
������� �	��

������������
������ ��!"�����#���#$"�"%&%'�#(*)*)'+�(�)�$ ,- )�.�.*!0/1��2 , �3)*4

576�8�9;:
<�9=6�:
>@?A>CBEDF<�GH8IGJ<LKH?M9�6N:O>P:
QSRT6�?A>O9U<�GH8�:
>3?A>WVMGH8
6*>PXS>CBF:OYCGHBF<�?AZ\[]9;:
^_8U[a`abdc'e

fhg�ikjlgnmporq"sut�jwvnxLy{z{|km}gu~kgn�Mj&�������l���w�&�I|k�Ig��Mg*���������w��s{������j"x

�u��� �k�����u�w����� ��¡�¢¤£#¥u¦¨§�©"�#£���ª�¢«£ ¥u¦¬��ª�¡ ­«¢®­°¯*­±�#²k³�´nµ�¶{·*³�¸�­¹� ���{­±�¹º�¡{»�¯Nº�¼�²w½=¯N¡¹¡�¢¤¥
¾ ½�¥ £ ¥n����ª�¡#­«¢®­°¯�­±�¿�uÀl�l�N�*¡�¢«£¹¡ ²wÁL�n»�º¹��ÂÄÃ�ª�¢±Ån�¹º�¡�¢®­¤��²¬´�³�´�¶nµÇÆ��¹º ¯N¡¹¥u¦«�¹Èp²��±¡�º¹¥ ��¦

É ��º�¢¨À�� Å"Ê ¡���ª�¡#­«¢®­°¯�­±�¿�uÀlË�¦¤�{£{­±º �nª�¢¤£ ¡¹²���Ì*¥ Í*�¹È�¼��uº¹��Í*�nÌ�²=În¶�¶�³{·NÏ	©&¥�¡���Ì���ª&­�²�ÃlÐ�»���Ì�¢¤¡ ­�¥uª
ÑNÒ Ó�Ô¿Õ Ö�Ö�×uØAÙ¿Ú�×¹Ó�Û�Ò�Ü�Û�Ý	Þ�ß�ß�Ù

à�á��®��â"ãn�H��ä��¹á 2#� á�ãNâå�«äJá�������æ�ãuá�á¹ãu2=á��"� á�á��"ã�ãuçlã , á��Nè�á��wã�è�é��«�«ãu2#ãuä"ãL�¹�"ã��«�&éw%l��äå� á¹���H� ,Iê �®�Nä&ák2#ã � ��ä"��ä , ãIâ"ã , ���#�®
*ã��«ë
â&ãu%�ãuäwâw��é�%l�NäAãuä"ãu2#ì�ëA�Nè¬%w�"��á ��ãu�®ã , á 2#��ä�����í&ë	î���� , �Há��"ãï2#ã � �Näw�Nä , ã¿â"ã , ��ë���ð ,�, �N2{âw�¤ä�ìMá �Má��wãïã��N2#�®�«ãu2�%w2#ãNâw� , á¹�«��ä¬�*á��wã
ê �«��ä&á�2#ã � ��ä"��ä , ãp�«äOñ¿ãÇ�®�I�¹á 2#�Nä�ì��«ëA�H�&â"�«ò�ãNâ
�¤äOá��wã¿ãuäwâw���"ãNâ"2#���¬ñ�ã óMôLõ öÇí�ã �«äwì	á 2#�Nä��¹è���2 �	ã�âOè�2#���÷���#�«äwì*�«ã¿íw2#�*��â
��äwâO%l��îLãn2 è�é��k�	��ø"�¤�péw�÷�¤äCñ¿ãJ�«ä&á �	è±��éw2Mù�é��¤á¹ãÇä"�N2 2#� îM�líwéwáIîï�«á��ú�*�¤�H���¹á�á��"ãp� ���	ãpá ��á��*�k��� , �®�«�®��á �N2¿�¹á 2#ãnä�ìNá��¬�Mû�ä
á��wã , ��ä&á 2#��2 ë����"ãu2#ã�á��"ã�ü*ý ê �«��ä&á�2#ã � ��ä"��ä , ã �L�¤äH�®�Nä���ô�ã�þ ¾ ÿ á��"ã�ã��«ã , á 2#��ä�� , �¹á 2 é , á�é�2#ã�á��w��áLô�ã��w������î��"ãuäA�¹á�éwçlã�â	�«ä&á �
è�é��®�«ãu2#ãuä"ã � �&�¤ä1ô�ã�� ¾ �w��äwâ}��éO��2#ã , �Nä��#�®â"ãu2#ãNâl��à�ä}ä���ä"ãÇ�Nèká��wãn�Sá��"ã�ü*ý ê �«��ä&á�2#ã � ��ä"��ä , ãM�«ä
ãuäwâw�N�"ã�â&2#�*�«�L�����Nçlã , á�ã�â
ã �#�{ãnä"á��®���®�¤ë��	�����®�Ç���Çí�ã , ��é��#ã�á��wãåâ"ã , ��ëú�NèLá��"ã ê �®�Nä"á¿2#ãN� �Nä"��ä , ãN�J�¤ä3á��"ã �{ãHãnä�â"���"ãNâ"2#���®�¿%w2#� , ã�ãNâw�Çí&ëúãu�����#�#�®�Nä �Nè
è°���¹á¿%��"�Ná ��ã��«ã , á 2#�Nä��ïá��"��áI��2#ãJ�*�¤�H���¹áIéwä"��çlã , á¹ãNâ
í&ë}á��"ãJôLõ ö	�¹�"ã��«���L���"ãM2#ã �¹é��¨á �I��í�á��*�¤ä"ã�â
ì*�«
�ãM��á¿�«ã��*�¹á¿ù�é��*�«�¤á¹��á¹�«
�ã
ãuø&%w�®�Näw��á��®�NäCá �}á��"ã	è°� , áÇá��"� á¿2#ã��®��á��®
�ãu�«ë}2#ã , ãuä&áM�Ní��#ãu2#
N� á��®�Nä �Nè�ü�ý ê �«��ä&á¿2#ã � ��ä"�Nä , ãH�¤ärô�ã óMô ¾��� �lî��wãn2#ãåá��"ã ê �®�Nä&á
2#ã � ��ä"��ä , ãMîL���I�Ní��#ãu2#
�ãNâO�����å�	��ø"�¤�péw� îï�«á��"��é"á�ä���á�� , ã�� íw�«ã¿�¹á 2 é , á�éw2#ã*�

�lðIô��
	w(���� )*4&��
ï
��l(*)&� �*.&��
�á

����������������� �"!$#%�"& � !'��(*),+
#-�/.�01&2���3.4���5�6�7���5�98'.:�6�<;'=>0?&
@ 01�A!'�B+
�5;A�-;'�3���-;�#%+���0?;�!C#-�/�-;�!��A!�&2�D0?!FEG�H0I�G�<�-#%;�!�J'(?)C.�0I�<K
�<;�#-���/.ML7�5� !NEG�$0I�O&"�AJ��/.M0?!��%01.5�CPRQ-SCTIU�(*(?�"#-�"!V��WXTI;�#%=>0*!�J
� !�.�;'�V�/.�#Y�A(ZEG�/[\P Q<S^]�_ W%`/acbedR�30?!�JfU�!��3��(?�g.VU
�g�<;h�Y� #Y0*K
;�U��,���"&Y��!
01& �A(B.�0*i>& U
(j��0*�/�k�-;f+��"#<TI;'#-=l=H�3���-U
#-�"=O�"!��%�k;�!
���%#Y0?&2��(*)f���
0I�,;'�5m<�"&2�,���5�n� o5+�� #Y0?=O�"!��<��(?0I���-�4=O�3���-U
#%�3.N���5�
&2#%;V�Y�<Kp�Y�6&���0?;�!q;�TG���5�$8Vrq+
�5;A�<;'0?;�!
0?s"�6��0?;'!t;�T\Pu�/[\P xv-w ] x ayb
z �5�B#%�/�<U
(j�-�{TI;�#GPu�3[\P v%w L70*���4(?�/�Y�|.5�2�<��0?(*�/.k+
01&2��U
#-�G;AT}���5�
@ 01�A!'�X#%�/�<;'!��A!�& �uLR� #%��;����<��0*!5�/.D0?! ] 8�acW5�AJV�A0?!~.5� =>;'!��<�-#Y�6�<K
0?!�J$�$=k�/o�0?=~U�=�L70j���5;�U5�\!
;���01&2�3�3��(*�O���%#-U�&���U�#-�k0?!����5�>#-� K
J�0?;�!C;AT��p�5�D�6�<;'=>01& @ 01�A!'��#%�/�<;'!��A!�& �Ab

z �V�4TIU
(?(*�"#-�"!5�4P v%w 0I�\�:=>;'#-�>&2;'=>+�(?0?&"�6���/.F;��5m<�6&��\TI;'#
���V�";�#%�2��01& ��(��<��U�.�0?�/�������A!nP Q-S�� 0j��0I��(*0?�'� (?)H�<;>���~.5� TI;�#%=O�/.
�A!�.k���5��+���#%��=O� ��� #Y��;AT}0*�u��#-��(?�/�Y�{�5!
;/Lh�����A!kTI;'#7P Q-S b|�5;�W
Lu�{.5�6&201.5�/.B�<;7+��A)B���5���2o�+��"#%0?=H� !'�<�A(?0I�<�-�
���5�|�%�A=H��&2;�0?!9�A!�.
0?!V�'�/����0?J'�6����0?!��<���6�'.>;AT�Pu�/[\P xv-w �A!�.CPu�/[\P v-w ;���m<�"&��%�{�����6�
�A#%�~�%0?=>0*(1��#R��U5�Z�3���%0?� #7TI;'#G���5� ;'#-� ��01& �A(}��!��A(?)��Y�3� b��B��=O�"(?)AW
Lu�\& ;�!��%01.5� #�0?!,���
0I�����2�p��� #7+��V;��<;�0?;'!
0?s"�6��0?;�!k;AT����5�BTI;�(*(?;/L�K
0?!�Jg;'�5m<�"&2�-�,Pu�"� x [\PRQ<S�W7Pu�"� x [\PRQ-SAW7�A!�.N�|U�[\PRQ-S/b^��;'#
Pu�"� x ��!�.�Pu�"� x Lu�qL70?(?(9&"�A(1&2U�(?�6�����p�5�M+
�5;��<;�0?;�!�0*s6�6��0?;�!
&2#%;V�Y�<Kp�Y�6&���0?;�!��9TI;�#k0I�-;A(1�6���3.�0*;'!��~TI;�#k���5�,��#Y�<�>��0*=H�,L7��0*(?�
.��6�<�~;'!:�|U$L70*(?(��<�A�'�GTc#-;'= ] � ayb

� & & ;�#Y.�0?!�J��<; ]�_ ayW>���V�^�6�<;'=>01&M8'r @ 01�A!'�M#-�/�-;�!��A!�&2�
� @Z�B� 0?!$EB�D�%#%��!���TI;'#-=4��0?!'�<;4�4�Y�6�'U�� !�& �\;AT{�Y� �'� #Y�A(}=k�/o5K
0?=H�H0?!$�p�5�\�"!5.
;��5�/.�#%��(��6�<;'=�EG�/[\PRQ<S ]�_ WY`3ayb z �
0I���<�-#%;�!�J
.�0I�<�<;�#-��0?;�!M&2;'=O�/�D�'�O�n#-�/�-U
(��O;ATG#%�2���6&���0?;�!q;�TG+
�5;A�<;V� (?�6&�K

�c� ×��°Ô�Ü�Õ �j�} åÕ Ûy¡Y¢'£ ¤�ÔïÒ3¥�Õ¨Ü ¦�ÔIÜ�Õ �j£ Õ§¡Y¨"×%£ Û�Ò

�-#%;�!����V)4�p�5�OPRQ-SAb z �
0I��#%�2���"&���0?;'!40I�7���%#-;'!�J
W
�%0?!�&2�9+
�5;A�-;AK
� (?�6&��-#%;�!���T©#-;'=ª8Vr\0?!kEG�G��#-�7+
#%�/.�;�=>0?!��A!'��(?)9�-(?;/L9W'&2;'=>0?!�J
T©#%;�=«8'rF�-U'���<�5� (?(XL70*���g�"!V�"#-J'0?�3�B;AT7�3��;�U5� x � )�b z �V�CPRQ-S
+�;A��� !'��01�A(}�'&��-�7�<�-#%;�!�J'(*)kU
+�;�!$���5�/�Y�Z�"(?�"&��%#-;'!�� b

���~L����9�"=>+
�����%0?s �/.n(?;'!�J:��J�;:0?! ] ¬ acW����5�6�\���5�4=H�"&Y���/K
!
0I�-=4�R;AT @ 01��!��7+
�5;A�-;'�3���-;�#%+���0?;�!>0?!C�|U:�A!�.,EB�D�A#%�Z�VU
0*���
.�0*­®� #%� !'� b z �V�|� (?�"&2�-#%;�!
01&����%#-U�&���U�#-�{;�T��|UD0I�}.
0j­®� #%� !'��Tc#-;'=
�����6�9;�TuEB�>�V):���5�k+
#%�3�Y�"!�&2�k;�TR��.�.�0*��0*;'!��A(�����(jT1Ky��(?(?�/.F8V¯®°
�A!�.f��(?(?�3. ��± w �-U'���<�5� (?(1� b � &"&2;'#%.�0?!�Jn�<;t�p�5�:²GU�!�.³#%U
(?�AW
�A(?(��Y� ���"!F� (?�"&2�-#%;�!��G0?!:�p�5�O�5��(*T1Kc��(?(?�/.C�-�5� (?(����3�'�\���V�H�-��=O�
�-+
0?!�+
#%;/m<�"&2��0?;�!�WXTI;�#k.5�2��!
0*��� !5�/�%�:´YU
+�µ�;�#H¶
b z �5�$;A���5� #
�Y� �'� !g(*�"���"(?� � ´2.�;/L7!�µ
W};�#9· � �A#%�k� =>+���)�b z �5� @Z� 0*!g�|U
0I�R�D#%�3�-U
(j�u;�T�.5�"&"�A)H;AT}���5�G8Vr\¶>¸78V¯k¶k.�0I�%&2#%�2���7� o�& 0*�<�6��0*;'!
0?!��-;B&2;'!���0?!VU
;�U��}�<+��"&2�-#%U�=¹;�T����V�u;�U5���"#��-U'���<�5� (?(1� W"+
#%�/.�;�=kK
0?!��A!'�p(?)O8V¯,·H¸�º6»®¼%r9·�b z �5�B;�U5�-J';�0?!�J9� (?�"&2�-#%;�!�� ½'�"!5� #%J�)H0*!
�|U>8VrD0?;�!�0*s6�6��0?;�!\0I�{�6�|(?�3���<����L701&2�7���|�
0?J9�'�{0?!kEG�G��!�.~���5�
�A!�J'U
(1�A#9=>;�=H� !'��U�=¾�
0?J'�V�"# b z �V�"#-� TI;�#%�k���V�>� ­��6&��~;�Tu���5�
TIU
(?(?� #%� !5�7& ��J���U
+�;�!H���V�7+��V;��<;'�3���<;'#-+
��0*;'!~&2#%;5�%�<K��Y�"&���0?;'!\0*!
EG�/[\PRQ<SB0I�{&2;'!��%01.5� #Y�3��(*)D�-=k�A(?(?� #��p����!>0*!>�uU�[\PRQ-S/b � �{LR�
L70?(?(}�<�5;/L9W
���5�~�%0*��U��6��0?;�!4L70*���nPu�"� x [\PRQ<S~��!�.FPu�"� x [\PRQ-S
0I�7�%0?=>0*(1��#{�<;k�����6�70*!:�uU�[\PRQ<SAb z �5�9#-�3���-;�!$0I�R���5�6��;'!,���5�
L��A)�Tc#-;'=¿�>�A!�.hEG��W��<;³Pu���A!�.h�uUN���5�F=H�"&Y���A!
0I�-=À;AT
@Z� TI;�#%=H�6��0?;'!n�A!�.t.5�"& ��)�&Y���A!�J��/�\�6�OPu�Ab4�B;A���H�����6�9LR�
&2;'!��%01.5� #|0?!��%01.5�ZP Q-S �A!,0?;'!�W
Pu�6� x ;�#�Pu� � x W�!
;A�7�~!5�"U5�-#Y�A(
�6�<;'=Á0?!$�'& &2;'#%.,L70*�p�:�A#%J�U�=H� !'�-�u+
#%�3�Y�"!����/.$0?! ] x ayb

z ;f�<�����t0*!'�<;h��&"&2;�U�!'�:���V�t#%;A(?�g;�TkPRQ<S'W90*! ]�_ WY`/a9LR�
U��Y�/.f�-;AK�& ��(?(*�/.�´Y;'#%��!�J�� Kp�-�50*!�µC+�;A���"!���01��(|�����6�k�-UV���<��0j��U5���/�
���5�B#%�6��(�PRQ<S9+�;A��� !'��01�A(��5)4�A!$0*!
��!
0*��� (?)D���
0?!C;�!5� ]§Â ayb z �
0I�

x `�` Ã�ÄVÅ�Æ6Ç�È9ÉZÊgË®Ì�Í Î3Ï"Ç �*! É6Ð�Ñ �{4¬+�$ )N.*.�!



�åt�sN�¹������t����rj&�����k� ��sN���*��jw��t���� �����Çt�j��¬�L� ��s����lj��
	 �Ns¿t±���I�
���������"��j��=må�¹��oús¿m��H� Q<S x ` x

�A+5+
#%;3o�0*=k�6��0?;�!q0I�>�/�A(?01.MTI;'#,�"(*�6&��%#-;'!��HL70j���h� !5�"#-J'0*�/�k!
;��
�
0?J��5� #4�p����! `3K x � )�b¹��!��p��0I�4� !5�"#-J')f#Y�A!�J��:���5�n.5� �<�A0?(?�3.
���%#-U�&2��U
#-�9;�T{P Q-S �����R�<;>���\0*!5�/�Y�Y� !'��01�A(yb���!:���
0I�����2�p��� #7LR�
0?!����"!5.H�-;O�A+5+�(?)D���5�G�%�A=H�7=>;�.5� (
�-;~�6�u(?�3���<�{��L701&2�����|�
0?J��
� !5� #%J�0?�/� b z �5� #%�G���5�DPRQ<S9���%#-U�&2��U
#-�Z�A!�.40*�-�u+�;A��� !'��01�A(����3���
�<;����n0?=>+�;'#<�<��!��"W��/­®�"&���0?!�Jq���5��0?;�!
0?s6�6��0*;'!N& #-;5�Y��K��Y�"&2��0*;'!
�A!�.t�A!�J�U�(?��#\.�0I���%#Y0*��U5��0*;'!�;AT�+
�5;A�-;'�"(*�6&��%#-;'!��2b��GT7&2;'U
#%�Y��W
���V�H���"#-):Ty��&��9�����6�\L70j����J'#-;/L�����;�Tu+
�5;��<;'�"(?�"&��%#-;'!�� !5�"#-J')
���V�H�2­®�"&2�D;�!g0j�9;ATu���V�,PRQ-Sk+�;���� !'��0?��(�0I�Z�"�V01.5�"!��"bOd�U5�\;�!
+
U
#%�n�VU��A(?0*�<�6��0?���4J'#-;'U�!�.
�>0*�40I�4U�!�& (?�6��#>L7�V� ���V�"#>���5��0?!�K
&2#%�6�'�Y�O;�Tu���
0I�Z�"!V�"#-J')��5)n�$Tc�'&��<;'#\;ATR��Lu;:0I�9�<U
i>& 0?� !'�\�<;
=H�����7���5�Z#-;A(?�B;ATXP Q-S �-�5� (?(�U
+�;'!,���5� @Z� !5� J'(*0?J'0*��(?��b z �
0I�
#-�6�VU
0?#-�/� W7��(1��� W�&"�A(1&2U
(1�6��0?;�!��~�����6�C��#-�F+�� #-TI;�#%=O�/.h0?!h���
0I�
��� �y���"# b�BU
#G�A0?=e�V�"#-�\0I� W��5;/LR� ���"# W
!�;A���<;>+�#-�/�Y� !'�����5�D.5�2�<��0*(1�
;AT{���5�k&2#%;V�Y�<Kp�Y�6&���0?;�!��R�
U5�9�<;:.5� =>;'!��<�-#Y�6���9�p���6�Z���V�k�/­®�"&2�
;AT�P Q-S U�+�;'!4+
�5;A�<;V� (?�6&��-#%;�!���0I�|�-=H��(?(cb��B!V�B�������-;~���3����0?!
=>0?!5.\�p���6�{��&"&2;'U�!��X;AT���!
0*���|���
01&Y�5!5�/�%��;AT����V��PRQ-S7+�;���� !'��0?��(
& ��!O;'!
(?)D.5�"&2#%�3���Y�u��!�.~�
#%;'�'.5� !O���V��;5�-& 0?(*(1�6��0?;�!���+�#-�/.�01&����/.
0?!>���V�BT©#Y�A=H��;AT��p�5�Z;�#Y�A!�J'�2K��<�50?!O+�;A���"!���01��(�=>;�.5� (����'U��u.5� K
&2#%�6�'�%0*!�JG���V��#%� (1�6��0?���{� ­��6&��{;�T����5�GPRQ<S��-�5� (?(yb z �
0I��m<U��<��0*���/�
���V�\U��Y�\;AT{�>�%0*=>+�(?�Z=>;�.5� (�0?!��<���6�'.,;�T��>& ;�=>+�(?01& �6���/.>#%�6��(
+�;���� !'��01�A(yb�GT|&2;�U�#%�Y��W�0*�G0I�G��!F;/��� #Y�%0?=>+�(*0*��&"�6��0?;A!k�<;4+
#%�/�Y� !'�9PRQ-S
�<�5�"(*(9�5) �^�<�<�6��01&/WB�"���"! ��!�0j���t���
01&Y�5!5�3�Y�C+�;���� !'��01�A(ybe��!
K
.5� �/.®W�0*�|�����|0*!'��� #Y!��A(®.5� J'#-�"�/��;AT�T©#%� �/.�;'=:WV���3�'�G&2;A(?(?�"&2��0?���AW
+�(1���-=>;�!�Ky��)5+��X;V�%&20?(?(1�6��0?;�!�� ] � ayb�²B;/Lu�"���"# W/����0j��LR�'��.5� =>;'!�K
���%#%�6���/.\0?! ] � ayW/���5�u� ­��6&��X;AT�.�)5!��A=>01&"�A(A� o�& 0*�<�6��0*;'!���.�0?�/��;'U5�
���"#-)4#Y�A+�0?.
(*)>L70*���C�p�5�\J'#-;/L����$;ATX+
�5;A�<;'!CTc#-�6�'U�� !�& )��7W��-;
���5�6���6�����5� @Z� T©#%�"�VU
�"!�&20?�/�u�p�5�9#%;A(?�B;�T�.�)5!��A=>01&7#%�6�'&���0?;�!
;AT��p�5�OP Q-S � (?�"&2�-#%;�!$�<�5� (?(�& ��!C���\!5� J�(?�6&����/.®b�®� z �5�M.�0I�-& U��Y�%0*;'!�;AT @Z� �F;�TO� !�.�;'�5�3.
#%��(9�6�-;�=4�$0I�
;ATDJ'#-�3�6�,J��"!5� #Y�A(G0?!'��� #%�/���:�A!�.^�/�A(?U
��WB�%0*!�&2� @ 01�A!'�C#%�/�<;�K
!��A!�& �3�$�A#%��U�!
0?�'� #Y�-��(7TI�6�6��U�#-�/�4;�T\���V�g�2o
&20*�<�6��0?;�!³;AT~��!5)
��!
0*���>=k�A!5)VKcTI�"#-=>0?;�!g�<)��<��� =4� � !'U�&2(?�30yW��6�<;'=4�2W�TIU
(?(*�"#-�"!5�3� W
�A!�.t&2(?U��<��� #Y�2b z �5� )�#%� +
#%�/�Y� !'�9& ;A(?(?�"&���0?�'�AW�&2;��5�"#-�"!��\;5�-& 0*(*K
(1�6��0*;'!��u;ATX=H��!V)>+��A#-��0?& (?�3�u�A!�.$=H��!
0*TI�/���R���V�"=4�Y� (?���/�u=>;V�<�
+
#%;�=>0?!5� !'�p(?)F0?!�+
�5;��<;�!��3���<;'#-+���0?;'!t& #-;5�Y�D�Y�"&2��0*;'!�� bF��!f�
!'U�& (*�"U�� @ 01��!��R#-�/�-;�!��A!�& �/�{#%� +
#%�/�Y� !'�|���5�B� o�& 0*�<�6��0*;'!O;�T�&2;�K
�5� #%� !'�4;V�%&20?(?(1�6�<;�#%)n=>;���0*;'!�;AT\�A(?(7+
#%;A�-;�!��k#%� (1�6��0?���>�-;��A(?(
!5� U5�-#%;�!�� ]�_�� acWAL7��0*(?�u0*!H�A(?(5;A���5� #X;���m<�"&��%��=H� !'��0?;�!5�/.D�3��;/���
���V�")>#-�"+
#%�3�Y�"!��u���V�9&2;'�5� #%� !'�R=>;���0*;'!>;AT���(?(��"(*�6&��%#-;'!��{;�T��6�
(?�6�'���Z;�!5�~=k�A!5)VKy�"(?�"&��%#-;'!F�<�5� (?( � 0?!n�6�<;'=4� � �A!�.n��(?(�& ;A(?(*�6&�K
��0?���Z� (?�"&2�-#%;�!��R0?!C=H�2�<��(?(*01&7& (*U������"#%���A!�.,TIU
(?(?� #%� !5�/�u#%� (1�6��0?���
�<;:���5�k�6�-;�=>01&D!VU�&2(?� U��Z;'#9�p�5�>+�;V�%0*��0?���H&Y�5��#-J'�O;�T��$!VU�=kK
���"#4;AT9!'U�& (*�30yb @ 01�A!'�>#-�/�-;�!��A!�& �/�>�A#%�$=k�A!�0jTI�/�<�<�6��0?;�!��O;AT
+�(1���-=>;�!�Ky��)5+���;�#�����!�J�=OU
0?#��2o
&20*�<�6��0?;�!��®0?!~�B�5;�=>;'J�� !5�";�U��
� (?�"&2�-#%;�!gJ'��� ]�_�_ a{;�#D�-;AK�& ��(*(?�/.N´�s � #%;'µ$�-;�U�!�.n0?!q�:���"#-=>0*K
(?0?�VU
01. ]�_ `/acb

���{0I�X0*=>+�;�#-�<�A!'���<;9� =>+
�����%0?s �|���5�6�X���5��#%�6��0?;G;�T����5�7#-�/�<K
;�!��A!�&2��L701.V�����>���5�6��&Y�5��#%�'&����"#%0?s"�3��0*�-��(?0*TI�2��0?=H���®W�� � _�! �|W
�<;O�p�5�ZT©#%�"�VU
�"!�&2) "�0I�R��(?=>;V�<�{���5�Z�%�A=H��TI;'#���(?(����5�9�3��;/�'�2K

=H� !'��0*;'!5�3.4;��5m<�6&��-� W _�!A�$# � ! " #�_�! 8�b����70I�R;��5�50?;�U��{�p���6�
���5�D�3���-;A(?U5���G�/�A(?U
�/��;AT����5�Z#%�/�<;'!��A!�& �Z�"!5� #%J�0?�/�R��!�.C& #-;5�Y��K
�Y�"&2��0?;�!��B.�0*­��"#B0?!����5�/�Y�~;'�5m<�"&2�-�G�5)F;'#%.5�"#%�B;AT|=k�AJ'!
0*��U�.5�AW
+���#<��01&2U�(?��#-(?)�L7�5�"!³LR�F&2;'=>+��A#%�4���5�:�3��(?U
�/�HTI;�#k���5�$8Vr y S
�-U'���<�5� (?(®0?!$�6�-;�=>01&7EG�D��!�.,!VU�&2(?�6��#&%u��b

z �5� #%�2TI;'#-��W
0j��0I��;AT{�<+��"& 0?��(�0?!����"#-�/�<�G�A!�.:�'U�0j���\0?!��<�-#%U�&�K
��0?���X�<;���!�.D���-)5�<��� =:W60?!\L7�
01&Y�Z#%� (1�6��0?���"(?)R�-=H��(?(/�3��#Y0?�6��0?;'!�'
�-U'������0*��U5��0?;�!O;AT®;�!5�O´�&"�AJ��/.
µZ�6�<;'=('~EG�G�V)H�A!
;����V�"#�0?;�!H;�#
�6�<;'=:W��A­��6&��7���5�\&2#%;V�Y�<Kp�Y�6&���0?;�!>+
#%;�=>0?!5� !'��(?)Ab)}��*t�hL70*(?(HU��Y�h0?! ���
0I�t��� �y���"#q���V�N���5� ;�#%�2��01&"�A(O��+�K
+
#%;'�'&Y�V�/�u�A(?#-�3��.
)~.5� �'� (?;/+��/.k0?!4�D!VU�=D���"#|;�T}+
#-�"�50*;'U��{+��/K
+��"#%� ]�_6x ' _/� aybB²G;/LR� �'� #"W�TI;'#Z& ;�=>+�(?�2���"!V�/�Y� W�(?�2�BU��G#%� +��6�6�
���5�B=k�A0?!>+�;�0?!��%�u;�T}���5�Z& ;�!��%01.5� #Y�6��0?;�!k�A!�.>+
#%�/�Y� !'�R���5�G�/�<K
�Y� !'��01�A(�TI;�#%=~U�(?�~U��Y�/.,0?!:& ��(?& U
(1�6��0?;�!�� b

��� �\U��D�<�<�A#-�9L70*���g�p�5�k+
#%;���(?� = ;�T���!g0I�-;A(1�6���/.�&2(?;5�Y�/.
�-�V�"(?(®�6�-;�=:b

��! ;�!5�2Kp� (?�6&��-#%;�!ª²B��#<�%#-�"�2Kp��;�&Y� � ²B� � �A+5+
#%;3o�0?=H�6��0?;�!
���5��+-,1K��<UV���-�5� (?(�+
�5;A�-;�0?;�!
0?s6�6��0*;'!,&2#%;5�%�<K��Y�"&���0?;'!4�5)$(?0?J��V�7;AT
T©#%�"�VU
�"!�&2)��f0?!k���5�B.�0?+�;A(?�G�A+5+
#%;3o�0*=k�6��0?;�!/.�0�1 � � � 0I�uJ�0?���"!
�5)>���5�\�2o�+
#%�3�Y�%0?;�! � �Y� �9�Ab J
b ]�_6¬ a �

. 0�1 � � �32 854 w�76 � `5,98 _ � ] � ,:8 _ � r w1 x�y 8;,©r w1=< y a?>
>@. 0�1=A BC1 x�y � � � 8;. 0�1DA BE1=< y � � � ¼ � _ �

L7�5� #%�~���5�k=H�6�%#Y0jo:� (?�"=O�"!��-�Zr 1GF y 0?!����5�H�-;AK�& ��(?(*�/.IH6KyTI;�#%=
�A#%�9J�0?���"!C�'�

r 1GF y >KJL
SNM 0�1 � H � H M BE1GF y � H � rOHQP � ` �

²G�"#-� M 0�1 � H � W M BE1GF y � H � �A#%�{���5�R#Y��.
0?��('²B� ]�_6¬ a�;'!V� Ky�"(?�"&��%#-;'!
L��3���{TIU�!�&���0?;�!���;AT��p�5�&+-,�.�0I�%&2#%�2���|(*�"���"(V��!5.\º�,SR _ '90?!O&2;'!�K
��0?!'U�;�U����-+��"&2�-#%U�=:W
#-�/�-+��6&���0?���"(*)�b

��!>;�#Y.5� #X�-;\�<�A�'�70*!'�<;D�'& &2;'U�!��|�p�5� � ��!�.�;�=T%|�����Y� � +�K
+
#%;3o�0*=k�6��0?;�!>L70*���:�{o
&Y���A!�J�� � � % � � � ]�_3¬ a�=OU
(���0*Kp� (?�"&2�-#%;�!
&2;'#-#%� (1�6��0?;�!��2W�;'!5�O�����G�<;$+��"#<TI;'#-= ���5�~TI;�(*(?;/L70?!�J4�-U'������0*��U�K
��0?;�!

r w1GF yVU � �XW w1GF y 8M��=YW w1GF y >[ZW w1GF y � x �

L7�5� #%�\ZW�1GF y � � � 0I�7���5�~�3���-;A(?U5���9�/�A(?U
�/��;�T��p�5�~��=>+�(?0j��U�.5�3�
TI;�#7#%�/�<+��"&2��0*�'�G�%#%��!��%0*��0*;'!��{L70*���:�A!�J�U�(?��#u=>;'=O�"!��%�],:R _ b

z �5�9TI;A(?(?;/L70*!�JH�A#%�9���V� � % � �^�6�'U��6��0*;'!,TI;'#7���5�~.�0?+�;�(*�
=k�6�-#Y0*o4� (?� =H� !'�-� ]�_3¬ a

^`_ wba W � � � a _ ydc 2 ^`_ wea r a _ yfc 8
8hg
ikj A iCl

^m_ � a W � � � a _ � c � + ikl ¸n+ ikj � ^`_ � _ w a o�a _ � _ y c
º iCl ¸gº ikj 8p�q8srut � _ ¸M`�+ ivj � ¼ � 8 �

L7�5� #%�

^`_ y _ w aGwo�a _yxy _yxw c > ^`_ y _ w aGwz a _:xy _yxw c ¸ ^m_ y _ w a{wz a _yxw _:xy c P � � �

Ã�ÄVÅ�Æ3Ç�È9É9ÊnË®Ì�Í Î3Ï Ç ��! É6Ð�Ñ �n4'+�$ )�.�.*! | �



x `A8 fhg�ikjlgnmJo3q"sut�jw|�mAg�~kg{�pj������������w�"|���g��Mg*���������w��s{����� j

²G�"#-� wz > _�! a � ¸ � x a �A!�. _�� 0I�G���V�O�<;��<�A(X�Y�2�9;ATR�VU���!���U�=
!'U�=~��� #Y�k�����6�,&Y���A#Y��&����"#Y0*s"�F�q²G� ;�!5�2Kp� (?�6&��-#%;�!h�<�<�6���F;�!
.�0I�%&2#%�2��� � &2;'!���0?!VU
U�= � (?�"��� (1� b z ���6�>0*!�&2(?U�.5�/�D���5�:+
#Y0?!�&20*K
+��A({�VU���!���U�= !'U�=D��� # � �"!5� #%J�) � W���!�J�U
(1��#G=>;�=H� !'��U�=:W�0*�-�
+
#%;/m<�"&2��0?;�!F�A!�.:���5�D+
#%;/m<�6&���0?;�!:;AT|�p�5�O� (?�"&2�-#%;�!F�<+�0*!}b z �5�
TIU�!�&���0?;'!p+ i�� � �p�5�$�<;�Kp&"�A(?(?�3.g�����"+�KyTIU�!�&���0?;�! � 0I�D�6�'U��A({�-; _
TI;�#7;�& & U
+
0?�/.C��!�. � TI;�#7�/�'& �A!'�G�<�<�6���3� b

z �V�t.�0?+�;�(*�n=H�6�%#%0*o³� (?� =H� !'�-��W 1GF y �A#%�n;'���<�A0?!5�/.³�V)
�<;�(*�50?!�J����5�7#Y��.�01�A(5+���#<�{;�T®�p�5� � % � �M�"�VU��6��0?;�! � 8 � !'U�=H� #-K
01& �A(?(?)AWVU��%0?!�J~���5�9+
#-;�& �3.VU
#%�/�7.�0I�%&2U��Y�Y�/.,�6�7(?� !�J��p�C0?! ]�_6¬ acb

��!~���
0I����� �y���"#�LR��&2;�!��-01.5�"#�;/+��"!O�-�5� (?(�0?;�!kPu�"� x W'&2(?;5�Y�3.
�<�5�"(*(�0*;'!gPu� � x �A!�.:���A(*T1Ky��(?(*�/.$�<�5�"(*(��6�<;�=��|U�bB²B�A(*T1Ky��(?(?�3.
�<�5�"(*(�� !�.�;'�V�/.�#Y�A(�LR�'�|&2;'!��%01.5� #%�3.k0?! ]�_/Â acb z �5�GJ��"!5� #Y�A(?0?s"�/K
��0?;�!H0I�����%#%��0*J'�V�<TI;�#%L��A#Y.®b � ��0*�{L�����.�0I�%&2U��%�Y�/.O0?!H�9!VU�=D���"#
;ATX+�(1��&2�/� � �Y� �AW
��b J�b ]�_3� a � W�Lu�9�%#-�3�6���<U�&Y�F�A!:�6�<;�=��������3�VK
0?!�Jn��LR;n��)5+��3�k;�TZ�"(?�"&��%#-;'!�� W{!5��=O�"(?)�´�U
+�µt�A!�. ´�.�;/L7!�µ
W
.5� !
;����/.fL70*���N��!h��#-#%;/L ¶M�A!�.N·
W�#-�/�-+��"&2��0?��� (?)�b��BU��:�<;
+
#%�3�Y�"!�&2�>;�Tu���5�4�Y� =>0 'g��(?(*�/.g(?� ���"(�8V¯®°H¶
WX�3��&Y�M�<UV���-�5� (?(
�<+�(?0*�-��0?!'�<;k��Lu;,(*�"���"(?� W�´YU
+�µ>¶4�A!�.f´�.
;/L7!�µH·4L70*�p�F.�0*­®� #-K
� !'��0?;�!
0?s"�6��0?;'!>+�;���� !'��0?��(1�u��!5.CL70*���V;'U5�R� o
&Y�5��!�J��Z��� ��Lu�"� !
���V�/�Y�4�"(?�"&��%#-;'!�� b � �H�F#-�/�-U
(j� W��6�'&Y��&2#%;V�Y�<Kp�Y�6&���0?;�!}W��A!�J'U�K
(1�A#\�A!
0I�-;A�%#-;/+5)$+��A#Y�A=H�2���"# W�.
0*+�;A(?�H=H�6�%#%0*oF� (?�"=O�"!��-� W�;'!V� K
� (?�"&2�-#%;�!$LR�3�'�9TIU�!�&���0?;'!����A!�.:�%& �6�p��� #Y0?!�Jk+
�����Y�\;AT{�>J'0?��� !
(?� ���"(
���6&2;'=O�7�-+
0?!�Kp.5�"+��"!5.5�"!��{�/��(*U��3�7.:0�1���A 	 � � � W�

0�1���A 	 � � � WW�1GF y ��A 	 � � � WCrO1GF y ��A 	VW
� 1GF y ��A 	���!5.��$1GF y ��A 	'b *^�
0?(?�f���5�
+
�5;A�<;'!�0?!����"#%�'&���0?;�!^&"�A!
!
;��C&2;'!
!5�"&2�,���5�g�-+
0?! ´YU
+�µ��A!�.
´�.�;/L7!�µ^���<�6���/� W~���5�hPu;�U�(*;'=D�¹0*!'��� #%� (?�6&��-#%;�!¹0?!����"#%�'&���0?;�!
&2;'!
!5�"&��%�H�p�5�"=:b � �>�g#%�/�<U�(��"Wu0?!��<���6�'.�;ATZ0?!����"J�#Y�A(�(?0*!5�3�A#
�"�VU��6��0?;�! � 8 � W5;�!5�7�����X�-;~�<;�(*�'�7�\=H�6�%#Y0joO0*!'��� J'#%��(��"�VU��6��0?;�!
���5�6�70I�7�-)5=D��;�(*01&"�A(?(j)~+
#-�/�Y�"!����/.C0*!C���5�BTI;�(*(?;/L70?!�J\TI;'#-= �

� wW�� � � � wW�	 � � �<�72 � w r�� � � � w r�	 � � �-� 8 � wW�� � � � wW�	 � � �<��������� ��� � � � �
� �� 	�	 � � �
� ��� wo ��� wz ��	wz 	�� wo 	�	 � P � ¬ �

��!$�p�5�/�Y�9�-��=O�Z!
;A�<�6��0?;'!�� � 8 � 0I��+
#%�/�Y� !'���/.C�'�
wW � � �72 �r 8 wW � � ��� �� � � ��� wo P � Â ��}�����2�uU��u& ;�!��%01.5� #{�p�5��� ­��6&��-�u;AT}+��V;��<;V� (?�"&2�-#%;�!k#-� ���"&2K

��0?;�!�b��G�3�A#X���5�R+��V;��<;�0?;'!
0?s"�6��0?;�!Z���
#%�3�-�5;A(1.\���5� )~&"�A!H����.5� K
�-& #Y0*���/.~L70*���
0?!~���5��T©#Y�A=H� LR;�#-�\;AT��p�5�O´�;�#Y�A!�J����-�V0?!�µ � �
U'�
K
��(?� � +�;���� !'��0?��(®=>;5.5�"( � �Y� � ] Â W _AÂ a��A!�.4#%�2TI�"#-�"!�&2�/�R���5� #%�60?! � �

z � H �&2 ¸ z S � � HZ¸�� � P � � �
z �5�R+��A#Y�A=H�2��� # z S 0I�X.5� ��� #%=>0*!5�/.\�5)\���5��#-�6�'U�0*#%� =H� !'�}�����6�
���V�~�
0?!5.
0*!�Jk�"!V�"#-J')C;�TX�p�5�D� o5�-#Y�>� (?�"&2�-#%;�!:0?!$�p�5�O!V�"J'�6��0?���
0?;�!$P <Q-S 0I�u�"�VU���(��<;O0*�-�u;����Y� #%�/�3��(*�7�/��(*U��Ab � .
.
0j��0?;'!>;AT}���5�
+�;���� !'��01�A( � � � �<;B���5�R�6�<;'=>01&X²G��+�;A���"!���01�A(5(?�3��.
�}�<;\��Tc�'&��<;'# 1 �"! � 0?!,���5�Z+
�5;A�<;'0*;'!
0?s"�6��0?;�!>��=>+�(*0*��U�.5�/� W'L7�
01&Y�,.5�"+��"!5.��
;�!
(?)NU
+�;'!h���V�n+
�5;A�<;V� (?�"&2�-#%;�!�½§�k=>;�=H� !'��U�= ��!�.h;�#%�
0*�<�A(
�VU��A!'��U�=�!VU�=D���"#�, ]§Â W _/Â a � 1 �"! �72 & ;V�$#�$1 �%! �'& _ ¸g�<�A!�#�$1 �"! � _�( 1 � � �) ( 1 � � �+* ¼ � � �

L7�5� #%��#�$1 �"! � �A#%�k�p�5�4�'.
.�0*��0?;�!��A(�+
�����Y�4�-�
0*T1�-�D.VU
�k�<;:���5�
TIU
(?(?� #%� !5�\�<�5�"(*(�+�;���� !'��0?��( � � � b z �5� )$�A#%�D�2o�+
#%�/�Y�Y�3.$�5)4���5�
TI;A(?(?;/L70?!�J\TI;�#%=~U
(1� �

�<�A!,#� 1 �"! �&2 ) w( 1 � � �) ( 1 � � � _ ( 1 � � � 8 ! ! ` z S P � _Q� �
��!����5�/�Y�\TI;�#%=~U�(?�'� ) ( 1 � H � �A!�. _�( 1 � H � �A#%�D���5�~#%� J'U
(1�A#G��!5.
0?#-#%� J'U
(1�A#��<;A(?U5��0?;�!��};AT����V���6�-;�=>01&�²G�g�"�VU��6��0?;�!��}TI;'#{�9+
�5;AK
�<;V� (?�"&2�-#%;�!DL70*���~=>;'=O�"!���U�= ! 2.- `/º'WVL7�5� #%�|ºG0I�����5��+
�5;AK
�<;V� (?�"&2�-#%;�!t� !5� #%J�)q&2;'!
!5�"&2���3.tL70*���q���V�>+��V;��<;�!M�"!5� #%J�)q�
�5)M���5�F#-�"(?�6��0?;'!qº 2 ��¸0/21 L70j���3/M���30?!�Jt���V�F�6�<;'= �
0?;�!
0?s6�6��0*;'!>+�;���� !'��01�A(yb4 �%0?!�JM�u��b � � � W�;'!5�n& ��!^;����<��0*!³���5�FTI;A(?(?;/L70?!�Jn#%� (1�/K
��0?;�!kTI;'#&W 16587:9 z ��=>+�(*0*��U�.5�/��TI;�#R� !�.�;'�5�3.
#%��(��6�<;�= � [\P Q-S
L70*���k�'& & ;�U�!'�{;AT�+
�5;A�<;V� (?�6&��-#%;�!}½ ��#%�2���6&���0?;�!k�A!�.H#-� T©#Y��&���0?;'!
�5)D���5�BP Q<S ���<�6��01&R+�;���� !'��01�A( � � � WV�2o�+
#%�3�Y�Y�/.H�50?�B���5�7#-�/�-+��6&�K
��0?�����/�A(?U
�/��TI;�#|0I�<;A(1�6���/.D�6�<;'= �����6�|&2;'#-#%�/�<+�;�!�.\�-;�+-, U º�, x
�-#Y�A!��-0*��0?;�!�� �

W 16587:9 z0�1=A ( 1<; � � �32  1<; �"! � W 0�1=A ( 1<; � � � P � _'_ �

��;'#����V�\& #-;5�Y��K��Y�"&2��0*;'!��{;'!5�B�����

. 165=7>9 z0�1=A ( 1<; � � �32 ]  1:; �"! � a w .�0�1=A ( 1<; � � � ¼ � _ ` �

L7�5� #%� .:0�1=A ( 1<; � � � 0I�X���5�B&2;'!��%#Y0*��U5��0*;'!O;�T����V� +-, U º�, x �%#%��!�K
�%0*��0*;'!\�<;Z���5�u+
�5;��<;�0?;�!�0*s6�6��0?;�!\&2#%;V�Y�<Kp�Y�6&���0?;�!9;�T��6�<;'=>0?&|�<UV��K
�-�V�"(?(
+-,�W:.:0�1 � � � ] �Y� � � _ � ayb

z �5�C#%;A(?�,;�TG+�;A(1�A#Y0?s"�6��0?;�!q;ATG�p�5��P Q<S �-�5� (?(�U�!5.5�"#~���5�
��&2��0?;�!:;AT����5�D+
�5;A�-;�!����6��=��6�9&2;�!��-01.5�"#-�/.CT©#%�"�VU
� !�&20?�/��;AT
�3��;�U5� _�� ' _ ` � ),0I��!5�"J�(?0?J�0?��(?� ] � ayb?��|�X0*J�b _ +
#%�3�Y�"!��%���p�5�R#-�/�-U
(j�-��;AT�8VrZEG�3[\P Q-S +
�5;A�<;'0?;�!�K
0?s"�6��0?;�!\& #-;5�Y��K��Y�"&2��0*;'!�b®��0?J�b§`�J'0?���/�®���5�u�%0?!�J�(?�2Kp� (?�"&2�-#%;�!B+
�5;AK
�<;'0*;'!
0?s"�6��0?;�!C;ATRPu�/[\P xv-w 0*!��p�5�H�A#%�6�>;�TRPu�~8VrC��!5.�0j�Z�����
!
;k+
#%;�=>0?!5� !'���<�-#%U�&���U
#%�Ab

0

10

20

30

40

50

60

70

4 Xed

Photon energy (Ry)

C
ro

ss
 s

ec
ti

o
n
  
(M

b
)

5 6 7 8 9 10 11 12 13 14

Xe@C

Xe free
60

�k�«ìw���*�¬�=�w�Ná �*�«��ä��:@u� á��®�Nä , 2#���#�BA��{ã , á¹�«��är��è�ü*ý1ã��«ã , á 2#�Nä��Ç�¤ä3ñ¿ã
��äwâ}ñ¿ã óMôLõ ö$C§�ED

���40I�kL7#Y0*�y���"!N0?! ] x a � ´���;'#HEB�3[\PRQ-SF0*�kL����k�5)5+�;A���5�2K
�%0?s �/.t���5�6�~�p�5�"#-�,��#-�,;V�%&20?(?(1�6��0*;'!��7;'!M���V�,8'r�J'01�A!'�O.�0?+�;�(*�

Ã�ÄVÅ�Æ6Ç�È9ÉZÊgË®Ì�Í Î3Ï"Ç �*! É6Ð�Ñ �{4¬+�$ )N.*.�!



�åt�sN�¹������t����rj&�����k� ��sN���*��jw��t���� �����Çt�j��¬�L� ��s����lj��
	 �Ns¿t±���I�
���������"��j��=må�¹��oús¿m��H� Q<S x ` �

10

15

20

25

30
C

ro
ss

 s
ec

ti
o
n
 (

ar
b
. 
u
n
it

s)

Photon energy  (eV)

80 100 120 140 160

Single ionization of Ce@C
+
82

Single ionization of C

fit to C

+

+
82

82

�k�«ìw� )&�����"ãJ�#�¤ä�ì��®ãMãu�®ã , á 2#��ä1%w�w�Ná �*�«��ä��:@u� á��®�Nä1�NèLô�ã�óMô ¾��� �Nä�â
�Nè;ô ¾��� C (2D
#-�/�-;�!��A!�&2�n.VU
�n�<;f#%�2���6&���0?;�!h;�TD���V�g+
�5;A�<;V� (?�6&��-#%;�!³T©#%;�=
���V�gTIU
(?(?� #%� !5�n&"�AJ���b bjb*b �p�5�t+
#%�3�Y�"!��:�2o�+�� #Y0?=O�"!��:�A+5+��3�A#Y�
�<;q�2o
&2(?U�.5�:�-U5&Y�h�t+
�5� !
;'=O�"!
;�!N0?!f���5�:=O� �<�A(?(?;ATIU
(?(?� #%� !5�
����U�.�0?�3.�b z �5�:#-�3���-;�!�TI;�#H���V�:=>0I�Y�%0?!�Jn���%#-U�&2��U
#-�/�H0?!����5�
8'r U 85¯��2o
&20*�<�6��0?;�!^;�TH��! �"!�& ��+��-U
(1�6���3. &2� #Y0*U�= �6�<;�=
��� 2 ��� � 0*!�& ;�=>+���#Y0I�<;'!��<;Mo��"!
;�! ��� 2 � 8 � =k�A)f���
���5�6�Z���5�H85¯M�-U'���<�5� (?(������9�A(?#%�6�'.�)$& ;A(?(1�A+��Y�/.:0?!����5�H�V�3�3�VK
0?� #��6�<;'=e�A!�.®W��V�"!�&2��W�.�;V�/�7!
;>(?;�!�J'� #�J�0?���Z#Y0I�Y�Z�<;4�kJ�01�A!'�
#-�/�-;�!��A!�&2�Z+
�5� !
;'=O�"!
;�!�µ
b�BU
#|�50?� L³0I�{.�0*­®� #%� !'�3'D���5� @Z� .�;V�/�{�2o�0I�<�{0?!O���5��+
�5;�K
�<;�0?;'!
0?s"�6��0?;�!4& #-;5�Y��K��Y�"&2��0*;'!>�
U5��0I��;AT{.�0*­®� #%� !'� @Z� !��6��U
#-��W
!��A=H� (?)Z.5�6& ��)5���5)D� =>0*�p��0?!�J�Tc���<��;�U5���"#X�-�5� (?(V� (?�"&2�-#%;�!�� bX*t�
���3���X�/����0?=k�6���3.����V��+�#-;'���3�
0?(?0j��)R;AT
�-U�&Y�9.5�6& ��)��50?�uTIU
(?(?� #%� !5�
�<�5�"(*(®�"(*�6&��%#-;'!,� =>0I�Y�%0?;�!4��!5.,TI;�U�!�.$0*���<;k���D�-=H��(*(yb*g�B�5�3�'�7& �A(1& U
(1�6���3.D���V�7+��V;��<;�0?;'!
0?s"�6��0?;�!D& #-;5�Y��K��Y�"&2��0*;'!
;AT ��� W �'± W�8'r9�-U'���<�5� (?(1����!�.\���5�R� o5�-#Y��8V¯>� (?�"&2�-#%;�!~0?!>Pu�"� x W
���V�B�-��=O� � L70j���5;�U5�u8V¯C� (?�"&2�-#%;�! � 0*!CPu� � x W ��� W �'± WV8Vr$´YU�+�µ
�A!�.�´�.�;/L7!�µO�"(?�"&��%#-;'!����A!�.$8V¯h´YU
+�µk� (?�"&2�-#%;�!��R0?!:�|UF�A!�.
#-�/�-+��6&���0?���O� !�.�;��5�/.�#Y�A(1��0?!n�p�5�H�50?& 0?!
0*��)C;�T{���V�k8Vr$�p��#-�/�-��K
;A(1.®b

��0?J'U
#-�/� x �A!�.q8n.5�"+
01&��~���~�2o
�A=>+�(?�/�9;�U�#~#%�3�-U
(j�-�9TI;'#
�<U�=4�9;�T�&2;�!'�-#Y0?�
U5��0?;�!��9;AT��A(?({�-U'���<�5� (?(1�BTI;�#~�p�5�>0?;�!fPu�"� x
�A!�.Á�6�<;'= �|Ue��!�. #-�/�-+��6&���0?�����"!�.�;��5�/.�#Y�A(1�M0?!Á���5� 8Vr
���
#-�/�-�5;A(1.�#%� J�0?;'!�bH�Z�6��U
#Y�A(?(?)AW��p�5�CP Q-S +��A#Y�A=H�2���"#%�G0?!n���5�
+
#%�3�Y�"!���& ��(?& U
(1�6��0?;�!���LR� #%�B&Y�5;V�Y�"!k���V�Z�-��=O�B���u0*!k���5�Z+
#-� K
�50*;'U��Z+��A+�� #Y�2W��Ab J
b,0?! ]�_�� a � � 2 ¬ P ¬'x5� �A!�. z S 2 � P 8�8 x b
z �5� #%�B0I�u!
;k&2;�!��-01.5�"#%�3��(?�70?!���U
�"!�&2�Z;AT����V�BTIU
(?(?� #%� !5�/�|�-�5� (?(
0?!����5�O+
#%�/�Y� !'���/.�T©#%�"�VU
�"!�&2)n#-�"J�0?;�!�W}�'�B;'!5�H& ;�U
(1.�� o�+��"&2�
;�!,�p�5�BJ�#%;�U�!�.k;AT��VU���(?0j�<�6��0?�'����#-J'U�=O�"!��%�{+
#%�/�Y� !'���3.,�6�u���5�
���"J�0?!
!
0?!�J~;�T����
0I�R���2�p��� #"b

���X0I���/�%�Y�"!���01��(cW3�5;/Lu�"���"# W3�����6�����5�u�A#%�3�����"(?;/Lg���5�|=k�/o�0*K
=~U�= 0?!H��0?J�b§`G&2;�!'�-#Y0?�
U5���/�X;�!�(*) _ b x �<;Z���5���-U�= #%U
(?�AWAL7��0*(?�
���V���A#%�3�G0?!~�X0?J
b x W�890I��=~U�&Y�¹�
0?J�J'� #"b}��!�.5� �/.®W'�'& &2;'#%.
0*!�J��<;
;�U
#�&"�A(1&2U�(?�6��0?;'!���0?!,���5�9+
#%�3�Y�"!����/.$+
�5;A�-;�!$� !5� #%J�)>#%� J'0*;'!��

9.0 9.5 10.0 10.5
0

50

100

150

200

250

300

350

Photon energy (Ry)

C
ro

ss
 s

ec
ti

o
n
  
(M

b
)

Ce free

Ce @C

4+

4+

60

�k�«ìw� ("�'���"ã�%��"��á ���®�Nä��<@���á¹�«��ä , 2#���#�BA��#ã , á¹�«��äW�«ä3á��"ã ê �«��ä&áM��é�A
á ���®�Nä��<@���á¹�«��äú2#ã � ��ä"��ä , ã	%w�w�Ná ��ärãuä"ãu2#ìNëC2#ã�ì*�«��är��èLô�ã � ¾ ��äwâ
ô�ã � ¾ óMôLõ ö

10 11 12
0

10

20

30

40

50

60

70

Eu free
Eu@C60

Photon energy (Ry)

C
ro

ss
 s

ec
ti

o
n
  
(M

b
)

�k�«ìw� üw���=�"��á ���®�Nä��<@���á¹�«��ä , 2#�*�{�BA��#ã , á��®�Nä3�«äCá��"ã ê �®�Nä"á���é"á �*�«��ä�A
�<@���á¹�«��äA2#ã � ��ä"��ä , ã¿%��"�Ná ��ä}ãuä"ãu2#ìNëH2#ã�ì*�«��ä}��èk��é}�Nä�è'��é�óMôLõ ö

���5�kTI;A(?(*;/L70?!�J>�/�A(?U
�/� _/� b�` � _ 8�b Â � W _Q� b _ � � b x � W _�_ b _ � _Q� b � �
TI;�#H� !�& �A+��<U�(?�6���/. � T©#-�"� � 0?;�!��>Pu�"� x WRPu� � x �A!�.��6�-;�= �|U
�A#%�~;'���<�A0?!5�/.®W�#-�/�-+��6&���0?���"(*)�b *t�>�Y� �D�����6�B0?!t�A(?(�&"���Y�/�7���5�
& ��(1&2U
(1�6���/.,;5�%&20?(?(?�6�-;�#����%#-�"!�JA�����A(j���V;'U
J��:�
0?J>0I�B�3��;'U5�B;�!5�
���A(*T�;AT}���5���-;A�<�A(�!'U�=~��� #u;AT��"(?�"&��%#-;'!���0?!40?;�!�0*s"�/.H�-UV���-�V�"(?(?�
0?!,���5�\& ��J��/.,;'�5m<�"&2� W�0?!�& (?U�.�0?!�J\���5�Z8Vr4�-U'���<�5� (?(yb

��!³+
#Y0*!�&20?+�(?�AWX���V�$+
#%;ATI;'U�!5.N.�0*­��"#-�"!�&2�$��� ��Lu�"� !N=O�3�/K
�-U
#-�/.���!�.�& ��(?& U
(1�6���/.C;5�%&20?(?(?�6�-;�#����%#-�"!�JA���n& ��!n�%0?J�!��A(��p���6�
� =>0I�Y�%0?;�!D;�T®�9�%0?!�J�(?�R� (?�"&2�-#%;�!~=H�3���-U
#-�/.~0*! ] x W-8�a
0I�X!
;A�����5�
=k�A0?!�&Y���A!
!5� (R;ATG�p�5� @Z� .5�"&"�A)�bt��!�.5�"�3.�W{���V�C+
�5;A�<;'0?;�!�K
0?s"�6��0?;�!g& �A!q���4��& & ;�=>+���!
0?�/.F�5)n�$!'U�=D��� #\;�T��Y�6&2;�!�.���#-)
+
#%;�&2�/�Y�Y�3� bÀ��;'#�0?!����<��!�&2��W~;�!����5�ML��A)¹;�U5�����5��+
�5;A�-;AK
� (?�6&��-#%;�!C& �A!C&2;A(?(?01.5�70*!5�"(?�'����01&"�A(?(j)9L70*���$PRQ-SZ�"(?�"&��%#-;'!������VU��
(?�6�'.�0?!�JF�<;M&2#%�3�6��0*;'!�;AT9.�;�UV��(?�C0?!��<���3��.M;�TZ�%0?!�J�(?�,0?;�!�0*s"�/.
� !�.�;'�5�3.
#%��(?� b z �V�~0*=>+�;�#-�<�A!�&2�9;AT����
0I�7� ­��6&��ZLR�'��!
;���0?& �/.

Ã�ÄVÅ�Æ3Ç�È9É9ÊnË®Ì�Í Î3Ï Ç ��! É6Ð�Ñ �n4'+�$ )�.�.*!



x ` ¬ fhg�ikjlgnmJo3q"sut�jw|�mAg�~kg{�pj������������w�"|���g��Mg*���������w��s{����� j

TI;�#�0I�-;A(1�6���/.D�6�<;�=4��(?;�!�J9�AJ'; ]�_�� acbX�{o
��=>+�(*�u;AT®�A!
;��p�5�"#�;/+�K
��0?;�!>0I�{�O�<���A�'�2Kp;A­,;�T��OP Q-S �"(*�6&��%#-;'!O�����6�|0I�u�\#-�/�-U
(j�|;AT}8Vr
�/��& ��!�&2)$&2#%�6�6��0?;'!�b|��!�+�#%0?!�& 0?+�(*�9=OU
(���0?+�(?�G0?;'!
0?s"�6��0?;�!4;�T{�A!
� !�.�;'�V�/.�#Y�A(�&"�A!t���4�A(1�-;C�:&2;'!��%#Y0*��U5��0*;'!n;�TR�A!M�'.
.�0*��0?;�!��A(
� U
J'� #-Kp.5�6& ��):&Y����!
!5� (��V01�4�p�5�H� =>0I�Y�%0?;�!:;AT�PRQ-Sk� (?�"&2�-#%;�!�� b
z �
0I�R;/+���0?;�!�W"m<U��<�G���R�����6�R;�T��-���A���ZLR�Z.�01.C!
;A�7�/�<��0*=k�6���/.®b*g�g���3���F�/����0?=k�6���/.®W7�V;/LR� �'� #"W��A(1�<;q���5�n& ;�!'�-#Y0?�
U5��0?;�!h;AT
PRQ<S\�"(?�"&��%#-;'!��|�<;k���V� @Z� L701.V���$��!5.,TI;�U�!�.C0*��!5�"J�(?0?J�0?��(?�Ab

� �u�<;H;�U
# � % � �³& ��(?& U
(1�6��0?;�!�W/���5� )k0?!�&2(?U�.5�G�2­®�"&���0?�'� (?)
�A(?(��Y�6&2;'!5.���#-)C+
#%;5& �/�%�Y�/�G���5�6�Z+
#%;5& � �/.F;'!����5�~L��A):;AT����5�
+
�5;A�<;V� (?�6&��-#%;�!Z;�U5� � �Y� ��W/�Ab J
b ]�_�� a � �A!�.Z���V�"#-� TI;�#%��#-�/�-+��6&���0?���
&2#%;V�Y�<Kp�Y�6&���0?;�!k;'��� )��R���5�\�<U�=e#-U
(?��b

���40I�O�"�50?.5�"!��H�����6�O�<;q�
#Y0?!�Jt;����Y�"#-�'�/.��A!�.N=O�3���-U
#%�3.
.��6�<�70?!��-;G�AJ'#-�"� =H� !'��TIU
#<���5� #��2­®;�#-�-�}T©#-;'=���;��p�O�-01.5�/�?'Z���V� K
;�#Y0I�<�-�u��!�.4�2o�+�� #Y0?=O�"!��<��(*0I�<�-�{��#-�9.5�/�%0*#%�/.®bX��#%;�= ;�U�#R+�;�0?!'�
;AT®�50*�"LN�<��0?(*(V���5�70?!V�'�/����0?J'�6��0?;'!Z;�T�8Vr\#%�3�-;�!���!�&2�R0?!HEB�3[\PRQ-S
0?!n;�#Y.5� #Z�<;F& ;�!���#%= � ;�#9�<;:#%��m<�"&2� � ���5�H+�#-�/.�01&���0?;'!��G0?! ]�_ a
0I��;AT�J�#%�6�6��0?=>+�;'#<�<��!�&2��b

�*�Ç/ �����"�;ðI�pé��#�«�w��ðJ���l���L���¤á�ãuä����N
���æ;���	��ô��"ãu2#ä&ëw�¹�"ã�
N�3ãuá
�*���¤�	���&�=�"ë"���
�R	&ðLá���/1�N���&û�%�á����=�&ë"���	�
���"æ}��$�! A���( ÿ )�.�.�4 � �

)&�Ç/ �����"�;ðI�pé��#�«�w��ðJ���l���L���¤á�ãuä����N
���æ;���	��ô��"ãu2#ä&ëw�¹�"ã�
N�3ãuá
�*���¤�k���'���=ø&%'�l�¬ã���2����k�<@*�����
�l�'$�( ÿ )N.*.�$ ��� ���������	�����'4N(
ÿ )�.�.*$ � �

("�ÇðJ�p/Oé��®�«ãu2��\�l�G� , ���«%&%�ãu2#�����J�¹ðJ�p�=�"��ä"ãuéwè
ãnáW�*���¤�����p�Nè
���&ë"�#� , �Y	�ô���ä�è�ãu2#ãuä , ãB�"ãu2{�«ãN���
�l��.���)�.�(*�"�l)�.*.
�&�

üw������/1�«á �¹é ��ã*�*�¿��/1��2{���
���!�M��é¬�*ãuá������¤�"����ô��wãn�1�����&ë"���	���
���
.*$Nü�(*.Nü ÿ )�.*.*4 � �

4&�M/ �����"�Lðï�Jé��#�®�"�Iæ;���J��ô��"ãu2#ä&ë"�¹�wãu
��"�ï��äwâ#�	�����Là�
��Nä�� 
��
�I��â"�®��á��®�Nä1�=�&ëw�#� , �L�Nä�â1ô��wãn�H���¹á 2 ë�|
������(
� ÿ )�.�.*. � �

$"�M/ �����"��ðI�pé��#�«�w�¬æ;���J�¬ô��"ãu2#ä"ë"�¹�"ã�
N�w����äwâC�l� à{���&�"ãuè®á¹ã����$���
�¬ã , �¬���=�&ëw���¤���&�"��2 á¿ô����å�Jé"ä�� , ��á¹�«��ä�� ÿ&% �'���\ð , �*â��
� , ��� �|$����) ü'�"� ÿ ��!*�A� � �

�&�M/ �����"�AðI�pé��#�«�w�úðp�<�l�'�L�*�¨á¹ãnä���� 
��C��äwâ(�¿� ê �'�Ç2#�"��� 
��
�=�&ë"����æ�ãuá�á���ð)� *$����!*! ÿ ��!*!*� � �

�"�+�w���Lãn2���� 
&�«á @*� ����ô��"ãu�1�����&ë"���,���
������ü*ü*$ ÿ ��!�!*! � �
!"�M/ �����"�kðï�Jé��#�®�1�Näwâ ðJ���l�,�L�*�¨á¹ãnä���� 
��=�=�&ëw���,�Iã�
��kð(-����

.�$�)"�*)�( ÿ )N.*.*$ � �
��."�pðp���¿�'/1�«ì�â&�*���/.10
243658793;:=<?>A@
>CB82D<�2E5�F�>�G87
GHB82IF�GDJ6@�KML�NPO

N�QR>TS4JUBV>T3;@
GWB83XL+B83;F�>VSWYDZ
S�QT24>��/[ �®�«ãuë��Là�ä&á¹ãu2#� , �«ãuä , ã*�=\¿ãnî
����2����
��!*$U���

�"�*�^]	�=���«ä"ã ����_�Q&2IF�2I@$B&J!5879_�`�S�>CB&JUBT>V36@�GD>A@9a 36QR>&KbG����Lãuä!c �N�H�«ä¬�
\�ãuîd���N2��l�
��!*$�("�

��)&�pæ���]å�pæ���äwâ&��é'�A���'�M��ø&%'�Ç���"ã���2��J�=�&ëw���e�b|��A!
� ÿ ��!�4�� �C ���;���f���
��. ÿ ��!�4N� � D��
��("�pæ��#æ;�;æ����w2H��äwâg�l�#/ ���L�«�¤ä�â&ãu2���ô��"ãu�1���=�"ë"���;æ�ãuá�á��g�	�
���

��.*. ÿ ��!*!�) � �
�uüw�p/ �����"�=ðI�pé��{�«�w�kðJ�<���?�L���¨á¹ãuä ��� 
l�'��äwâ % �1�Lã , ��ãn2��;���&ë"���

�Iã�
��wðih
�l��.A� )
�N.�� ÿ )�.�.*. � �
��4&�p/ �����"�CðI�pé��{�«�w�XL+B836F�>VSij�0
3bB83b2Ik12�S!B � �;�«ãuä�é"�P��2#ã �#���

\�ãuî=AC���N2���+}æ���äwâw�Nä'����!*!�."�
��$"�p/ �����"�JðI�pé��#�«� �Näwâ æ����	�Jô��"ãu2#ä&ë"�¹�"ã�
��"�ml�36FDN�Z BTJUBT>V36@

3;:nL^BC36F�>VSijo5E3bSH2HGIG424G��Äà¹ûÇ�7�=é�í��«���¹���«äwìSælá{â��p��2{�®�¹á �����
�=���«�«��â&ã��«%w���«�w�5��!*!
�&�

�;�&�p/ �����"��ðï�Jé��#�®�"��ðJ���l�"�L�*�¨á¹ãnä���� 
��*�Näwâ�æ;���J��ô��"ãu2#ä&ë"�¹�"ã�
��"�
)N.*.
�	�"á�á�%�	 q
qN�N2 ø"�®
�� ��2#ìUqN��í��Eq�.
�A��)&� (�)�4�("�

���"�p/ �����"��ðï�Jé��#�®�"� ê �#��� ê 2n�¤í��!�"�«ä¬�
���#æ����L�#ãu�	ã4�&���	��ä¬����äwâ
�J� æ����L�#ãu�	ã4�&���	��ä¬�
�������&ë"�����r�
����(*!*( ÿ ��!*!�. � �

Ã�ÄVÅ�Æ6Ç�È9ÉZÊgË®Ì�Í Î3Ï"Ç �*! É6Ð�Ñ �{4¬+�$ )N.*.�!


