
$EVRUSWLRQ�VSHFWUXP�RI�&X�&G,� WKLQ�ILOPV
2�1�<XQDNRYD��9�.�0LORVODYVN\��(�1�.RYDOHQNR


9�.DUD]LQ�.KDUNLY�1DWLRQDO�8QLYHUVLW\����6YRERG\�6T���������.KDUNLY��8NUDLQH�
6FLHQWLILF�&HQWHU�IRU�3K\VLFV�DQG�7HFKQRORJ\��0LQLVWU\�RI�'HIHQVH�RI8NUDLQH�DQG�1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH����1RYJRURGVND\D�6W���������.KDUNLY��8NUDLQH
5HFHLYHG�1RYHPEHU���������

(OHFWURQ� DEVRUSWLRQ� VSHFWUXP�RI�&X�&G,� KDV� EHHQ� VWXGLHG� LQ� WKLQ� ILOPV�REWDLQHG� E\GLIIXVLRQ� DQQHDOLQJ� RI� PXOWLOD\HUV� FRQVLVWLQJ� RI� DOWHUQDWLQJ� &X,� DQG�&G,� WKLQ� OD\HUV� DW����&��$�VPDOO�LPSXULW\�RI�WKH�LQLWLDO�FRPSRQHQWV�LV�SUHVHQW�LQ�WKH�ILOPV�GXH�WR�WKH�SDUWLDOGHFRPSRVLWLRQ� RI� &X�&G,� GXULQJ� WKH� ILOP� FRROLQJ�� 7KH� LQWHUEDQG� DEVRUSWLRQ� HGJH� RI&X�&G,� KDV�EHHQ�IRXQG�WR�DQVZHU�WR�WKH�GLUHFW�DOORZHG�WUDQVLWLRQV�ZLWK�WKH�EDQG�JDS� (J ������H9��$�VWURQJ�H[FLWRQ�EDQG�DW�(H[  ������H9�DVVRFLDWHG�ZLWK�WKH�H[FLWRQ�H[FLWDWLRQLQ� WKH�&X, VXEODWWLFH�DGMRLQV�WR�WKH� LQWHUEDQG�HGJH��7HPSHUDWXUH�GHSHQGHQFH�RI�WKH�EDQGVSHFWUDO�SRVLWLRQ�DQG�LWV�KDOI�ZLGWK�ZLWKLQ���Ü����.�WHPSHUDWXUH�UDQJH�LV�GHILQHG�E\�WKHH[FLWRQ�SKRQRQ�LQWHUDFWLRQ�
j°°ãË�ºmÈÓ� ªãË}�¯ºÓÓ©®� °¹Ë}�¯� ¹º�ãº�ËÓÒ«� �ºÓ}Ò²� ¹ãËÓº}� &X�&G,��� ¹ºã��ËÓÓ©²�ÒÁÁ�ÏÒºÓÓ©ä�º�ÎÒ�ºä�äÓº�º°ãº®ÓÒ}È�ÒÏ��Ë¯Ë��
�Ò²°«��ºÓ}Ò²�°ãºËm�&X, Ò�&G,� ¹¯Ò����v���jÏ�ÏÈ��È°�Ò�Óº�º�¯ÈÏãºÎËÓÒ«�&X�&G,� ¹¯Ò�º²ãÈÎ�ËÓÒÒ�m�¹ãËÓ}È²�¹¯Ò°��°�m�Ë�ÓË­ºã	�È«�¹¯ÒäË°	 Ò°²º�Ó©²�}ºä¹ºÓËÓ�ºm���°�ÈÓºmãËÓº����º�}¯È®�äËÎÏºÓÓº�º�¹º�ãº��ËÓÒ«�&X�&G,� °ºº�mË�°�m�Ë��¹¯«ä©ä�¯ÈÏ¯Ë�ËÓÓ©ä�¹Ë¯Ë²º�Èä�°��Ò¯ÒÓº®�ÏÈ¹¯Ë�ËÓÓº®ÏºÓ©� (J  ������ ª{�� z� }¯È
 ¹º�ãº�ËÓÒ«� ¹¯Òä©}ÈË�� °Òã	ÓÈ«� ª}°Ò�ºÓÓÈ«� ¹ºãº°È� ¹¯Ò(H[  ������ª{��°m«ÏÈÓÓÈ«�°�mºÏ­�Î�ËÓÒËä�ª}°Ò�ºÓºm�m�&X,�¹º�¯Ë�Ë�}Ë�°ºË�ÒÓËÓÒ«���Ëä�¹Ë¯È��¯Ó©®�²º� °¹Ë}�¯Èã	Óº�º�¹ºãºÎËÓÒ«�¹ºãº°©�Ò�ËË�¹ºã��Ò¯ÒÓ©�m�ÒÓ�Ë¯mÈãË��Ëä�¹Ë¯È��¯���Ü����.�º¹¯Ë�Ëã«Ë�°«�ª}°Ò�ºÓ�ÁºÓºÓÓ©ä�mÏÈÒäº�Ë®°�mÒËä��

7KH� �&X,��±[�&G,��[ FRPSRXQGV�ZHUH�VWXG�LHG�E\�QXPHURXV�DXWKRUV� >�Ü�@�� ,W�KDV�EHHQIRXQG� WKDW� D�&G,� DGPL[WXUH� WR�&X, UHVXOWVLQ�DQ�DSSUHFLDEOH� LQFUHDVH� RI� WKH� LRQLF� FRQ �GXFWDQFH� DQG� GHFUHDVH� RI� WKH� SKDVH� WUDQVL �WLRQ� WHPSHUDWXUH� LQWR� WKH� VXSHU�LRQLF� VWDWHDV�FRPSDUHG�WR�WKH�SXUHU�&X, SKDVH�>�Ü�@��,WLV� MXVW� WKH� &X�&G,� FRPSRXQG� �[  ������WKDW� LV� EHOLHYHG� LQ� >�@� WR� EH� RI� WKH� EHVWFRQGXFWLYLW\�� 7KH� IRUPDWLRQ� RI� WKDW� FRP �SRXQG��KRZHYHU��KDV�EHHQ�QRW�FRQILUPHG�E\VWXGLHV�RI�SKDVH�GLDJUDPV�>����@��$FFRUGLQJWR�>�@��WKH�FRPSOH[�FRPSRXQG�&X�&G,� LV�QRWIRUPHG�LQ�WKH�&X,±&G,� V\VWHP�DW�URRP�WHP�SHUDWXUH�� ,W� LV� VWDWHG� LQ� >�@� WKDW� &X�&G,�FRPSRXQG� LV� VWDEOH� LQ� WKH� WHPSHUDWXUHUDQJH� RI� ���� WR� ����&�� 7KH� 5DPDQ� VSHF�

WUXP� RI� &X�&G,� DQG� WKH� UHIOHFWLRQ� LQ� WKHIDU� ,5� UHJLRQ�ZDV� VWXGLHG� LQ� >�@�� 7KH� HOHF �WURQ� DEVRUSWLRQ� VSHFWUXP� RI� &X�&G,� ZDVQRW�VWXGLHG�,Q� WKLV� ZRUN�� SUHVHQWHG� DUH� WKH� DEVRUS �WLRQ� VSHFWUD� VWXG\� UHVXOWV� IRU� &X�&G,� WKLQILOPV� LQ� WKH� ���� WR� �� H9� VSHFWUDO� UHJLRQ� LQWHPSHUDWXUH� UDQJH� RI� ��� WR� ����.��2SWLFDOVSHFWUD�RI�γ�&X,��&X�&G,���DQG�&G,� DUH�FRP�SDUHG�WR�HDFK�RWKHU�7KLQ� ILOPV� RI� &X�&G,� ZHUH� SUHSDUHGXVLQJ� WZR� WHFKQLTXHV�� 7KH� ILUVW� RQH� LQ �FOXGHG� HYDSRUDWLRQ� RI� WKH� PL[WXUH� KDYLQJWKH� SUHVHW� PROHFXODU� FRPSRVLWLRQ� RQWR� DTXDUW]� VXEVWUDWH� KHDWHG� WR� ��� �&� IROORZHGE\� DQQHDOLQJ� IRU� �� WR� �� K�� ,Q� WKH� VHFRQGPHWKRG�� WKLQ� �DERXW� ��� QP�� &X, DQG� &G,�

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV

��� )XQFWLRQDO�PDWHULDOV�������������


