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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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TEXTOR(ALT-II) B2-EIRENE Validation (OH, lineavg ne=4.0e13)
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�f]EP\¨+�¢��h4p MeHK]Eh·g\NQpQ]:h�i4b�Pj��NQaKNQp'MOP\]:h�gRp�b�h·¡�NSNQJLHDM\MeN'i$B

$ ����	�
 � ������� ����� 
 � ��� 
 �������
�»��N�Me]�M?b�a�N'J�HKg\g\Hc]Eh�pQ],N  LpQHKNQh+M

� � � $ � �'� � �
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\HcbEa
p�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
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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
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Ý2Ý2Ý4�0/Rp N É9I N É N B2T NPO TXK/Q1K9S O CEIl[)K9Uf`EBHIcYHY2TXK/Qt g1N S N [ O K9BßK9S~�lMlT O C1ZETnm]I)B2I)Q O p N Y´` W mdB NPO I)Y ���9Ùb�§\
*qK�MÈI�É/I)BcF N S WEiXi�N Q N9ing Y2TXY´K9S O CEI)Y2I<Y2[)I)Q N BHTXK9YMlT O C-���0/�UfK�ZEI iXi TXQLp@TXYlY O T iXi UfTXY2YHTXQEpG\
&��('
	#' �������*. �"!$# �Ü8�? %78�' �2? !��53�
����q3@. !]8�.
ð#I N Y W B2I)UfI)Q O KPSLTXK/Q5JLK�MlYÌTXQ O CEIeZETnÉ9I)B O K9BßTXY N9i Y2KqI��G`~I)B2TVUfI)Q O¾NPiXing à W T O IÈZET � [ WEinO \ A O A * / ,��q�
+q`Ep/B N ZEIbF N CETXp9C@B2I)Y2K iXWGO TXK/Q5Y2`~I)[ O B2K/Y2[)K/` g Y g Y O I)U�TXY W YHI)Z@MlT O C O MÈK O K/B2K/TXZ NPiVing [)K W Q O I)B É�TXIcMlTXQEpY2I O YsKPS i TVQEI��ÜK9SEY2TXp/C O Yc\ A Q NPiXg YHTXQEp O CEI /
K9`E` i I)B´YHCETnS O K9S O CEI O MÈK
K9`L`~K9YHT O I O K/B2K9TXZ NPi�i TXQEI)Y´K9S~Y2TXp/C OK9QLIhp9I O Y O CEIvÉ9I i K�[)T O TVIcYÈKPS O CLI
TXUf` W BHT Org TXK9QLYc\ï^<CLTXYeM N Y N `E` i TXI)Z O K*UfI N Y W B2I O CEIhÉ9I i K�[)T O TXI)YÈKPSñ�������x§ñ ¨ .�}<TXQ O CEI5K WGO I)BlZETnÉ/I)B O K/Bc� O CEI)Y2I@TXK/QEY UfK�É9I O K¶M N B2ZEY O CEI5K WGO I)B ODN BHp9I O ` iVNPO IhMlT O C NÉ9I i K�[)T Org K9Sey9y@Ê;U,�PY1����7P�ex�ÞßTXpE\Èybµ�\¦�9}¾\

poloidal projection (sector 14):
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view from the top:
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CIII singlet line (229.687 nm)
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ÞßTXp W B2I1ybµk\ �k\n�Î^´K9BHK9TXZ N9i p/I)K9UfI O B g KPS O CEIdCETXp/C��rB2I)Y2K iVWGO TXK/Q�Y2`oIc[ O BHK9YH[cK/` g Y g Y O I)U NPO A * / ,��q�
+q`Ep/B N ZEIìx i IcS O } N QEZ O CEI�`EB2K��HI)[ O TXK9Q®K9S O CEI)Y2I O K/B2K9TXZ NPiei TXQEI��ÜK9SlY2TXp/C O Y*K9Q O K O CEI`~K i K9TVZ NPi ` iVN QEI(xjUfTXZEZ i I�}�\5ÞLB2K/U O CEI*UfI N Y W B2I)Z /
K9`E` i I)BvYHCETnS O KPSÈñ������ìx�B2TXp/C O }N É9I i K�[)T Org KPSsy/yhÊkU,�PY�xjTXQ O CEIhZETXB2I)[ O TVK9Q�K9S O CEIhK WGO I)BeZLTnÉ9I)B O K/BD}sM N Y<ZEI)B2TnÉ9I)Zìx��G\
� N SjI)B O }¾\

âÈK9U�` N B2TVY2K9Q(MlT O C-YHTXUfT iVN BÈ� �¶��,sTXB2I)QEI@B W QEYvp N É9I N É/I)B g p9K�K�Z N p/B2I)I)UfI)Q O xjMlT O CETXQ N S N [ O K/BqKPS�À}<t~I O MÈI)IcQ-U�KkZEI iXi TXQEp N QEZ#I���`oI)B2TXUfI)Q O x�ÞßTXpE\<y¶µ�\ØÙ/}�\ÞLBHK9U O CEIe[cK/Q O K W B2YßKPSLI)UfTVY2Y2TnÉ�T Org K9SÎñ������ÎFPT O TXY NPi YHKqK9t;É�TXK W Y O C NbO´O CETVY�[¾C N B2p9IÈY ODNPO IeTXY QEK O É/I)B gMÈI iXi Y W T O I)Z O K5ZET N p/QEK9Y2I<JLK�MáBHIcÉ9I)B2Y N9iÎ� K9QLIcYeTXQ O CLI ZLTnÉ9I)B O K/BcF;toI)[ N9W Y2I O CEIlU N �GTXU W U�I)UfTVY2Y2TXK/Q[)K9U�IcYdSjB2K/U O CLI�K WGO I)B7` N B O YdK9S O CLI * ·(1 x�K9B NPOdO CEI�`EB2TnÉ NPO I#J W �L}¾FqMlCEI)B2I O CEI�ZEK/UfTXQ N Q O[)K9Q O BHTXt WGO TXK/Q O K O CEI�` N B NPiVi I i SjK9BH[)I�t NPiVN QE[)I-TXY O CEI-S�B2TX[ O TXK/Q¥SjK/B2[)IPF MlCEI)B2I N Y O CLIcBHU NPi SjK9BH[)IcYN BHI�Y2U NPiXi FÌt~I)[ N9W Y2I O CEI O I)Uf`oI)B NbODW B2I7p9B N ZETXI)Q O Y NPi K/QEp O CEId¿LI i Z i TXQEI)Y N B2IdY2U N9iXi F O K�KG\�ÞLK/B N
yb�ky
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distributions (for CIII)
along the lines of sight:
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Contours of CIII line emission and parallel velocity

ÞßTXp W B2I1ybµk\¦Ù�\n�oâÈK9Q O K W B2YeKPSoI)U�TXY2Y2TnÉ�T Org x i IcS O } N QEZ�ZEI)QEY2T Org x�UfTXZEZ i I�}´K9S]ñ������1S�B2K9U N � ���-,sTXB2I)QEIB W Q]\sÞLK/B­K/QEIv` N B O TX[ WEiVN B i TXQLIlKPS�Y2TXp/C O KPS O CEI O K9BHK9TXZ N9i Y2`oI)[ O B2K9YH[cK/`ETX[
Y g Y O I)U O CEII)UfTXY2YHTnÉkT O TXI)Y N QEZíÉ9I i K�[)T O TXI)Y N9i K/QEp O CETVY i TXQEI1KPSeY2TXp/C O�N BHI�` i K OHO I)Z¥xjB2TXp/C O }¾\ · Q ingMlCEI)B2I O CLI�I)UfTXY2YHTnÉkT Org TXY iVN B2p/IÀZEK�I)Y5K/QEI�p/I O5O CLI�U N �2K/B5[cK/Q O B2TXt WGO TXK9QEY�SjK/B O CEIUfI N Y W B2I)UfI)Q O FÎB2I)Y WEinO TVQEp*TXQ O CETXY [ N Y2I@TXQ�É9I i K�[)T O TVIcY<K9S N t~K WGO y¶µ*Ê;U,�PYc\
UfI N Y W B2I)UfI)Q O K9SsJLK�M�BHI�É/I)B2Y N9i K/QEI*C N Y O K�UfK�É9I O K�CETXp/CEI)Bh[¾C N BHp9I*Y O¾NbO I)YcF MlCETX[DC�TXYhZET � [ WEiXOt~I)[ N9W Y2I O CEI)TXB i TXQEI)Y B2I)à W TXB2I)YßUfI N Y W B2I)UfI)Q O TXQ O CEIeÉ N [ WEW U*�-+���F�K/B O K W YHI N ZETnm]I)B2I)Q O p/I)K9U�I O B gMlT O C N Q#K/` O TXUfTVY2I)ZdY2`oI)[ O B2K9YH[)K9`ETX[ i TXQEI
KPSßY2TVp9C O Y2I OHW ` N [)[)K/B2ZETXQEp O KfUfK�ZEI iXi TXQEp1B2I)Y WEiXO Yc\

y¶�/�
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�aT O C O CEIÀ`EC g Y2TX[)Y5ZETXY2[ W Y2Y2I)Z t~IcSjK/B2IPF K/QEI*QEK�M�C N Y O CEIÀQEI)[cI)YHY N B g TXQEp9BHI)ZETXI)Q O YhSjK/B N ZEI ODN T i I)ZN Q NPing Y2TXYdKPS5TXUf` W B2T OÜg IcmoI)[ O Y�TXQ O CEI * ·(1 FeMlCEI)B2I O MÈKÛà WLN Q O T O TXI)YfMlT iVi t~I W Y2I)Z]\�^ CEI�¿LB2Y OK9QLI�TXY�[)K9U�`EB2I)Y2Y2TXK/Q]F<MlCETV[DCRTXY O CEI�B NPO TXK t~I O MeI)I)Q O CEI-QEI WGO B N9i ZEI)QEY2T Org TXQ O CEI-` W Uf`RZ W [ ON QLZ O CEI N É9I)B N p9IíTXK/QáUfTXZE` iVN QEI-ZEI)QEY2T OÜg [ i K9Y2I O K O CEI�Y2I)` N B NbO B2T ��x�ÞßTVpG\�y�õG\ny¶}¾\�^ CEIíB NPO TXKKPS<TXUf` W B2T Org [)K9U�`EB2I)Y2Y2TXK/Q O K(C g ZEB2K/p9I)QÛ[cK/Uf`EBHIcYHY2TXK/QìZEIc¿LQEI)Y O CEIfYHIc[)K/QEZ à WLN Q O T Org F´MlCETX[¾C TVYO CEI�I)QEB2TX[¾CEUfI)Q O S N [ O K/Bc\�^ CEI7[)K/Uf`EB2I)Y2YHTXK9Q®TXY1K9Sq` N B O TX[ WEiVN B1TXQ O I)B2I)Y O toI)[ N9W Y2I(T O ZEI O I)B2UfTXQLIcYO CEI�` W Uf`ETXQEp�I � [)TXIcQL[ g SjK/BdTXUf` W BHT O TXI)Y�QLIc[)I)Y2Y N B g SjK9B7SjI)I)ZEt N [DÊR[)K/Q O B2K i \ ,Ì�G`~I)B2TXUfI)Q ODN9iXing FK9QLI�K9t O¾N TXQEY O CLI�[)K9Uf`LB2I)Y2Y2TXK/QìS�B2K/U TXUf` W B2T Org ` W Uf`ÛI��G`~I)B2TXUfI)Q O Y�x�MlT O C Y2U NPiXi p N Y@` W moY�KPSTXUf` W BHT O TXI)Y N `E` i TXI)Z W `EY O B2I N Ud}¾\áÞLB2K/U O CEI(Y2`~I)[ O BHK9Y2[)K/`ETX[ NPiXiXg UfI N Y W B2I)Z¥ZEI)[ NÃg®O TXUfI7KPS O CEITXUf` W BHT O TXI)YcFGK9QEI5p9I O Y O CEI�[)K/Uf`EB2I)Y2YHTXK9Q(SjBHK9U N Y2TXU�` i I��¶�Ü[¾C N U1toI)B<U�K�ZEI i � Ù/¤b�§\
&��7'��7' �����À81. !�,1?@:<3 816 �53500�4��� :<83����./3���� �Ü8�?>6/81.{, ./3v,5: !]8�.
^ CEI*[)K9Uf`LB2I)Y2Y2TXK/Q�KPSeCEI i T W U N QEZ O CEI�CEI i T W U ` W Uf`ETXQEp7TXYhTXUf`oK9B ODN Q OqO K7ÊkQEK�M�F�toIc[ N9W Y2IÀK/QEIC N Y O K N É/K9TXZ O KkK
U W [DC�CEI i T W U N Y2C1MlCETX[DC�MÈK WLi Z�I¾� O TVQEp W TXYHC O CEI<t W B2QETXQEph` iVN Y2U N TXQ N B2I N [ O K9B)\A p i K/t NPi ¤b�rZfUfK�ZEI i SjK/Bst W BHQETXQEp /q�r^á` iVN Y2U N TXY W Y2I)Z]F N ZEZEB2I)Y2YHTXQEp O CEIqIcmoI)[ O KPS�TXUf` W B2T O TXI)YÌK/QTXp/QET O TXK/Qd[)K/QEZET O TXK/Q�� ÙGyPF~Ù/�¶�§\­Ý OqW Y2I)YqY2IcÉ/IcB NPi Y2TXU�` i TnS g TXQEp N Y2Y W Uf` O TXK9QLYc�y¶} W QETXSjK/B2U ` iVN Y2U N MlT O C(Y N U�I O I)Uf`oI)B NbODW B2I
SjK9B N9iXi Y2`~I)[)TXI)Yc� © � © £ � © ¬ � ©�� Õ � © Ë�9}ÈYHTXQEp i I�TXUf` W BHT Org [)K9Q ODN UfTXQ NPO TXK/Q�/}! Û` N B O TX[ i I)Y O B N QEY S�I)B O CEI)TXB<MlCEK i I�TXQET O T NPi I)QEI)B2p g#"%$ �!���¦µ/� / Õ Í O K O CEI5` iVN Y2U NÓ }È`EBHI)Y2Y W B2I1K9SßIcQLIcBHp9I O TX[PFÎQEK/Q�� O CEI)B2U NPi T � IcZ& �` N B O TX[ i I)Y<TXY QEIcp i I)[ O I)Zµ9}l[cK/QE[)I)Q O B NbO TXK9Q�K9SïTXUf` W B2T O TXI)Yc� îbË�� � Ë]ê � £(' î � £ � � � £ ê � £ x�S WEiXing Y O B2TX`E`oI)Z-TXUf` W B2T O TXI)YlZ W IO KÀCETVp9C O I)Uf`~I)B NbOHW BHI)Y K9Sey�¤ÀÊPI � N QEZ(CETXp/CEI)BD}õ/}ÈI)à WLNPi ZEI WGO IcBHT W U N QEZ O B2T O T W U ZEI)QEY2T O TVIcY)� ��) � � Ä�9}ÈTXK/Q(ZEI)QEY2T Org � � ¬ � ��) � � Ä* WLN Y2Tn�ÜQEI WGO B NPi T OÜg p9TnÉ/I)Y SjK9B O CEI�ZET iVWGO TXK/Qd` N B N U�I O IcB

î ¬ � � ¬� £ ��yl�®¡
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N QLZ�S�K9B O K ODN9i ` N B O TV[ i IhZEI)QEY2T Org
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C     = =imp

nimp
neutrals, div

n imp
ions, core edge

V
vessel

S    ⋅ τ          - Vdiv
eff 1/e, imp

 pumping duct 

 ● n  imp 
 ions, core edge 

 ● n  imp 
 neutrals, div

 eff

 vessel V 

 div  V 

 impurity puff 

(pumping efficiency S   ) 

ÞßTXp W B2I1y¶õ�\Xy9\n� /hIc¿LQET O TXK9Q�KPSs[cK/Uf`EB2I)YHY2TXK9Q(S�K9BlTXUf` W B2T Org YH`~I)[)TXI)Y��§�	��\ ÞLB2K/U O CEI@Y2`~I)[ O BHK9Y2[)K/`ET �[ NPiXing UfI N Y W B2I)Z-ZEIc[ NÃg B NPO I)Y Ï � Ò £ 5 ¬ è ¹ FLK/QEI@p9I O Y SjBHK9U N �¶�Ü[¾C N U�toI)BlUfK�ZEI i x�MlT O CO CEI*É/K iXW U�IcY5KPSeÉ9I)Y2YHI i Í�
 £ »§» £ ç N QEZ�ZETnÉ/IcB O K9B1Í
� ¬ 
 N QEZ O CEIÀ` W Uf`ETXQLp�I � [)TXI)QE[ g
� £���� } O CEI5TXUf` W B2T Org [)K9Uf`EBHIcYHY2TXK/Q]\

ÞLK/B O CEI
TXp/QET O TVK9Q�[)K/QEZET O TXK/Q]F�K/QEI
C N Y O CEI5t NPiVN QE[)IhtoI O MÈI)I)Q  ` N B O TX[ i I
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TXY O CEI5B NPO TXK*K9S O CEI�p i K/t NPi  Û` N B O TX[ i Ih[)K9QG¿LQLIcU�IcQ OlO TVUfI N QEZ O CEI�I)QEI)B2p g [)K/QG¿LQEI)UfI)Q OqO TXUfIP\^ CEI�p i K9t N9i  a` N B O TX[ i IÀ[)K9QG¿LQEI)UfI)Q O@O TXUfIÀTVY O CEI�B NbO TXK(KPS O CEIfQ W U�t~I)B1KPS  R` N B O TX[ i IcY5TXQ O CEIt W B2QETVQEpÀB2I)p9TVK9Q�MlT O C�É9K iXW UfI � N QEZ O CEI�I��GC N9W Y O J W � i I N ÉkTVQEp O CETXY B2I)p/TXK9Q
Ï "$ �_| $ ê�� £���� �ºæ » + ' xry�õG\¦�/}

MlCEI)B2I O CEI5I¾�GC N9W Y O J W �(TXY O CEI5ZETnmoI)B2I)QE[)I5t~I O MeI)I)Q�K WEO M N B2Z N QEZ#B2I OHW BHQ�J W �
� £	�
� �ºæ » +���� $ 5 å4æ +~��� $ 5 � £ +r� xry�õG\ØÙ;}

Ý O [ N Q�t~I�Y2CEK�MlQ O C NbO Ï "$ TXY O CEI�Y W U K9S N [cK/Q O B2TXt WGO TXK9Q-S�B2K/U O CEI�TXQ O I)B2Q N9i xj[)K9BHIÃ}� ¢` N B O TX[ i I[)K9QG¿LQLIcU�IcQ OqO TVUfI N QEZ O CEI�[)K/Q O B2TXt WGO TVK9Q�SjB2K/U�B2I)[ g [ i TXQEp
Ï "$ � Ï "$�
 � � £����xryl� � £���� } Ï "$�� ' xry�õG\�7;}

MlCEI)B2I O CEI*S N [ O K9B � Â����� � � � Â������ TXY O CEIÀU�I N QíQ W U�t~I)B@KPSÈB2I)[ g [ i TXQLp�IcÉ9I)Q O Y�t N [DÊ�TXQ O K O CEIft W B2QETXQEpB2I)p/TXK9Q-I��G`~I)B2TXI)QE[)I)Z�t g#O CEI  ®` N B O TX[ i I)Yvt~IcS�K9B2I1t~I)TXQLpf¿LQ N9iXing ` W U�`~I)Z N M NÃg \5âeK/U�tETXQETXQEp O CEIN toK�É9I5I)à WLNbO TVK9QEY p/TnÉ9I)Y N [ W tETX[�Icà WLNPO TXK/Q7S�K9Blî � £ \1*GK i É�TXQEp�T O FLK/QEI
p/I O Y O CEI
YHK iXWGO TXK9Q7SjK/B � £ Ï��x�ÞßTVpG\<y�õG\¦�9}�\

ÞßTXp W B2I1y¶õ�\ �k\n�ÎÝrp9QET O TXK9Q�` N B N U�I O I)B#xjB N ZET NbO TXK9Q i K9YHY2I)YfQEK OfN [)[)K W Q O I)Z¥S�K9BÀTXQ Ï�� }@É9I)B2Y W Y O I)U*�`~I)B NPOHW B2IfSjK/B�É N B2TXK W Y�[)K/QEY ODN Q O [)K/QG¿LQEI)UfI)Q O@O TXUfIÀB NPO TXK/Y $ TVQ N ` W B2Idt W B2QETXQEp
/q�r^ ` iVN Y2U N xjQEK�TXUf` W BHT O TXI)Y�I��G[)Ic` O Ö
� Õ F i IcS O } N QEZaTXQ N /v�r^ ` iVN YHU N MlT O CN ZEZET O TXK/Q NPiXingfN Y2Y W UfI)Z-���%â�xjBHTXp9C O }
� ÙGy)�§\

/hI)`oIcQLZETXQEphK/Q O CEI N YHY W UfI)ZÀ[)K9QL[cI)Q O B NPO TXK/Q*KPS N ZEZET O TXK9Q N9i TXUf` W B2T O TXI)YcFPK9QLIÈK/Q ing p9I O YÌYHK iXWGO TXK9QEY)FTnS O CEIdB NbO TXK-KPS O CEI7p i K/t NPi  a` N B O TV[ i If[)K9QG¿LQEI)UfI)Q O�O TXUfI N QEZ O CEI�I)QEI)B2p g [)K/QG¿LQEI)UfI)Q O1O TXUfI
$ � Ï "$ ê Ï�� TVY i I)Y2Y O C N Qfy¶¤ O K1y¶µ@x�Y2I)I<ÞÌTXpG\­y�õG\¦�9}¾\ · O CEI)B MlTXY2IPF O CEIÈCEI i T W U N Y2C � W Y O I�� O TXQEp W TXY2CLIcYO CEI(t W B2QETVQEp�` iVN Y2U N \®^ CEI#ZEI)UfK9QEY O B NPO TXK/Q®KPSvY W�� [cTVIcQ Odi K�M $ É N9iXW I)Y*SjK/B*B2I N [ O K/BÀB2I i IcÉ N Q OY2[)I)Q N BHTXK9YqM N YqZEK9QEI@t g /
Ý2Ý2Ý4�0/1F �4,ï^
F A * / ,��q�-+q`Ep9B N ZEI N QEZ �9^È�rõ/¤4+5\ÎÞÎK9B Ýr^ ,���K/QEI5QLIcI)ZEYN Y2[)I)Q N B2TXKfMlT O C#Y W�� [)TXI)Q O CEI i T W U%` W Uf`ETXQEp N tET i T Org t g�O CEI@` W Uf`-Y g Y O I)U(\<^´K�toI N t i I O KfZEKO CETXY5I�� O B N `~K iVNbO TVK9Q�`EBHK9`~I)B ing F O CEI7���0/u[)K�ZEI)Y5SjK/B O CEI�Ýr^ ,�� ZEI)YHTXp9Q�C N É9I O K#t~IÀÉ N9i TXZ NPO I)Z NPOI��GTXY O TXQEp1U N [DCETVQEI)Yc\ /hK/TXQEp O CETXYeSjK9BeTXUf` W B2T Org [)K9Uf`EBHIcYHY2TXK/QdTXY O CEI)B2IcS�K9B2IhKPS ` N B O TX[ WEiVN BsTXQ O I)B2I)Y O \
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ÞLK/B N YH[ N Q(KPS O CEI�QEI WGO B N9i p N YÈJ W ��ZEI)QEY2T Org TVQ O CEI�ZETnÉ9I)B O K9B)FEZEK/QEIht g [¾C N QEp/TXQEp O CEI�UfTXZE` iVN QEIZEI)QEY2T Org x�MlT O CEK WGO [¾C N QEp/TXQEp N Q g K9S O CEI�É NPi TXZ NbO IcZ O B N QEY2`oK9B O ` N B N UfI O I)BHYÀTXQ O CEI([cK�ZEI�}�K/QEIp9I O Y O CEIh[)K9U�`EB2I)Y2Y2TXK/Q7K9S QEI)K9Q N QEZ�CEI i T W U NbOÈO CEIh`oK9YHT O TXK/Q�KPS O CEIh` W Uf`7Z W [ O B2I iVNbO TnÉ9I O K O CEIUfTXZE` i�N QEI
ZEIcQEYHT Org \âÈK9U�` N B2TVQEp#M T O C O CEIdI��G`~I)B2TXU�IcQ ODN9i BHI)Y WEinO Y)F O CEIdUfK�ZEI i [ NPi [ WEiVNPO TXK/QEY N B2IdK9t;ÉkTVK W Y iXg N t i I O KZEI)Y2[)B2TXtoI
à WLN9i T ODNPO TnÉ9I ingdN Y<MeI iXi�N Y<à WLN Q O¾NbO TXÉ9I ing�O CEI
K/tEY2I)B É9I)Z-I��G`~I)B2TXU�IcQ ODN9i toI)C N É�TXK W B)�s[cK/U*�`EB2I)Y2YHTXK9Q�K9SLQEI)K9Q N QEZ�CEI i T W Uux�QEI)K9Q�TXY´toI OHO I)Bß[)K9Uf`EBHI)Y2Y2I)Z O C N Q�CEI i T W Ud}]TXQE[)B2I N Y2I)YßMlT O C1CETXp/CEI)BQEI WGO B N9i p N Y<J W �(ZEI)QEYHT Org TXQ O CEI5ZETnÉ9I)B O K9B1x�ÞÌTXpG\<y¶õ�\Ø�;}¾\

0.1

1

10

Neutral gas flux density  [m   s   ]-2 -1
1022 1023

Ne

Helium

C
om

pr
es

si
on

 fa
ct

or
 C

i

B2-Eirene modelling 

Ne
He

Experiments

ÞßTXp W B2I1y¶õ�\¦��\n��,ß�G`~I)B2TVUfI)Q O¾NPi~N QEZdU�K�ZEI iVi TXQEp�BHI)Y WEinO YeSjK/B O CEIh[)K9U�`EB2I)Y2Y2TXK/Q�K9S QEIcK/Q N QEZdCEI i T W UN Y N S W QE[ O TXK/Q�K9SßZETnÉ9I)B O K9B QEI WGO B NPi p N Y J W ��ZLIcQEYHT Org \
^ CEI7t N Y2TX[7UfI)[DC N QETXYHU�S�K9B O CEI�[)K9Uf`EBHI)Y2Y2TXK/QÛTVY O CEI7BHIc[ g [ i TXQEp�[ g [ i I7TXQ O CEI7K WEO I)B * ·(1 \ïÞLK/BA * / ,��q�-+q`Ep/B N ZEI /
TnÉkÝDF O CEI7I¾�GTXY O I)QE[)I7K9S N ` W Uf`ETXQEp-t N�� I7TVQ O CEI7K WGO I)B@ZETXÉ9I)B O K/B�TXY1à W T O ITXUf`oK9B ODN Q O SjK/B O CEI1K/tEY2I)B É9I)Zí[)K/Uf`EB2I)Y2YHTXK9Q]\vÝrQ O I)p9B NbO TVQEp O CEI1UfK�ZEI iXi TXQLpÀB2I)Y WEinO K¶É9I)B O CEI * ·21 FO CETXY t N�� I N moI)[ O Y O CEI�` N B N9iXi I i ` N B O TV[ i IvJ W �#KPS O CEI5ZEI WGO I)B2T W U�t N [DÊkp/B2K W QLZ#Z W I O K O CEI�Icm]Ic[ OKPSoB2I)[)TXB2[ WEiVNPO TXK/Q*KPS~QEI WGO B NPi YïTXQ O CEI ` W U�`ETXQEp
Z W [ O x i TXU�T O I)Z i I N Ê N p9I<t g�O CEI t N�� I�}ït N [¾Ê O K O CEI
* ·21 x�ÞÌTXpG\<y�õG\ Ó }�\s^<CLI�ZETnm]I)B2I)QE[)I�t~I O MÈI)IcQ-QEI)K/Q N QEZ(CEI i T W U�[ N Q(t~I5Y2I)I)Q�S�B2K/U O CLI�ZETnm]I)B2I)Q OZETXY O B2TXt WGO TXK9QEY�KPS O CEIfB N ZET N9iXing TXQ O I)p9B NbO IcZìTXK9QETVY NbO TXK9Q�YHK W B2[)I)YcFÌMlCEI)B2IfQEI)K/QìQEI WGO B NPi Y N B2IÀÊPI)` OUfK/B2IvI � [)TXI)Q OHing TVQ O CEI
ZETnÉ9I)B O K9B [)K9U�` N BHIcZ O K*CEI i T W U�Z W I O K O CEI)TXB<Y2U N9iXi I)B­U�I N Q7SjB2I)I
` NbO CEY)\^ CEIq`EC g Y2TX[)Y­K9S O CLIl[cK/Uf`EB2I)YHY2TXK9Q�[ N QftoIlB2I)Z W [)I)Z O K N B NbO CEI)B­Y2TXUf` i IÈUfK�ZEI i Fk[DC N B N [ O IcBHTXY2I)Zft gNfiVN�g I)BvK9S O CEI@MlTXZ O C-K9S O CEI1UfI N Q#SjB2I)I1` NbO C�KPS O CEI@TVUf` W B2T Org QEI WGO B N9i YlSjBHK9U�MlCEI)B2I O CLI g-N B2IN t i I O K@SjI)I)Z O CEIv` W Uf`dZ W [ O toI i K�M O CEIqt N�� IPFGI)Y O¾N t i TVY2CETXQEp N Y2I)[)K9QEZ�` N B O TX[ i I J W �dU N �GTXU W UTXQ O CEIqK WGO IcB * ·21 NbOeO CEIq` iVNPO IP\ /hK/TXQEp N Y2TVUf` i I<J W ��t N9iVN QE[)I NPO­O CEIqI)Q O B N QE[)I
KPS O CEIqt~K���� Ù9�b�O CEI)QÛY2CEK�MlY O C NPO1O CEI�[)K/Uf`EB2I)Y2YHTXK9QÛTXY1ZEI O I)B2UfTXQEI)ZÛt gíO CEI7TXQEY O BHI N UfTXQEp(JLK�M�É9I i K�[)T Org K9S O CEITXUf` W BHT Org \fÝrQ O CETXY5K WGO I)B * ·21 B2I)p/TXK9Q]F O CEI)B2I N B2IÀQEK-Y O B2K/QEp O I)Uf`~I)B NPOHW B2I�p9B N ZETXI)Q O Y N QEZ O CEIZEI WGO I)B2T W U�t N [DÊkp/B2K W QEZ#C N Y N B2I iVNPO TnÉ/I ing Y O B2K9QEp*S�K9B2M N B2Z(JLK�M�\e^ CEI)B2IcSjK/B2IPF O CEI5TVUf` W B2T Org JLK�MÉ9I i K�[)T Org TVY<Z W I O K O CEI�ZEK/UfTXQ N Q O S�B2TX[ O TXK/QdS�K9BH[cI5K9S O CEI�ZEI WGO IcBHT W U�t N [¾Ê;p/B2K W QEZ N QEZ#TXY `EB N [ O T �[ NPiXiXg TXZEI)Q O TX[ N9i x NbO�i I N Y O SjK/BvCETXp/CEIcB
ZEI)QEY2T O TVIcY¾} O K O CETXYvt N [DÊkp/B2K W QEZ�É9I i K�[)T Org \ ,ïQEC N QE[)TXQEp O CEI
y¶�9õ
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Parallel particle flux (D)

Ionisation source (Ne)

Ionisation source (He)

Midplane Target

BafflePuff

10 22
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10 20

10 21

10 21

10 24

10 19

10 17

10 15

10 23

10 16

10 14

poloidal distance from target plate  [m]
-1 0-0.5

pump

recirculation

Baffle

MFP

Target plate

Pump
duct

➚➘➚➘ ➚

Pumping baffle

ÞßTXp W B2I1y¶õ�\ Ó \n� � N ZET NPiXing TXQ O I)p/B NbO IcZ7` N B NPiXi I i ` N B O TX[ i IlJ W ��x�/5} N QEZ�TXK/QETXY NPO TXK/QÀY2K W B2[)I)Y�x	-qI N QEZ
*qI�}dSjK9B O CEI�K WGO I)B#ZETnÉ/I)B O K/Bìx i I�S O YHTXZEI�}¾\ ^´B N �HI)[ O K9BHTXI)Y(K9Sfy¶¤9¤®QEI)K/Q{QEI WGO B NPi YSjB2K/U O CEI
K WGO I)B ODN BHp9I O ` iVNbO IÀxjBHTXp9C O Y2TXZEI O K9`Î} N QEZ7Y2[¾CEI)U NPO TX[hU�KkZEI i xjB2TXp/C O YHTXZEIt~K O2O K/Ud}¾\

UfTXZE` i�N QEIvYHI)` N B NPO B2Tn��ZEI)QEY2T Org(N QEZ O CEI)B2IcS�K9B2I O CEI5QEI WGO B N9i p N YÈJ W �(ZEI)QEY2T OÜg TXQ O CEI�ZLTnÉ9I)B O K/BlB2I��Y WEinO YßTXQ iVN BHp9I)B´ZEI WGO I)B2T W U�JLK�MlYïTXQ O CETVYßK WGO I)Bß` N B O Z W I O KhY O BHK9QEp/I)BßSjB2TV[ O TXK9Q5MlT O CÀâ �RQEI WGO B NPi Y)\^ CETXYsK WGO I)B iVNÃg I)B O CEI)Q N [ O Y N Y N à WLN Y2TLZETXm W Y2TXK/QÀ` W Uf`fSjK/B O CEIqTXU�` W B2T O TVIcY)\ A Y N [)K/QEY2I)à W I)QE[cIPFiVN B2p9I)B�ZEI WGO I)B2T W U QEI WGO B N9i p N Y5J W ��ZEI)QEY2T Org TXQ O CEI�ZETnÉ9I)B O K9B@p9TnÉ/I)Y iVN B2p/IcB�[)K9Uf`LB2I)Y2Y2TXK/Q]\d^ CEIZETnm]IcBHI)QE[cIft~I O MeI)I)QìQEI)K/Q N QEZ�CEI i T W U�TVY � W Y O@N [)K9QEYHIcà W I)QE[)I�K9S O CEIÀU N YHY
ZETnm]I)B2I)QE[)I-x�MlCETX[¾CTXY O CEI�ZEK9UfTXQ N Q O S N [ O K9BhTXQ O CEI�ZETnm]I)B2I)QE[)I1K9S O CLI1U�I N Q�SjBHI)I1` NbO CEY
KPSsQLI WGO B NPi YD}¾\5ÞLBHK9U O CEIcYHI[)K9QEYHTXZEI)B NbO TXK9QEY)F O CEI�ZETnm]IcBHIcQL[cIdt~I O MeI)I)Q®ZEI WGO I)B2T W U N QEZ O CEI�K O CEI)B1TXUf` W B2T O TXI)Y�TXY N9i Y2K-[ i I N B)�ZEI WGO I)B2T W U�QEI WGO B N9iGO B N QEY2`oK9B O TXYÌZEK9U�TXQ NbO IcZ�t g [DC N B2p/I��ÜI��G[DC N QEp9IPFGTXQ�[)K9Q O B N Y OïO K O CEI TXU�` W B2T OrgQEI WGO B N9i Yc\�^ CEI�ZEI WGO I)BHT W U�B2I)[ g [ i TXQEp7TXYvMeI iXi [)K/QG¿LQEI)ZíTXQ O CETVYvt N�� I�BHIcp/TXK/Q W QEZEI)Bh[)K9QEZET O TXK9QLYMlCEI)B2I O CEI�TXUf` W B2T Org QEI WGO B N9i Y N BHI i I N ÊkTXQEp�K WGO F]toIc[ N9W Y2I*[¾C N B2p/I�I���[¾C N QEp/I*TXQ O CETXYhK WGO IcB
` N B OKPS O CEI
* ·21 M T O C i K�M_ZEI)QEY2T O TXI)Y N QEZ i K¶M O I)Uf`oI)B NbODW B2I)Y É9I)B g IcmoI)[ O TnÉ9I ing�O B N `EY O CEI5ZEI WGO I)B2T W UQEI WGO B N9i Yc\R^ CEI)B2IcSjK/B2IPF O CEI(Icm]I)[ O KPS O CEI#t N�� I#TXY i IcYHYf`EB2K/QEK W QE[)I)Z¢S�K9BÀZEI WGO I)BHT W U O C N Q¥SjK/BTXUf` W BHT O TXI)Yc\�^ CEIÀ[)K/Uf`EB2I)Y2YHTXK9QÛKPS ZEI WGO I)BHT W U O CEI)B2IcSjK/B2IfÉ N B2TXI)Y1t g K9Q iXgìN S N [ O K9B@KPSv� O K��GFÌTXQN p/B2I)I)UfI)Q O MlT O C(I¾�G`oIcBHTXUfI)Q O \^ CETXYsÊkTXQEZfKPS�[cK/QE[)I)` O K9moI)B2Y N É/IcB g�NbOHO B N [ O TnÉ9I `oK O I)Q O T N9i SjK/BsY2I)` N B NPO TXK/QÀKPS]`~K�MÈIcB N QEZf` N B O TX[ i II��GC NPW Y O �´` N B O TV[ i IsI���C N9W Y O [ N Q@toIsZEK/QEI � W Y O TXQ O CEIeK WGO IcB´` N B O K9S O CEI * ·21 x NPiXi K¶MlTXQEpÈp/I)K9U�I O B gK9` O TXUfT �ÃNPO TXK/QÎ}¾F;MlCEI)B2I N Yq`~K�MÈI)BqI���C N9W Y O TXYlBHI i�NbO I)Z O K O CLI�B2I)p/TXK9Q([ i K9YHI O K O CEI�YHI)` N B NPO B2Tn�~\
/hK/TXQEpfU WEinO TnJ W TXZ#[ NPi [ WEiVNPO TXK/QEYlt N Y2I)Z�K9Q O CEI)Y2I�UfK�ZEI i É NPi TVZ NbO TVK9Q(B2I)Y WEinO YvKPS O CEI�I���TVY O TXQEp /hT �É9I)B O K9B�Ý5[)K9QG¿Lp W B NPO TXK9Q{��µ9�b�§FsK9QLIdp9I O Y�SjK9B O CLI�¿LQ N9i 1 g B N [)K/QG¿Lp W B NbO TXK/Q{x N Y1MÈI iXiÈN Y�SjK/B O CEIK9`oI)Q 1 g B NìN QEZ O CEI-TXQEQEI)BÀK9B O CEK/p9K/Q NPi /hTXÉ9I)B O K/BÀÝ } N U W [¾C¢t~I O2O I)Bf[)K9Uf`EBHIcYHY2TXK/Q¢KPShCEI i T W U

yb�9�
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x N Q�I)QEB2TX[¾CEUfI)Q O K9S CEI i T W U K9S Org `ETX[ N9iXing ��TXY5QLK�M K9tEYHI)B É9I)Z NbO5O CEIf` W Uf`ETXQEp(Z W [ O1i Kk[ NPO TXK/QÎ}O C N Q-SjK/B�/hTnÉ/I)B O K/BqÝ@xjI)QEB2TX[¾CEUfI)Q O S N [ O K9BHYqSjK/BvCEI i T W U�toI O MÈI)I)Q�¤�\ny N QEZ�¤G\ Ó }�\v^ CEI1É/IcB g p9K�K�Z[)K9U�`EB2I)Y2Y2TXK/Q-KPSïQLIcK/Q�TXQ O CEI1K WGO Y2TXZEI O T inO I)Z�/hTnÉ/IcB O K9BlÝ@x�IcQEBHTX[DCEU�IcQ O K9S<y O Kdõ;}lTXYqB2I)Z W [)I)Z O K`EB N [ O TX[ NPiVingÀO CEI�Y N U�I N Y O CEI
C g ZEB2K9p/I)Q#[cK/Uf`EB2I)YHY2TXK9Q xjI)QEBHTX[DCEU�IcQ O y O K�y/\¦µ9}�FGt WGO TXY Y O T iXioiVN B2p/II)QEK W p/C(SjK/B<Icm]I)[ O TnÉ9I5SjI)I)ZEt N [DÊ�[cK/Q O B2K i \ÝrQ O CEI 1 g B NíO CEI-` W Uf`ETXQEpìZ W [ O B2I)[ g [ i TXQEpì[ g [ i I-TXYfQEK�M�TXQ O CEI-ZEK9UfI(B2I)p/TXK9Q¢[ i K/Y2I O K O CEIY2I)` N B NbO B2T ��x§ÞßTXpE\Èy¶õ�\¦µ/}¾\

ÞßTXp W B2I�y¶õ�\¦µ�\n� -qI WGO B N9i]O B N �2I)[ O K/B2TXI)Y<SjK/B /1F -qI N QEZ�*qI5TXQ /
TnÉ�Ý2ÝD\
/ W I O K O CEI
CETXp/CEI)BlI i I)[ O B2K9Q(ZEI)QEY2T O TXI)Y O CEI)B2IPFÎ[)B2I NbO TVK9Q(KPSßTXU�` W B2T Org QEI WGO B NPi Y NPO O CEI5` iVNbO I N QEZB2I)TXK/QET �ÃNbO TXK9QÀK9S�[)K i ZEI)BeQLI WGO B NPi Y­S�B2K9U O CEIvZEK/UfIvK�[)[ W B NbO `EB N [ O TX[ NPiXing�O CLIvY N UfIv`~K/Y2T O TXK9Q]\ß^ CEIt~I O2O I)Bl[cK/Uf`EB2I)YHY2TXK9Q-K9SßCEI i T W U%TXQ O CEI 1 g B N TXY O CEI)Q-Z W I O K O CEI5S N [ OlO C NPOlO CEI@CEI i T W U�QEI WGO B N9iNbO K9UfY�C N É9I N�i K9QEp/I)B1UfI N QÛSjB2I)I�` NbO C O C N Q�QEI)K9Q N QEZ N B2I O CEI)B2IcSjK/B2I(UfK/B2I�I N Y2T ing I)YH[ N `ETXQEpSjBHK9U O CEI ODN BHp9I O ` iVNPO I
TVQ O K O CETXY ZEK/UfI N QEZ(SjB2K/U O CEI)B2I5TVQ O K O CEI5` W Uf`]\
&��7'
	#' ��8�? ��3��3�535?@:<3���6981. ��� ���
ÝrQ O CEI5SjK iXi K�MlTXQEpÀ[)K/QEY2I)à W I)QE[cI)Y5KPS O CEI1TXUf` W B2T Org�O B N QEY2`oK9B O B2I)Y WEinO YqSjK9B O CEI1Ýr^ ,���ZEI)Y2TXp/Q-MlT iXit~I�ZETXYH[ W Y2Y2I)Z]\ / W I O K O CEI O CEI)B2U N9ißi K N Z i TXUfT O¾NbO TVK9QEYcFLÝr^ ,���M T iXi `EB2K9t N t ing C N É/I O K7U�K�É9I NPOi I N Y O TXQ O K O CEI iVN�g I)B�ZEI ODN [DCLUfI)Q O B2I)p9TVUfIP\1ÝrQ O CETVY
[ N YHIbF O K(ZEIc¿LQEI O CEIÀK/`~I)B NPO TXK/Q NPi `~K9TVQ O SjK/BÝr^ ,�� O CEI7ZEK9U�TXQ NbO TXQEp * ·(1 `EC g Y2TV[cYf[ N Q�t~I7Y W UfU N B2TXY2I)Z SjK/B N Y O B2TV[ ODing y)� /%` N B N9iXi I i [ N YHIPFMlCEI)B2I O CEI5B N ZET NPioO B N QEY2`~K/B O TXYlY2U NPiXi [)K9Uf` N B2I)Z O K O CEI5` N B NPiXi I i \
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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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Langmuir divertor probes (density ramp-up)
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separatrix particle flux density (2MW)
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5 * 10    m19 -3

6 * 10    m19 -3

Mach number
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H    emissivity ( photons m    s   )α -3 -1

1e24 1e23 1e22 1e21

Plasma particle source ( m    s   )-3 -1

1e21 -1e21-1e221e221e231e24

ionization recombination
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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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               Experiment                                          Modelling

   2 MW input power, density ramp
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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

Private
flux

Private
flux

Private
flux

0 10 20 30
Flux bundle label (B2 grid)

0

0.4

0.8

M
W

Private
flux

Separatrix

10 200
Flux bundle label (B2 grid)

0

0.4

0.8

M
W

Separatrix

«�<5�A>3E?4���°�Z5�ª³�ZF¬ )oQ/25+->32{Q�68<5)/@ )/C�68934�;3<F�/4-E?6:)/E¨4-@34-E?�VG TRQV2{Q/@3+-4 �²6:)A0 �¦Z�«R)AEd4�QV+¦9 >R>��#T3>R@3;32546:9R4_<5@P6:4-�AE:QV2{=LTK476±WY4-4-@ 68QVE:�/476�032{QV6:4dQ/@3; ;3<5�/4-El6:)AE¢4-@A68E:QV@3+-4U)VCi4-@34-E?�/G�2{)/=?=:47=C©E?)/.
@34->�68E:QV25=iQ/@3;U6:934L+-)/@P6:E?<{T3>�6:<5)A@¨C©E?)A.�68934SE8QV;3<{Q/2�;R<FJK>3=?<{)/@U<FC}QV=:=?>3.14-;,6:)TK4L;3476847E:.1<5@34-;�TPG¨6:9R4L25)�+�Q/2 �AE:Q/;3<54-@A6�<5@UE:4�QV2*=?0RQ/+-4�Q/E?4�+-)/.�0RQVE?4-;���TK)V6:6:)/._�¦Z¯ 2{=?)b=?9R)ªW¡@ QVE?4¨6:934,4-@34-E?�/G�>R>���4-=�<5@P6:)­6:934,)/>�6847E1;3<F�/4-El68)/E��²W¡93<{+89 Q/E?4_68934=:Q/.14�C�)AEoTK)V689¨+-)A@10R�/>3E8Q�6:<{)/@3=8�oQ/@3;U6:934S47@3E:�VG�>R>���47=i)A@P6:)¤6:934S032{QV6:4VZ

(X934�4�Q/E?25<54-EY)/@3=:4N6¡)/C �/)/2{>3.14�E?4-+-)A.�TR<5@RQ�68<5)/@d<5@ ��<F�PM±§:§}+-25)/=:4£6:)¢6:934�=?4-0RQVE8Q�68E?<��_Q/25=?)¢4-@39RQV@R+74-=6:934L+�QVE:TO)/@,25)A=?=?4-=¡68934-E?4V�O=?<5@3+-4S;R>34�68)¤6:934L=?25)ªW¡<5@3�1;3)ªW¡@�)VC�6:934L0RQ/E:QV2{254-2 >R)ªW <5@¨6:93<5=¡E:4-�/<5)A@��)/@R4¨�A476:=1Q�93<5�A934-E¤;34-@3=?<F6HG�)VC�;R47>�684-E?<5>3. )/E�9PG�;3E?)A�/4-@ 6:934-E:4�Z ¯ 25=?)3��6:934U+�QVE:TO)/@ E:47=:<5;34-@3+-46:<5.�4Y<{@¤6:934¡=?4-0RQ/E:QV6:E?<��zMH@34�QVE�E:4-�/<5)A@¤<5=}2{Q/E?�A4V�PTO4-+�QV>3=:4¡6:934¡+�QVE:TO)A@1<5)/@1.�QV=:=4>R)ªW#0RQV6?6:4-E:@I�©«�<5�3Z�ª°�ZF� @P�X=?93)�W¡=�Q >R)�W E?47�/4-E?=:Q/2v¥-)/@R4�;3>R4L68)�6:934�<5)A@,6:934-E?.�Q/2gC�)AE?+-4�W¡<F6:9I=?.dQV252 >R)ªW �/4-25)�+-<F68<54-=+-25)/=:4¡6:)�6:934i=:4-0RQVE:QV6:E?<F�dQV@3;_QSC©)/E?WYQ/E?; >R)ªW <5@16:9R4£)/>�6847EY=?+-E:Q/0O4NMH)VJ,2{Q�GA4-EkW¡<F6:9dE?4-2{QV6:<F�/4-2FG¢C[QV=l6
>R)ªW�� �ª�A���[Z
- 0O4-+76:E:)/=?+-)A03<5+�QV2525G�;3476:4-E?.�<5@34-;�E8QV;3<{QV6:<5)A@L0O)V684-@A68<{QV25=gC©)/E*68934D;3)A.1<5@RQ/@P6*;R<F�/4-El6:)AE�E:Q/;3<{QV6:)/E )Y§?§:§8�;34?0R@34-; QV=L6:934_E:Q�68<5)�)VCX6:934_E:Q/;3<{Q�68<5)/@B0O)ªWY4-E¢47.�<F6?6:4-;�C�E?)A. 68934 )Y§?§:§�+¦9RQVE?�A4d=?68Q�684_Q/25)/@3�IQ

� 
V³



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


 + 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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molecular vibration, 
collisional radiative models 

edge physics
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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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I_1,sat = A1 n_e c_s

I_2,sat = 
        A2 n_e c_s

I_1,sat    A1
I_2,sat    A2

=
∼ tanh ( V / 2T_e )
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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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probes in sector  4
#8591

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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Major Radius [mm] Major Radius [mm]

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
r_PEb[bcICrCTVPED]\�DLPU^,Idn

TGZ[N/I � DLI_JLPUb 3 I_H3DLI_JLR�b8TVJkPES3TGR�S��UJyTGI_S3TGDVFdS�JL\+PEDLT$Z[JYH�Z[JL\�bcF1|EI_H Z[S 8 �UR�DLI � n � nso]K�IvH�FdTVFXJLK�P1q
TGK�FdT < q�Z[TGK�Z[S�TGK�I�bcZ[NQZ8TGI_DAJLK�FdH�P1q < TVK�I�TGR�S��UJyTVICS�r_PES�r_I_S�TGDGFdTGZ[PUSvH�ICr_DLItFEJLI_J�I # \+PES�I_S�TGZcFEb[b8|Qq�Z8TVK
FgTO| \�Z[rtFEb]H�I_rtFt| b[I_S��ETGK Pdf +@5 N/N�n o�K�I�TGZ[NQIvDLI_JLPUb[R(TGZcPES Fdr�K�Z[I 3 FE^�b[IvZcS
TVK�Z[J$r_PES 8 �UR�DGFdTGZ[PUS
H�I_\,I_S�H�J$PUS3TGK�IvZ[NQ\�R�DLZ8TO|{rCPUS�r_I_SUTVDGFmTVZ[PES r_PUDLDLI_JL\+PES�H�Z[S��'TGPXTGK�IvH�ICTGI_rCTGZ[PUS3bcZ[NQZ8TiPdf�TGK�I�Z[PUS
^,ItFEN NQICTGK�P H�JCn
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$ \(TGZ[rtFdb[b[| 3 Z[ICq�Z[S��/PEf�TGK�IY\�bcFEJLN/F$q�Z8TGK � � � rtFdN/I_DGFdJ �EZ 3 ICJ�F 3 I_DL|=�UP P H=�Eb[PU^�Fdb Z[NQ\�DGI_JLJLZ[PUS
Fd^+PER(T�DLI_rC| r_b[Z[S��QFES�H�DVFdH�ZcFdTGZ[PUS�b[PUJLJLI_JCn � \,I_r_Z 8 rtFdb[b8| < ��� b[Z[S�I_J]Pdf5JGZ �EK�T�FdDLIeR�JLI_H�TGP$H�ICTGI_DGNQZ[S�I
TGK�I/\�FdDyTVZ[r_b[I � R # PEfjK�| H�DLP0�UI_SsPUDeH�I_R(TVICDGZ[R�N < ^,I_rtFdR�JLI < P 3 I_DYFvq�Z[H�I$DGFES��EI$PEfxTGI_NQ\,I_DGFdTGR�DGICJ� FE^,P 3 I�FE^,PUR(T +@5 I 
�" < TGK�I ��� Z[S�TGI_S�JLZ8TO|srtFdS3^,I�R�JLI_H3TGPXH�Z[DLI_rCTGb8|{NQItFdJLR�DLI�TVK�I�S&R�NY^,I_DYPdf
Z[PUS�Z � FmTGZcPES'I 3 ICS�TGJ < Imn;�(naTVK�I�\�FEDyTGZcrCb[I � R # n � P1qxI 3 I_D < Z[SsTGK�I�H�Z 3 I_DyTVPEDiTGK�I_DLI�I # Z[JLTGJkFaJyTGDGPES��
TGI_NQ\+I_DGFmTVR�DLIwH�I_\,I_S�H�I_S�r_IkPdf�TVK�IYS�R�Nw^+I_D`Pdf ��� \�K�PETGPUS�J�\,I_D`ZcPES�Z � FdTGZ[PUSvI 3 I_S�T � 7 Z ��n � n +25 " n
o�K�I_DLICfhPUDLI < ^,I_b[P1q FE^,PUR(T +25 I 
 TGK�Z[JvZ[S�TGI_DL\�DGI�T�FmTGZcPES Z[JvS�P3b[PES��EI_D�JGP3JGZ[NQ\�b[IXFES�H6DGI 9 R�Z[DGICJ
H�ICTVFEZ[b[I_H(H&S�P1q�b[I_H��UIiFE^,PUR(T�TGK�I � / M �#" H�Z 3 I_DyTGPUD�\�DLP 8 b[I_JCn
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7 Z �UR�DLI � n +@5 n !�	 R�NY^,I_DiPdf � � \�K�PdTVPES�Jw\,I_DiZ[PUS�Z � FmTGZcPES'I 3 ICS�T$FdJwF�fhR�S�r�TVZ[PESsPdfxTGI_NQ\+ICDVFmTGR�DLI
fhPED�H�Z8}~I_DLI_S�TuICb[I_rCTGDGPES�H�I_S�JLZ8TVZ[I_JCn

� %(')% �+��#
	�� ��	����
��/���� +$� / #�� + -�	_�"!�# -R!���1 %�� %
��-�����++����� + � 7
� PEN/NQPES \�bcFEJLN/F H�ZcF0�ES�PUJyTVZ[r'TGI_r�K�S�Z 9 R�I_JgZ[S \"FdDyTVZ[r_R�bcFdD @ \�FdJLJGZ 3 I @ \�K�PdTGPUS ICN/Z[JLJLZ[PUS JL\,I_r�M
TGDGPEJLr_PU\U|�TGK�DLPUR��EK�PUR(T TGK�I�I_b[I_rCTGDGPEN/F0�ES�ICTGZcr>JL\+ICrCTGDGR�N < FdDGI�S�PET�Z[H�ItFEb[b8|uJLR�Z8TVI_Hef�PED�Z[S 3 I_JyTGZ ��FdTGZ[PES�J
Z[S{TGK�I�\�blFdJLN�FvI_H��UI < ^+I_rtFdR�JLIvPdf]TGK�ICZ[DwDGICblFmTGZ 3 I_b8|'JLN/FEb[b�JG\�FmTGZlFdbjI # TGI_S�T$FdS�H
Z[S�K�PUNQP �EI_S�I_Z8TO|En	 ICTLTGI_D�I_H��UIY\�bcFdJGN/FQH�ZcF0�ES�PUJyTGZcr?JLK�PER�b[HzTVK�ICDGICfhPEDGIYrCPUNQ\�b8|�q�Z8TGKzTVK�IwfhPEbcb[P1q�Z[S��$DLI 9 R�Z[DLI_NQI_S�TGJ !�
# r_I_b[b[I_S�T`JL\�FdTGZcFEb � 	 + � � " FEJ�qjI_b[b5FEJuJLR � r_Z[I_S�T`TGI_NQ\+PEDVFdb � � ��� " DLI_JLPUb[R(TGZ[PUS < NQZ[S�Z[NYR�N Z[S M
TGDGP&H�R�r�TVZ[PES?Pdf�\�bcFEJLN/F�H�Z[JyTGR�DG^�FdS�r_I_J>FdS�H?I 3 FEb[R�FmTVICHi\�bcFEJLN/F�\�FEDGFENQICTGI_DLJ q�K�Z[r�KiH�P�S�PdT5JyTVDLPES��Ub8|
H�I_\,I_S�H'PUSXNQP H�I_b[b[Z[S��/\�DLP r_ICH�R�DLI_J�PUD�FdH�H�Z[TGZ[PUS�Fdb5FdJGJLR�NQ\(TVZ[PES�JeFd^+PER(T`TVK�IY\�bcFdJGN/F/r_PUS�H�Z8TGZ[PUS~n� b[b~TGK�I_JLI �UPUFEb[J�FdDLIiNQICT�^�|�f�FdJyT`W Z�MO^,ItFEN \�bcFdJLN�FkJL\,I_rCTGDGPEJLr_PU\�| < Z�n�ImnATVK�IeZ[S��LI_rCTGZ[PES�PEfBHdI 
 TGP
NYR�b8TGZ�M HEI 
 S�I_R(TGDVFdbxb[Z8TGK�Z[R�N FmTVPENQJwZ[S�TGPaTGK�I�\�bcFEJLN/F < TVPXZ[S�H�R�r_I�r_PUb[b[Z[JLZ[PUS�FEb>\�DLP r_I_JLJLI_Jkq�K�Z[r�K
Z[S�TGR�DLSab[ItFEH�TGP$r�K�FEDGFdrCTGI_DGZ[JyTGZ[reb[Z[S�I�DVFdH�ZcFdTGZ[PUS/H�I_b[Z 3 I_DLZ[S��YTGK�I?H�I_JLZ[DGICHaH�ZcF0�ES�PUJyTVZ[r`Z[S(fhPUDLN/FdTGZ[PUS~n$ S�I�rtFdS�H�Z[JLTGZ[S��ER�Z[JLKv^,ICTOqjI_I_SzH�ZcF0�ES�PUJyTGZ[reFd\�\�b[Zcr_FdTGZ[PUS�Jjq�K�ZcrVK�DLI_b8|�PUSv\�K�PdTGPUS�ICN/Z[JLJLZ[PUS�fhDLPUN
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I # rCZ[TGI_H/W Z"FmTVPENQJ	��W Z�Z[NQ\�FErCT�I # r_Z8T�FmTGZcPESkJL\+I_r�TVDLPEJGr_PE\�|�
�W Z�M
� ��� 
UIdn���n>I_b[I_rCTGDLPUS$H�I_S�JLZ8TO|�
(S�I_R(TGDGFEb
H�I_S�JLZ8TO|�
�N/F��US�ICTGZ[r`FES�HvICbcICrCTGDGZ[r 8 I_b[H�J��jPUDAq�K�Z[r�K�DLI_b8|QPESvrVK"FdD��UI�I # rVK�FES��EI?\�DLP r_I_JLJLI_J�^,ICTOqxI_ICS
f�FEJyT�W ZuFdTGPEN/JQFdS�H \�blFdJLN�FgZ[PES�J���W Z�rVK�FED��UIaI # r�K�FdS��UIzJL\,I_rCTGDLPUJLr_PU\U|�
`W Z�M � ��� ��nAo�K�I�blFmTLTVI_D
Fd\�\�b[Z[rtFmTVZ[PES
Z[Jkr_PES�r_I_\(TGR�FEb[b8|
I 9 R�Z��EFdb[I_S�T$TGPgTVK�I�qxI_b[b�M H�S�P1q�S r�K�FED��EI�I # rVK�FES��EIaJL\+ICrCTVDLPEJGrCPU\�|
^�|�R(TGZcb[Z[JLZ[S��wS�I_R(TGDVFdb K�ItFmTVZ[S��k^,ItFENQJCn � P1qxI��EI_D�
+JLR�r�KaNQItFdJGR�DLI_NQI_S�TGJ�JLR(}~ICD�
�I_JL\+I_r_ZcFdb[b8|�Z[S�TVK�I
\�bcFEJLN/FaI_H��EI�fhDGPEN Z[S�JLR � r_Z[I_S�TkJL\�FdTGZcFEbjDGICJGPEb[R(TVZ[PES~n�� fhR�DyTVK�I_DkFEH��dFESUT�F��UI/PEf`W�ZxZ[S
r_PENQ\�FEDBM
Z[JLPUS
q�Z[TGK FXKU| H�DLP��EI_S ^,ItFEN Z[JwTGK�I�r_PUS�JLZ[H�I_DGFE^�b[I��lf�FErCTGPED��! aM#"� ��ibcFED��UICDwr�K�FdD��UIvI # r�K�FdS��UI
r_DLPUJLJBMOJLI_rCTGZ[PUS�JCn%$�Z[DLJLT$JLR�r_r_I_JLJyfhR�b�Fd\�\�bcZ[rtFmTGZcPES�JYPdf?W Z�M � � � PUS o �
� o	& � FdS�H � �1M
� � K�F'�UI
\�DLP(�UI_S3TGK�I�FE\�\�b[Z[rtFE^�Z[b[Z8TO|XPdf�TVK�Z[JwNQICTGK�P H~n)&�S*� ��� � � M � \��EDVFdH�I�
>TGK�IvW�Zx^+I_FEN H�ZcF��US�PEJLTGZ[r
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Na - neutralizer ion
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iron  shielding

Li +
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cathode

pump pump
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o

SF6

µ  - metal
shielding
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deflection
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35 kV
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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 $�Z2��nW�in�� � JGK�P1q�J�TGK�I?r_PES�TGDLZ[^�R(TGZ[PESvPEf�^�DLI_NQJLJyTVDGFdK�b[R�S��kfhPUD�FYTGK�I_DLNQP��EDVFd\�K�|
H�ZcF��ES�PUJyTGZ[r�NQItFdJGR�DLZ[S��QFdT � � � � � n
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$�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��
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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 �
�
�
�
�

�
� (���� � � } �

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 �
� � ( � � �� � � ��

� (���� ����� } �
� ��� ( �	�

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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distribution
of excited states
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(impurity source)
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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

5�5��



��� ��� � � ��������� 
 � 4�� ����� � �����	��
��
���
9;:��f:��f: ?$JRH c V LON �bc{NGJ @dc J ] L V�@Ic5FhHK@CB�� Z �
[^H ] �YZQLOHE[�HEB(V � 	 9;:��0]MFdFhHEB=PM](c X 

� 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|�


� � �
� �

� �
� � ��� � T � � �#( �

� � � 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 � *

� �
� �	�
� �

; � � �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
FzN/F��US�ICTGZ[r���I_b[H-
 � � Z[JwrtFdR�JGICH3^�|
TGDVFdS�JL\+PEDLT�\�DLP r_I_JLJLI_J�\,I_DL\+I_S�H�Z[r_R�bcFdD/TGPsTGK�IXN/F��ES�ICTGZ[r ��I_b[H FES�H N/F1| ^+IXH�I_JLr_DLZ[^+I_H ^U| TVK�I
FdS�JGFmT �

� � (��
	 � ��� � � � T � � �U�	�� � �K�in 5 � �

5�^� 



����� � � ��� �	
 ��� � � ���.4
q�Z8TGK�TGK�I`\�Z[S�rVK �EI_b[P r_Z8TO|��
	 � � � � FES�H/TGK�I�H�Z8}+R�JGZ[PES�rCP I � r_Z[I_S�T � n�$"PEDATGK�I`TO| \�Z[rtFdb+I�� \+I_DLZ[NQI_S�TVFEb
JLZ8TVR�FmTVZ[PES PEfeS�I_R(TGDVFdb�\�FdDyTVZ[r_b[I_J�JyTVDLItFdNQZcS��sZ[S�TGP3F
\�bcFdJGN/F]
�TGK�IXf�R�ICbcb[Z[S��{PEfeTVK�IXb[P1q Z[PUS�Z9�_I_H
JL\+ICr_Z[I_JuZcJ�rCPUNQ\�FEDGFd^�bcI`TGP$TVK�I?r_PUDLDLI_JL\+PES�H�ZcS��QS�I_R(TGDGFEb�Z[S � R � 
,FdJ�b[PUS��QFdJ�TVDGFES�JL\,PUDyTub[PUJLJLI_JuFEDLI
JLN/FEb[b�H�R�DLZcS���TGK�IYZcPES�Z9�tFdTGZ[PES�TVZ[NQIdnI$�PED`TGZ[NQI�MOZ[S�H�I_\,I_S�H�I_S�T�r_PES�H�Z8TGZ[PUS�J�
 � %&JCn#�in 5�"�FdS�H)�in 5 �
rtFdSa^+I�R�S�Z ��I_H�TGPkTVK�I�qxI_b[b�M ��S�P1q�SaDLI_bcFdTGZ[PUS

� � ( �
���

T � F � � � � �K�in 5 � �
o�K�Ie\�K�PdTGPUSaICN/Z[JLJLZcPESvZ[J�FdJLJGR�NQI_H�TGPQP r_r_R�D]ZcS�JyTVFESUT�FdS�I_PUR�JLb8|�FmflTVI_D]I��(r_Z8TVFdTGZ[PUS~n�o]K�Z[J�FdJLJGR�NQ\ M
TGZ[PUS'Z[JeS�PEDGN/Fdb[b[| �GR�JyTGZ ��I_Hs^U|XTVK�IQJLN/FEb[b �dFEb[R�IkPEfjTVK�I$DGFdH�ZcFmTGZ2�EIkb[Z8f�I�TVZ[NQIwPdfjTGK�I$R�\�\+I_D?bcI �UI_b6

q�K�Z[r�K�Z[J]TO| \�Z[rtFEb[b8|/PEf5TGK�IePUDLH�I_D�PEf �( � � � n
9;:��f:��f: ?$JRH c V LON �bc{NGJ @dc^VbH([TJRHELO] V Z=LOHK[^H5] � ZQLOHE[�HEB(V � 	 �0: �*HEZ 

;xI_JLZ[H�I/PEfxTGK�I/I�� TGDGFErCTGZ[PUS{PEfjTGK�I�Z[NQ\�R�DGZ8TO|gr_PES�TGI_S�TYFES�HpTVK�I/Z[NQ\�R�DLZ8TO|XZ[S � R � 
>JL\,I_rCTGDLPUJLr_PU\�Z[r
NQItFEJLR�DLI_NQI_S�TGJ�rtFES$\�DLP(� Z[H�IG�dFEb[R�FE^�b[IjZcS(fhPUDLN/FdTGZ[PES�J5PES$I_b[I_rCTGDLPUSQFdS�HQZ[PESYTVICN/\,I_DGFdTGR�DLI_J�FEJ>qxICbcb
FdJjH�DLZ[flTGJxFdS�H�DLPdT�FmTGZcPESB�UICbcP&r_Z8TVZ[I_JCn � K�I_DLItFdJjTGK�I�ICbcICrCTGDGPES/TGI_NQ\,I_DGFdTGR�DGICJxrtFdS�^,I`H�I_H�R�r_I_H�fhDLPUN
TGK�I/Z[SUTVI_S�JLZ8TO|'DGFdTGZ[P�Pdf]JLI_b[I_rCTGI_HsJL\,I_rCTGDGFEb�b[ZcS�I_J�
�TVK�IQZ[PUSgTGI_NQ\,I_DVFmTGR�DGI/FdS�H��EI_b[P r_Z8TO|gNQItFEJLR�DLI�M
NQI_S�TGJ�DLI_b8|�PES�TGK�I?^�DLP�FdH�I_S�Z[S��QFES�HvTGK�I?JLK�Z8flTuPEf�JL\,I_rCTGDVFdb b[Z[S�I_JCn

��� '���� "$�;�6� '.��!4'."$�/�$7�"$'��
o�K�I�\�DGZ[S�r_Z[\�b[IQPEf]TGK�I�I_b[I_rCTGDGPESsTGI_NQ\,I_DGFdTGR�DGI/H�ICTGI_DLNQZcS�FmTGZcPES{^�|sJL\,I_rCTGDLPUJLr_PU\�Z[r�NQItFES�JwZ[J?TVK�I
NQItFEJLR�DLI_NQI_S�TuPdf5JL\+I_r�TVDGFdb�b[ZcS�I_Jjq�Z8TVKvH�Z8}~I_DLI_S�T�TGI_NQ\,I_DGFdTGR�DLI�MOH�I_\,I_S�H�I_S�TuI�� r_Z8T�FmTGZcPES�DGFmTVI�r_P ICfcM
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�]TeTVK�I$\�bcFEJLN/FvI_H��EIQPUD�Z[S'TGK�IQH�Z��UI_DyTGPUD�
 TVK�I � Z[JLZ[^�b[Ikb[Z �EK�T�PUD�TGK�I 
 � 
 b[Z2�EK�T�f�DLPUN Z[S�TGDLZcS�JLZ[r
b[P1q]M �
Z[NQ\�R�DLZ[TGZ[I_J`rtFdS{^,I$R�JGICH �K��� � � =uM	�u\��UDGFEH�I �?^,PUR�S�H�FdDL|gbcFt|EI_D?JL\,I_rCTGDGPENQICTGI_D�
5H�Z��UICDLTGPED
JL\+ICrCTVDLPEN/I�TVI_D���n �`J�FES�FdrCTVZ��EI�H�ZlF��US�PEJyTVZ[r�
&q�K�Z[r�K�FEb[b[P1q�JxFYNQPEDGI`\�DLI_r_Z[JLIeH�ICTGI_DLNQZ[S�FdTGZ[PUS/PEf�TVK�I
PE^�JLI_D+�EI_H$\�bcFEJLN/FuDLI��EZ[PUS-
UF � I�MO^,ItFEN Z[J5Z[S �LI_rCTGI_HYZ[SiTGK�I]I_H��EIx\�bcFEJLN/F(n � I_DGIATGK�I]Z[S�TGI_S�JGZ8TO|?DGFdTGZ[P
Pdf�TGK�I � I���JLZ[S��Ub[ICT � TGDLZ[\�b[ICT�b[Z[S�ICJ`FdT � 5 � n��tS�N ���  �� n "dS�NH
�q�K�Z[rVK'Z[J�qjItF���b[|aH�I_S�JGZ8TO|�H�I_\+ICS�H�ICS�T�

Z[JA�EI_S�I_DVFdb[b8|�R�JLI_H~n
�OS TVK�IX\�bcFdJGN/F{r_I_S�TGI_D�
`TGK�I =`M)DVFt| DGFEH�ZcFmTGZcPES f�DLPEN Z[SUTVDLZ[S�JLZcrzNQI_H�Z[R�NkM �6ZcNQ\�R�DLZ8TVZ[I_JQrtFdS ^+I
R(TGZ[bcZ9�_ICH~n � I_DLIYTGK�IkZ[S�TGI_S�JGZ8TO|XDGFmTVZ[P�PEfAH�Z[I_b[I_rCTGDLPUS�Z[rYJGFdTGI_b[b[Z8TVICJ�Z[S'W Z�MOb[Z �dIiZ[PUS�JeFES�HXTGK�I �UDLPER�S�H
JyT�FmTGI�TGDGFES�JLZ8TVZ[PES�Z[S�TVK�I � I�MOb[Z �EI�Z[PES�JxPUDxTGK�I�DVFmTGZcPk^,ICTOqjI_I_SaJLZ[S��Ub[ICT � TVDLZ[\�b[ICTxb[Z[S�I_J]Z[J]r_FEb[r_R�bcFdTGI_H~n
$�Z2�UR�DLI#�in 5<��JLK�P q�JeF/JL\+I_r�TVDLR�N f�DLPEN r�K�b[PUDLZ[S�IwZ[PUS�J�
+NQItFdJGR�DLI_Hzq�Z8TGKzTGK�IYK�Z �EKzDLI_JLPUb[R(TGZ[PUS =uM
DGFt|vJL\+ICrCTGDGPENQICTVICD ���dPUK�FdS�S MOJL\+I_rCTGDLPUNQICTGI_D��]FmT ��� � � =`M �u\ �EDGFEH�IdnAo�K�IeJL\+I_rCTGDGFEb�b[ZcS�I_J]N�FdD �EI_H
q�Z8TGK���FES�H	��

��
���H�I_S�PETGIxTGDGFES�JLZ8TVZ[PES�J5Z[SYJLZcS��Eb8|?I�� r_Z8TVICH � I�MOb[Z �EI 
jb ��JLZ[S��Ub[ICT>FdS�HYTGDGZ[\�b[ICT5Jy| JyTGI_N��
FdS�H � 
���
 ��
���
���FdS�H � H�ICS�PdTGIeTGK�IiH�Z[I_b[I_rCTGDLPUS�Z[r�JVFmTGI_b[b[Z[TGI_Jjf�DLPUN TVK�IeH�PUR�^�b8|vI��(r_Z8TGI_HzW Z�MOb[Z �dI 
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�FdH�H�Z[TGZ[PUS�Fdb"^�DGPUFEH�I_S�Z[S��kNQI_rVK"F M
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o�K�IkS�FmTVR�DGFEb5b[Z[S�ICq�Z[H(TGK-
+rtFdS'^,IYPEN/Z8TLTGI_HzZ[SXNQPUJyT�rtFEJLI_J�I��(r_I_\(T�fhPUD`JLPUNQIYJL\+I_rCZlFdb�TGDVFdS�JLZ[TGZ[PES�J
Z[SaTGK�I =uMODGFt|aDLI��UZ[PES~nuo�K�IYJL\�b[Z8TGTGZ[S��QPEf>TGK�IwJL\+I_rCTGDGFEb�b[Z[S�I_JuH�R�IwTGP/TGK�I���S�IYJyTGDGR�r�TVR�DLIkFdS�HzTVK�I
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ETVK�I �&TVFdD �i^�DGPUFEH�I_S�Z[S���rtFES$^,I]NYR�rVK/bcFdDL�EI_D5TGK�I_SkTVK�I � PE\�\�b[I_D
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PE^�JLI_D+�EFmTGZcPES�Z[SvTGK�IeH�Z2�EI_DyTGPUD�PdfU��� � � =`M �u\ �EDGFEH�Idn

rVK�b[PEDLZcS�I#�hJLI_I $�Z2�UR�DLIA�in 5<�1� 
UTGK�I � ( ^�JGFdTGI_b[b[Z[TGI_J>fhDGPEN W Z�MOb[Z �EI 
xb6
 Z[Skq�K�Z[r�K/PES�I�PEf~TGK�IuI��(rCZ8TVI_H
I_b[I_rCTGDLPUS�JeJLTVFt| J?ZcSXTGK�I � ( ^�JLK�I_b[b6
�rtFdS �GR�JyTi^,I$JLI_\�FEDGFdTGI_H'fhDGPEN TVK�I$DLI_JLPUS�FdS�r_IQbcZ[S�IH��� ��Z[S
TGK�I � I�MOb[Z �EI 
xb6
 q�K�Z[r�KpZ[JeR�JLR�FEb[b8|XR�JLI_Hpf�PED�TGK�I } � H�ICTGI_DLN/Z[S�FmTVZ[PES~n � P1qxI �UI_D�
>JGFmTVICbcb[Z8TGI_J�q�Z8TVK� 
 ^$rtFdSzS�PET`^,IiDLI_JLPUb��EI_HXFdS�| NQPUDLIdn]o�K�I_DLICfhPUDLIiTGK�I � PU\�\�b[I_D�^�DLP�FdH�I_S�Z[S��/Z[J�PES�b8|vI��&TVDGFEr�TVICH
fhDGPEN TGK�I?K�Z2�EK�I_S�I_D��E|vJLZcH�I�PEf5TGK�IeJG\,I_rCTGDGFEb�b[Z[S�Idn
�`JQZcS TGK�IartFdJLIzPEf`TGK�I } > NQItFdJLR�DGI_NQI_SUTVJ�
�PUS�IaK�FdJ/TGP �&S�P1q TGK�IzZ[N/\�R�DLZ8TO|
H�Z[JyTGDGZ[^�R(TGZ[PUS Z[S
TGK�I$rtFEJLI$PEfx\�FEJLJLZ2�EI$H�ZcF��ES�PUJyTGZcrCJ_nko�K�IQI_NQZcJLJLZ[PUSgZ[JeFEb8q]Ft|&J?b[P rtFdbcZ9�CI_HXTVK�DLPUR��EKgTVK�I$Z[PES�Z9�tFmTGZ[PUS
I&%&R�Z[b[Z[^�DLZcR�NH
&^�R(T�Z8f�TGK�Ier_PEDLDGI_JL\,PUS�H�Z[S��$Z[PUS�I��(Z[JyTVJ�Z[SvFkDVFmTVK�ICD�^�DGPUFEH�TVICN/\,I_DGFdTGR�DLIeDGFdS �EI�
(TVK�I
b[Z[S�I�MOPdflM)JGZ2�EK�T�Z[S�TGI��EDGFdTGZ[PUSePEf�Fdb[bETGK�Ijr_PEDLDGI_JL\,PUS�H�Z[S�� � PE\�\�b[I_D ^�DLP�FdH�I_S�Z[S �EJ�K�FdJ�TVPu^,IArCPUS�JLZ[H�ICDGICH�n�]T � � � � =uM �`\��EDGFEH�I�
`\�FdJLJGZ��EIgJG\,I_rCTGDLPUJLr_PE\�Zcr } � N/ItFdJLR�DGICN/I_SUTVJ�rtFdS6^,IX\+ICDLfhPUDLNQI_H Z[S TVK�I
H�Z��UICDLTGPEDiq�Z8TVKpTGK�I�K�Z2�EKsDLI_JLPUb[R(TGZ[PUS{H�Z��UI_DyTGPUDwJL\,I_rCTGDLPUNQICTGI_DYFdS�H
Z[S{TGK�I�r_I_S�TGDGFEbA\�blFdJLN�Fvq�Z8TVK
TGK�I?K�Z2�UKvDGICJGPEb[R(TVZ[PES =uMODGFt|vJL\,I_rCTGDLPUNQICTGI_D ���EPUK�FdS�S MOJL\+ICrCTVDLPEN/I�TVICD7��n
o5P I_b[Z[NQZ[S�FdTGIzTGK�I'DLI_JyTGDGZ[rCTGZ[PUS�JvPEfwTGK�Ip\�FEJLJLZ2�EIpNQItFEJLR�DLI_NQI_S�TGJ�
eJL\,I_rCTGDGFEbebcZ[S�I_J�f�DLPEN rVK"FdD��UI
I��(rVK�FES��EIzDLItFErCTGZ[PES�JQPdf�bcP1q]M � Z[S�TGDLZ[S�JGZ[r�Z[NQ\�R�DLZ8TVZ[I_Jwq�Z[TGK S�I_R(TGDGFEbuK�|&H�DGP��UICS fhDLPUN�TGK�Ia^,ItFEN
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 � � � M � ��TVDGFdS�JGZ8TGZ[PUS�FdTA"�5��YS�N Z[JxR�JLI_HvfhPEDxTGK�I�I��&TVDGFdrCTVZ[PESvPdf TGK�I�Z[PES�TGI_NQ\,I_DVF M
TGR�DGICJ�
�^�R(T�FEb[JLPkTVDGFES�JLZ8TGZ[PUS�J]Z[S�P �&|]�UICSzPUD]S�ICPUS �hZ[S�TGK�I?r_FEJLI?Pdf�Z8TVJxZcS �LI_rCTGZ[PUS8�ArtFESa^,I�R(TVZ[b[Z9�_I_H~n�OSaTGK�IwI��dFdbcR�FmTGZcPES�Pdf>TVK�I � PE\�\�bcICDyM)^�DLPUFEH�I_S�I_HaJG\,I_rCTGDGF�
+r_PES�TGDLZc^�R(TGZ[PUS�J�fhDLPUN rVK�FED��UIwI��(r�K�FdS��UI
DLItFEr�TVZ[PES�J�FdT�TGK�I?ICH �EI?Pdf5TGK�I?\�bcFEJLN/FYNYR�JyT`FEb[JLPk^+I�TVF��dI_SzZ[S�TGP$FEr_rCPUR�S�T_n
� r_PUNQNQPUS \,I_r_R�b[ZcFdDGZ8TO|3PEf?FEb[b�TGK�IXJG\,I_rCTGDLPUJLr_PE\�ZcrXZ[PES TVICN/\,I_DGFdTGR�DLIXNQItFEJLR�DLI_NQI_S�TGJ��hI��(rCI_\(T
NQItFEJLR�DLI_NQI_S�TGJ�R�JLZ[S��kK�| H�DLP��EI_Sab[Z[S�I_J]FmT]TGK�Ie\�bcFdJGN/FwI_H��EI(�xZ[JjTGK�I�f�FdrCT]TGK�FdT�PES�b8|$TVK�I�TVICN/\,I_DBM
FmTVR�DLIQPEfjTVK�IQZ[NQ\�R�DLZ8TGZ[I_J�
�^�R(TwS�PdT?TGK�I$TGI_N/\,I_DGFdTGR�DLIQPEfxTGK�IQK�| H�DLP��UI_SsZ[JGPdTGPU\,I_JiZ[J?NQItFdJLR�DGI_H~n
;xR(T�
 H�R�IuTGPiDLI_bcFmTVZ��EI_b8|kJLN�Fdb[b�N�FdJLJjH�Z8}~ICDGI_S�rCI�^,ICTOqjI_I_SvKU| H�DLP��EI_SvFdS�H�TGK�IuZ[NQ\�R�DLZ8TGZ[I_JAFdS�HQTVK�I
K�Z2�UK�I_D�rVK�FED��EIwPEf�TGK�IiZ[NQ\�R�DGZ8TGZ[I_J�
�TGK�IiTGK�I_DLN�Fdb I&%�R�Zcb[Z[^�DGFdTGZ[PUS�Z[JuNYR�r�KzNQPUDLIeIC}~ICrCTVZ��EIiTGK�FESzZ[S
TGK�I?rtFdJLI?PEf5\�DLPdTVPES�JuFES�HaICb[I_rCTGDGPES�J_n
�`b[b~TGK�IiNQItFEJLR�DLI_NQI_S�TGJ�q�K�Z[r�KzI�� TGDVFdrCT�F � PE\�\�bcICD�^�DGPUFEH�ICS�Z[S���
"rtFdSXFEb[JLP$^+I?R�JGICHzZcS�\�DGZ[S�r_Z[\�b[I
fhPUD�TVK�I$H�ICTGI_DLNQZ[S�FdTGZ[PUSgPdfjTGK�I$H�DLZ8flTVJ�PEfATGK�I$PU^�JLI_D+�UI_Hs\�FEDyTGZ[r_b[I_J_nko�K�I$K�Z2�UK'DLI_JLPUb[R(TGZcPES'H�Z2�EI_DBM
TGPUDeJG\,I_rCTGDLPUNQICTGI_D?ZcJeTVK�ICDGICfhPEDGIQR�JLI_HsTGPaNQItFdJGR�DLI$TGK�I�Z[PESpH�DLZ8flTVJeZ[SpTGK�I/H�Z��EI_DyTGPUDePEfA��� � � =uM
�u\��UDGFEH�I@
,FES�H�TVK�Ier�K�FdDL�EI?I�� r�K�FdS��UIiJL\,I_rCTGDLPUJLr_PU\U|aDLPUR(TGZ[S�I_b8|/I��dFEb[R�FdTGI_J]TGK�IeTGPEDGPEZ[H�FEb+DGPdTVFdTGZ[PUS
Pdf5TVK�Ie\�blFdJLN�F n
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Gold 
absorber layer

Rear resistor 
layer
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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�Y
UXa[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>S
UpbZi�^�_ZS�bZSVW�^�a�UXh�iZSVbZY[f�^1��UXh>\�b�!�^�_ZS�hjf>bZSVYT\X]
Y[f !�_*^�\X]�^�_ZS
iZSe^�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"*$�s_gUXb�!XS " ��= �lY[^�a[\�b�!Xh%�'�V\XWZ}gh>SVY�f>\�bZY�UXbZi�bZSVW�^�a�UXh>Y ��^�_ZS�SVbZSVa/!��qY�}wS"�e^�a[WZc \p]^�_ZS�bZSVW�^�asUph � W�*�SVY�Y[^�a[\�b�!Xh%�miZSV}�SebZigY�\Xbq^�_ZS�f>\Xb9^sSecE}wSVa�Up^�WZa[S�}Za[\ (gh>Sp~ � _ZS � W�*K}wSValSVbZSVa/!)�WZbZf�^�UXbZi�Y[^�SVa�UXiZfjUpb9f>Y !�f�,XSVb9v-��^�_ZS
h>f>bZSlfjb�^sS !�a�UXh�UXh>\Xb�!�^�_ZS�hjf>bZS�\X]
Y[f !�_�^ �! " 9#"���$ 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�]$\�a6^�WZbgUp^�SVh%�^�_ZS@bZSVW�^�asUphHGgW�*�Y[}�S"�e^�a[WZcBiZ\GSVY-bZ\X^�\�bZh%�
igSe}�SVbZiy\Xb�^s_ZS 4 2 }Za�\ (gh>S�vZW�^�UXh>Y[\�\Xb�a�UXiZfjUXhG}Za[\ (ghjSeY\p] � � ? �HI ? 4 � ?�UpbZiK\�b � " Uph>\�b�!y^s_ZS`hjf>bZSVY���\p]j��Y[f !X_*^V~ � _ZS �Va[\�Y[Y���Y[S"�e^�fj\XbZYl\X]H^�_gS`cdUpf>b9a[SoU)�r^sf>\XbZYvwSe^1�TSVSebqUp^�\�cyY �Zcy\XhjS&�VWZh>SVY �gf>\�bZY �kUpbZi9SVh>S"�e^�a[\�bZY4_gU ,XS
^�\{v�S +)bZ\+�4bKUXY*�,SVh>h�~
��bZY6^sSVUXiK\p]KJ6f>b ,XSVa6^sf>b�!X�y^�_ZSLh>f>bZS
f>b*^�S0!Xa�UXh " +`~ <@? �*�TSLWZY[S�U (Z^[^sf>b�!y}Za[\?�VSViZWZa[S`^�\dY[f>c�WZhjUp^�S�^s_ZScySoUXY[WZa[SViLGgW�*migU�^"UG~�(�*�}wSVa[f>cESVb�^"Uph;igU�^"UdUXa[S`WZY[SViK]$\�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^�_ZS
Y[\�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 ��� $#������V "�� �nX &'�po
� _ZSybZSVW�^�asUph/iZSebgY[f�^1�tf>Y
bZ\p^;�V\XbZY[^sUpb*^L\XbTGgW�*tY[WZa[]�U��VSVYLY[f>b��VS{^s_ZS{bZSVW�^�a�UXh>YLUpa[SybZ\p^LcEU(!XbZSe^6�f��oUphjh%� �V\Xb (gbZSVi�~qC9\�h>S&�VWZhjSeY�UXa[Sdf>b ,�\Xh�,�SeiNf>b }ZhjUXY[cEU�� ��Uph>h�f>b*^�SVa�U)�r^sf>\XbZY�UXbZi !*UpYL}ZW��yb�!Z~ ��b}gUXa6^�f��VWZhjUXa ��^s_ZS{iZSVbZY[f�^1�tUp^�^�_ZSy}ZhjUpY�cEU�SVi�!�S{f>Y�fjbHGgWZSVb��VSei2v��K^�_ZS ,XSVY�Y[SVh !�SV\XcySe^�a��qUpbZi�^s_ZS
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� f !�WZa[S +L~ 9 3�~���
�\�h>\�f>igUph@�VW�^�\p] +Y�HZ ([A�� E�}�!�a�UXiZS��4f�^s_�h>fjbZSVY�\X]
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� f !�WZa[S +L~ 9 < ~�� ��( ' + cESVUXY[WZa�SecESeb*^,f>b�^�_ZS5�oUXY[S�\X]�f>Y[\X^�\�}wS@cyf *G^�WZa�S�]$\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\�bZS
Y[}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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�V\XbZY[^sUpb*^@f>by^s_ZS�}ZhjUXY[cEU �89 $ 9�� $ 9��q$ #��
	��, & ! < UXbZi��,h$�
 9�	 ":6���	 
 < � 6�����f>cE}Zh>f>SVY#��#$ < ! ":6���	 
 < �$6�� � & "$cdUpY[Y�WZbZf�^ �8+ CLE ��6�� ?�6��za�Seh�U�^�f�,�S>�V\Xb��VSVb*^�a�Up^�f>\�bZY � 6�� � 6��T$ 3-�r~
� _ZS �s_Z\�f��VSL\p]-^s_ZS�Y[\XWZa �eS�f>Y0��U�^�h>SoUXY6^�]�\Xa�� ( ' +BUpbZi �BA + � ��bZ\p^I�Va�f�^�f��oUph ~�+zSH�"_ZS"� +pSViziZf�]j�]$SVa[SVb*^�}�\XY�f�^�f>\�bZY�UpY�f>bgiZf��oU�^�SViKv��m}Zf>b + �efja��Vh>SVY�f>b � f !Z~ +`~ 9 3�UpbZiK]�\XWZbZiKbZ\�iZf���SVa�Seb��VSVYlfjbn^s_ZS�BA���GgW�*�SeYTY[fjcLWZh�U�^�SViEUXh>\�b�!�^�_gS�h>f>bZSVY�\X]�Y�f !X_*^,S"*$�VSV}�^,^s_gU�^/^�_ZS�Y[\�WZa��VS�Y[^�a[SVb�!p^s_d_gUXiy^�\`vwS�UXiG�
�[WZY[^�SVidiZf���SVa[SVb*^�h%�X~ � _ZfjY/f>bZY�SebgY[f�^�f�,Gf�^1��^�\`^�_ZS�Y[\XWZa �eS�}w\�Y[f�^�fj\Xb{f>Y/iZWZS�^�\`^�_ZS�]�U��e^,^�_gUp^,f>bycdUpb��
�oUpY�SeYE^�_ZSmbZSVW�^�a�UXh>Y{]�a[\�c ,�\Xh>WgcyS9a[S"�e\�c�vZf>bgUp^�f>\�bNiZ\�cyf>bgUp^�S�^�_ZSm}ZhjUXY[cEU �VSVb*^�SVae~ +�hjY[\ �,^s_ZSSVh>h>f>}�^sf��Vf�^1�EUpbZin^�_ZS��G_gUp]$a�UXbZ\1,nY[_Zf�]$^@SVbZ_gUXb��VS`^�_ZS�fjbHGgWZSVb��VS
\X]
^�_ZS`Y[\�WZa��VSVY�U�^4^�_ZS`\�W�^�SVa4cyf>iG�}ZhjUXbZSl\�bd^�_ZS�bZSVW�^�a�UXh�iZSebgY[f�^1��f>b�^�_ZS�}ZhjUXY[cEUH�VSVb�^sSeaV~�'�S ,XSVa6^�_ZSVh>SVY�Y �w]$\�aThj\+� iZSVbZY[f�^1��}ZhjUpY�cEUpY0�Upbnf>bHGgWgSeb��VS`\p]
Y�\XWZa��VSVY�h>\?�oUp^�SVi�\�b�^�_ZS�fjbZbZSea@_ZSoUp^�Y[_Zf>SVh>i��oUpbZbZ\X^�vwS
S"*?�Vh>WZiZSVi�~�
& � �!& ��k R%�! �� � "%$ ���
� \l\�v�^sUXf>bL^�_ZSTcy\XY[^-a[SVh>fjUXvZh>S 4 2 UpbZi � "H}Za[\ (gh>SVY �X^s_ZS/]�\Xh>h>\!�4f>b�!�igU�^"UlUpa�S (Z^[^�SVi�Y[f>c�WZh�^"UpbZSV\�WZY[h%� �
� ( ' +;�m�BA +4� "$_��GiZa[\(!�SVb9UXbZiniZSVW�^�SVa[f>WZc \�a�UXiZiZf�^�fj\XbgUXhwf>b�]�\Xa[cdU�^�fj\XbE\�b � � Z�� asU�^�fj\ ���Hehgy\�af>\�bG� !*UpW�!�S
igU�^sU � �BA + �
� "�UXh>h;SVbZSea !Xf>SVY�\�a 4 2 "$cEU *��@\�b'�s_Z\�a[im]�a[\XcuY�h>\X}�S ����UpbZiKh>\?�oUph 4 2 � ikU�^sU]$a�\Xc �BA���a[S"�V\Xc�vZf>bkU�^�f>\�b|Y[}�S"�r^sa[\XY �e\�}�� " ' ��\�bZh%���"~ � _ZSKY6^sUXbZigUpa�i�� & � ]$WZb��e^sf>\XbgUXh*�,SVf !�_�^sSei
�4f�^�_�^�_ZS�SeY[^�f>cEUp^�SVi�SVa�a[\Xa�Y�\X];^�_ZS�igU�^sU{f>YTWgY[SVi9UXY@U��)WgUpb*^�f�^"U�^�f�,�SI�Va[f�^sSea�f>\Xbd]$\�a�^�_ZS�iZf ��SVa[SVb��VSvwSe^1�TSVSebKigUp^sU{UXbZi9Y[f>c�WZhjUp^�f>\�b�~ � \Xa5G
UpWZY[Y�fjUpbniZf>Y[^�a[f>vZW�^sSeinSVa[a�\Xa[Y�U*!�\G\Gi (Z^�Y�_Z\XWZh>ina[SVY[WZh>^�f>bU ,pUXh>WZSlf>b�^�_ZS
\Xa�iZSVa@\p]�^�_ZS�b*WgcLv�SVa4\p]
iZS0!�a[SVSeY4\�a�]$a[SVSViZ\�cn~�+�Y4}gUXa�UpcESr^sSea�f0MoU�^sf>\Xbd]$\XaT^s_ZS 4 2
}Za[\ (gh>S.��Unh>f>bZSoUXa�Y[}gh>f>bZS�f>Y
WZY[SVi:�4f�^�_2UncEUpb)WgUXh>h%�KUpi ��WZY6^�SVi2b*WZc�v�Sea`\X] +)bZ\X^�Ye~ � _ZSy\�}�^�f>cEUXh
+)bZ\p^�}w\�Y[f�^�f>\�bZY5�oUpbqv�S&(Z^[^�SVi �@�4_Zf��"_qf>Y ,�SVa��qWZY[Se]$WZh-f>bKa[S0!Xf>\�bZY5�4f�^s_KhjUpa/!�SH�VWZa ,pUp^�WZa[Sp~�f�~ Sp~�Up^^�_ZS@SVi�!�S�~ � _ZS@SVY6^�fjcEU�^sSeiySea�a[\Xa�YH\X]w^�_ZS@a[SVY[Wgh�^�iZSV}wSVbZiy\�b�^�_ZS@b)WZc�vwSVa/\p] +)bZ\X^�Ye~ � _Zf>YHb)WZc�v�Seaf>Y/\X}�^�fjcyf0MVSVi{v-�{WZY�f>b�!LUpY/]$S&� +)bZ\p^sY,UXY/}�\XY[Y�f>vZh>S��4f�^�_Z\�W�^/f>b��Va�SVUXY[f>b�!�� & Y�f !XbZf,(E�VUXb*^�h%�X~ � WZa6^�_gSea}gUXa�UpcESr^sSea�Y{Upa�Sd^�_ZS�a[SVhjUp^�f�,�S �V\Xb��VSVb*^�a�Up^�f>\�bx\p]�iZSVW�^�SVa[fjWZc UpbZi UqY[SV}gUXa�Up^�S�Y�\XWZa �eSnY6^sa[SVb�!p^s_]$\�a�SVU)�s_9�BA��1�s_g\Xa[i�~ � \yU1,X\�f>i�U�iZf ��SVa[SVb*^�fjUp^�f>\Xbd\p]�^s_ZS C9\�b�^sS"� ��Upa�h>\�}Za[\?�VSVY[Y;"<C9� ���E�4_Zf��"_�fjYbZS"�VSVY[Y�UXa��E]�\Xa�Se�,�Vf>SVb*^�cyf>bZf>cyf MeSVa[Y0�)U
^1�,\p� Y[^�SV}�UXh !X\�a[f�^s_Zc�_gUpYTvwSVSVbdigS�,�SVh>\X}�Sei �-^s_ZS�(ga[Y[^,Y6^sSe}f>Y
^�_ZS`C9�B]$\�a
U !�f�,XSVb }gUpa�UXcySe^�SVa`Y[Se^�UpbZiz^�_ZSEY�S&�V\�bZi2Y[^�SV} fjY`U9cyf>bgf>cyf0MoU�^sf>\Xb4�4f�^�_2h>f>bZSoUXa
�V\XbZY[^�a�UXf>b*^�Y "$cy\�bZ\p^�\�bZf��Vf�^1���E�4f�^s_ �V\XbgY6^sUXb�^�bZSVW�^�asUph*iZSVbZY[f�^�fjSeY " '7+5G �'( ) / E7
 � �"~ � _ZSH]$\�h>h>\+�4f>b�!
�&�?�ehjS/Y6^"Upa6^sY
U�^;^�_ZS,cyf>bZf>c�WZc \p]Z^s_ZS/}Za�S�,Gf>\�WZY�\XbZSp~
(Hcy}Zfja[f��oUphjh%�(�6�V\Xb ,XSVa !XSVb��VS@f>Y;\XvZY�Sea/,XSVi�~ � \�aa[SoUXY[\XbgUXvZh>S
Y6^sUXa6^6��WZ} ,pUXh>WZSVY " 4 2 $ 4 � ��� 9 \�a4h>SVY[Y C9�TY�UXa[S`Y[W��,�Vf>SVb*^V~ � f !�WZa[S +`~ 979 f>h>h>WZY6^sa�Up^�SVY^�_ZS`U��"�VWZa�U)�&�nUXbZi�^�_ZS�a�SeY�WZh�^�Y4\X]�^�_ZS (Z^[^�f>b�!{}ga[\?�VSeiZWZa�S�]�\Xa4UXb�\�_Zcyf���Y[_Z\p^o~�  �� O ��� ��k�o � $#�"!$#&%
+�f�^s_Zf>bN^�_ZS9S"*G}�SVa[f>cySVb*^sUXh�SVa[a�\Xa�Y �T^�_ZS9SVbZSVa/!)����a[SVY�\Xh�,�Sei bZSeWZ^�a�UXh GgW�*GSVY�Upa[Snf>b ,pUXa[fjUXb�^yWZbZigSeaY[}�S&�Vf�( �{\XbZS�iZf>cESebgY[f>\XbkUph�^�asUpbZY6]�\Xa�cEU�^sf>\XbZYl\p],^�_ZS{f>\�bG� ^sSVcy}wSVa�Up^�WZa[S�}Za�\ (gh>S " � f !�~ +L~ 9 / �"~ +lbUpbkUph%�GY[f>Y�\p]�S'�)b�~ +L~ < ? ^�\(!�Se^�_ZSVa��4f�^s_yU�Y�f>cy}Zh>f�(gSVi�cy\GiZSVh�]�\Xa
^s_ZS4bZSVW�^�a�UXh>Y�}Za�\1,XSVY�^s_Zf>YH_��G}w\X^�_G�SVY[f>Y�UXbZi9^�_ZS`Sea�a[\�a4\p]�^�_ZS`igUp^sU��oUpbmv�S �V\�a[a[SVhjUp^�SVi �4f�^s_mU{cEU *�f>c�WZc Y[_Zf�]$^�(&) "*) $,+ � ��- ���
�4_Zf��"_�f>YTiZSe^�SVa[cyfjbZSVi�v��E^�_ZS�h>\+�TSVY6^4iZSe^�S"�e^sUpvZhjSlSVbZSVa/!���UpbZi�^�_ZS��e\�a[a[SVY�}w\�bZiZf>b�!�S"*G}�SVa[f>cySVb*^sUXhSVa[a[\�ae~ ��bd\�WZaA�oUXY[S.�.(/)�f>Y,vwSe^1�,SVSVb 310 3 ) 832 # � & UXbZi < 0 3 ) 832 # � & ~�+�Y � f !�~ +`~ 9 /�Y[_g\+�4Y ��^s_ZSS ��S"�e^H\X]Z^�_Zf>Y
f>b ,pUXa[fjUXb��VS/f>Y
Ul_Zf !X_LWZb��VSVa6^sUXf>b*^1�LUp^�^�_ZSTY[SV}gUpasU�^sa[f *`igWZS,^s\�^�_ZS�Y6^�SVSV} 4 2 � !�a�UXiZf>SVb�^o~�Gf>b��VS�^�_ZS GgW�*GSVY�Up^�SVbZSVa/!Xf>SVY4v�Sehj\+� ^s_ZS
cySoUXY[WZa[fjb�!�a�Upb�!�S
\p] � ( ' +�Y[_Z\+�IU�Y6^�a�\Xb�!*,XUpa[f�U�^�f>\�b
�4f�^�_N^�_ZS4(&) Y[_Zf>]�^0�/^s_ZS�^s\p^sUXh@bZSVW�^�a�UXh GgW�* �"_gUXb�!XSVYEUXY.�,SVh>h�~ � _ZSVa[Se]$\�a[S.�T^�_ZSnf>b��Vh>WZY[fj\Xbx\p]ehgp� iZfj\)iZS4\�a�f>\�bG� !�UXW�!XS4igUp^sU2�oUpbESVh>fjcyf>bgUp^�ST^�_Zf>Y,f>b ,XUpa[f�Upb��VSp~
( � . ( ' ( �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��VSVY
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\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~

^�_ZS
bZSVW�^�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~
� _ZSlSVa[a�\XaTf>Y,UXvw\�W�^ < )�� ���4_Zf��"_�f>Y,Y[f !�bZf�(E�oUpb*^�h��{Y[cEUXh>h>SVaH^�_gUXbE^s_ZSYehg;,pUXa[fjUp^�f>\�bZY�iZWZS�^s\ (&)%�
�4_Zf��"_��"_gUpb�!�SVY4^�_ZS
Y[f !�bgUph�v���U�]�U��e^�\�a@\p] < ~�N� $#������V������ � � �!&  �� � �%" 4 2 l��! 3S�� R����	���! �X �  mR o
+�_ZSVb _ZSoUp^�f>b�!z^�_ZSm}ZhjUXY[cEU �4f�^s_|bZSVW�^�a�UXh�f>b �[S"�e^�f>\�b " ' � ����^�_ZS ,XSVh>\?�Vf�^1�xiZf>Y6^�a�f>vZW�^�f>\�b \p]l^s_ZSf>b ��S&�e^sSei Y[}wS"�Vf>SVYnf>YniZf>Y6^�WZa�vwSVi UXvw\1,�S < +pS&( iZWZS�^s\ ]�UpY6^9f>\�bZY%" � f !Z~ +`~ 9 ' �"~ � _ZStcESe^�_Z\Gi}Za[SVY[SVb*^�SVin_ZSVa[Slf>Y7�oUp}gUXvZh>S�\X];UXbgUXh%��MVf>b�!
^s_ZS�WZbZiZf>Y6^sWZa[vwSVi�cyf>bZ\�a[f�^1��Y[}�S"�ef>SVYV~ � _ZfjYTa�S'�)WZf>a�SeY�UXbUpbkUph%�GY[SVa�]$\�a�^s_ZS��BA +xiZfjU(!XbZ\�Y6^�f��
�@f>^�_�U@cEUXY[Y�Y[SV}gUXa�U�^sf>\Xb
vwSe^[^sSVa�^s_gUpb ?@? � ~ ��b�^�_ZS��VUXY[S/\p] ' � �_ZSoU�^sf>b�! �F�BA���a[S"�V\Xc�vZf>bgUp^�f>\�b�Y[}�S&�e^sa[\XY �e\�}�� "<�BA . �����oUXbziZSe^�SVa[cEf>bZSyh>\?�oUph�f>\Xbt^�SVcy}wSVa�Up^�WZa�SeYU�^�3�/`asUpiZfjUXhg}w\�Y[f�^sf>\XbZYV~ � _ZSVY[S�_gU ,XS�v�SVSebJ�V\Xcy}kUpa[SVi �@f>^�_y^�_gS�a[SVY[WZh�^�YT\X]�^s_ZS �BA�� }kUpa6^sf��Vh>S#GgW�*Y[f>c�WZhjUp^�f>\�b�UXbZi�^�_ZS&��_gU1,XS`vwSVSVb9UXiZiZSVin^�\{^�_gS�Y[f>c�WZh�U�^�fj\XbdY�W��s_9^�_kU�^@^�_ZS
iZS ,)f�U�^�f>\�b�]$a[\�c ^s_ZS}gUXa�UpcESr^sSea�f0MVSVi 4 2 � }ga[\ (ghjS�UpbZi�^�_ZS�SVY6^�f>cdU�^�SVi�SVa[a[\�a@\p]�^�_ZSK�BA . ��cySoUpY[WZa�SVcySVb�^�UXa[S�f>b��Vh>WZiZSVif>b � & ~ � f !�WZa[S +`~ 9 ' iZSVcy\�bZY6^�a�Up^�SVY-^s_ZS�a[SVY[WZh�^�YV~
��b !�SVbZSVa�Uph:��^�_ZS�^1�,\
cySe^�_Z\GiZYHU(!Xa�SeS �)WZf�^�S7�TSehjh:�vZW�^`iZf���SVa�]$\Xa
Y[\�cyS{Y��VSVbgUXa[f>\XY0�F�4_Zf��"_tf>Y
bZ\p^ �XSe^`]$WZh>h��mWZbgiZSea�Y6^�\G\Gi�~y+�_ZSVbt^s_ZS �BA . ��igUp^sUUpa�S�f>b��Vh>WZigSei �Z^�_ZS�f>bZbZSVa 4 2 ��}Za[\ (gh>SlfjY�hjSeY�Y@\XY��Vf>h>h�U�^�fjb�! ���4_Zf��"_ncySoUpbZY�^�_gUp^4cy\�a[S +)bZ\X^�Y@cEU6�dv�SWZY[SVi{f>b�^s_gU�^��oUXY[Sp~ +T^�^�_ZS@}ZhjUXY[cEUlSei�!�S.�*f>b��Vh>WZY[fj\Xb�\X] �BA . �LigUp^sUliZ\GSVYHbZ\X^��"_gUpb�!�S@^�_ZS�a[SVY[WZh�^o~
� _ZS�Y[^�SVSV} !Xa�UXiZf>SVb*^ MV\�bZS
Up^4^�_ZS
Y[SV}gUpasU�^sa[f *J�oUXbn\�bZh%�dv�S�a�SeY�\Xh�,�SVi �4f�^s_�^s_ZSK�BA���Y[fjcLWZh�U�^�fj\Xb�~� STR $ � &'�!& ��X
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wave
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(e.g. ellipsoid mirror)

waveguide
transmission linefeedhorn
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rooftop
mirrors

travelling
mirror

beam
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LHe-cooled
detector

45° wire grid
beam splitter 

0° wire grid
beam splitter 

90° wire grid
beam splitter 
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focussing
lens
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