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SUTWVYXZVM[<\)]�^`_!V�Xba)cedZTW]$fGghT`\)iWd�VMXb]$fb_!]�j�]�_!V�_k]-^ldnmhaAi`\oX*d0fMp/q
aod�Tr_!V�fZstXZ]�qW]-^`u8i`\oX*dZv-wxd�TWV
fZ\)[YV�X�V�f*yWv-dZfUq`y!dzc�X�a([{\Y_!]-|�V�X�V�^(d�i�ao]�^}d�a)c,j}]�VMmb~
�,]-X0fndhd�TWV�sta(^`f*d�XZy`s�dZ]-a(^<a)c�d�T`V�^WV�mH�`q�VMXU\)XZXZ\.w�_!]�\ouo^Wa}fndZ]�s�]�fB_!V�fZstXZ]�q
V�_�p!\)^`_�\�f*V�X�]�V�f

a)c,[YV�\of�yWXZVM[YVM^}d0fBd�T`\)d�]-v�v-y
fndZXZ\)d�V�]�d0fzy`f�Vop!]�^x��V�std�]�ao^`fU4
~ �Gd�a<4
~ �`~
SUTWVM^�d�TWVk_!]$f�sMa&joVMXZw�aocbd�TWVk^WV�m�iWTWVM^`ao[YVM^Wa(^�a)cbdZTWV�_!X�]-c3d�]�^Wu�\)qWv$\&dZ]-a(^�stv�aoy`_�]�f

iWXZV�f�VM^}d�V�_�]�^�d�TWV�c�a(X�[{a)c,\o^K\)X�d�]$stv�V�]�^K��V�std�]�ao^A4`~ 5W~

6870� ��IAC����kC�=�Qb=#=#Qz���xJtQb�G�ADGL�;#Jt@

� ^WV�m _!]$\)u(^Wa(f*d�]$s�mB\(f�q`yW]-v-dbd�axs0T`V�s0¡Kq�a)d�T�i�a(fZf*]�qWv�V<Vt¢!iWv$\)^`\)d�]�ao^`f�c�a(X�d�TWVYc�a(yW^`_�_!]$fn£
stXZVMi
\)^`sM]-V�fz]-^Ki�VM^`Vtd�X0\&dZ]-a(^x_!VMiWd�T�\o^`_�c�yWVMv�]�^Wu�iWXZa)�
v-V(¤B\<s0T`\o^WuoV�]-^Ki�VMv�v-VMd�j(VMv�a�sM]�dnwA\)^
_
v�]-u(T(dzV�[�]$fZf*]�ao^8^Wa)dzv�a�s�\)v¥dZa�dZTWVbi
V�v-v�Vtd�i�a(f�]-d�]�ao^�~#SUTWV�^WV�m¦_!]$\)u(^Wa(f*d�]$s§]$fBd�T`V��`q
V�X�\)XZXZ\.w
_!V�f�sMX�]�q
V�_�]�^x��V�so~e¨!~ �W~ �W~
©KV�\(f*y`X�V�[�V�^}dZfhmz]�dZT�d�T`]�fU_!]$\)u(^Wa(f*d�]$szXZVMjoV�\)v�V�_YdZT`\&dBd�T`V�\oqWv�\)d�]�ao^�sMv-a(y`_<qWXZV�\o¡!f?v�a}a}f*V

c�XZao[ªd�TWV�i�VMv�v-VMd<\o^`_«_!XZ]-c3d�X0\)iW]$_!v�w�aoy!dnmU\)X0_�p�]2~ Vo~r]�^«a(iWi
a}f*]-d�VA_!]�X�V�s�dZ]-a(^«a)c�dZTWV�i
V�v-v�Vtd
joV�v-a!sM]�dnw(~�SUTW]$f?XZVM[<\)XZ¡&\)qWv�VUX�V�f*y`v�d?mU\of��
XZf*d?iWXZV�f�VM^}d�V�_�\)d#d�TWV�¬e­h��sMao^!c�V�X�V�^`stVz]�^<­?X0\)uoy`V
® ¯ �.°�p�\o^`_AmU\ofziWy`qWv-]$f�TWV�_A]�^�­?T�w!f�]�s�\)v/±zV�j�]-V�m³²/Vtd�d�VMX0f ® ´oµ °z¶1­h±�²�·t~
SUTW]$f§­h±�²r]$f�XZVMiWXZa)£
_!y`sMV�_�]�^A��V�s�dZ]-a(^�4
~ 5`~

��]�[�]�v$\)XzqWy!d�v�V�fZfUiWXZV�sM]�f�Vb_!]�\ouo^Wa}fndZ]�s�fBT`\.joV�q�VMVM^Ay`f�V�_8q�Vtc�aoXZVo~?©�\)X�d�]�^ ®¹¸ �.°�[Ya(yW^}d�V�_
\bf�VMXZ]-V�f�a)c�f*v�]�d0f#]�^Yc�X�a(^(d?aoc¥\o^<º�»Y[Yao^`]�dZaoX#]�^�\)^<\&d�d�VM[Yi!ded�abaoq
f*V�X�j(VhdZTWVzi�VMv�v-VMdejoV�v-a!st]-dnw
\)^
_li�a(fZf�]-qWv�wx]-dZf+s0T
\)^Wu(V�f�]�^`f*]$_!VYdZTWV<iWv$\of�[Y\`~�º�]$fbXZV�f�yWv-dZf�mBVMXZV<iWyW¼M¼�v-]�^WuAq�V�sM\oy`f�VYd�TWV
_!]-|�V�X�V�^}d§iWyWv$f*V�fzdZT`\&d§T`V�Vt¢!i�V�std�V�_AmzT`VM^KdZTWV+i�VMv�v-VMd�i`\(f�f�V�f�sMao^`f�V�sMy!d�]�joV+f�v�]�d0f�mBVMXZV+joV�X�w
i�a}a(X�v�wHX�V�f*a(v-j(V�_½¶2\)^`_�c�aoXAf*a([�V�_!V�^`f*]-d�]�V�f�^Waod�XZV�f�aov�joV�_¾\&dK\)v3·�~Pº�V�sta(^`stv�y`_!V�_¾dZT`\&d
j�¿.ÀÂÁ Á À�Ã?XZVM[<\)]�^WV�_8sMao^`f*dZ\o^(dz]�^`f�]�_!V�dZTWVbiWv$\of�[<\Wp!qWy!d�T`]�f�\(sMsMyWXZ\(stwYmU\ofUi�a}a(X�~

Ä�]$f*T`]�d0\)^W] ®-Å�µ 4&°/y`f�V�_�\ Å�µ s0T`\o^W^WV�v¥�`q
V�X*£Â\)XZX0\.wGdZa<_!VtdZVMXZ[�]�^WVbj�¿.ÀÂÁ Á À�Ã0pWqWyWd�TWVbT`\o_�^Wa
]�^(dZVMXZ^`\)v
joV�v-a!st]-dnw�[�V�\of�yWXZVM[YVM^}de]�^`f�]�_!V§d�TWV�i
V�v-v�VtdU]�^&ÆnV�std�aoXed�a�stao[Yi`\oX�Vzmz]-d�T�d�TWV�X�V�f*y`v�d0fM~

Ç�È2ÉzÈ*Ê ËUÌeÍÏÎÑÐ�Ò*Ó(Ô!Ì?Õ!Ö{Ìe×�ÔWÐ�Î¦Ø�ÙbÎ�Õ!Ú�Û�ÕWÕWÛ�Ö�Ü§Ò*Û�ÝeÞ�ÌeÓ(ÔWÒ*ß�Û�Ô�àxá�â
SUTWVh�`X0fnd�aoq!ÆnV�s�dZ]-j(VhaocWd�TW]$f�^WV�m�_!]$\)uo^`a(f*d�]$semU\of/d�a�i
V�X*c�a(X�[ã\o^G\ov�dZVMXZ^`\&dZ]-j(Ve[YV�\(f*yWXZVM[YV�^(d
a)c#dZTWV�i�VMv�v�Vtd�joVMv�a!st]-dnw�_WyWX�]�^Wu8]�d0f�ä`]�uoT}d�d�TWXZaoyWu(TKd�T`V�iWv$\of�[<\W~��`X�a([åi`yWqWv�]�f�TWV�_�X�V�f*y`v�d0fMp
\)^
_rj&\)XZ]�\)d�]�ao^`f�]-^rdZTWV8º » f�]�uo^`\ovh]�^«aoy`X�a&mz^«VM¢�i�VMXZ]�[�V�^}dZf�¶1f*d�XZ]�\)d�]�ao^`f0·�p�mBV�Vt¢!i�V�std�V�_
d�T`VA\oqWv$\&d�]�ao^�stv�aoy`_�d�a�q�Vxf*[<\ov-vU]�^�X0\o_W]�\ovU_W]-XZV�std�]�ao^¦¶*æå�k[Y[�·�~¾SUT�y`f�mhVAVt¢!i�V�std�V�_
d�T`Vl\)q`v�\)d�]�ao^�stv�aoy
_Hd�a«q�Vkj}]$f�]-qWv�V�\)d8ao^`v-wHao^`V�s0T`\)^`^WVMv�a)cbd�T`V�^WV�mO_!]�\ouo^Wa}fndZ]�s�\&d�\
d�]�[YVop#\)^
_�mhV�_!V�st]$_!V�_«]-^W]-d�]$\)v�v�w�dZa�sta([�qW]�^WV�\)v�v Å�´ �`q�VMX0f+]�^(dZaxao^`V�_!VtdZV�s�dZaoX�¶1\KiWT`a)d�a
[�y`v�dZ]-iWv�]�VMX,d�yWq�V�·t~#SUTW]�f�dZyWX�^`V�_+a(y!d,d�a�q
VU\§q`]-u�[Y]�f*dZ\o¡oV�¶2\of�sM\o^�q�VBf�VMV�^+c�XZao[³dZTWVhXZV�f�yWv-dZf
iWXZV�f�VM^}d�V�_�v$\&dZVMXUao^�]-^8d�T`]�f�ghT
\)i!dZVMX�·�~#SUTWV�iWyWv$f*V�fUa)c�d�TWV Å�´ �`q�VMX0fUa&joV�X�v$\)iWi�V�_�f*aY[�y
s0T
d�T
\&d§dZTWVMwAsta(yWv$_K^Wa)d�VMjoV�^Kq
V�_!]$fndZ]-^Wu(yW]$f*TWV�_x\)^�w�[YaoXZVo~zSUTWV��`XZf*d§a(q}j�]�aoy`fzd�TWa(yWuoT}d§mU\of
d�T
\&d?mBVBT
\o_�yW^`_!V�X�V�fndZ]-[<\)d�V�_GdZTWV�\)qWv$\&dZ]-a(^�sMv-a(y`_�f*]�¼MV(~�çkV�XZVM[Ya&joV�_����`q�VMX0fMp(]-^`sMX�V�\of�]-^`u
d�T`VYf�VMi
\)X0\&d�]�ao^�q
VMdnmhV�VM^ld�TWV��`q�VMX0f�q}wl\�c1\(s�d�a(X�a)cednmBa`~GÄ�a&mèf�ao[YVYfndZX�y`std�yWXZVYq
V�sM\o[�V
j�]�f�]�qWv-VGqWy!d+f*d�]�v-v,d�T`VGXZV�f�yWv-dZf�mhV�X�V�f*a8]-XZX�V�uoyWv$\)X�d�T`\)d�\8v�\oX�u(V+a&joV�X�v$\)iKT
\o_AdZa�d0\)¡oVGiWv$\ostV



é,ê�ë�ì�í�ì�î
ï�ð�ë�ñ�ò�ó�ë�ô�õ,ê
ö�÷�ø�ë�ù�ú!û#ü�í$ö&ý(þ�ó)ì*í�þ!ý+÷,ë�ò-ò�ë.ø/÷�ë0þ�ë&ø1ù�ö!ø2í3ó&þ ÿ��

�������	�
�
����
����������
���
����
������
� �!�"���#�$�%
&�%�
')(+*,�-��.0/�1213��4!�5(6���7�����
�8�79:*6�
����(+�;12�-.<
<�
��/6�=(6�����
�%*6�8�?>@(6��/�1�/��%.6�BA�/�����(�>C�%
��)A �"1-12�����D����/+E��"F���(<��G0��
��%(64�.6
H�%
��IA�12/<�J'�/LKM���
�B>@(6�
��N�/6'IA�1-��/��J�2.6��/61:12�-O<�0F�
�/6�����"1QP8RS�-�UTV�2.��HW � ÿ �-�X�#
��2F�
Y12�-.<
Z�B���B���
�"�[>@(6�7')(<�����%
�/��
P � F�'\(�>]�%
��IA �"1-12���D����/+E��8F^��(<��G�_��=`#>a�%�
�=��
����D�b�I�!�"F
�2���"����(6')�
��
��2��.0��A��"F���/�1V
�/<�?��(0� �
.6(<�-��.0(<�dce��(?�b����4��-1-�7/0���"�J�7������4�AL(6> ÿ �!�
���8F^��(<�%��KMA�
�(6��(H�!�2(!�!�"�"cf�8/6F�
L�#�$�%
L�-�%��(+�#�
/�')A�12�-���
�C/6���)`Qg5h�_^�<��
��2�]�%�
*<�"/61-�8���%
����������C�"*Z���!�"��F���>@(<�]��
��#(<4!����/����B�!�%�->a���2��.�F�12(64����
c
��
 /+�#�J�"�
'i��(BF�12�"/6�b(<�j�%
��BP8k7F�
�/6�����"1l���2/6.6��(Z���%�2F6cZ/6���jA��
���J4 /6�!�8��4��b��(I')(6���-��(<��/61-1VP"k
F�
�/6�����
1����2���!�
A��
� �!�
�Z��12G6�

monqp#nqr sut#v]wyx=z�{e|Y}C~0�QvV�,v��!vV�:{f���	�i���o{��o{����Q�Jv3�:�o}:|<���J�
� �u��
����=�!�"F^�%�-(<�S��N!A��
�%�-')�
�Z��/�1d�%�"��4�1-�%��>@�%(6'���
��5� � �"�=/��%��/�Gj�!�2/6.6��(Z���%�2F����#A��%�"���
�Z�%�"�0>@(6�
k)�!�-���"���"�<�oF"/6���"��K@1�/����
12�"�?`�c �=c h=c�gBc�9�/�� �0T]_	(�>VA�1�/6��')/)F
(6���!�-���2(6� �	/6���?�!��/�.6��(<�J����F
F�(<�!��.<4��%/����2(6�d� � �Y��
�(���Kq`=_5/uA��
121-�
�7�	/<�5�J
�(����2�[/?12(+�����BA�1�/6��')/�cd�2�[��
�(6��KM�#_��2�[/
��(<��'�/�1��=
�')��F:A�1�/6��'�/�c+/�� ���2�I��
�(���K�h�_e�2�B/��I/6�����$�%�-(<��/�121-G�
��8/+�%�"��A�12/<�J'�/�� � �I��
�(6�	KMg�_
��
��DA��
1212���#�	/<�	�-�+E��8F^�%�"�u�-�Z�%(I/BA�1�/6��')/B�2���%
��5�J12�2���"/���/�GI�%�
.<�-')�<�]�!
�(���KM9	_b�	/<�b/6.</��2�0/
��(<��'�/�1��=
�')�2F=�J
�(��"cZ��4!����(+����
��D�!��/�.<��(<�J����FoF
(6�!��.<4���/+���2(6�)��/6�:��(6�%/+�%�"�)�%(7*,�2�
��/�12(6��.
/���(6�%(6����/61V12�2���6ce�-���J���8/6�&(�>b��
���4���4�/61V��/6���2/61V12�2���6��TV�-� /�121-G<ce��
�(��jKMT]_D���5/0��A��"F���/�1CF"/6���6�
� �5/�1��J(0�2��/j��(6�%')/61]�=
�'I��FBA�12/<�J'�/�c���4!�D�2�&��
�����F
/6���B/0���%�%/6��.6�7>M/6�J�������->a�D�
���8F^�5.6(<�-��.
/�
��"/6��(�>	��
��)A��
121-�
���2��(6�����
�%*6�8�S(6�&��
��j��
�(6'��J(<�L�%F
/��J�%�
�%�-��.uA��%(���12�"�"�)�S(6�%�I�����%/6�-12�"�
��
�(��7F
(6���!�-���2(6� �D>@(6���8/6F�
L(�>	��
�(Z�J��kSF
/<�J�8�5/��%�).6�2*6�
�L�2�X�e/6��1-�)W �-P)(6�[A�/6.6� ÿ P<��9:/<F�

��
�(��#�2�0�%
����=hb
�/�A����
�#���#/���A �8F��2'I�"�?(�>V/)���
�%�-�8��(�>3�J�2')�-1�/��o��
�(����
�

T�(<1-12(+�#�-��.7�%
���4��J4 /�121-G�/<F
F
�
A!�%�"�0A��2F���4��%��(�>3/BF
�-.Z/��#�J
 /�A��"�u/���1�/+�%�-(<�0F�12(64 ���#
���F�
u�2�
12(,F"/�12�-�"�"�S�2�L�%/<�!�2/61V���-�%�"F����2(6��/6��(<4����?�%
���/6F^�%4�/�1VA��
121-�
��A�(<���-���2(6�dc��	�B�
N!A �8F^���8�H�8/6F�
H(6>
��
��=F�
�/6�����
1��]�%(7.<�-*<�Q/7��
�(6���:A�4�12���6�]��
��=�#�2�,�%
�(6>���
��=A�4�1��J�D�J
�(<4�1��)��
��"�j���D/5')�8/6��4����
(�>3�%
��B/6��12/����2(6�HF
1-(<4��S�!�2'I�"�����-(<���o�2�H��/6�!��/�1V�!�-�%�"F����2(6�d�o��
��2�Q�2�=�-� �!�
�8�H�J�"�
�?>@(<�QA��
121-�
�%�
�2�+E��"F����"�B�2�7A�1�/6��'�/6�e
�/�*,�-��.=�
12�"F����%(6���%�
')A��
��/+��4����8�e���
12(+��� ÿ6�6� �" 7����
����3�J�-��4 /+���2(6�IF
/6�
>@(6�#�
N�/�')A�12�5� �5(<�!�%/6�-���8�u�ZG0�-��E��"F^�%�-��.)��
��5A��
121-�
�Q(���¡¢/+N!�2�"c!(6�#�,G0�-�+E��8F^�%�-��.��2�H/IA�1�/6��')/
��
�(6����12G�/+>a���"�#/7A��
�%�-(!��(�>e(6� ¡¢/+N!���b9�h	£�¤ W ÿ�¥ �C`Q�0�
N!/6')A�1-�D(�>f��
��5���"F�(<���)��G,A��D�����J
�(+�#�
�2�?TV�2.��3W�� WSKM��
�(��Q`D_^�

��
��=� � /6����� � A��%(���12�"�C>@(6�	�"/6F�
�(6>���
��8�J�DF
/<�J�8�C/��%�Q��
�(+�#���-�0Te�2.��3W � ¦��V��
��=A��%(���12�"�
/��%�=�%/�O<�
�BE�4��J�Q� �
>@(6�%�D��
��5A��
121-�
�o�2�o�-�+E��8F^�%�"���

`Q����
���A��
121-�
�7A�/<�����"�D�%
��j*,�-�"�#�-��.S1-�2���"��(�>���
��j���$�l�
�%�
�Z�BF�
�/6�����"12�5/?A�4�12����(�>#12�-.<
<�
���Q(<���J�"��*<�"��cl��
�(+�#�-��.j��
 /+�D��
��)/���1�/+�%�-(<��F�12(64 �S�2�D12(!F
/+�%�"�HF
1-(Z�J�7��(���
��IA �"1-12���5�2����/6�!��/�1
�!�2���8F^�%�-(<�d�V��
��=(<���J�
�b(6>���
��8�J�=A�4�1��J�8�:���bF
(6���������%�
�Z�b�#�-��
���
��DA �"1-12����*6�"1-(!F
�$��G)/��������2'I�2��.
/6�#�������"��')�2���"�0�2���J���!���%
��5A �"1-12���o�2�+E��8F^��(<�"�

`§�J�8F�(6� �H��N�/6'IA�1-�)���=.<�-*<�
��>@(6�7�=
�')�2FIA�1�/6��'�/0F
(6�����$�%�-(<���)KM��
�(����#_^�d��
����D.6�2*6�8�D/
F�(<')A�1-�
���"1-G?�!�-���"���"�<�DA���F^��4�����Kq�J�"�BTV�2.���W � ÿ _^�o£Q�
�%�5��
��BA�4�1��J�8�Q/6����'B4�F�
S���%(</<�!�
�o�2��/61-1
F�
�/6�����
1��"�V�	�"�����!�"�b��
 /+�"c!���
A�/6�%/����oA��"/6O!�	F"/��j���5�!�����%�-��.<4����J
��8�j/+>a�%�
�	��
��=A�/<���%/�.<�o(�>f��
��
A��
121-�
�"c��#
���F�
?�b���#�21-1f���
>@�
����(�/<�#�J�8F�(6� ��/��%G�A �8/�O!�"�

��
��"����/��%��F�12�"/6��12G�F
(6�%���"12/����"�0�2�?���$�l�
�%�
�Z�=F�
�/6�����"12��Kq�J�"��>@(6�o�
N�/�')A�12����
��5A�/6�%/61-12�
12(�¡
.6��/�'¨�2�STV�-. �!W�� ÿ _^�

`���
��-���I��N�/�')A�12�o�J
�(+�o�V��
��#�%�"��4�1-�%�3>@(<�C/�A �"1-12���:�2�+E��8F^���8�I�-�j/DA�1�/6��'�/5�!4��%�-��.5F
�
�Z����/�1
9	h	£§Kq¦<R � O,©ª_�KM���
�5TV�2.���W � kZ_^�



«V¬�­^®�¯2®o° ±�²,­D³�´@µ,­8¶e·V¬ ¸"¹3º»­^¼=½!¾]¿=¯�¸+À<Á�µ�®J¯2Á!À�¹V­^´-´@­�ºf¹3­�Á�­+ºM¼^¸!ºq¯aµ+Á Â!Ã

ÄVÅ�Æ�Ç2ÈjÉ�Ê2Ã6ËIÄ�Ì�ÈjÍ�Ç�Å6Î�Ï�ÅHÅ�Ð Ñ[Í È"Ç-Ç2È�ÒIÍ�Å�Ó�Å�Ï)È�Ò%È
Ó�ÎDÔ@Õ6Ó7Ò�Ì�ÈuÎJÌ�Õ+Ö#Ð[È
×,Í�È
Ó%Ø2ÏIÈ"ÐZÒ%Å�ÇbÓ�È8ÎJÙ�Ç$Ò�Î
Ê
Ú Ø2Û6È
ÐBÅ�Ó%ÈCÒ�Ì�È	Ü
È
ÐZÒ�Ó�Å�ÇZÑ!È
Ð�Î�Ø-Ò�Ý6Þ+Ð�ß�à á<Þ�Ò�Ì�È�Ü�È"Ð<Ò%Ó%Å6Ç�Ò%È
Ï)Í È"Ó%Å�Ò�Ù�Ó%È6Þ�Ä�ß�à á6Þ+Ò�Ì�ÈbÍ�Ç�Å6Î�Ï)Å=Ü�Ù�Ó%Ó%È
ÐZÒ"Þ
â¢ã
äqÞlÒ�Õ<Ó�Õ<Ø2Ñ�Å6Çdå�È"Ç2ÑdÞdæ:çqè�é^Þ�Î%Å+Ô@È�Ò�ÝZÔMÅ<Ü^Ò�Õ<Ó=êZë6Þ�È
ì�È8Ü^Ò%Ø-Û<È7Ø2Õ6Ð&Ü�Ì Å�Ó%í6È6Þ�î ß»ï�ð Å6Ç-ÇVÏ)È"Å6Î�Ù�Ó%È"Ñ)ñ�Ù Î�Ò
Æ�È�Ô@Õ6Ó%È�Ò%Ì�È0Í�È
Ç2Ç2È�ÒBÖ�Å6Î7Ø-Ð�ñ�È"Ü^Ò%È"Ñ�ò�Þ:Å�Ð Ñ[Ò�Ì�È0Í È"Ç-Ç2È�Ò)Û6È"Ç-Õ!Ü
Ø$Ò�Ý<ÞVÛ,ã ß ä ä ß ç%Þ]Í�È
Ç2Ç-È
ÒIÎ�Ø-ó"È6Þ]Ï)ã ß ä ä ß ç�Þ
Í�È
Ç2Ç-È
Ò0Ó�Å6Ñ!Ø2Ù�Î"Þ	Ó%ã ß ä ä ß ç)Å�Ð�Ñ�Í�È
Ç2Ç2È�Ò0Í�È
Ð�È�Ò�Ó�Å+Ò%Ø-Õ<ÐdÞ#Ç2ã ß¢ô"ß çMé@ë�çMõ è ô Ê;öQÇ-ÇDÍ È"Ç-Ç2È�Ò�ÎjÖ	È
Ó%ÈHØ2Ð+ñ�È"Ü�Ò�È"Ñ
Ì�Õ<Ó�Ø2ó
Õ<Ð<Ò�Å�Ç2Ç-Ý<Þ,È�×�Ü�È"Í!ÒoÎJÌ�Õ6ÒQ÷	Þ�Ö#Ì�Ø�Ü�Ì0Ö�Å6Î�Ø2Ð+ñ�È"Ü�Ò�È8ÑuÅ�ÒQÅ�Ð?Å�Ð�í<Ç-È�Õ6ÔeÉZø6Ê

Î�Ì�Õ�Ò ö ð Î�È
È5÷VØ-í Ê]É�Ê ÉZò æ ð ÎJÈ"È�÷VØ-í Ê]É�ÊùÂ6ò ú ð Î�È
È�÷VØ-í Ê3É�Ê û<ò
Î�Ì�Õ�Ò#Ð�Ó Ó"Ã8ü6ü<ý6þ�É,ÿ!Ã<Ê þ���É Ó"Ã8ü6ü<ý6þ�É Ã��!Ê þ�Ã"ü Ó8Ã"ü6ü<ý6þ���ÿ!Ã<Ê þ6É��
Ð ß�à á Â����	�LÃ"þ�

� ��� ü��LÃ"þ�

� Â�� ÿ	�LÃ"þ�

� Ï����
Ä ß�à á Â�þ<þ�� ü<þ6þ Ã"ÉZÂ6þ������ È��
â¢ã"ä ý�É Ê � Ã8þ�Ã �¢ý�Ã<Ê Â �!ö
æbçMè%é ÿ!Êùÿ�� ÿ!Ê þ<Â ÿ!Ê þ�Ã Ä
êZë Â!Ê þ�� ��Ê��+ü É�Ê û�Ã
î�ß»ï Ã6Ê�� ÿ!Ê û ÿ�Ê þ
Û ã ß ä ä ß ç ü<û<ÿ ü<ý6û ýZÂ6ÿ Ï��+Î
Ï ã ß ä ä ß ç þ��ùÂ��LÃ"þ 

� Ã�� ü��LÃ"þ 

� Ã���� �LÃ"þ 

� Å+Ò%Õ6Ï�Î
Ó ã ß ä ä ß ç þ�Ê � þ�Ê É þ�Ê É Ï)Ï
Ç ã ß¢ô
ß çMé@ë�çMõ è ô Ã8Â ÿ�û�! Ã"� � Ü
Ï
Î�Ì�Õ�Ò # ð Î�È
È5÷VØ-í Ê]É�Ê���ò $ ð ÎJÈ"È�÷VØ-í Ê]É�Ê ý<ò ÷ ð ÎJÈ"È�÷VØ-íZÎ
Ê3É�Ê2Ã8ÿ�Þ!É�Ê2Ã%��ÞZÉ Ê-Ã8û<ò
Î�Ì�Õ�Ò#Ð�Ó Ó"Ã8ü6ü<ý6þ�É Ã��!Ê þZÿ+É Ó"Ã8ü6ü<ý6þ�É Ã��!Ê þZÿ6Â Ó8Ã"ü<ü6ý6þ<û�Ã8þ�Ê þ���Ã
Ð�ß�à á Ã�� ü��LÃ"þ�

� É&� É'�LÃ"þ�

� ÿ�� þ��LÃ"þ�

� Ï����
Ä�ß�à á ��ü6þ ýZÿ�þ ýZÂ�þ È��
â ã"ä Ã8þ�É Ã8þ�Ã �+ý�Ê Â �!ö
æ çMè%é ÿ!Ê þ�Ã ÿ!Ê þ�Ã ÿ!Ê2Ã�� Ä
ê ë ��Ê û�Ã ��Ê���ÿ Â!Ê2Ã"û
î�ß»ï Ã6Ê û ÿ!Ê É �
Û ã ß ä ä ß ç ü�Ã"þ Ã"þ<þ�� Ã8þ�Ã%� Ï��+Î
Ï)ã ß ä ä ß ç Ã�� ý��LÃ"þ�

� Ã�� ü��LÃ"þ�

� Ã�� ü��LÃ"þ�

� Å+Ò%Õ6Ï�Î
Ó%ã ß ä ä ß ç þ�Ê É þ�Ê É þ�Ê É Ï)Ï
Ç2ã ß¢ô
ß çMé@ë�çMõ è ô ü���� ÿ(� ! Â�� û��)� Ü
Ï

*,+.-	/10�24353)0�6%/5/10�798�7;:4:�7;/,<>=�3>?�@17BA'CEDF35=�GH/17I@J3K<52�/1L
0�6%M�6�GN6%M�O.=�P�2�3,A�6QDF2�-�=%-"/5RTSVUJWYX[Z]\%^Q^
_"`baIc
d /10�7�3)7e8�7�:�:�7;/1358�7�-�7I/)@
=�/17ef�7;g"6%-�AF/10�7e8�:h=�3)Di=jL�7;-(/17I@Bk�8�7�-�7;/)@
=�/12�6%-�<>=�3lA�7;/17;@1DF2�-�7BAif"gi7�-�A 6%G
/10�7lWlm�3)2�nQ-�=%:TXo/10�2�352435f�7;g�6Q-�Ai/10�7l@17�=%L
0�6%Gp/10�79-�7;<qA�2h=�nQ-�6Q3K/12�L aIc
r /10�2�3><>=%3JA�7I/17;@1DF2�-�7BA f(g s�3)24-�nt/10�7e7�-�A	6�Gp/10�7eWlm'3)2�n%-�=%:uk�=�L�L�6�@
A�2�-�nF/16v/10�7e-�7;<w?�f�7I@l=x@)@
=�g
A�24=�nQ-�6%3K/12�Ly/10�798�7�-�7;/)@
=�/12�6Q-	Go6%@,/10�2�3>3)0�6%/5<>=�3J6%-�:�g�ZYzB{jL�D c
r
r 8�7;-�7;/)@
=x/1246%-�A�7;/17;@1DF2�-�7BAif"gis�3)2�-�nj/10�7e|>}58�@16�?�:�79DF7B=�3)s�@17BA f(g |5~	\Q^Q^E��3,=xGH/17;@5/10�7l7�-�Ai6%G
/10�79=%f�:4=x/1246%-�k�=%-�A :�6"6 _ 2�-�ni=�/5/10�79s�-�8�7;@)/1s�@1f�7BAi8�=x@)/,6%G�/10�7e8�@16%?�:�7 c
r
rIr 2�-�/10�2�3>3)0�6%/J\�{�^ _(` 6%GN=%A�A�2�/12�6Q-�=%:�A�6QDF2�-�=%-"/5L�7�-"/)@
=%:�RTSVUJWb<>=%3J=%8�8�:�2�7BA c



�V���B�I�H�y�������v�t�����Q�T�V���%���K�B�j���>�j�o�"�����(�
�H���i�V�B�h�������������"�[�B���.�u�"� ���

�)�V�1�� �¡�¢%£%¤�¥�¦J �¡,§�£%¡)¦B¨i©Qª �1��¦J«�¤�©Q¡)¦�¡K�J£%¬�¬�­1©Q£%«
��©%®��1��¦J¬�¦�¤�¤4¦I�>¯5��¦�ª	 4ª�°K¦�«I�1¦B¨�£x�5£%ª�£%ª�±%¤�¦9©%®p²�³Q´
µ ¡V«B£%ª	§�¦l¡)¦�¦�ª	 �ª�¶� �±�´�²�´�·�¸j�1��¦J¬�¦�¤�¤4¦I�>�)­
£x¢Q¦�¤�¦B¨	§�¦;¹�©Qª�¨t�1�� 4¡>¬�©% �ª(�Bº�»F©x¢( �ª�±y­
£Q¨� 4£�¤4¤�¹ ©Q¥��¼¯�£�­
¨
£%±Q£% �ª'¥�ª"�1 �¤�¤� ��J£�¤4»F©%¡K�,¤4¦I®H�5�1��¦e¬�¤h£�¡)»i£v£�±�£% �ª&´

½y¾%¿I¾tÀ;Á�¾ ÂI¾%ÃxÄ�Å&Æ�Ç�¿IÈ'É�¾%Ç�Ê�ÂEÇ(¿;¾vË	Ì&Ã�ÁÍÂ1À;¿IÄ�Å�Î�¾%¿lÀIÁ&Ç�ÅÍÏhÅ�ÀIÁ&¾�ÐjÁ�Ë�ÏHÃFÃ%Ç�ÂI¾'ÑuÀIÁ&¾ Â
¾%Å&ÂIÏ4Ò
ÀIÏHÓ�Ï4À1È�Ç(ÔHÄ�Å�Î�À;Á�¾iÈ�ÒKÂ;Ã�Ç�Ôh¾tÏoÂe¿;¾%Æ�Ì&Ã�¾%ÆÖÕ�È��(×�ØÙÃxÄ�Ë�É�Ç(¿;¾%Æ�ÀIÄÛÚVÏhÎ�Â�ÜJÝ&Ü Ý&Þ�Ý�Ü ��Ý�Ü�ß	Ç(Å�ÆÖÝ�Ü à�áBÜ
â)Å�ÀIÁ&ÏHÂJÃ�Ç�ÂI¾9ÀIÁ&¾EÂ
¾QÃxÄ�Å&Æ�Ç(¿;ÈiÉ�¾%Ç�Ê�Â5É�¾%¿;ÂIÏHÂ
À5ÔHÄ�Å�Î�¾�¿>À;Á&Ç(Å�À;Á�¾yÉ�¿;ÏhË'Ç�¿IÈiÄ�Å�¾%Â%Þ�Ç�Å&Æ'Ç(ÔoÂIÄjÀ;Á�¾�ÏH¿
ÔHÌ�Ë�ÏhÅ�Ä�Â
ÏhÀ1ÈÛÏoÂeÁ�ÏHÎ�Á�¾%¿%Ü

-0.2ã -0.1ã 0.0ä 0.1ä 0.2ä
r [m]å

0

500

1000

1500

2000

T
e [

eV
]

 (B),  (D) and (E)

(C)

lim
it

er
 r

ad
iu

s

lim
it

er
 r

ad
iu

s

(A)

-0.2æ -0.1æ 0.0ç 0.1ç 0.2ç
r [m]è

0

1

2

3

4

5

6

n e
 [

x1
0é 19  m

-3
]

(B)

(C) and (E)

(D)

lim
it

er
 r

ad
iu

s

lim
it

er
 r

ad
iu

s

(A)

ÚVÏhÎ�Ì�¿;¾'Ý&Ü ê�ë Å&ì�Ç�Å&Æîí9ì	É&¿IÄ�ï&Ôh¾QÂ9ð1Ì&Â
À	Õ�¾xñ�Ä�¿I¾'À;Á�¾ÛÉ�¾�ÔHÔh¾�À	ò9Ç�ÂFÏHÅ"ð1¾QÃBÀI¾QÆîÏHÅ�À;ÄÍÀIÁ&¾ÛÉ�ÔoÇ�ÂIË�Ç
ñ�Ä�¿ ¾%Ç�Ã�ÁóÄ�ñlÀ;Á�¾Ö�ôÆ�ÏoÂ;ÃxÌ&Â;Â
¾QÆîÃ�Ç�Â
¾QÂÛÑ[õvávÀIÄbÑ.öJáxÜTí9Á�¾ÛÉ&¿IÄ�ï&Ôh¾QÂFÔoÇ(Õ�¾�ÔH¾%Æ÷Ñ[øeávÀ;ÄbÑ[ölátÁ&Ç�Ó�¾
Õ�¾�¾�ÅôË�¾%Ç�Â
Ì&¿I¾QÆÛÕ�ÈÖí9Á�Ä�Ë'Â
Ä�ÅÖÂ;Ã�Ç"ÀIÀI¾%¿IÏHÅ�ÎÍÑ�Å�Ä�ÀEÃxÄ�¿I¿;¾%ÃxÀI¾%ÆÛñ�Ä�¿9À;Á�¾ ù�Á&Ç(ñ�¿;Ç�Å�Ä"ÓÛÂ
Á&Ï4ñuÀBáBÜ5í9Á�¾
í ì É�¿IÄ�ï&ÔH¾EÔoÇ(Õ�¾�ÔH¾%ÆúÑ.õjájÑ[Æ�Ç�Â
Á�¾QÆ�ÔhÏHÅ�¾�á5ò9Ç�Â,Ë�¾QÇ�ÂIÌ�¿;¾%Æ�Õ�È À;Á�¾v¿;Ç�Æ�ÏhÄ�Ë�¾xÀI¾%¿%ÜVí9Á�¾EÅ ì É&¿IÄ�ï&Ôh¾
ÔoÇ(Õ�¾�ÔH¾%ÆûÑ.õjátÑ.Æ�Ç�ÂIÁ�¾%ÆÖÔHÏhÅ�¾�áJòlÇ�ÂJË�¾QÇ�ÂIÌ�¿I¾QÆ'Õ�È'ÀIÁ&¾vÏHÅ�ÀI¾%¿
ñ�¾%¿IÄ�Ë�¾�ÀI¾%¿%Ü�í9Á�¾tÉ�¿;Ä(ï&ÔH¾%ÂJñ�Ä�¿eÂIÁ�Ä(À
Ñ[Ú>á9Ç�¿I¾tÎ�ÏHÓ�¾%ÅÖÏHÅôÚTÏHÎ�Â%Ü>Ý&ÜHüQ�	Ç(Å�ÆÖÝ�ÜhüQê�Ü

õ]ñ�Ä�Ì&¿
À;Á'¾xý�Ç(Ë�É�ÔH¾iÑ[ÂIÁ�Ä(Àlþvá>ÂIÁ�Ä"òyÂ�À;Á�¾y¿;¾%ÂIÌ�ÔhÀ;Â�ñ�Ä�¿,ÇtÉ�¾%ÔhÔH¾xÀJÏhÅ"ð1¾QÃBÀ;¾%Æ'ÏHÅ'ÇFÔhÄ"ò]Æ�¾%Å&Â
ÏhÀ1È
É�ÔoÇ�ÂIË'ÇbÑ[ÂI¾�¾�ÚVÏhÎ�ÜVÝ�Ü�ß�áBÞ>òeÁ�ÏoÃ�Ábò9Ç�Â ÏhÅbÀIÁ�¾ôÂIÔhÏoÆ�¾xÒ)Ç�ò9Ç�Èÿ¿;¾�Î�ÏhË�¾�Üóí9Á�ÏoÂ�ÏHÂ�ÇûÔHÄ"òÙÆ�¾%Å&Â
ÏhÀ1È
É�ÔoÇ�ÂIË'ÇwÏHÅ òeÁ�ÏoÃ�Á ÇqÔHÇ�¿IÎ�¾úÅ�Ä�Å�Ò.À;Á�¾�¿;Ë'Ç(Ôv¾�ÔH¾%ÃBÀ;¿IÄ�Å É�Ä�É�Ì�ÔoÇ"À;ÏhÄ�Å ¾�ý�ÏoÂ
À;Â�ÀIÁ&Ç(ÀôÃ%Ç(¿;¿IÏH¾%ÂÛÀIÁ�¾
Ë'Ç"ð1Ä�¿IÏhÀ1È'Ä(ñVÀIÁ�¾FÉ&ÔHÇ�Â
Ë'Ç�ÃxÌ�¿;¿I¾%Å�À � üQ�����KÜ
½y¾%¿I¾�ÇûÃxÄ�Ë�É�ÔH¾xÀ;¾�ÔHÈîÆ�Ï���¾�¿;¾�Å�À	ÂIÏhÀIÌ&Ç(ÀIÏHÄ�ÅîÏoÂ	ÂI¾�¾%ÅNÜúí9Á�¾ÛÉ�¾�ÔHÔh¾�À�ÂI¾�¾%Ë�Â	Â
Ì&¿I¿;Ä�Ì�Å�Æ�¾%ÆóÕ�È

ÇîÓ�¾�¿;ÈqÔoÇ(¿;Î�¾ûÇ�Õ�ÔoÇ"ÀIÏHÄ�Å Ã�ÔhÄ�Ì&ÆpÞEÇ�Å&Æ÷Å�Ä Â
¾QÃxÄ�Å&Æ�Ç(¿;ÈbÉ�¾%Ç�Ê�ÂÛÄ�¿ôÂIÌ�Õ&Â
ÀI¿;Ì&ÃBÀ;Ì�¿I¾QÂ�Ç(À�Ç(ÔHÔjÇ�¿I¾
ÂI¾�¾�ÅîÏHÅóÀIÁ&¾�Â
ÏHÎ�Å�Ç(ÔoÂ�Üôí9Á�¾ÖÂIÏHÎ�Å&Ç�ÔHÂiÇ�¿I¾ÛÂ
ÀI¿;Ä�Å&Î�¾%Â
ÀiÇ(Å&ÆóÁ�Ç�Ó�¾�ÀIÁ&¾�ÔHÄ�Å�Î�¾%Â
À Æ�Ì�¿�Ç"ÀIÏHÄ�ÅóÅ�¾QÇ(¿
ÀIÁ&¾�Õ�Ä�Ì&Å&Æ�Ç(¿;ÈÍÄ(ñJÀIÁ�¾�É�ÔoÇ�ÂIË'ÇóÑ[Ã�Á&Ç�Å�Å�¾�Ô9ü���áBÜ�í9Á�¾'ÃxÔHÄ�Ì&ÆÿÓ"Ç(Å�ÏoÂIÁ�¾%Âvï&¿�Â
ÀvÄ�Å Ã�Á&Ç�Å�Å�¾%Ôlü�ü�Þ
ÀIÁ&¾�Å�Ä�ÅôÃ�Á&Ç(Å�Å&¾�Ô�üQ��Þ�ÀIÁ�¾%ÅÖÄ�Å�Ã�Á&Ç�Å�Å�¾%ÔVüQê�Þ�¾�À;Ã(Ü>í9Á�¾QÂ
¾tË�¾%Ç�Â
Ì&¿I¾%Ë�¾%Å�À;Â9Â
Ì&Î�Î�¾QÂ1ÀlÀIÁ�Ç"À9ÀIÁ�ÏoÂ
ÃxÄ�Ì�ÔoÆóÕ�¾ÛÏHÅ�ÀI¾%¿IÉ�¿;¾xÀ;¾%ÆîÇ�ÂiÇúÃxÄ�Å�ÀIÏHÅ�Ì&Ä�Ì&Â���Ä"ò Ä�ñ9ÀIÁ�¾�Ç(Õ�ÔoÇ"À�Ç(Å�ÀFñ�¿IÄ�Ë À;Á�¾ÛÉ�¾�ÔHÔh¾�À À;Ä"òlÇ�¿;Æ�Â
ÀIÁ&¾ÛÉ�ÔoÇ�ÂIË�ÇôÕ�Ä�Ì&Å&Æ�Ç(¿;È�Ü�í9Á�ÏoÂ	�&Ä"ò Ä�Å�ÔHÈû¾%Å&Æ�Â òeÁ�¾�ÅóÀ;Á�¾ÛÉ�¾�ÔHÔh¾�À	ÏoÂiÃxÄ�Ë�É&Ôh¾�ÀI¾�ÔHÈóÇ(Õ�ÔoÇ"À;¾%ÆpÞ
Ç(Å�Æ'ÀIÁ&¾�¿;¾xñ�Ä�¿;¾yÀ;Á�¾vÔhÏHÎ�Á�À9¾�Ë�ÏHÂ;ÂIÏhÄ�ÅÖÂ
ÀIÄ�É�Â5ï&¿�Â
À9Ç(ÀJÀ;Á�¾jË�Ä�¿I¾vÃx¾�Å�À;¿;Ç�Ô�Ã�Á�Ç(Å�Å�¾%ÔHÂ%Ü�õEÆ�Æ�ÏhÀIÏHÄ�Å�Ç(Ô
ÂIÌ�É�É�Ä�¿IÀ,ñ�Ä�¿,ÀIÁ�ÏoÂlÁ�È�É�Ä(À;Á�¾%ÂIÏoÂ5ÏoÂ5À;Á�¾Eñ[Ç�ÃBÀJÀIÁ&Ç(À,ÀIÁ&¾%ÂI¾EÔHÄ"ò Æ�¾�Å&ÂIÏhÀ1È�ÂIÁ�Ä�À;Â,ÂIÁ�Ä"ò÷ÇiÓ�¾�¿;È	É�Ä�Ä�¿
ñ�Ì�¾%ÔhÏHÅ�Îû¾�
ÛÃxÏH¾�Å&Ã�È]Ñ[Õ�¾�À1òJ¾%¾�Åbê�×úÇ(Å�Æb�(×óØ	áxÜÿÚ&Ä�¿�Â
Á�Ä�À�Ñ.þváiÀIÁ�¾�ñ�Ì�¾�ÔHÏHÅ�Îÿ¾�
ÛÃxÏH¾�Å&Ã�Èÿò9Ç�Â
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C�D9E5FHGJILKNM KNOQP0RHS6TVUHW�ILX6Y[ZJ\HI]U�I�W�W9I�ZQS_^HW�S6Z�D�X_`aUHGJX.bcI�d�d8S5d8X5^Nd7I&G�e5I&fg^�hiZJ\HILj�^�I&G7klS6GJGJS:hm d�\HX_Zon,p�Y X5GqSrU�I�W�W9I�ZqD�`3stI&bcZ�I&fuD9`uSvGJI�W1S3ZJD9e5I�W�hwbcX5W�fgUHW1S_d�TxS mzy TxdoS3Y?Z�I&Gqd�{|D�Z<b<\aX6}~X_YX6}�klS3R.D�d[P[����� K�@��?pcM��[\HI8f.D1S6TVX_`�fHd[D9`�f.D�b&S3ZJI�Z�\HI	I�R�U�I&bcZ�I�f�U�S_dJd�S_E_I,Z�D�TQI�d|X6Y�Z�\NI	U�I&W9W�IcZFNd�D9`NELZ�\NIoTVI&S5d7FNG�I�frU�I&W9W�IcZ	e5I�W�X�b�D�ZthvS6`�frZ�D�TVD9`NE�D�`�ZJ\HIoD�`3stI�b�Z�X5G&M	�[\HIQe_I&G7ZJD�b&S6W(fHS_d�\HI�fW�D9`HI�d|D�`Nf.D1b�S3ZJI�Z�\HI8TVX5TQI&`�ZJd�Z�\�S3Z|Z�\NI8U�I&W9W�IcZ�U�S_dJd7I�d�Z�\HI	W�D9TVD9Z�I&G�GJS5f.D�FNd|S6`Nf�ZJ\HI	UHW1S_d�TVSbcI&`�Z�I�G m D�Y(D�Z|{�X_FHW1f�U�I&`HIcZJGJS6Z�I�Z�\NS6Z[Y=S6G�p�M0�[\HI�Z�X5U]ZJGJS5bcI�D�d�ZJ\HI�{|D�f.I	S_`HE_W�I	�,��TVX_`HD9Z�X5G&Mn�bcW�I&S_G[U�I�S6�]D1d|d�I�I�`vS3Z|ZJ\HI	UNS5d�dJS6E5I,X_Y;Z�\NI	U�I&W9W�IcZ�S6Z�I&S_b<\vb<\NS_`H`HI�WzM

A5@a�]�|f.IcZJI�GJTVD9`HI�f�^�h~Z�\HIrD�`�Z�I&G7Y I&G�X5TQI�Z�I&G]@gTVd]S3Y?Z�I&GLS6^HW1S3ZJD9X5`�M�CNX_Gx\HD�E_\HI&G]f.I&`Nd7D9Zth� \HTVD1b,UNW�S5d7TxS_d�ZJ\HI�Y FHI&W9D�`HExIc�Lb�D9I&`NbchLD1d|FNd�FNS_W9W�h]bcW�X5d�I,Z�Xr�&�5�V�]MC�D9`NS_W9W�hiS_`wI�R.S_TVUHW9IQD1d�E_D�e_I�` m d�\HX6Z8P�p�D�`g{|\HD�b<\wZ�\NIoj�^�I&G8S6GJGJS:h�{�S5d�G�X_ZJS3ZJI&fiX3e_I�G� �xfHI�E_GJI�I�d�M[��X3{�Z�\NI8Z�X5G�X5D�fNS6W�IcR�ZJI�`Nd�D9X5`rX6Y(Z�\NIqbcW�X_FNfrb&S6`r^�I	Y X_W�W�X3{�I�f�D�`vZ�D�TVIoS6Z�X_`HIG<S_f.D1S6W[U�X5d�D�ZJD9X5` m d�I�IrC�D�ENM0KNM �5pcM��)ZLb&S6` bcW�I&S6GJW�ha^�Ird�I�I�`�Z�\�S3ZVZ�\HIrUNG�D�TxS6GJhaUHFHW1d7IrS6`�fZ�\NIqd7I�bcX5`NfHS6GJhLUHFNW�d�I&d|\�S:e_I8Sxf.D9}�I&G�I&`�Z�Z�X5G�X5D�fHS_W�IcR�Z�I&`Nd�D9X5`vS_`NfvU�X5d�D�ZJD9X5`�M�n�W�d�XxZ�\NI8W�S5dtZ
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r19980417.019

206.55¹ 206.60¹ 206.65¹ 206.70¹ 206.75¹
time [ms]
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º�»9¼5½H¾J¿L¸NÀÁ·.ÂQÃ0ÄHÅ6ÆVÇHÈ�¿LÉ6Ê[ËJÌH¿]Ç�¿�È�È9¿�ËQÅ_ÍHÈ�Å6Ë�»�É_ÎaÇH¾JÉ.Ïc¿�Ð�Ð8Å5Ð8É5ÍNÐ7¿&¾�Ñ5¿&ÒgÍ�ÓiËJÌH¿LÔ�Í�¿&¾7ÕlÅ6¾J¾JÅ:ÓÖ Ð�ÌHÉ_Ëx×|ØoÊ É5¾LÅ6Î�Ù,ÌHÆV»�Ï�ÇHÈ1Å_Ð�ÆxÅHÚ�ÇHÈ�É6Ë7ËJ¿&Ò�»�Î�ËJÌH¿�ÐJÅ6ÆV¿vÛ�Å:ÓuÅ5ÐV»9ÎÜº�»9¼�À�¸NÀ ¸NÀÜ×�¿&Ð�»1Ò.¿&ÐÆq½�Ï<ÌuÍH¾JÉ5Å_ÒH¿�¾8Ç�¿&Å_Ý�ÐQÅ3ËVÅ6È�È�Ï<ÌNÅ_ÎHÎH¿&È�ÐQÅ3Ê?ËJ¿�¾QÇNÅ_ÐJÐ�Å_¼_¿xÉ_Ê|Ë�ÌH¿�Ç�¿&È9È�¿cËxÅ6È1Ð7ÉwÅiÐ�¿&Þ�½H¿�Î�Ïc¿LÉ_ÊÇ�¿&Å6Ý.Ð�Ï&Å6ÎrÍ�¿8¾J¿&ÏcÉ5¼_ÎH»�ß�¿�Ò]Û|ÌN»�Ï<Ì�Å_¾�¿8Ï�É_¾J¾�¿&È�Å6Ë�¿&Ò�É_Î�Ð�¿�Ç�Å6¾<Å3Ë�¿8Ï<Ì�Å6ÎHÎH¿&È�Ð&À[à�Îr¿cÄHÅ_ÆQÇNÈ9¿	É_ÊË�ÌN»�Ðq»�Ð	ÌN»9¼5ÌHÈ9»�¼_Ì�ËJ¿&ÒgÍ�Ó�Ë�ÌN¿LÇNÅ6¾<Å6È�È�¿�È�É_¼_¾<Å6ÆvÀLá[ÌH»1Ð8Ð�¿&Þ�½H¿&ÎNÏc¿xÉ_Ê|Ï�É_¾J¾�¿&È�Å6Ë�¿�ÒiÇ�¿&Å_Ý�ÐqÐ7ÌHÉ3Û�ÐË�ÌN¿]ÇH¾J¿&Ð�¿�ÎNÏ�¿LÉ6Ê�ÅrÈ�»�¼_Ì�ËQÐ�É_½H¾<Ïc¿xÛ|ÌN»�Ï<ÌuÆVÉ3Ñ5¿&Ð�Ê=Å5ÐtËJ¿�¾8ËJÌNÅ6ÎuË�ÌH¿�Ç�¿&È9È�¿cËVÅ6ÎNÒa»�ÎuÉ5ÇHÇ�É�Ð7»9Ë�¿Ò.»�¾�¿�Ï�ËJ»9É5Î�À
Ê ¿�Û�Ð�¿&Ï�É_ÎNÒHÅ_¾�Ó]ÇH½HÈ1Ð7¿�Ð�Å6¾J¿8Ð�ÌH»�Ê?ËJ¿&Òr»�ÎvË�É5¾�É5»�ÒNÅ6È;Ò.»�¾J¿&Ï�ËJ»9É5Î�Ú�Ï�É_ÆVÇNÅ_¾�¿�Ò]ËJÉxË�ÌN¿	ÔN¾<ÐtË�É5ÎH¿_Ú�»9ÎË�ÌN¿8Ò.»9¾J¿&ÏcË�»�É_ÎvÉ6Ê�Ë�ÌN¿�Ë�É_¾JÉ_»1ÒHÅ_È�ÇHÈ�Å5Ð7ÆxÅQ¾JÉ6ËJÅ6Ë�»�É_Î Ö ËJÌH»�Ð�»�Ð�ÏcÉ_ÎHÔN¾�ÆV¿�Ò�Í�ÓLÇNÌHÉ6ËJÉ_¼_¾<Å6ÇNÌNÐ�ÚHÐ�¿�¿â ¿�Ï�Ë�»�É_ÎvãHÀåä�ÚHº�»�¼NÀ�ãNÀÁäqÉ_Î�ÇNÅ_¼_¿Væ&ç5è5Ø�Àá;ÉLÐ�ÌHÉ3Û�Ë�ÌH»1Ð|ÆVÉ_¾J¿	ÏcÈ�¿&Å6¾JÈ�Ó�ä8Ë�»�ÆQ¿	Û|»�ÎNÒ.É3Û�Ð�ÌNÅ:Ñ_¿�Í�¿&¿�ÎrÒ.¿�ÔNÎH¿&Ò Ö Ð7¿&¿	º#»�¼NÀé¸NÀ ê5Ø�À�ºNÉ_¾¿&Å5Ï<ÌqÏ<ÌNÅ_ÎHÎH¿�È�ËJÌH¿[ÆVÅ6Ä.»9Æo½HÆëÐ�»9¼5ÎNÅ6È�Ñ3Å6È�½H¿�Û[Å_Ð(Ò.¿�Ë�¿&¾�ÆV»�ÎH¿&Òo»9Îo¿&Å5Ï<ÌqÉ6ÊNË�ÌH¿�Ë�»�ÆV¿[Û|»9ÎNÒHÉ3Û�Ð�Àá[ÌH¿�Ð7¿�ÆVÅ6Ä.»9ÆxÅ|ÌNÅ:Ñ5¿�Í�¿�¿�ÎoÇHÈ�É6Ë7ËJ¿&Ò8Ê É_¾;¿�Å_Ï<Ì8É_Ê.Ë�ÌH¿[Ï<ÌHÉ�Ð7¿&Î�Ë�»�ÆQ¿�Ð#Å5Ð#Å�Ê ½HÎNÏcË�»�É_ÎqÉ_ÊNÏ<ÌNÅ6ÎNÎH¿�È
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r19980721.047

257.00 257.05 257.10 257.15 257.20 257.25
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Ã6Ä8Å�Æ�Ç!Æ<È>É8Ê@Å1Ë�ÌDÍ@ÅFÎ�Ï6Ä>Ð�Ñ�ÒKÅ�ÓNÔPÕ'ÖNÇRÐT×VØ8Í+Æ�Ç!ØP×WÑ6Å�Ì	ÌDÅ�ÒXÑ�Å.Ø8ÅTÒYÓ�ÐPÒ#ÇZÍTØ ÙlÙ

-0.2Ú -0.1Ú 0.0Û 0.1Û 0.2Û
minor radius r [m]Ü

0

200

400

600

800

1000

1200

el
ec

tr
on

 t
em

pe
ra

tu
re

 T

Ý

e [
eV

]

pl
as

m
a 

ce
nt

er

lim
it

er
 r

ad
iu

s

lim
it

er
 r

ad
iu

s

shot: r19980610.031Þ

ß6à	áVâ2ãhä�å>æ	ç�èPé�ê'ë2ì+í�î2ï!ä£ð+ñ�ò�ó�ð®ô�õ�î2ãhð+ö�ï!ä�÷�ìV÷�ðlø�÷�ä*ãhùläFú�ø@û®ò�ü�ä¢ô�ü2ðlí�÷�ðlýÂ÷�þ�ìTò�òhä*ãhà	ý�á
úPàRì+áVý2ðV÷�ò�àRþ�ÿY÷�ü2ð+ò�ß���æ'ô�ü2ä�ý2õ�î2ãhð+ö>ï	äF÷�ñDðlã�ò�ü2àR÷�÷�ü2ðlò�ì+ãhä�÷�ü2ðTó�ý®à!ý&ß6à	á>æ¢å�æ!ç���æ���ý®ò�ü2àR÷
þ*ìV÷�äNìWî8ä*ï!ï	ä*ò�ó�ìl÷�à	ý���äFþ�òhä�ú�ð	��ì+ëPà!÷NÿYì+ý�álï!ä�
Nå
���Vó�ü�à!þ.ü�í�äFì+ý�÷�ò�ü�ì+ò�òhü2ä1þ*ï	ð�÷�äF÷�ò�ì+î2î2ãhðVìVþ.ü
ð+ñ�ò�ü2ä�î8ä*ï!ï	ä*ò1òhð£ò�ü2ä�þ-ä�ý�ò�ä*ã�ó�ìl÷��+Ù�í�í��-æ�ô�ü2ä�ø�ìlãh÷1ìTò�òhü2ä�ø>ðlò�ò�ðVíÁð+ñ�ò�ü2ä�î2ï!ð+òWì+á�ì+à!ý
à!ý�úPàRþ*ìTòhä�òhü2ä£ìVþ�òhâ�ì+ï�î>ä�ï	ï!ä-ò�î8ðV÷�à�òhà	ðVý&ìTò�ò�ü2ä�ò�à!í�ä�ðlñ�ò�ü2ä£í�ä�ìl÷�â2ãhä*í�ä*ý�òFæ¡ô�ü2ä�ö�ãh÷�ò�ô��
î2ãhð+ö�ï!äWÿZòhü2ä<òhã�àRì+ý�álâ2ïRì+ã�ðVý2ä��'ó�ìV÷�òhì	�lä*ý���â>÷�ò�ø>ä*ñDðlãhä�ò�ü2äNî>ä�ï	ï!ä-ò�ä*ý�ò�ä�ã�äFú�ò�ü2ä<î�ï!ìV÷�í�ì2æ�ô�ü2ä
÷�ä�þ-ðVý�ú¢ô��¢î2ã�ðlö�ï!ä�ó�ìl÷�òhì��Vä*ý¢ó�ü�ä*ý¢òhü2ä�î>ä�ï	ï!ä-ò�ãhä�ìlþ.ü�ä�ú�òhü2ä�î8ðV÷�à	ò�à!ðlý¢à!ý�úPàRþ*ì+ò�ä�ú©ø@û�ò�ü2ä
ø�ìlã6ðVý�òhü2ä�ø8ð+ò�òhðlí ð+ñ�òhü2ä�î2ï!ð+òFæ6ô�ü2ä�òhä*í�î>ä�ãhì+ò�â2ãhä�î>ä�ã�òhâ2ãhø�ìTòhà	ðVý�þ*ï	äFì+ãhï	û�ä*ë�òhä*ý�ú�÷'÷�ä�ùlä*ã.ì+ï
þ-í³à	ý£ñDãhðlý�ò<ð+ñ�ò�ü2äWìVþ�ò�â>ì+ï�î8ä*ï!ï	ä*ò<î>ð�÷�à	ò�à!ðlý��2ñDðlã�î8ðV÷�à�òhà	ùVä1ã.ìlú2à	à/æ

ñDðlãhí�à	ý�á�òhü2à!÷�ü�à	áVü�ý õ ãhä*áVà	ðVýnæ'ô�ü2àR÷�ã�äF÷�â2ï	òh÷�à!ý£ú2à���ä*ãhä*ý�ò�î>ðVï	ðVà!ú�ì+ï�ì+ý2áVï	äF÷�÷�à!ý�þ-ä1òhü2ä�î>ä�ï	ï!ä-ò
ó�ìl÷�à	ý���ä�þ�òhä�ú�ð	����ìTëPàR÷*æ

ô�ì	�@à	ý2á�ò�ü2ä�äF÷�òhà	í�ìTòhä�ú���
�çVæ ����ì�î>ðVï	ðVà!ú�ì+ï�úPà!÷�î2ïRìlþ*ä*í�ä*ý�ò�ð+ñnòhü2äNü�à	áVü�úPä�ý�÷�à	ò�û�í�ì�û�ø>ä
ä-ëPî8ä�þ-ò�ä�ú�ð+ñnå �
�<à!ý�òhü2ä1þ*ðlâ2ý�òhä*ã!�Kþ*â2ã�ãhä*ý�ò�úPà!ãhä�þ�òhà	ðVý�ì+ý>ú�ð+ñ�è	�	� �<à	ý�ò�ü2ä�þ-â2ãhãhä*ý�ò}úPà!ã�äFþ�òhà	ðVý
úPâ2ä�òhð�ò�ü2ä�ü2ä�ï	àRþ-à	ò�û�ðlñXòhü2ä�ö�ä*ïRú£ï	à!ý2äF÷*æ

ß2ðVã�ò�ü2ä�í�ðTùlä�í�ä*ý�ò1à!ý¬ò�ü2ä�þ*â2ã�ãhä*ý�òWúPà!ã�äFþ�òhà	ðVý©òhü2à!÷�àR÷�÷�â�"�þ-à!ä*ý�ò�ò�ð�ä-ëPî2ïRì+à!ý¬ó�ü�û¢ò�ü2ä
ü2à!álü�úPä*ý>÷�à	ò�ûWàR÷�ðlø�÷�ä*ãhùläFúWø@û�ò�ü�ä�ô�ü�ðlí�÷�ðVý�÷hþ*ì+ò�òhä*ãhà	ý2á�úPàRì+áVý2ðV÷�ò�àRþ�à!ý�ò�ü2àR÷�î2ãhð���äFþ�ò�à!ðlý�ÿY÷�ä*ä
ß6à	á>æ�å�æ!ç��	�-æ�#<ð+òhä�ò�ü�ì+ò�ò�ü2ä�ã.ìlú2à!ìlï�þ*ð@ðlã.úPà	ý>ìTò�ä�ü�ìV÷�ý2ð+ò�ûVä-ò<ø8ä*ä*ý£ò.ì��lä�ý�à!ý�ò�ð�ìlþ�þ-ðVâ2ý�ò�æ

ß2ðVã}òhü2ä�þ-ðlâ�ýVòhä*ã!�Kþ*â2ãhã�ä�ýVò�úPà	ãhä�þ-ò�à!ðlý�ì�ñDâ2ã�ò�ü2ä�ã�î>ðVï	ðVà!ú2ìlï>í�ðTùVä*í�ä*ý�ò}ðlñ�ç���æ%$Wþ-íÁÿ�ç�Ù	�
�&�
àR÷Ný�ä*ä�ú2ä�ú¡ø>ä*ñDðlãhä�òhü2ä�úPä*ý>÷�à	ò�û�à!÷�à!ý§÷�à!álü�ò�ð+ñ�òhü2ä�úPàRì+álý�ðV÷�ò�àRþ+æ�ô�ü2àR÷1à!÷1òhü2ä�þ*ìV÷�ä�ø>äFþ*ìlâ�÷�ä
ðlý�ï	û�òhü2ä�ò�ðVî��Kü�ì+ï	ñ�ðlñ�òhü2äWô���ý2õ<î2ãhð+ö�ï!ä�÷�ü�ðTó<÷�òhü2äWúPä�ý�÷�à	ò�û�à!ý�þ*ã�äFìl÷�älæ�Kò�ü�ìl÷�òhð¬ø8ä�î8ðlï!ðlàRú2ì+ï�ì+ý>ú&ý2ðlò�ùlä*ã�ò�àRþ*ìlï'�}ø>äFþ*ìlâ�÷�ä£òhü2ä�î2ï!ìV÷�í�ì¬þ-ä�ýVòhä*ã�àR÷�÷�òhà	ï!ï�ü2ðlò�æ
ô�ü2àR÷'ó�ðlâ2ïRú�í�äFì+ý�ì+ý�ìVú2úPà	ò�à!ðlý�ìlï2î>ðVï	ðVà!ú�ì+ï2ùVä*ï!ð@þ*à�ò�û�ð+ñ'ç�()�@í+*T÷'ó�ü2àRþ.ü�÷�ä�ä*í�÷'â2ý�ã�äFì+ï!à!÷�ò�àRþ��
þ-ðVí�î�ì+ãhä�ú�ò�ð�ò�ü�ä�ò�û�î�à!þ�ì+ï!ï	û�ðVø�÷�ä*ãhùlä�ú�î>ðVï	ðVà!ú�ì+ï�ãhð+òhì+ò�à!ðlý�ð+ñ�ç)�@í+*T÷�ÿ#÷�ä�ä-,}ü�ì+îPòhä*ã<Ù
��æ

ô�ü2ä�ã�ä�ï	äFìl÷�ä�ú�í�ìTò�ò�ä�ã��Pó�ü2àRþ.ü�òhãhì�ùVä*ï!ä�ú.� �	�
��òhðlãhðlàRú2ì+ï!ï	û�à!ý�òhü2äNî�ï!ìV÷�í�ì�þ-â2ãhã�ä�ý�ò�úPà!ã�äFþ/�
ò�à!ðlý0�>àR÷�ï!ðPþ*ì+ò�ä�ú©ìTò1ì�ãhìVúPà	â>÷�ðlñ�Ù	��í�í�æNô�ü2àR÷Nà!÷Nà	ý¡þ-ðlý�òhãhìVúPà!þ-ò�à!ðlý�ó�à	ò�ü©ò�ü2ä�ô���î2ãhð+ö�ï!ä	�



13254/6!786�9�:5;<4)=�>@?<4�ACB32�D�EGFH4/IKJ�L�MK7ND�O P5?�6Q78P�ORE34/>S>@4�F0EG4TP54�FUI/D�F'7V?�P W
X

-0.2Y -0.1Y 0.0Z 0.1Z 0.2Z
minor radius r [m][

0

2

4

6

8

el
ec

tr
on

 d
en

si
ty

 n\
e [

x1
019

 m
-3

]

pl
as

m
a 

ce
nt

er

lim
it

er
 r

ad
iu

s

lim
it

er
 r

ad
iu

s

shot: r19980610.031]

^3_S` a�bdcfehg8i�j�kmlon�cfprqts�u�vKwhb!s	xhySc�z�{	z�s	|hz!c&bd}	c�~�|<�+p!n�c�lon�s	��z!s	u�z!��{�p!p!c&bd_8u�`.~�_N{�`	uhs zQp!_N�� z!n�s	p�^��)�@s	bfpdn�c+zd{���c+z!n�s�p-{ zf_8u�^C_8`hg�e�gSi���g���y8z!s�p!nhc�~�c�uhzQ_Spr��w5c&b!p!ahb!|h{�p!_8s	u��&ySc�{�bdyS�c��<pdc&uh~�z!c&}	c�bd{	y5�&��_8u��@b!s u p�s	�Cpdn�cR{	��p!ah{	y�w�c�ySy8c�p�w5s z!_�pd_Ss u����@s b�w�s
zQ_Sp!_8}	c�bT{	~�_8_'g

s	u�q�n�_N�Tn�_�p�_Nz�zQc�c&u�p!s�c&�
pdc&uh~�a�w�pds�b����	�-����glon�_Nz���{�u�|�c�c���w�yN{�_8u�c�~�_S��p!n�c�bdc&y8c�{ zQc�~���{�pQpdc&b�qts	a�yN~�zQpd{	bQp�~�b!_S�Vp!_8u�`�p!s�qo{�bT~�zRp!n�c�0^���q�n�c�u�_�pt_8z�ySs���{�p!c�~�{�p�pdn�c�_8u<|�s
{�bT~�z!_N~�c�s���pdn�c�w�yN{	z!��{f��c&u
pdc&b�gC Hptqms a�y8~�pdnh{�u.��s�} cbT{	~�_N{�y8yS��_8u<qt{	bd~+q�n�_N�Tn�c&��w�y8{	_Su�ztp!n�cfs |hzQc�b!} c�~+w�b!s	xhy8c�z�glon�c¡{�|hy8{�pd{�u
p���{���c&} c&u�z!qtc&c&w�p!nhb!s a�`	n�p!n�c�w�yN{	z!��{¢��c&u
pdc&b���q�n�_N�Tn�qts	ahy8~£�&{	ahzQc��s<s yS_8u�`�s���pdn�c�w�yN{	z!��{¤�&c&u
p!c�b�q�_�pdn�s	a�p��@ahc&y8_Su�`��m|5c���{�ahz!c�p!n�c���{�p!p!c�b�w�b!s |h{�|hyS��~�bd_S�Vpdz{�qo{����@bds	��p!n�cR�&c&u
p!c�b�{�`
{�_8u+_8u�pdn�cfs	a�p!c&b�n�{�yS�3s	�0p!nhcfw�y8{ zQ��{hglon�_Nz)�&s	a�yN~¡|5c�p!n�c�c���w�yN{�uh{�p!_8s	u��@s b�pdn�c�w�a�¥&¥�yS_8u�`�w�bdc�¦§��s<s	y8_Suh`.w�n�c�u�s	��c&uhs	u � q�n�_8�Tnqo{	z�~�c�zd��bd_S|5c�~�_8u���c��/pd_Ss u+j�g%�	��g�¨�c&bdcK{-w�a�bdcKl v w5c&b!p!a�bd|h{�pd_Ss u+z!c&c&��z�p!s-p!bT{�}	c&y5{�n�c�{	~�s	�p!nhcRw�c�ySy8c�p�gm H�r��n�s�qtc&}	c�b��
pdn�c&bdc-{�yNz!s�_Nz�{�~�c�uhz!_�pr��w�c�bQpda�b!|�{�p!_8s	u�pdnh{�p�_Nz�u�s	p��	c&p�~�c�pdc���p!c�~|<��p!n�c�~�_N{�` u�s zQp!_N�&z��
p!n�_Nztqms a�y8~+c���w�yN{�_8u.pdn�c�c�©�c��/p���q�_�pdn�s	a�pmpdn�c�u�c&c�~+s	���U{	zQpo�&b!s
z!zQ¦ªxhc&yN~n�c�{�pop!bT{�uhz!w5s	b!p�g«¬n<�-pdn�_8z�s	u�y8��zQc�c&��zGp!s-s<����a�b�q�n�c&u�pdn�c�w5c&y8ySc&pm_Nz�{�ptzQs ��c���_8u�_8�-a��­~�_NzrpT{�uh�&c��@bds	�p!nhcKw�yN{	z!��{-�&c&u
p!c�b � w�s
z!z!_S|hyS��pdn�c)®���i)zQa�b!�U{	�&c	�
|�c��&{	ahzQc�p!n�c�b!cKp!nhcKbdc&w5s	b!p!c�~�w�bdc�¦§��s<s	y8_Suh`w�n�c�u�s	��c�u�s	u�zrpT{�b!pdzT�m_8z�uhs�p���y8c�{	b��	c�p�g
¯�°T± ²�³G´�µ�¶)³Gµ&·�¸�¹
��uhs�p!nhc&bozrpd_Sy8y�a�u�c���w�yN{�_8u�c�~��@c�{�p!a�bdc�s	�0w5c&y8ySc&pt_8u�ºrc���p!_8s	u�{�bdc�p!nhc)zQp!bd_8{�p!_8s	uhz��<{-��s�~�a�yN{�pd_Ss uq�n�_N�Tn�_Nz�a�zQah{	ySy8��s	|�zQc�b!} c�~¢_8u�p!nhc�¨)»�z!_S` uh{�yNz�g¢��u�c&��{	��w�ySc��@s	b�¼Gl�½¾qo{	z�zQnhs�q�u�_Su



¿3À5Á/Â!Ã8Â�Ä�Å5Æ<Á)Ç�È@É<Á�ÊCË3À�Ì�ÍGÎHÁ/ÏKÐ�Ñ�ÒKÃNÌ�Ó Ô5É�ÂQÃ8Ô�ÓRÍ3Á/ÈSÈ@Á�Î0ÍGÁTÔ5Á�ÎUÏ/Ì�Î'ÃVÉ�Ô Õ	Ö

0
×

2πØ R
Toroidal coordinateÙ

0

2πr

P
o

lo
id

al
 c

o
o

rd
in

at
e

Ú

HFS

HFS

LFS

Top
Û

Bottom

Ipl
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ëKë!èhê�ë)àdá�ê çTè�á�ò�ë!è�áë!î à!î Ý8ôhê�ö	÷5î ò!ÝSë!Ý8î	óRî	ï�ë!è�átø�æRô�ÝNê�Þ ó�î òQë!ÝNç�÷�àdî�ùrá�ç/ë!á�ô�î	ófëdèhê�ë3ðhß�ñRò!ß�à!ïUê	ç�á)ú@ó�î	ë!á�ë!èhê�ë3ÝSëCé�ê�ûèhê�ì á�ô�àdÝ�ïVëdá�ô¤ÝSó¤àdê ô�ÝNê�öGô�ÝSàdá�ç�ë!Ý8î	ó�ü�ò!î�÷�á�à!÷5á&óhô�Ý8ç&ß�ö8ê	à)ë!î�ë!è�ÝNò�ì<ÝSá�í�ý/ã-øoè�á�ç�Ý8àTç�ö8á�ò�ô�á&óhî�ë!áë!èhá-÷5î ò!Ý�ëdÝSî ó�î	ó¡í�è�ÝNçTè�ëdè�á�ê	õ�ö8ê�ë!á�ô�é�ê�ëQëdá&à)Ý8ò�à!á�öSá�ê	ò!á�ô�ã�øoè�á�ì	á�àQëdÝ8ç�ê�ö0ö8Ý8ó�á�òKô�á&ó�î	ë!á-ë!è�áë!î à!î Ý8ôhê�ö0÷5î ò!ÝSë!Ý8î	ó�î	ï�ë!è�á�÷5á&ö8öSá&ë)Ý8ó�ùrá�ç/ë!î àfê�óhô�ëdè�á�ø�æ¡ô�ÝNê�Þ ó�î òQë!ÝNç�ãføoè�á�è�î	àdÝSþ�î	ó
ëdê	ö0ö8ÝSóhá�òÝ8óhô�ÝNç&ê�ëdá.ëdè�á.ëdî	÷�ê	óhô�õ5î�ëQëdî	éÿî�ï�ëdè�á�÷�ö8ê òQé�êhã�øoè�á�ô�Ý8ê	é�î óhô�ò�î	ó¢ëdè�á�ò!á�ö8Ý8ó�á�ò�ô�á&óhî�ë!áë!èhá�÷5î ò!Ý�ëdÝSî óhò�é�á�ê òQßhà!á�ô�õ
û�ëdè�áKø�æ�ô�Ý8ê	Þ	ó�î
òrëdÝ8ç	ã��tá�ç�ê�ßhò!á�î	ï5ëdè�á�ô�Ý���á&àdá&ó
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ëoô�ÝSàdá�ç�ë!Ý8î	ó�ç&ê	ó+á�ñ�÷�öNê�Ý8ó+í�è<û+êöNê�àdÞ	á�ô�á&óhò!ÝSërû.Ý8ò�î	õhò!á&àdì	á�ô.î	óhöSû.î ó+ëdè�á�ë!î ÷��Hèhê�öSï3î	ï0ëdè�áfó���÷hà!î
	höSá�Ý8ó�Ü3Ý8Þhã�â�ãSä���ã

Ü3ÝSÞ�ã�
�ã��<ü�ítá&àdá�ëdè�á&û�ê�àdáfç�ö8á�ê�àdö8û�ì
ÝNò!ÝSõ�ö8áfõ5á�ërítá&á&ó���ê�ó�ô�ä���ç&é�ã�øoè�Ý8ò�é�î�ô�ßhö8ê�ë!Ý8î	ó�èhê	ò�êërû<÷�ÝNç&ê�ö�ï@àdá��
ß�á�óhç�û+î�ïoä��
������þ ãøoímîKõhê	ò!ÝNç�ÝNô�á�ê ò0è�ê�ì	á�õ5á&á�ó�ô�á�ì	á�öSî ÷�á�ô�ë!î)á�ñ�÷�öNê�Ý8ófë!èhÝ8ò3÷�è�á�ó�î	é�á�ó�î	ó�ã��Kó�á ü�÷hà!î ÷�î
òQá�ôõ<û���á&ßhèhê�ßhò!á&à��Sä���ä! ªü�ê ò!ò!ß�é�á�ò�ë!èhê�ëKëdè�á�÷�á�öSö8á�ë�÷�á�à!Ý8î�ô�ÝNç&ê�ö8ö8û�öSá�ê�ì	á�ò�ë!è�á�ò!è�ÝSá�ö8ô�ÝSó�Þ�ç�ö8î	ß�ôúUò!á&á�æ<á�ç�ë!Ý8î	ó"�hã 
 ý/ã¡Ü�î à$#Gø&% ëdè�Ý8ò-ímî ß�öNô�Þ	Ý8ì	á.ê�ërû<÷�ÝNç&ê	ömç&öSî ßhô¢àdê ô�Ý8ßhòRî	ï'
�ã �(�)��ã ��é�é�üç&ê	ö8ç&ß�öNê�ë!á�ôfï@àdî	é òQë!àdÝNê�ë!Ý8î	ó�òGÝSó�ë!è�á�î õhò!á&àdì	á�ô��'*�ò!ÝSÞ óhê�öNò,+�ã3øoèhÝ8òGÝNòGó�î�ë�Ý8ó�ê�Þ	àdá&á�é�á&ó
ë3í�ÝSë!èë!èháfé�á�ê	ò!ß�àdá�ô+ç&öSî ßhô�òQÝ8þ&á�î	ï�- ä�
�é�é úUò!á&áRæ<á�ç/ëdÝSî ó�â�ã �hã â<ý/ã
. ò!á�ç�î óhô�é�á�çTèhê	ó�ÝNòQé Ý8ò�÷�à!î ÷�î
òQá�ô+õ<û . óhô�á&ö�	hó�Þ	á�à$�Sä! 3ê	óhô�ï@ß�à!ë!è�á�à�Ý8ó
ì á�òQë!Ý8Þ ê�ë!á�ô�õ<û

%�/á&Þ	î ß�àdÝ!/á�ê	óhô10Kß�õ�î Ý8ò2�Sä	ä��� ªãGøoè�ÝNò0ÝNô�á�êKê ò!ò!ß�é�á�ò�ë!èhê�ë3ö8á�òdò3á&ó�á�à!Þ ûKÝNòGê�ì�ê	ÝSöNê�õhöSá�ê�ë3àTê�ëdÝSî óhê�ö
�3�Hò!ß�à!ïUê	ç&á�ò0ë!îfê�õ�öNê�ëdá�ëdè�á�÷5á&ö8öSá&ë�úVë!èhá2�3�Há!��á�ç�ëTý/ã�4Hï5ë!è�ÝNòGá!��á�ç�ë�ç�î	ßhö8ô-õ�á�î õhòQá�à!ì á�ô�ü�ÝSë�ímî ß�öNôï@î	àdé�ê�ô�ÝNê�Þ ó�î òQë!ÝNçKï@î	àoë!èhá1�
�H÷�àdî5	hö8á	ã

��î�ítá&ì á&à�ü�ê	ó�ê	ö�ëdá&àdóhê�ëdÝSì á�ëdè�ÝSàTô�á�ñ�÷�öNê�óhê�ë!Ý8î	óRÝNò3ë!è�á�ô�àdÝSïVëGî	ï�ë!èháoê	õ�öNê�ë!Ý8î	ó�ç�ö8î	ßhô�ã64Hï�ë!è�áê�õhö8ê�ë!Ý8î	óRç�ö8î	ß�ôf÷�á�à!Ý8î�ô�ÝNç&ê�ö8ö8û)ô�àdÝSïVëdò3ê�ítê�û�ï@à!î é ëdè�á�÷5á&ö8ö8á�ëGÝ�ë3öSá�ê�ì	á�ò�ë!è�ám÷�á�öSö8á�ëGß�ó�÷hà!î	ë!á�ç�ë!á�ôê�ó�ô á�ñ�÷�î
òQá�ô ë!î�ë!è�á¤è�î�ë�÷�ö8ê òQé�êhã øoè�ÝNò+ç&ê	ßhò!á�ò+ê�é�î�ô�ßhö8ê�ë!Ý8î	ó Ý8ó¬ë!èhá¤ê�õhö8ê�ë!Ý8î	ó¬àTê�ë!á÷�àdî	÷5î	à!ë!Ý8óhê�ö�ëdî�ë!èhá�àdê�ë!Ý8î�ç�ö8î	ßhô�ò!ÝSþ�á�7(8
9;:=<?>�@A<�B(C!DFE�G=H(9�Ý8óRòQë!á�ê ô)î�ï<ë!è�á�àdê�ë!Ý8îoç&öSî ßhôfò!ÝSþ�á�7�8�I�JKE�E�JK@/üê�ó�ô+ÝNòoë!è<ßhòoÝ8ó�ê�Þ à!á�á&é�á&ó
ëoí�Ý�ëdè�ëdè�áfé�á�ê òQß�àdá�ô�ç�ö8î	ß�ô�ò!Ý8þ&á	ã
L,MON�PRQ6S�TVUXWZY([;\^];_`TVN�];acbed`f�_�]ZghP)i�[;j&k�\XPlTFN�]=mOT2Y�PnW![,aVU o!PRTVaVgFU�[,aVUX]ZY�Tp[,apqZr!s�t uZvZwZw�[;Y�xyqZr!s�t u�zZz{w

| T=}~TF]c[laVUXj&P&x�U �
PngFPnY��nP�];_�r�t v | T=tR�(gF]Zj�aVN�Ppk5P{\X\XP)a�o!Pn\X]��nU a���];_��ZwZqRj��,T�U a�aVN�PnY�_�]Z\X\X]=mOT�_�gF]Zj�aVN�P
� Pn��N�[;��TFPng^aFN�Pn]Zg��'aVN([,aOaFN�P��n\X]Z��x'x�U�[;j&P)aFPng^UXT^��t �hj&j"[;Y�x'aVN�P��n\X]Z��xlgF[;x�UX��T^UXTOq�t �2j&jRt
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±�²�³3´�µ,¶1·~¸e¹�º�»&¼�½;¾�¶À¿ÂÁ(Ã,²e½�Ä�µ;Á�Å&²�Æ�³yÇ5È�Ç5É�Ê)Á(Ë�²eÌ�Í�¶�Î�Îe¶!ÃR²eÆ(Ïn¶�½!Ã=²eÇ
Æ^ÐÑÍ�µ,Ç5Ïn¶�½ZÃ,¶�ÄÒÇ
ÆÓÁÔÍ�Ç
ÎeÇ
²?Ä�Á5Î
½!µ,Ç3Ì,Ì{ÊKÌ=¶�½!Ã=²eÇ
Æ$Ç
È�Ã,¾�¶&Ã,Ç
Õ(Á5¿ÂÁ5ÕÖ¸�×2¾�¶�Ä�²?Á5¿�Ç
Æ�Ä�Ì`²�Æ�Ä�²e½�Á(Ã,¶&Ã=¾�¶&Í�¶ÀÎeÎe¶!Ã�Í�Ç3Ì=²�Ã,²�Ç3ÆÂÁ(Ã�Ã,¾�¶2Ã=²e¿�¶�Ì
Ã=¾�Á(ÃpÃ,¾�¶1Í�µ,Ç5Ø~Îe¶�Ì�Ì{¾�Ç(Å&ÆÙ²eÆ�±6²e³3Ì�¸h·~¸e¹�ÚÛÁ5Æ~ÄÒ·�¸�¹�ÜÛÅ�¶�µ=¶RÃ;Á5Õ
¶�Æ^¸2×2¾�¶cÝ
¶�µ{Ã,²e½�Á5ÎOÄ�Á3Ì{¾~¶�ÄÙÎ�²eÆ�¶
µ,¶ÀÍ�µ,¶�Ì=¶ÀÆÞÃ,ÌcÃ=¾�¶Ù½;¾�Ç
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Fast Backward Drift of Pellet Ablatant in Tokamak Plasmas
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Pelletablationin theRijnhuizenTokamakProjecthasbeenstudiedwith anarrayof 16 fibersviewing
the
+

pellet trajectoryalongvery narrowlines of sight. Rapidbackwarddrift of the ablationcloud away
from thepellet wasobserved. This hasimplicationsfor the determinationof the fueling profile andthe
penetration, of the pellet in the plasma. Furthermore,this movementof the ablationcloud offers a new
explanation- for theoftenobservedstriationsin the light emission. In contrastto thepictureof thepellet
periodically, leaving the ablation cloud, the ablation cloud movesperiodically away from the pellet.
[S0031-9007(99)08796-7]

PACSnumbers:52.55.Fa,28.52.Cx,52.30.–q, 52.70.–m

One of the outstandingproblemsin thermonuclearfu-
sion researchis the fueling of the burning plasma. The
high speed(severalkm. s) injectionof pelletsof solid hy-
drogen
/

isotopesis oneof the options. To obtainreliable
modelsto predict the local fueling rate,the presentpellet
ablationtheoriesmust be validated. Much experimental
and theoreticalwork still hasto be donesincelarge dis-
crepancies0 havebeenreportedbetweenthe ablation rate
asmeasuredby different diagnostics. For example,fuel-
ing
1

measuredby Thomsonscatteringat theJointEuropean
Torus
2

showedafueling locatedprimarily at theedgeof the
plasma,3 while theline emission(Balmeralphaline), which
is
1

usuallytakenasa measurefor the ablationrate,placed
the
4

fueling in the innerpartsof theplasma[1].
In
5

theRijnhuizenTokamakProject(RTP)[2], theabla-
tion
4

of thepelletwasmonitoredby two diagnostics. The
intensity
1

of the 6�7 emission8 from theablationcloudwas
measured9 as a function of time by a detectorviewing a
large
:

plasmavolume,andasa functionof positionby tak-
ing
1

timeintegratingphotographs.Betweenthesetwo mea-
surementssometimesa discrepancyin theobservedpellet
penetration3 wasfound.

A dedicateddiagnostichas been built to clarify this
discrepancy.
/

It consistsof a row of 16 fibers viewing
the
4

pellet trajectoryalongnarrowlines of sight, resulting
in a very high spatial and temporal resolution. This is
necessarybecausethe shapeof the cloud is observedto
change0 within intervalsof a few ;�< [3]. Propertiesthat
can0 be measuredwith this diagnosticare pellet velocity,
ablationcloudsizeandposition,andpenetrationdepth.

Experimental
=

setup.—Theexperimentswerecarriedout
in
1

theRTPtokamak(majorradius>@?BA	C DFE m,9 minor ra-
dius
/ GIHKJ�L MFN O

m,9 toroidal magneticfield PRQ SUTRVXW	Y Z T,
plasma3 current[]\�^`_Ba bFc kA, effectiveion charged`egf fRhiFj k lFm n

, circular crosssection). Typical plasmaparame-
ters
4

are central electrontemperatureand density oqpUr sutv	w x
keV, y�z�{ |u}�~�������� ������� for plasmaswith Ohmic

heating(measuredwith Thomsonscattering[4] andinter-
ferometry [5]). With central electroncyclotron heating
(ECH) ( �����F� kW,

�
2nd harmonicheatingat 110 GHz)

����� �����F� � �
keV is reachedat ���U�  �¡K¢�£�¤�¥�¦ §�¨�©«ª .

With
¬

off-axis ECH very broad,flat, or slightly hollow ­�®
profiles3 areobtainedwith ¯�°u±X²	³ ´ keV everywhere[6].
Thus,targetplasmaswith a large µ�¶ rangecanbe made,
allowing thestudyof ablationin differentconditions.

Pelletsof 0.5 and ·	¸ ¹�º�»�¼�½ ¾ atomsin size ( ¿RÀ ÁUÂ Â ÁgÃ ),*
withÄ velocities(Å�Æ ÇUÈ È ÇgÉ )* between500 and 1000mÊ s, and
radius( Ë�Ì ÍUÎ Î ÍÐÏ )* of 0.3 or 0.4 mm havebeenused. Theex-
isting diagnosticsarethephotographiccamera(resolution
1 mm, no time resolution)andthewide anglefibers(time
resolutionÑ	Ò Ó�Ô�Õ , no spatialresolution)viewing the Ö�×
line emission,asshownin Fig. 1. For thenewdiagnostic
a row of 16 fiberswasmountedin oneof theimageplanes
of the lenssystem,on the line wherethe pellet trajectory
is
1

imaged(seeFig. 1).
To
2

narrowthe lines of sight of the fibersa black block
of 40 mm thickness,with 1 mm diameterholesin it, was

pelletØ
trajectory
Ù

prismØlenses

collimating blockÚ

4 wide angle
optical fibersÛ

photographic cameraØ
16 fibers

FIG. 1. Overview of the experimentalsetup in a poloidal
crossÜ sectionof thetokamak. Shownarethephotographiccam-
era,- thewide anglefibers,andthenewdiagnostic,consistingof
the
+

16 fibers and a collimating block to narrow the lines of
sight. The viewing lines of the new fiber array diagnosticare
indicated
Ý

by the fan of lines originating from the prism. The
dashed
Þ

circle indicatestheplasmaboundary. Thepellet moves
inward
Ý

alongthe major radiusof the torus.
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mountedin front of the fibers. This resultedin narrow
lines of sight for the fibers, about3.5 mm on the actual
pellet3 trajectoryfor horizontalinjection. Theseparationof
the
4

fiberswas4.5 mm in the imageplanewhich resulted
in
1

a spatialseparationof the viewing lines of 9.6 mm on
the
4

actualpellet trajectoryfor horizontalpellet injection.
The
2

toroidal dimensionof the viewing spots is also
3.5 mm, the centersof the spots are aligned to within
10 mm of the pellet trajectory. Given the extensionof
the
4

ablationcloudin toroidaldirection,this couldleadto a
systematicvariation of the measuredintensity along the
array of up to 50%, varying smoothly from channelto
channel.0 Suchanerroron theamplitudeof thesignalshas
no bearingon the analysisand conclusionspresentedin
this
4

Letter. Measurementswith the photographiccamera
showedthatthedeviationof thepellettrajectoryin toroidal
direction
/

is negligiblein theconditionsat hand.
The
2

signalsfrom all 16 fibers are measuredindepen-
dently
/

using photodiodes. The temporal resolution of
the
4

systemwas ����� , determinedby the analog-to-digital
converters.0

A
�

relativecalibrationof thechannelswasdeterminedby
taking
4

measurementsof a pellet shotwith quiet ablation,
showingonly onepeakon mostchannels(seeFig. 2) and
assumingthepeakheightto beequalto thelargeangle	�

signalat thesametime.

Results
�

in different plasma regimes.—Following the
commonly0 acceptedpicture of a cigar shapedablation
cloud0 which is localizedin major radial directionaround
the
4

actualpellet position,we expecteachof the channels
to
4

give a shortpulse. Thewidth of thepulseshouldthen
be



a measureof the ablationcloud dimensionsin major
radialdirection. This is indeedseenfor pelletsinjectedin
low temperatureplasmas( ����������� eV).8 This situation
can0 be obtainedby injecting the pellet off-axis or by
injectingin aplasmashortlyafteraperiodof off-axisECH
[6]. An exampleof the secondtype is shownin Fig. 2.
As the pellet passesthe viewing lines of the different
channels0 clearlya pulseof light is observed,showingthat
the
4

ablationcloud is locatedcloseto the pellet in major
radialdirection. Theonsetof thesepulsescoincideswith
the
4

pellet velocity and timing as determinedinside the
pellet3 injector. The averagewidth of the pulseson each
channel0 is ����������� corresponding0 to a width of the
ablationcloud of �! #" mm.9 The velocity measuredwith
the
4

newdiagnosticis $&%#')(�*�+ m9 , s,in agreementwith the
value- measuredinside the injector (.0/#1)243 m5 s). The
uncertainty6 is mostly systematicand due to the position
calibration0 of theviewinglines. Fromthelastvisiblepulse
(on channel2) it follows that the penetrationof the pellet
wasÄ 7!8#9&: ;)<>=0? @ cm.0 Thisagreeswith thevalueobtained
by



theendof thewideangle A�B signalyielding a valueofC#D)E4F
cm.0

The
G

result shownin Fig. 2 excludesthe possibility of
reflectionsplayinga role. This hasbeenconfirmedby ray
tracing
4

calculations.
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FIG. 2. Exampleof thepellet ablationprocessasobservedby
the
S

fiber array for a pellet injectedin a relatively cold plasma
(7
T

ms after switch off of off-axis ECH [6]). The diamonds
indicate the expectedpassagetimes of the pellet using the
measuredU pelletvelocity andtiming in theinjector. Thevertical
dashed
V

lines indicate the momentsthat the pellet passesthe
limiter radiusand the plasmacenter(if it would penetratethat
far). Thetop traceis thewide angle WYX monitor. A clearpeak
is seenat the passageof the pellet at eachchannel. The pellet
andZ plasma parametersare []\_^ `ba>ced f�g�hji]k l�m�npo , q�r_s tvuwexzy

eV,{ |~}����4�j��� � kA, ��� �_�]���e� ��� T, �0� � ���4��� � , �]�j�_� � � ��� �¡�¢
m£ s, ¤¦¥j§_¨ ¨ § ©�ª�«�¬ ­�®°¯z±]² ³ atoms,Z ´¶µj·_¸ ¸ · ¹�º�»�¼ ½ mm.

A secondexampleis given for normal Ohmic plasma
conditions.¾ This givesa completelydifferentpicture(see
Fig. 3). Herethepulsesaremuchbroaderin all channels.
Besidesthat,separatepeakscanbedistinguishedafter the
passage¿ of thepellet,which we will refer to assecondary
peaks.¿ Theseareclearly correlatedin different channels
(see,for example,theparallelogramin Fig. 3). Assuming
these
À

secondarypeaksare causedby an object moving
through
À

the plasmaalong the pellet trajectorya velocity
can¾ be calculated. For the highlightedpeaksthe velocity
wasÁ 3.5 kmÂ s. In othercasesit hasbeenobservedto be
as high as 10 kmÃ s. With this velocity and the known
resolutionÄ of the systemthe size of the object can be
calculated¾ to be Å!Æ#Ç mm(channel12). Thesizedecreases
as it moves outward on the subsequentchannels. In
this
À

casethe pellet penetratesbeyond the reach of the
diagnostic
È

sonopenetrationdepthcanbedeterminedhere.
A third exampleshowstheresultsfor apelletinjectedin

aplasmaduringcentralECH(320 kW) (seeFig. 4). Here
the
À

secondarypeaksaremuchstrongerthanin theOhmic
case¾ (the sensitivityalongthe É scaleis reducedby 50%
compared¾ to Figs.2 and3). The secondarypeakspersist
longer
Ê

thantheprimaryones. Thepelletpenetrationfound

2686
Ë
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FIG. 3. Example of the pellet ablation processas observed
by
ò

the new fiber-array diagnostic for an Ohmic plasma,
plottedó in the sameway as in Fig. 2. Besidesmuch broader
peaksó at all channels after passageof the pellet also a
substructureof peakscan be recognizedwhich are correlated
onô separatechannels. An exampleof this is highlighted by
the
S

overplotted parallelogram. This sequenceof correlated
peaksó showsthe presenceof a light sourcewhich movesfaster
than
S

the pellet and in the oppositedirection. The pellet and
plasmaó parametersare õ]ö_÷ øvù>úeû ü�ý�þjÿ�� �������

,
	�

� ���������

eV,{��������� ���
kA, !#" $
%'&�(*) +�, T, -/. 0 0�1�2*3 4 , 5'687
9 9 7 :�;�<�= > m? s,@BA8C
D D C E�F�G*H IKJ�L8M�N O atoms,Z PRQ8S
T T S U�V�W*X Y mm.

usingZ the wide angle [�\ signal is ]_^a`�b cm¾ while the
newdiagnosticgivesa penetrationof ced�f�g hji�k/l m cm.¾

Up
n

to nowthesecondarypeaksdonotseemto reproduce
in detail. They do not developat regular time intervals
or positions,andhavedifferent magnitudesandlifetimes,
eveno with very similar plasmaandpelletconditions.

We
p

have observedthe neutral cloud surroundingthe
pellet¿ using a new diagnostic. For pellet injection in a
cold¾ plasma( q'rts�u�v�v eV)o the observedcloud size was
on averagew_xjy�z mm{ (seeFig. 2).

In
|

hotterplasmasthe cloud size increasesandpartsof
it startdrifting away.

In mostmodelstheradialcloudsizeis assumedto bede-
termined
À

by theionizationradius }�~ . Usinganexpression
derived
�

by Parks[7] we obtain ���#��� to
À

3 mm for RTP.
This is significantly smaller than the observedablation
cloud.¾

The observationof the secondarypeaksis interpreted
asa not fully ionizedcloud moving awayfrom the pellet
through
À

theplasma.
Themovementhasavelocitycomponentalongthepellet

trajectory
À

but in oppositedirectionas the pellet velocity.
A
�

major radialvelocity of 3.5 to 10 km� s canbededuced
from
�

thesignals.
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FIG. 4. Example of the pellet ablation processas observed
by
ò

the new fiber-arraydiagnosticplotted in the sameway as
in Fig. 2. In this casethe pellet was injected in a centrally
ECH heatedplasma. Clearly the secondarypeakshavemuch
higher
�

amplitude on the outer channels than the primary
pulseó (channels10–16). The pellet and plasma parameters
areZ �'� � �����*� ����� �'� ���K��� , ���
� �¡ £¢8¤�¥�¦ eV,{ §�¨�©�ª¬«®­�¯�° ± kA,²´³ µ ¶�·¹¸�º »*¼

T, ½/¾ ¿ ¿�À�Á�Â Ã , Ä'Å8Æ
Ç Ç Æ ÈÊÉ£Ë8Ì�Í mÎ s, ÏBÐ8Ñ
Ò Ò Ñ Ó�Ô�Õ*Ö ×�ØÙ8Ú�Û Ü
atoms,Ý ÞRß8à
á á à â�ã�ä*å æ mm, ECH power ç¹è�é�ê kW.

Theresultsobtainedwith thisdiagnosticmaybehelpful
in determining the importance of movementsof the
ablation cloud. The possibility of these effects have
been
ë

pointedout by Kaufmannet al. [8] andRozhansky
et al. [9].

In the literature two types of drifts have been con-
sideredin the ablation cloud. Becauseof the Lorentz
transformation
À

the pure ì field
í

in the laboratoryframeis
converted¾ to an electric field î�ï£ð*ñ_ò�ó ó ò
ô´õ�ö®÷ øRù in the
pelletú frame. This cangive two effects[3]. Underopen
circuit¾ conditions(case1) it causesa polarizationin the
cloud¾ giving risetoanûýü¹þ drift

�
with magnitudeÿ���� � � ���	�

������ ��� � � � � � �
���
���� �! �"$#�% % #'& in( thelab frame. This drift is

in the directionof the pellet velocity andcausesthe abla-
tion
)

cloudto stick to thepellet. This is notconsistentwith
the
)

observations.
In short circuit conditions (case 2) no large charge

separationcanbuild upbutacontinuouscurrentis running
through
)

theablationcloud. This currentdensity* can+ be
described
�

by the local , field and the local conductivity- as .0/2143 . If no external forces on the particles
(with charge5 )

6
arepresent,the only onesarethe electric

andmagneticfield, so the force equationreads798;:=<>@?!A!BDCFE'G H�IKJML�N so OMP�QSR2TVU�W�X'Y Z\[K]D^4_ . This force
causes+ a movementof the ablationcloud away from the
pellet,ú and, in fact, lets the cloud stick to the magnetic
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field, stoppingits movementin radialdirection. Sincewe
observethe cloud to movebackwardtowardsthe plasma
edge� also,this picturecannotbetrue.

Rozhansky
�

considereda third possibility, the grad �
drift
�

[9]. Becauseof the gradient in the toroidal field
a drift velocity of �����=����������q����� ��¡¢�£ occurs(here ¤l¥
is
(

the velocity of the particlesperpendicularto the field
lines, and ¦q§ is the Larmor radius). Becauseof the high
collisionality+ particlescannotcompleteanorbit aroundthe
torus,
)

so the drift is not compensatedby the rotational
transform.
)

Thiscausesapolarizationin oppositedirection,
compared+ to case1, that startsto increaselinearly with
time
)

as ¨S©!ª�«�¬�­�®q¯�° . This causesan ±!²!³ drift
´

in
a direction oppositeto the pellet velocity, with linearly
increasing
(

velocity. After inserting RTP values in the
formulas
µ

givenby Rozhansky(Ref. [9], Eq. 24)a velocity
of ¶�· ¸K¹ km

º »
s is expected. This is in goodagreement

with¼ theobservations.
Another
½

still unexplainedfeatureof pellet injection is
the
)

striations,a modulationof the observed¾}¿ signals.
Two
À

basic ideas have been developedto explain this
phenomenon.Á Onewasproposedby Neuhauser[10] and
assumesthat the pellet periodically leavesthe shielding
cloud.+ For RTP this would give a typical cloud radius
of 1.5–2.5 mm, calculatedfrom striationsin theobservedÂ}Ã

signals. This is not in agreementwith the cloud size
which¼ hasbeenmeasured.

However,an alternativeexplanationis possiblewhen
the
)

drift of the ablationcloud is taken in consideration.
Thentheablationcloudmaybeperiodicallydrifting away
from the pellet (at a velocity up to 1 orderof magnitude
higher
Ä

thanthepelletvelocity), leavingit unprotectedand
exposedÅ to thehot plasmaandcausinga modulationin the
ablationrateindependentof theratio cloudsizeÆgÇ�È$É�Ê Ê É'Ë .

An
½

altogetherdifferent mechanismwas proposedby
Andelfinger
½

[11] andfurther investigatedby Pégouriéand
Dubois
Ì

[12], whichassumesthatlessenergyis availableat
rationalÍ Î surfacesto ablatethe pellet. The observations
shownin this Letterdo not supportthis hypothesis.

A
½

consequenceof the presentedresults is that it is
notÏ to be expectedthat the ÐwÑ signal is proportionalto
the
)

local fueling rate. Also it follows that it is difficult
to
)

determinepellet penetrationusing the wide angle Ò}Ó
signal. This givesonly a maximumpossiblepenetration
by
Ô

assumingthat no matterdrifts away from the pellet.
Better
Õ

estimatesfor low field side injection are obtained
by
Ô

usinga (photographic)camera.

If the ablation cloud exists for some time after the
complete+ ablationof the pellet also,determinationof the
lifetime of thepelletis impossiblewith thewideangle Ö}×
diagnostic
´

(seeFig. 4).
In
Ø

conclusion,a new diagnostichasbeenbuild to ob-
servepellet ablationin the RTP tokamak. This diagnos-
tic
)

hasprovento be well suitedto observemovementsof
(partsof) thepelletablationcloud. In theabsenceof sucha
drift
´

it canbeusedto determinetheablationcloudsizeand
velocityÙ duringtheablationprocess.We haveobserveda
drifting
´

of the ablationcloud away from the pellet with
a velocity componentin major radiusdirection of 3.5 to
10 kmÚ s. Thedirectionandvelocity of this cloudcanbe
explainedÅ using the mechanismproposedby Rozhansky
[9]. This phenomenonhasneverbeenobserveddirectly
before
Ô

[3].
The
À

observationsemphasizethe importanceof inboard
side pellet injection (for which the observeddrift would
improve
(

thepossibilityof fueling theplasmacenter).
This
À

work wasdoneunderthe Euratom-FOMassocia-
tion
)

agreement,with financial support from NWO and
Euratom.
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shot: r19980320.049; signal: interferometer channel 10
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ÊBÈ7ÉNÈ�Æ�¿8Ë\Ï × ÁtÉsÉNÁ^À'ãBÁ,Ì�Ó�Á,Ët½6È7Ç�Ç�ÑpÉ�ÏBÁ�Ó8Ï8È5Ì�Á#Í7Î�É�ÏBÁ�Æ[Í�Ê�¿BÇ6È:ÉN½IÍKÐn½�ÐeÉ�ÏBÁ�Ë^Á^Ð2É�À\È7Ç9Ë\Ï8È5ÐBÐBÁ,Ç�Ì,Ã

È:ÉjÀtÚ!äBã�ÀN½�Ì�½�ÐB¾�ÉNÍnå�æjÛ,ä2çsè!Ý�é�ê#ËtÇ�ÍKÌ�Á�ÉNÍ�É�ÏBÁ�ÓBÇ6È5Ì�ÆpÈ�Á,Ê�¾KÁ5Ã
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È�Ò:È7Ç�¿BÁnÍ7Î�ð
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½�Ð2ìvÈ7À\ÊZÊB½fï�¿8Ì�½IÐB¾
ÊBÁ^Ð8Ì�½fÉhÑKÃ
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0 - 40  eV
§40 - 80  eV
¨80 - 120  eV
©120 - 160  eV
160 - 200  eV
200 - 240  eV
ª240 - 280  eV
280 - 320  eV
ª320 - 360  eV
«360 - 400  eV
«400 - 440  eV
440 - 480  eV
¨480 - 520  eV
¨520 - 560  eV
¬560 - 600  eV
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pellet radius = 80 mm
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pellet radius = 80 mm
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«�½]¸J¶5¯/¼�«=½5¯/®q¹�À5«�¹�¸�«�·�½ï¯�Ã@«L¸�¸�¯EÀÇÈ:É]«=Ã@º5­�®�«=¸�«�¯9Â!«�½ï¸�¶5¯/º�¼�¹&Â*Ã/¹5±bÆ+¶�«�Â!Ä+¹�Â!À5·�½5¯b¹�¸Tð
ÆYµ
»�·�®�º�·&¼=·&«�À�¹�¼Z®�·�¸J¹�¸J«=·&½3­�Â�«=½5¬�¸�¶5¯-¿�¹�®�È�·�½3ñ�òÙ«=·&½èó�ÑÒñ�ò"ôÁÊ
²�õ0Í`±ÇðY¯�Ã@«�½�À<ÌX¶5·�ÄZ¯�Å&¯�®EÌ)¸J¶�¹�¸
¸�¶�«�Â!Ã/¹0ÉïÀ;«Lö[¯�®(»�®�·&Ã÷¸�¶�¯/È5­5¼�øf«�·�½Ç®�·�¸J¹�¸�«�·�½ÇÀ;­5¯/¸J·�À;«Lö[¯�®J¯�½:¸(º5®J¯9ÂJÂ�­5®�¯@º5®J·�Ð�¼=¯EÂ"·�»Z¸�¶5¯
À;«=ö�¯9®�¯9½:¸YÂ�º�¯9¿�«�¯9Â9±

Óè¿�·�Ã@º5¼�«�¿9¹�¸�«�½5¬!»Q¹&¿B¸J·�®,¶�¯�®J¯�«�Â,¸�¶�¹�¸Ò½�·T¹�È�Â�·�¼�­;¸J¯C¿�¹�¼=«�È5®q¹�¸J«=·&½P«hÂZ¹0Å0¹�«=¼h¹�È�¼=¯&Ì&Â�·!¸�¶�¹�¸Ò½5·
¹�È�Â*·&¼=­;¸J¯!Å�¯9¼=·;¿�«=¸FÉ-¿�¹�½gÈ�¯(Ã@¯9¹&Â*­�®�¯EÀ<Ì�È5­5¸C·�½�¼=É-¹/Å�¯9¼=·;¿�«L¸FÉ6¿q¶�¹�½5¬&¯�±YÆ+¶5¯(®J¯9Â�­5¼=¸JÂe·�»OÂ*­�¿q¶
¹@Ã@¯9¹&Â*­5®J¯�Ã@¯9½&¸Y»�·&®e¹/Â�¯�®J«=¯EÂY·�»Xº5¼h¹�Â�Ã/¹/Â*¶5·�¸JÂY«hÂeÂ�¶5·�ÄY½6«=½�ª
«�¬�±Y°5± õ�»�·�®HÀ;«Lö[¯�®J¯�½:¸C¹�½5¬�¼�¯9Â
·�»Òº�¯9¼=¼�¯�¸"«=½�¾F¯9¿B¸J«=·&½ ±(Æ+¶5¯P½5¯�¬:¹�¸J«=Å&¯Tº�¯�¼�¼=¯�¸H«�½�¾F¯9¿�¸�«�·�½Ç¹�½5¬&¼=¯EÂeÄZ¯�®J¯(·&È;¸J¹�«=½5¯EÀ�ÈVÉg®J¯�Å�¯9®JÂ�«�½5¬
È�·�¸�¶6¸J¶5¯(º5¼h¹�Â�Ã/¹/¿�­5®J®�¯9½:¸Y¹�½�ÀM¸�¶5¯(¸�·�®J·�«hÀ5¹�¼<Ã@¹�¬�½5¯�¸�«h¿CÐ�¯�¼hÀ3ó�ÄY¶5«h¿q¶-¯�ö[¯9¿�¸�«�Å�¯�¼�ÉÁº�­;¸JÂ�¸�¶5¯
¸�·&ø�¹�Ã/¹�øb­�º�Â*«hÀ;¯TÀ5·�ÄY½�ôB±+Æ+¶5¯(®J¯9Â�­5¼=¸eÂ*¶5·�Ä�ÂY»�·�®�¶5·&®�«�ù�·&½:¸J¹�¼<«�½�¾F¯E¿B¸�«�·�½�¹@®J·�¸q¹�¸J«=·&½-¿q¶�¹�½5¬&¯
·�»+¡�ú�¡ÒûS£5ú�¡!ø:ÃÁü�ÂYÄY¶5«h¿q¶6«hÂY«�½g¬�·V·;ÀM¹�¬�®J¯�¯9ÃP¯9½:¸+ÄY«=¸�¶-¸J¶5¯(¯�ýVº�¯9¿�¸�¯EÀM¯EÂF¸J«=Ã/¹�¸�¯9À-«�½�¿�®�¯E¹�Â�¯
óQÂ�¯�¯/þV¯E¿B¸�«�·�½Ç°5± °5±
ÿ�ôe·�»C¡�±
ÿ��/øVÃÁü�Â9±�Æ+¶�¯�¼�·�ÄÒ¯9®CÅ�¹�¼=­5¯EÂ!¹�¸HË���Ì[Ë�Ø-¹�½�À��CØ-À;¯�¬&®�¯9¯9ÂCÃP«�¬�¶:¸
È�¯Á¹�¸�¸�®J«=È5­5¸�¯9Àï¸J·f¹g¼�·�ÄÒ¯9®"»�­5¯�¼�«�½5¬�¯��b¿�«=¯9½�¿�É]»�®�·&Ã÷¸J¶5¯Á½5·�¸T¿�·&ÃPº�¼=¯�¸�¯�¼�ÉÇ¹�È5¼h¹�¸J¯9ÀÇº�¯�¼�¼=¯�¸9±
Æ+¶5¯@®J¯9Â�­5¼L¸!¹�¸��	�6À;¯�¬&®�¯9¯9Â9Ì<¶5·�ÄZ¯�Å�¯9®9Ì[«hÂHÅ�¯�®JÉgº5­5ù9ù�¼�«=½�¬�Ì)Â�«=½�¿�¯P«L¸(«hÂH½5·�¸+¾F­�Â*¸T¹MÂ*¸�®J·�½�¬�¯�®
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B�C�D�EGF=H*IGJ KGLNM3OGP�Q�P,D�F.R0SGOTP�U�S�HWV�V�H�Q�C�X:YZH%[�Q�H%\]C�X]R^SGV�R,_a`bR�cdCeQ=O4XGHWDfR:Q=Chg,H	[WEGF�F=HWXfQ J
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B�ChD,EGF=HkIGJ lGL"mnO-R�XGD�HNC�Xog,HWV�P�[WCeQZpqP0UrQ=OGHkS�P�V�P�Cs\GR0V�mntvuwF=P0Q=R0Q�C�P�X�C�X*Q�OGHnSGVsR�_�`^R�P�xrQ.R0C�XGH%\�x�p
[�P,`^S-R0F=ChX-D*Q�OGH�\rChy�H%F�H%X-[�H	x�H�QZczHWHWXTQ�OGH	SGF=HqR0X�\TS�P,_aQzS�HWV�VhHWQ|{qP�S-SGVhH%Fa}v_�OGCeU~Q*�>_aQ=R�F=_.��J'�|OGH
\GR,_aOGH \�V�ChX-HbC�_*[%R0Vs[�EGVsR:Q=H%\�R,_�_�EG`^C�XGD�@ ���4��U�EGH%VhC�XGD4R0X-\�S�P�V�P�Cs\GR0V3R�XGD�EGVsR0F	`^P�`^HWXfQ=EG`
[�P,X-_�HWF=g2R0Q�C�P�X8J"�|OGHn[WP�XfQ�C�X�EGP�E-_�VhC�XGHzC�_�[WR�V�[WEGVsR:Q�H \*x�pqV�P:czHWF=ChXGD�Q�OGHkU�EGHWV�ChX-DqS�HWF.[�H%X,Q.R0D,HNU�P�F
P0y�}vR:�rC�_nS�HWV�VhHWQ�ChX:YZH [�Q=ChP,X8J3�|OGH*\rP0Q�Q�H \�V�ChX-H	Cs_d[WR�V�[WEGVsR:Q�H \;R,_�_�EG`^C�XGD�Q=P�F=P�Cs\GR0V�`^P�`^HWXfQ=EG`
[�P,X-_�HWF=g2R0Q�C�P�X�R0X-\;g:R0F=pfC�XGD6U�EGH%VhC�XGD^S�H%F=[WHWXfQ=R�D�H,J

C�X:YZH%[�Q�C�P�X^P0U�S�P,VhP,C�\-R0Vr`^P�`^HWXfQ=EG`�x�p*Q=OGH�S�HWV�VhHWQ%JN�3g,HWX�Q�OGP,EGD�O6CeQ3c|R�_'X-P0Q3H��rS�H%[�Q�H%\�Q=O-R:Q
Q�O-H	C�X:YZH [�Q�H \�`^P,`6H%XfQ�EG`�P�U�Q�O-HqS�HWV�VhHWQ�[�P,EGV�\�x�H�[�P,X�g�HWF�Q�H \^Q�P^S�P�V�P�Cs\GR0V�F=P0Q=R0Q�C�P�X���x-R,_aH \
P�XbR�[�P,X-_aQ=R0XfQ3F.R�\rCsR0V�H%VhH [�Q�F=Cs[z�-HWVs\6SGF�P��-V�H���ChU�Q�OGCs_'�-H%V�\^Cs_3[.O-R�XGD�H \�x�p*Q=OGH�C�X:YZH%[�Q�H \^S�H%VhV�H�Q
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°�±-²o³a´h°�µ-¶0°�´�·�¸�¹b¶2º�».±-¶0¸-¼�²�»�·�¹^½G¾�²�°=²W¾�ºG¿�À
ÁÃÂ ²%Ä�º�»�Ä=µ-År²d¹^·rÅr²W¾�Æz¶,³'¹^¶,År²�´�¸b¶0¸T¶:°�°�²%¹6½G°3°�·oÅr² ³�»WÄ�´�Ç�²|°�±G²�²WÈ�² »�° À�Év¸^°=±G´s³N¹^·�ÅG²W¾

°�±-²o½G¾s¶�³�¹^¶^´s³|°=Ä�² ¶:°�² Å]¶�³�¶bÄ=´�¼�´sÅ;Ä=·0°.¶:°=´h¸G¼^Ç�·rÅrº�ÀdÊ|±G²*²WÈ�² »�°�´ Â ²�½�²%¾h¾�²�°�¹b¶,³�³d´s³�´�¸-³�²WÄ�°�² Å
¶:°6°�±-²;Ä.¶�År´�µ-³�·0Ëq»W¾h·f³a² ³Z°b¶0½-½GÄ�·f¶�».±Ì·�Ë�°�±G²�½�²W¾�¾h²W°6°=·�°=±G²]½G¾s¶�³�¹^¶�»�²%¸,°=²WÄ ÀÍÊ|±G²W¸Îµ-³�´h¸G¼
¶0¸Ï¶�³=³aµ-¹6² ÅÎ»W·�¸-³�²WÄ Â ¶:°=´h·,¸Í·0Ë	½�·,¾h·,´�ÅG¶�¾d¶0¸G¼,µG¾�¶�Ä�¹^·,¹6²%¸f°�µG¹Ð°=±G²]Ä�·�°=¶0°�´�·�¸Î¶0Ë~°�²%Äb½�²%¾h¾�²�°
´�¸:ÑZ²%»�°�´�·�¸4»W¶�¸;Ç�²o»W¶�¾�»WµG¾�¶0°�² ÅÒÀ3Ê|±G²�Ä�² ³aµ-¾e°�´s³d³a±-·:Æd¸�¶,³z°�±G²oÅG¶,³a±-²%Å;¾h´�¸G²*´�¸]Ó�´�¼-À3Ô-À Õ�Ë�·�Ä�¶
»�·,¸-³a°=¶0¸f° ­ Ö�Ö�× Ë�µG²%¾h´�¸G¼�Ä.¶:°=²�À Á ½GÄ=²�Ø�½�²W¾�¾h²W°n½�·�¾�·�´sÅG¶0¾�Ä�·�°=¶:°=´h·,¸^±-¶�Å^°=·oÇ�²	¶,³�³�µG¹^²%Å^·�Ë ¯ À Ù
ÚrÛ�Ü À'Ê|±-²�±G·�Ä=´ Ü ·�¸f°.¶0¾-´�¸:ÑZ² »�°�² Åb½�²W¾�¾h²W°z»W¶,³a²q»W¶0¸�Ç�²q²�Ýr½G¾s¶0´�¸G²%Å Â ²WÄ=º�Æz²W¾�¾-Æd´h°�±b°=±G´s³k¹^·rÅr²W¾1Þ
ÇGµr°d°=±G²*·0È�Øv¶:Ýr´�³z´�¸:ÑZ²%»�°�² Å]½�²%¾h¾�²�°.³d¸G·0° À

Ê|±G²W¸T°�±G²�Ë�µG²W¾�´h¸-¼�²�ßT»W´h²%¸-»�º^´s³k».±-¶�¸G¼�² Å6Ë�Ä�·,¹àÕ Ö�× Ë�·�Ä|»�²W¸f°=Ä=¶�¾G´h¸0ÑZ²%»�°=´h·,¸;År·:Æd¸^°=· ­%Ö
× Ë�·�ÄN°=±G²�¹b¶:Ýr´�¹�µG¹á´h¸0ÑZ²%»�°=´h·,¸T¶0¸G¼,¾h²,À�Ê|±-²dÄ�² ³aµG¾h°k´s³3³�±G·:Æd¸b¶�³'°=±G²q³�·�¾�´�Å6¾�´h¸-²�´h¸TÓ�´�¼-À'ÔGÀ ÕGÀ
Ê|±G´s³|²�Ýr½G¾s¶0´�¸-³|°=±G²o³a¹b¶�¾h¾�²WÄ|²�È�²%»�°dË�·�ÄdØvâGÞ�Ø�ãb¶0¸-Å4äqãbÅr²W¼,Ä�²%²%³%Þ�ÇGµr°q³a°�´�¾h¾"År·�²%³|¸G·�°�²�Ýr½G¾s¶0´�¸
°�±-²�ä	â�År²%¼�Ä=²W² ³d»W¶�³�²�À

å ²%»W¶�µ-³�²;·�Ë�°�±G²]½GÄ=²W½�²W¾�¾�²�°^½�·,¾h·,´�ÅG¶�¾|Ä�·�°=¶:°=´h·,¸w·�Ë ¯ ÀæÙ ÚrÛ�Ü °=±-¶:°b´s³�¸-²W²%ÅG²%ÅwË�·�Ä�°�±G² ³a²
»W¶�¾�»WµG¾s¶:°�´�·�¸�³WÞ�Æd±G´s».±�´s³	´h¸�»�·�¸f°=Ä=¶,År´�»�°�´�·�¸�Æd´h°�±�°�±-²6Ä=²%³�µG¾h°=³�Ë�Ä�·,¹èç ­ ã ¯ é Þ�°�±-´�³	´s³�½GÄ�·,Ç-¶0Ç-¾hº
¸G·�°z°=±G²o»�·,Ä�Ä=²%»�°�³�»W²W¸-¶�Ä�´�·-À

Ó�´h¸-¶�¾h¾�º]°�±-²6²WÈ�² »�°�·0Ë3°=·�Ä=·�´sÅG¶0¾�¹^·�¹^²W¸f°=µG¹ê»�·,¸-³a²%Ä Â ¶0°�´�·�¸�Æ|¶�³	»W¶�¾�»WµG¾�¶0°�² ÅÒÀ Û ²WÄ=²�°�±G²
Ä.¶�År´s¶0¾n²W¾�²%»�°=Ä�´s»bë�²W¾sÅÌ½GÄ=·0ë-¾�²T´s³ Ú ²W½r°b»�·,¸-³Z°.¶0¸f°�³�·4°�±�¶:°b¶:Ë~°�²%Ä�°=±G²�½�²W¾�¾�²�°^´�³�´h¸0ÑZ²%»�°=²%ÅÍ°�±G²
Ç-¶�¾�¶�¸-»�²�°�±-¶0°d»%¶0µ-³�²%³k°�±-² Ü ²WÄ=·�½�·�¾�·�´sÅG¶0¾�Ä=·0°.¶:°�´�·�¸�´h¸]³Z°=²%¶,ÅrºT³Z°.¶:°=²q´s³|År²%³a°�Ä=·:º�² ÅÒÀ Á ¾�³�·�°�±G²
Ë�µG²%¾h´�¸G¼	´�³'År² »�Ä=²%¶�³�²%Å*°�·	ãfÙ × ¶0°�¹b¶0Ý�´�¹�µ-¹ì´h¸:ÑZ² »�°=´h·,¸�¶0¸-¼�¾�²k°=·q¼,²�°�¶qÇ�²�°a°=²WÄ�ëG° À Á ¸�´�¸G´h°�´s¶0¾
´�¹6½-µGÄ�´h°Zº6´h·,¸bÄ�·�°=¶:°=´h·,¸b·0Ë ­�­ Ú�Û�Ü Æ|¶�³3¶,³�³�µG¹^²%Å^´�¸b°�·,Ä�·,´�Å-¶0¾-År´�Ä=²%»�°=´h·,¸8À'Ê|±G´�³n¾�²%¶�Å-³N°�·o°�±G²
½�·�¾�·�´sÅG¶0¾NÄ=·0°.¶:°�´�·�¸Ì³�±G·:Æd¸í¶�³�°=±G²TÅr·0°�°�² Åí¾h´�¸G²b´�¸ÍÓ"´�¼-À�ÔGÀ ÕGÀ�Ê|±-²bÄ�² ³aµG¾h°�¶0¼,Ä�²%²%³�¶�³o¼�·�·rÅ
Ë�·�Ä�°=±G²bØvâGÞ�Ø1ã4¶0¸�Å Ö ÅG²W¼�Ä=²W²b»%¶�³�²%³o¶,³*År´�Å�°=±G²b¹^·rÅr²W¾n·0Ë|½�·,¾h·,´�ÅG¶�¾k¶0¸-¼�µG¾s¶0Ä�¹^·�¹^²W¸f°=µG¹
»�·,¸-³�²WÄ Â ¶0°�´�·�¸8À	Ê|±G²Täqã;År²%¼�Ä=²W²�»%¶�³�²�År² Â ´�¶0°�²%³	¶T¾�´h°a°�¾�²^¹^·�Ä=²�¶0¸-Å�°�±G²Tä	â�ÅG²W¼�Ä=²W²6»W¶,³a²�´�³
³a°�´�¾h¾8¸-·0°dÆn²%¾h¾�²�Ýr½G¾s¶0´�¸G²%ÅÒÀ

Ê|±G²4¹^²%¶,³aµGÄ=²W¹^²%¸,°b¶:°�ä	â�År²%¼�Ä=²W²%³^»%¶0¸Ï¸G·0°TÇ�²]²�Ýr½G¾s¶0´�¸G²%ÅÏÇ�ºw¶0¸�ºÌ·�Ëq°=±G²]¹6·rÅr²%¾�³%À
î ¶2º�Ç�²�°�±G²o²WÈ�² »�°	´�³d²WÝG»�¾�µ-³a´ Â ²�°=·b°�±-²6ïnÉvðñ´�·�¸-³%Þ-ÇGµG°�°�±-¶0°q»W¶�¸4¸G·0°�Ç�²�½-Ä�· Â ²W¸�Æd´e°=±]°�±G²
¶ Â ¶0´�¾�¶�ÇG¾�²	År´s¶0¼,¸G·,³a°�´s»W³%À

Ê�·,Ä�·,´�Å-¶0¾8Ä=·0°.¶:°�´�·�¸]»W¶�¸�¶0¾s³a·bÇ�²o¹^²%¶,³aµ-Ä�² Å;Ç�º]³a½�²%»�°�Ä=·,³=»�·,½fº,ÀnÓ-·�Äqò'ÊdóÏ°=±G²^ïnÉ�ÉaÉ|¾h´�¸G²
Ä.¶�År´s¶:°=´h·,¸Í¶0¸-Åw´e°.³�ôq·�½G½-¾h²%ÄaØv³a±-´eË~°^´h¸w°�±G²�½G¾s¶�³�¹b¶4Æz¶,³�¹^² ¶�³�µGÄ�² ÅÌ´�¸Í°�·,Ä�·,´�Å-¶0¾nÅG´hÄ=²%»�°�´�·�¸8À
ó3Ä=²W¾�´�¹6´�¸-¶�Ä�º;Ä�² ³aµG¾h°=³�Ë�Ä�·,¹õ°�±G² ³a²�²�Ýr½�²%Ä�´�¹^²W¸f°=³q³a±-·:Æö¶T°�·,Ä�·,´�ÅG¶�¾8Ä=·0°=¶0°�´�·�¸�».±-¶�¸G¼�²�·0ËNØ Ö À Ô
°�·|Ø ­ À Ö Ú ¹�÷:³�Ë�·,Ä�¶|±G·�Ä=´ Ü ·�¸f°.¶0¾�¾hº�´�¸:ÑZ² »�°�² Å�½�²%¾h¾�²�° À�Ê|±-´�³Ò´s³ Â ²WÄ=º�År´hÈ�²%Ä�²%¸f°8Ë�Ä�·,¹ø°=±G²3²�Ýr½�²%»�°�²%Å
Â ¶0¾�µG²�·�Ë"³�² Â ²%Ä=¶�¾r°�²%¸-³z·0Ë Ú ¹�÷:³qù�Ç-¶,³a² ÅT·,¸�¶0¾�¹^·,³a°z³a°�·�½-½G´h¸-¼�·0Ë�¶*°�·,Ä�·,´�Å-¶0¾-Ä=·0°.¶:°=´h·,¸b´h¸�°�±G²
·�Ä.År²%Ä*·0Ë ­%Ö ÚrÛ�Ü Àæ¿øÆd±G´s».±Í¶0¼f¶0´�¸í½�·,´h¸f°=³o°�·:Æ|¶0Ä.ÅG³*¶ Â ²WÄ=º�År´hÈ�²%Ä�²%¸f°�Ç�²%±-¶ Â ´h·,µGÄ*Ç�²�°ZÆz²W²W¸
ÇGµG¾ Ú ¶�¸-Å;´h¹^½GµGÄ=´h°Zº�´�·�¸-³%À
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Ó-¶,³Z°|¹^´eÝr´�¸G¼^·0Ë�Ç�·�°�±�´h·,¸-³|¶0¸-Å;²W¾�²%»�°�Ä=·�¸-³n±-¶�³|Ç�²W²%¸;·,Ç-³�²WÄ Â ²%Å*ÑZµ-³Z°�¶0Ë~°�²WÄd½�²W¾�¾�²�°d´h¸0ÑZ²%»�°=´h·,¸8À
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Ñ*ÒoÓ?Ô=ÕTÖC×3Ø5ÙcÐSÚP×cÚ\ÛNÜDÝTÒ=ÜDÞ9ßAàCØ5à~×-Ô=Õ]×cÚZÒ�ÕSÒ=ÝTÙ-á~ÕTÞQâ�Ô/á~Ú\Ü�ã�ägå�Ö/ÞZÕ;Û_ájÕS×3Ô/ØFájÕ]æCÚ9áqß/áÖ=ÕTÙ_×-ÚZÜDÞ9Ø1Û_Ý;ß/Ù-ÜDØSÚZÒ=Û_Ú\àCØq×3Ô/Ø1Ö/Þ\ÕTÛ3ájÕGàCß/Øq×3ÝrÚZÝTÒ/Ú\Û3ÕB×3ÚZÝTÒsÝTçXÒ/ØDß/×3ÙEÕBÞ�Ö=ÕBÙ3×3Ú\ÜpÞZØ5ÛFÜDÕTÒ^èKØqØeÛ ×-ÚPéájÕ]×-Ø5àr×3ÝGèAØqÚ9Òo×-Ô/ØJÝ;Ù-àCØ5ÙgÝBçgÎ5ê;ë3ëSÖ=ÕBÙ3×3Ú\ÜpÞZØ5ÛgìdíKîeïTí�ðtñ�äcÔ=ØSájÕ]æCÚ9áqß/áòÒ/ØDßC×-Ù-ÕTÞ�Ö=ÕTÙ_×-ÚZÜDÞ9ØàCØ5Ò=Û_Ú9× ó1Ò/ØDØeàCØ5à~×-ÝJØDæ7Ö=ÞZÕTÚ9Ò~×-Ô/ÚZÛ?Ú\ÛXÚZÒj×3Ô=ØWÝTÙEàCØ5ÙzÝBç�ô�õrÎ5ê ð ö ì íKî ñväcÔ/Ø�Ö=ÕBÙ3×3Ú\ÜpÞZØWàCÚ9÷Qß=Û_ÚZÝTÒÚZÒoÕTÒsâ�Ô=á1Ú\Ü�ã�ägå¡Ö/ÞZÕ;Û_ájÕ1Ú\ÛcÚ9Òr×3Ô=Ø[ÝTÙEàCØDÙcÝBçvømùZúTû?ü�ýCþ ê�ÿiÎ;þ ê1ì ë�� ï
� Ô/Ý;Ù_×��wýBêTê��aÛ���×3ÚZá~ØGÛ-ÜDÕBÞZØmÛ3Ú9áqß/ÞZÕB×3ÚZÝTÒ=Û[Û3Ô/Ý
	NØ5àd×3ÔAÕ]×JàCß/Ù-ÚZÒ��o×3Ô/Ø�ÕBè/Þ\Õ]×-Ú9Ý;ÒlÖ=Ù3ÝCÜpØeÛ3ÛÚ9×-Û3ØDÞ9çKÕBÒ1ÚZÒ=ÜpÙ-Ø5Õ;Û_Øeà�
]ÕBÞZß/ØcÝBç��iÝBç�ÐCñ ýFÿ�ýCñ ôgì ë�� ïcÚZÛ�Ò=ØDØ5à/Ø5àJ×3Ý�ØpæCÖ/Þ\ÕBÚZÒJ×-Ô/ØcÝTè=Û3ØDÙ�
]Õ]×-Ú9Ý;Ò=ÛDñäcÔ/Ú\Û�ÚZÛvÜ5ÕBß=Û3Ø5àqè7ó[×3Ô=ØgÞ9ÝCÜDÕTÞCÔ/Ú��TÔ~àCØDÒ=Û3Ú9× óSÚ9Ò1×-Ô/Ø�ÕBè/Þ\Õ]×-Ú9Ý;ÒqÜDÞ9Ý;ß=à�	gÔ/ÚZÜEÔ�	gÚZÞ9Þ/Ü5ÕBß=Û3ØcÞ9ÝCÜDÕTÞ9ÞZóÕqÔ/Ú��;Ô/ØDÙ�
]ÕBÞZß/Ø�ÝBç��Jñ��=ÝTÙcÝB÷Ké­ÕBæCÚZÛNÚZÒ
� Ø5Üp×3Ø5à�ÖKØDÞZÞ9ØD×-Ûc×-Ô/ÚZÛcÚZÒ=ÜDÙ3ØeÕTÛ3Ø�	cÕTÛNÒ/ÝB×cÝTèAÛ_Ø5Ù�
;Ø5à��CÕBÒAàÕ�
]ÕBÞZß/Ø�ÝTç��[üqÎTñ ý[ÿ�ê/ñ ô�ì ë�� ï�Ü5ÕBÒjØDæ7Ö=ÞZÕTÚ9Ò1×3Ô=Ø�ÝTè=Û3ØDÙ�
]Õ]×-Ú9Ý;Ò=ÛDñ�äcÔ/ØDó~ÕBÙ-Ø�ÜpÝ;Ò=Û3ÚZÛ_×3Ø5Ò;×�	gÚ9×3ÔÜpÝ;Þ9ÞZÚ\Û_ÚZÝTÒ=ÕTÞC×3ÙEÕBÒAÛ_ÖKÝTÙ3×v×3Ô=ÕB×XÚ\Ûv×3ÝJèAØ�ØDæCÖAØeÜV×3ØeàjÚZÒ=Û_Ú\àCØg×-Ô/Ø�ÕTè/Þ\Õ]×3ÚZÝTÒjÜDÞ9Ý;ß=à�ñ�äcÔ/ÚZÛNàCÚ9÷KØ5Ù3Ø5Ò=ÜpØèKØp× 	NØDØDÒ�ÝTÒCé�ÕBÒ=à�ÝB÷Ké­ÕBæ7Ú\ÛSÖKØDÞZÞZØp×qÚZÒ
� ØeÜV×3ÚZÝTÒ{ájÕtóRèKØGÙ-ØDÞ\Õ]×-Ø5à�×-ÝdÕ	à/ÚP÷QØDÙ-ØDÒ=ÜDØ�ÚZÒ¦Ö=ÕTÙ_×-ÚZÜDÞ9ØàCØ5Ò=Û_Ú9× ómÚZÒ=Û3ÚZàCØ�×-Ô/ØSÕBè=ÞZÕB×3ÚZÝTÒoÜpÞZÝTß=à�ñ
!iÔ/ØDÒ¡Õ	ÖKØDÞZÞZØp×jÚZÛqÚZÒ
� Ø5Üp×3Ø5à�×3Ô=ØràCÚ9÷Qß=Û_Ú�
TØ�×3ÙEÕBÒAÛ_ÖKÝTÙ3×qÝ;Ò�×3Ô/ØrájÛq×3ÚZá1ØsÛ-ÜDÕTÞ9ØrÜDÕBÒ�èAØàCØeÛ3ÜDÙ3ÚZèAØeà¡è7ó|Õ;Û3Û3ß/á~Ú9Ò"�¦Õ#��üqÎ;ñ ê¦ì ë�� ï^Ú9Òiá~Ý;Û_×rÜ5ÕTÛ3Ø5Û5ñ�â�Ò/Þ9ó|ÚZÒ¡×3Ô/ØlÜpØDÒR×-ØDÙGÝTç�×3Ô/ØÖ/Þ\ÕTÛ3ájÕ^Õ]ç�×-ØDÙ1ÖAØ5Þ9ÞZØp×jÚZÒ
� Ø5Üp×3ÚZÝTÒ|Õ^Ù-Ø$�;Ú9Ý;Ò#	gÚP×-Ô%
;ØDÙ-ólÞZÝ
	&� ÝBçWê=ñ êTÏ^ì ë�� ïrÚZÛqÒ/ØDØeàCØ5à�×3ÝØpæCÖ/Þ\ÕBÚZÒ�×3Ô/ØSà/ÕB×-Õ=ñ
' Ò�ÚZÒR×3ØDÙ-Ø5Û_×3ÚZÒ��oÝTèAÛ_Ø5Ù�
]Õ]×-Ú9Ý;ÒdÚZÒ�×3Ô=ØmÛ_ÞZÚZà/Øpé*Õ�	NÕtósÙ-Ø$�;Ú9á~ØjÚ\Û�×3Ô/ØjØDæ7×3Ù-ØDá~ØDÞZó^ÞZÝ
	(
]ÕTÞ9ß/ØçxÝTÙ���ÝBç�ê=ñ êRÐ[ìoë � ï�×3Ô=ÕB×)	cÕTÛ?ÝTè=Û3ØDÙ�
TØeà�ñ¨äcÔ=ÚZÛNáJßAÛ ×cèAØ[Õ;ÜDÜpÝ;á~Ö=ÕBÒ/ÚZØ5àmèRójÕ*
TØ5Ù3ó1Þ9Ý
	,+�-��

	gÔ/Ú\ÜEÔ.	cÕTÛcØeÛ ×-Ú9ájÕB×3Ø5à�×-Ý1èKØ[ÚZÒ�×-Ô/Ø[ÝTÙEàCØ5ÙNÝTç�+/-,0�ê=ñ9Î�ì ë�� ï
' Ò|Ú9á~ÖKÝTÙ3×-ÕTÒ;×màCÚ\Õ1�;Ò/Ý;Û_×3Ú\ÜGÜDÝTÒ=ÜDÞ9ßAÛ_ÚZÝTÒ�×3Ô=ÕB×jÜ5ÕBÒ{èAØsàCÙEÕ�	gÒ�Ú\Û1×3Ô=ÕB×2
TØDÙ-ó�ÝBç�×-ØDÒ{×3Ô/Øä�3mÖ/Ù-Ý14AÞ9ØsÜDÕTÒ¡èAØsß=Û3Ø5à�×3Ý¦à/Øp×3Ø5Ù3á~ÚZÒ/Ø	Õ65=ßCæ¡Û_ß/Ù3ç ÕTÜDØsÕ�
TØDÙEÕ1�;Ø5à7
]ÕTÞ9ß/ØoÝTç�×-Ô/ØsÖ/Þ\ÕTÛ3á~ÕàCØ5Ò=Û_Ú9× ó�à/ß/Ù3ÚZÒ��jÖKØDÞZÞ9ØD×WÚZÒ
� Ø5Üp×3ÚZÝTÒ8�KÚ ñ ØTñNÕ]×�Õ1×-Ú9á~ØJÛ-ÜDÕTÞ9Ø[ÝTçvýTêTê��aÛ5ñNäcÔ/ØJÞ9ÝCÜDÕTÞ9ÞZómá~Ø5Õ;Û_ß=Ù3ØeàÒ�3�Ö=Ù3Ý94=Þ9ØeÛgÜDÕTÒràCØ:
7ÚZÕB×3ØFç ÕBÙcçxÙ-ÝTá�×3Ô/Ú\Û�Õ�
TØ5Ù-Õ9�TØWà/ß/Ù3ÚZÒ��~ÖKØDÞZÞ9ØD×WÚ9Ò1� Ø5ÜV×-Ú9Ý;Òañ
' Ò|Ú9á~ÖKÝTÙ3×-ÕTÒ;×~Ù-Ø5Û3ß/ÞP×~ÝBç[Ó?Ô=ÕBÖC×-ØDÙ<;^Ú\Ûq×3Ô/Ørç Õ;ÜV×1×3Ô=ÕB×q×-Ô/ØoÖAØ5Þ9ÞZØp×jÚZÒ=àCß=ÜDØ5Û~ÕdÛ_×3Ù-ÝTÒ"�ÖKÝTÞZÝTÚ\à/ÕBÞcÙ-ÝB×-ÕB×3ÚZÝTÒ{èRó=� Ö=ÕBÙ3×3ÞZó��1Û ×-ÝTÖ/Ö/ÚZÒ��d×3Ô/Øo×-ÝTÙ-ÝTÚ\à/ÕBÞNÙ-ÝB×-ÕB×3ÚZÝTÒañ|äcÔ/Ú\ÛqÔAÕTÛ~èKÝB×3Ô|èKØDØDÒá~Ø5Õ;Û_ß/Ù-Ø5à8�=ÕBÒ=àoàCØeàCß=ÜDØ5àrè7órÕ;Û3Û3ß/á~Ú9Ò"�~ÕjÜDÝTÒ=Û_×-ÕTÒR×�ØDÞZØ5ÜV×-Ù3Ú\Ü>4=Ø5ÞZàoÝ;Ò�×-Ô/Ø?5=ß/ærÛ3ß/Ù_ç Õ;ÜpØ[Ý;Ò×3Ô=ØGÜpÝ;Ò=Û_Ú\àCØ5Ù3Øeàl×3ÚZá1ØrÛ3Ü5ÕBÞZØTñsäcÔ/ØrÜpÝTáqè/ÚZÒ=Õ]×-Ú9Ý;ÒlÝTçgÖ=ÕBÙEÕBÞZÞ9Ø5ÞXá~Ý

TØ5á~ØDÒR×JÕBÒ=à�Ù-ÝB×EÕ]×-Ú9Ý;Ò�ÚZÛÛ3ßA@mÜpÚZØDÒR×c×3ÝjØpæCÖ/Þ\ÕBÚZÒ�×3Ô/Ø[Ý;è=Û_Ø5Ù�
;Ø5àGá1Ú9æCÚ9Ò"�~×3ÚZá1ØeÛcÝTÒsÕ*5=ßCæoÛ_ß/Ù3ç ÕTÜDØTñ

B2CED FHG�IKJMLONPIRQ�STQPU�LWVXSYI�LOZ\[�]�LOIKQ/^$S*G�I

' ×�×3Ô/Ú\Û�ÖKÝTÚZÒ;×XÛ3ÝTá~ØNÝBçA×3Ô/ØcÝTÖKØDÒ<_Rß/Ø5Û_×3ÚZÝTÒAÛvÜpÝTÒAÜpØDÙ-Ò/ÚZÒ���×-Ô/Ú\ÛvÖ=ÕBÙ3×3Ú\ÜpÞZØ?×3ÙEÕBÒ=Û3ÖAÝ;Ù_×�×3ÔAÕ]×P	?Ø5Ù3ØÖKÝ;Û3Ø5à�Ú9Ò � ØeÜV×3ÚZÝTÒ�Î;ñ Ï~ÜDÕTÒrèKØSÕBÒAÛ`	NØDÙ-Ø5à�ñ
a !iÔAÕ]×[ÚZÛF×-Ô/Ø~ájÕ1�TÒ=ÚP×-ß=àCØ~ÝBçNÖ=ÕBÙ3×3Ú\ÜpÞZØJ×-Ù-ÕTÒ=Û3ÖAÝ;Ù_×[àCß/Ù-Ú9Ò"�rÖKØDÞZÞZØp×[Ú9Ò1� Ø5ÜV×-Ú9Ý;ÒlÕTÒ=àdÔ/Ý
	Þ\ÕBÙ��TØcÕBÙ-ØN×3Ô/Ø�ÜDÝTÒb
TØeÜV×-Ú�
;ØNÕTÒ=àqà/ÚP÷Qß=Û3Ú�
;ØNÖAÕBÙ3×-Û�cd!iÔ/Ú\ÜEÔqÝ;Ò/ØcÚZÛXàCÝTá~ÚZÒ=ÕBÒR×ec�Ñ Û�×3Ô/Ø5Ù3ØÕ~àCÚ9÷QØDÙ-ØDÒ=ÜDØ?	gÚP×-Ô�×-Ô/Ø[ß/Ò/ÖKØDÙ3×3ß=Ù3èKØ5àrÖ/Þ\ÕTÛ3ájÕ<c

åvÕBÙ3×3Ú\ÜpÞZØ�àCÚ9÷KßAÛ_ÚZÝTÒmÚZÒ~×3Ô=Ø�ã�ägå�×-Ý9f]ÕBájÕ1f*	NÕ;ÛvçxÝ;ß/Ò=à~×-ÝSèAØFÕBÙ-ÝTß/ÒAàjømù9ú;ûEü�ý/þ êzÿ�ÎTþ ê�ì ë�� ïÚZÒG×-Ô/ØJâ�Ô/á~ÚZÜFÜDÕ;Û_Øg�7ÕTÒ=à�Ú9Ò=ÜDÙ3ØeÕTÛ3Ø5Û?Ú9Ò�×3Ô=Ø�ÕTè/Þ\Õ]×3ÚZÝTÒrÜpÞZÝTß=àG×3Ý<�[ü�ÐCþ ýNÿ�ý/þ ôSì ë�� ï;ñ�Ñ*Ò�×3Ô/ØÖ/Þ\ÕTÛ3ájÕFÜDØDÒR×3Ø5ÙXÕ�Ù-Ø$�TÚZÝTÒ<	gÚ9×3Ôjáqß=ÜEÔ~Þ9Ý
	NØDÙ��,	NÕ;Û�çxÝTß/Ò=à>� ßAÛ ×?ÕBç�×3Ø5ÙXÖKØDÞZÞ9ØD×XÚ9Ò1� Ø5ÜV×-Ú9Ý;Òañ ' Þ\Û_ÝÚZÒ�×-Ô/ØJÛ3Þ9Ú\àCØDé­Õ�	cÕtójÙ3Ø:�TÚZá~Ø��®Ú\ÛgáJß=ÜEÔsÞZÝ
	NØDÙ��/ÕBÒ=àrájÕtó7èAØ[Ò/Ø5ÝCÜpÞ\ÕTÛ-Û_Ú\ÜDÕTÞ ñXäcÔ=ÚZÛgÚ\Û�ÖKÝ;Û-Û3Ú9è/ÞZóÜpÝ;Ò/Ò/ØeÜV×3Øeà[×-ÝFÕW×3ÙEÕBÒ=Û3ÖKÝTÙ3×¨è=ÕTÙ3Ù-Ú9Ø5Ù�ÚZÒ=àCß=ÜDØ5àqè7óSÕWÛ_×3Ù-ÝTÒ��h�TÙEÕTàCÚZØDÒR×¨ÚZÒq×3Ô/ØNÖ/Þ\ÕTÛ3á~ÕWÙ3ÝT×-ÕB×3ÚZÝTÒañ
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