�(� ! �W� � #'�4� $ �"�� $ � � ���=� $ � ��� �%$  � � ��	�� � � � ��� � &��
�"
5)������	 �=� � 0 � � . / ! � �"�%$ �(���%�%� $�� � ��� � ! � $ ��5 $��%$ ?�1� � ���(�"��� �G�"�=� � ! � 7&B��� $ �4������ ���%$ *�#,���
! �V� � � �(� $ *�� � �	 �  � +5)�"�
� �  �($ *�� � �	 � 756��� ! � �"#'���"���
#�	 ��$����>� ��& �%$ . � # $ ? ����	��" � ��� � 
�S� 1� � -56��� ! � ! � $��($ ?�1� � ���(�"��� � �(�"���� �($R��$�� ���"�#��
�� � ���9�(��� � ���	��
� � ��.
� #��T� � � ! � �S��� �J� ! � � �"� 	K*��
� � $��($ ? ��� $ � � ����� �%� �4� �%$  � #�� � � � .C�'. ��� ���=� �
� $ � � �J�*�#'�����"��� $ �-�
� $1> #�� $�� �U� ! �  � 1���"	 � � #��
�N��AN� � �4 $ �"� � � � &3� �
	�*�����	K� $ ��� � .� $,� � � �� $ � � ��� � �D��AN� � �4 � #��� � � �
� ! �M*�#�����*,� � �	 � #��# � �
� � �%� �%�"7�	 � �
� ��AB� � ��#�N5 ! ����� � +��AN� � �4 � #���� � �
	�*�#��������
�"$� � ! ��$ �%� ���
� �%� � � �4� �%$ � � ���" � � � 	 � $ & � � � � � ��� #'��& �(� � �9� �
���V��� � � �W5D�
� ! ; ?������%�"�� � � � �����(�"� � ���� �($ �'.
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 � #���� � &3� �S� ���J�=� ! � �#&V# � ��� �%$  � ���D56��������� $��($ �U� #�� �=�
�
� $ � � � � ��� ! � � �%$E� � �"�=� � � � $,� �4�D � @?
���"	9. / ! �	��? �"�=� � � � $,� �4�N� � ���
�" � � �($ � > # � �#�� � ��� �" ��$�� � ! ��
 ? �"�=� � � � $,� ���� � ���
�" *3�"��*B� $�� � � #�� � �
� �9> # � �#�� �S��� �"$� ��"� A � �'.*� � .��5�6��<��)� ! �2� � � � � �,� � � �
��� � �4� �%$ .
/ ! � 	�������� � �"� � �K� ��� $ �� � ������� � � ��� � � � ����� � � ��� � 
 � �%$���� � � �����������>. , $ � �>�%$
���"*�� �%� ����� & � )��! � 5 ! �"���  ��2� ! �<� �V�>� �I	 ����� �2� ��� �
#,�.#" � 	�* �($ � $ �4 �%�)� �(� � � � � � ���J� ! �
*�� � � � � �4� �%$  �%$ # $ ��� & � ��
!�%� � � � �� � � ! � ��� ��� $�� � � ! � �"�%$ ��� � � � ��� ��$ � � � �"� � � ��� �%$ � �"� 	K* �%$ � $ ��
�%$&� �(' � �)'�* $+� �(' � �)' � . G��($ �%�"� �=� ���4�
�� �, � �(�"� �=� ��� � *3�"��*B� $�� � � #,� � � & � � ! � � 	 � � $ ���4� � 0 �"� �
; ��$�� � ! �-
 ? �5� �
�� ��$��  � � ��� � ���4����	�� $ � �<� � � 	 � ! �D��5 ���"� 	K* �($ � $ �� �%� � ! � 	 � 	�� $ ��#�	 & � � ?
��$,� �2�#& # � ��� �($ �S� �-� �($ W*B�"��*3� $�� � � #�� � �W� �<� 	 � � $ ����� �%0 �"� � . / �� $ �M� ! � ; � � �(� $ BFV�
�B� � *����"��� �%$
� � �-� ! � � ��� � ��� �%$T� � � � �J� �($ � � &'� � � $ �E
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� ��� ! � � �%$E� � � � � ! � > # � �#�� �S�%� �"�. / ! � �"�=� � � � $,� ����� ��� �����"�* �%$,� J� � � ! � � � ?
��� � ��� �($ *3�"��*B� $�� � � #�� � ��& � � ! � � � ! �R	 � � $ ����� � 0 �"� � �%$�� � � � ! � 
 ? ��� �
�. / ! �
� �
��� � ��� �($  ��� 	 � � $ ���4� � 0 �"� � ��$�� *�� � �	 �R� #������ $ � �"� �����"�* �%$�� � ��$�� ��	 � � � *=?
�"� � �4� �%$ ���($�� ����� �%$  ���  - ��� � ? / *-�%� ��� � �S� �%$ �#' � ��� � � � ����� � �4� � � � 5 � � � +� ! �
� ?�* � � $ � � .
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� �,# � �"W� $ � ! �D���"��	K ) � � � � � � � �$� � � ) �3� � �#& # � ��� �($  � ���D56��������� $ � $��
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A � �(#���� � � . ) .�E , � � �#E�* � ��� $ �4� � �6*�� � �,�
� � � � #'�4�"�K	�� � *�� ��$ ��.> $�� 	 � � � #��*B����*3� $�� � � #�� � � � #��@?
��� $ �J& � � �%$�� �� � � � 	 � � $ ����� ��� ��� � � � #�������� $ �".H L�
� � � ! �����4� ��$ B�%�"���� � #������ $ � � ���
156��� � ! � � � A�. � � ' � ��� � �4 �%$�� � � � 	 � � $ ����� �L� ��� � �� � ��� � �
 � �56��� � ! � �R� A�.
� � � ! � E6*����"��#����J*�� � �,�
�" �($8�K� � � �� � �,# � �#�� �S�%� ��. �(.  L�
� � ��� � ��7156��� � ! � ��� AI.) . 
 � �H� ��� � �� 156��� � ! � � �%$ . K . � � � ! 
 � � �%$��K� � � 	 � � $ ����� �)� ��� � �� 156��� � ! � �
�%$ .
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�%�"� �G� � � �� � � � ! �M��"* � � � �4��� � � ! �M* � ��� $ ��� � � � �
1�����
&�#'��� �($ ��"&V#������M� $ �� $ ��������(�U� � � ! � � � �
#�� ���
� ! �+��� �%$  �(������ �"�%$�� # � ��� �V��� � .
� 56��� � ! � $ � �%$ 
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A � �(#���� � � . � .�E 0�� � � � �,� � � #������ $ �5� ��� � � � ��$�� * � � � � �,� � 
 � �H� ��� � � �%�"� �=� ��� � � ��� � ! � � �S� �;� ! � � ! 	�� �
� �
 � ! � �%�%��.! L��� � 56-���"*����"�� $ �6� ! �L� � � � � � #������ $ � � �
� � � � � �)� ! � � #��
� � ��� � �49�S��� � ! � ��.
" � � � #��� ���"*����"�� $ �M� ! � � � �
#��" ��� � ! � * � � � � �,� � � #������ $ � � ��� � � � � � � ! � � � �
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A � �(#���� � � . . .�E , � � �#E9* � � � �
�
�"� � #������ $ � �%$ � ! � � � � �� � �,# � �#�� � ��� � �  �8� # $�� ��� �%$ ��� * � � � � �,� �
�"�V� � � � $E� ����.
� � � ! � EG� �%� � � �6* � ��� $ �4� � �6*�� � �,�
�" � � � #'���"�K	K� � *�� ��$ � . �(. 
 � � � ��� � �� �%$��
� � � 	 � � $ ����� � * � �1��� � �
� �,# � �"-156��� � ! � � � A�. ) . 
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�"
� �D� ! � � #'���"�6	�� � *�� ��$ � � �%�"� � �%� � � �%�"�6� ! � �,# � �#�� � ��� ��� A � ��.*��
'.������ .
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� �G� �7� ! � � #'�4���+	�� � *�� �%$ ��.G�$ � ! � � , , � ! � � �(��� � �(�J�
 ���%$ � � �%�"�L� ! �M�����(� �($R� & � �%��� ! � � ?�* � � $ �". �%. � �
� � G �	��
�� � $�$ ��� �"� ����� � / FV	����� � ) .��
#� � $�$ �"� �"� ��� � � ?%�54;FV	�� #� K .���
#� � $�$ �"�
�"� ����� � ? K /;FV	����� � .�� 
 � � $�$ �"� �"� ��� � � � �54$F 	�� �� . .�� 
 �S� $�$ �"� �"� ����� � � K /
FV	����. / � *�� �>� �
� � �E* � � � ���
�"� �(��� �V� ���4�
�" � � � ! �U� $�$ �"� & � # $��,� � � � ��� $ �#� � ��� �%� � � �
�"� ? � $ � � � ��� �%$ ��* � ����4���%� � � � �"� # $ �4�"�@?�� $ � � � ��� �($ .

/ ! � � �%�"� � �(� �%�"� �=� ��� � �(� �%� # � �
� � � � � ��� � ��" � � 5 � � � K� ! �G��"* � � � �4��� � �-5 ! �
�
�9� ! �R� ��� � � � �,# �
��� � � � � � �,� �-	 � 	K� $ ��#,	 ���"	 � � $  � �
	 � 1� �"�($ 1� �%$ � �� $�� � �����
 �(� $ �"� � �4� � & � � ! � & � # $��,� � �
�"�%$�� �
��� �($���$�� � ! � $ ��� �%$ �* � �1��� � � � � ! �K��"* � � � ����� � � $��R� � ! �"� �� $ F � �U � #�� � �K���"��	� � $ � ! �
�"� ��� ��. 0I� ����4���%�H� � $ � ! � ��� # $ ���"� � �
��� � ��� �($ � � �%�"� � �%� � � � � � � �,� � �%�"� �=� ��� � 5 �  � &���"� �(� � ���(� $
� $ � ! � � &��� $�� � ��� # $ & � � �%$�� � � � � G . / ! �"��� �S� ���J� � * � �1� �%� � ! ��	 � 	K� $ �4#�	O�
 �%� $ �"� � ��� � & �
� �(��� � �(� � * � � � �
�
�"� �=�
 �"� ���� �9��$�� *����"��#���� �%� �%� �
� $ �".
/ ! �
 �>��$ &B�L# $�� �"���� �=�=�K� � � 	 � ! � � � � � � �,� � �"� 	�* �%$ � $ � �%� � ! �L	 � 	�� $ ��#�	 & � � �%$�� �7��&V# � ��� �($
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5 ! �"���+� ! �+��. ! . �. ���"*����"�� $ �� � ��� � � �3�4� �%$ �* � �1� �%� � � � � � �,� �B	 � 	�� $ ��#�	9. � � $�� �+� ! � $ ��� � #������ $ �
� ! � � #-� ! � ! ���E# � �#�� �S�%� � � $ � ! � �"� ���T ! � #�� � &B� � �"� � � � ! � � � �
� � 56� $ � �"�($�� ����� �($  ! � #�� � &B�
� #�� �,�
�
� � E �
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� � � � � / � � � 
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���� � � $ ����� �,# � ?��#�� � ��� ��? � �%�"� � �%� � * � � � �
�
�"�D�(��� �V� ��� � � $ � ! � �"� �����'&3� �>� #���
��� � ! � ��� 	�*��
� �"� ��� �K� ! � � ��� ���"� ��� � ! �7* � � � �
�
�"�-�(��� �V� ��� ��� �%�"� � ! � �,# � �#�� �S�%� ��. / ! �2� � �����"�;�
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��� � ��� � 	�� ��������� ��� � ���	� �
� � � �B�(�7� � �4� $ � � �����"��	�� $ � � & � � ! � ��� #�*��
� $ �M56��� ! � ! � � , , ��5 ! �"���+� ! �U* � � � � �,� � � �
1�����
&�#'��� �($
��� � ! �K* � � � �
�
�"� �(��� �=� ��� � �
 �"�%$�$ � � ��� � 56��� ! �(� � 	�������� �>� � ��AN� � �4L� � ��AB�"��� $ �U* � �1��� � ��� �,# � �" � �
� ! �K*�� � �4�� � #���� �9� �
AB�"��� $ � *�� � �	 �T� � $ ��
���
�"������"	�*3�"� � ��#�����#� �%$ �%��� ��� � $�� � � � $�� � ��$�� *�� � ���
�#�� �S��� �"���. / ! �+* � � � � �,� � � �"*3� $�� � $�� � ��� � ! �+* � �1��� � �
� �,# �T� � � 	 � ! � �"� ���+�
 � �
 � �
	K* � ��� �%$ �>.
/ ! � ��� �%$ �* � �1� �%� � ! �T� � � � � �E� �)	 � 	K� $ ��#�	 � �(�"�<� ! �9��"* � � � �4��� � ��$�� � #���� ! �"� ��� 5 $ � � � ! �
*�� � ���" �>��$ � �
 � &3�R# $�� �"���� �=�=� � � � 	 � ��
	�*��
� �,� � �� � & 	 �V� �"� �%�+� � , , 56��� ! � ! � � ? ��� ��
� �
��� � ��� � � � � 	 � $�$ �"� � ��� #'�4�"� *�� � ����.�� �#�%�
� � ��� $ �U� ! �7* � � � �
�
�"� �%$�� �%$�� 	 � � � #� �=�
 �"� ���� � � $ � ! �
� , , ��$,� � $ ���#�(� � �4� $ ��� ! �7* � � � �
�
�"�3	 � 	�� $ ��#�	 & � � �%$�� �7�#&V# � ��� �%$ � �%�"�-� ! � � , , � � ��#�	��J� �($ �
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� �"���J�=� ! � �#�&� � ���
*'�� � � $�� �4��W� ! � ��"* � � � ����� � � � �%$�� ? �"� �����"�* �($�� � � � $�$ �"� ��$��K� #'�4���W*�� � ����.
/ ! �
)�#& # � ��� �($ 	�� �%$  � ! � �)� �%� � � � �,# �K��� * � � � �
�����E	 � 	�� $ ��#�	 � ! � � #-� ! � ! �L��"* � � � ����� � � � . ! .  �
�
W��� �%$ �* � �1�4� � & � * � � � � �,� �E* � �1�4� � �
� �,# � � � � ! �7*�� � ���" ��$��9� �
 �M�"� #���"D*����"��#���� �  � 	�	����4� � .0 ������#���� �  � 	�	K���4� � *�� �=� # � �" � ��AB�"��� $�� �")� $ * � ����� � �
� �%$�� � $ �"�B� � �,# � ��W� � � ! � *,� � ���"". / ! �

��AB� � � 5 �  � &���"�B�%� � � $  ��� �	� ��� � / � . � #�&��������#'�4� $ �D��
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� �,� � & � # $��,� � �2�"�%$�� ����� �($ !� $ ���(�
� � �1?
� $ � 
 � � � ��� � �� � �������� $ ��* � � � ���
�"�D�%�"� �=� ��� � � �  � # $�� �*3�"� � � � �($ �"�(����9�S�� $�� � � � � � ' � & ' � � 

56��� ! � #'� 
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G�$ � � ! ���M5 � � � ��)� $ � ! �
J��
	�*���� �,� � 	 �V� �"� ! � � � ��� � ! � � ��� � � � �E# � �%� � � � � � �,� �)	 � 	�� $ �4#�	 �
5 ! � � ! �
��(� $ �"� � �4� � � $ � ! � ��� ��� �%$�� � ! � $ � � 56 � �(�"�2� ! �J��"* � � � ����� � ���
7���"�* �%$ ��
&��
� �S� �7� ! �
*����"��#���� �  � 	�	K���4� �T� �D� ! �2*�� � ���"�. AE� �)� ! � �"� �� �����"� ?�� $ � � � �4� �%$T�%$ � ! �  ) � 	 ) � � ��$�� �=� � �
�%�"�� �<� � � �"� # $ ���"�@?�� $ � � � �4� �%$ .
� 	 � �
� *,���"��#���� �  � 	�	������ � ��$�� �  � 	�	����������� �%� * � � � � �,� � ��$�� * � � � �
�
�"� �,# � ���� $ � ! � � , ,
� � �
1� ���%� $ � $ � ! � � &��� $�� � ��� # $ & � � ��$�� � � � � G � � #��2� � �%� � 	K������� �>� �B��AB� � ��$� A � �'.*� 
=.�� ) ��.
/ ! � &V# ��$ ����� ����� � � & ��� � ' � & ' �#� �*) & � � � � 
 � � �>� � � #�� � ��� � � $ � ! � �"�V� � �S� �2� ! � � , , �:5 ! � � !
�"� �����"�* �($�� �� � � ! �R�". ! . �. ��� � ! �R��
	�*,�
� 	 �V� �"� ��	K� $ #�<� ! � � � �
#�� � � �<� ! �R& � � ��$�� � � � � G
�#&V# � �
 � � ����	� � ��� 
 � � & ��� � � �35 ! �"��� F � /'. K �1��/=. � ��� � � �"� ? ��$��G�"� # $ ���"�@?�� $ � � � ��� �($ ���"�*3� � �����(�"� �
��$,� � � 
 	 � ��������� ��� ��� � ��� � � � K / �

	
& %. / ! ����� � � ����� � ! �)��
	�*��
� 	 �=� �"�1�(���(�� � ��� �  �%$,� &��
�

�"1���
	 � ����. / ! �M��AN� � �2�
 	 �=� �"1�#�B�� $�� �U���7 ! � #,� � &3� ��� � ! � � � � �"� �%� � � 
 	 � & � � ������� �35 ! �����
� � 
 	 �)�
-� ! � � �%�"� � �%� * � � � ���
�"� �(��� �=� ��� � � �D� ! �U��"* � � � �4��� �9�%$�� � � ������� �
-� ! �+ � # $�� �%�"� �=� ��� �
� �D� ! �+*�� � ���"�.
/ ! �6* � ��� $ ��� � �'*�� � �,��� �%$�� � ! �D�"�
� � ����� � �,�"� ��� ���-�# � ! � ! � � � ! �-�"�
� � ����� � �E��� � � $ � ! � �"� ���-���#�%� �($
�S� � � � � 	P� ! �;��"* � � � �4��� � �
C* � ����4���%� � #,��� $ � �"� ?�� $ � � � �4� �%$+��$��U$ �#� � �����%� � #���� $ � �"� # $ �4�"�@?�� $ � � � ��� �($
� A � �%�.*� 
=.�� K<��$�� � 
=.�� � � .
/ ! � �"�
� � ����� � �,�"� � �����# � ��#������ $ � ! � �"� ��� �
 �  � � *3� � ��� � � � � 	 *���� � � � ��� �($P�%��$ � �=� � � ��� �>� �
� ! � � � � �B5 ! �"����� ! � �"� 	M&�� $,� ��� �($ ��� � ' � 
 	 � � ��!� � �#" � �  ! � #�� � ���"	 � � $R�K� # $�� ��� �($R���;� � $ ���� �
��$,� �4��	K*3�"� � ��#���� �%� ��� �
� $ ��". � � 5)�6�(�"��� � � � ��+� � � ! �U��"* � � � ����� � � ! �+�"�
� � ����� � �,�"� � �
 $ �#� � �����(�
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=. � ) .�E , � � � EK*����"��#����9*�� � �,�
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� $ �� $ � � ��� ! �T��"* � � � ����� ��� � � �"� ?
�	� 
 �S� $�$ �"� �"� ����� � ? K /�F 	�� �� �%$�� �"� # $ ���"�@?�� $ � � � �4� �%$ �	� 
 � � $�$ �"� �"� ����� � � K /
FV	����� .
� � � ! �#E-* � � � �
�
�"� �%�"� �=� ��� � *�� � �,�
�" �($ � ! � � *B� $ �,�"� � �
� $ �" $ � � �L� ! ����"* � � � �4��� �
�S� � ��� ?;�	� 
 � � $�$ �"� �"� ��� � � ? K / FV	��  � �%$����"� # $ �4���1? � $ � � � ��� �($ �	� 
 � � $,$ ��� �"� ��� �� � K /;F 	�� ���.

A � �(#���� � 
=. � K .�E 0�� ��� $ ��� � � *�� � �,�
�" � �+� ! � � #'�4���+	�� � *�� �%$ � � � �$�(. � � � � G � � 
 �S� $�$ �"� �"� ����� �
/ FV	��  � � ) . � 
 �S� $�$ �"� �"� ����� � ?%�54MF 	�� �� K . � 
 � � $�$ �"� ��� ����� � ? K /MFV	����� � .� 
 � � $�$ ��� �"� ��� � � � �54 F 	�� �� . . � 
 � � $�$ �"� �"� ����� � �9K / FV	����. / � *�� �>� �
� � �V* � �@?
� �
�
�"� �(��� �V� ���4�
�" � �-� ! �7� $�$ ���-& � # $��,� � �T� ��� $ ��� � �4���%� �S� � �"� ?�� $ � � � �4� �%$ �'* � ������ �%�
�S� � �"� # $ ���"�@?�� $ � � � �4� �%$ .

� 2� $�� ! 	�� � ���#�%�
	K� . AE� � �"� # $ ���"� � � G � ! �M ! � � � �%� � ! �M* � � � � �,� � 
 � � � � � � ��� �($G$ � � �L� ! �
��"* � � � �4��� � �
I� � �%�%�"���� � � ! � ��� ! �W� ! ���" ! � � ��� � � , ? � ��� ��$ ������ �($  ! � #�� � &B�W� � 5W�"�+� � � � �B�(�"�� ! � � �
5)� � F�� $  � ! �+�4#���&�#��
� $ � � ��� �
�" & � ��� � ��� $ �J� ! ��	 � * � ��� � . � � � ! �S� � �"� ? ��$,�9�"� # $ �4�"�@?�� $ � � � ��� �($
� �W� ! �7��"* � � � ����� � �V� � � $ ��� �M� � � 	 � ! � ��� ���L�� � �6� ! �"���7� � �
��� � �����(� �($K��� 1��� �%$ �M�"�
� � ����� � �,�"� � � �

� � �
* � ��. G �� �* � �4� � �= �"� �
�-�
 �%� � ! � � � � �"� ���3� ��5 	�	 � ��$,� �"�
� � ����� � �E��� �J� ��AB�"�� ! �"���)�� � $ � � �"�%$ ��� �
� � � 	 � ! � $ � �V� � � ��� �"� � � � �
#���. / ! �
7 �>� �
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 � � � � � �%�%��� � ��� $ � � �����"��	�� $ � � & � � ! � � � � �� $ � ���
� ! � � � �%�"�B�(� $,� � ��� ��$�� 	 � � � #�;� ��� � � ��* � �1��� � �
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�%$ � �>��$ $�� ��� � � �"�%$ �� � ��� � &��
� � ��AB�"��� $�� �"�. / ! �7�"�
� � ����� � �,�"� � *�� � �,�
�" � �(���"�"&V# � �
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� � *3�"���
	�� $ � � �N�����#����� �($ � GBGBG ? � ��� � � � .
� #���� $ � � � G � ����� ���4� �%$,� �%� ��� � � �%�"�
� � ����� � �,�"� �  � ��� � �
 � �%� $ �"� � ��� � � $ � ! � � , , � $ � ! �W��"* � � � �4��� �
�=� � � $ ��� � � A � ��.!��
'.�� � � . G�$�� �"� � � � #��W� � 	 � 	�� $ ��#�	 ��� �%$ �* � �1��� ! � � �(�"� � �(���%�"� �=� ��� � � $ � ! � � , ,
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�,���� �>� ��J�B� ! � * � � $ � 5 ! �"����* � � � ���
�"���(�"� �=� �
� � � ! ��$ �(�"7���� �� � $ �
L ! � � �4� � � � 5 � � � L� ! �
� #����"�)*�� � ����. A,� � �"� # $ ���"�@?�� $ � � � ��� �($ � ! �
-* � � $ �-�
) ! � � ��� � � � 5 � � � -� ! �2� $�$ �"�)*,� � ����.  L��#�	�� $ �
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���� $ �-56��� ! * � � � ���
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& � � ��$�� � �%$�� � ! �;���"�#����0� ! � � �($ � � 	 �V� �"�� � ! ��$ �(�"�� $ � ! �;*�������#����W*�� � �,�
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���,� ����� �($,� � � �%� � � �V�"�
� � ����� � �,�"� �  � ���
��W� � �%� $ �"� � ��� ����� ���4� �%$,� � 
 �� � ��� � �#��5 ! � � ! F��"�"*� � ��	 � ��
� ! �� � 	���* � � � � �,� � �,# ��� L� $ � ! � � &��� $�� � �%� � � G . G�$�� �"� � �C� $R�"�%$ ��� � 1�2� � � ! � * � � � �
�
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 �
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� $ /D� ��� ��� �3K�� . / ! �����J�(� ! �W� ��� � � � �"�
� � �4��� � �E��� � �
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#�	 � � � � � �,� �
�%�"� �=� ��� � 5 �  � &���"� �%� � � � F��"�"* � ! ��* � � � � �,� � �,# � 	 � ��� � �U�
�"� � $�� �"*3� $�� � $ � �%� � ! ��&�� � �� $ �
� � ��� � �%��.
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& � # $��,� ���
�"�� � ?�* � � $ �� �%$�� *3�"��� �=� � � ��� � �#�� �S�%� �" � ��� � �
 �  ! � 5 $ . / ! � �,�  ! � �
�
� $ �  ! � 5DJ� ! � � #'��#��� � �S� ��� ! � �"? � *�� � �,�
�"". �"A � E � � � ! ?��,�"� � �� � � ��, A � E,0� 5-? �,�"� � �� � ��.
� � � ! �#E ���"	�*B�"� � ��#���� � �,�  ! � � �
� $ ��� � � � $ ���� � � ��� �1? �,�  ! � � �
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* � ��� $ ��� � � �  � �
� � �
� $ ���L*�� � �,�
�"". / ! �K*�� � �,�
�" � ���J� � F�� $ � � �($ � � ! �� � 	�	K���4� �
�
� $ � � �  � . �C/�/ 	 � �,�  ! � � �
� $ ��� . � � ����� ! � � �
� � �L* � �4� $ �4� � ��	 ��� �
	M#�	 � #�1�
� #'���� � �U� ! �U���* � � � ����� � �3� ! � � � $ ��
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�� ��$��R�%$�� � ! �
 �>� �
� � ��AB�"��� $�� �U&3����5W�"� $ K ��� � ��$���� .

� ) ?� � �
*� . .C/ � � � � *3��? , A , �>� �"� 0 � � �	 � � �
	M#�� � �4� �%$M�"�=� ��. � � $�� �D� ! � �"�=� �6�
 ��5 � ? � �
	�� $ �� �%$,� � �
� ! �6	 � � $ ���4� � �%� � 	K���4� � �
 ����*����"�� $ �4� � & �<� � � � � � �,� �
� � � �(�"� � �(� � �(��� � ��� � . � . / ! �
 ) ? � �%$  � � �
� � � � �" #� � � ���"1����� � �K� ! � �%$,� � � ���K	 � 1��� � � � � ! �G�����# � ��#���� ��� � ! �G�"�
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�"�
� � ����� � �,�"� � � �"�%$�� � $ ��� � ��� $ � �%$ � ! �)�
	�* �%� � ��� � ! � � � * � � � �%� �>� � � � � ��#����" �%� � ! �-�
�� ��$�� � ���%�"��� � �#�
56��� ! � #'� � �����"	�*'��� $ � ��� ��� � �
�
� � � $ �(� $ �"�"��� $ �8���# �'� . G�$ ���4��"� � �;� ! � �
�� ��$�� � ���(�"�1� � � � �
��� �%�'�
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� $ ��".
 L��� ! � #-� ! � #��
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� � &��
�
��� K 23� � � . � �N� ! � �G��� $�� � � ���U����� � �+��"� � ? �"�%$ ��
1��� $ ��� � � ! ���"�
� � ����� � * � ��� $ �4� � � � � � �"�($ � � � $�� ��� � �4
��$,� � #������ $ �� ��� � 2 � . G �D�
W� ! #�-#��� � #��B� �M� &'� � � $ F $�� 56�
� � �%� � & � #'�)� ! �L�"�
� � ����� � �,�"� � �����# � ��#����
��� �
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�. A ����1�#�2�����#����� ���
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	M#�� � ��� �($ M� $ � � ���=� $ � $�� � ��� � �<�4����	� � ��� *,���"�� $ �4� � �6 � � <� � �"1� � &��
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�
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�+� $ �,#�� $�� � � �" � ���
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�� �%$��Q� ! � � $ � K �?� � 4 � . � � $�� �
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'.���.3� � � #������ $ �
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�� �%$��T�%$�� � ! �
� ! ��$ �(� �%�  �>� ���� �S� � � ���3� ! ���"� &V# ��$ ���
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� �L� �%�"� � �%� � � $���$M� &� � �
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� � �
#��" � � �-� ! � �,�"� � �"� 	K* �%$ � $ ��6� $ � �"�
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 � #���� � � $ � ! �6*����6�=� � #� �� � �4� �%$ ".N 7*�*�� � � $ � �($ � �
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� $ � � AG� � *�� � � � � � 5 � � � -� ! �
� $�$ �"� � ���(�"�1� � �I*�� � �4�J� ��$�� 	M# � ! 	 � ��� �� � 5D� � � $ � ! � � *�* � ������)* � � � � �,� � � �
��� � ��� �($ . / ! � � #������ $ �
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atomic and molecular physics:
ionisation, CX, recombination,
molecular vibration, 
collisional radiative models 

edge physics
of fusion plasmas

numerics
finite volume method
for heat conduction/
convection problems 
with extreme anisotropy

materials science
sputtering, reflection,
recombination

plasma fluid theory
MHD-equilibrium,
transport equations

kinetic theory
Debye-sheath,
neutral gas transport

turbulence
anomalous radial
transport
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∼ tanh ( V / 2T_e )

 

plasma

             
V

+ -

A

probe
+

A 2

A1

I2

I1+

-

I

-

7 � ���& � � =,/ ="!  & �!8�� � � +.�  ) ' �� � /<+.� ��&  / � � �('*" ��& � � �-82�-=
� �� � /�+!� ��&  / �,�." '0" 1 " ��� �  ) � 3  �-+.�(� � &  ���-" �.8 ' � +!' " � ' 306�� & �,��6�� ��&  / �D3  +�� ' � � �." ' ��� +.�.�-�/ � ��3 �-� 8���6��-"7� ��3, �-+.�(� � &  ���-" � �.8 �  82� & ' " � �� '9"7�.8 � +.� ��&  / �9< 306�� & � ��6�� �<&  / ��3  +�� ' � � �!"' ��� +.�.�-�$/ � ��3,�-�-8 ��6<� ��&  / � ' 8�� ��6�� 3*'�� ����� 3 �-"7"�� + " = A�8$��6�� +.� � �.�  )  8�� 3 � & 1$+!' &I� � �-+.�(� � &  ���� � � , � u+
 � � ��� � , � u 
 � ?�� 5 " < ��6��." " 1 " � � � & �-� � �-�-" �� ��6<'*�  ) ' "7�.8 � +.� ��&  / �9< �!8 ��6����  82� & ' & 1 +.� � ���

/050J



� � � � 	���� � 
 ����� � � � 	���� �. ��� ��	 � � �
 *) ��3  � +!� � � &  ��� "  ) � 9 � ' + ' & �(' < ��6�� ��� � � 6<' & ' � ��� & �." ����� � 6<' 8 � �-" �� $' " 1 � � � � & ��� 6 1 � � & /  +.���� ' 8 � �-82�-=
� ���-'�� 6 �-+.�(� � &  ��� ��6�� ��&  / � � 9 � ' ���! 8 �!� = � " �."%" ���!+.+ 3*' +.�.� <0/ � �%3 � 6<'43 � ��6���'*������� �. 8<' +
�- 8�"7� & ' �.82� � 6<' �0� 6�� � ��&7& � 82� �  �.8 � �!8 �   8�� �-+.�(� � &  ��� �- � �-"0 � �0 ) ��6��  *��6�� & =

� � � � � � ? � � � =6+ +."
� � � �K� � � �h� � # � � � � � 
 � ��� � # � � � ��� � ��� � %)# � � # "zb|+} 
  � � � =6+./ "
� ? � � � ? � �h� � # ��� � ? � 
 � ��� � # � � � ��� ? ��� � %)# � � # "zb|+} 
  � � � =6+2J?"

� 6�� "�� � 8�"  ) ��6�� � ��&�& �-8 � " ' & �%� 6< "7�-8 ' �(�- & ���.8 � �� � 6�� ���(� 6�8����('*+ � ��&7& � 82� ��� & �(� � �. 8 =�� 6��' ��� +.�.�-� ��&  / � 3  +�� ' � � � � , � u 
 � ��� � � ? �." � �63 �-8 ' " � 6�� �  *���-82���!' + �<� & � & �-8��-� / � ��3,�-�-8�� 6���-+.�(� � &  ���-"$'*8�� �('*8�/ � � "7�-� �  � +!� � �.8<'*��� � ? �.8 � 9 = � � =6+2J " ==A�8�"7� & ���.8 � � � =6+./0" '*8�� � � =6+2J?"�.82�� =�!� =6+0+." +.�('*��" �� ' 8��$# ��& � "�"7�. 8�)  & � 6�� � ��&7& � 82� �.8 ��6�� ��&  / � � � & � � ��� !

� ��� � , � u+
 " � � � � �h� � # � +�� �$# ��� � 
������	��
 ��� � ���
� � ��� ? � �$# � � � 
�� ���	��
 ��� �	� � � � = + T "

� ��� � � ?
/ � �h� � # ��� � ' 8�6 � � � � , � u+
/"z"|+} 
 � 5 � - +!8 � � ?���  � � ��� � � ?

��� � � ?�� �
� 6�� �� � /�+.� ��&  / ��� 6<' & '�� � � & �." ����� "�6� 430" ��3  %" � �(�-�"8�� � & �(� ��"�! ��6�� � ' # � ����� � ��&7& �-82�#�.8 � 6��
�-� & � � ��� �."0' +�3 '(1 " +.� � �����-� /21%��6��#�! 8%"�' � ��& '*���. 8�� ��&7& � 82� '*�0 8��  *) ��6<�#�-+.�(� � &  ���-"�!

� ��� � , � u+
 � ��� " � �K��� � �h� � # � ������ � , � u 
 � � � " � � � ? � �h� � # � �
'*8<� ' � �-� &  ' ��� +!�.�-��3  +.� ' � � 8� #8�� � � ��&�& �-8 � �< 430" = � 6��0+!'*��� & �- 8����.���. 8 �(' 8  8�+.1 / � �  ���"8<�-���) ��6�� �� � /�+.� ��&  / ���." �.8�"7� & ���-�9�!8 �  '*8��.8�6� �  � �-8��- � " � +!' " � ' =
9;:,<=:��f: ��L�@CJ=FIH JMLONQPRH SU@WV XENRZ_V\[^]_D`BEHaVb@dc�efH(Fhg
� "7�!8 � +.� ��&  / � ��� � � 6<' & '�� � � & �." ����� �- 8�"7�." �� *) � '*821 � � J05?" �<' � ' �  �.82��" =�$ ) ���-8�3 �$' & � 8� *��.82��� & �-" � � � �.8���6�� 306� +.��� 6<' & ' � ��� & �."7����� / � �  8�+�1 �.8���6�� ��� & �63 �-� 9 � ' 82�������.�-" � 
 ' 8�� } 
 = �  & �-� � �-� ��6�� ' �  � 82�  ) �<'*� '$�� / �#"�' ��� +.�-�9�.8%��6<'*���(' "7� � & � � +!� ��&  / �-" ' & � 30�.���-+�1 � "7�-� =
� � & � � +.� ��&  / ���- 8�"7�." � "  )#� 6 & �-� �-+.�(� � &  ���-"C< � & ' ������ 8<'*+!+�1� ) � 9 � '*+#' & �-'�< �.8�"7� & ���-� �!8 �  '
� 8���)  &7� � +!'*" � ' '*8�� " � ' �-�-� )>' & �-8� ��� 6 ' � ' & � �� $'43  �.� �<�." � ��& /��.8 � �('�� 6  *� 6�� & = �D3 � & 1 ��&  / ��-+.� � �-82� �."0/��!'*"�� �9�  ' ��� & � & �-8 � �  *���-82���!' + '*8�� ' +.+ � 6 & �-������< � " � � ' � & " � �('*" ��& �-� ' �  8��#� � � �
�  �.82� ' & �%�.82��� &��<& � ���-� '*" � 6 & �-�����." ���.8�� � �  �.82��"  8  8<�%"7�!8 � +.�&��� � � 6<' & '�� � � & �." ����� = A ) ��6��!"
��&  / � � 6 ' & '�� ��� & �." � ��� �-' 8 / � �$# ��& �-"7"�� � '*"�' ) � 8�� � �. 8  ) ��6 & �-� � ' & ' � � ��� & " � �.8 ��6��."��(' "7� � 
 <} 
 < � � % " <���6��-"��#��6 & �-� 9 � ' 8 � �����.�-" �('*8�/ �#��� & �63 � � � 8�� 9 � �-+�1 ) &  � ��6�� � �('*" ��& � � �-8 �(=
�  $) ��& ��6�� & & �-� � �-� ��6�� ' �  � 82�  ) �<' � '$' 8�� � 6�� �$# � � & � � � 82� ' + � 9 � � ��� � 82��<<' " � �(�-�!' + "�� � ��� �!" *) ���-8 � "�� � ! � 3  ��&  / �-" ' & �  � � & ' ���-� '*" ' �� � /�+.� �<&  / �030����6%' �- 8�" � ' 82� /��!' ",' 8�� � 6�� ��6�� & �
��&  / � �-+.� � �-82� � �('*" ��& �-" ��6����< 2' � �.8 � �  *���-82���!' +>=�� 6�� � �('*" ��& � �>9 � ' 82�������.�-"�' & � ��6���� ��&7& �-8 ��.8 ��6<� �� � /�+!� �<&  / �9<2306���� 6 � 9 � ' +." � 6�� �. 8 "�' � ��& '*���. 8�� ��&�& �-82���>'*"7" ��� �.8 � ��6�� /��!' "	3  +�� ' � �0�!"

/95 T



� � � ��� ���� � � ��	 � 	 ��� � ����� ��� ��� ����� �	��
 � ����	)� � � ���
I probe

V       - Vprobe         wall

Ie, sat

I i, sat

δVfl I i, sat

Vbat

Vpos

Vbat

A +

-

Vpos

7 � ���& ��� =;J ="!  & �!8�� � � +.�  ) '$� & � � +.� ��&  / � � �('*" ��& � � �-82�-=
' ) � 35� � � �-"0��6�� �-+.�(� � &  8 ��� ��� � & '*� ��& �4" < '*8�� � 6�� �  *� � 82��� '*+ ��� & � & � 8�� � / � ��3 �-� 8 ��6�� �  "7����� 3 �'*8<�%� 6�� �< 2' � �.8 � ��� � = � 6�� ��&  / �#� 9 � '*���. 8 � � =;: " �('*89��6��-8�/ � & �-� � �-�-���� 1 �.�-+.� !

} 
��
� � � � �z | +.8 / � � � =6+.- "

� 
 � �
�W� � # �� � , � u+
 � �O� � � � =6+ � "

9;:,<=:��A: ?A@CBEDGFIHKJMLONQPRHTSU@WVYX [^]_DRBMHaVb@Ic�efH(Fhg
� 6�� ��& �-"7�-8��-�% ) ' � ' � 8�� ����� 8<�-+.� )  & �-�-" '*+.+*� 6<' &&� � � � ' & �����-+.�-" �� � 1 & ' ��� ' &  � 8�����6��:8<�-+.�+.�.8��-" = � 6�� & � )  & �#� +!� � � &  8�"0' 8�� �! 8�" �('*8%" � & �-' � ) & �-�-+�1 ' +. 8 � � 6�� 8<�-+.�%+.�.8��-"C< / � � ��6�� �  ���. 8' � &  "7" ��6�� 8<�-+.� �." "7� &  8 � +�1�" ������& �-"7"7�-� = A�8 ��6��$+.� � ���0 ),' 8 �.8@8<8������ � ' � 8<� � ��� 8<�-+.� 3 �.��6� � �
� & '*���.�-82��" ' 821 � ��&7& � 82�  & � � �.8<'*���.8 � ) &  � ' "��.8 � +.� ��&  / � �('*8$ 8�+�1 �< 43 ' +. 8 � ��6�� 8<�-+.� � 82� �.+2� 6��8<�-+.� +!�.8�� �.82��� & "�� � ��" "� � � � ' � � & �!'*+ � ' & �  ) � 6�� 3 �-"�"7�-+ 306�� & ����6���� ��&�& �-82� � ' ��6 30�.+.+ / � �-+. "��-�/21#� ��&�& �-8 � " ��6 &  ��� 6 ��6��83 �-"7"7�-+>= � 6�� & �-" � +.���.8 � � 6<' & ' � ��� & �."7�����9�." ��6<'*�  )�' �� � /�+.� ��&  / �30����6 � 9 � ' +,' & �('*"-=8A ) ��6�� & � �$# �." �$"7 � � � " � ' +.+ " � &  "7" : 8<�-+.� � ��&7& �-82��"C< ��6<� � �('*" ��& � � �-8 ���(' 8" � �.+.+ / �$���-"�� & �./ �-� /21 ' �� � /�+.� ��&  / �8��� 9 = �!� =6+ T "&"030��� 6 ��6�� ' & �-'  ) ��6����- � 8 � � & �-+.�(� � &  ���'*" ' 8 '*�����.���. 8 '*+ ) & �-� � ' & ' � � ��� & '�� �- � 82���.8 � )  & ��6�� � 8 H 8� 4308 � ' � 8���� � ���� ) ��6�� � &  "�" : 8<� +!�
� ��&7& �-82��"-= � 6�� � ��&7& �-82� �  +.+.�(� ���.8 � ' & �('% ) ��6�� ��&  / � � � � , � u 
 "��."#8< 43 ��6�� ��&  ��7�(� ���. 8� ),� 6��
��&  / �  82�� ' � +!' 8�� � � &�� �-8������ � +!' & �� ��6�� � ' � 8�� ����� 8<�-+.� � � � , ���� , � u 
 " �.8�"7���('*�% *) ��6�� �� *� '*+ ��&  / �" ��& ) ' �-�*=
9;:,<=:��A: � Z FWVb@WV�@ J�JELONGPGH	�
� 6���" ' � � ' &I����� �-82��" '*" )  & ��6�� 8<�-+.� : ) & �-� �(' "7��6� +.�9'*+."� )  & � �(' " ��& � � �-82��"0�.8 ��6�� �<& �-"7�-8��-� *) ' � ' � 8�� ����� 8<�-+.� =  � +�������� � ��&  / �-"%' +.+. 43�)  & � 6�� / �-" �%��� ���  & ' + & �-"7 + � ���. 8 '*8�� ��6�� 1� �.8�� � ���-��� 6��$� # � � & � � �-82� '*+ � 9 � � ��� �-82��< / � � ��6�� 1 � �."�" ' +! *�  ) �.8 )  &7� ' ���! 8 � ' �.8��-� 30����6 '
�- � � +.� ��� � 6<' & ' � ��� & �!" �����*=2� �%6<'@3 �%�� �.8�� & �(' "7�%��6��98 �<� / � &  *) "�� ��� +�� ' 8��- � "7+.1 � �('*" ��& �.8 �

/05 -



� � � � 	���� � 
 ����� � � � 	���� �. ��� ��	 � � �

j

B

probe wall

wall

wall

wall regions acting
as virtual electrode

7 � ���& � � = T ="! � " � &  8 � � ' � 8�� ����� 8<�-+.� & �-� � �-�-" � 6�� � &  "7" :38<�-+.� � ��&�& �-82�#'*8�� +!�-' ��"0�� ��6�� )  & :� '*���. 8  ) '�3 � & � � ' + �� � /�+.� ��&  / �*=
��&  / � �-+.� � �-82��",) &  � � 6 & �-� �� $'*�,+.�(' " � )  ��& �� � '*��6�� & �!8 )  &7� '*���. 8  8 � 6�� ' & �-'  ) � 6�� & � � ��& 8
� ��&7& �-82�-=%� 8<� 3 ��6<'43 � �� � ' H ���$#;� & � � ���(' & �9< � 6<' �0'*+!+  *) ��6�� � ' & � +. ��(' � � �  8 ��6�� " ' � � � � #" ��& ) ' �-�9< 3 6���� 6 �(' 8 �(' � "�� "7� & �. � " ��&  /�+.� � "��.8 '%8� 8 �  &  �.�<' +.+�1%"71 � � � � & ��� � '�� 6��!8�� +.� H � '" � � +.+ ' & '*�� &  &  89+. ��('*+.� � �-�%" � &)� � � ��& �-" +.� H ��+.� � ����� & "-=
9;:,<=:��f: � XEHEL�[^]MF$FhN=](g
A�8 � 6�� "�� & ' � � :� &�+!'(1 � & ", ) �  ;�<� & 8 ) � "��. 8 ���C3;���-�-",3,��6<'43 � �  43,� & � � # �-" � ' & ' +.+.�-+��� ��6�� 8<�-+.� *)���� � -05  � � � ? 306�� & �('*",��6�� � '*��� & �!' +�+.� � �.��" ' & � ' &  � 8������ # ��� +.-  � � � ? = � 6��." +.�('*��"�� ����& � & �-82� �  8�" � &�� � ���. 89")� 6�� � �-"0�  " � " � ' �.89��6��#��6�� &7� ' + +. ' � !

	�
�������������������� �!#"$�&%('�) ��6�� ��&  / �9/  � 1 �  @3 � " �.8 '*8��  � � 3 �.��6 ' ��� � �%�- 8<" � ' 8 ��+* /05 � "I" " � ' +.+ �-8� ��� 69�� '43  �.�% 23 � & 6��(' � �.8 �  ) ��6�� ��&  / ��� � � =
	-,�'.�/�0�1����23!#"$�&%4'&) � 6�� � " � ' +.+ " ��&  / �9��� � �." �.8 �  ; � ��6�� &�� '*+ �- 8 � ' � � 30��� 6 ' /�� ��
�- ; +.�-� " 6��('*�,"��.8 H = � 6��.",�.8�� & �(' "7�-" � 6�� ��� � � ��6�� ��&  / � �(' 8 30����6�"7� '*8<� ��6�� � + '*" � '#/ � ��.� � � � 62� 8� *�03  &IH �.89+. 8 ����� +."7� � ' � 6��.8��-" =
	6587#�1,9���:7#�;�1'�<=!#"$�&%('�) ��&  / �-"#' & �  8�+�1 � � � +. 41 �-���.8 � '*��� & �!' + " ��& )>' �-�-"�306���� 6 ' & ��$# �  "7�-� �� � 6�� � + '*" � ' ' � � & ' �-�.8 � �.8��-�.���-8��-� = � 6��%" ��& ) '��-�% ) ��6�� ��&  / �%�." " � & ��� ��+�1' +.� � 8��-� 30����6���6�� " ��&�&  � 8����.8 � 3 ' +.+ "� ��.� �('*8�30����6�"7� '*8�� '*+ �  "7�#�C3 � & 1 �  8������ �. 8 � 6��3 '*+!+ �(' 89" � " � ' �.8 =

� 6����- 8�" � &�� � ���. 8  *) ��6�� ��&  / � 6<'*" �� �/ � �  ��� '*���./�+.�,30����6$� 6�� �$# � � & � � �-8 � '*+���� � ' 8���"C< � 6�� & ��." 8� ?>7 � � � � '*+A@ ��&  / �����-"7� � 8�" � ��� ' /�+.��)  & �C3 � & 1 ����&)�  "7�*=
9;:,<=:�Bf: �*HEL�@AC5H gEDRZM] B_V�@WV�@IH	�
� 6�� �. 8 "�'*� ��& '*���. 8�� ��&7& �-82� �.",' ��� & �(� � � �('*" ��& � � �-8 �  *) ��6���� 6<' &&� �-� � ' & � ���-+.��� � # �� $'*8 ' & �('
�- � � ' & ' /�+.� �  ��6�� ��&  / �*= ��� 6<'43 � ��6�� & � )  & �M!� � � � � 
 � �
�W� � # ����� � � � , � u 
 " � � 
 � � � � � =6+ � "

/95 �



� � � ��� ���� � � ��	 � 	 ��� � ����� ��� ��� ����� �	��
 � ����	)� � � ���
� 6�� "�6��-'*��6 � & ' 8�" � �!"7"7�. 8"�- �O��� �!� 82� � ��" � ' ���-" 6� 43 � � � 6�� 8�� &I� 1 �." / &  ��� 62� �� ���6�� ��&  / ��  & ��6�� � ' &&� � � " /219 8�� �.8��-�.���-82� �-+.� � � &  8 � �. 8 � � ' � & = � 6�� �  43 � & � � #%�  43 ' & ��" � 6�� �<&  / � �(' 8��6��-8�/ � �('*+�� � +!'*���-�%/ 1

��� # ��� � � � , � � � � � � � z | } 
 �  , 
�� " � � =6+2:?"
306�� & �93,�9� ' H � ' +."7 ��6<� & �(�- � /��.8<' � �. 8 �-8�� &&� 1 �.82�� �' �(�- � 82�-= � 6���+.����� & '*� ��& �(3*' + � � )  & '621;� &  � �-8 � +!'*" � '$�." � � � : =
� 8 '*�<�������. 8<'*+ �.82��� & �-" ���.8 � 9 � '*82������1 � '(1 / ����6<� � � 1 8<' � ���@" �-+.�(� � &  8 ��& � "�" ��& � 306���� 6��(' 89/ ��-" ��� � ' ���-�9/21

� 
 � / � 
 } 
 � � = + �?"
306�� & � ��6�� )>' � �� &  *)0��3  �."$ / � '*�.8��-� ) &  � "7 8���� � ' & �����-+.� �< 43 �  43 ' & ��"$��6�� 3 '*+.+>= 7 �.8<' +.+�10<� 9 � ' ���! 8 � � = � " '*+.+! 430",)  & '#�-� &  ��6� & ��� & �-" � � � '*���� ) ��6�� � +!'*" � ' �  ���-82���!'*+ =� � %)# ��� # ��� "$#&%)% � ��� � % ��� "$# %)% "��
	��������	���� zb|~} 
� +.8 � � �� 
 � ��� T

+�� � � 
(
  � � = /95?"
A ) 8� 8�� � � ��&7& �-82� �." �< 430�.8 � �  �� ) &  � � 6���3 '*+!+ ��� � % ��� "$# %)% � 5 " <���6��#3 ' +.+�� �< '*���.8 � �  ���-82���!' +)  & ' ����& � ��� � � � & � ��� � +!'*" � '��.8 �- 8 � ' � �$30����6 ' � & ' � 6������ " ��& )>' �-� � � � 
(
 � 5 � T " +.�!� " ' /  � �/ zb|~} 
 / �-+. 43 ��6�� � +!' " � ' �  ���-82���!'*+ =�$ ) � ' & ����� � + ' & �.82��� & �-" �#�." ��6��$����& � & �-8��-� �.8 ��6�� � +!' " � '
�  ���-82���!' + '*� ��� & � & � 82� �  &  �.�<' + ' 8�� �  +. �.�<' + +. ��-'*���. 8�" 306���� 6 �(' 8�/ �  / � ' �.8��-����) 3,� / �-+.�!� 3 ���6���3 �-"7"�� + �  / � '*89� 9 � � �  ���-8 � �!'*+ " ��& ) ' �-�*=
9;:,<=:��f: ?fNQJGXM@��qV�@Ic~] V"H g JELONQPRH	�
 ' � 6� &�� '*8 � " ��&  / �-" ' & � 30�.�<� +.1 � "��-� �� 9��� ��� &7� �!8�� ��6��  8�� ��� � �-8�"7�! 8<' + �< 43 �  & � & ��) � "3 �-+. ��-����1  *)<� 6�� � + '*" � ' = � 6�� 1 � "�� � 6�� ) ' � � � 6<' � ��6<� �  *���-82���!' + � &  � �.8 ��6�� ��& �-"76��('*��6 ��� � �-8���" 8 ��6�� �< 43�3 �-+. ��-����1 ! �.8�"��.��� ��6�� ��& �-"76��('*��6 ��6��,�. 8<" ' & �,' �(�-�-+.� & ' � � � ) &  � ��6��-� & �.8��.���!' +.3 �-+. ��-����1
��� �  ��6�� "7 � 8�� " � �-�-� �  43 ' & ��",��6�� ��&  / � " ��& )>' �-� /21 ' �  ���-82���!' + � &  � <;306���� 6 <  8 ��6<�  *��6<� &6<' 8�� < & � � �-+."�"7 � �$� +!� � � &  8�"-=$� 6�� �. 8 ���-8�"�����1 ��� � & �-' "7�-"$�- &7& � " �  8����.8 � +.1%�  � ' �.82� '*�!89� 6��
� +!' " � ' "�9 � ' "7� :�8�� � � & '*+.����1 =�A ) � 6�� � +!'*" � ' �< 430" �.8  8��%��� & �(� � �. 8 < � 6�� > ��� " � & �(' � @ "7�.���9 *)��6�� ��&  / � � 306�� & � ��6��#�! 8�" 8��-�-� +.�-"7" ' �(�-�-+.� & '*���. 8 " )>' �-�-" ��6�� & � )  & � ' 6�� � 6�� & � ��&�& �-82�0�<� 8�"�����1� � � �h� �&� � �&" ��6��-8 � 6����� 4308�"7� & �(' � "��.��� ��� � �h� � � " �q� �&" =%7  &  ' � 6 ��&  / �-"C<���6�� ��� "7� & �(' � ' 8�� � 6���� 4308�" � & �(' � � ' & �0 *) ��6<� ��&  / � ' & ��"7� � ' & ' � �-�9/21 ' 89�.8�" � +!'*�� & < /  *��6 � ��&7& �-82��" ' & � � �('*" ��& �-�'*8<�%� 6�� �< 43 3 �-+. ��-����1 �!" �<� & �63 �-��) &  � ��6�� � �<&7& �-82� & '*���. @!

� �, � � � ��� � �%+.8 � � �h� � # �I� �&�� �h� � # �I� � � " �  � � � =,/ +."
306�� & �����."0' 8 ��� � & ���('*+ �- 8�"7� '*82� �.8 ��6��  & ��� &  )B5 =,- <<�<� � �-8����.8 �  8%�. 8%��� ��� � & '*� ��& �9< '*�<�!'�:/<'*�������- �O���-�.�-82��"C< � �)�*=
� 6�� & � � # �."7��" ��� � 6 �  & �*�- ��� +.���-'*���-� �-+.�(� � & ���('*+2���C3 ���-� " �� � �(' " ��& � ��&  � � & ���!� "  )���6�� /  � 8�� :' & 1 +!'41 � &�� +!'*" � '*" ��6 '*8 ���."�� � "�"7�-� 6�� & �*=;��� �-' 8 � "7� & � � ' & ���.8 � 8<�-+.� '*8 '*+�1 �-� & "$��  / � ' �.8�.8 )  &7� ' ���. 8% 89��6�� �-+.�(� � &  8 ���." � & �./ � ���. 8 ) � 8�� ���. 8 =G���$�('*8 � "�� ����& � & �-82� '*8<' +�1 �-� & " �� "� & ���6����. 8�" /21 � '*"�" '*8����* & � 6<' &&� � ' 8�� 3,� �(' 8 � "7� �. 8����(' ���! 8 � ' ��� �-" �� �+.�(' & 8 "7 � � ��6��.8 �'*/  � �$� 6�� 8�� � � & '*+."-= 7  & " � � �-�!' + �  8������ �. 8�"�< ��&  / � " 6<'@3 �9'*+."7 / �-�-8 � "��-��306���� 6 � �('*" �<& ���6�� �. 89��� ��� � & '*� ��& � ��� & �(� � +�1 = � +.+  ) ��6�� � � '419' +."7 / � �-' +.+.�-� > ��&  / � " @�< / � � ��6�� 1�' & � 8� *�� '*8 � ��� � & ��&  / �-"0�.8%��6�� " � & ��� �0"7�-8�"��  ) ��6��#3, & � =

/05 �



� � � � 	���� � 
 ����� � � � 	���� �. ��� ��	 � � �
9;:,<=:��f: ��N`gQ@Ie`c~] Vb@dNGB �2N��6V XEH ��@C[TJ=FIH � V [�N`gQH(F �
A�8 ) &  82�� ) �(' � 6 " �<& ) '��-�$' � �-/21 � "�6��(' ��6 )  &�� "�' 8�� < ' +."7 �!8 ��6����('*"7�  ) 8� 8 � � &�� �-8������ � +!' &�.8��-�.���-8��-�  )$' � ' � 8�� ����� 8<�-+.� <#' � ' � 8�� ����� "�6��(' ��6 )  &7� "-= � 6��-"7� "76<�-'*��6�" �.8�� � �-8��-� � 6��� & �(� ���63 � � ��&�& �-8 � �- +.+.�(� ���.8 ����&  / � ' & �-' '*8��9��6�� +. ��('*+ � +!'*" � ' � ' & ' � � � � & " =
� 6�� & �('*+ � +!' " � ' �." 8� *� '*� ' +.+;' " 6� �  � �-8��- � " ' " 3 � 6<'43 � � & �('*���-� ���-= � 6�� & � ' & �,��� ��� � & ' � �<& �
� & '*���.�-82��" ' +. 8 � ��6<� 8<�-+.�%+.�.8��-" ' 8��%��� & � & �-82� ��� ��� � & ' � ��& �-" �!8 ) &  82�0 *) ��� & � & �-8 � � ' & ��"  ) � 6��� '�� 6��.8�� 306���� 6 � '41�� & �63 �$��6<� &��  �-+.�(� � & ��� � ��&7& �-82��" =�� 6�� � +!' " � ' �  *� � 82��� '*+ ��� "7�-+�) � '41 ' +."7 8� � / � � 8<��)  &7� ' 8��9� & �63 �#�$# � & ' � ��&�& �-8 � " = � 6�� & � �$# �!" ��" � � &)� �-8������ � +!' &>� & ' ���.�-82��"0�.8%��� 8�"�����1'*8<� � � � � � & '*� ��& � 306���� 6 ' & �(� � ��6�� � &  "�" : 8<�-+.��� ��&�& �-82��" = � 6��-"7� � & ' ���.�-82��" ��� " � / � �-" � '*/�+.�."�6��-�'*8<�9" � " � ' �.8��-��/ 1 � & ' 8�" �  & � � 6��-8� � �-8<'$306���� 6�6 '43 � / �-�-8 � � 8� & �-� =
� 6�� � + '*" � ' & � "��." ��� 3;����1 ' +. 8 � '*8��9' � &  "7" ��6�� � ' � 8�� ������8<�-+.� � '(1 � + '(1 '*8 � ���  & � '*82� &  +.� �.8��6�� �.82��� &���& � � ' ���! 89 *) ��&  / �#�<'*� ' = � 6��#306� +.� ��&  / � � �(' " ��& � � �-82���('*8 / � � 8���� & " ��  � '*" '+. �  ) & �-"7�."7�� & "0�.8%"�� & �.�-" ��� �l� 
 # � � � � � � ��� " '*8<� � '(1;/ �#' +."7 �.8 � ' & '*+!+.�-+>=
� 6�� � �('*" ��& � � �-8 � " 30��� 6 ��&  / � " ' 8�����6�� � 8��<� & " � ' 8����.8 �  ) ��6�� & �-" � +���"$ / � ' �.8��-���.8?3  +63 � "��6�� �- ��� +!� � � "�� & ' � � :� & + '(1 � &�� 621;"����-" = � 6��." �-� & � ' �.8�+�1 � ' H � " ��&  / � � �(' " ��& � � �-82��"0���W��� � +.�/ � � ��� �."0' +."7 ' & �(' "7 8%)  & ��6�� �- � �  89�.82��� & �-" � �.8 ��6��."0��� ' � 8� " � ��� ��  +>=
9;:,<=:><��f: �(] B(D`[ ZM@CL*JELONGPRH	�;] V39�? �
	������JMDRLO](gQH
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$�88����� �� :�� ���EDGFEH�I < � ��JLK MONQPER�SUTVICHXW�FES��ENYR�Z[D]\�DLPU^,I_J`FEDLI?R�JLI_HaTGPQH�ICTGI_DLN/Z[S�I�TGK�I?\�bcFEJLN/F
\�FEDGFdN/I�TVICDGJeZ[SgfhDLPUSUTiPdfjTGK�IkT�FdDI�EICT?\�blFmTGI_JCn$o�K�I � R�JGK M)N/PER�S�TGI_HpH�I_JLZ �ES'q]FEJ?r�K�PEJGICSs^,I_rtFdR�JGI
Z8TuDLI_JLR�b8TGJuZ[SvTGK�Iwb[P1qxI_JyT`\,PUJLJLZc^�b[IeK�ItFdT � R # \,I_DuJLR�Dyf�Fdr_IiR�S�Z8T`FES�HaTGK&R�J�Fdbcb[P1q�J]fhPED`rCPUS�TGZ[S&R�PER�J
NQItFEJLR�DLI_NQI_S�TGJ/H�R�DGZ[S��pTVK�Iaq�K�PEb[IzJLK�PET_n6o�K�IXH�FdTVF{FES�Fdb[|&JGZ[JQZ[JQH�PUS�IaTVF0H�ZcS��pTGK�IzIC}~ICrCTGJ�Pdf
�EDVF � Z[S��/Z[S�r_Z[H�I_S�r_I?PEf�TGK�IwN/F0�ES�ICTGZ[r 8 I_b[Hab[Z[S�I_JuZ[S�TGP/FEr_r_PER�S�T ),+ � J.1 n�o�K�Iw\�DLPU^,I_J � H�I_JLZ �ES�I_HXFdJ
NYR�b8TGZ�M)TGZc\�\�DGPE^,I_J " r_P 3 I_D`TVK�I?q�K�PUb[Iw\,PUb[PEZcH�Fdb�r_DLPEJGJ�JLI_rCTGZ[PUSXPdf�TGK�IYH�Z 3 I_DyTVPED`FES�HgFdDGIiZcS�JyTVFEb[b[I_H
FmT�TVK�DLI_IeH�Z[}+I_DLI_S�T�TGPEDGPEZ[H�FEb+\+PEJGZ8TGZ[PUS�JCn

0p���+#�%���7(�p����7��8#"�"%��&�����e.1�i2x0'�(�9�(�L�

o�K�IwN/FdS�Zc\�R�bcFmTVPED�Z[Jub[P rtFdTGI_HzZ[SzJLI_rCTGPED : FES�HzFESXP 3 ICDVFdb[b 3 Z[ICq�Pdf>TVK�IiN/Z[H�\�bcFES�IeN/FES�Z[\�R�bcFdTGPUD
Jy| JyTVICN�FES�H�TGK�I?H�Z 3 I_DyTGPUD�N/FES�Z[\�R�bcFdTGPEDjJy| JyTVICN�ZcJ>�UZ 3 I_SaZ[SvTGK�IefhPUb[b[P1q�Z[S�� 8 �UR�DLIdn
o�K�IAFE\�\�b[Z[rtFdTGZ[PUS�J+PEf ����� � � M � \��EDVFdH�I � J�NQZ[H�\�bcFES�I>\�DGPE^+I�N/FES�Z[\�R�bcFdTGPED+Jy| JyTGI_N�rtFdS?^,IAH�Z 3 Z[H�I_H
Z[S�TGPkTOqxPQrtFmTVIC�UPEDGZ[I_J !

	 W�FES��ENYR�Z[D�\�DLPU^,I_J�f�PEDANQItFdJLR�DLZ[S��iI_b[ICrCTVDLPES�H�I_S�JLZ8TO|QFES�HQTGI_NQ\+ICDVFmTVR�DLI`FdJAqxICb[b+FdJ � PUFdTGZ[S��
\+PdTVICS�TGZlFdb[J�FdS�H�I_b[I_rCTGDGPES�H�DLZ8fhTGJCn

	 � I_\,PUJLZ8TGZ[PUS�\�DGPE^+ICJuTGP$Z[S 3 I_JyTVZ �UFdTGI�ZcNQ\�R�DLZ8TO|/r_PUS�TGI_SUTVJ�FdS�HvTGDVFdS�JL\+PEDLTu\�DLPE\+I_DyTGZ[I_J_n
o�K�I_JLIuH�ZcF0�ES�PUJyTGZcrCJ�FdDLI�S�PETAF 3 FEZ[bcFE^�b[I]FmT�TVK�I�JGFENQI]TGZ[NQId��FESQI # r�K�FES��EIuPEf"TGK�I�N�FdS�Z[\�R�blFmTGPUD�FdDGN
Z[J�DLI 9 R�Z[DLI_H~n
A S$TGK�IuW�FES��ENYR�Z[D�\�DLPU^,I�r_PES 8 �UR�DGFdTGZ[PUS$Pdf+TGK�I�NQZ[H�\�bcFdS�I�N/FES�Z[\�R�bcFdTGPUD < F�\�S�ICR�N�FmTGZcr_FEb[b8|wDLI_r_Z[\ M
DLP rtFmTVZ[S��Qf�FdJyT�\�DLPE^+IYI_SUTVICDGJ�TGK�IY\�blFdJLN�F$fhDLPUN�^,I_K�Z[S�HgFdS A�� �u� FESUTVI_S�S�F�\�DGPdTGI_rCTGZcPESzb[Z[NQZ[TGI_DCn
o�K�Z[J?r_FESp^+I$DLI_\,ItFdTGI_HpI 3 I_Dy| J05 5 NQJCn � Z8TVK�Z[S'Fd^+PER(T +2505 N/J < Z8T?r_P 3 I_DLJwF�H�Z[JyTVFES�r_I$Pdf +@5 r_N
fhDGPEN�Z8TGJ/Z[S�Z8TGZcFEbx\,PUJLZ8TGZ[PUS3TGP1q]FdDLH�JQTGK�IzJLI_\�FEDGFmTVDLZ # n � R�DLZ[S��pTGK�Z[J$NQPETGZ[PUS < F'^�ZlFdJ 3 PEb8T�F9�UIvZcJ
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7 Z �UR�DLI � n - n ! � R�DGZ[S��XFaH�I_S�JLZ8TO|{DVFdNQ\{TGK�I�H�Z 3 I_DyTVPEDwH�I_S�JLZ8TO| 8 DLJyTwfhPUb[b[P1q�J?TGK�I ��FdJw\�R(} < TVK�I_S
JGFdTGR�DGFdTGI_JkFdS�H 8 S�FEb[b8|'DLPUb[b[JiP 3 I_DwTGPgFzH�ICT�Fdr�K�ICH3JyT�FmTGIdngo�K�I/TGI_NQ\+I_DGFdTGR�DLIQf�Fdb[bcJ
H�R�DLZcS��wTGK�I�N/F��GPEDx\�FEDyTxPEf TGK�I�H�I_S�JGZ8TO|�DGFENQ\�FES�H�NYR�JLT]^+I�^+ICbcb[P1q - I 
 TGPkFEb[b[P1q
fhPUD]TGK�I?H�ICTVFdr�K�NQI_S�T_n

JyqxI_\(T�q�Z8TGKaFYDLI_\,ICTGZ8TVZ[PESvDGFdTGI�PEf5JLI 3 I_DGFEb*H � � FES�H�TVK�Ier_R�DLDGICS�T 3 I_DGJLR�J 3 PUb8TVF0�EI�rVK�FEDGFEr�TVICDGZ[JyTGZcrCJ
FdDGI�NQItFdJLR�DLI_H$q�Z8TGK$FeJGFdN/\�b[Z[S���DVFmTGI�PEf -0505 H � � n�o�K�I_JLI`W�FES��ENYR�Z[D>\�DGPE^+I�rVK�FEDGFdrCTGI_DGZ[JyTGZ[r_JArCPUS M
TVFEZ[S < FEJ�H�Z[JLr_R�JGJLI_H�^+I�f�PEDGI < Z[S(fhPUDLN/FdTGZ[PUSwFE^,PUR(T�TVK�I�ICbcICrCTGDGPESQH�ICS�JGZ8TO|$FdS�H$TVI_NQ\,I_DGFdTGR�DLIuFdT�TGK�ICZcD
DLI_JL\+I_r�TVZ 3 I`\+PEJGZ8TGZ[PUSQFdS�H/TGZ[NQIdn � I_\,I_S�H�ZcS��iPUS$TGK�I�S�R�NY^+I_DAPEf~r�K�FdDGFErCTGI_DLZ[JLTGZ[r_J�TVPi^+I`F 3 I_DVF9�UICH <
FkJL\�FdTGZcFEb~DGI_JLPEbcR(TGZ[PESvZ[SvTGK�I?DGFES��EI?Pdf + NQN r_FESa^,IeFErVK�Z[I 3 I_H~n
� Z[S�r_IeTGK�Ii\�DLPE^+IeK�ItFEHzr_PES�TVFEZ[S�J�JLI 3 I_DGFEb5NQItFdJGR�DLI_NQI_S�Tu\�Z[S�J < � P�FmTGZ[S��k\,PdTVI_SUTVZcFdb[J�FES�HzZ[PES�JGFdTyM
R�DGFdTGZ[PUS{r_R�DLDGICS�TGJkrtFESs^+I�NQItFEJLR�DLI_H3JLZ[NYR�b8T�FdS�I_PUR�JLb8|gTGPzTVK�I/JyqxI_I_\�Z[S��'\�DLPU^,I�rVK�FEDGFEr�TVICDGZ[JyTGZcrCJ
H�I_JLr_DLZ[^+I_HaFE^,P 3 Idn
�	3 I_S/R�S�H�I_DjPdTGK�I_Dyq�Z[JGI�r_PES�JyT�FdS�Tj\�bcFdJLN�F�r_PES�H�Z8TGZ[PUS�J < TGK�I�I_b[I_rCTGDGPESQH�I_S�JGZ8TO|$rVK�FES��EI_Jj^U|$JGI 3 I_DGFEb
PEDGH�I_DLJuPEf�N/F9�US�Z8TGR�H�I�^,ICTOqxI_ICS'F/JyTVFEDyTGZcS��Q\,PUJLZ8TGZcPES�H�I_IC\aq�Z8TVK�Z[S�TGK�Iib[Z[NQZ8TVICD]JLK�FEH�P1q FES�H�TVK�I
JLI_\�FEDGFmTVDLZ # \+PEJGZ8TGZ[PUS~n�o5PQFdr 9 R�Z[DLI?H�FmT�FkP 3 I_DuJGR�rVKXF$bcFED&�UI�DGFES��EI < TGK�I?Jy| JyTGI_N�r_PEDGDLI_JL\+PES�H�Z[S��Ub8|
K�FEJ�TGP$r_P 3 I_DuJLI 3 I_DGFdb�PUDLH�I_DLJuPEf�N/F9�US�Z8TGR�H�I�Pdf�r_R�DGDLI_SUT`N/I_FEJLR�DGICN/ICS�TuJLI_S�JGZ8TGZ 3 Z8TO|En

o5PQZ[S 3 I_JLTGZ �UFdTGI�TGK�I?JLr_DGFd\+I�M)PE}'bcFt|UI_D�Z[NQ\�R�DLZ8TO|�rCPUS�TGI_SUTVJuTGK�I?N/FES�Z[\�R�bcFdTGPEDxJy| JyTVICN rtFESaFEb[JLP$^+I
R�JLI_HsTGPaI # \+PEJGIQZ[NQ\�R�DLZ[TO|zr_PUb[b[I_rCTGPUDe\�DLPU^,I_JiZ[S�TGPvTGK�I A�� �u� b[Z[NQZ8TVICD�JLK�FEH�P1qen � JLR�FEb[b8| < TVK�ICJGI
\�DLPU^,I_JQFEDLI�N/FdH�I�PEf �EDGFE\�K�Z8TGI�FES�H TGK�I�Z[NQ\�R�DLZ8TVZ[I_JkFdDLI�H�I_\,PUJLZ8TVICH PUSUTVP'TGK�I�JLR�DLf�FErCIdn � flTVICD
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7 Z �UR�DLI � n�� n !�� DGP 8 b[I_J5PEf�TGK�I � PUFdTGZ[S���\+PdTGI_S�TGZcFEb&PESiTGK�IjPER(TVI_D�H�Z 3 I_DyTVPED�FdT5T)qxP`H�Z8}~I_DLI_SUT>TGPEDGPEZ[H�FEb
\,PUJLZ8TVZ[PES�JjI # K�Zc^�Z8T]Fw\+PEb[PUZ[H�FEb"JLK�Z8fhTxPEf TGK�I�\�DGP 8 b[I_JxPdf5FE^,PUR(T + rCN < Z�n�Idn < FiTGPEDGPEZ[H�FEb
FEJy| NQNQICTGDy|En

Midplane probe manipulator

Divertor probe manipulator

7 Z �UR�DLI � n��&n !�� ICS�ICDVFdbuP 3 I_D 3 Z[ICq PdfeTGK�IzN/FES�Z[\�R�bcFdTGPEDkJL|&JLTGI_NQJ�ZcS TGK�IzNQZ[H�\�bcFES�IaFdS�H Z[S TVK�I
H�Z 3 ICDLTGPEDuFES�HvTGK�I_Z[D�\,PUJLZ8TGZcPES�J]q�Z8TGK�ZcS�TGK�I ����� �� M � \��UDGFEH�I 3 ICJGJLI_b�n

DLI_NQP 3 Z[S��vTGK�I/\�DLPE^+I < TVK�I/FdN/PER�S�T?PEf]H�IC\+PEJGZ8TGI_H{N�FmTGI_DLZlFdb�rtFdSsJLR�^�JGI 9 R�I_S�TGb8|s^,I$H�ICTGI_DLN/Z[S�I_H
^�|sZ[PUS
^+ItFdN TGI_r�K�S�Z 9 R�ICJ � � R(TGK�I_Dyf�PEDGH 	 FEr H&JLrtFmTGTGI_DLZ[S�� <�� FdDLTGZ[r_b[I A S�H�R�rCI_H � � DGFt| � NQZcJLJLZ[PUS <
	 R�r_b[ItFED � I_FErCTGZ[PUS � S"Fdb8| JLZ[J " n
o�K�I�r�| b[Z[S�H�DLZ[rtFdb �EDVFd\�K�Z8TVI�\�DGPE^,I_J$FEDLIvrCP 3 I_DLI_H ^�|3F �UDGFE\�K�Z8TGIvJLK�Z[I_b[H
q�Z8TGK FES
I # \,PUJLR�DLIaJLb[Z[T
Z[SaTGK�IwDGFEH�ZcFEb H�Z[DLI_rCTGZ[PUS~nuo5PvFdr�K�Z[I 3 IwTGZ[N/I?DGICJGPEb[R(TVZ[PES < TGK�Ii\�DGPE^+IwrtFESX^,IwDLPETVFdTGI_Hzq�Z[TGK�Z[SaTGK�ZcJ
JLK�Z[I_b[HgFdTeF 3 FdDGZcFd^�bcIiFES��ER�bcFED`JL\+I_I_H~n?o�K�Z[J�\�DLZcS�rCZc\�b[I?PEfAPU\,I_DGFdTGZ[PUSaTGP �EICTGK�I_D`q�Z8TVKgJLPUNQIwS�PES �
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7 Z �UR�DLI � n : n ! �# FENQ\�b[I_J/PEf�I_b[I_rCTGDLPUS TGI_NQ\,I_DVFmTGR�DGI � b[ICflT " FdS�H I_b[I_rCTGDLPUS H�I_S�JLZ8TO| � DGZ �EK�T " fhDLPUN
FES ����� �� M � \��UDGFEH�I�H�ZcJLrVK�FED&�UI�TVP0�UI�TVK�I_Diq�Z8TVKsTVK�I_PEDLICTGZcr_FEb 8 TGJkr_PEDGDLI_JL\,PUS�H�Z[S��
TGPgo !>+ ��� r������ "��	��
2< S ! I # \ � � � � r�� "(� � � 5 r_PUDLDLI_JL\+PES�H�J$TGPXTGK�IvJLI_\�FdDVFmTVDLZ #
\,PUJLZ8TVZ[PES " neo]K�I 3 I_DyTGZ[rtFEb�JLPUb[Z[HXb[Z[S�I_J`r_PUDLDLI_JL\+PES�H'TGP�TVK�Ik\,PUJLZ8TGZ[PUSzPdfATGK�IYb[Z[NQZ[TGI_DCn
o�K�IiJLI_\�FdDVFmTGDGZ # Z[J�b[P rtFmTVI_H�FdT�TGK�IebcI�fhT�ICH��EI?Pdf5TGK�I?\�b[PETGJCn

B

LCFS Limiter

LCFS

extrapolated

λ = 10 mm

Position [mm]

a) b)

c)

exposure slit

exposure slit

7 Z �UR�DLI � n � n ! F "�� PES 8 �ER�DGFdTGZ[PUS'PEfxW �>7 � < bcZ[NQZ8TGI_DuJGK�FdH�P1q FdS�H{I # \+PEJLR�DGI/JLb[Z[T_nk^ " � r�K�ICN/IQPdf
TGZ[N/I � DLI_JLPUb 3 I_H PU\,I_DGFdTGZ[PUS~n r " �# \+ICDGZ[NQI_S�TVFdb�DGICJGR�b8TGJ ! TGR�S��UJyTGI_S H�I_\,PUJLZ8TVZ[PES PUS
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DGFES��EIwf�PEDuq�K�Z[r�KgJLP H�Z[R�N�bcPEJLJ�DGFmTVI_J�Pdf * �! � �� � � � � � 
,PUD � �EDGFEN�Z[S 	 ^�K�PER�DLJ�FEDLIwI��(\+ICrCTVICH
fhPUD�TGK�I �EZ2�EI_S��EI_PUNQICTGDy|En]o5P�DLI_H�R�r_Iir_I_b[b�b[PUJLJLI_J�
+PU\,I_DGFdTGZ[PUSaZ[J�PESXFQ\�R�b[JLI_Hz^�FdJGZ[Ju^�|�NQItFES�JuPdf
F �dFdb��UIYq�K�Z[rVKpJLItFdb[J�TGK�I$DGICJGICD��EPUZ[D�q�K�I_S'TVK�I$^,ItFEN Z[SgS�PETePUS~n � I_S�r_I�
�F�� �UDGFEN b[P�FdH�Z[S���Pdf
JLP H�Z[R�N JGK�PER�b[Hz^+I?b[PUJyT`Z[SzFE^,PUR(T 5� � � QJLK�PdTVJ`Pdf ���EIwJLI_r_PES�H�J�b[I_S��dTVK~n � P H�Z[R�N Z[JuR�JGICHXDVFmTGK�ICD
TGK�FESpb[Z8TVK�Z[R�N Z[SpPEDLH�I_DeTGP�K�F'�EI/TGK�I$r_PES1�UICS�ZcICS�rCI�Pdf]DLR�S�S�Z[S ��FdT?b[P qjI_D�TVI_NQ\,I_DGFdTGR�DLI_J���FE^,PER�T5	�1 ��� � JCn "� � ��� � 
�FdS�HYTVPeF'�UPEZ[HYK�F'� Z[S���TGK�I_DLN/FEb b[Z8TGK�ZcR�N JGZ2�ES�FEb[J�Z[S�TGI_Dyf�I_DLZ[S��`q�Z8TVKwTGK�PEJGI]fhDLPUN
TGK�IxK�Z2�UKiI_S�I_D��E|w^,ItFdNan 	 FdJGICHYPUSYrtFdb[PUDLZ[NQICTGDGZ[r�NQItFEJLR�DLI_NQI_S�TGJ�
UTGK�IxS�ICR�TGDGFEb[Z � FmTGZcPES?I � rCZcICS�r_Z[I_J

 DLItFdbcZ � ICHvFdDGI * � " � � � � fhPUD 5� ?M �  � 
 
�FdS�HvrtFdSv^,I�FE\�\�DLP��(Z[N�FmTGI_b8|$JGR�NQN/FEDLZ � I_H�Z[S�TGK�I���T

 * �! � � u�� ���� ����� 
 n�o�F��&Z[S��$Z[S�TGP$FErCr_PUR�SUT�TVK�I�H�I_r_DLItFEJLI?PEf 
 q�Z8TGK � u 
"FdS�HvTGK�Ier_R�DLDLI_S�T�� > ������� >��
H�DGFtq�S3f�DLPEN TGK�Iv\,P qjI_D$JLR�\�\�b8|
Z[S3r_PES �GR�S�rCTGZ[PUSsq�Z8TVK
TVK�I�S�I_R(TVDGFdb]^+I_FEN r_R�DLDLI_S�TQJLrtFdbcZ[S��gPdf
Fd^+P(�EI�
~Z[T`ICN/ICDL�EI_JuTVK�FmT � ^ � �  �� � 5� mM �  � 
 ��PEf � > Z[JuR(TGZcb[Z � I_H-
�Z�n�Imn`PUS�b8|�FE^,PUR(T#�( � � � � Pdf
TGK�I?Z[PUS�J]bcI_F(�&Z[S �kTGK�I?ICN/Z8TLTGI_D�FdDGIeb[PUJyT_n

��� � � � ��� ��� !�� �"� � ��! % ���#" � � ��� ��� �87
$ PES�Z8TGPEDGZ[S��xTGK�I�JGR�Dyf�FEr_I>TGI_NQ\+I_DGFmTVR�DLI�PEf�TVK�I�H�Z��UI_DyTGPUD+q�Z8TVKePU\(TGZ[rtFEbmJy| JyTGI_NQJG��� � M�TVK�I_DLNQP��EDGFE\�K�|�

� � � MOJy| JyTGI_NQJ7��Z[J�q�Z[H�I_b8|�R�JLI_H~n/$�DLPUN TGK�IiTGZ[NQI?I��EPUb[R(TGZ[PUS�PEf>TGK�I?NQItFEJLR�DLI_HXJLR�DLf�FErCIiTVICN/\,I_DBM
FmTVR�DLI�
�TGK�IQ\+P1qjI_Dwb[PUFEH'TVPvTVK�I/H�Z��UICDLTGPUD?rtFES{^,I/r_FEb[r_R�bcFdTGI_Hp^�|pJLPUb�� Z[S���TGK�IQK�ItFdTir_PUS�H�R�rCTGZ[PUS
I&%&R�FmTGZcPESaFdJ�Z8T�Z[J�DLPUR(TGZ[S�ICb[|/H�PES�I?PES � ��� �� M � \ �EDGFEH�Idn
9;: �A:><=: ' L�@lBEca@ J=FIH	��N��*[^H ] � Z=LOHE[^HEB_V;]=BEg JMLONQPQFhHE[ �

&�\(TGZ[rtFdb�NQICTGK�P H�JiPE\+ICS{TGK�IQ\+PEJGJLZ[^�Z[b[Z8TO|zf�PED?DLI_NQPETGIQNQItFEJLR�DLI_NQI_S�TGJwPdf]JLR�DLf�Fdr_I/TGI_NQ\,I_DGFdTGR�DGICJ
FdS�HQFdDLI�q�Z[H�I_b8|YR�JGICH/Z[S$Z[S�H�R�JyTVDy|�
&NQI_H�Z[r_Z[S�I�FES�H$JLr_Z[I_S�r_I�fhPUD�H�Z8}~I_DLI_SUTA\�R�DL\+PEJLI_JCn�o�K�I�\�K�| JLZ[rtFEb
IC}+I_rCT>R�JLI_HwfhPUD5JLR�r�KwTGK�I_DLNQP��EDVFd\�K�Z[rANQItFdJGR�DLI_NQI_SUTVJ�Z[J�TGK�I �dFEDLZcFdTGZ[PESePdf�TVK�IjS&R�NY^+ICD5PEf�\�K�PETGPES�J
I_NQZ8TLTVI_H�\+ICD�JLR�Dyf�FEr_IeR�S�Z8TuFdTxTVK�I�q]F'�EI_b[I_S��ETGK r q�Z8TGKvTGK�IeTGI_NQ\,I_DVFmTGR�DGI�PEf5F$^�bcFdr���^+P H(|�
�o 
"FdJ
Z8TiZ[JC�UZ��UICSs^�| � bcFES�r � � JYbcFtqen �OS{TGK�Z[JiJLI_rCTGZ[PUS{TVK�IQ\�K�PdTVPESsfhPUDLNYR�bcFdTGZ[PES'Z[J?R�JGI_Hs^+ICrtFER�JLI/TVK�I
K�Z2�UK�JGI_S�JLZ8TGZ��&|aH�ICTGI_rCTGPEDGJufhPUDuPE\�TGZ[rtFdb�TGI_NQ\+I_DGFmTVR�DLIiNQItFdJLR�DGI_NQI_SUT�FEDLIi\�K�PETGPESXFES�HzS�PdT`\+P1qjI_D
JLI_S�JLZ[TGZ��EIdnAo�K�Iir_PEDLDGICJG\,PUS�H�Z[S��kfhPUDLNYR�bcFdTGZ[PUS�PEf � bcFES�r � � JubcF1q Z[J �
 uF � } � r �)(+*-, �.0/ �> � F2143-56-798�: � �� K�I_DLI�;aZ[J � blFdS�r�� � Jur_PUS�JyTVFES�T�
 � TGK�I?JL\+ICI_HzPEf�b[Z2�EK�T�FdS�H z TGK�I 	 PEb8T � N�FdS�Svr_PES�JyT�FdS�T_n
o�K�IgI_NQZ8TLT�FdS�r_I  F PEf?DGI_FEb`N/FdTGI_DLZcFEb[JQZ[JvFdb[qxFt| J�bcICJGJ�TGK�IX^�bcFdr���^+P H(| I_NQZ8TLT�FdS�r_I�
  uF n o�K�I
I_NQZ[JLJGZ�� Z8TO| 
 Z[J�F$NQItFEJLR�DLI?Pdf�K�P q FkDGI_FEb JLPER�DGr_I?PEf�DGFEH�ZcFmTGZcPES�rCPUNQ\�FEDLI_J�q�Z8TGKaFk^�bcFEr �&^,P H(|En
 F � } � r �)( 
 � } � r �  uF � } � r �
o�K�IeI_N/Z[JLJLZ�� Z8TO|�rtFESa^,IeTGI_NQ\,I_DGFdTGR�DLI?FdS�H�q]F'�EI_b[I_S��ETGKzH�I_\,I_S�H�I_S�T_n
o�K�IeDGI_bcFmTGZcPES�^,ICTOqjI_I_SzTGK�IeqxF(�EI_b[I_S��dTVK�PEf�N/F � Z[NYR�N I_NQZ8TLT�FdS�r_I?FdS�HvTGK�I?^�bcFdr��&^,P H(|/TVICN/\,I_DBM
FmTVR�DLI?Z[J]TGK�I � Z[I_SvH�ZcJL\�bcFErCI_NQI_S�T�bcFtq � � Z[I_S � J�bcF1q	� �r �F } ( ^ �15�5<� �>=
$�Z2�UR�DLI �wn��2�QJGK�P1q�J`Fkr_PES�TGPUR�D�\�b[PET�PEf5TGK�IiFd^+P(�EI?I&%�R�FdTGZ[PUS~n � Z[I_S � J�bcFtq Z[J�Z[S�H�Z[rtFdTGI_H~n
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$�Z2�UR�DLI �wn��2��n�� � PUS�TGPER�Dp\�b[PdTgPEfQTGK�I JG\,I_rCTGDGFEb$I_NQZ8TLTVFES�r_I �  uF � } � r � 
 � bcFdS�r�� � JpbcFtq/��n o�K�I
H�FdJLK�I_Hzb[Z[S�I�Z[S�H�Z[rtFdTGI_J � Z[I_S � J�bcFtqen

$�DGPEN � Z[I_S � JwbcFtq FES�H $>Z2�(n �in��2�zZ8TifhPUb[b[P1q�J?TGK�FdTiTVK�IQq]F'�EI_b[I_S��ETGK3Pdf�N/F � Z[NYR�N I_NQZ8TLT�FdS�r_I
PdfjFQ^+P&H(|XFdT`DLP PEN TVI_NQ\,I_DGFdTGR�DLIwZ[J�FmT�FE^,PUR(T �( �� � n�o�K�IYK�R�N�FdSXIC|EIYJyT�FdDLTGJ`TGP�H�ICTGI_rCT�K�ItFmT
DGFEH�ZcFmTVZ[PESXZ[fATGK�IQ^,P H(|gZ[JeFdT?FvTGI_NQ\+I_DGFmTVR�DLIkPEf]FE^,PUR(T �  � � rCPUDLDLI_JL\+PES�H�Z[S���TGP�F�N/F �(Z[NYR�N
q]F'�EI_b[I_S��dTVKpPEf ��� � nC�)TeZ[JeFdb[JGP�PE^1� Z[PUR�J�fhDGPEN $>Z2�(nC�wn��2��
~TGK�FdT�TGK�I � R �gPEfA\�K�PETGPUS�J�I_NQZ8TGTGI_H
FmT]F#�EZ��UI_S/q]F'�EI_b[I_S��ETGK��EFdDLZ[I_JjJyTGDGPES��Ub8|kq�Z8TGK/TGI_NQ\,I_DGFdTGR�DLIdnW�OS�r_DLItFdJGZ[S��wTGK�IuTVICN/\,I_DGFdTGR�DLI`fhDLPUN
DLP PUN TGI_N/\,I_DGFdTGR�DLIQTVP �  � � I_S�K�FdS�r_I�TGK�I�I_N/Z8TLTVFES�r_I�FmTkFaq]F'�EI_b[I_S��ETGK Pdf � � � � � ^�|{NQPUDLI
TGK�FES�F$f�FEr�TVPED�PEf �( �  n
o�K�I$JyTVDLPES��aS�PUS�b[Z[S�ItFED�H�I_\,I_S�H�I_S�r_I/PEfjTVK�I$I_NQZ8TLT�FdS�r_IkPES'TGK�IkTGI_NQ\+I_DGFmTVR�DLI$Z[J?F�\�DGPE^�b[I_N fhPUD
NQItFEJLR�DLI_NQI_S�TGJ�
 q�K�Z[rVK�DLI&%�R�Z[DLI`F?bcFdDL�EI�H(| S�FdN/Z[r�DGFdS �EIuFES�H�FC�EP P H$JLI_S�JLZ8TVZ�� Z8TO|�
 FdJjZ[J�S�PUDLN/FEb[b8|
S�I_r_I_JLJGFEDy|{Z[S{H�Z��EI_DyTVPEDiNQItFdJGR�DLI_NQI_S�TGJCn � NQItFdJGR�DLIQf�PEDeTGK�IQJLI_S�JGZ8TGZ�� Z8TO|'Z[JeTGK�IQr�K�FdS �EI/PEfjTVK�I
I_NQZ8TLT�FdS�r_Igq�Z8TVK TGI_NQ\+I_DGFmTVR�DLIpFEJaZ8TvZ[J�JLK�P q�S Z[S $�Z2��n �in��!" n � b[Z[S�ItFED�DLI_bcFdTGZ[PUS ^,ICTOqxI_ICS
I_NQZ8TLT�FdS�r_IwFdS�HaTVICN/\,I_DGFdTGR�DLI?qjPUR�b[HXDLI_JLR�b8T`Z[SXFQr_PES�JyTVFESUT�JLI_S�JLZ8TGZ2�&Z8TO|vq�K�Z[rVKXZcJuPES�b8|vfhPUR�S�HgFdT
K�Z2�UK{q]F'�EI_b[I_S��ETGK�J$FES�HsTVICN/\,I_DGFdTGR�DLI_JkFd^+P(�EI "� � � n � I_S�ICDVFdb[b[|�
>TGK�I�JLI_S�JLZ[TGZ�� Z8TO|pfhPUDYF��EZ��UI_S
q]F'�EI_b[I_S��dTVKzZ[S�r_DLItFdJGICJ�q�Z8TVKvTVI_NQ\,I_DGFdTGR�DLIdn
�)f`PUS�b8|sFXJLN�Fdb[bxH(| S�FdN/Z[r�DGFES��EI�Z[JYS�I_I_H�I_H-
jTGK�Z[JkIC}~ICrCT$Z[JYS�I��Ub[Z2�EZc^�b[I�
�^�R(T'
jZ[S
TGK�Ivr_FEJLIvPdf�F
H�Z��UICDLTGPEDAH�ZcF��ES�PUJyTGZ[r]q�K�Z[r�K �UICS�ICDVFdb[b8|YH�I_N/FES�H�JAF?bcFED��EI�H(| S�FENQZ[r�DGFES��EI�
 Z8T�Z[J�TGDLPUR�^�b[I_JLPEN/Idn�o5P
Z[b[b[R�JLTGDGFdTGIiTGK�Z[J�
 $�Z2��n4�in�� �vJLK�P1q�JeTGK�I$rVK"FdS��UI$Z[SgTGI_NQ\+I_DGFmTVR�DLIYq�K�Z[r�KpZ[JeS�ICr_I_JLJVFdDy|pTGP�Jyq�Z8TGr�K
PES�Ie^�Z8T�PEf�F �( k^�Z[TA� ��� n�o]K�I?\�FEDGFENQICTGI_D�Z[J]TGK�IeN�F �(Z[NYR�N Pdf5TGK�IeTGI_NQ\+ICDVFmTVR�DLIeDVFdS��UIdnW�)TuZcJ
FdJGJLR�NQI_H�TGK�FdT�TGK�IB�( k^�Z8T�DGFES��UIePEf5TGK�II� ��� Z[J ��TLTGI_H�TGPkTVK�IeH(| S�FENQZ[r�DVFdS��UImn
o�K�I�H�ICTVICrCTGZcPES?qxF'�UI_b[I_S��dTGKwJGICbcICrCTGI_HwZ[J4� � � � � 
mr_PEDGDLI_JL\,PUS�H�Z[S���TVP]TVK�I�R�\�\+I_D I_S�HiPEf TVK�I�JG\,I_rCTGDGFEb
DLI_JL\+PES�JGI�Pdf+FES �OS � ^QH�ICTGI_rCTGPUD�
Uq�K�Z[r�K$Z[J>PEflTGI_S$R�JGI_HkfhPED>TGK�I_DLNQP��EDVFd\�K�|YJy| JyTGI_NQJ_n $"PED>I���FdN/\�b[I�

Z8f]FvH�|&S�FENQZ[r$DVFdS��UI$Pdf �!"� � � Z[J?DLI&%&R�ICJLTGI_H-
>TGK�I$TGI_NQ\+I_DGFmTVR�DLI$r�K�FdS��UI/\+ICD?^�Z8TiZ[J �! � � FdT
DLP PUN TVICN/\,I_DGFdTGR�DLIeZ[Svr_PUS�TGDGFEJyT�TGP  (n � � FdT]TVK�IeR�\�\,I_D�b[Z[NQZ8Ttn
o5P3N/F �(Z[NQZ � I�TGK�IgJLI_S�JLZ8TVZ��&Z[T)| FdT�b[P q�TGI_NQ\,I_DGFdTGR�DGICJ�F
H�ICTGI_rCTGZ[PES qxF'�UI_b[I_S��dTVK Fd^+P(�EI*�( �� �
Z[Jv\�DLICfhI_DLDGICH FES�H TGK�IpH(|&S�FENQZ[rgDVFdS��UI'K�FEJ�TVP3^+IpFdH"Fd\(TGI_H6TGP TGK�IpFErCTGR�FEb�TGI_NQ\+I_DGFmTVR�DLIg^�|
r_PES�TGDGPEb[b[ZcS��iTVK�IeZcSUTVI��UDGFdTGZ[PUS�TGZcNQI�PEf5TGK�IeH�ICTVICrCTVPEDCn
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$�Z2�UR�DLI �wn��	�(n�� 	 I_rCI_JLJVFdDL|'TGI_NQ\,I_DVFmTGR�DGIQrVK�FES��UI$TGPaJLICTiTGK�IQb[P1qxI_JyTiJLZ2�US�Z ��rtFdS�T?^�Z8T?PEfxF)�! v^�Z[T� ��� fhPED�H�Z8}+I_DLI_S�T�H(|&S�FENQZ[reDGFES��EI_JCn
9;: �A:��f: ��NRB_VYL @ PQZ(Vb@dNGB�N��*PELOHE[ � �qV LO] X=F Z=BED
	 DLI_NQJLJLTGDGFEK�b[R�S��QZ[J�\�DGP H�R�rCI_HXZ[S�JLZ[H�IeTGK�Ii\�bcFdJGN/Fkr_PEb[R�N/SaFES�HaZ[SaH�I_S�JLIYDGFEH�ZcFmTVZ[S�� � PES�I_J�
+b[Z �dI$ � � $ � J�
�Z[S'TVK�I/I_H��EI�\�bcFEJLN/F(n ��TVJiZcSUTVICS�JLZ8TO|'Z[JiI_JLJLI_S�TGZcFEb[b8|'\�DLPU\,PUDyTGZcPES�FEb>TGPaTGK�I/J�%&R�FdDLI�Pdf
TGK�IiFmTVPENQZcr�S&R�Nw^+I_D�
��U
�TVK�IeI_b[I_rCTGDLPUSzFdS�HaZ[PUSvH�I_S�JGZ8TO|�
 �-> 
 �	� 
"FES�HaZ[S1�EI_DLJLI_b8|�\�DLPU\,PUDyTGZ[PUS�Fdb~TGP
TGK�I?J�%&R�FdDGI?PEf5TGK�IeqxF'�UI_b[I_S��dTGK 
 r �

R| �> �������� ��� ���. ��OSgTGK�I$fhPEbcb[P1q�Z[S��/TVK�Ikr_PES�TGDLZc^�R(TGZ[PUS'Pdfj^�DLI_NQJLJLTGDGFEK�b[R�S��vTGPvTGK�IkTGI_NQ\+I_DGFmTVR�DLIkNQItFEJLR�DLI_NQI_S�T?ZcJ
I_JyTGZ[N�FmTGI_H~n $"PED$TVK�Z[J�
�TGK�IzI_NQZ8TLTVFES�r_IaPdfiFp^�bcFEr �&^,P H(| FdT�F��UZ��EI_S TVICN/\,I_DGFdTGR�DLIXFES�H qxF(�EI�M
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b[I_S��ETGKgZ[J`rtFEb[r_R�bcFmTVICHgFES�HpFES'FdH�H�Z[TGZ[PUS�Fdb�r_PES�TGDGZ[^�R(TGZ[PUSXPdfj\�K�PdTVPES�J�H�R�IYTGP�^�DLI_NQJLJyTVDGFdK�b[R�S���ZcJ
FdH�H�ICH�nuo�K�Z[J`JGR�N�Z[J`FEJLJLR�NQI_HXTVP/^,IiTGK�IwNQItFEJLR�DLI_HzTGI_N/\,I_DGFdTGR�DLIwZ[S(f�PEDLN�FmTGZ[PUS�q�K�ZcrVKXZ[JuR�JGICH
TGP$rtFEb[r_R�bcFmTVI�TGK�IeTGI_NQ\+I_DGFmTVR�DLIeFEJ�Z8T]q�Z[b[b�^,I�H�PUS�I?Z[S�TVK�I�TGK�ICDGNQP��UDGFE\�KU|vNQItFdJGR�DLI_NQI_S�TGJCn
o�K�IxPEDLH�I_D5PEf�TGK�I � R �iPEf�\�K�PETGPES�J>H�R�IATVPu^�DLI_NQJLJLTGDGFEK�b[R�S��`Z[J�T�F �EICSwf�DLPEN TVK�I ��� � �� M	�u\��UDGFEH�I$ � � $ � NQItFdJGR�DLI_NQI_S�TGJ�FdT �  � {S�N FdS�H TGK�I_S JLrtFEb[I_H TGPsTGK�IzH�ICTGI_rCTGZ[PES qxF'�UI_b[I_S��dTGK6R�JLZ[S��
Fd^+P(�EI?I&%&R�FmTGZcPES~n $�Z2��nW�in�� � JGK�P1q�J�TGK�I?r_PES�TGDLZ[^�R(TGZ[PESvPEf�^�DLI_NQJLJyTVDGFdK�b[R�S��kfhPUD�FYTGK�I_DLNQP��EDVFd\�K�|
H�ZcF��ES�PUJyTGZ[r�NQItFdJGR�DLZ[S��QFdT � � � � � n

λ     = 4.7 µmdet
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$�Z2�UR�DLI �wn�� � n���
jPUS�TGDLZ[^�R(TVZ[PESkPEf,^�DLI_N/JLJyTGDVFdK�b[R�S��eTGPeTGK�I�rtFdbcrCR�blFmTGI_HYTGI_NQ\+I_DGFdTGR�DLIdn�o�K�I�\�FdDGFENkM
I�TVICD�ZcJxTVK�Ie^�blFdr���^+P H(|�TGI_NQ\+I_DGFmTVR�DLI�
 } � 
R| �> ��� (  1��n

o�K�Iu\�FEDGFdN/I�TVI_D�Pdf+TGK�I�r_R�D+�UICJxZ[J�TGK�I�TGI_NQ\+ICDVFmTGR�DLI�Pdf+TGK�I�^�bcFEr �&^,P H(| � 
R| � > ��� (  1��n�o]K�I�ICDGDLPED
Z[S3rtFdb[r_R�bcFdTGZ[S��aTGK�I�TGI_NQ\+I_DGFmTVR�DLI�ZcJYPES�b8|
JLZ2�US�Z ��rtFdS�TkFmT$b[P q TGI_NQ\+I_DGFmTVR�DLI_JCn 	 I_r_FER�JLI�PEf�TVK�I
JyTVDLPES��wZ[S�r_DLItFEJLI`PEf�I_NQZ[TLTVFES�r_I�q�Z[TGKQTGK�I�^�bcFdr��&^,P H(|kTGI_NQ\+ICDVFmTVR�DLI�
(F?TGI_NQ\+ICDVFmTGR�DLIuDLZ[JGIuPdf�F?fhICq
TGI_S�J�PEf�H�I��EDLI_I_JuN/F��dI_J�TGK�I?r_PES�TGDGZ[^�R(TGZ[PUS�PEf�^�DLI_NQJLJLTGDGFEK�b[R�S��QS�I��Ub[Z2�UZ[^�b[Idn
o�K�IYTGI_NQ\+ICDVFmTVR�DLIwq�K�ICDGIkTGK�Ik^�DGICN/JLJyTGDVFdK�b[R�S ��N/Ft|z^+IYS�I��Ub[I_rCTGI_H'H�I_\,I_S�H�J?PESgTGK�IkH�ICTGI_rCTGZ[PUS
q]F'�EI_b[I_S��dTVK~n�$�Z2�(n4�in�� � JLK�P q�J?TVK�Ik^�bcFdr��&^,P H(|XTGI_NQ\+ICDVFmTGR�DLI�
 } � ���> 
 q�K�I_DLIQTGK�Ikr_PES�TGDGZ[^�R(TGZ[PUS
PdfA^�DLI_NQJLJLTGDGFEK�b[R�S���TGPQTGK�IYrtFEb[r_R�bcFmTVI_H�TVI_NQ\,I_DGFdTGR�DLI�
 } ����� � 
~Z[Jub[P1qxI_D`TGK�FESE�( � FEJ�FQf�R�S�rCTGZ[PUS
Pdf5TVK�I�q]F'�EI_b[I_S��ETGK~n
9;: �A:��f: ' L�@lBEca@ J=FIH	��N��*[^H ] � Z=LOHE[^HEB_V
o�K�I_DLIgFEDLIaTOqjP
\�DLZ[S�r_Z[\�b[I_JQfhPED/PE\(TGZcr_FEb�NQItFdJGR�DLI_NQI_S�T�PEf�TGI_NQ\+ICDVFmTGR�DLI_J � ��!�$NQItFdJLR�DLZ[S��pTVK�I
I_NQZ8TLT�FdS�r_I�
 �65��xNQItFEJLR�DLZcS��kTGK�I?DGFmTVZ[PkPdf5TVK�IeI_NQZ8TGTVFdS�r_I�fhPUDxTOqxPQH�Z8}~I_DLI_SUT�q]F'�EI_b[I_S��ETGK�JCn
��@���uJGZ[S��wI %&R�FdTGZ[PUS$fhPUD�TGK�IuICN/Z8TLTVFES�r_IuFdS�H/TVF �&Z[S��iZ[S�TGPwFdr_r_PUR�SUTxTGK�IuDGICJG\,PUS�JLI`PEf+TVK�I`H�ICTGI_rCTGPED
FdS�H TGK�I'I_b[I_rCTGDGPES�Z[r_J�
 � 
]TGK�I'PU\(TGZ[rtFEb �EI_PUNQICTGDy| PEf?TVK�I'Jy| JyTVICN 
I$ 
�FES�H6F r_PES�TGDLZc^�R(TGZ[PUS Pdf
^�FEr �S�EDGPER�S�H'I_NQZ[TLTVFES�r_I@
�� u�� � 
~q�K�ZcrVKgZ[J�FdJLJGR�NQI_HgTGP�^,IYr_PES�JLTVFdS�T�
�TGK�I_SXTGK�IYPUR(TG\�R(T�JGZ2�ES�FEb5Pdf
TGK�I?Jy| JyTGI_N Z[J �
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$�Z2�UR�DLI �wn�� � n�� � FdDGFENQICTGI_D�DGI��EZ[PUS-
~q�K�I_DLIkTGK�Ikr_PUS�TGDLZ[^�R(TVZ[PESXPEfj^�DGICN/JLJyTGDVFdK�b[R�S���Z[J�b[P1qjI_D�TGK�FES�( � n
� � � � ( ��� 
  uF � } � r � � � u�� �

]Fdb[Zc^�DGFmTVZ[S���TGK�I]H�ICTGI_rCTGZ[PUSYJy| JyTGI_N F��UFEZ[S�JyT5TGK�IjTVICN/\,I_DGFdTGR�DLIxPdf"F�^�bcFdr��&^,P H(|�
ETGK�Ixr_PES�TGDLZc^�R(TGZ[PUS
Pdf,TGK�I�^�FEr �S�EDGPER�S�H�FdS�HkTGK�I]\�DGP H�R�rCTAPdf,TGK�IuFEDLDGFES��EI_NQI_S�T�H�I_\,I_S�H�I_S�Tj\�FEDGFENQICTGI_DLJ�
]$ � 
UrtFdS$^+I
H�ICTGI_DLNQZcS�I_H~n �)f�S�PETxFi^�bcFEr �&^,P H(|�
 ^�R�T]FiH�Z��UICDLTGPEDyM)bcZ �dIuFEDLDGFES��EI_NQI_S�TxZcJAR�JLI_H-
(TGK�I`I_NQZcJLJLZ�� Z8TO|�
 
 

Z[J�FdbcJLP$Z[S�r_b[R�H�I_H�Z[SvTGK�I?r_FEb[Z[^�DVFmTGZ[PUS~n
�65�� $ ItFdJLR�DLZ[S��QTVK�Ii\�K�PdTGPUS � R �XFmTuTOqxP�H�Z8}~I_DLI_SUT�qxF'�UI_b[I_S��dTGK�JeFdS�HaT�F �&Z[S��QTVK�IiDVFmTGZcPQPdf�^,PdTVK
NQItFEJLR�DLI_NQI_S�TGJ�I_b[Z[N/Z[S�FmTVI_J�TGK�IkFdDGDGFdS��UI_NQI_S�T�\�FdDVFdNQICTGI_DGJ�FdS�HgTGK�IYI_NQZ[JLJLZ2�&Z[T)|�
+\�DGP(�&ZcH�I_HXTGK�IC|
FdDGI�q]F'�EI_b[I_S��ETGKzZ[S�H�I_\,I_S�H�I_S�T �
�-� } �)( 1�� ����� 1 � � .	� : � � 
 5 6 :1�� ����� 1 � � . � : � � 
 5 6 : ( � 
� 1 � � .
� :� 
� 1 � � . � :� TO|&\�Z[rtFdbxrVK�FES��EI�Pdf�TGK�I�Z[S�TGI_S�JLZ8TO|sDGFmTVZ[P�
W���ho	�7
�q�Z8TGKsTGI_NQ\+ICDVFmTVR�DLI�Z[JwJLK�P1q�S3ZcS $�Z2��n �wn�� � n
o�K�IQq]F'�EI_b[I_S��ETGK�JkR�JLI_H FdDGI/r_PES(f�PEDGN q�Z8TGKsTGK�I/T)qxPXDLI��UZ[PES�JiPEf]JG\,I_rCTGDGFEbjDGICJG\,PUS�JLI/f�PEDwF � Z[b[Z�M
r_PES � � ICDGN/FdS�ZcR�N JVFdS�H(q�Z[r�K�H�Z[P H�ImnW�OSzFd^+P(�EIeI&%�R�FdTGZ[PUS�TVK�IeDVFdH�ZcFdTGZ[S��kFEDLItFYZ[J�FdbcJLPkI_b[Z[NQZ[S�FdTGI_H
FdS�HvJLPYTVK�I�TOqxPkqxF(�EI_b[I_S��dTVK�N/ICTGK�P H�N/F1|/^,IeR�JLI_HaZ[S�\�DGZ[S�r_Z[\�b[IuTVPkNQItFdJLR�DGI�TGK�I�TGI_NQ\+ICDVFmTGR�DLI
Pdf�JGN/Fdbcb+K�PET`FdDLItFEJ�Z[S�FQbcFdDL�EI���I_b[H�PEf �&Z[ICqen
9;: �A:��A: 9*c{c Z=LO](c �T]=BEg c{]MFd@ PELO] V�@INGB
o�K�I_DLNQP��EDVFd\�K�|zJy| JyTGI_NQJ�R�JLI_HXfhPUD`NQPUS�Z8TGPUDLZ[S��kTGK�IwJGR�Dyf�FEr_IwTGI_NQ\,I_DGFdTGR�DGIiPEf�Z[S M �EI_JLJGI_b>r_PENQ\+PmM
S�I_S�TGJYZ[S{FEH�H�Z8TGZ[PUS'TVPzFESD� � H�ICTGI_rCTGPEDiq�Z8TGKsZ[N/F��EZ[S ��PU\(TGZ[r_JirCPUNQ\�DLZcJLIQPEf�FH�dFEr_R�R�N q�Z[S�H�P1q
FdS�H'F/DLI_bcF1|aPU\(TGZ[r_JCn#�`b8TGK�PUR��EKXNQP H�I_DGSXrCPUNQNQI_DLr_ZcFEb[b8|�F'�dFdZcbcFd^�b[IC� � rtFdN/ICDVFdJeFdDLIYrtFEb[Z[^�DGFdTGI_H-

TGK�I/PE\(TGZcr_FEb>TGDVFdS�JGNQZ[JLJLZcPESpPEf]TGK�I/FEH�H�Z8TGZ[PUS�FEb>r_PENQ\+PES�I_S�TGJwK�FdJ?TGPz^+I$TVF��dI_SsZcSUTVPaFEr_r_PER�S�TwfhPUD
TGK�IiP(�UICDVFdb[b�rtFdbcZ[^�DGFdTGZ[PUS~nW�)f�TGK�I?TGDGFES�JLNQZ[JGJLZ[PUSvPUD�DLI � I_rCTGZ[PESzPEf�TGK�Iir_PENQ\+PES�I_S�TGJuZcJ ��S�P q�S 
"TVK�I
S�ICq r_FEb[Z[^�DVFmTGZ[PUS/f�FdrCTGPUD�rtFdSz^+IertFdbcrCR�blFmTGI_H~n ��b8TGI_DLS�FdTGZ��EI_b8|�TGK�I?q�K�PEb[IC� � Jy| JyTGI_N�R�JLI_HXPUSvTVK�I
I��(\,I_DLZ[NQI_S�TuK�FEJ�TGPQ^,I?rtFdb[Zc^�DGFmTVI_H�F��UFEZ[S�JyTuF$^�bcFEr ��^,P H(|vJLPER�DLr_I?I_Z8TVK�ICD�ZcS�TVK�IebcFE^,PUDGFmTVPEDL|�^,I�M
fhPUDLIeZ[S�JyTVFEb[bcFdTGZ[PUSQPED]Z[SvJLZ8TGRaFdTxTVK�IeI��(\,I_DLZ[N/ICS�T_n &�S�r_I�TVK�I�b[Z[S�ItFEDLZ8TO|QPEf�TGK�IeH�I�TVICrCTVPED�K�FEJ�^,I_I_S
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$�Z2�ER�DLI �in�� � n � � NQZ8TLTVFES�r_I�DVFmTGZcP�
�� ��o	�7
,FdJuFYf�R�S�rCTGZ[PES�PEf5TGK�Ie^�bcFdr���^+P H(|�TGI_N/\,I_DGFdTGR�DLIdn

rVK�ICr��dI_HXTGK�I?rtFEb[Z[^�DGFdTGZ[PUS�Z[J�FkTOqxP/\+PEZ[S�TurtFdb[Zc^�DGFmTVZ[PES�q�Z8TGK�$ � FdS�H � u�� � FEr�TVZ[S��/FEJ�r_FEb[Z[^�DVFmTGZ[PUS
f�FErCTGPEDGJCn

]Fdb[Zc^�DGFmTVZ[S��kFdS � � rtFdNQI_DGFQPED�H�ICTGI_rCTGPUD`F���FdZ[S�JLT�FQ^�bcFdr���^+P H(|�JLPUR�DLr_I � 
 ( �@�7
�TGK�I?NQItFdJGR�DLZ[S��
I_DLDLPUD]FmT]K�Z2�EK/TGI_NQ\,I_DVFmTGR�DGICJ]Z[JxH�PUNQZ[S�FdTGI_H/^�|QTGK�I�ICDGDLPEDxPEf�TVK�I`^�bcFEr �Q^+P H(|QrtFdb[Z[^�DVFmTGZcPESQFES�H�ZcJ
Fd^+PER(T � ��n/�]T�b[P1q TGI_NQ\+I_DGFmTVR�DLI_J�
+TGK�IwI_DLDGPEDuH�R�IwTGP/TGK�IY^�FEr �S�EDGPER�S�HzTVICN/\,I_DGFdTGR�DLI �lTVICN/\,I_DBM
FmTVR�DLIQPEfjTVK�I/PU\(TGZ[r_J��eZ[J?H�PENQZ[S"FmTGZ[S �(n �OS{\�DVFdrCTGZ[r_I�
�FdH�H�Z8TVZ[PES�FEb>R�S�r_I_DyTVFEZ[S�TGZ[I_JiPdfxTGI_NQ\+ICDVFmTGR�DLI
NQItFEJLR�DLI_NQI_S�TGJ�FdDGI�rtFdR�JLI_Hv^�|�PETGK�I_D]DLItFdJGPES�J�
�JGR�rVKzFdJ �/��!�jR�S�r_I_DyTVFEZ[S�TGZ[I_J�Pdf TGK�I�I_NQZ[JLJGZ�� Z8TO|/Pdf
TGK�I]TVFED��UICT�FdJ�fhR�S�rCTGZ[PUSkPdf,TGK�I]TGI_NQ\+ICDVFmTGR�DLI�FdS�HkTVK�I�JLR�Dyf�Fdr_I�JyTGDGR�r�TVR�DLI�q�K�Z[r�K$N/Ft|w^,I�r�K�FdS��UICH
^�|�\�FEDyTGZ[r_b[I?FdS�H�S�I_R(TGDGPESaZ[NQ\�FErCT�FEJ]qjI_b[b�FEJ�^U|vH�I_\,PUJLZ8TGI_HabcFt|UICDGJCn
�65���H�I��UDGFEH�FmTGZcPES/PEf TGK�I`PU\(TGZ[rtFEb"TGDGFES�JLN/Z[JLJLZ[PUSQPEf�TVK�I�Jy| JyTVICN ^�|/r_PUFdTGZ[S��UJxPEDjS�ICR�TGDLPUS�H�FEN/F��UIdn
��^1�xK�PdT�JL\+PdTuDGFEH�ZcFdTGZ[PUS/fhDGPEN PETGK�I_D�b[P r_FdTGZ[PUS�J]Pdf5TGK�I?Z[S�S�I_D�q]Fdb[b�DLI � I_rCTGI_HXFmT�TGK�IeTVFED��UI�Ttn
� �S�B^�DLI_NQJGJyTGDGFEK�b[R�S���n
o�K�Izr_PES�TGDLZc^�R(TGZ[PUS�J ��@�$FdS�H �65��$DLI_H�R�r_IzTGK�IaDLI_r_I_Z��EI_H JLZ �ES�FEb�fhDLPUN�TGK�IaTVFED��UI�T�FdS�H K�F(�EIzTGP
^,IpTVF��dI_S Z[S�TGP FEr_r_PER�S�Tzq�K�ICS I��dFEb[R�FmTVZ[S��3TGK�IpJGZ2�ES�FEb6
`q�K�ICDGItFdJ*��^1�vFES�H � �1��Z[S � R�I_S�r_IpTVK�I
^�FEr �S�EDGPER�S�HaTGI_DLNan
o�K�IeI_DGDLPED�PEf5TGK�IeTGI_NQ\,I_DGFdTGR�DGI�rtFdbcrCR�blFmTGZ[PUSvZ[J �
� �� ( . �� � � ���� � � 1���� :1���� : �

>	� F 1 5 �798�: � �>	� F21 5 �798 :
o5P{N/ICICTvFpDLI&%&R�Z[DLI_NQI_S�T�PEf4�! �� TGI_N/\,I_DGFdTGR�DLIzI_DLDLPUD �65�"� � FdT 5 �  � � �7
�TGK�IzJLR�N Pdf�TVK�I
R�S�r_I_DyTVFEZ[S�TGZ[I_JYPdf�I_NQZ[JGJLZ�� Z8TO|�
�TVDGFES�JLNQZ[JGJLZ[PES-
�FES�H
TGK�I�rtFEb[Z[^�DGFdTGZ[PUS{FErCr_R�DVFdrC|sJGK�PER�b[H3^+I�FE^,PER�T"� �� fhPUD�FQJy| JyTGI_N NQItFEJLR�DLZ[S��QFdTI�2� � FES�H)�! �� FdT � � "<� � 
�DLI_JL\,I_rCTGZ��UI_b8|���$>Z2�(nW�in 5� ���n��TO| \�Z[rtFdb�r�K�FdS��UIiPEf�TGK�IwI_NQZ[JGJLZ�� Z8TO|�PEf �EDVFd\�K�Z8TVI�q�Z8TVK�TVI_NQ\,I_DGFdTGR�DLIwFdT�F � �(ICHzq]F'�UICbcICS��ETGKgZcJ
Fd^+PER(T � ��
>FES�HsTGK�IJ�dFEDLZcFdTGZ[PUS'Pdf]TGK�I/I_NQZ[JLJGZ��&Z[TO|gfhPUD?H�Z8}~I_DLI_SUT �UDGFd\�K�Z8TGI_J�
�q�K�Z[rVK
N/Ft|p^+I/FES
Z[S�H�Z[rtFdTGZ[PUSvf�PED`TGK�IYZ[S � R�I_S�r_IYPdf �EDGFE\�K�Z8TGIwbcFt|UI_DLJ�^�R�Zcb[H�Z[S��QR�\-
 Z[JuPdf�TGK�IYPEDGH�ICD�Pdf �( ���n�o]K&R�J�

FvDLI&%�R�Z[DLI_NQI_S�T?PEf	�! �� FEr_r_R�DGFdrC|'ZcJ�NQICT�ItFEJLZ[b8|zfhPUDeFvJy| JyTVICN NQItFEJLR�DLZ[S���FdT �2� � n � P qjI��EI_D�

TGK�I�JL\,I_rCTGDVFdbxDGFES��EI�Pdf	^ � 5<� � TGP � ��� � � Z[JwS�ICI_H�I_H3TGPXNQI_ICTwTGK�I�DLI&%&R�Z[DLI_NQI_S�TkPdf�NQItFdJGR�DLZ[S��

5�5�5



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

λ = 1.17 µm
λ = 1.76 µm

λ = 3.52 µm

∆T = 40 K

∆T
 T

= 0.1 {
{

$�Z2�UR�DLI �wn 5� (n��"o�PUb[I_DGFE^�b[I�rtFdb[Z[^�DGFmTVZ[PESYI_DLDLPUD�f�PEDjF�DGI %&R�Z[DGICH�Fdr_r_R�DGFErC|$Pdf �( �� FdS�H �� � 
UDGICJG\,I_r�M
TGZ��EI_b8|En

H�P1q�S�TGPYDLP PEN TGI_NQ\+ICDVFmTGR�DLIdn�o]K�ZcJxDGI %&R�Z[DGI_J]FwK�Z2�UK�I_DxFEr_r_R�DGFdrC|vFdS�H�Z[S�JLZ[TGR�rtFEb[Z[^�DGFdTGZ[PUS~n5o�K�Z[J
rtFdSs^,IQH�PUS�IQ^�|'NQPUS�Z8TGPUDLZ[S��vZ[Sp^+ICTOqjI_I_S
H�ZcJLrVK�FED��UI_JeTGK�I$TGI_NQ\,I_DVFmTGR�DGIQPdfxTGK�IQTVFdDL�EICTi\�bcFmTVICJ_n
o5P$F'�UPEZ[HvFiH�I�TVICDGZ[PEDVFmTGZcPES/PEf�TGK�I�rtFEb[Z[^�DGFdTGZ[PUS$^�|�^�FEr �S�EDGPER�S�H�DGFEH�ZcFmTVZ[PES/Z8TxZ[JxS�I_r_I_JLJGFEDy|�ZcS/TGK�ZcJ
rtFdJGIkTGP �dI_I_\pTGK�I$TGI_NQ\,I_DGFdTGR�DGIkPdf�TVK�IkTVFED��EICTeqjI_b[bAFd^,P!�EIkTGK�IYTVI_NQ\,I_DGFdTGR�DLI$PEf�TVK�I$PE\(TVZ[r_JCn4�)f
TGK�Z[J]Z[J]S�PET�\,PEJGJLZ[^�b[I�
�FdS�FdH�H�Z[TGZ[PES"Fdb,N/ItFdJLR�DGICN/I_SUT�NYR�JyT�^+I�\,I_DLfhPEDGNQI_H�R�JGZ[S��$FYK�ItFmTVICH�TVFED��UICT
Pdf �&S�P1q�SzI_NQZ[JGJLZ�� Z8TO|/\�bcFEr_ICHzFdT�TGK�I?\,PEJGZ8TGZ[PUS�PEf5TGK�I?ICS�TGDVFdS�r_IiJyTGPU\~n

9;: �A:��A: �*H ] V��$Z�� c{]MFIc5Z=Fh] V�@INGB
o�K�IAK�I_FdT�b[PUFEHeTGP�TGK�IjH�Z��EI_DyTVPED�K�FEJ�TGPu^,IAH�I_DLZ��UICHw^�|eJGI_FEDLr�K�Z[S��uTGK�IjZ[S1�EI_DLJGIjJGPEb[R(TVZ[PES?Pdf TGK�IjK�ItFmT
r_PES�H�R�r�TVZ[PESzI&%&R�FmTVZ[PES~n�o5P/H�PQTVK�Z[J�
"TGK�Ii^,PUR�S�H�FEDy|zFdS�HzZ[S�Z8TVZcFdb~r_PES�H�Z8TVZ[PES�J`K�F'�EIiTGP�^,I���S�P q�S�n
o�K�IQ^+PER�S�H�FEDy|gr_PES�H�Z8TGZ[PUS'FmT?TGK�I$^�FEr �&JLZ[H�I$M�TGK�IQK�ItFdTeTGDVFdS�JL\+PEDLTeZ[S�TGPvTGK�IQr_P PUb[Z[S���JLTGDLR�rCTGR�DGI
MuN/Ft|X^+I$H�ICTGI_DLNQZ[S�I_H'ZcSgTGK�I$bcFE^,PUDGFdTGPEDL|dnYo�K�I$^,PUR�S�H�FdDL|gr_PES�H�Z8TVZ[PES'FdT�TVK�IkfhDLPUS�TeJLZ[H�IYM�TVK�I
TGZ[N/I`I��EPUb[R(TGZ[PUS�PEf�TVK�I�JGR�Dyf�FEr_I�TGI_NQ\+I_DGFmTVR�DLIuMAZ[JxN/ItFdJLR�DGICH�^�|/TGK�I�TGK�I_DLN/P��UDGFd\�K�|�H�ZcF��US�PEJLTGZ[rdn�]TB��� � �� M	�u\��UDGFdH�I�TGK�I 5 � M	
xP H�I�o � � & � & � ��o � I_DLN/FEb � S�I_D��d| &�S�TGP � Z��EI_DLT7& � �eq]FdJ
H�I��EI_b[PU\,I_H�fhPUD�JLPEb�� Z[S��kTVK�I#5 � K�ItFmT�r_PUS�H�R�rCTGZ[PESa\�DGPE^�b[I_N �
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q�Z8TGKH�EI_PUNQICTGDy|vFdS�HaI_H��EI?r_PES�H�Z[TGZ[PUS�J]JGK�P1q�SzZ[S $�Z2�(nW�in 5]�En	 I_r_FER�JLIeTGK�I?K�ItFmT�r_PES�H�R�rCTVZ[PES�r_P I � rCZ[I_S�T � � } �jFES�H�TGK�I�K�I_FdT�rtFd\�FErCZ[TO| 
I�ho	�]Pdf5TVK�I �UDGFd\�K�Z8TGI
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x

y

2,8 cm
24,5 cm

radial

.toroidal

Tcoolant
L

q  = α (T      - T  )x meas. s

q  (L) = α (T(L) - T        )x coolant

top layer (infinitely thin)

$�Z2�UR�DLI �wn 5S�Un�� � I_PEN/ICTGDy|�FdS�HaI_H��EI?r_PES�H�Z8TVZ[PES�R�JLI_Hz^�|vo � � & � & � n � �jK�ItFdT�TGDGFES�Jyf�ICD�r_P I � M
rCZ[I_S�T_njW ��TGZ[b[I�TGK�Z[r���S�I_JGJCn

R�JLI_H ZcSZ��� � � � M	�u\��EDVFdH�IXFEDLIzJyTGDGPES��Ub8| H�IC\+I_S�H�I_SUTvPES TVI_NQ\,I_DGFdTGR�DLI�
uFdS IC}~PEDyT�qxFEJ�N/FEH�I
TGP F'�EPUZ[H TVK�I � DGI_ICS � J�f�R�S�rCTGZ[PES NQICTGK�P H q�K�Z[r�K Z[J�DLI_JyTGDLZcr�TVI_H TGP DGFdTGK�I_D�JGZ[NQ\�b[I��UICPUNQICTGDGZ[I_J
FdS�H F'b[Z[S�ItFdDYK�ItFdTQr_PES�H�R�rCTGZcPES I&%�R�FdTGZ[PUS~n3o5P{r_FEb[r_R�bcFdTGI�TVK�IvK�ItFdT � R � TGPgTGK�I�JLR�DLf�FErCIE� � � � 

Fs\�DLP r_ICH�R�DLIXqxFEJvH�I �UI_b[PE\+I_H q�K�Z[rVK6Z[J/^�FEJLI_H PUS FsH�Z[DLI_rCT�S&R�NQI_DLZ[rtFEbuJLPEbcR(TGZ[PUS PdfeTGK�IXK�ItFmT
r_PES�H�R�r�TVZ[PESvI&%�R�FdTGZ[PUS�f�PEDxTGK�I�q�K�PEb[I�^,P H(|/PEf�FwTGZ[b[Idn�o�K�I�NQItFEJLR�DLI_HvTGPU\�JLR�DLf�FErCI�TGI_NQ\+ICDVFmTGR�DLI
JLZ[N/\�b8|�^+I_r_PENQI_J�F�^,PUR�S�H�FEDy|Xr_PES�H�Z8TVZ[PES-
+q�K�Zcb[I?TVK�IkPdTVK�ICD�JLR�Dyf�Fdr_I_JertFESgItFdJGZ[b8|�^+IYTVF��dI_S'Z[S�TGP
Fdr_r_PUR�SUT�^U|aNQItFES�JuPdf � I��(Z[^�b8|�H�I_JLZ2�US�I_Hz^,PUR�S�H�FdDL|�r_PUS�H�Z8TGZ[PUS�J�
,Idn��(nuFdSXFEr�TVZ��EI_b8|�r_P&PUb[I_Ha^�Fdr��
JLZ[H�I$q�Z[TGK'S�PUSpZ[H�ItFEb>K�ItFmT?TGDGFES�JLNQZ[JGJLZ[PUS~nYo�K�I$Z[S�TGDGP&H�R�r�TVZ[PESpPdf]F � K�ItFdT?\+PdTGI_S�TGZcFEb � � H�I ��S�ICH
^�|
�B� } � ( �

�

�
; }�� � � }�� �

R�JLI_HzZ[Sv\�bcFdr_I?Pdf5TVK�I�TGI_N/\,I_DGFdTGR�DLIeo JLZcNQ\�b[Z ��I_J�Fd^+P(�EI?I&%�R�FdTGZ[PUS�TGP �
� � ( � � �� � � ��
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q�K�I_DLI � Z[J�TVK�I?TVICN/\,I_DGFdTGR�DLI�MOH�I_\,I_S�H�I_S�T�K�ItFmT�H�Z8}+R�JLZcPESar_P I � rCZ[I_S�T_n`o�K�IYFd^+P(�EIiTGDGFES�Jyf�PEDLN�F M
TGZ[PUSpZ[J?Pdf]r_PEN/\�R(TVFdTGZ[PES"Fdb�FEH��dFdS�TVF��UIQZ8fxTGK�IQ\,I_DLTGZ[S�I_S�T � I��(\,I_DLZ[NQI_S�TVFEb�H�FdTVFzFdDGI ��TLTGI_HsJLR�rVK
TGK�FdT �4�ho	�]^,I_r_PUNQI_JuF$JLZ[NQ\�b[I�FdS"Fdb8|&TGZ[rtFEb,f�R�S�rCTGZ[PES�n
o5PEDGPEZ[H�FEb5Jy| NQNQICTGDL|�ZcJ�FdJGJLR�NQI_HXf�PED`rtFEb[r_R�bcFmTVZ[S��/I_S�I_D��E| � R � ��\,P1qxI_D��`FES�HgH�I_\,PUJLZ8TGI_HgI_S�I_D��E|
fhDGPEN TGK�I_DLNQP��EDVFd\�K�Zcr�NQItFEJLR�DLI_NQI_S�TGJ5^�|?Z[S�TGI��UDGFdTGZ[S���P(�UICD�TVK�IjH�Z2�EI_DyTGPUD�\�bcFmTVICJ�FES�H?TGZ[NQIdn�o�K�ICJGI
FdJGJLR�NQ\(TVZ[PES�J�rtFES�^+I �UI_DLZ ��I_Ha^U|�r_P PEb[Z[S��wq]FmTVICD�rtFEb[PEDGZ[NQICTGDy|En

9;: �A:��f: �*H	��@hD`B c~NGB �b@dg=HELO] V�@INGB �
o�K�Ik\�K�PETGPESXI_NQZ[TLTVFES�rCIYFES�HXTGK�IYJL\+I_r�TVDGFEb>JLI_S�JLZ8TVZ��&Z[TO|aH�I_\+ICS�H�J�PUSXTGK�IYH�ICTGI_rCTGZ[PUSXqxF'�UI_b[I_S��dTGK
FdS�HXTGK�IYTGI_NQ\+I_DGFmTVR�DLIdn#�]T�q]F'�EI_b[I_S��ETGK�JiFd^+P(�EI �! <� � TVK�IkJLI_S�JLZ8TVZ��&Z[T)|zTVICS�H�J�TGPv^,I_r_PEN/IkrCPUS M
JyT�FdS�TeZ[Sgr_PUS�TGDGFEJyT�TVPvH�ICTGI_rCTGZ[PUSgq]F'�EI_b[I_S��ETGK�J?b[P1qjI_D�TGK�FdSE"	� � q�K�I_DLIQZ8T�Z[J�K�Z2�EK�b8|zS�PUS�b[Z[S�ItFEDCn
o�K�I/I_NQZ8TGTVFdS�rCI�FmT �( �� � Z[JiK�Z2�UK{I_S�PUR��EK{TGPz^,I�H�I�TVI_r�TVICH
q�Z8TGKpTGP H�Ft| � Jwr_FENQI_DGFEJCn �`S(fhPEDLTGR M
S�FdTGI_b8|�
�� � M)rtFENQI_DGFEJ�qjPUD �&Z[S��eFdTG�! <� � FEDLI]S�PEDGN/Fdbcb8|e^�FEJLI_H$PESQNQI_rVK�FES�Z[rtFdb[b8|?JLrtFES�S�ICH/Jy| JyTGI_NQJ
FdS�H�rtFESzS�PdTu^+IeR�JLI_HzZ[SaN/F��ES�ICTGZcr ��I_b[H�JCn � � M)rtFENQI_DGFdJ�q�Z8TVKvf�P r_FEb�\�bcFdS�IiFdDGDGFt| J`FdDGI?F'�EFdZ[bcFE^�b[I
fhPUD�TVK�II"<� � DLI��UZ[PES~n $�P rtFEb"\�bcFES�I`FdDGDGFt| J]FEDLI`R�JVFd^�b[I�Z[S/N/F��ES�ICTVZ[r ��I_b[H�JCn � JLI_rCPUS�H�FdH��dFES�TVF��UI
Pdf�TVK�I4�! <� � DLI��UZ[PESvZ[JxTGK�I �EFdS�Z[JGK�Z[S��kr_PES�TGDLZc^�R(TGZ[PUS�PEf�^�DLI_NQJLJyTVDGFEK�b[R�S��(n 	 R(T�^�DLI_NQJGJyTGDGFEK�b[R�S��
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Z[J�S�P`\�DGPE^�b[I_N�FmT "<� � Z8f(TGK�IjH�Z��EI_DyTVPED�TGI_NQ\+I_DGFmTVR�DLIjZ[J5Fd^+P(�EI �� � � FEJ5Z8T5Z[J fhPER�S�HiZ[SiH�Z[JGrVK�FED��EI_J
q�Z8TGK�b[P1q DGFdH�ZcFmTGZcPES~n

�����>� 1����4!��Y��� � 	_� ! %	� � ���"����� � �87
9;: �A:><=: 	 �(JRHEL�@C[^HEB_V
o�K�I`r_P PEb[ZcS��eq]FmTVICDxrtFdbcPEDLZcNQICTGDy|kJy| JyTVICN FmTG��� � �� M	�u\��UDGFEH�I`NQItFdJGR�DLI_JjTGK�I`K�ItFdTxb[P�FdH/PES/TVK�I
Z[S�S�I_D�q]Fdb[b�TVZ[b[I_J ��FdS�HzTGK�I#�dFdr_R�R�NN�UI_JLJLI_b �`\,PEbcPEZ[H�FEb[b8|�FES�HzTGPUDLPEZcH�Fdb[b8|�DLI_JLPUb��EI_H~n $�PUD�TGK�Z[J�
"TVK�I
Z[S�b[ICT�FES�H'DLICTVR�DLSgq]FmTGI_D�TGI_NQ\,I_DVFmTGR�DGICJ?FdJ�qjI_b[b>FEJ�TVK�IYqxFdTGI_D � P1q DGFmTVICJePdfxFdbcb�N�F��LPUD�r_P PEb[Z[S��
q]FmTGI_Dxr_Z[DLr_R�Z8TGJ]FdDGI`NQPUS�Z8TGPUDLI_H~nU��H�H�Z8TGZ[PUS�S�FEb[b8|�
�Fdb[JGP?TVK�IuTGI_NQ\+I_DGFmTVR�DLI_JxPEf JLPEN/I`JLI_b[I_rCTGI_H�ZcS�S�I_D
q]Fdb[b �EDVFd\�K�Z8TVI�TGZ[bcICJ�FEDLI?DLI_rCPUDLH�I_HafhPUD]TGK�IC��� � � � M	�u\��EDVFdH�IeJGFdfhICTO|vJy| JyTVI_N�n
o�K�IeK"FdDLH(q]FdDGI?r_PUS�JLZ[JyTVJ�Pdf

	 �@5 � � bcFmTVZ[S�R�N DLI_JLZ[JLTGPUDATGK�I_DGNQPEN/I�TVICDGJ � o �( � wZ[S/TGK�I�r_P&PUb[Z[S��eqxFdTGI_D]Jy| JyTGI_N PER�TGJLZ[H�IuTVK�I�EFdr_R�R�N �EI_JLJGICb
	 5� � o �! � YTVK�I_DLNQPUNQICTGI_DLJ�Z[S�JLZcH�I�TGK�II�dFErCR�R�N �UI_JLJLI_b5^,ICTOqxI_ICSzTVK�I � Z��EI_DyTVPEDA���jNQP H�R�b[I_J

	 5 � �`S�S&R�^�FED � P1q N/I�TVI_DLJ�Z[SvTGK�I?rCP PUb[Z[S��wqxFdTGI_DuJy| JyTVI_N

	 �15 	 Z 
xDBM 	 Z~TGK�I_DLN/P rCPUR�\�b[I_J�Z[NQNQI_H�ZcFdTGI_b8|$Z[SvTGK�IC�EDVFd\�K�Z8TVI�TGZcb[I_J
� Z8TVKpTGK�ZcJwFEDLDGFES��EI_N/ICS�T�
>TGK�I�K�ItFmTYb[P�FdHsPES � � TVPdTVFEb�JLZcS��Eb[I/rCPUNQ\+PES�I_S�TGJYrtFdS
^,I�NQItFdJLR�DGI_H-

r_P(�EI_DLZcS��QNQPUDLI�TVK�FdS �  �� Pdf5TGK�IC��� � �� M	�u\��UDGFEH�IeZ[S�S�I_D]q]Fdb[b�n
� ] V"]KH C ]MF ZM] Vb@dNGB
� R�I�TGPYTGK�I�JLK�PUDyT�H�Z[JLr�K�FdDL�EI�TGZ[NQIB��FYfhICq JLI_rCPUS�H�J��]ZcS�r_PEN/\�FdDLZcJLPES�TGPYTGK�I�K�ItFmT�H�Z8}~R�JLZ[PUS�TVZ[NQI
Z[SZ�UDGFd\�K�Z8TGI*�hJLPUNQIaTGI_S�J�Pdf?JLI_rCPUS�H�J�� 
�TVK�IXZ[S�S�I_DQq]Fdb[b�TVZ[b[I_J/FEDLIz\�DLZ[N/FEDLZ[b8|
r_P PEb[I_H FdflTGI_DQTVK�I
H�Z[JLr�K�FED��EIdnAo�K�IeTO|&\�Z[rtFEb rCP PUb[Z[S��kH�P1q�S�TGZ[N/I�r_PES�JLTVFdS�T`PEf5TGK�IC��� � � � �u\��EDVFdH�I?H�Z��EI_DyTVPED]TGZcb[I_J
Z[JuFE^,PUR(T "� � $JCn � I_S�rCI�
,TVK�I?Jy| JyTVI_N rtFdSzPES�b8|�NQItFEJLR�DLI?TGK�IiTGPETVFEb�K�ItFdT`b[P�FdH�PESXF$r_PUNQ\,PUS�I_SUT
fhPUD]TGK�Ieq�K�PEb[IeH�Z[JLr�K�FdD��UIdnAo�K�I?K�ItFdT�b[PUFEH  rtFdSa^,I?rtFdb[r_R�bcFdTGI_H�^U|

 ( M ��
 3 } � ���� �;} � �� � �����9 ; � � �K�in 5�5��

q�K�I_DLI � Z[JATGK�IuJG\,I_r_Z ��r`K�ItFdTxPEf~q]FmTVI_D�
 
 TVK�I�qxFdTGI_D � P1q DGFdTGI�
 } � TVK�I�qxFdTGI_DxDLICTGR�DLS�TGI_NQ\,I_DVF M
TGR�DGI@
 } � TGK�I�qxFdTGI_D�Z[S�b[ICTjTGI_NQ\,I_DGFdTGR�DGI@
"FdS�H ���jTGK�I`TVZ[NQI`H�I_bcFt|�Pdf�TGK�Ier_P&PUb[Z[S��?q]FmTGI_D�^,ICTOqxI_ICS
TGK�I?Z[S�b[ICT�FdS�HaDLICTVR�DLS�TGI_NQ\,I_DGFdTGR�DGI�NQItFEJLR�DLZ[S��QH�I � Z[r_I_JCn
$�PUDAFEH�H�Z8TGZ[PUS�Fdbcb8|iK�I_FdTGI_H�H�ZcJLrVK�FED��UI_J�
 TVK�IufhDVFdrCTGZ[PUSQPEf~TGK�I�I_S�ICDL�d|QN/I_FEJLR�DLI_H�TGPiTGK�IuTVPdTVFEb"Z[S�\�R�T
I_S�I_D��d|�� q�K�Z[rVKsJLK�PUR�b[H'^,I/R�S�Z8TO|�� FENQPER�S�TGJeTGPE� � "��#5�"�� ��nQo�K�IQbcFED��EIkJGrtFmTLTVICDiZ[JeH�R�I$TGP
DGFEH�ZcFmTVZ[PESvFdS�H�r�K�FdD��UI�I��(rVK�FES��UI?b[PUJLJLI_J]TGK�DGPER��UKv\+PEDLTGJ]q�K�Z[rVKzFEDLI�S�PET�r_P(�EI_DLI_Hz^�|�TGK�I?r_P PEb[Z[S��
q]FmTGI_D�r_Z[DLr_R�Z8TVJCn
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' NQFIN=@dg=]MF gQ@ � VYL @ PQZ(Vb@dNGBxN�� XEH ] V�FhN ](g
�OSzTGK�IirtFdJGIiPEf�H�Z[JLr�K�FED��EI_J`q�Z8TVKaS�PEDLN�Fdb�PE\+I_DGFmTVZ[PESar_PUS�H�Z8TGZ[PUS�J�
,Z�n�Idn�JGZ[S��Eb[I?S&R�b[b�S�I_R(TGDGFEb5^,ItFEN
K�ItFmTVICH � W $ | � MONQP H�IjH�ZcJLrVK�FED��UICJ�q�Z8TGK�PUR(T>H�Z[JLDGR�\(TGZ[PUS�J�FdS�HkDVFdH�ZcFdTGI_HYI_S�I_D��d|wf�DGFdrCTGZcPES�J>^+I_b[P1q
� � ��
 TGK�IAb[P1qjI_D�PUR(TGI_D�H�Z��EI_DyTVPED \�bcFdTGI_J�DLI_rCI_Z��UIA^+ICTOqjI_I_S4^� �� FES�H �1 �� PEf&TVK�I�TGPETVFEbEZ[S�\�R�T \+P1qjI_D�

DLI_JLR�b[TGZ[S��aZ[SpK�ItFdTwbcPUFEH�JePEfxR�\sTGPD� $ �z\,I_DiJLI_rCTGPUD?f�PED?H�Z[JLr�K�FdDL�EI_Jiq�Z8TGKZ�( $ � FdH�H�Z8TVZ[PES�FEb
K�ItFmTVZ[S���\+P1qxICD_nB$�PUD�S�PUDLN/FEb�r_PES�H�Z[TGZ[PES�J�
~TGK�I$ZcS�S�I_D�H�Z��UICDLTGPED�TGZ[b[I_J�DLI_rCI_Z[r_IQFE^,PUR(T �@" � PEfATVK�I
Z[S�\�R(TiI_S�I_D��d|En 	 ICTOqjI_I_S " � FdS�HZ�( �� PEfjTGK�IQZ[S�\�R(TwI_S�ICDL�d|'Z[J?H�I_\,PUJLZ8TVICHsPES{TGK�IQZ[S�S�ICD?K�ItFmT
JLK�Z[I_b[H 
"TVK�I#�dFdr_R�R�NN�UI_JLJLI_b6
�b[P qjI_D � �(W3FES�HzTGK�I ��
 �u� FES�TGI_S�S�FdJ�
+q�K�ICDGItFdJ`TVK�IYK�I_FdT�b[P�FdHaPUS
TGK�I?R�\�\,I_D�H�Z��UI_DyTGPUD�FdS�H � �(WsZ[J�S�I��EbcZ2�EZ[^�bcImn
o�K�I]K�ItFmT�b[P�FdHwPUSYTGK�I]PER(TVICD>H�Z��EI_DyTVPED�TGZcb[I_J5r_FESk^,I]DLI_H�R�r_I_H$^�|iDVFdH�ZcFdTGZ[PUSwZ[SiTGK�I]\�bcFdJGN/FuN/FES�TGb[I
^�|�Fkf�FdrCTGPUD�Pdf�Fd^,PUR(T	^]
"q�K�I_DLItFEJ�TGK�IiDLI_H�R�rCTGZ[PUS�PEf�TGK�IiK�ItFmTubcPUFEHvPUSaTGK�I?Z[S�S�I_D�H�Z��EI_DyTVPED�TGZcb[I_J
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r_PES�JLTVFdS�TGJiPEfxr_PUb[b[Z[JLZ[PUS�FEb�I��(r_Z8TVFdTGZ[PUSpFdS�H'TGDGFES�JL\+PEDyTeTGZ[NQI_J_n$o�K&R�J�
�TGK�IQ\+PE\�R�blFmTGZcPESgPEf �UDLPER�S�H
b[I��EI_b�FES�HgI��(rCZ[TGI_H'JyTVFdTGI_JeZ[J�Z[SgI&%&R�Z[b[Z[^�DGZ[R�N�FdS�H �GR�JyT?H�I_\,I_S�H�JePUS �-> FdS�H } > n $"PED`DGICJGPES�FES�r_I
b[Z[S�I_J�
&Z8T�Z[J�PdflTVI_SQJLR � r_Z[I_S�TjTVPer_PES�JLZ[H�I_DAPUS�b8|Yr_PEb[bcZ[JLZ[PUS�Fdb I��(rCZ[TVFmTVZ[PESkf�DLPUN TGK�I	�UDLPER�S�HQJyTVFdTGIuFES�H
DGFEH�ZcFmTVZ��EI�H�I_r_F1|�q�K�I_S�rtFEb[r_R�bcFdTGZ[S��iTGK�IeI %&R�Z[b[Zc^�DLZ[R�N H�Z[JyTGDGZ[^�R(TGZ[PUS~n>o]K�Z[J�Fd\�\�DLP � ZcN/FmTGZcPES�Z[JjTVK�I
JLPdM)rtFEb[b[I_HYr_PEDLPUS�Fdb(I&%&R�Z[b[Zc^�DLZ[R�N�nU$�PUD�PdTGK�I_D�b[I��EI_b[J�
�K�P qjI��EI_D�
(I�� r_Z8T�FmTGZcPES$FES�HkH�I�M)I��(r_Z8TVFdTGZ[PUSYfhDLPUN
PdTVK�I_D�I��(rCZ[TGI_Hgb[I��EI_b[J`K�F(�EIYTGP�^,IYr_PES�JGZ[H�I_DLI_H'FdS�HpF/r_PEN/\�b[I��ar_PUb[b[Z[JLZ[PUS�FEb�M)DVFdH�ZcFdTGZ �UI�NQP H�I_b5K�FdJ
TGP$^+IeJGPEb��UICH�TGP ��S�H�TGK�IeI&%&R�Z[b[Z[^�DLZ[R�N H�Z[JyTGDGZ[^�R(TGZ[PUS~n
o�K�IvTGZ[NQI/TGPgDLItFErVK I&%�R�Z[b[Z[^�DLZ[R�N ^,ICTOqxI_ICS H�Z[}+I_DLI_S�T$Z[PES�Z��_FdTGZ[PUS{JLTVF��UI_JkPdf�FES
I_b[I_NQI_S�T$NQZ2�UK�T
^,Ieb[PES �wr_PUNQ\�FEDLI_H�q�Z8TGK�TGK�IeDLI_JLZ[H�I_S�r_IeTGZ[NQI`PEf�TGK�IeICbcICN/ICS�T�Z[SvFkr_ICDLTVFdZcS�TGI_N/\,I_DGFdTGR�DLI�DVFdS��UIdn
o�K&R�J�
ETGK�IxrtFdb[r_R�bcFdTGZ[PUS�PEf�TGK�Ij\,PU\�R�bcFdTGZ[PES?Pdf�ZcPESiJyTVF��EI_J�K�FEJ�TGP`Z[S�r_b[R�H�I�TGK�IjTGDGFES�JL\+PEDLT5PEf(TGK�IjZ[NkM
\�R�DLZ[T)|En�o�K�I�DVFdH�ZcFEb"\�DGP ��b[I`PEf TGK�I�ZcPES/JLTVF��UI`H�I_S�JLZ[T)|�H�I_\,I_S�H�J�PES � > FdS�H } > 
 q�K�Z[r�K�H�ICTGI_DGNQZ[S�I
TGK�I�rCPUb[b[Z[JGZ[PES�FEb>DGFdTGI_JYPdf�Z[PUS�Z9�tFmTVZ[PESpFES�H3DLI_r_PENY^�Z[S�FdTGZ[PUS-
�FES�H
PESsTGK�IQTVDGFdS�JG\,PUDyTY\�FdDGFENQICTGI_DLJ�

q�K�Z[r�K �UP(�EI_DLSvTGK�I�NQItFdS�DLI_JLZ[H�I_S�r_I�TVZ[NQIuPEf�TVK�I�Z[NQ\�R�DGZ8TO|$Z[S/TVK�I�DLI_b[I��dFES�TxTVICN/\,I_DGFdTGR�DLI`DVFdS��UIdn
o�K�IkIC}+I_rCTePEf�TGDVFdS�JG\,PEDLT�NQZ2�UK�T�^,IkJGR�NQN/FEDLZ9�_I_HXZ[SzTGK�IYfhPUb[b[P1q�Z[S �QqxF1| �eFESgZ[PESXZcS'F�b[P q�ZcPES M
Z9�tFmTVZ[PES�JyTVF��EI�q�K�Z[rVK>%&R�Z[r �&b8|�NQP(�EI_J�R�\vTGK�I�TGI_NQ\+ICDVFmTGR�DGI �UDGFdH�Z[ICS�T�Z[J]Z[PUS�Z9�_ICHvbcFdTGI_Dxr_PUNQ\�FEDLI_H
TGP$FES�Z[PUS�q�K�ZcrVK�DLItFdr�K�I_J�TGK�I�K�Z2�EK�TGI_NQ\,I_DGFdTGR�DGI/�_PES�I_J�NQPUDLI�JGb[P1q�b8|��hTGK�I�JVFdNQIeFdD��UR�NQI_S�T�FE\ M
\�b[Z[I_J]TGP$ZcPES�J�NQP(� Z[S��kf�DLPUN K�PET�TGP$r_PUb[HvDGI��UZ[PUS�J�JLK�P1q�Z[S��/FkH�ICblFt|EI_HzDLI_r_PENY^�Z[S�FdTGZ[PUS8��n $�Z[S�FEb[b8|�

TGK�PUJLI�I��(r_Z8TGI_HvJyTVFdTGI_Jxq�K�ZcrVK�r_FES�S�PET]H�I_rtFt|J� ZcFwH�Z[\+PEb[I�DVFdH�ZcFdTGZ[PUSQJLK�PUR�b[H�^,I`NQI_S�TGZ[PUS�I_H~n�o�K�ICJGI
JLPdM)rtFEb[b[I_HQNQICTVFEJyT�Fd^�b[I�JyT�FmTVICJI�hIdn���nA�tJ�5dJ Q �$PEf�K�I_b[Z[R�N��>K�F'�UI�Fib[PES �EI_D�TVZ[NQI�r_PES�JLTVFdS�TxfhPUDAI&%&R�Z[b[Z�M
^�DGFdTGZ[PUS�FES�H�TGK�IwFdrCTGR�FEb \,PU\�R�bcFmTVZ[PESvPdf>N/I�T�FdJLTVFd^�bcIeJyT�FmTGI_JuN/Z2�EK�T�^,I?Z[S � R�I_S�r_I_Hz^U|�TGDGFES�JL\+PEDLT
IC}+I_rCTGJCn
o�K�I�Z[PUS$JyTVF��EI�H�I_S�JLZ[TGZ[I_J�FES�H$TGK�I�DGICJGR�b8TGZ[S��eb[Z[S�I]DGFEH�ZcFmTVZ[PESkZ[J�rtFdb[r_R�bcFdTGI_HkS&R�NQI_DLZ[rtFdbcb8|iR�JGZ[S���TVK�I
� o � � � W�r_P H�I ��$>Z2�(n �in 5�^1��n�o]K�IAr_P H�I�JLPUb��UICJ�TVK�I�Jy| JyTVICN�PEf�r_PER�\�b[I_Hir_PES�TGZ[S&R�Z8TO|eI %&R�FdTGZ[PUS�J fhPUD
I��EI_Dy|�Z[PES�JyTVF��EI`Z[S�rC|&b[ZcS�H�DLZ[rtFdb8�EI_PUNQICTGDy| �lTVK�I`DGFEH�ZcFEb�r_P&PUDLH�Z[S�FdTGIuZ[JATGK�I�N/F��US�ICTGZ[r � R �/JGR�Dyf�FEr_I
Z[S�H�I�� ��n $"DLPUN TGK�IX\�DLP���b[I_J/PEf�TGK�IXJLZ[S��Ub[IzZ[PES�Z9�tFdTGZ[PUS JyTVF��EI_J�
�TGK�IXI_NQZ[JGJLZ�� Z8TO| \�DLP �"b[IzPdf�TVK�I
PE^�JLI_D+�EI_H/JG\,I_rCTGDGFEb�b[Z[S�Ixf�PEb[b[P q�J�FdS�H$TVK�I�\�K�PdTGPUS � R �$Z[S�TGP�TGK�I�H�Z[DGICrCTVZ[PESkPEf,TGK�I�JG\,I_rCTGDLPUNQICTGI_D�ZcJ
rtFdb[r_R�blFmTGI_H/^�|QZ[S�TGI��UDGFdTGZ[PES�Fdb[PUS��?TGK�I`b[ZcS�I�MOPEfcMOJLZ2�UKUTAPdf�TGK�I�JG\,I_rCTGDLPUNQICTGI_DCn�o�K�I�FdTGPUNQZ[r�H�FmT�FifhPUD
TGK�IeDLI_b[I��dFESUT�r_PEb[bcZ[JLZ[PUS�Fdb�\�DLP rCI_JGJLI_J`FdS�HvTGK�IeDGFEH�ZcFmTVZ��EIuTVDGFdS�JGZ8TGZ[PUS�\�DGPE^�FE^�Z[b[Z8TGZcICJAr_PENQI�fhDLPUN TVK�I� � ���vJL|&JLTGI_N 3 �( ��@96
+F$JGI�T�Pdf>r_P H�I_J�
,q�K�Z[rVKaq]FdJ`H�I �UI_b[PE\+I_HXZ[S�FESzZ[S�TGI_DLS�FdTGZ[PES"Fdb�r_P&PU\,I_DGFdTGZ[PUS
PdfAFdJyTVDLPU\�KU| JLZ[rtFEb�FdS�Hz\�bcFEJLN/FQ\�KU| JLZcrCJ�Z[S�JyTGZ[TGR(TGI_JCn �OSgFdH�H�Z[TGZ[PES 
 � � ����JLPEb2�EI_JuTGK�Iwr_PEbcb[Z[JLZ[PUS�Fdb8M
DGFEH�ZcFmTVZ��EIwNQP H�I_b5NQI_S�TGZ[PUS�I_H'Fd^+P(�EIdn?o�K�I$FES�Fdb8| JLZ[J�Pdf�TGK�Ikb[Z[S�IiDGFEH�ZcFmTVZ[PESzPEfAN/FES�|aZ[PUSXJyT�F��UICJ
Pdf5PUS�I�Z[N/\�R�DLZ8TO| ��Z[S�r_b[R�H�Z[S��wTGK�I/=uMODGFt|�bcZ[S�I_J�� ��S�Fdb[b[|J�EZ��UI_J�F$\�Z[rCTGR�DLIePdf�TGK�IeH�I_S�JLZ8TO|v\�DLP ��bcI�Pdf
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distribution of
every ion stage 
in ground state

distribution
of excited states

emissivity profile

photon flux for:
line and continuum radiation

influx of neutrals
(impurity source)

electron density
temperature

ionisation by electron collision
radiative recombination

dielectronic recombination

de-/excitation
by electron collision

and radiation

transition probability

collisional-radiative model
(corona equilibrium)

radial transport equation
for every ion stage
(diffusion and drift)

integration along line-of-sight

$�Z2�UR�DLI �wn 5�^(n���� rVK�I_NQIXf�PED�TGK�IXrtFdb[r_R�bcFdTGZ[PUS Pdfib[Z[S�IXFES�H r_PES�TGZcS�R�R�N DGFEH�ZcFmTVZ[PES Z[S TVK�IgN/FEZ[S
\�bcFdJGN/FYR�JLZ[S�� � o � � � W�n

TGK�I?Z[S1�EI_JyTVZ2�UFdTGI_HaZ[NQ\�R�DLZ8TO|En
$"FEJyTwFdS�FEb8| JLZ[J?Pdf]JL\,I_rCTGDVFdbjNQItFdJLR�DGI_NQI_SUTVJ?rtFES{^,I/\,I_Dyf�PEDLN/ICH{R�JLZ[S��aTGK�I �]��o r_P H�I � ��\,I_rCTGDGF
� S�Fdb8| �_Z[S����iP PUb ��n#�)TiFdb[b[P q�J�TGK�I � Z[JLR�FEb[Z9�tFdTGZ[PESzPEf � � � �� ML
 ;jDVF����mMuFES�H)�EDVFdr_Z[S��dM)Z[S�rCZcH�ICS�rCI�M
JL\+ICrCTVDGFiFdS�HQrtFES/^,I�R�JGI_HQTGP?P(�EI_DLbcF1|kTGK�I�NQItFEJLR�DLI_H/JG\,I_rCTGDGFeq�Z8TGKQrtFEb[r_R�bcFmTVICHQJL\,I_rCTGDGFefhDGPEN TVK�I
� o � � � W'rCP H�Idn�o�K�I�� o � � � WgJL\+ICrCTGDVFiqjI_DLI�r_FEb[r_R�bcFdTGI_HQfhPUDAFwJGI�T]Pdf �-> FES�H } > \�DLP���b[I_JAq�Z8TVK
r_PES�JLTVFdS�TAfhPEDGN FdS�H/F�r_PES�JLTVFESUTj\�DLP���b[I]Pdf,TVK�I�TGDGFES�JL\+PEDyT�\"FdDGFENQICTGI_DLJ �hH�Z8}~R�JLZ[PUSwr_P I � r_Z[I_S�TjFES�H
H�DLZ8fhT �UI_b[P r_Z8TO|���n>o�K&R�J�
��]��o �LR�JLT]S�I_I_H�J�TGK�I�Z[S�\�R(T�Pdf �-> FES�H } > FdT�FYJL\,I_r_Z ��I_HvDGFdH�ZcFdb+\,PEJGZ8TGZ[PUS
FdS�H?TVK�IAb[Z[S�I�F'�EI_DVF��UICHYZ[N/\�R�DLZ8TO|�r_PUS�r_ICS�TGDVFmTGZcPESiTGPur_PUNQ\�R(TGIATGK�IATGK�I_PEDGI�TVZ[rtFdb&JL\+ICrCTGDGR�NH
EP(�UICDGbcFt|
Z8T]q�Z8TGK�TGK�I?NQItFdJGR�DLI_HaH�FmTVFQFdS�H �EZ2�EI�TVK�IeH�I_JLr_DGZ[\(TGZ[PUSvPEf5TGK�I?I_NQZ8TLTGZcS��kZ[PES�J_n
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� K�PETGPUS � R � I_JQI_N/ICDL�EZ[S��Xf�DLPUN TVK�I�\�blFdJLN�FX^,PUR�S�H�FdDL|
Z[S
TGK�I � Z[r_Z[S�Z8TO|{PEf`N/FdTGI_DLZcFEbAJLR�DLf�FErCI_J
rtFdS�PdfhTGI_S�^+I`H�Z[DLI_rCTGb8|/Z[SUTVI_DL\�DLICTGI_HvZ[SQTGI_DLN/JjPEf�\�FdDyTVZ[r_b[I � R �(I_JCnAo�K�I�f�FdrCTGPUDAPEf�\�DLPE\+PEDLTGZ[PES"Fdb[Z8TO|�hZ[S1�UICDGJLIx\�K�PdTGPUSYI � r_Z[I_S�r�|���Z[J�TVK�IjDVFmTGZcP�Pdf�TGK�IxZ[PUS�Z9�tFmTVZ[PES?FdS�HYI��(r_Z8TVFmTVZ[PESi\�DLPU^�Fd^�Z[b[Z8TGZ[I_J�
 � � =/;/

Z[S�r_b[R�H�Z[S �?TVK�I�^�DGFES�rVK�ZcS��kDGFmTVZ[P>;un�o�K�I�NQICTVK�P&H�Z[J]Fd\�\�b[ZcICH�TGP � Z[JLZ[^�bcI�FdS�H 
 � 
 JL\+ICrCTVDLPEJGrCPU\�|
TGPQN/ItFdJLR�DGI�TGK�I?Z[S � R �vPdf�Z[NQ\�R�DLZ8TVZ[I_JI��PED]TGP/b[P r_FEb[Z9�_I`TVK�I?Z[N/\�R�DLZ8TO|/JGPER�DGrCI(�uFES�H�TGPQH�ICTGI_DGNQZ[S�I
TGK�I?K�|&H�DGP��UI_SaDGICrC| r_b[Z[S���n
o�K�IYI�� \+I_DLZ[NQI_S�TVFEb5JLZ8TGR�FdTGZ[PUSzPdfAF�\�FdDLTGZ[r_b[I ��I_b[HXJyTGDGI_FENQZ[S���Z[S�TGP�F�K�Z2�EKzTVI_NQ\,I_DGFdTGR�DLIw\�bcFEJLN/F
Z[JjrCPUS�JLZ[H�ICDGICH�Z[S�FiJLZcNQ\�b[Z ��I_H-
 �_M � �UI_PENQICTGDL|�
&q�K�I_DLI`TGK�I�PE\(TVZ[r_FEb � Z[ICq�Z[S��wb[Z[S�I�Z[JjH�Z[DLI_rCTGI_H�\,I_DBM
\,I_S�H�ZcrCR�blFdDjTGPYTGK�IeJLR�Dyf�Fdr_I�q�K�I_DGI�TGK�Ie\�FdDLTGZ[r_b[I`JLPUR�DLr_IeZ[JxbcP&rtFdTGI_H~n�o�K�I�\�K�PETGPES � R �vNQItFdJLR�DGI_H
^�|vFES�PU^�JLI_D+�UI_DuP1q�Z[S��kTGP$I_b[I_rCTGDGPESaZ[NQ\�FErCT]I��(r_Z8TVFdTGZ[PUSvZ[J

� F � ( M � *
� �

� � T �-> T��NT � ; � � �K�in 5�^1�
q�K�I_DLIgS � H�I_S�PdTGI_J�TGK�IgH�I_S�JLZ[TO| Pdf?F
\�FEDyTGZ[r_b[IzJG\,I_r_Z[I_J�PEf?Z[PUS�Z9�tFmTVZ[PES JLTVF��UIXZ6
?= Z[J/TVK�IXDGFdTGI
r_P I � rCZcICS�T�f�PED�ICbcICrCTVDLPESkZ[N/\�FdrCT�I��(r_Z8TVFdTGZ[PUSwTVP�TGK�I]R�\�\,I_D�b[I��UICb�PEf"TVK�I�PE^�JLI_D��EI_HQTGDVFdS�JLZ[TGZ[PUSiq�Z8TVK
^�DGFES�rVK�ZcS��kDGFmTVZ[P>;	
"FES�H�� �eZ[JjTGK�I�\+PEJGZ8TGZ[PUS/Pdf�FwN/FdTGI_DLZcFEb,JGR�Dyf�FEr_I�q�K�I_DLIe\�FdDyTVZ[r_b[I`I_DLPUJLZ[PUS�FES�H
DLI_rC| rCbcZ[S���P r_r_R�DLJCn?o�K�Ik\�FEDyTVZ[r_b[ICJ�FdDLIkFEJLJLR�N/I_HXTGP�JLTGDLItFEN Z[S�TGP/TVK�IYH�Z[DLI_rCTGZ[PUSXPdf�TVK�IkH�ICTGI_rCTGPED
FmT`TGK�Ii\,PEJGZ8TGZ[PUS ��5 n � Z[S�rCI?qxIif�P rCR�JuPESzb[P1q]MOZ[PUS�Z9�_ICHaJG\,I_r_Z[I_J`Z[S�TGK�IwI_H��EIiPdfAF$fhR�JGZ[PESz\�bcFEJLN/F�

DLI_r_PENY^�ZcS�FmTGZcPESartFdSg^+IiS�I��Ub[I_rCTGI_H �lfhPUD�TGI_NQ\+I_DGFmTVR�DLI_J�FE^,P(�UIB5mI 
 ��n �OS�JGICDLTGZ[S���TGK�IYI&%�R�FdTGZ[PUSXPdf
r_PES�TGZ[S&R�Z8TO|�
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� � � T � > T �	� � � � �
� T �-> T �	� � �K�in 5<�S�

PES�TGK�IeDLZ2�UKUT]K�FES�HvJGZ[H�I�PEf � %"n �in 5�^if�PED � > T � � 
�FES�H�FdJLJGR�NQZ[S��YTGK�I�DGFdTGZ[P = � �QTGPk^+I�r_PES�JyTVFESUT
Z[S'JG\�Fdr_I$f�PED�TGK�Z[JiFdS�FEb8|&TGZ[rtFdb5TVDLItFmTVNQI_SUT'
 qxIQPE^(T�FdZ[SpFESpI��(\�DLI_JLJGZ[PES{fhPUD�TGK�I$PU^�JLI_D+�UI_Hs\�K�PETGPUS

� R � �

� F � ( � ���
� � ��� � T � � � � *� � � M � *

� � �
� � � T � > T �	� � � � M � *
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� �

; � � �K�in 5�"��
o�K�I �"DLJyT�TOqxPQTGI_DLNQJ�PUS�TGK�IeD_n�K~n�J�Pdf�I&%"n �in 5�"kDLI_\�DLI_JLI_S�TuTGK�I � fhR�I_b[b[ZcS�� � Pdf�JyT�F��UIeZ

� � ( � � � T � � � � *� � � M � *
� � �

� � � T �-> T � � � � ; � � �K�in 5 �1�
o�K�I]fhR�I_b[b[Z[S �`Z[J�TGK�I�S�ICTAJLR�N Pdf,TGK�I�\�FEDyTGZ[r_b[I_J>I_S�TGI_DLZ[S��iF �UZ��EI_S4�UPEb[R�N/IxI_b[I_NQI_S�TAFES�HkZ[PES�Z9�tFmTGZ[PUS
JyT�F��UIjP1q�Z[S���TGP`TVDGFdS�JG\,PUDyT�FES�HYZ[PES�Z9�tFdTGZ[PUS-
(� � Z[J�TGK�I]N/Fdr_DLPUJLr_PU\�Z[r �UI_b[P rCZ8TO|wPEf�TGK�I]JL\,I_r_Z[I_J�R�S�H�ICD
r_PES�JGZ[H�I_DGFmTVZ[PES~n/$�PUD�S�I_R(TGDGFEb�\�FdDLTGZ[r_b[I_J �lq�K�I_DLIYZ (I QFES�H �aZ[J��_I_DLP1� 
+TGK�Z[J �UICbcP&r_Z8TO|�Z[J�TGK�IYDVFdH�ZcFEb
r_PEN/\,PES�ICS�TYPdf�TGK�I � Z2�UKUTYJL\+I_I_H~n)$"PEDwZ[PUS�Z9�_ICHsJL\+ICr_Z[I_JkZ[S
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iZSe^sS&�e^�\�a[YI�@_Zf��s_tUXa[SLvgUpY�SVi�WZ}w\�bqU �VhjUXY[Y[f��VUXh;^�_ZSVa[cy\Gi$�GbgUXcyf��S ��S"�e^V~ � _ZSnasUpiZfjUp^�f>\�bN}w\+�TSeay^�\�v�SncESVUXY[WZa�Sei f>YEUpvZY[\�a[v�Sei f>b|U ,X\XhjWZcySnSehjSecESeb*^y\X]�Y[\�cySWZY[Se]�WZh�cEUp^�SVa[fjUXhgh>SoUXiZf>b�!`^�\{U`^�SVcy}�SeasU�^�WZa�S�SVh>S ,pU�^sf>\Xb �4_Zf��s_�f>YTcySoUpY�WZa[SVi �4f�^s_�U`^�SVcy}�SeasU�^�Wga[SiZSV}wSVbZiZSVb*^�}Z_��)Y�f��oUph;S ��S"�e^V~�'�WZcESVa[\XWZY@^1�G}wSVY�\X]
vw\�h>\XcESr^sSVa[Y@_gU ,XSvwSVSVbmiZS ,XSVh>\�}wSVi9WZb�^sf>h�bZ\+�vZW�^-cyfjbZfjU�^sWZa[f9�VSVi�^s_Zf>bG�)(gh>c cySe^sUph)a[SVY�f>Y6^�\�a-vw\�h>\�cySe^�SVa�Upa[asU6�)YH_gU ,XSVi{}Za�\1,XSVi{Y[WZ}�SVa[f>\�a
vwSV_gU ,Gf>\�a\Xb�}Za[SVY[SVb*^�hjUXa/!XSL}ZhjUXY[cEUdS"*G}�SVa[f>cySVb*^�Ylhjf,+pS.-6( � � +�� � (�=��	��}�!�a�UXiZS�� � \Xa[S �GWg}Za�U � . � = UXbZi
�4f>h>h�}Za[\�vgUpvZh%��vwS�^�_ZS�v�SVY6^5�s_Z\�f��VS�]$\Xa � � ( . �g^s\G\�~
� _ZS/}ga[f>b��Vf>}Zh>S��V\�bZY6^�a�W��e^�f>\�b\X]gU@iZSe^�S"�r^s\Xa�SVh>SVcySVb*^�\p]�^�_ZS/cyf>bZfjUp^�WZa�f9�VSei�cySe^sUXh�a�SeY�f>Y6^�\�a;vw\�h>\XcySr�^�SVa�UXa[a�U6��f>Y@Y[_Z\+�4bmf>b � f !Z~8+`~ < ��~
+�h>Y�\ �XU5�V\XcE}Zh>Se^�S +�� � (1=��	��}�!XasUpiZS,vw\�h>\XcESr^sSea�UXa[a�U+���4f�^�_0/�iZSe^�S"�e^�\�a[Y-f>Y�Y�_Z\+�4b�~ � _gS,}ZhjUXY[cEUa�UXiZfjU�^sf>\Xb`f>Y-UXvZY[\�a[vwSVi�f>b�U�]�S&�21�# ^�_Zf��3+ !�\Xh>i�UXvZY[\Xa�vwSVa-hjU6��SVa=�4_Zf��s_�fjY
iZSV}w\�Y[f�^�SVi�\�b`^s_ZST]$a[\�b�^Y[f>iZS\X]
^�_ZS`vw\Xhj\XcySe^�SVaT]$\�f>h�~ +IcySoUXY[WZa[f>b�!ya[SVY[f>Y6^s\Xa�hjU+�XSVa��4_Zf��s_mf>Y4iZSV}�\XY[f>^�SVin\�bn^�_ZS`a[SoUpa4Y�f>iZS\p]@^s_ZSEvw\�h>\�cySe^�SVa�]�\Xf>h��s_gUXb�!XSVY�f�^sY ,XUph>WZSy}ga[\X}�\Xa[^�f>\XbgUXhH^s\m^�_ZSy^sSecE}wSVa�Up^�WZa[Sda[f>Y[Sd\p]@^�_ZSd]$\�f>h�~
� _ZS�,pUXa[fjUp^�f>\�b�\p]w^s_ZS�a[SVY[f>Y[^sUpb��VS�fjYHcySoUpY�WZa[SVi,�4f�^�_dUpb + 
/��S"*?�Vf�^sSViy+�_ZSoU�^sY6^�\�bZS�vZa[f>i�!XSp~ � a[\�c^�_ZS�a[SVY[WZh�^sUXb*^�vga[f>i�!�S�\XW�^s}ZW�^ ,�\Xh>^sU.!�S�� ^�_ZS�UXvZY[\�a[v�Sei�a�UXigUpf�^sf>\Xbd}w\+�TSVa5476
8�9,�oUXb�v�SliZSVa[f�,�Sei
�4f�^�_9U�Y[f>cE}Zh>SliZf���SVa[SVb�^sfjUph�S&%)WgU�^�fj\Xb
4�6
8
9 (;:  " 	 � �	=< � � �> �3?
�4_ZSVa[S 
 UXbZiA@mUXa[S�v�\Xhj\XcySe^�SVa*�V\XbZY[^sUpb*^�Y<�4_Zf��s_9_gU ,XS^�\{v�S�igSr^sSea�cyf>bZSVinv-���oUph>fjvZa�U�^sf>\Xb�~
+�YTUpbyS"*ZUXcy}Zh>S�^�_ZS�UXa[a�UXb�!XSVcySVb*^/\X]�b)WZcySVa[\�WZY,vw\Xhj\XcySe^�SVaHUXa[a�U+�)Y,f>b��V\Xhjh>f>cEUp^�SVi�}Zf>bZ_Z\�h>S��VUXc��SVa�UXY5�4_Zf��s_�UXa[S`cy\�WZb�^sSViKf>bZY[f>iZS`^�_ZS3,pU)�VWZWZc ,XSVY[Y�SVh-\p] + � � (1=�� ��}�!Xa�UXiZS�Upa�\XWZbZiqUd}w\�h>\Xf>igUXh
�Vf>a��VWZc{]�SVa[SVb��VS�\X]�^�_ZS�}ghjUpY[cdU�f>Y@Y[_Z\+�4bmf>b � f !Z~8+L~ 9 ) ~
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Gold 
absorber layer

Rear resistor 
layer

� f !XWZa�S +`~ < �G~�� ;T\Xh>\�cySe^�SVa*�V\XbZY6^sa[W��e^�f>\�b9Y��s_ZSVcySp~

� _ZS9vw\�h>\XcySe^sa[f��EiZf�U.!�bZ\XY6^sf��VY�\XbN^�_ZS9cy\GiZf�(gSVi�+�� � (�=��	��}�!�a�UpigSJ�4f�^�_ � f�, ��;�e\�cy}Za[fjY[SVY ���vw\�h>\�cySe^�SVa��"_gUpbZbZSVh>YV~ � _ZS�cEU���\Xa[f�^1�{\X]�^�_ZSlh>fjbZSVY,\X]�Y�f !X_*^ " ' �H�"_gUpbZbgSehjY �TUpa[S�Upa[asUpb�!�SVidf>b�Y[W��s_U���U6�n^�_gUp^�^�_ZS&�9cy\XbZf�^s\Xa@cEUXf>bZh%�d^�_ZSL}ZhjUpY�cEU{vw\�WZbZigUXa��(�w^�_ZS ����� �k^�_gS =�� }�\Xf>b*^�a[S0!�f>\XbmUXbZi^�_ZSf>bZbZSVa4UpbZi9\�W�^�SVa4iZf�,XSVa[^�\Xa@h>S0!Z~
� �,\�_Z\Xa�f9�V\Xb*^sUXhF�VUXcySVa�UXY�� 
 �4UpbZi�� 
 � � ��SoU)�s_'�4f�^s_�3 < �"_gUpbZbZSVh>Y0��a[S0!XfjY6^�SVa�a�UXiZfjUp^�f>\Xb �4f�^�_KUY[}gU)�VS{a[SVY[\�h>W�^�f>\�bK\p] 9 �Vc�]�a[\�c ^�_ZS�WZ}Z}�SeaUpbZith>\+�TSea�\XW�^sSea�}ZhjUXY[cEU�vw\XWgbZigUpa��(��^�_ZS>=���}w\�f>b*^a[S0!�f>\Xb UXbZi|^�_ZSKfjbZbZSVadiZf�,�Sea[^�\Xadh>S0!�~ � _ZSq^�\X} \X]^�_ZSK}ZhjUXY[cEUzvw\XWZbgigUpa��|f>Yd\XvZY�Sea/,XSVi �4f�^s_^�_ZS`_Z\�a[f9�V\Xb*^sUXh@�oUXcySoUpa���
�( "! ��s_gUXbZbZSVh>Y �"���VcuY[}kU�^�fjUXh�a[SVY[\XhjW�^�f>\�b���UpbZi9^�_ZS =���}w\�f>b*^@a�S0!Xf>\�b
�4f�^�_m^s_ZSL_g\Xa[f9�V\�b*^sUph �oUXcySVa�U#��
 � ( "$ #�"_gUXbZbZSVh>Y �� �ec�Y[}gU�^sfjUph�a�SeY�\Xh>W�^sf>\Xb��r~ � �T\�a[\G\p]�� vgU&%yS
�oUpcESeasUpY �gSoU��"_ �@f>^�_' �"_gUXbZbZSVh>Y �kcy\XbZf>^�\Xa,^�_ZS�}ZhjUXY[cEULf>b�^�_ZS�fjbZbZSea3" 9 �ec Y�}gU�^�f�Uph�a[SVY[\XhjW�^�f>\�b��Upbgin\�W�^�SVa@iZf�,XSVa[^�\Xa4h>S0! " < �Vc Y�}gU�^sfjUph�a[SVY[\�h>W�^�f>\�b��"~
� _ZSm_Zf !�_xY�f !XbgUXh�^�\tbZ\�f>Y[S9a�Up^�f>\t\p]l^s_ZS9vw\Xhj\XcySe^�SVa�YyUph>h>\!�@Y{]$\XaEUq^�f>cES�a[SVY�\Xh>W�^sf>\Xb \X] 3mcyYV~
��bz\�a[iZSVa^�\9SVh>f>cyf>bgUp^�S�Y[f !�bgUph�iZf>Y6^sWZa[vgUpb��VSVY;�4_Zf��"_2Upa�S,�oUpWZY�Sei v��q^�_ZSdbZSeWZ^�a�UXh�!�UXY}Za[SVY[Y[WZa�S��
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Vertical Camera
24 channels
Horizontal camera 5
8 channels

Horizontal camera 4
8 channels

Horizontal
cameras 1-3
40 channels

Divertor cameras 1 & 2
7 channels each

� f !�WZa[S +`~ 9 ) ~�� �GSr^sWZ}m\p]
v�\Xh>\�cySe^�SVa !XSV\XcESe^�a��E]�\Xa +�� � (�=��	��}�!�a�UXiZSp~
bZS&�4h%�tiZS ,XSVh>\�}wSVi $ ��
 + '�G 
 "$bZSVW�^sa�Uph !�UXYH�V\Xcy}�SVbZY�U�^sSei � ��vw\Xhj\XcySe^�SVa�YUXa[SEf>bZY[^sUphjh>SVitf>bt^s_ZS^1�,\�a�\)\X]�vgU %yS>�oUXcySVa�UXY,UXbZidf>by^�_ZS � 
 � (L~�+�iZiZf�^sf>\XbgUXh>h%�LbZS&� cyf>bZf�U�^�WZa�f9�VSei{]$\XfjhgcEUXbZ\XcySe^�SVa�YUpa�Sycy\�WZb�^sSVi2f>bzSef>^�_ZSVa\X]�^�_ZSEa�\)\X]j��vgU&%yS��oUpcySVasUpY]$\�a`UXvZY[\�h>W�^�Sy}Za�SeY�Y[WZa[S�cySoUpY�WZa[SVcySVb*^�YLf>b\Xa�iZSVa@^�\��V\Xa�a[S"�e^4^�_ZS�a�SVcEUpf>bZfjb�!�\.��Y�Se^�iZa[f�]�^4\X]�^�_ZS&'IG 
/��vw\�h>\�cySe^�SVa[Ye~
� � � � ����� 		��
��	 � � ����� ��� ��� # �
	�� ��� #�� � ��� � � � � ��� � 	g�
�������! #"%$ � �!&' ��
� _ZS{Y[f>c�WZh�U�^�f>\�b9\p]TSVbZSVa/!��*��a[SVY[\�h�,XSVitbZSVW�^sa�Uph � W�*GSVY`f>Y�U�cySe^�_Z\GiK^s\�S ,pUXh>WgU�^sSL^�_ZS�a�UXiZfjUph
fj\XbG�^�SVcy}�SVa�U�^sWZa[S�}Za�\ (gh>SUpbZi�^�_ZS�bZSVW�^�a�UXh�iZSVbZY[f�^1��UXh>\�b�!�^�_ZS�hjf>bZSVYT\X]
Y[f !�_*^�\X]�^�_ZSiZSe^�S"�r^s\Xa�Ye~ � _ZS
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cySe^�_Z\Gi`}Za[SVY[SVb*^�SVi�_ZSVa[STWZY[SVY�^�_ZS��4_Z\Xh>S,f>b�]�\Xa[cdU�^�fj\Xb��V\�b*^sUpf>bgSei`f>b`^�_ZS,SVbZSVa/!��`Y[}�S&�e^�asU�UpbZiH�oUXb^�a�SVUp^,v�\p^s_Ef>Y[\X^�\�}wSVY "!� � � �-Y[f>c�WZh�^"UpbZSV\�WZY[h%�(�)Y�\^s_gU�^Tf�^��oUXbEvwSlWZY[SViE]�\Xa,bZSeWZ^�a�UXhkvwSoUXc _ZSoU�^sSVi}ZhjUXY[cEUXY/UXY��TSVh>h�~��Gf>b��VS<�,S>�oUXbdiZSe^�S"�e^�bZSVW�^�a�UXh>Y��4f�^s_ESVbZSVa/!�f>SVY,iZ\+�4bd^�\ < ) S&(;�)^s_ZS�cySe^�_Z\GiEfjY,XSVa��{Y�SVbZY[f�^�f�,�S@^�\^�_ZS4}ZhjUXY[cEU�SVi�!XSp~�+�]�^sSVa�iZSVY��Va[f>vZfjb�!�^�_gS@cESe^�_Z\Gi �-�,S5�@fjh>h�}Za[SVY[SVb*^Ta�SeY�WZh�^�Y�]$\�aiZf���Sea�SVb�^�Y��VSVbgUpa[fj\XY�UXbZi �V\XcE}gUpa[SH�4f�^s_m^�_ZS�f>\�bn^sSVcy}wSVa�Up^�WZa[S�cySoUXY[WZa[SVitv-�'�"_gUpa/!�Sr� S"*$�s_kUpb�!�Sa[S"�V\Xc�vZfjbgU�^�fj\Xb�Y[}wS"�e^�a[\�Y��V\�}-�X~��"�����Gf>b��VS.�"_gUpa/!�S{S"*$�s_gUXb�!XS " ��= �lY[^�a[\�b�!Xh%�'�V\XWZ}gh>SVY�f>\�bZY�UXbZi�bZSVW�^�a�UXh>Y ��^�_ZS�SVbZSVa/!��qY�}wS"�e^�a[WZc \p]^�_ZS�bZSVW�^�asUph � W�*�SVY�Y[^�a[\�b�!Xh%�miZSV}�SebZigY�\Xbq^�_ZS�f>\Xb9^sSecE}wSVa�Up^�WZa[S�}Za[\ (gh>Sp~ � _ZS � W�*K}wSValSVbZSVa/!)�WZbZf�^�UXbZi�Y[^�SVa�UXiZfjUpb9f>Y !�f�,XSVb9v-��^�_ZSh>f>bZSlfjb�^sS !�a�UXh�UXh>\Xb�!�^�_ZS�hjf>bZS�\X]
Y[f !�_�^ �! " 9#"���$ 3<�% � �& ' 9" ( ��)+*�,�- � .0/ " B ? 91"��
 �32 " B �� S3*�} " � 9#" !�4 2 " B �/�4 � �&2 "CB �  �9657"  � "." B �

 "S3*�}98�� ' *" ��:; < � < "<:-�>= �-B " +`~ <@? �
� _ZS (ga�Y6^4h>f>bZSl\X];^�_ZS�f>b*^�S0!Xa�UXbZi !Xf�,�SeY�^s_ZS�vZf>a[^�_�asU�^�S�\p]�bZSVW�^�asUph�}gUpa[^�f��Vh>SVY7�@f>^�_�SVbZSVa/!)� 9#" ,GfjUU.�"_gUpa/!�S�S"*$�"_gUpb�!�S#" �BA ��}Za[\?�VSVY[Y4vwSe^1�TSeSVbKf>\�bZY*�4f�^�_nSVbZSea !�� 9 " UXbZi9U�bgSeW�^sa�Uph�vgU)� + !�a[\XWZbZi �UpY�Y[WZcyf>b�!�UDCmU *?�,SVh>hjfjUpb
,�SVh>\?�ef�^1�miZf>Y[^�a[f>vZWZ^�f>\Xbm]�\Xal^�_ZS{f>\�bZYe~ � _ZS{Y�S&�V\�bZith>f>bgS`iZSVY��Va�f>vwSVY�^s_ZSU�^�^�SVb)WgU�^�fj\Xb{\X]w^�_ZS4SVY �VUX}Zf>b�!`bZSVW�^�a�UXh>Y/UXh>\�b�!l^�_ZSVf>a�}gU�^s_{^�\�^�_ZS�UpbgUXh%�GY[SVae~ � _ZS�Upfjc f>Y-^�\`f>b ,XSVa6^^�_ZS�iZSV}wSVbZiZSVb��&��]$WZb��e^sf>\XbL^�\�\Xv�^"Upf>b`^�_ZS 4 2 }Za[\ (ghjS/]�a[\Xc ^s_ZSTSVbZSVa/!)�LY[}wS"�e^�a[WZc9~FE�b�]$\�a6^�WZbgUp^�SVh%�^�_ZS@bZSVW�^�asUphHGgW�*�Y[}�S"�e^�a[WZcBiZ\GSVY-bZ\X^�\�bZh%�igSe}�SVbZiy\Xb�^s_ZS 4 2 }Za�\ (gh>S�vZW�^�UXh>Y[\�\Xb�a�UXiZfjUXhG}Za[\ (ghjSeY\p] � � ? �HI ? 4 � ?�UpbZiK\�b � " Uph>\�b�!y^s_ZS`hjf>bZSVY���\p]j��Y[f !X_*^V~ � _ZS �Va[\�Y[Y���Y[S"�e^�fj\XbZYl\X]H^�_gS`cdUpf>b9a[SoU)�r^sf>\XbZYvwSe^1�TSVSebqUp^�\�cyY �Zcy\XhjS&�VWZh>SVY �gf>\�bZY �kUpbZi9SVh>S"�e^�a[\�bZY4_gU ,XS^�\{v�S +)bZ\+�4bKUXY*�,SVh>h�~
��bZY6^sSVUXiK\p]KJ6f>b ,XSVa6^sf>b�!X�y^�_ZSLh>f>bZSf>b*^�S0!Xa�UXh " +`~ <@? �*�TSLWZY[S�U (Z^[^sf>b�!y}Za[\?�VSViZWZa[S`^�\dY[f>c�WZhjUp^�S�^s_ZScySoUXY[WZa[SViLGgW�*migU�^"UG~�(�*�}wSVa[f>cESVb�^"Uph;igU�^"UdUXa[S`WZY[SViK]$\�a�Uphjh�asUpiZfjUXh�}ghjUpY[cdU{}Za[\ (gh>SVY�S"*$�eSV}�^�]$\�a^�_ZS 4 2 }Za[\ (kh>SJ�4_Zf��"_|f>Y{}gUXa�UXcySe^�SVa[f0MVSVi�~�+�hjh*�"_gUXa/!XSVi }gUXa6^�f��ehjS�}Za[\ (gh>SVYyUXa[SmUpY[Y�WZcySVi ^�\tv�S
�V\XbZY[^sUpb*^�\�bNGgW�*nY�WZa6]�U)�VSeYV~ � _ZS 4 2 }gUXa�UXcySe^�SVa[Y�UXa[S ,XUpa[f>SVi9Y[W��"_m^�_gUp^4^�_ZS;�oUph��VWZhjUp^�SVi9bZSVW�^�a�UXhGgW�*tY�}wS"�e^�a[WZc (Z^�Y^�_ZS{cySoUXY[WZa[SVi2\XbZSp~ � _ZSEbZSVW�^�asUphHiZSVbZY�f�^1��bZSVSeigSei2]$\�al^s_Zf>Y �oUXh��VWZhjU�^sf>\XbqfjYf�^�Y�Seh>]��oUph��VWZhjUp^�SVim]$a�\Xcu^�_gSL}Zh�UpY[cdUy}Za[\ (gh>SVYlWZY[fjb�!�UdbZSeWZ^�a�UXh !�UXYlcy\GiZSVh�UpbZi�UXY[Y�WZcy}�^�f>\�bZY�\�b^�_ZSY[\�WZa��VSVY�\p]
bZSVW�^�asUph>YV~OQP�RF� � &<ST� � �U��V�W���X &<X
'�SVW�^�asUph4}gUXa6^�f��Vh>S�iZSe^�S"�e^�\�a[Yd\X]�^1�,\2iZf���SVa�Seb*^y^1�G}wSVY�Upa[S9f>b \�}wSVa�Up^�f>\�b|U�^ +Y�HZ ([A��\E�}�!�a�UXiZSp~
� _ZSVf>a !�SV\XcySe^�a�f��9}w\�Y[f�^�f>\�b|f>Y�Y[_Z\+�4b�f>b � f !�~ +L~ 9 3 �]��A + � �.��yUXa[S
!*UpY��1�VSVh>hlUXbgUph%��MVSVa[Y#�4f�^s_
9_^ ' ) ) % 2{~ � UXbZi`ZaGgW�*�SVY4Upa[S�cESVUXY[WZa�Sei�Y[SV}gUXa�U�^sSeh��p~B�BA + ��-f>Y,cy\1,XUpvZh>S.�GUXh>Y[\Lf>bE^�\Xa�\Xf>igUXhiZf>a[S"�e^�fj\Xb�~ � ( ' + fjY�U�^�f>cySr��\p]�� Ggf !X_*^lUpbgUXh%�GY[SVaI�4f�^s_ < ) % 2cb 9db 3 < ) ) % 2 �4f�^s_Z\XW�^f>Y[\X^�\�}wSY[SV}gUXa�U�^sf>\Xb�~ � ^�Y4fjb�^sSea�}Za[Se^sUp^�f>\�b�f>b��oUpY�S\X]
f>Y[\X^�\X}�S�cyf�*)^sWZa[SVY@f>Y@S3*�}ZhjUXf>bZSVinf>b � f !�~�+`~ 9 <
(HbZSVa !���f>b*^�S0!XasU�^�SVi�bZSVW�^sa�UphHGgW *�cESVUXY[WZa[SVcESeb*^�fjY-iZ\XbZS*�4f�^s_yUpbfehgp� igf>\)igS��-�Vh>\�Y[S�^�\�^�_ZS � ( ' +h>f>bZS�\p]
Y[f !X_*^�UpbZi9UXbnf>\�b#!*UXW�!XS`U�^@^�_ZS ,XSVY[Y�SehF��Uphjh@�Vh>\�Y[S�^�\�^�_ZSi�BA +4��iZSe^�S"�e^�\Xa�Ye~
� _ZS`}ZhjUpY�cEU{}Za[\ (gh>SVY�Upa�S�^"U +pSVb9]�a[\Xcu\X^�_ZSVa4iZfjU(!XbZ\�Y6^�f��VY � 4 � ]$a�\Xc � _Z\XcE}ZY[\XbmY �VUp^[^�SVa�f>b�!EUXbZi
(���( � � � ]�a[\Xc U �V\Xc�vZf>bgUp^�f>\�b \p]Lf>b*^�SVa6]�SVa[\XcESr^sa���UXbZi ��f�^�_ZfjWZc vwSoUXc iZfjU(!Xbg\XY6^sf��VY � � I ! � �f>Y`SVY6^�f>cdU�^�SVi�]�a[\�c Y[}�S"�r^sa[\XY �V\X}Zf��dcySoUpY[Wga[SVcySVb�^sY ��UpbZiz^�_ZSfGgW�*2Y[WZa6]�U��VSVY�Upa[SE\Xv�^"Upf>bZSViz]$a[\�ccEU(!XbZSe^�f��lcySoUpY�WZa[SVcySVb*^�Y�Upbgi�]�WZb��e^�f>\Xbn}gUXa�UXcySe^�SVa[f0MoU�^sf>\Xb�~j  #"���V & ��k  ml ��� $#������V "�� �nX &'�po
� _ZSybZSVW�^�asUph/iZSebgY[f�^1�tf>YbZ\p^;�V\XbZY[^sUpb*^L\XbTGgW�*tY[WZa[]�U��VSVYLY[f>b��VS{^s_ZS{bZSVW�^�a�UXh>YLUpa[SybZ\p^LcEU(!XbZSe^6�f��oUphjh%� �V\Xb (gbZSVi�~qC9\�h>S&�VWZhjSeY�UXa[Sdf>b ,�\Xh�,�SeiNf>b }ZhjUXY[cEU�� ��Uph>h�f>b*^�SVa�U)�r^sf>\XbZY�UXbZi !*UpYL}ZW��yb�!Z~ ��b}gUXa6^�f��VWZhjUXa ��^s_ZS{iZSVbZY[f�^1�tUp^�^�_ZSy}ZhjUpY�cEU�SVi�!�S{f>Y�fjbHGgWZSVb��VSei2v��K^�_ZS ,XSVY�Y[SVh !�SV\XcySe^�a��qUpbZi�^s_ZS
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� f !�WZa[S +L~ 9 < ~�� ��( ' + cESVUXY[WZa�SecESeb*^,f>b�^�_ZS5�oUXY[S�\X]�f>Y[\X^�\�}wS@cyf *G^�WZa�S�]$\Xa,U�^ �G}Zf��oUXhg\X_gcyf��#ZlSVWG�^�SVa[f>WZc Y[_Z\X^V~ � _ZSNGgW�*�SeY �oUpbZbZ\X^EvwSniZSVa[f�,�SVi|]$a[\�c ^�_ZS9igU�^"U �TvZWZ^y]$\�a*!Xf�,�SVbGgW�*GSVY@^�_gS �V\Xa�a[SVY[}w\�bZiZf>b�!�igUp^sU.�oUXb�v�S��oUph��eWZh�U�^�SVinUpbZi�^�_ZS&�J�VUXbnvwS �V\�cy}gUXa[SVi^�\{^�_ZS`cySoUXY[WZa[SVimigU�^"Uyf>bn^�_ZS (Z^[^sf>b�!{}Za[\?�VSViZWZa[Sp~ '�\p^�S^�_ZS`hjUXa/!XS �V\Xb*^�a�f>vZW�^�f>\�b\p] � ^�\�^s_ZS�_Zf !�_ ,XSVh>\?�Vf�^1� �s_kUpbZbZSVh>Ye~
}w\�Y[f�^sf>\Xb�\p]
h>fjcyf�^�f>b�!`Y6^sa[W��e^�WZa[SVY�UXbZi9bZSVW�^�a�UXh�Y�\XWZa �eSVYe~
� _ZS C9\�b*^�Sr�\��UXa[h>\.�V\GiZS ( � . ( '�(|}Za�\1,Gf>iZSVY4U �e\�a[a[S"�e^4Y[\�h>W�^�f>\�bd\X]�^�_ZS�bZSVW�^sa�Uph�iZf>Y6^sa[f>vZW�^sf>\Xbdf>bUpbgiyUpa[\�WZbZi{U !�f�,�Seb{}ghjUpY[cdU�f�]g^s_ZS@f>cy}w\�a6^sUXb*^-a[SoU��e^�fj\XbZYHUXa[S@Y[SVh>S"�e^�SViEUXbZi�^�_ZS@Y[\�WZa��VS4iZf>Y6^sa[f>vZWG�^�f>\�b{f>YHY�SVbZY[f>vZh>Sp~ ��cy}ZWZa�f�^1�LY�}wS"�Vf>SVY,UXa[S4bZ\X^��oUph��VWZhjUp^�SVi �*Y�f>b��VS�U�a�SeiZWE�eSVi�}Za[\p^s\XbyigSebZY�f�^1�{f>YHY�W�]j�
(E�Vf>SVb*^H^�\iZSVY��Va[f>v�ST^s_ZS4iZf>Y6^�a�f>vZW�^�f>\�bL\p]�_-�GiZa[\ !XSVbybgSeW�^sa�UXh>Y �
^�_ZS@cEUpfjb�f>\XbG��bZSVW�^�a�UXh>Y
f>b*^�SVa�U)�e^�f>\�bf>Y ,GfjUf�BA;�E�4_Zf��s_nf>Y@a[SVY[\�bgUpb*^4]$\�a�^�_ZS�a[SoU��e^�f>\�bn\p]�_��)iga[\(!�SVbKU�^�\�cyY@UpbZin}Za[\X^�\�bZYe~ +�bnf>Y[\X^�\�}wScyf *G^�WZa�S��oUpb9v�S�^�a�SoU�^�SVimUpY4\�bZSY[}wS"�Vf>SVY�v���Y��oUXh>f>b�!�^�_gS�}Za[\X^�\�b�cdUpY[Y0�gf>];^s_ZS � ���@Z �Ia�Up^�f>\�fjY
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( � . ( ' ( �oUXb#�oUph��VWZhjUp^�S@^s_ZS1GgW�*U�^/^�_ZS�}�\XY�f�^�f>\�b�\p]�^�_ZS�f>\�bG� !*UpW�!XS@iZWZa[f>b�!�^�_gS C9\Xb*^�Sr� ��Upa[h>\`}Za[\?�VSVY[YV~ +lY,U}w\�Y6^6��}Za[\?�VSVY[Y[\�a �)^s_ZSehgyf>b*^�SVbZY�f�^1��f>Y@\�v�^sUXf>bZSVi�]�a[\Xc ^�_gS�iZSVbZY[f�^1�n\p]-Up^�\�cyY �gcy\�h>S"�eWZhjSeY3"�bZSeW�^sa�UXh�UXbZinf>\XbZf0MVSVi����kUXbZi}ZhjUXY[cEUEf>\XbZY�Uph>\�b�!y^�_ZS�hjf>bZS\X]/Y�f !X_*^l\X]�^�_ZS�UXvZY[\�h>W�^�SVh%�4�oUph>f>vga�U�^sSeiKigf>\)igS�~ + }Za[\Xvgh>SVc \p]�^s_ZSehgnf>b*^�SVa[}Za[Se^sUp^�f>\�bKf>Y�^s_ZS.�e\�b*^�a[f>vZWZ^�f>\XbK\X]�^s_ZS�f>bZbZSVal_ZSoUp^�Y[_Zf>SVh>i ��^�_gUp^��oUpbZbZ\X^�v�S�Y[f>c�WZhjUp^�SViY[f>b��VS�^s_ZSyiZf>Y6^sa[f>vZW�^sf>\Xbq\X]TbgSeW�^sa�Uph/Y[\�WZa��VSVYf>YWZb +)bZ\+�4b�~�GUpY}ZW��yb�!mS"*�}wSVa[f>cySVb*^�Y^�_gUp^a�f>Y[S

< / '



����������� � ��� ���
	 � � � � ��� � � ���>	 �� � 	

flu
x,

 c
ou

nt
 r

at
e 

(1
/(m

^2
 s

r 
se

c 
eV

))

ra
di

al
 n

eu
tr

al
 b

ir
th

 d
is

tr
ib

ut
io

n 

energy [eV]
0 2000 4000 6000 8000 10000

0.0

0.5

1.0

1010

1012

1014

1016

1018
LENA

CX Ι

H

D

108

Ti
 (e

V
)

n 
  (

m
   

  )
0

-3

rho poloidal
0.0 0.2 0.4 0.6 0.8 1.0

0

200

400

600

800

1000

1011

1012

1013

1014

1015

1016

1017

n(atoms)

n(molecules)

T i

� f !�WZa[S +L~ 979 ~�� ����l ��� �Gf>c�WZhjU�^sf>\Xbt\p]�^�_ZS �BAuigUp^sUmUpbZi vZf>a6^s_za[S0!�f>\XbgY\X]@^�_ZSE}gUXa6^�f��Vh>SVYV~ � _ZSY[f>c�WZhjUp^�SVi GgW�*�SVY�UpbZi �V\XWZb*^�a�U�^sSeY "�Y[\Xh>fjizh>f>bZSVY ��UXa[S,�4f�^�_Zfjb�^�_ZSdSea�a[\�a`vgUXa[YL\p]^�_ZS�igUp^sUG~ � _ZSziZfjUpcE\XbZiZY�cEUpa�+ ^�_ZS�cESVUXb ,pUXh>WZSVYn\p]`^�_ZS�asUpiZfjUXh�vZf>a[^�_�}�\��Y[f�^�f>\�bZY�\p]�^s_ZS�bZSVW�^sa�UphjY{UpbZix^�_ZSVf>a�SVa[a�\Xa�vgUXa[Y{Y[_Z\!� ^s_ZS �V\�a[a[SVY[}�\XbZiZfjb�!�Y6^sUXbG�igUpa[i�iZS�,GfjUp^�f>\�bZYe~ � _ZS�a�UpiZf�Uph4hjUXvwSVh�f>Yd^�_ZSKiZf>cySVbZY�f>\XbZh>SVY�Y GgW�*)� Y�WZa6]�U)�VSqhjUXvwSVh
� I � . $�� "�� ���	�\* 2�
 � ! "�� 
 � I ��	�\* 2�
 ����� �,}�\Xh ~HGgW�*�~�� &+k������ ��\Xbn^�SVcy}�SeasU�^�Wga[SUpbZi{bZSVW�^�asUphZiZSVbZY�f�^�f>SVY�Up^-^�_ZS@cyf>bgf>c�WZcIf>b�}gUpasUpcySe^�SVa-Y�}gU��VSp~ � _ZS4Sea�a[\Xa�vgUpa�YH\p]^�_ZS�f>\�bd^sSVcy}wSVa�Up^�WZa[S�}gUpasUpcySe^sSea�Y�UXa[S�iZSr^sSVa[cyf>bZSVi�]$a[\�c ^�_ZS �VWZa/,pU�^sWZa[S�Up^@^�_gUp^cyf>bZf>c�WZcn~ � _Z\XY[S�\p]�^�_ZS�U�^�\�cyf�� "!� � Z ��iZSVbZY�f�^1��Upa�S�iZWZS�^s\L^�_ZSlWZb��VSVa6^"Upf>b*^1�\p]k^s_ZS C9\�b*^�Sr�\��UXa[h>\�}Za[\?�VSVY[Ye~ ��b�^�_ZS*�VSVb�^sSea0� ,X\�h>WZcyS�a[S"�V\�cLvZfjbgU�^�fj\XbLiZ\XcEf>bgU�^sSVYUpYTU�^�\�cyf���Y[\�WZa��VSp~ �lW�^�Y�f>iZS4^�_ZS�Y�SV}gUpa�Up^�a[f�* �Gcy\XhjS&�VWZh>SVY/}ZhjU6�{Upbdf>cy}�\Xa6^"Upb*^Ha[\�h>Sp~

^�_ZSbZSVW�^�a�UXh GgW�*n\�bZh%�d\�b�^�_ZS`\XW�^�SVa@cyf>iZ}ghjUpbZS�Y[_Z\+�IUpY��TSVh>h;UpY4_Zf !�_�a�SVY[\Xh>WZ^�f>\Xb�Y[}�S&�e^sa[\XY �e\�}��^�_gUp^4f>b !XSVbZSVa�UXh�\�bZS�^s_Zf>a[in\p]�^s_ZS ehgyfjb�^sSebgY[f�^1��\�a[f !�f>bgU�^sSVY,]�a[\Xc ^�_gS�\�W�^�SVa4}ZhjUpY�cEU�vw\�WZbZigUXa��X~
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�GWZvZY[S"�)WZSVb*^�h%���,S#�4fjh>h��V\XbZY�f>iZSVa`Y�}gU�^sfjUph,UpbZiz^�SVcy}w\�a�UXh�a[SVY[\�h>W�^�fj\XbZYLUpbZi h>f>cyf>^sU�^sf>\XbZYl\p] (���(cySoUXY[WZa[SVcySVb*^�Y4f>b�]$WZY�f>\Xbn}ZhjUXY[cEUXYe~
�`8;:*AA��R�D)<jAT? AHCzM *KM ! 8;Q
:�R�	e8 ! 8-?�D*:
� _ZSmY[}gUp^�fjUXh4a[SVY[\XhjW�^�f>\�b UXh>\�b�!�^�_ZS ,Gf>S&�4f>b�!ziZfja[S"�e^�f>\Xb \X] (B� ( a�UXiZf>\XcESr^sa��Nf>Y !Xf ,XSVb v��N^s_ZSa[SVhjUp^�f>\�b ( � $ "�� ��� � 6 � ( 6xUXbZi�f>Y�^s_ZSVa[Se]$\Xa�S�iZSe^�SVa[cyf>bZSViqv��K^�_ZS�hjf>bZS;�@fji�^�_�( 6 ��!�f�,XSVbqv��^�_ZS�Y[}�S"�r^sa�Uph�a�SVY[\Xh>WZ^�f>\XbL\X]g^�_ZSTiZSe^�S"�e^�f>b�!�iZS ,)f��VS " . � vgUXbZi$�4f>i�^�_��-UpbZi�v��^s_ZSTa�SVhjU�^sf�,)fjY6^�f��/Y[_Zf�]$^UpbgiNZ�\X}Z}ZhjSea@UXbZina�SVhjU�^sf�,)fjY6^�f���vZa�\�UXiZSVbZf>b�!{\X]�^�_ZS �&�?�Vh>\p^sa[\�b�SVcyf>Y�Y[f>\�b�]�a[\Xc U�_Z\X^�}ZhjUpY�cEUG~Zl\�}Z}Zh>SVa�vZa[\*UpiZSVbZf>b�!ta[SVY[WZh�^sY�]$a[\�c �V\�cy}w\�bZSVb*^�Y{\p]4^s_ZS�}kUpa�UXh>h>SVh/SVh>S"�e^�a�\Xbxcy\X^�f>\�b UXh>\Xb�!K^s_ZS
(���( a�U+�q}Za[\X}gU(!�Up^�f>\�b�}gUp^�_zUXbZi:�oUXbtvwS{cE\XY6^sh%�KY[WZ}Z}Za[SVY�Y[SVi v���\�vZY[SVa ,pUp^�f>\�b�}wSVa[}�SVbZiZf��VWZhjUXa^�\`^�_ZSlcEU.!�bZSe^�f�� (gSVh>idiZf>a[S"�e^�f>\�b�~8+;(gbZf�^�S7,)fjS3�4f>b�!�UXb�!Xh>S�UXh>Y[\La[SVY�WZh�^�YTf>b`Z�\X}Z}Zh>SVa,vZa[\*UpiZSVbZf>b�!��vZW�^^�_Zf>Y�S���S"�r^H�oUpbzvwS�a[SViZW��VSVi WZY[f>b�!9Upb2Up}Z}Za�\X}Za[f�U�^�S�\�}�^�f��oUXhHUpa�a�Upb�!�SVcySVb*^0�;Sp~ !Z~#GUpWgY[Y[fjUXbvwSoUXc \X}�^�f��eY*�4f�^s_nU��oUXWZY6^�f���bZSoUpa@^s_ZS�a[S0!�f>\Xbn\X]
f>b�^sSVa[SVY6^V~. SVhjUp^�f�,Gf>Y6^�f���vZa[\�UXiZSVbZf>b�!qUXbZi2h>f>bgSyY[_Zf�]$^`\�a[f !�f>bgU�^sSVY�]$a�\Xc ^�_ZS�cEUpY�Y`fjb��ea�SoUpY[S "�UpYLY[SVSVbxf>bt^s_ZShjUXvw\�a�U�^s\Xa���]$asUpcyS1�4UXY[Y[\?�VfjUp^�SVi'�4f�^�_m^�_ZS�_Zf !�_KSVh>S"�e^�a[\�bm^�_ZSVa[cEUXh ,XSVh>\?�Vf�^�f>SVY�fjbn]�WZY[f>\�bK}ZhjUXY[cEUXYUpbgi9}ga[SVY[SVb�^sY�U{]�WZbZigUpcESeb*^sUXh�a[SVY[\�h>W�^�f>\�b9h>f>cyf�^o~ � \Xa�hjUpa/!�S\X}�^�f��VUXh�^�_Zf��3+*bZSVY[Y�\p]H^�_ZS2�&�?�Vh>\X^�a[\�ba[SVY[\�bgUpbE�eS�hjU6�XSVa0�ZY6^sa[\�b�!�a[Sr��UXvZY[\�a[}�^�fj\XbdbkUpa[a�\+�4YT^s_ZSla[S0!�f>\Xb�\XW�^@\X]K�4_Zf��"_na�UpiZf�U�^�fj\Xb#�oUXb�h>SoU ,�S^�_ZS}ZhjUXY[cEU�UXbZina�SoU��"_�^s_ZS�iZSe^�S"�e^�\�a �wf�~ Sp~H^�_ZSY[}gUp^�fjUph�a[SVY[\�h>W�^�f>\�bnf>b��Va[SoUpY�SeYV~
� _ZS�h>\+�TSValiZSe^�S"�e^�f>\�bqh>f>cyf�^ �wf�~ Sp~�^�_ZS�h>\+�TSVY6^�iZSe^�S"�e^sUXvZh>S�SVh>S"�e^�a[\�bK^�SVcy}�SeasU�^�Wga[S�f>Y�iZSe^�SVa[cEf>bZSViv���^s_ZS`a�S"�eSVf�,�SValbZ\�f>Y[S`h>S ,XSVh�~ ��b9�V\�b�^sa�UpY[^0��^�_ZSLY[cdUph>h>SVY[^�iZSr^sS"�r^"UpvZh>S^�SVcy}�SVa�U�^sWZa[S��
	�������1( 4 �f>btU�_Z\X^}ZhjUXY[cEU�U�^�^�SVcy}�SeasU�^�WZa�S 4 � f>Y�iZSe^�SVa�cyf>bZSVitv��K^�_ZS{f>bE�e\�_ZSVa[SVb*^`vZhjU)� +���vw\Gi$�LGgW��e^�WgU��^�f>\�bZY�\X]-^�_ZS`SVcyf�^[^�fjb�!{}ZhjUXY[cEU�~ � _ZSLvZhjU��3+�v�\Gi$��GgWE�r^sWgU�^�fj\XbZY�UX}Z}wSoUXa�UpY5�4_Zf>^�SbZ\�f>Y[S#"$}�\+�,SVaiZSVbZY[f�^1� f>bZiZSV}wSVbZiZSVb*^{\p]@]�a[S"�*WZSVb��&�����TUXbZi ^�_ZSVf>a�cEU.!�bZf�^�WZigSyf>bz^s_ZS�iZSe^sS&�e^�SVixa[S"�VSVf�,XSVa�Y�f !XbgUXh
,pUXa[f>SVY�U��"�V\Xa�iZf>b�!K^�\q^�_ZS�Y�SVh>S&�e^sSei . � vgUXbZi$�4f>i�^�_ ( 6���� "$hjUXa/!XSVaLY[f !�bgUph�UXbZi Y�f !XbgUXh � ^�\���bZ\�f>Y[Sa�Up^�f>\�Up^@h�Upa/!�S . � vgUXbZi$�4f>i�^�_��@UXbZi#,Gf>iZSV\{vgUXbZi$�4f>i�^�_�( 6��#"$hjUXa/!�SeaTbZ\�f>Y[S�hjS�,�SVh�Up^4hjUpa !XS ,Gf>iZSV\vgUXbZi$�4f>i�^�_��"~ � _ZS{ae~ cn~ Ye~�bZ\�f>Y[S�vgU)� + !�a[\XWZbgit]$a�\Xc�vZh�U��3+X��vw\Gi$�LGgW��e^sWgU�^�fj\XbZY�f>Y�iZSVY��Va[fjvwSVitv��^�_ZSY[\p� �oUXh>h>SVi J[a�UXiZf>\XcESr^sSVa/]�\Xa[c�WZhjUX�&( 4 � 
 � D 
 � 4 � $ � < ( 6 � � ( 6 ��� ~ � ^�Y[_Z\XWZhji�v�S�bZ\X^�SVin^�_gUp^f>b�]�WZY[f>\�b{}ZhjUpY�cEUpYHvZhjU��3+�� v�\Gi$�KGgW��e^sWgU�^�fj\XbZY,Upa[S4WZY�WgUph>h��`c�W��"_yhjUpa !XSVa-^s_gUpbhGgW��e^sWgU�^�fj\XbZY/\p]w^s_ZSSVh>S"�e^�a[\�b�^�SVcy}�SVa�U�^sWZa[S�a[SVhjUp^�SVi�^�\�^�asUpbZY[}�\Xa[^6��a[SVh>S ,pUpb*^}ZhjUpY�cEU�fjbZY6^sUXvZf>h>f�^�fjSeYV~ � \�al^�_ZfjY�a[SoUXY[\�b �
(���( cySoUXY[WZa[SVcySVb*^�Y��oUXbZbZ\p^vwS�WZY�Seit^�\�cySoUpY[WZa�S�^�_Z\�Y[S{}ZhjUXY[cEU GgW��e^�WgU�^sf>\XbZY�WZbZh>SVY[Y�Y[}wS"�VfjUXh^�S"�"_ZbZf �)WZSeY�UXa[SySVcy}Zhj\+�XSVi �-S�~ !Z~J�V\Xa�a[SVhjU�^sf>\Xbta�UpiZfj\XcySe^�a��q\p]T^1�,\mY[f !X_*^�h>f>bZSVYf>b��Vh>f>bZSVi �4f�^s_za[Sr�Y[}�S&�e^4^s\ySoU��"_n\X^�_ZSVa4v���cy\�a[S�^�_gUpbn^s_ZS�vZhjU)� +���vw\Gi$� GkW��r^sWgU�^sf>\XbZY4iZS"�V\Xa�a[SVhjUp^�f>\XbnUpb�!Xh>Sp~
�-< ! <�D*Q;D*<jA�?-:xA�CtM�*mM �,<jQ
=�?HA�:XD*<���:
� _ZSES ,pUXh>WgU�^sf>\Xbt\p]@SVh>S"�e^�a[\�bt^�SVcy}�SVa�U�^sWZa[Sy}Za�\ (gh>SVY]$a[\�c (B��( cESVUXY[WZa�SecESeb*^�YLf>Y`Y6^sa�Upf !X_*^[]$\�a��
��Upa[i�~ ��\+�TS�,�SVa ��^s_ZSVa[SmUpa[S �V\XbZiZf>^�f>\XbgY �@_Zf��s_ �oUpb cy\GiZf>] �t^�_gS)(B��(�}w\+�TSVayY[}�S"�r^sa[WZc UXbZia[SVY6^sa[f��e^l^�_gS�UX}Z}Zh>f��oUXvZf>h>f�^1��\p]H^s_ZS�Y[f>cy}ZhjS`UXbgUph%�GY[fjYl\XalS�,�SVbtf>bZ_Zf>vgf�^4^�_ZS�WZY[S�\X]�(B� ( cySoUXY[WZa[Sr�cySVb*^�Y�UXh�^�\(!�Se^�_ZSVae~
+�YlcESVb�^sf>\XbZSVi�UXvw\1,�S.��^�_ZS�UX}Z}gUpa[SVb*^�asUpiZfjUp^�f>\�b9^�SVcy}wSVasU�^�WZa�S�a[S GgS"�r^sYl^�_ZS�^sa[WZS�SVh>S"�e^�a[\�bK^�SVc��}wSVa�Up^�WZa�SL\�bZh%�mf>bm^�_ZS �oUXY[S�\p],_Zf !�_K\X}�^�f��VUXh�iZSV}�^�_ @6$ +�� "��(�2� � ��\Xa�_Zf !X_qUXvZY[\Xa�}�^�f>\�b � \1,XSVaY[W��,�Vf>SVb*^�asU6�}gUp^�_�h>SVb�!X^�_ � ��f�~ Sp~ �4_ZSeb{^�_ZS�}ZhjUpY�cEU�f>Y
\�}gU��)WZS@U�^-^�_ZS�cySoUpY[WZa�SVcySVb�^H]$a[S"�)WZSVb��&�p~
+�^ (gbZf�^�S�\�}�^�f��oUXhwiZSV}�^�_A@ �G^s_ZSlSVcyf�^[^sSVidf>b*^�SVbZY[f�^1�E]$a[\�c ULY[fjb�!Xh>S�v�SoUpc }gUpY�Y,^s_Za[\�W�!X_nULY[hjUpv�\p]}ZhjUXY[cEU�f>Y
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��b �oUXY[S�\X]�Y�cEUph>hk\X}�^�f��VUXhgiZSV}�^�_ �$�TUXh>hka�S GgS&�e^sf>\Xb�UpbZidcLWZh>^�f>}Zh>S@}gUXY[Y[SVYT^�_Za[\�W�!�_y^�_ZS�}Zh�UpY[cdU �oUXbf>b��Va[SoUXY[S 4 - ���&~�� f�^�_Z\�W�^2��Uph>h/a[S GgS"�e^�f>\�b �-UXb2\�}�^�f��oUXhHiZSV}�^�_ \p] @ � 9 fjYbZSVSViZSVi ^�\mcySoUpY[Wga[Scy\�a[S�^�_gUpb ? ' � \X]-^�_ZS`vZhjU��3+�� v�\Gi$��f>b*^�SVbZY[f>^1�p~ � _ZS\�}�^�f��oUXh�iZSe}�^s_ @m\p]
�&�?�Vh>\p^�a�\XbKUXvZY[\Xa�}�^�f>\�b]$\�al\�a[iZf>bgUXa��qUpbZitS"*)^sa�Up\�a[iZf>bgUXa��m}w\�hjUpa�f0MoU�^sf>\XbZY "�}w\�hjUpa�f0MoU�^�f>\�b9}gUpasUph>h>SVh
UXbZi�}wSVa[}�SVbZiZf��VWZhjUXal^�\^�_ZS�cEU(!XbZSe^�f�� (gSVh>i ��a�SVY[}wS"�e^�f�,�SVh%� �-f>b�Upb�f>bZ_g\Xcy\ !XSVbZSV\XWgY �� (gSVh>i�f>Y +*bZ\!�@b�~ � _ZS@\�}�^�f��oUph�iZSV}�^s_iZS"�Va[SoUpY�SeYI�4f�^�_mf>b��Va[SoUXY[f>b�!E_gUXa[cy\�bZf��b*WgcLv�SVa�UpbZiKiZSV}�SebZigYl\Xb9^s_ZS`SVh>S"�e^�a�\XbmiZSVbZY[f�^1�mUpbgi ��f>bU�_Z\X^T}ZhjUXY[cEU �G\�bd^s_ZS�SVh>S"�e^�a[\�bd^sSecE}wSVa�Up^�WZa[Sp~ ��b�cy\XY6^�]�WZY[f>\�bd}ZhjUXY[cEUXY ��^�_ZS (ga�Y6^4_gUpa�cy\XbZf���f>b\Xa�iZf>bgUXa��qcy\GiZSyUXbZit^�_ZS (ga[Y6^�UXbZizY[S"�V\Xbgi2_gUXa[cy\�bZf��VY�f>b2S"*)^sa�Up\�a[iZf>bkUpa��qcE\)iZSdUpa[SE\X}�^�f��VUXh>h%�^�_Zf��3+9f>bK^�_ZS�vZWZh +n}Zh�UpY[cdUG~���}�^�f��oUph
^�_Zf��3+*bZSVY[Y��)WZf�� +)h%�KiZa�\X}ZY�^s\+�TUXa[iZY�^�_ZS�}ZhjUXY[cEUdSei�!XS{UXbZicEU6��f>bnY[\XcyS �oUpY�SeY�v�S�fjbZY[W��,�Vf>SVb*^4]$\Xa@cESVUXY[WZa[SVcESeb*^�Y�fjbd^�_gS�Y��Va�UX}wSr��\.��h�U6�XSVae~
+�b{WZ}Z}�SVaHh>f>cyf>^�^s\l^�_gS�SVh>S"�e^�a�\Xb{iZSVbZY[f>^ ��f>Y !Xf�,�Sebyv-�L^�_ZS4U)�"�eSVY�Y[f>vZf>h>f�^1�L\X]k^�_ZS@a[SVY[\�bgUXb�^,h>\?�oU�^�f>\�b]$a�\Xc ^�_ZSl\�W�^�Y[fjiZS�\p]�^�_ZS�}ZhjUpY�cEUG~���a[iZf>bgUXa��ycy\GiZS<��U ,XSVY��4f�^�_d]$a�S'�)WZSVb��Vf>SVY@vwSVh>\+��^�_ZSl}ZhjUXY[cEU]$a�S'�)WZSVb��&� "  &I $ & & � � �	��
�� � �yUpa�SnS ,pUXbZSVY��VSVb*^0�lf�~ Sp~ �VUXbZbZ\X^d}Za[\�}gU.!*U�^sSnf>bgY[f>iZS9^�_ZSm}ZhjUXY[cEU�~
(�*G^�asUp\�a[iZf>bgUXa��2cE\GiZS#��U ,XSVYyv�S&�V\�cyS�S�,XUpbZSVY��VSVb*^,�4_ZSVb �,\XbN^�_ZSna�U6� }gUp^�_ �  b � ���4_ZSea�S� $ "  ) � �  &) � /  &I � � < f>Y�^�_ZS{a[f !�_*^6��_gUpbZi �VW�^[� \(�2]�a[S"�)WZSebE�3�(�-\Xa0��SVh>f>cyf>bkU�^�f>b�! � �  &I � & �   ) ~ � \Xa`^�_ZS�->� ^�_ _gUpa�cy\XbZf�� "*- ^ < �`\X]�^s_ZSJ�&�?�Vh>\p^sa[\Xb ]�a[S"�*WZSVb��&�  $ -  ) �FA���cy\GiZSa[f !�_*^6��_gUpbZi �VW�^6��\(�E\?�&�VWZa�Y
�4_ZSVb  &I � -/"*- � 3-�  &) ���e\�a[a[SVY[}�\XbZigf>b�!�^�\U>�Va[f�^sf��oUphGSVh>S"�e^�a[\�b�iZSebZY�f�^1�
� � 
 .)+- 2 < $ - "*- � 3��0" � " � � � & & �  & ~ � \�al^s_ZSfA���cy\GiZS�Y[S"�V\XbZi2_gUpa�cy\XbZf��&- $ < �8�4_Zf��"_zf>Y\X}�^�f��VUXh>h%�^�_Zf��3+ f>b cy\�Y6^ �oUXY[SVY ��^�_Zf>Ydf>Yy^1�4f��VSm^�_ZS9�VW�^6��\(� iZSVbZY[f�^1� �V\�cy}gUXa[SVi �4f�^�_ ^s_ZS�����cy\GiZS (ga[Y6^_gUXa[cy\�bZf��p~ � \�a{^�_Zf>Y�a[SoUpY�\Xb WZY�WgUph>h��xY�S"�e\�bZi�_gUXa[cy\�bZf��DA���cy\GiZS4�TU ,�SVYnUXa[SKWZY[SVi�]$\�a (���(cySoUXY[WZa[SVcySVb*^�Y4f>bn\Xa�iZSea@^s\yUph>hj\+��]�\Xa4U�hjUXa/!XSVa@a�UXb�!XS�\p]-U)�"�VSeY�Y[f>vZh>SSVh>S"�r^sa[\�bniZSVbZY�f�^�f>SVYe~ZlS ,GfjUp^�f>\�bZY@]$a[\�cuU`CmU *?�TSehjh>fjUpb ,�Sehj\��Vf�^1�niZf>Y6^sa[f>vZW�^�fj\Xb��oUpbK}�Sea[^�WZa[v (B� (�cySoUpY�WZa[SVcySVb*^�YlUXbZicEU6�nvwSLiZf �,�VWZh�^�^�\EiZSe^�S"�e^�WZbZiZSValcEUpb��4�efja��VWZcyY6^"Upb��VSVYe~ '�\�bG� ^s_ZSea�cEUph�SVh>S"�e^�a[\�bK}w\�}ZWZhjUp^�f>\�bZY
�oUpbz\?�&�VWZa0��]$\�a�S"*ZUpcE}Zh>S.�;f>bq^s\ +�UXcEU +*Y��4f�^�_�h>\!�,SVa�_��GvZa[f>iz_ZSoU�^�fjb�!nUXbZizUp^�^�_ZSy}ZhjUpY�cEU�SVi�!�SiZWZa[fjb�! �4� cE\)igSI�V\Xb (gbZSVcySVb*^��4f�^�_�Y6^�SVSV} 4 � !Xa�UXiZf>SVb*^�Y4U�^�h>\+� SehjS&�e^sa[\Xb�iZSVbZY[f�^1�X~ +�Y@SVbZSVa/!�Sr^sf��SVh>S"�e^�a[\�bZYlSVcyf�^lh�Upa/!�SVa>�&���Vh>\X^�a�\XbKa�UXiZfjUp^�f>\Xbm}�\+�,SVa�^�_gUXbqY[h>\+� SVh>S"�e^�a[\�bZY ��(B��( cySoUXY[WZa[SVcySVb*^�YUpa�SyY[SVbZY[f>^�f�,XSE^�\9bZ\XbG� CmU *��TSVh>h>fjUXbt_Zf !�_tSVbZSVa/!)��^sUXf>h>Y�\X]T^�_ZSEiZf>Y[^�a[f>vZWZ^�f>\Xb�]$WZb��e^�f>\�b�~ (lf>S&�4f>b�!]$a�\Xc�^s_ZS�h>\+���)(gSVh>iyY[f>igS4\p];U�iZS ,Gf��VS>�oUpbdvwS4]�U ,X\�WZa�UXvZh>S�vwS"�oUpWgY[S�iZ\+�4bG��Y[_Zf�]$^�SVidSVcyf>Y�Y[f>\�b{\p]�^sUXf>hSVh>S"�e^�a[\�bZYc�WZY[^2�Va[\�Y[YLU�a�S0!Xf>\�b�\p]T^�_ZSVa�cEUph�SehjS&�e^�a�\XbZY0�F�4_Zf��"_ ��f�]T\X}Z^�f��oUph>h��n^s_Zf�� +�� �@fjh>hHUpvgY[\Xa�v^�_Zf>Y@asUpiZfjUp^�f>\�b�~
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+ �(� 0�" ��� ��0 " � �( 5  %�!�! � ! � & �(� " �%�
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� �/5  H" �(�1+ � " ��� � � � )�� � � & �(� "" �  %" &��8& �(� " ) &  �����(��� �/! �  �� ��� � � . � � , �(� ����� " ��� . �  H"!" � � ��� !�0��7� �(� .7. C������  %"7"6 ���  +25�� � ' �� � � . � ��"� 5�5 �"� " ��� . � ,% 5D)  H" � � �GC ����� � � �<�8� � � " ��� �8� � " ���  5 . �  H"!" � � ��� !N.70 ��� "!�6 � %� ���  5��()�5  H" �(� �<�8�C  * � �(5�5��  � , �(5 � �(� " �3��� .S"!� ��+�) " � � � .Q ��� " �����/5D��� "!�!� � " � &�0 � �! %" ) � � � . ��� " � �7& �D���/��+�� (2"7" ��� ! .!R �D� .S"?" ��� & �  �. ) � �(� .70 ��� "!�6 C������ .�� �  + ��� .!. �%� " ���N���  .! � ��.7" ��� � � " ��� �%" ��� � �  ��� � .F 5 .7�� "!.�.S"!� �(� !%" � � � "� 5�5 ����. "!� & �  �. ) � � " ��� " � &�0 � �! H" ) � � ���>" ����+�)�5 + ����" ���9�(5���� "!�7� � . � � " � � ) "+-�(��� ! ��� .S" ) � +-�(� +�� " ��� 0�� � . �(���(� �%�F.7&  5�5 �<�! � " � � � ���F. ) 0��! %" ��� �7&  5:�(5���� "6�7� � . C ���R) . " ������ ��&9.7� � . �  %"7" � � �D� ! ���  .! � �8.S" ���Q� .�.7��& � � �  %" � ��&�0 5D� & �/� "6 �� � "!� (���( & �  %. ) � � & �(� "6. C
� � 0��! � " ���/� � "��>�F. �6��� & � .;����� 0 � �S�����!& ��� !>" ��� & �  %. ) � � & �(� "6. �  1, ��� ,8� 5 , �(� � " �2� � � � � , �(� " � � �  5 �. � ��� & � � � ��� � �  �  %0�0��!� * � &9 H" �(5�� ? ) " . �  %"7" � � �D� ! ! � �8& � "!� �=� . ) . �(� " � * � .S" ��� !�0��! � " ���  5�5�� � �� , � � � �() �7� �(� "J� ) . � � ����� , ���(� ���I ���  " � & � � �%� � G � ! � " . � ��� & � +  �. �(� � � +  � + �> �� � . �  H"!" � � ��� !
" ��� ) . � � � " ��� -7( � "!� +% %&9 + ����� ��� � � " ��� � � � )�� � �(� .702 %" �  5 � � .7� 5�) " � � � � .9 �6����� , �/� ) . ��� !. )�+�� �  � ��. ��� � ���45  �. � �Q0 )25 . � .� ���1��� ! ��� .70 �(�(����� " ��� " � � �GC � ��" � . � .7" � &�. �  , � " ���(� �Q.!0 ���(� ( �& � � � "6.? ��� ��� .! � ,% � "  .! � . � " ��� � � � , �(� " � � �  5 . � ��� & � � �����6� ) . � . . � &�0 5�� � 5  %. � �?. � .S" � &�. �  �+-� ��0 � �6 H" �(�  H" ��� ! ��� ��� � 0 � " � " � � � �6 H" � .3" " � 0 ���  5�5�� 3 ) ) �1M1� +2) ":� � � )�� � � .� � �(5  + �8�! %" � �A.702 �(�� � � . ) & ��� ! � � 5�5���� " � � � �80 " ��� . "!�=� + "6 ��� .70  H" �  5 0��7� ( 5�� . C ����� " � & � � ��� � G � ! � "Q& � " � � �  ,8� ��� ." ����5  %"7" � � ��� � �()�5 " �O+�) " �  %. � ��" +M�(�(� �80 � �! %" �(�  H" ��� ! � � � 0 � " � " � � � �! %" � . ��� " C����� 0 � � . ���  5G5�� & � "6 %" � � � . ��� " ��� & �  �. ) � ��� ! �  �02 +���5�� " � � � �"� � , � � �M �� � " ��� .! �& � ����� + ��" � . � . �" � &�. �;" ��� . � ! �  5 � "!� � � � � . � �! H" � � ���2" ��� & �  �. ) � � & �(� " 5�� & � "!. " ���  ���() �! ��� � , �(����� " ���  + . �(���(��%�� � � . � .S" � &9 H" � � � �7�!���7. ��� �  5D��+ �! %" � � �GC ����� � ' � � . ! � , �(�=+ �! ) � $ � 
 ) � < <I � � � � 
 ) � < <I � � ��� � )����\- 
 � 4 �I � � � 4 
 2�
 �I � ?
� ��� � � � 
 ) � < <I � � .9" ���1�R) & +M� �=�%�N0 � ��"!� �(5���� "6�7� � . ��)�� "6� ��� �8&�.7� � . �  %"7" � � ��� ! " " ��� . � ! �  5 ���
� � � )����\- 
 � 4 �I � � .F" ��� � ) & +-� � ���I0 � �%"!� �(5���� "!�7� � . ��)�� "6� " ���J+  � + !8�7� )��2� 0 5  %.!&9 9�6 ���  %" � � � � � 5 �5���� " �(� ��) � ��� !�" ��� & �  �. ) � � & �(� "0�F ��� � 4 
 2�
 �I � � .@" ��� � � )�� ,% 5��(� " � ) & +-� �����Q0 � ��"!� �/5D��� "6�7� � .��� . � � ��+��D� !@" ���N��� " ��� "!�8� � � � . � �() �7� �/� "0�M 5 .7��. ) &�& �(� ) 0 ��) � ��� !@" ��� & �  %. ) � � & �/� " C ����� "6� �"6 5G� ) & +-� �?��� . � ! �  5 0 � ��"!� �/5D��� "6�7� � .;" ��� " � !��! %" �(� �1, � �?" �2� . �  %"7" � � �(� .70 ��� "6� ) & � � .�! � , �(�'+��
� 
 ) � < <� $�� 0  ��	������ 0  ��	��� �'�
� � 
! 
 
 4 � � � � (#" �'�%$�� 4 ��& � :���' ?
� ��� � � 9�9 � 
)( - � .N" �2� 5  �. � � �(��� ��* �,+ ��� 9 � 
)( - � .�" ���O�(��� ��* � �%��" ��� 5  %. � ��0 � ��"!� � . + �
� � 
! 
 
 4 � ." ��� ��� �8&�.7� � � �!��.7. � . ��� " � � �-+ �-( � .?" ���N�(5���� "!�!� �3���(� . � " �,+ (." � .F" ����5��(� *�" � �%� " ��� . �  H"!" � � ��� *
,�� 5�) & ��+ �%$ � .�" �2� .7� 5����  � * 5�� ���E" ��� � � 5�5D��� " � � � ��0 " ��� . + 4 ��& � : � .�" ��� ��0 " ���  5 "!�! � .7& � .7. � , � " ��%�E" ��� � � 5�5���� " � � � �80 " ��� . +  ��� ' � .:" ��� � )  � " ) & � � �(���(��� � ���;" ��� ��� " ��� "!�8� C� �!��& " ��� . � " �>�=� �(5  H" � � � .  5�5 " ���J��� . � * � � � � " � � �  @�����  ��� ��&�.!� � . �  %"7" � � �D� * ���  ,* � �8.S" � � �  �+-�'��� � � �!� �(�GC �����'5  �. � � �(��� ��* �  ��� " ��� � � )  5�� " � � ���F" ��� � � 5D5���� " � � �  �2� ��� " ��� " � � � . � .S" � &. � � )�5�� +M�  �. ��� * �  �.�0M��.!. ��+�5��%C � � " ��� ��" ��� � �  ���-+�� " � .I� + , � � ) .�" �  H">" ��� .702 H" �  5 � � .7� 5�) " � � �
(." �  ��� ��" +-� � &90��7�1, �(� � � " � � ) " ��� � � �  �. ��� *N" ��� .S"6 %" � .7" ���  5-� �7�7�8� +  ��7.:�%�
" ��� & �  %. ) � � & �(� " C� � 0 ���  5 ,% 5�)�� .Q��� (."� �6����� , �/�  H"N O.7"6 H" � .S" ���  5 � �7�7�8�Q���I" �2� " � &�0 � �! %" ) � � & �  %. ) � � & �(� "N�%� + � ) "0/ �  �� ����� " ��� �! � * � ��� 3�"6�O 9� � � � & � .21 ����� � ( � 9 � 343 8 ��5 � � � ?�6 9 � 
�( - � 387:9 C �����.702 %" �  5 � � .!� 5�) " � � �-+I� �"� �<;�� � +:� . � � )��(�  5 � ���(� " �2� .S" �(� 0$0��!� ( 5�� .@ %" " ��� 0 5  %.!&9 �(� * �'�  ;8�"!� +-� & �  �. ) � �(�GC ����� � �@� .� O� � & �(� � "!�=" ��� .Q02�7� +�5D� & �Q %" 5 � �  %" � � � . � ��� � � " �2�@5  %. � � +-�  �&02 �.7. � .>"6 � * �(� " �  5�5�� "!�N" ��� &9 ,* ��� " ��� G ) * . ) �7�� �/� . + " ��� 0 5  %.!&9 02 ��! �& � " � �7. ;  %� � � ��5�� . 5 �"� 5�� 5 � � *�" ��� 5  %. � � �6� �8� �  ��� " ��� 5��(� *%" � �%�Q" ��� . �  H"!" � � ��� * ; � 5�) & � (." �  � +-� &9 ���'5 � � * C�����  H"!"6 �D�  +�5�� .702 %" �  5 � � .!� 5�) " � � �$� �8�7&9 5 "!�1" ��� G ) *$. ) �S�� �(� . � . " ��� * �=;��(� + � " ��� 5  %. � �+-�  �& ���  �& � " � � + " � 0 � �  5�5�� ���
" ��� �8� ��� �����;� ��� & ��5�5�� & � " � � C ����� .>. � ��� & �Q� . ) . �(� � �?> �HZA@FA �EF0B*8�! ��� "!� ���  ,* � �8. � " ��� 0 5  �.7&9 + � )����  �� � � . � * ' � � C >ED 5  %. � �!.F1 ; $HG�3�� /,I � ?�6�9 � 
)( -f$

J / ?



���  ��� ��� � � ��� �+� � ��� � � � 	 ���>	 ����
	
G 7:9 +R�  � � � ��� ��0 � �6 H" ��� *� %" J 3 �QM?� � 0 � " � " � � � �6 H" �  �� � 02 �.7. �(� ;�� �S" ���  5�5�� " � �7� ) * � " ��� 0 5  �.7&9 + � )����  �� �,+ �A���(5������ *N& �  %. ) � � & �(� "!.� H" G J 3 �1M + ���M��� " �=;8�(5���C ����� 5  %. � � +-�  �&�.> �� �F� ��" � � 5������  ��+�) "N %�7�6 � * �(�  %.� 9�  � � " ��� . � * 5  %. � � +-�  %&9. ��� " � �7. ��� "N H" " ��� �<� �() . �D� * 5��(� . 5 � �  %" �(� � � "!�80�%� " ��� "!� +H �&9 + C ��� ) . +;�D� " ��� & ��� 0 5  ��� . � * . 5�� * � " 5��'���=;�� ��* ��� * +-�  %&9..1 ���  �& � " � � 5�� .7. " �  �J &�& 9F �� � �<�8�7& �(�-+ � ����� �  �� �J��� .70 5  �(�(� ��� �! ���  5E�2� � ��� " � � �3+�� J &�& �  �6�GC ����� . �9+-�  %&9. %� � ;A��� � �(�'+ �  � � 5�5���� " � � � �80 " ��� . 5 �A� + ��� *��! ���  5D5�� ��� �> �� � .>" � �7� ) * �  ��! ���  5 0-�8�S" C ���R) . + ���� .7. �(���(���<;�� � � /�3 &9.F 2*�� �D� ����/ J & �  �. ) � �D� * 0-� ��� "6. � .�. �  �����(�GC

 

z[m]

Laser Beams

R [m]
2.402.151.90

- 0.20

- 0.08

0.05

0.17

0.30

Separatrix

 # 8503
t = 3.0 s

z [m]

� � * ) � � >�C / J C �3� �  %"7" � � ��� * * � �8& � "!� � � � > �HZA@[A � E 0B*��! ��� �<�8�;" ���:5 �"� ( �/5D� 0 5  %.7&  + � )����  �� ��C� � �"� �  �� � " ��� . � * ;�� �S" � �  5 5  %. � � +-�  �&�. 1<.7� 5���� 5��D��� .�9 + " ��� � +M�  %&�. �?���N" ���� � 5�5���� " � � � �80 " ��� . 1�*8� ���  �� �  %.�9 +  ��� " ��� G ) * � � � "!� ) � 5D����� . C
� � * C >NC /��4. � �"�?.' �� � . )25 "9�<�!��& . )��6� �(� * � & �  �. ) � � & �(� "!. C > 5�5 & �  %. ) � � & �(� "6. ��) � �D� *  
� )  %. � � .7"6 H" � � �  �� � � � &9� ��� 0 �  �. � � � " � 0 � � � � ����� " � 0 ��� @ �nC � .F �� � ��� 0 ��� " �/�GC

0.92 0.96 1.00 1.04 1.08
r pol

0

200

400

600

800

E
le

ct
ro

n 
T

em
pe

ra
tu

re
 [e

V
]

# 8503            I=1 MA
                <ne>=8.6E19m**-3
                 NBI:  P=7.5 MW 

                  

25 mm

Thomson Scattering Data
All Measurements
1.8 s < t < 3.62 s

-0.008 -0.004 0.000 0.004 0.008 0.012
Relative Time [s]

0

200

400

600

E
le

ct
ro

n 
T

em
pe

ra
tu

re
 [e

V
]

# 8503  2.8 s < t < 3.62 s

a - 2 cm

a - 1 cm

-0.008 -0.004 0.000 0.004 0.008 0.0
Relative Time [s]

0.0E+0

4.0E+19

8.0E+19

1.2E+20

1.6E+20

E
le

ct
ro

n 
D

en
si

ty
 [m

**
-3

]

# 8503    1.8 s < t < 3.62 s

a - 2 cm

a - 1 cm

� � * ) � � >�C /�� C � @ 5���� "!�7� � " � &�0 � �! %" ) � � 0��!� ( 5�� .21 5�� � "�9� ��� " � &�0-�8�! 5
�<; � 5�) " � � � ����" ���N�(5���� "!�7� �" � &�0 � �! %" ) � � 1<& ������5�� 9  �����(5���� "!�7� �J���(� . � " � 1<� � * � "�9 J  �2� G � & �D� . ����� " ��� . � 0 � %�! %"!� � * ��) � ��� * @ �nC . + � � .70 ��� " �=;��(5�� 1�& ������5�� 9 C ����� & �  �. ) � � & �(� "!.� %� � " � & � �� �8�7� �(5  %" �(� "!� " ��� &9 * � & ) &B���E" ���	� g � & � .7. � � �=��� " ��� �2�=;�� �S"!�8��� � * � � �GC
J � 3



����������� � �2� 	
�>�D	�� �   ��� �0�
	 
��i������ � � � �����
� �����(� " ��� " � 0 � � @ �nC � .Q �� ���2�  �� 5�� 0 � � � � ��� � ��) � ��� *@" ��� & �  �. ) � � & �(� " ��� " � � ;  5)+ " ��� . � * �  5 .�  �4+-� � �8�7� �(5  %" �(� "!�=" ��� & C � � * C >NC /��'. � �"�?. � �"� " ���@�(5���� "!�!� � " � &�0 � �! %" ) � �  H" " �>� �! �����;  �� ��� .?� ;�� �?" ��� @ �nC 0 � � � � � 1 � �%" � " �  H"F. �<;�� �6 5)+  ��S" � ( �(�  5�5�� � � �  %" �(� 0 � � � � � . � � � "6 ������� * " ���.! �& �Q�  %"6 @ �� � . � �"� � 9 C
� � * C0>NC /�� . � �"�?.Q" ��� � �8�7� � .70M� ���2��� *O� � . )�5 "!.Q�<��� " ��� �(5���� "!�7� �1���(� . � " � & �  �. ) � � & �(� "!. C 'F��" �" �  %"�� �2� ���F" ��� *8� �  H"�& � � � "!. �%� " ��� ��� ��&�.!� � . �  %"7" � � ��� * ���  ,* � �8.S" ���=� . " �  H" � "�& �  �. ) � � .)������ .!0 ) "6 +�5�� " � &�0 � �! H" ) � �  ���,���(� . � " �  %" � *� � " 5�� " ��� .! %& ��5 � �  H" � � ���D� .702 �(�  ��� " � & �%C��� ) . 0�� � .7. ) � � 0��!� ( 5�� . �  � +-� ��� � � �7� �/� � � " � � ) "J0-�8.7. ��+�5D�  ����� " � � �  5 � �!�7���!. �D� "6�7� ��)��(�(�,+ �&9 �0�0 ��� *�"���� ������� 0 �(�����(� " ���  �* � ��.7" ��� .:� � "!� �  �6� �%" ��� ��� � " � " ��� ���(5 0'�%�;" ��� � ��� � � .S"!� )�� " �/�&9 ,* ��� " � � G ) * . ) �S�  �(� . C

J � G



���  ��� ��� � � ��� �+� � ��� � � � 	 ���>	 ����
	

J � J



� ���������
	���������

� G���� C >�C � � .!.7� � +������ ����� � ��+ � 5  %� �/�2� � �"! � � .!. +$#&% �<�8� �-+ G ?(' � C
� J � ��� @ � 0 ��� . ��� . +  %. �3�/��� "!���!. + ��� @ � 0 ��� . � � . �)% 0 � �S"?*��7� ) 0�. + � � �A++*F)��(5 C � ) . � � � � ?

1 G ?@? ? 9 J G ��� C
� �,� ��C �  %� ���/�!+ C C �2�(� * +-!;C D � � * )�5�5!+ D C/.F� �!� ��+ Z C/. ��5����(+ �! ��� " +�� "  5 C=+ � C0*F)��(5 C C  H" � � CJ,1 G)2 J,1 � 1 G ?@? �,9 G � / C
� 1 � !;C D ���(��� � �D�-+ >NC D �!��.!&9 �-+  ���3.�C �: %0 � . +$! 5  %.7&  ! � � . C �>� � "!�!� 5�5D�/� � ) . � � � � ' 1 G ?@?(4 9

G 4 / � C
� /5� � C � � � ��) �! + �D�76 	98 �;: � �<�>=?6A@ � � ���CB�� @D@FE �G �)H ���)G :I�  : KJ � �GLH �5@M@ �ON
P$Q �;:R� S 6 H � ��TVUXW �AY B � H � � 	 �[Z]\ � @_^R`a� H : cbedVQ ��f �
�ObeJ �  ��N �[g + �/��� " �(� +�� Z C @ C-! �8.S"9 ���
� C �>�/� � � . � �-+ 0  �* � . ? ? 2 G � 1 +h*F� � CI���ji + G ?k'k1 +�! 5��(� ) & ! � � .!. C

� 4 ��C C ��C:>NCl.  ��7� � .7� � + �E���6�2�����  5 � � 0M���7"K�nmnC �>! � 1�4 + � )�5��  %&om; + ���! %"!�8� �,+ > +��D� * � � �-+#p% ����� � . ��� � ��+ G ?(' / C
� �5�iZ C � �(� " � � +q* �() "!�! 5 D  �. � �! � .70-�8�S" �D� � ) . � � � Z �<;A���(� .�r > "!�8& ���  ��� � ) �7�� �(� ZQ %"6 > .70 ��� "!. + ��� WpG � � : �����N 6V@ � � ��� ^R` ��G �)H : � @sE �G �)H ���)G :R�  6 H � � � �O� � �t: uJ � hGLH �,@D@ �jN � 	 �)H ^

� � �Q � @ �
��HpP$Q �;:R�  + 02 �* � . J�1 �52 Jk4k4 + @ 5 . �<;A��� �1� �(���(���(�v! )�+�5�� . ��� �7. � Cxw�C=+ G ?@? � C
� ' �iZ C � � � & + ����� � �  ��! � " � � � .S" ��� .I�%� @ 5���� "!� ���  5 Z � . � �  %��* � . ��� C  ,* ��� " ��� � ���(5�� . + D ) " � � ����+

�, ki � � 5��D� * 1 �(� .�9 + G ?�1�? C
� ? � !;C � "  � * �/+ �,+A! � � . C$! 5  %.7&  %. J 1 G ?@? /,9 + �,3 J C

� G43�� � C � �(��� &zy)�5�5D� � + �E���6�������  5 � � 0-�8�S" �{!-! / � � ? + C  % �{! 5  ��� i � � � .7" � " ) ">�)y) � ! 5  �.7&9 �0 � � . � i +
G ? ?k' C

� G,G�� D C Z C�. � +�+ .  ��� � C�>NC � � .7.!� �-+V! 5  %.!&9 ! � � . ��� . ? 1 G ?k4 �,9 + ' / C
� G J � *�C � C > . ��� �7��� "F ���|*�C Z C C � �7& ���-+A}~�,@_: N } G ��G � 6 	98 �): � ��+0. � 5 " � �  )������ �7. +�* � � CI�8��i +

G ? � 4 C
� G ��� C C�!;C �F � M � � +�� � ����:�� �
	 ��H ��� 6 	�8 �): � ��+ �A0�� ��� * � � + �>� � 5����-+ G ? ? G C
� G 1 ��m Cs*NC Z � + � � "!.!� ;  ��� C Ccw�C D �8&�� �A)�� � ;  +0� � :��O�;:R�  �A@ �
�)G�H �  : � �<+ � .7�6 �(5�! �7� *��6 %& �<�8�� �(���(� " ��� � � �! � . 5  H" � � � . + � � � ) .! 5�� & + G ? �%G C
� G�/,�v� C C C�!E�(� * 5����O� "  5 C=+ � C�*F)��(5 C C  H" � � C G ?k4 � G ?k' 1 G ? ? J 9EG�3 / � C

Jk4 �



� � � � �+��	 � ����� �
� G 4 � � C �>�(� � � . � �-+ ��� 6 	98 �): � � �{= 6A@ � � ��� B � @M@-E �G �)H � �)G :R�  : +J � �G�H �5@M@ �jN P$Q �):I�  S 6 H � ��T

UXW �AY B � H � � 	 �OZ \ � @ `z� H : cb dnQ ��f � �Ob J �� �(N �)g + �(��� " �(� + � Z C @ C5! �8.S"  ��� � C ���(� � � . �6� +*F� � CI���ji + G ?k'k1 +h! 5��(� ) & ! � � .!. C
� G �,� ��C � �6� � � � M�i � + � C�*F)��(5 C C  H" � � C G Jk' 2 G J@? 1 G ?('�1 9 4 3 ? C
� G ' �K� C �6C � �! ,* �D� .�i ���)+ � �! � .70-�8�S" ! �7� �(� .7. � . ���  ! 5  �.7&9 +N����� ��� : ��� �e�{=�6V@ � � ��� 6 	�8 �): � � b\h�,@ T	� + �>� � . )�5 "6 � "!. �>) � �  )-+ * � � CI�8��i + G ?(4 / C
� G ? �KC C �  �(5 &9 � . +��E���6�������  5 � � 0M���7"p��y)�5 � Jk'@? G + � � > �$y)�5����6� + D � �7&9 ���,+ G ? ?�1 C
� J 3�� � C � C � �! � �&�. +-* @ � � � 0M���7" * � C 4k' + �8 �R)  �� � G ?(' � 1)@�E � � � E �>A � � � ' 3 � ' � � 4k' 9 C
� J G��v� Ch* �/)��  ) . � � + � C � � �����(����� � +  �2� � C � )��2��� � 5����6� +-* )��(5 C � ) . � � � Jk4 1 G ?k'(4 9 G 4 � ? C
� J,J ��mlm:@ 1(' 1 G ? ? G 9 + G � ' C
� J ���K� C �Q�6 %. �2�/���D��� i%� ;  ��� #JC �  ki )������-+ �>� � "!� ��+GC-! 5  %.7&  ! � � . ��� . � J 1 G ?@? J 9 J / / + �%� �

�4�8��i . � �80 � �"! 5  �.7&9 2@ � * � ����� ��� �,+ � )���� G ?@? J + �  � . � ����� � + � � DJC
� J,1 � C C � * � "ji �  � � ;  ��� >NC � )�� � ; + �>� � "!� �D+GC�! 5  �.7&9 ! ��� . ��� . � J 1 G ? ? J 9 �,3 ' + ��� � �4�8��i . � ��0� � ! 5  %.!&9 2@ � * � ����� �8� �,+ � )���� G ? ? J + �  � . � ����� � + � � D C
� J /,� � C > + � )�� > .!.! 5D�/�-+ � C C  %"7" � + �QC �%� ��� .S"!� �-+  ��� � C C  %� �6�  ���-+ �>� � "6� ��+GC5! 5  �.7&9 ! ��� . ��� .

� J 1 G ? ? J 9 1 / 4 + ��� � �4���jiR. � ��0�� ��! 5  %.7&  @ � * ������� ��� ��+ � )���� G ? ? J + �  �v. � ����� � + � � D C
� J�4 �KC C�! �6 %.! �  ��� Z C � � �7. �  � + � "6 +�5D� .7� 5�) " � � � .��%� � � ��5 � �  5G���  %"F"!�! � .70-�8�S" � � )  H" � � � . +! � � . C � 5�)��D� . � ��1 G,G 9 1 G ?@? G�9 + �,3 ' � C
� J �,� .�C � � C � ��. �6�-+ Z C �>�8.S" � � + � C Z � . � � iH + � C @ � * �/5D�  %� � " + � C D  %� ��
�  � �?��.6 5�� . +8� "> 5 C=+ �E��� ��������  5 � � 0-�8�S" G � Jk' G  + �{!-! + D  �� �6���D� * + DQ� �!&9 � �,+ G ?@?k1 C
� J�' � Z C � �(� " � � +��E��� �������  5 � � 0-�8�S"p�$y)�5 � G ?k1 � + � � > �$y)�5�� �6�-+�DQ� �7&  � �,+ G ?k'k1 C
� J ? � Z C � �(� " � � +A!;C � � � � ��� � + � C � )�� 0�0 � �7. + C C �  �(5 &9 � . +  ��� D C C  ����� .!� �-+ �E��� �������  5

� � 0-�8�S" 1 Jk' � ? 3 � ' � � E � Z +s* @ �A+ @�E � > �&# C + G ?@? 3 C
� �,3�� Z C � �(� " � � +��E��� �������  5 � � 0-�8�S"p�$y)�5 � J / ?@? + � � > �$y)�5�� �6�-+�DQ� �7&  � �,+ G ?@? J C
� � G�� � C @ � i .S" �(���-+ J � � Z Q�G �)H }h: ��Q @ �,G :R�  �{=tE �  ^I}~�,@_: N E �G �)H ���)G :I�  � :  }(Z H : ����)H } �)H : � �v: ` �,G �)H : � @ ��} � : �  �
�Ob \��5@ T��� + �A0�� ��� * � � + �>� � 5��D�-+ G ?@? G C
� � J � ��C � � . ��� * + Z C:>�C � � � 5�5)+ � C �6C �Q�6 %. ���/�2������� i%� ; + �QC Z C �?� * ��5D���(�-+  ��� Z C � C � � *8&9 �� +�>� � "!� ��+GC�! 5  �.7&9 ! ��� . ��� . � 4 1 G ?@?(4 9 � 3 ? C
� � ��� ��C �, ,* ��� � � "  5 C +0! ��� . C � �<;-C m � "!" C / � 1 G ?('�1 9 G 1 / � C
� � 1 � � C � �8�7�! �.7. + *F)��(5 C �2) . � � � � GF1 G ? ? G 9EG43�� / C
� � /,� � C m; � ��& +  �� �=� "F 5 C=+ ! � � . C�! 5  �.7&9 �. J 1 G ?@? /,9 J,J�1 J C
J�4k1



� � � � � �4	 � ����� �
� � 4 �v� C � �6� � �(��� M � � + � C �  ��� &9 ���-+ DJC�.  � �. + � C�* �/)2�  ) . � � +s.�C C ) �7&9 ���-+A� ": 5 C=+
�D� � Q�H �,^Z 	98 �;: � � J �  = �)H
�  � �XW�f � GLH ���)G � S 6 H � ��T �{= G 	 �����sG 	 �-6 } J �  = �)H �  �
� �  J � �G�H �,@D@ �jN�P$Q ^�):I�  � �N 6V@ � � ��� 6 	98 �;: � � b�� �)H
�
	�G � � � ��N � sb �����
	�g +��(��� " �(�J+ � C C � � ��� "7" �/���2�/5 & + � C �  �� �" � �!��&�� +  ��� ��C �, ,* ��� � + ; � 5�) & � J G > + 02 %�7" �Iw + 0  �* � .0G 1(1 ? 2�G 1 / J +�!E� " � " � m; �����,+ G ? ? � +

@ ! � C
� � �,�K� C � Ch! � " � ��� �F ��� !;C � C � "6 � * �(+ �,+A! 5  �.7&9 ! ��� . C �>� � "6�7� 5D5��(� �2) . � � � � ? 1 G ? ? � 9 � � ? C
� � ' �K� C � �(5 �� ��� .�C @ �: 5D�-+A! � � . C � 5�)���� . ? 1 G ?(4k4 9 + J�1('(4 C
� � ? � � C � ���7�6 %.7. + Z C �>��.7" � � + Z C � �(� " � � +  �2� � C � � �����(����� � + � Cc*F)��(5 C C  %" � � C J,1 G)2 J,1 �#1 G ?@? � 9J /,3 C
� 1 3�� � Cs*  �0 � � � " � i + E C � �(� M �/5!+ � C �>�(� � ��� * � � + Z C �>�8.S" � � + � C D  H� � �7" +�� "? 5 C=+E���"� Q�H �[Z 	�8 �;: � �

J �  = �)H
�  � �pW�f � G�H � �)G � S 6 H � � T �>= G 	 ������G 	 � 6 } J �  = �)H
�  �
� �  J � �G�H �,@D@ �jN�P$Q �):I�  ���N6A@ � � ��� 6 	98 �): � � b� �)H
�
	9G � � ���(N�� cb �����
	 g +
�(��� " �(��+ � C C � �6��� "7" �(�����(5 & + � C �  ��S" � �!��&�� + �2� �>C �, ,* �2� � +B; � 5�) & � J G > + 02 ��S" �Iw + 02 �* � .0G 1 G �52�G 1 G 4 +s!E� " � " � m; �����,+ G ? ? � + @ ! � C
� 1 G��K� C m CB> 5�5��(�-+ Z Cc*NCc.F��5�5!+ �QCc*�C �: %� 5 .S"!�7�8& + Z CBD C�*F�D5 .7� � + � C � "6� � i �  5���+�� "� 5 C=+ � Cs* )��(5 CC  H" � � C J,1 G � J,1 � 1 G ?@? �,9 / ? / C
� 1 J � E C �  � " M + � C �>�/� � ��� * � � + � C D  H� � �S" + Z C ���8.S" � � +  ���F> �HZA@FA EF0 *��! �����E�  %& + � Cs* )��(5 CC  H" � � C J�4(4 2 J�4 ? 1 G ? ?@? 9 1 ? 3 C
� 1 ��� E C	�  � " M + � C ���(� � ��� * � � + Z C �>�8.S" � � + � C � �6�����(����� � + Z C � �(� " � � +J� "� 5 C=+ ��� � Q�H �,^Z 	98 �;: � � J �  = �)H
�  �
�|W�f � GLH ���)G � S J ��^ �vY ` g b 6 H � ��T �>= G 	 �����,G 	 � 6 } J �  = �)H
�  � � � 

J � hGLH �,@D@ �ON�P$Q �):I�  ���N 6A@ � � ��� 6 	�8 �): � � b ` � � � GLH : �
	�GMb ������� + �/��� " �(� + � � C �  %.7" �  �  ���� C�*F��� .��: ���-+�; � 5�) & � J ��� + 02 ,* � . G�/ 1 ? 2 G�/ / J + D �(����;  + G ? ?@? + @ ! � C
� 1k1 � E C �  � " M + Z C � �/� " � � +-C�.F� * � � +  ��� Z C �>��.7" � � +0.��A� �7�,* �(� C � 5����()�5�� . ��� " ��� Z �=;�� �S"6���>�%�> �HZ @[A EF0B*8�! ��� + . )�+ & � "7" �(� "6� �%� ) � �  5 ��� *F)��(5��  %�1C  %" � � �  5 . C
� 1 /,�KC C � �(��5��  � i � � + � C m; � i �2� � + � "  5 C=+-! � � . ���  `� � � � 0�"6 w � 5 C � J � J 1 G ?(' J 9 1k1 � C
� 1(4 � � C m; � i ��� � + � C � � � �2) �! + C C �  ) �<&  ���-+ � C�* �/)��  ) . � � + � C�DJC �F )2�-+2� "  5 C=+A! 5  �.7&9 ! � � . C �>� � "!�!� 5�5D�/� �2) . � � � J�4 1 G ?('�1 9 G43 / C
� 1 �,� � C � �6�����(����� � +-.NC � � C � ��. �6�-+ � C *F�()��  ) . � � + Z C �>�8.S" � � + � C m; � i ��� � +I� "@ 5 C=+ � C * )��(5 CC  H" � � C J,1 G)2 J,1 � 1 G ? ? � 9 ��3
G C
� 1(' �v� Ch* �/)��  ) . � �  ��� � C � )������ � 5���� �-+ � C�*F)��(5 C C  %" � � C G 1 /�2 G 1 �?1 G ?(' �,9 ' � � C
� 1 ? � � C � ���!�! %.!. + Z C �>��.7" � � +  �2� � C � �6�2���/�D��� � + ����� Q�H �[Z 	98 �): � � J �  = �)H
�  � � W�f � G�H � �)G � S 6 H � ��T�{= G 	 ������G 	 �-6 } J �  = �)H
�  �
� �  J � hGLH �,@D@ �jN P$Q �):I�  ���N 6A@ � � ��� 6 	98 �): � � b�� �)H
�
	�G � �;^

� ��N � cb �����
	 g + �/��� " �(��+ � C C � � ��� "7" �/�����(5 & + � C �  %�7" � �7�8&�� +  ��� �>C �� �* ��� � + ; � 5�) & �J G > + 02 %�7" �Iw + 02 �* � . G 1(4 G)2 G 1�4�1 +c!E� " � " � m; �����,+ G ? ? � + @ ! � C
� /�3�� .�C � � � & +-! 5  %.!&9 ! � � . C �>� � "!�!� 5�5��(� �2) . � � � � ' 1 G ? ?k4 9EG�3 / C
� /%G�� .�C � � � & + � C � ) "7"!�!��0 + .�C � C
��� �>5  � i + � C � C �>) "7" � � �,+ Z C:D  H" � . +;� "� 5 C=+@���a6A@ � � ���6 	�8 �;: � � � �N J � �G�H �,@D@ �jN UtQ � @ � ��H P~Q �):R�  � � � � ��H
�
	 ������� +8; � 5�) & � G + 02 ,* � . 1 � ? 2 1 /%G +w ���(���  + G ? ? � + � > @ >NC

Jk4 /



� � � � �+��	 � ����� �
� / J � !;C��QC m; � * +V.�C � � � & + � C � y)��6��5)+ � C � C � )��6� . +n#�C D �(� � ��+>� "� 5 C=+ *F)��(5 C �2) . � � � � 4

1 G ?@?(4 9 G / �
G + �>���!� � * �(����) & ���"*F)��(5 C �2) . C � 4 1 G ?@?(4 9EG / � C
� / ��� Z C !;C �>��.7" � � + � C � �6�����(����� � + � C0*F�()��  ) . � � + .�C � � C � ��. �6�-+ � C � )������ � 5D���6�-+ � "@ 5 C=+ � C*F)��(5 C C  H" � � C J,1 G)2 J,1 �F1 G ? ? � 9 4@? 3 C
� / 1 � � C �>) "7" � � ��+ Z C D  H" � . + >NC ��� 5 "!� �-+�.�CI��� �>5  � i + � C � ���(5��2��� * +�� "= 5 C=+ ���q� Q�H �OZ �
��6 	�8 �;: �
� @h}~� � : �)G�8 J �  = �)H
�  � � � zJ � �GLH �5@M@ �ON�P$Q �;:R�  ���N 6A@ � � ��� 6 	98 �): � ��+ ; � 5D) & � G ? �

� � ��+ 02 ,* � . J � �52 J � 4 + � � ) � ��� &�� ) " �-+ G ?@? / C
� /,/,� Z C �>��.7" � � + �FC � �! � �&�. + � C�*F�()��  ) . � � + Z C � �(� " � � + � C � � �����(����� � +2� "? 5 C=+E�D� 6 H � ��T �>= G 	 �

� �,G 	 � Q�H �OZ � �� J �  = �)H
�  � � �  J � �G�H �,@D@ �jN P~Q �;:R�  ���N 6A@ � � ��� 6 	�8 �): � � b `a� �G Z � @M@ : �)Hjb
����� � +-�(��� " �/�3+ � @ C ��� � � ���-+�!EC$! 5  %" M +  ��� !EC � "!��"7" +�; � 5�) & � G ' � + 02 %�S" � ��+ 02 �* � . '�1�4 2'�1�? + D �(����;  + G ? ?�1 + @ ! � C

� / 4 � Z C � � *8&9 %� +4>�C4>NC �  H" � . ���6�2��;  +(#�C w�C + �  %" � . ��� ���<;�+ � C �6C �Q�6 %. ���(�����2� i%� ; +  ��� !EC �: %"7"!� +�>� � "!� ��+GC-! 5  �.7&9 ! ��� . ��� . � 4 1 G ?@?(4 9 J �,3 + / " � �,����i . � �80 � � ! 5  %.7&  @ � * � ����� ��� �,+Z ���(� & +-� � G ? ? / + > . ��5 �8&9 �� + EY� >NC
� / �,� #JC�wJC �  %" � . � �6���<; + A C � C A )-+ � C >NC � ��� �7. + � C�.�C �>� ���(�-+��-C �6C �Q�6 %. ���/�2����� i%� ; +M� "  5 C=+�>� � "!� ��+GC-! 5  �.7&9 ! ��� . ��� . � 4 1 G ?@?(4 9 J J / + / " � �,����i . � �80 � � ! 5  %.7&  @ � * � ����� ��� �,+Z ���(� & +-� � G ? ? / + > . ��5 �8&9 �� + E � >NC
� / ' � � C�� � �����(����� � + Z C�!EC �>��.7" � � + � C � ���!�! %.!. +c.NC ���-C � �8. � �-+ � C9*F�()��  ) . � � + � ": 5 C=+
���e6A@ � � ���6 	�8 �;: � � � �N J � �G�H �,@D@ �jN UtQ � @ � ��H P~Q �):R�  � � � � ��H
�
	 ������� +8; � 5�) & � J + 02 ,* � . 1�4 / 2 1 � 4 +w ���(���  + G ? ? � + � > @ >NC
� / ? � Z C *  )	� �(i . + � C �?�%" �-+ � C � � ��� * � � + DJC m ���(��� � +  ��� C C m; )�%�+ � C *F) �/5 C C  %" � � C J G43

1 G ?@?k1 9 1 � C
� 4 3��K� C D  %� � 
�  � �?��.6 5�� . + � C ���(� � � . �6� + Z C�. ��5����(+ �! ��� " + � C �$y) "7" ��� � + � C�� � �����(����� � + � ": 5 C=+M���� Q�H �[Z 	98 �;: � � J �  = �;H
�  �
�nW�f � G�H � �)G � S 6 H � ��T �{= G 	 � � ��G 	 � 6 } J �  = �)H
�  � � � aJ � �G�H �5@M@ �jN

P$Q �;:R�  � �N 6A@ � � ��� 6 	�8 �;: � � b `a� �G Z � @D@_: �)Hjb ����� �kg +2�(��� " �(� + � @ C ��� � � ���-+h!;C�! 5  H"�M +  ���!;C
� "6�%"7" +
; � 5�) & � G ' � + 02 %�S" � ��+ 02 ,* � . � G ' 2 � J G + D �(���<;  + G ? ?�1 + @ !��-C
� 4 G��v� C �?��" �  ��� � C�D  �� �(�  � �F��.! 5�� . +0*F)��(5 C �2) . � � � � 4 1 G ?@?(4 9 G 4�1 � C
� 4 J � >NCl. ��� � + >NC�� � ���(� i + � C �>���(��� � + � C � ��� " � � + � C m ) "7" � � 5 � �-+ � "N 5 C=+ � ��� & � �  50! ��� . ��� .

m � "7" � �7. J � G 1 G ? ?�1 9 G ? � C
� 4 ���v� C �|y) 0�0 � �!. +�A) �S�  �(��� �(���(���(� � � 0-�8�S"!. J J 1 G ? ? / 9 J,1�? C
� 4�1 � � C �>�(� � � . �6�-+ }(Z Q�GLG �)H : �� f;8 6 ��H[G : � @ ��� � � f �,HjN�� � �G E b ���[Z�: � �p:  W Z�Zh@_: �jN 6 	98 �): � � b \h�,@

� 	 +� 0�� �D� * � � + �>� � 5����-+ G ?(' G C
� 4 /,� � C �>�/� � � . � �-+ }(Z Q�GLG �)H : ��uf;8 6 �,H)G : � @ � � � � f
��HjN�� � �G EjE b ���[Zh: � �e:  W Z�Z�@ : �jN 6 	�8 �): � � b\h�,@�� � +� 0�� ��� * � � + ��� � 5D���-+ G ?k' � C
� 4k4 � � C�#JC(. �%� � �  ��� � C��%C �?�%" �-+~6 	�8 �): � � @�6 H � � � �[� � �t�>= G 	 � E �G �)H
� �)G :R�  �{= P~Q �):R�  6V@ � � ��� �

� : G 	 }~�,@ : N �<+ > �  ��� & ����! � � .!. + m � ��� � �-+ G ? ?k4 C
� 4 �,��m C m C m �(� * �8�(5)+ �E��� �������  5 � � 0M���7" �{! ! � G � G ? G + �{!-! +�D  �� � ����� * + D � �!&9 � �,+ G ?(' G C
J�4(4



� ��� � ���4	 ��� ��� �

� 4k' � ��� @ �?��� �  ��� . ��& � �E�  %&�. + ! 5  �.7&9 ! ��� . C �>� � "6�7� 5�5D�/� �2) . � � � � � 1 G ? ? / 9EG ? C
� 4@? � �-C �Q�6 %. ���(�����2� i%� ;  ��� Z C >NC � � � 5�5)+ �>� � "6� ��+GC0! 5  �.7&9 ! � � . ��� . � 4 1 G ? ?k4 9 Jk4k4 + / " �

�4�8��i . � �80 � �"! 5  �.7&9 2@ � * � ����� ��� �,+ Z ���(� & +-� � G ?@? / + > . ��5 �8&9 �� + E � >NC
� ��3�� � C � �8�7�! �.7. + � C �  %� �/� *�� +  ��� DJC � CswQ5  %. � . +A*F)��(5 C �2) . � � � � 4 1 G ?@?(4 9EG � ' ? C
� �%G�� � C � �8�7�! �.7. + � C � �6�����(����� � +  ��� � C �  %� �(� *8� + *F)��(5 C �2) . � � � ��� 1 G ? ? � 9 / J � C
� � J � w�C C � �7" �(� . +h!;C��QC m; � * + � C � y)�� ��5)+ � C Z )�%�+ � C �2)�� � . +�� "� 5 C=+;��� � Q�H �[Z 	�8 �;: � � J �  = �)H ^

�  � �AW�f � G�H ���)G � S 6 H � ��T �{= G 	 � ���kHjN �-6A} J �  = �)H
�  �
� � zJ � �G�H �,@D@ �jN�P$Q �;:R�  ���N 6A@ � � ���6 	�8 �;: � � b	� : ����b �������[g +H�(��� " �(��+ � Z C D � � . �D5�5 � �-+�>NC �A� " �(� i�� +  ��� >�C �  ,*��8�7� � � � �,+ ; � 5�) & �J 3�
 + 02 %�S" ��+ 02 ,* � . G�/ 2�G ' + D �(����;  + G ? ?k4 + @ !��-C
� � ��� >NC �>� ��*�&9 ���-+ C C � * � "Oi �  � � ; + � C � C � �6 � �&�. + Z C�!EC 
>�8.S" � � +  ��� � C � � �����(����� � + 
>� � "!� �D+GC! 5  %.7&  ! � � . C � 4 1 G ?@?(4 9 G ? J + / " � �4�8��i . � �80N� � ! 5  �.7&9 @ � * ������� �8� �,+ Z ���(� & +-� �8G ? ? / +> . �D5 ��&9 �� + E � >NC
� � 1 ��
 C 
 �  %0�&9 �-+ ! �7� �%C�! � � . C � � �%C � J 1 G ? / ' 9 + � / � C
� �,/,�v� C�* �/)2�  ) . � � + � C � �6���2�/���2� � + � C � )������ � 5�� �6�-+  ��� � C m; � i �2� � +�* )��(5 C � ) . � � � J�1 1 G ?k'k1 9

� ? C
� � 4 �v� C m )��(�  ���)+s!EC C ���6 +  ��� � CswQ� �7&�� � " +0! � � . C � ��;-C m � "7" C /%G 1 G ?('@? 9 G 4(4�1 C
� � �,� .�C � �-C � �8. � �-+ � C Z )�% + D C/.  � �. + >NC �  5�5��(�R+  � �-+ C C �� ) �<&  ���-+�� "@ 5 C=+F! � � . C � �<;-C

m � "7" C � 4 1 G ? ?k4 9 J,1�?@? C
� � ' �KC C � C � � �  �G� � + C C � C �, ��� + � C C  ��� * �!+�!;C C � ����� � � D  %� +M� " + � C !;C � � .S" + � "N 5 C=+ � C*F)��(5 C C  H" � � C J,1 G)2 J,1 �F1 G ? ? � 9 / ' / C
� � ? �v� C D  H� � �7" + Z C 
>�8.S" � � + 
 C ZQ��� �-+ � C�*  %0 � � � " � i + E C � �6� ) &9 �6�2� � +2� "? 5 C=+E��� � Q�H �[Z 	�8 �;: � �

J �  = �)H
�  � �pW�f � G�H � �)G � S 6 H � � T �>= G 	 ������G 	 � 6 } J �  = �)H
�  �
� �  J � �G�H �,@D@ �jN�P$Q �):I�  ���N6A@ � � ��� 6 	98 �): � � b� �)H
�
	9G � � ���(N�� cb �����
	 g +
�(��� " �(��+ � C C�� �6��� "7" �(�����(5 & + � C �  ��S" � �!��&�� + �2� �>C �, ,* �2� � +B; � 5�) & � J G > + 02 ��S" �Iw + 02 �* � .0G � ? � 2�G 1 3 3 +s!E� " � " � m; �����,+ G ? ? � + @ !��-C
� ' 3�� � C Z )c% + >�C �� 5�5��(�R+  �6� + C C ��� .7. �/� �7� � " � � �(+-� �702 5 . + � C �>�(� � ��� * � � +�.�C � �-C � ��. � �-+R� "  5 C=+! 5  %.7&  ! � � . C 
>� � "6�7� 5�5��(� �2) . � � � � ' 1 G ?@?(4 9 ?('@? + 0�� � 0�� �D� " ��� �{!-! G43 �%G + �2�(+�)  �� � G ? ?k4 C
� ' G�� Z C � �(� " � � + D C �,� 5 � +  ��� .�C � �<;�� � +n*F)��(5 C � ) . � � � � 3 1 G ?@? 3 9 J G 1 G C
� ' J � � C �>�/� � � . � �  ��� w�Ch! �7� M � .ji �,+n* )��(5 C � ) . � � � � 3 1 G ?@? 3 9 J G 4(4 C
� ' ��� Z CV!EC 
>�8.S" � � + � C � � �����(����� � + � C�*F�()��  ) . � � + � C � �! 8 %&9. +  ��� Z C � �(� " � � + 
>� � "!� �D+GC! 5  %.7&  ! � � . C � 4 1 G ? ?k4 9#G�/,3 + / " � �,���jiR. � ��0$� � ! 5  %.!&9 @ � * � ����� ��� �,+ Z ���/� & +M� �

G ? ? / + > . ��5 �8&9 �� + E �
>NC
� '�1 � � C�� � �����(����� � + Z C � �/� " � � + Z C 
>�8.S" � � + � C�* �/)��  ) . � � + � C m; � i ��� � + � "I 5 C=+ � C9*F)��(5 C C  H" � � CJ,J 3 2 J,J J 1 G ?@? /,9 G�3 � 4 C

Jk4 �



� ��� � � ��	 � � ��� �

� ' /,� � C � � �����(����� � + Z C�!;C 
>��.S" � � + � CX*F�()��  ) . � � +�.�C � �-C � ��. �6�-+ � C 
 C � )��6� . +Q� "  5 C=+B���
� Q�H �[Z 	98 �;: � � J �  = �;H
�  �
�nW�f � G�H � �)G � S 6 H � ��T �{= G 	 � ����G 	 � 6 } J �  = �)H
�  � � � aJ � �G�H �5@M@ �jN
P$Q �;:R�  ���N 6V@ � � ��� 6 	�8 �;: � � b � � Q�H  �)� � Q�G 	(b ����� � g +A�(��� " �(� + � � C � �(�(�-+�!EC � "6�%"7" +  ���
� C � ��� " � � + ; � 5D) & � G ? 
 + 02 %�7" �Iw + 02 ,* � . Jk' / 2 Jk'k' + D �(���<;  + G ?@? / + @ !�-C

� 'k4 � #JC D � )�+-� � + >NC �� 5�5��(� +  �6�-+ C C �� ) �<&9 ���-+ � C m  � i ��� � +0w�C C � �S" �(� . + � "@ 5 C=+ ! ��� . C
� �<;-C m � "7" C � 1 1 G ?@? /,9 1%J G � C

� ' �,� >NC � ) i ) . � i ���-+�.�C Z C(!  � ��� � +�w�C > + �! �&�� ; + C C��  �(5 &  � . + �MC�� �8. � �-+ � "I 5 C=+-��� 6A@ � � ���6 	�8 �;: � � � �N J � �G�H �,@D@ �jN UtQ � @ � ��H P~Q �):R�  � � � � ��H
�
	 ������� +8; � 5�) & � J + 02 ,* � . ?(' � 2 ? ? � +w ���(���  + G ? ? � + � > @ >NC
� 'k' �KC C �� ) ��&9 �2�-+ � C � � � � �(��� M � � + C C > 5�+ � ���6� " + C C > 5��)%  ���2� � + � C > .!& ) .!. �(�-+Q� "= 5 C=+���z6V@ � � ��� 6 	98 �): � � ���NzJ � hGLH �,@D@ �ON UtQ � @ �
�,HvP$Q �;:R�  � � � �
�,H
�
	������ � +�; � 5�) & � G + 0  �* � .

� ? 2 ?k1 +sw ���(���  + G ? ? � + � > @ >NC
� '@? � � C��A) "7"!�7�80 +�.�C � C8��� �>5  � i + DJC9.  � �. +�.NC C ) �7&9 ���-+�#JC DQ�(� � � +A� "� 5 C=+M���e� Q�H �[Z 	�8 �;: � �

J �  = �)H
�  � �&W�f � G�H � �)G � S 6 H � ��T �>= G 	 �����kHjN � 6 } J �  = �)H
�  �
� �  J � �G�H �,@D@ �jN�P$Q �):I�  ���N6A@ � � ��� 6 	�8 �;: � � b	� : ����b ����� �[g +H�(��� " �(�N+�� Z C D � � . ��5�5 � �-+4>�C �A� " �/� i%� +  ��� >�C �  �*8���!� � � � �,+; � 5�) & � J 3�
 + 02 ��S" ��+ 02 �* � . 1 � 2
/,3 + DQ�(���<;  + G ?@?(4 + @ !��-C
� ? 3�� � C �A) "7"!�7�80 + C C �� ) �<&  ���-+p.�C � C>��� �>5  � i + � C � �ky) . �(�  +M� � + � C m; � i ��� � +Q� "= 5 C=+! 5  %.7&  ! � � . C 
�� � "!�7� 5�5��(� �2) . � � � � ? 1 G ?@? �,9 J 3 / G C
� ? G��v� C �>C ZQ�! �i ��+A! � � . C � 5�)���� . � 3 1 G ?(' � 9 + J,1%J ? C
� ? J � Z C$!EC 
>��.S" � � +~.�C �� %.S" �(5�� � � � M + � C � � �����(����� � +  ��� > � Z @[A_EF0B*8�! ���!�E�  �& + ���F� Q�H �,^Z 	98 �;: � � J �  = �)H
�  � �XW�f � GLH ���)G � S 6 H � ��T �{= G 	 �����sG 	 �-6 } J �  = �)H �  �
� �  J � �G�H �,@D@ �jN�P$Q ^�):I�  � �N 6V@ � � ��� 6 	98 �;: � � b�� �)H
�
	�G � � � ��N � sb �����
	�g +��(��� " �(�J+ � C C�� � ��� "7" �/���2�/5 & + � C �  �� �" � �!��&�� +  ��� ��C �, ,* ��� � + ; � 5�) & � J G > + 02 %�7" �Iw + 0  �* � .0G 1 � � 2�G 1k1 3 +�!E� " � " � m; �����,+ G ? ? � +

@ !�-C
� ? ��� .�C �  �.S" �(5�� � ��� M + � C � �6�����(����� � + � C *F�()��  ) . � � + Z C � �(� " � � + �FC � �! � �&�. + � "N 5 C=+O��� � Q ^

H �[Z 	�8 �;: � � J �  = �)H �  �
�3W�f � G�H ���)G � S 6 H � ��T �{= G 	 � � �5G 	 � 6 } J �  = �)H
�  �
� � +J � �G�H �5@M@ �jN
P$Q �;:R�  � �N 6A@ � � ��� 6 	�8 �): � � b � :�� f � sb ����� �)g + �(��� " �(� +�� � C >NC 
>��.7"6 
: + �! 5!+ C C @ CC  � .7� + ��C C C �A� �7�6 +  ��� ��C 
 C � � � y)�5�5�� � + ; � 5D) & � G � 
 + 02 %�S" � ��+ 02 �* � . ' 3���2 ' G�3 +c! � " � " �
m; �����,+ G ? ? � + @ !��-C

� ?�1 � .�C �  �.S" �(5�� � ��� M � "? 5 C=+ ! 5  %.7&  ! � � . C 
>� � "!�7� 5�5��(� � ) . � � � ��� 1 G ?@? /,9 � J � C
� ? /,� � C �A) "7"!�!��0 +cw�C C � �S" �/� . +�.NC C ) �7&  ���-+ � Cs*F�()��  ) . � � + � C � �6� � �(��� M � � +2� ": 5 C=+ � Cc* )��(5 CC  H" � � C J�4(4 2 J�4 ? 1 G ? ?@? 9 G,G ' C
� ?k4 � � C m � 02. �6� )�5 "�M � "  5 C=+ � > @ > 1 G ?@?(4 9 � G � 
 * � 4k1 � > 1 � / C
� ? �,� � C Z C C � � i � "  5 C=+ @ 
 > 1 G ? ? � 9 !  %�S" ��+ G G � 2�G J 3 C
� ?k' � E C � �/� M �(5)+ � C �>�/� � ��� * � � + � C � y)�� ��5)+�>NC$.F� �7�!&9 ��� +  ��� � C � �6� & ��� "!&9 ���-+ � C~* )��(5 CC  H" � � C J�4(4 2 J�4 ? 1 G ? ?@? 9 G J / J C
� ?@? � *�C � .7� � . + 
 C ZQ��� �-+�D C � � � �  kiH �i � . + C C C  %�ji%� )25  �i �)+ C Ch! G ) * +2� "  5 C=+ � C�*F)��(5 C C  H" � � CJ�4(4 2 J�4 ? 1 G ?@? ? 9 G J � 3 C
J�4('



� ��� � ���4	 ��� ��� �

� G�3,3��v� C D  H� � �S" + � C �>�(� � ��� * � � + Z C 
>�8.S" � � + 
 C Z �8� �-+ >NC �  5�5��(� +  � �-+�� "F 5 C=+ � C�*F)��(5 C C  H" � � CJ�4(4 2 J�4 ? 1 G ?@? ? 9 � 4 / C
� G�3 G�� >NCh.F� �7�7&  ���-+ � C 
 C � )��6� . +swJC �?� ������+ C C � �(����5D���6�-+  ���?> � Z @[A EF0B*8�! ��� �E�  %& + � C*F)��(5 C C  H" � � C J�4(4 2 J�4 ? 1 G ? ?@? 9 J ? G C
� G�3 J �v� C � � � � �(��� M � � + � C �  ��� &9 ���-+ D Cc.  � �. + � C�*F�()��  ) . � � +�.NC C ) �7&  ���-+�� "? 5 C=+ � Cs* )��(5 CC  H" � � C J�4(4 2 J�4 ? 1 G ? ?@? 9 ? � 1 C
� G�3 ��� >NC � C m � � �  %� �-+ C C >NC C  ���  ;A�)+��-C m C > 5�5��(�-+~*�Cl.�C � �7�A�ki . + C C @ C � �/� .7" � �7&9 �6��� � +� "  5 C=+-! ��� . C � �<;-C m � "!" C � ' 1 G ? ? � 9 1 � 4 ? C
� G�3 1 � .�C~!EC �A) &�& � �7. + �E��� �������  5 � � 0-���7"�� � " � � � 1 ?�1 9 3 4 + � @ � ��� ��� "YE ����� �7"6 �i ��� * + 
 )�5��  �& +

G ? ?�1 C
� G�3 /,� .�C � �-C � �8. � �-+ � C E 5�5 � ���6�-+ >NC �  %� �-+ Z C 
��8.S" � � +%DJC�.  8 %. +�� "� 5 C=+ � C�*F)��(5 C C  H" � � C Jk4k4 2 Jk4@?

1 G ?@? ? 9 1�4 J C
� G�3 4 � .�C � �-C � �8. �6�-+ � C *F�()��  ) . � � + � C�� �6�����(����� � + >NC � ���(5��-+ >NC .F� �!�7&9 ���-+E� "J 5 C=+ � C * )��(5 CC  H" � � C J,J 3 2 J,J J 1 G ? ? / 9 /,/ ' C
� G�3 �,� .�C � �-C � �8. � �-+ Z C 
>�8.S" � � + � C Z )�%�+ 
 C �2)�� � . + DJC�.  8 %. +2� "? 5 C=+ � Cs*F)��(5 C C  H" � � C J�1 G;2 J�1 �

1 G ?@? �,9 ' J C
� G�3 ' �KC C �  ) �<&  ���-+ .�C � �-C � ��. � �-+ >NC-.F� �7�!&9 ��� + >NC �  5�5��(�R+  � �-+ � C � ���7�6 %.7. +�� "� 5 C=+ ���

P$Q �;:R�  �  �)H ��8 ������� +B; � 5�) & � G + 02 �* � . � G ��2 � J�1 +cw ���(���  + G ?@? ? + � > @ >�C
� G�3 ? � >NC �� 5�5��(�R+  �6� + C C �� ) �<&  ���-+ Z C9!EC 
>��.7" � � + � C 
 C � )��6� . +
>NC�.F� �7�7&9 ���-+ � ": 5 C=+�* )��(5 C

�2) . � � � � ? 1 G ? ?@? 9 ? 3
G C
� G G43�� � C�� � �����(����� � + Z C � �(� " � � +~.NC~!;C �G�(� �S� �/5D�-+ �FC � �6 � �&�. + C C �  �/5 &9 � . +G� "� 5 C=+ � C�* )��(5 CC  H" � � C G ?(4 2 G ?(' 1 G ? ? J 9 ' G�3 C
� G G,G�� Z C � �(� " � � + � C�*F)��(5 C C  H" � � C G ?k4 � G ?k' 1 G ? ? J 9 ' 3 C
� G G J � Z Ck!EC 
>��.S" � � + � C � �8�7�! �.7. + � C � �6�����(����� � +  ���2> � Z @[A E 0B*��! ��� �E�  �& + � C(*F)��(5 C C  H" � � CJ�4(4 2 J�4 ? 1 G ?@? ? 9 ' 3 1 C
� G G ���v� C �?��" �-+ � Ch* )��(5 C C  %" � � C Jk4k4 2 Jk4@? 1 G ?@? ? 9 / G C
� G G 1 �KC C m; )�%�+�>NC�.F� �7�!&9 ��� + � C�* �()-+ C C � �(����5���� �-+ �-C 
 C$! � " � ��� � +M� "  5 C=+?���F� Q�H �[Z 	�8 �;: � �

J �  = �)H
�  � �pW�f � G�H � �)G � S 6 H � � T �>= G 	 ������G 	 � 6 } J �  = �)H
�  �
� �  J � �G�H �,@D@ �jN�P$Q �):I�  ���N6A@ � � ��� 6 	�8 �;: � � b � � Q�H  �)� � Q�G 	�b ����� � g + �(��� " �(� +�� � C � �(�(�-+$!;C
� "!��"7" +  ��� � C � �D� " � � +; � 5�) & � G ? 
 + 02 ��S" � � ��+ 02 ,* � . ? ��2 G43 3 +�DQ�(���<;  + G ? ? / + @ !��-C
� G G�/,� >NCcw�C 
 �  � i ���-+ �-C 
 5�� & �(� " + � C @ � �(� "6. +h!;C � C�.  %� + � ) � +BD C �8 ��� . �6��� "�M +�� "? 5 C=+/! 5  �.7&9 ! � � . C 
>� � "!�!� 5�5D�/� �2) . � � � � 4 1 G ? ?�1 9 G ' / � C
� G G 4 � � C � �! 8 %&9. � "  5 C=+ 
>� � "!� �D+GC�! 5  %.!&9 ! � � . C � 4 1 G ? ?k4 9 J � 4 C
� G G �,� w�C �F�@M �  � .�i ��+ �-C�w �8.�i�� + � � ��� i%� ; + @ C � � ;  5 "!.7� ;  + Z C 
>��.7" � � +  ��� � C�� � �����(����� � + 
�� ���"!� ��+GCk! 5  �.7&9 ! ��� . � � . 1 3.1 J 3 3,3 9 1 J � + �H" � �4�8��i . � ��0�� ��! 5  %.7&9 @ � * ������� �8� �,+�#�� "6� +M� �

G ? ?@? + �  �7� & �!+ �8 %02 �GC
Jk4@?



� ��� � � ��	 � � ��� �

� G G ' � � C�� � �����(����� � + Z C 
>��.7" � � + � C � �! 8 %&9. +9!EC AQ � "!�80-� )�5 �8. +(w�C �?�@M �  � .�i ��+ � "� 5 C=+ 
>� � "!� �D+GC! 5  %.7&  ! � � . ��� . 1 3 1 J 3 3 3 9 � Jk' + � " � �,����i . � ��0$� � ! 5  %.!&9 @ � * � �:��� �8� �,+n#�� "6� +M� �
G ? ?@? + �  �7� & �!+ �8 %02 �GC

� G G ? � D C � C �F � ����� �-+%>NC�wJC 
 �  � i ��� +BD C 
>���7� � *8 �-+ � C �A� &�� �������)+ � C � 0 �(���(��+�� ": 5 C=+ 
>� � "!� �D+GC! 5  %.7&  ! � � . ��� . � 4 1 G ? ?k4 90G ' � + /H" � �4�8��i . � �80�� �z! 5  �.7&9 F@ � * � �:��� �8� �,+ Z ���/� & +M� �
G ? ? / + > . ��5 �8&9 �� + E �
>NC

� G J 3�� w�C �?� M �  � .ji �  ��� C C �E�(����5�� � +���� � �<;-Cn! 5  %.!&9 ! ��� . C=+F�(�GC�+ � � C � C �� � �8&�"!. �<; +

>� � . )�5 "6 � "6. ��) � �  ) *�C C CB;-C G ? 1 G ? ?k4 9 G 1 � C

� G J G��KC C �E�(����5�� �N ��� wJC �?�@M �  � .�i �,+ 
>�8&�& �(� "!. ! 5  %.!&9 ! � � . C 
>� � "!� C � ) . � � � G � 1 G ?@? 3 9
G ? G C

� G J,J � �6C�.F) " � ����� .7� � � "  5 C=+-! 5  �.7&9 ! � � . C 
>� � "!�7� 5�5��(� ��) . � � � ��� 1 G ?@? /,9 � ' ? C
� G J ���v� C � � �(� � � "  5 C=+ @ 
 > 1 G ? ?@? 9 ! � C 3 4 � C
� G J,1 � �QC �?�,* ��5����(�  ��� Z C � �A) "!� ; + 
>� � "!� ��+GCh! 5  �.7&9 ! � � . ��� . � ' 1 G ?@?(' 9 G / J C
� G J /,� �QC �?� * ��5D���(�-+ Z C � � ) "!� ; +  ���e*�C C  H"7"6��� + 
 � M ���6�GC �%� ) � �GCs! � � . C 1�' �A) 0�0 5 C � J 1 G ?@?(' 9 +J 3
G C
� G J�4 � �QC �?�,* ��5����(�-+ Z C � � ) "6� ; +�*NC C  %"7"!�8� +  ��� D C�! ���S" � � +A! � � . C�! 5  �.7&9 �. 4 1 G ? ? ? 9 + G ' /%G C
� G J �,� ��Ch.F��� "!� �  ��� C C � �FC � � & +0*F)��(5 C �2) . � � � 1 G ? ?�1 9 '@? ? C
� G J�' � >NC C ���  ��5 � ; .�i ���  ���|w�C � . � 0 ���-+ �>�/� "!� Ch! 5  �.7&9 �0 � � . C J�1 1 G ?k'k1 9 ��� / C
� G J ? ��
 C � �����  ��� � C 
 � �"� + > � > > � C J G 1 G ?k' � 9 + G / J / C
� G �,3�� �-C�!;C�.F� �!. � &9 �  ��� Z C � C
�A� *8&9 %� + * )��(5 C � ) . � � � J G 1 G ?k' G�9EG�3 � ? C
� G � G�� w�C �?� M �  � .�i �,+ >NC EF. �  ki%� ; +  ��� �-C�w �8.�i%� + � � ��� i�� ; +V*F)��(5 C �2) . � � � � ? 1 G ? ?@? 9 4 G � C
� G � J �0@ C C � ZQ �����(5  ��� @ C C  %.7� �-+ � 	 �e� � f :D@_: G�8 ���NFN : � Q �):R�  �{= :R�  � :  � � � � �<+ � ��5����,+

*F� � CI���ji + G ? � � C
� G � ��� w�C �?� M �  � .�i �  ��� m C�� . �(�������-+ J �,@D@_:��;:R�  � @ G�H �  �>Z�� H[G :  Z ��H)G : � @M@ 8 :R�  :�� �jN Zh@ � � ��� +

@ ��� ��*��R H"!�8& � M �  %" + C �8. � �"� + G ?('k' C
� G � 1 �KC C �?��. �/� +�5�) " �-+ � Ch.  M �(5 " ������+  ��� ��C�.F��� "!� �-+-! � � . C � 5�)���� . G / 1 G ? � J 9 + G,G 4 C
� G � /,� � C �  �*8���7.ji �)+�.�C�D � � �  ) . � � +  ��� 
 Ch.NC >NC=+ 
>� � "!� ��+GC�! 5  %.!&9 ! � � . ��� . � ' 1 G ?@?(' 9 4 G C
� G � 4 � !;C
� "  � * �/+ �  ��� >NC 
 �  � i ���-+A! � � . C�! 5  %.!&9 %. J 1 G ? ? / 9 + ��3�� C
� G � �,� C C �2�(� * + ��C
�  �� ���(�)+  ��� � C � � .7. 5���� * � � + � C�*F)��(5 C C  %" � � C Jk4k4 2 Jk4@? 1 G ?@? ? 9 ' G J C
� G � ' � >NCkw�C 
 �  � i ���  ��� !;C 
 C�� "  � * �(+��,+~! 5  %.!&9 ! ��� . C 
>� � "!�7� 5�5��(� �2) . � � � � 4 1 G ? ?�1 9 G 1�' / +! � � 02� ��� " ��� � @ � �{! 1 ?�1 9�G ' + G ? ?�1 C
J �,3



� ��� � ���4	 ��� ��� �

� G � ? � E C � �(� M �/5!+ Z C 
>��.S" � � +A>NC �� 5�5��(� +  �6�-+t.�C �� %.7" �(5�� � � � M + C C m; )�%�+F� "  5 C=+ ��� � Q ^
H �[Z 	�8 �;: � � J �  = �)H
�  � ��W�f � GLH ���)G � S J ��^ �vY ` g�b 6 H � ��T �{= G 	 � � �,G 	 � 6 } J �  = �)H
�  � � � 
J � hGLH �,@D@ �ON�P$Q �):I�  ���N 6A@ � � ��� 6 	�8 �): � � b ` � � � GLH : �
	�GMb ������� + �/��� " �(� + � 
 C �  %.7" �  �  ���

 C�*F��� .��: ���-+�; � 5�) & � J ��� + 02 ,* � . G�/ � � 2 G�/ 1 3 + D �(����;  + G ? ?@? + @ !��-C

� G 1 3�� � C @ �S" 5  ��� " �2� > � Z @[A " �  �& + � Ch*F)��(5 C C  %" � � C G Jk' 2 G J@? 1 G ?('�1 9EG 4 � C
� G 1 G�� � C �>) �7� �/5D5)+0! � � . C�! 5  �.7&9 �. 1 1 G ? ? � 9 G 1�?@? C
� G 1 J � w�C �?� M �  � .�i �  ��� C C �E�/�2��5�� � + ! � � . C$! 5  �.7&9 �.AG 1 G ?@?k1 9 J � G,G C
� G 1 ���v� C m C m; � �  %& + � ��� "  5 C=+-*F) �/5 C � ) . � � � � 1 1 G ?@?k1 9EG 1 � G C
� G 1k1 � >NC �Q�8&��8� �)+s*�C�#Q� �  +�)-+  ��� �-C C  %. ) M( ki �)+ � C�*F)��(5 C C  H" � � C J,1 G � J,1 � 1 G ?@? �,9 ?k4 � C
� G 1 /,� D Ch. � �!� ��+ � C � � �����(����� � + Z C 
>�8.S" � � + ��C
�  �� ���(�)+ Z C � �(� " � � +2� "  5 C=+ � C�*F)��(5 C C  H" � � C J�1 G

1 G ?@? �,9 ?k1 G C
� G 1(4 �KC C � �8� � �  %� � " + � C � ��� &9 ���-+ � C � � �����(����� � + � "  5 C=+ !� � � G 1 + "!� +M� 0 )�+25�� . ���(�GC
� G 1 �,� C C � �/� * +
D C�.F� �7� � +c!;C D � � * )�5�5)+�� "> 5 C=+$! 5  %.!&9 ! � � . C 
>� � "!�7� 5�5��(� �2) . � � � 1 3 1 G ? ?k' 9 ���%G C
� G 1(' � D C�.F� �!� ��+:+�!EC D � � * )�5�5)+  ��� � C
� �6���2�/���2� � + � C�*F)��(5 C C  H" � � C J�4(4 2 J�4 ? 1 G ? ?@? 9 G43
G�/ C
� G 1 ? � � C � � ��"7" + "6� +-� 0 )�+�5�� . ���(�GC
� G /�3��YA C A ) � "  5 C=+-! ��� . C�! 5  %.7&  %. � 1 J 3,3 3 9 C
� G /%G�� �-C �Q�6 %. ���(�����2� i%� ; + "!� +M� 0 )�+�5D� . ���(�GC
� G / J �v� CX*F�()��  ) . � � + Z CX!;C 
��8.S" � � +pwJC ZQ��. ��+ � C � C � � & + � C � ) � M* �-+Q� "  5 C=+ �D� � Q�H �,^Z 	98 �;: � � J �  = �)H
�  �
�|W�f � GLH ���)G � S J ��^ �vY ` g b 6 H � ��T �>= G 	 ��� �,G 	 � 6 } J �  = �)H
�  � � � 

J � hGLH �,@D@ �ON�P$Q �):I�  ���N 6A@ � � ��� 6 	�8 �): � � b ` � � � GLH : �
	�GMb ������� + �/��� " �(� + � 
 C �  %.7" �  �  ���

 C�*F��� .��: ���-+�; � 5�) & � J ��� + 02 ,* � . G�/ J G;2 G�/ J,1 + D �(����;  + G ? ?@? + @ !��-C

� G / ��� Z C 
>�8.S" � � + � C � � & + DJCV.  � �. + � C � ) � M* �-+p.�C C ) �7&  ���-+?� "O 5 C=+ 
>� � "!� ��+GCV! 5  �.7&9 ! � � . ��� . 1 3 1 J 3 3,3 9 ��� 1 + � " � �4�8��i . � �80 � � ! 5  %.!&9 @ � * � ����� ��� ��+�#�� "!� +-� � G ? ?@? +�  �7� & �)+ �8 �02 �GC
� G / 1 �v� C � � C � � & + > � Z @[A EE*80��! ��� @ � * ��� �6 � .70M���7" � �  5���� *8.M���7��& " ��� J � ��� & � � " � �!0�� � "6 %" � � �


>� ��� � J C / � ��+ . )�+ & � "!" �(� "6� �%� ) � �  5 �%� *F)��(5��  ��#C  %" � � �  5 . C
� G /,/,� >NC m �8 ��S" ��+ �-C � �8. �6�-+ >�C 
 �  � i �D�-+ �-C 
 5�� & �(� " + >NC�. � �!�7&9 ���-+�� "F 5 C=+ � Ch*F)��(5 C C  H" � � CJ�4(4 2 J�4 ? 1 G ?@? ? 9 / ' � C
� G / 4 � � C �2)����  �& �(� .�i �)+h!;C
� "6 � * �/+ �,+  ��� � C @ 5���� � + � C�* )��/5 C C  %" � � C J�4(4 2 J�4 ? 1 G ?@? ? 9EG�3 1 / C
� G / �,� � C E 5D5 � ��� �-+s.F�(5���) & � �6 � .!0-���7" ��� > � Z @[A EF0B*8�! ����+ m; + �8� +-� � � �6� " G � � J G + �{! ! D  %� �6������ * 2 ZQ�kiR"!�8�! �� +-�(� "#E ���=;8� �7. � ",y H" > ) *8. +�) ��* + � )�5D� G ?@? ? C
� G / ' � � C�� � �%"7" +����z� Q�H �[Z 	98 �;: � � J �  = �)H
�  �
��W�f � GLH ���)G � S 6 H � ��T �>= G 	 � ���kHjN �-6A} J �  = �)H
�  � ��  J � �GLH �,@D@ �ONzP$Q �):I�  � $N 6V@ � � ��� 6 	�8 �): � � b � : ����b �������[g +F�(��� " �(� + � Z C D � � . ��5�5 � �-+>NC��A� " �(� i�� +  ��� >�C �  ,*��8�7� � � � �,+ ; � 5�) & � J 3 
 + 02 ��S" ��+ 0  �* � .#/ G)2B/ 1 + DQ�(���<;  + G ? ?k4 +

@ !�-C

J �%G



� ��� � � ��	 � � ��� �

� G / ? � � C � � ��"7" + �-C 
: �&9 %��*�� +  ��� ��C � �/� i�� + ��� 6A@ � � ��� 6 	98 �): � � ���N J � �GLH �5@D@ �ON"UtQ � @ � ��H
P$Q �;:R�  � � � � ��H
�
	 ������� +
; � 5�) & � J + 02 ,* � . 4k1 ? 2 4 / 1 +�w �D�/�2�  + G ? ? � + � > @ >NC

� G 4 3�� >NC �G�(��5�� � + Z C �>� .�i% %&�0 + � C ��C Z �6 �i ��+  ��� �FC�*�C �?�,* � �7. + ��� 6V@ � � ��� 6 	98 �): � � ���N
J � hGLH �,@D@ �ON3UtQ � @ �
�,H�P$Q �;:R�  � � � � ��H
�
	 ������� + ; � 5�) & � J + 02 �* � . 4 / ��2 4k4 � +�w ���(���  + G ? ? � +
� > @ >NC

� G 4 G�� >NC �G�/�D5�� � + Z C �>� .jiH %&90 +  ��� � C ��C Z �! ki ��+A! � � . C�! 5  %.7&  %. � 1 G ?@?(4 9 � ?�1 � C
� G 4 J � >NC �G�(��5�� � + � C � �"�?&9 �-+  ��� Z C �>� .�iH �&�0 +
���e� Q�H �OZ 	�8 �): � � J �  = �)H
�  � �VW�f � G�H ���)G � S 6 H � ��T�{= G 	 ������G 	 �-6 } J �  = �)H
�  �
� �  J � hGLH �,@D@ �jN P$Q �):I�  ���N 6A@ � � ��� 6 	98 �): � � b�� �)H
�
	�G � �;^

� ��N � cb �����
	 g + �/��� " �(��+ � C C�� � ��� "7" �/�����(5 & + � C �  %�7" � �7�8&�� +  ��� �>C �� �* ��� � + ; � 5�) & �J G > + 02 %�7" �Iw + 02 �* � . G / 1 G)2 G�/ 1k1 +c!E� " � " � m; �����,+ G ? ? � + @ !��-C
� G 4 ���KC C � �(����5���� �  ��� >NC 
: %� 5 .7� �-+ ! ��� . � � .F��� ! 5  �.7&9 �. 1 1 G ?@? �,9 J G�/ G C

J � J



�����������
	������������������������������
����� ���!���!�#"$����������%��!&$��' ���!%(��������%��!&$�)���+*)�$���,���!���!�����������!%(	-%��.�����
	-�$���!���0/��!��'1�����!�2���3�.���04

��%!4��5�76 ���98:'��,����%;�:��%�<= �.��%�>?���,�A@CB5D1�3��%��E�!���9FG%�� = ��� = ���9H5'������!/1���I�������!�J�!�)�!���K>?�����L MG�3���
/��!�N�3��1�����O�:�3���QPR�7�3�TS = �3%��.�!�����!�#4;L �������-������������&3�!���$��������"$������1��� = %����U8:'��IM = ���!%�"V�:��%)>W<= %
������2�������!%�6��!%�����<=KX �!���#4

��%!4YD�'�����>5Z-� = ��� = ���!%I���O������%[�����]\:�!/��!�������!% = ��/^>�<= %
�����!���!��	�%��_�!������/��!�������`6��!%����������!��� = ���
����%A���!� <ab�_�!%�/$�3��/9���]�����!���!�-FG�����/1�������W��������%E��������$�b/��!�I����$�!4

��%!4c\A���`\�%��������
���O�`����%d�����e��M.��S!���!�����!�Yf5�������������������N���!%9Z = ���!%���&g>�<= % = ������%`	�%��_�!������/��Wh
�����������3����/1�!��%�����$� = ���2�:��%������i/$�3��S��!�jD1�3��%��i�!���kS = 6��!%��l<��������/1�!%Em^�!/��.�!/����!������%!4

��%!4bH = %,�i\:'1%�%������b�A�3%������d������SW�����gD1����%��[�!�����[����$���`\��!%���������!% = ��/]���!%inb���������������$��/1% = M�M.�3"
6_4o� 4;�:�!/��!�p���!�����!%��,q �,���!�N�O����������!� = ���2�����!'1%�����������k�,��% = &1� = %����!%,���!�p	-%��_�!���������!�����34

r)%�'3>s4[H5��%���tu���&V���!% = ���^r)%�'�>l4[vk������3�!�)Hd� = >w�I�����j���3�.�!�g�!���jPR�7�3�x�3�j	iLK�5*�ybhsabM�/1%������
/���>?'�%��[�7"G�G�3�b�����iz = ���������!����M����!�06�'1�{PE���!'�%���� = ���j*�| M.�!%������!�$�-���k/��!%������!S = �����7�3���!%Em}�������
/���>�<'�%�����%������O�!4

��%!4�~��3���sh,LV���!M������N\:'�����N���O�:�3���Q*(|KM_�!%����I���$���3��'1%)�!%,>w'1��/1%��!����9�����eL M��3/$�O��S = %�vk' ���!�������!% = ��/
/����A�3/�� = �����:��%I�,�������I>W<= %I������& = ������'1���!��' X ���#4������k/��!�I���������3�I�p�i%�/$�3�������O����'��Y���!%I�srQr(h
L '1�����!%����� = �����A�3%��!�����d���!��%b�3��/��!���!������*)%,>��3��% = ��/K4

�����!����*(|KM_�!%������!�1���O��'1%��!���w�����!����6��!%,��%������!���j���!���!�p�����!%-�i%�4bD#<= %�/1�!�jf5�3>w�!%,�7"_�i%�4bf]<= �$���!%b~-�1�3�!"
��%!4j~b�!��������/p�;�!%��_�!�!&G"���%!4p	-%����eH5�������!�V���3��#";��%�4c������'gf5% = �_�!% = ������%!4jrR�����!%�f5%���/ = ���
/��!�������$���E�:'��������!�kS = �xfi��<= �&N������/$�3��S�/1��� = �_�!�#"_���3������%)���I�!��/1�!�1��������2�����'1�g�3�������b�I���-\E��h
*)��%��!���i61��%��,���������!�p���O�����!�#4

��%!4e~-�3���,hlrR������%9z#�!��%,>?�����0"(�i%�4e��'��������}8:��' � = %�� "���%�4Nm����K>w%����!�}F��!���!�_�!%�/�"(�i%�4Nm^'1��>w/$�3��/
L ������!�����!% = ������%!4Ytu����'1��t�����/3q��!��"A��'������k�3�����e�3������%��!��vk�����3%��_�!�����!%������!�I\:�!%��!�������PR'�&3�Ch
�I��&$M��1q ����&^���3�.�!�}�!�
/��!������ X �`�!�����I	A����'1��M��u<��%��NS = ������ X ���0"Q���^���!%[�!�
����%5�������!%�L MG�3���
/��!�N�3��1�b���3��S = ��%��_�!�����!�#4

��%!4�\:% = !�jL !'3���I���3���W�l�A�3�eP = %�� = ���!��Sk�����eL M����!�E/��!��%�����$� = �������,�I���{�������!%I~-����������$�I�!���
&3'1��M.�W�����$���!%b�i����& = ������'�����M���%,������%-/������!��������� = ��k��S�/1��4����!�bFR8�\A�7q1�!%��G��4

r)%�'3>s4��i��������6��b�������!%�"Er;%�'3>s4�	�&$��q�'������-~-�3���7q1���I�K"E��%!4�~��3���IHd�3�����!��������!S = ������%�4�� = %��
�l/�������&V���3��'�6�S!����/����!������%]��� = ������%��!%k���3��/1����z = ���������!���3%��_�!���!"��������.�!% =K� ������}H5'��$����&$���
� = ��kS = M�%���63�3���!%�F�%�� = ����������3>��b>W<= ��%��!�]&#<'1�����!�#4

�����I	-%��.�!���
���}���!%`�lP�*;��*(|KM.��%��Ifi%�' = M��w��M.�!S������������!���!�������!%`r)%�'3>l4^L �!%�/1�!�AH5%��������!��������&�'�6_"
��%!4QPR'�����'1/��������!�#"G��%!4:f5��%,q]r('�%,����%!"G�i%�4�\:% = !�[t���M����� = ����S3"_�i%�4��i' = /�rR'1�,�!".�i%�4:vk�������q1�
L �����I������/��!�������$�������O�E����%�/��!S!�!��/3�7" �:'�S = �3��*)����� = �����!%��5	-%��.�����:�����!���!�]��'�����4��i�����i����& = �sh
����'1���!�^�?��M_�!S!���!������������%!4Qf]<= �$���!%bD1�3���!���������S��A�A�3%����k���I���!%:�!�����5�!��$���
~
<��%,���!M�%�<= > = ��/�4



�����!���Iz = ���������!����%��.�������!�^�����3�����!%��!��fi�!�������������?�i%�4kr(��%�����&3��63���9tu�3��' = ������"���%!4]m^'1��>w/$�3��/
*)�&V�,���!���#".��%!4;�l%��
�;�!���!��'�6��1�A�����!�������2����%d�w��' X �!�$��������G�:���!�p\������&N' X �!�#4

�����k/1�!���������g\E��hs*)��%������{f5�!���!����������3>��c��r)%�'�>l4 ����������6����!�����!%!"br;%�'3>s4Jvp��%,�������j\A���!���I�3���!"
��%!4gf5�!' X vp����������'1�#"Q��%�4{	-����%��!�EH = & = ����&$���#"���%�4{	-���.��%���'jt�'1��%,���3";��%!4j���������%���vp��%�Wh
�������#"0r)%�'�>l4��Q'���' �C���N��'�S!��������&$q�"���%!45LK��%�/��!�R�;'1��&�'��_'CqV����&3'�6_"u�i%�4-yi�76 ���!%i\:'��������#"R4�4�4 �p���O�
�!���2����$���!�-���$���!%����3����'1���3���!�Er)%�'C���!&$�b�!�1���,���!���!�{���3�����!�#4

������LV���!�����3%��3��'1%�%����������������$��/1% = M�M.�I�?�i%�4:y5�76 ���!%-\�'1�������#".�i%�4�vp�3���������-\�'1%�����3%��K�!"#��%!4�D�<'1%�/
�����!�I�����#" �i%�4)	-����%��7���Ev = ��S!&3�3"��i%�4QLV����>?���Im}�!�_�!%���/1��%����1�����!%,�Q�:�!�����!%������I6V�����0L M������E�3�N����%
	-%��.�!��� = ���k&3�!�����!�k	-��������S = %btu����/����:�!�����34

���!%e\��!%��!�����LV���!�����3%��3��'1%,�����!'1%����^��6_4o� 4�r;%�'�>l4�D#<= %�/1����Z�<= ��%��!�V�_�!%�/V�������� X �]��������'������!��ab�`h
>w�!���2�������������!�2v�<'1/��������&��������!�#4

	-�����pL �!&V%����C<��%��������!�+� D = ������fd� = /��!%�"brR����%���D3'1%������#"bLVq ��6 ���}L �!����S3"bvp�3%�/�'��e~b�!�����N�3��%!"Q	-�C���
m��������&��O";4�4�4 �p�����_�!�{M_�!%,>?��&$�5�_�!�(���!�{6 ���!���!�{�l<�3�,����/��!�{����������������%��3����6��!�k	 = >?/1���_�!�Y�?���!������M����Ch
� = ��/��!�#"G�;�!%��:����� = ��/1���3�$��%C<�3/1�3"04�4�4 �
�I����/1����'1��>?���#4

�����A���!������!%�/�% = M�M_�!�e�����Q�sr;r}���3�.�!�{�w�����!%)���!���!���,���!����61�!%,��%����������N��%�4;Hd�3%��G\��!�����!%�" ��%�4)���!��� h
����%��{��% = �.�3"#��'��������{vk�!%�&3�!��"�LV����>?�3�j~-������S��!��".�i%�4-~b�!%��I�����{t0�!���!%��!%�"0	-����%��7���5L ���'���� = ���
��%!4Q�����G�O������'1�����!�2/��!���3���1�W�:6V���!���5���!%�	-%��.�������!��<= �_�!%���� = MK����%��,�b�{<'1/�������]/��!�I����$�!4

*)�������.����'������!%��Q�3��/1�!���!�����E*)%,>��3��% = ��/K"1���[�!�����!%(���1����%����O����'��������!�
f5�!���!����������3>����!����/1��� = �������
S = ���!���#"3��'1�_�!� ������[���������!���,���!�
Hi'1�$���3&$����<= �.��%R�����:z#�!���RS = �!��1���!�`FG%�� = ����������O>w���!�`�!�1�l�����&3�!���
�����_�!�#4)�����!�����l���!�!�2�!�1���,���������!�2� = %���2' X �!�������������!��������3>������������������& = ������'1���!�e�����AH5'�������/1�!�#"
��������%E�A�3%�����%�M.�!%���<'1����������i	 = ����� = ����p>W<= %:�I����2�����I��%A���!��%E������$����/K4

r)%�'3>s4(�Q'���&���%���'1�������3�Q������9�����E/$�3��S!�!�eD1�3��%����_�!/������������ = ���I�I��%��_�!�G�������!�`������1����/��!�IFG%��3/1�!�
�3���E�-�O��/1�!�_�!%A���!������%�/��!��'1��>w�!�#4:�i�����5�����]�[<�3%��5���������5	-%��_�!���E��'1���u� = ��k�����i�!�$���,���3�����!�#4

vk�!�����NF_�3���������
���O�[�!�[�������!%i�����!���!%[/��!������ X �!")����%d�������!��/1�!�1��������^m�����$����/��I��� t��!�_�!��S =
S!�!��/��!� = ���26 ���!���5ab���������!�����������&3�!�������2� = %���p���!�����5Pd<�3����/1&3�!���E������/1�!��'����I�!�#4


