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WULSOHWV� RI� WKH� 32��WHWUDKHGURQV� EHWZHHQWKHP�LQ�WKH�XQLW�V�SHULRG�DORQJ� °�D[LV��7KH\DUH�FRQQHFWHG�E\�WZR�WULSOHWV�RI�GRXEOH�KRUL�]RQWDO� D[HV� DQG� WKUHH� YHUWLFDO� JOLGH� SODQHV�ZKLFK� LQWHUVHFW� WKHVH� D[HV�� 7KH� URWRIOHFWLRQD[LV�WXUQV�WKH�32� WULSOHWV��RQH�ZLWK�UHVSHFWWR�RWKHU� IRU���� WKDW�FDQ�EH� VHHQ�DW�WKH�HQGSURMHFWLRQ�RI�WKLV�VWUXFWXUH�>�@�/XPLQHVFHQFH�VSHFWUD�RI�WKH�1D7L��32����VDPSOHV� ZHUH� REWDLQHG� DW� ����� ��� DQG����.��$W�ORZ�WHPSHUDWXUHV������DQG����.�WKH�VDPSOHV�ZHUH�SODFHG�LQWR�KHOLXP��QLWUR �JHQ��FU\RVWDW�ZLWK�OLTXLG�KHOLXP��QLWURJHQ��7KH�,/*,�����ODVHU�UDGLDWLRQ��λ  �������QP�DQG�'56K�����PHUFXU\�ODPS�UDGLDWLRQ�ZHUHXVHG� IRU� H[FLWDWLRQ� RI� SKRWROXPLQHVFHQFH�3/��� 5DGLDWLRQ� RI� PHUFXU\� ODPS� ZDV� ILO �WHUHG�E\�D�QXPEHU�RI�JODVV�DQG�OLTXLG�ILOWHUVWKDW� JDYH� D� SRVVLELOLW\� WR� VHSDUDWH� IURP� WKHOLQH�VSHFWUXP�D�VHW�RI�OLQHV�LQ�WKH�UDQJH����Ü����QP�RU� VRPH� OLQHV� IURP� WKH� VDPH� UDQJH�7KH�')6����VSHFWURPHWHU�ZDV�XVHG�IRU�UHJLV �WUDWLRQ� RI� OXPLQHVFHQFH� VSHFWUD�� 7KH� VSHFWUDRQ�)LJ��Ü��DUH�JLYHQ�ZLWKRXW�FRUUHFWLRQ�RQ�DVSHFWUDO�VHQVLWLYLW\�RI�WKH�HTXLSPHQW�(VWLPDWLRQ�RI�GHFD\�WLPH�RI�3/�ZDV�PDGHRQ� WKH� EDVH� RI� VWXG\LQJ� WKH� NLQHWLFV� RI� OX �PLQHVFHQFH� GHFD\� WKDW� ZDV� UHJLVWHUHG� E\SKRWRPXOWLSOLHU� LQ� D� WLPH� VWUREELQJ� UHJLPHZLWK�XVLQJ�IRU�H[FLWDWLRQ�WKH�,/*,�����ODVHU�SXOVH� JHQHUDWLRQ� GXUDWLRQ� LV� DERXW� �Ü��� QV�� >�@�� 7KH�PHWKRG� RI� LQYHVWLJDWLRQ� RINLQHWLFV� RI� WKH� ;�UD\� OXPLQHVFHQFH� �;/�GHFD\�ZDV�GHVFULEHG�IRUPHUO\�>�@�7KH�1D7L��32��� XQGRSHG�FU\VWDOV�UHYHDOVLQWHQVLYH�HPLVVLRQ�DW�WKH�OLJKW�H[FLWDWLRQ�LQD� UDQJH� ���Ü���� QP� IRU� λH[ ������Ü������FPÜ� IRU� νH[��� /XPLQHVFHQFH� VSHFWUDFRQVLVWV�RI�WZR�EDQGV��WKH�VKRUW�ZDYH�OXPL �QHVFHQFH� EDQG� �/%�,�� LQ� D� UDQJH� ���Ü����QP�ZLWK�D�PD[LPXP�SRVLWLRQ�DW� DERXWa���� QP� DQG� WKH� ORQJ�ZDYH� OXPLQHVFHQFH
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)LJ����� /XPLQHVFHQFH� VSHFWUD� RI� WKH1D7L��32��� XQGRSHG�FU\VWDOV��λH[  �������QP�
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RI� ���Ü����� ���Ü����� DQG� ���Ü���� QP�)LJ������7KH�/%�,,�EDQG�RI� WKH� 1D7L��32����'\�� FU\VWDOV� OLNH� WR� WKH� FDVH� RI� SXUH� FU\V �WDOV� FRQVLVWV� RI� ZLGH� XQVWUXFWXUHG� FRPSR �QHQW�ZLWK�λP ≅ ����QP�ZLWK�WZR�VKDUS�SHDNVDW� λP ≅ ���� QP� DQG� QRW� VR� LQWHQVLYH� SHDNVDW� λP ≅ ���� QP� DQG� DW� λP ≅ ���� QP� RQ� LWVVKRUW�ZDYH� ZLQJ�� $� VKRXOGHU� DW� ���Ü����QP�ZDV�REVHUYHG�DV�ZHOO��)LJ�����$GGLQJ� RI� WKH� LQGLXP� LRQ� LPSXULWLHVFDXVH� RQO\� D� VWURQJ�GHFUHDVLQJ� RI� LQWHQVLW\RI�WKH�/%�,,�EDQG�,QFUHDVLQJ�RI�WHPSHUDWXUH�IURP�����.�WRURRP� WHPSHUDWXUH� FDXVHV� UHGLVWULEXWLRQ� RILQWHQVLWLHV�RI�VSHFWUDO�FRPSRQHQWV��5HODWLYHLQWHQVLW\� RI� WKH� /%�,� EDQG� VWURQJO\� GH �FUHDVHV� ZLWK� LQFUHDVLQJ� RI� WHPSHUDWXUH�0D[LPXP�SRVLWLRQ�RI� WKH�/%�,,�EDQG�VKLIWVIURP� λP ≅ ����QP�RQ� λP ≅ ����QP��1R�VKDUSSHDNV�ZHUH� REVHUYHG�RQ� WKH� VKRUW�ZDYH�ZLQJRI�WKH�/%�,,�EDQG�DW�URRP�WHPSHUDWXUH��1DU �URZ� VSHFWUDO� OLQHV� RI� WKH� 5(� GRSHG� FU\VWDOVZHUH�QRW�REVHUYHG�DW�URRP�WHPSHUDWXUH�HWKHU�$V� WR� NLQHWLFV� RI� OXPLQHVFHQFH�� LW� LV�ZRUWKWR�QRWH�WKDW�DW�ILUVW�NLQHWLFV�GHFD\�ZDV�UHJ �LVWHUHG� LQ� WKH� LQWHJUDWHG� VSHFWUDO� UHJLPH�WKH�WRWDO�OXPLQHVFHQFH�HPLVVLRQ�IHOO�LQWR�WKHSKRWR�PXOWLSOLHU� FDWKRGH�� 7KH� 3/� GHFD\FXUYH� LV� UDWKHU� FRPSOLFDWHG�� LW� FRQVLVWV� RIWKH� IDVW� FRPSRQHQW� �ZH� FRXOG� QRW� HVWLPDWHLWV� GXUDWLRQ�� DQG� VORZ� FRPSRQHQW� ZLWK� DQHIIHFWLYH� GHFD\� WLPH�  ��÷���µV� ZKLFK� GH�SHQGV�RQ�WKH�W\SH�RI�LPSXULW\�DQG�WHPSHUD �WXUH�RI�WKH�VDPSOHV�'HFD\� WLPH� IRU� WKH� IDVW� FRPSRQHQWV�ZDVHVWLPDWHG�DFFRUGLQJ�WR�UHVXOWV�RI�PHDVXULQJNLQHWLFV� RI� WKH� ;�UD\V� OXPLQHVFHQFH� GHFD\EHFDXVH� DW� WKLV� FDVH� DQ� H[FLWDWLRQ� RI� HPLV �VLRQ� ZDV� HIIHFWHG� E\� HVVHQWLDOO\� VKRUWHUSXOVHV� ZLWK� GXUDWLRQ� DERXW� �Ü�� QV�� $V� IRUWKH�FDVH�RI�WKH�3/�GHFD\��WKH�;/�GHFD\�DOVR

KDV�FRPSOLFDWHG�FKDUDFWHU��7KHUH�DUH�WKH�FRP�SRQHQWV�ZLWK�WKH�GHFD\�WLPH�RI����QV�DQG����Ü����QV�DV�ZHOO�DV�WKH�FRPSRQHQWV�ZLWK� τ ≈ ��µVDQG�τ !!���µV��XQIRUWXQDWHO\�ZH�FRXOG�QRW�RE�WDLQ�PRUH� SUHFLVH� YDOXHV� IRU� WZR� ODVW� FRPSR�QHQWV���$OO�GDWD�LV�SUHVHQWHG�LQ�7DEOH���7KH�GDWD�RQ�WKH�OLQHDU�OXPLQHVFHQFH�VSHF �WUD� RI� WKH� FU\VWDOV� GRSHG�ZLWK� WKH�5(� LRQVLV�VLPSOHVW�IRU�DQDO\VLV��2EVHUYHG�SHDN�SRVL �WLRQV� DQG� QXPEHUV� RI� VSHFWUDO� OLQHV� IRUWKHVH� FU\VWDOV� DJUHH� ZLWK� GDWD� RQ� OXPLQHV �FHQW� SURSHUWLHV� RI� WKH� WULSOH�FKDUJHG� 5(LRQV��7KHVH�OLQHV�DUH�FDXVHG�E\�LQWULQVLF�UD �GLDWLRQ� WUDQVLWLRQV� LQ� WKH� �IQ�VKHOOV� RI� WKH5(�LRQV�>�Ü�@�7KH� SUHVHQW� GDWD� RQ� VSHFWURVFRS\� RI� WKH5(� LRQV� HQDEOHV� WR�DVVLJQ� WKH�REVHUYHG� OLQ �HDU� 3/� VSHFWUD� RI� WKH� LQYHVWLJDWHG� 6P���GRSHG� FU\VWDOV� WR� LQQHU� WUDQVLWLRQV� LQ� WKH6P�� LRQ� >�@��7KUHH�JURXSV�RI�QDUURZ�VSHF �WUDO� OLQHV� REVHUYHG� LQ� WKH� 3/� VSHFWUD� DUHFDXVHG�E\�WKH�UDGLDWLRQ�WUDQVLWLRQV�IURP�WKHDFWXDO� LQ� OXPLQHVFHQFH� H[FLWHG� OHYHO� �*���RQ� WKUHH� ORZHVW� VWDWHV� RI� D� �+ PDQLIROG��+����� �+����� DQG� �+��� >����@�� 7KH� 6P��

)LJ����� /XPLQHVFHQFH� VSHFWUD� RI� WKH1D7L��32��� FU\VWDOV� GRSHG� ZLWK� WKH� '\��LRQV��λH[  �������QP��
)LJ����� /XPLQHVFHQFH� VSHFWUD� RI� WKH1D7L��32��� FU\VWDOV� GRSHG� ZLWK� WKH� 6P��LRQV��λH[  �������QP��

7DEOH����'HFD\� WLPH� �QV��RI� WKH�;�UD\V� OX�PLQHVFHQFH� IRU� WKH� GRSHG� VDPSOHV1D7L��32��� DW�URRP�WHPSHUDWXUH,PSXULW\ 'HFD\�FRPSRQHQWV��QV
τ� τ� τ�,Q ��� ��1G �±� ���±�� ����3U ���±� ��±�� ����6P ��� ��'\ ��� ��
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LRQV� KDYH� DQ� RGG� QXPEHU� RI� HOHFWURQV� DQGWZLFH� .UDPHU�V� GHJHQHUDWLRQ� RI� WKHVH� LRQVLQ�FU\VWDO�ILHOG�LV�DFWXDO��,W�PHDQV�WKDW�FRU �UHVSRQGHG� VSHFWUDO� UHJLRQV� KDYH� WR� FRQWDLQ��� ��� DQG� �� VSHFWUDO� OLQHV� IRU� - HTXDO� ��������� DQG� ����� UHVSHFWLYHO\�� 7KHUHIRUH�� WKHREVHUYHG�VHULHV�RI�DGGLWLRQDO�OLQHV�LQ�WKH����Ü����� ���Ü����� DQG� ���Ü���� QP� VSHFWUDO� UH�JLRQV� �)LJ����� DUH� FRUUHVSRQGHG� UHVSHFWLYHO\WR� WKH� �*��� → �+����� �*��� → �+���� DQG�*��� → �+��� HOHFWURQ� WUDQVLWLRQV� LQ� WKH�IQ�VKHOOV�RI�WKH�6P�� LRQV��$W� WKH� VDPH�PDQQHU�� WKH�JURXSV�RI�QDU �URZ� VSHFWUDO� OLQHV�REVHUYHG� LQ� WKH�3/�VSHF �WUD�RI�WKH�'\�GRSHG�FU\VWDOV�FDQ�EH�DVVLJQHGWR� WKH� HOHFWURQ� WUDQVLWLRQV� LQ� WKH�� IQ�VKHOOVRI�WKH�'\�� LRQV��7KH�OLQHV�RI�WKH�PRVW�ORQJZDYH� OHQJWK� UHJLRQ�� REYLRXVO\�� DVVLJQV� WRWKH��)��� → �+���� WUDQVLWLRQ��JURXS�LQ�WKH���Ü���� QP� VSHFWUDO� UHJLRQ� LV� FRQQHFWHGZLWK� WKH� �)��� → �+���� WUDQVLWLRQ�� DQGVKRUW�ZDYH�OHQJWK�UHJLRQ�LV�DQ�H[KLELWLRQ�RIWKH� �)��� → �+���� WUDQVLWLRQ� >�@�� 5HPLQG�DW� WKH� ZKROH� UHPRYDO� RI� GHJHQHUDWLRQ� DWFU\VWDO� ILHOG� �WDNLQJ� LQWR� DFFRXQW� GRXEOH.UDPHU�V�GHJHQHUDWLRQ��WKH�QXPEHU�RI�OLQHVIRU� WUDQVLWLRQ� IURP� RQH� PDQLIROG� RI� WKH�)��� OHYHO� WR� WKH� �+������ �+������ �+����OHYHOV�KDYH�ZHDWKHU�WR�EH�HTXDO�������DQG���UHVSHFWLYHO\��$�QXPEHU�RI�OLQHV�REVHUYHG�LQWKH� QRWHG� VSHFWUDO� UHJLRQV� IRU� ERWK� FRQVLG �HUHG� LPSXULW\� LRQV� DUH� FRUUHVSRQGHG� WR� WKHQRWHG� QXPEHU� RI� OHYHOV� >�Ü�������@�� ,W� HYL �GHQFH�DERXW�ZKROH�FDQFHOODWLRQ�RI�GHJHQHUD �WLRQ� LQ� WKH� FU\VWDO� ILHOG�� 7KLV� FRQFOXVLRQDJUHHV�ZLWK�WKH�PRVW�SUREDEOH�DUUDQJHPHQWRI� WKH� LPSXULW\�5(� LRQV� LQ� WKH� FU\VWDO� ODW �WLFH��WKH�5(�LRQV�UHSODFH�WKH�WLWDQLXP�LRQV�&RPSDULVRQ� RI� LRQLF� UDGLL� RI� WKH� 6P�� DQG'\�� LRQV�ZLWK� LRQLF�UDGLXV�RI�WKH� 7L�� LRQVDQG�7L±2 GLVWDQFH��7DEOH����IROORZV�SRVVLELO �LW\�RI�VXFK�UHSODFHPHQW��$W� WKH� VDPH� WLPH� LW�PXVW� EH� QRWHG� WKDWH[FHHG� FKDUJH� Ü�� DULVHV�� ,WV� SRVVLEOH� ORFDOFRPSHQVDWLRQ� FDQ� RFFXU� E\� IRUPDWLRQ� RIR[\JHQ� YDFDQF\� RU� E\� SODFHPHQW� RI� VRPHLRQV� QHDU� WKH� 5(� LRQ�� ,Q� WKH� ERWK� FDVHVV\PPHWU\� RI� WKH� 5(� OXPLQHVFHQFH� FHQWHUPXVW� EH� ORZ� �SUREDEO\� &���� EXW� QRW� RFWDKH�GUDO�� (YHQ� WKLV� IDFW� FDXVHV� FDQFHOODWLRQ� RIGHJHQHUDWLRQ�RI�WKH�OHYHOV�$V� WR� WKH� ZLGH� EDQG� DQG� WKH� GHWDLOV� RIWKH� ILQH� VWUXFWXUH� RI� WKH� �UHG�� OXPLQHV �FHQFH�� WKLV� OXPLQHVFHQFH� LV� WR� EH� FRUUH �VSRQGHG� WR� WKH� SURSHU� PDWUL[� HPLVVLRQ� EH �FDXVH� WKH� VDPH� OXPLQHVFHQW� EDQGV� DUH� RE �VHUYHG� IRU�XQGRSHG� VDPSOHV�� ,Q� FRQWUDVW� WRWKH� UHVXOWV� RI� FRQVLGHUDWLRQ� WKH� �EOXH�

JUHHQ�� OXPLQHVFHQW� EDQG�� RQH� FDQ� PDNHVRPH�GHILQLWH�DVVXPSWLRQV�DERXW�D�FKDUDFWHURI�WKLV�UDGLDWLRQ��)RU�WKH�PRPHQW��LW�FDQ�EHGRQH� RQO\� E\� FRPSDULQJ� LWV� FKDUDFWHULVWLFVZLWK� OXPLQHVFHQW� GDWD� RI� FRPSRXQGV� GRSHGE\�WLWDQLXP�LRQV��$QDO\VLV�RI�WKH�OLWHUDWXUHGDWD�VKRZHG�WKDW�HPLVVLRQ�EDQGV�RI�WKH�LP �SXULW\� WLWDQLXP� LRQV� HPEHGGHG� LQWR� R[LGHGLHOHFWULF�PDWULFHV� DUH� ORFDWHG� LQ� WKLV� VSHF �WUDO�GLDSDVRQ����Ü����QP�>�����@�7KH�LRQLF�UDGLXV�RI�WKH�7L�� WLWDQLXP�LRQVLV�HTXDO�WR������c��7KH\�FDQ�UHSODFH�WKH�7L��WLWDQLXP� LRQV� 7L�� LQ� D� ODWWLFH� �WKH� LRQLFUDGLXV� LV� ����c��� LQ� WKH� DVVXPSWLRQ� RI� XQ�FRQWUROOHG� IRUPDWLRQ� LQ� WKH� PDWUL[� RI� WKHWULSOH�FKDUJHG�WLWDQLXP�LRQV��,Q�WKH�V\QWKH �VL]HG� VDPSOHV�� WKH� 7L�� LRQV� FDQ� EH� IRUPHGXQGHU� WKH�SURFHVV�RI�KLJK�WHPSHUDWXUH� V\Q �WKHVLV� DQG�VSRQWDQHRXV�XQFRQWUROOHG� WUDQVL �WLRQ�IURP�PHOW�LQWR�VROLG�VWDWH�DW�FRROLQJ�7KHUH�LV�RQH�HOHFWURQ�LQ�WKH�H[WHUQDO��G�VKHOO�RI� WKH� WLWDQLXP�LRQV� 7L����$Q�HOHFWURQVWDWH�LV�GHVFULEHG�E\� �'�WHUP��,Q�FU\VWDOOLQHILHOG� RI� FXELF� V\PPHWU\�� WKLV� WHUP� LV� VSOLW �WHG� LQWR� WZR� OHYHOV� �7�J DQG� �(J ZLWK� DVSOLWWLQJ� DPRXQW� DERXW� �����Ü������ FPÜ��$W� IXUWKHU� V\PPHWU\� ORZHULQJ� DQG� EHFDXVHRI� VSLQ�RUELWDO� LQWHUDFWLRQ� D� ORZHU� OHYHO� LVUHVROYHG� LQWR� WZR� DQG� WKUHH� OHYHOV� UHVSHF �WLYHO\� ZLWK� D� WRWDO� VSOLWWLQJ� DPRXQW� DERXW����FPÜ��� 7KH� XSSHU� OHYHO� �(J LV� DOVR� UH�VROYHG�LQWR�WZR�VXEOHYHOV�GXH�WR�-DKQ�7HOOHUHIIHFW�� 7KH� VSOLWWLQJ� DPRXQW� LV� DERXW�����FPÜ���5DGLDWLRQ�WUDQVLWLRQV� �(J → �7�JDUH� IRUELGGHQ� LQ� DFFRUGDQFH� ZLWK� HYHQQHVVORZ�EXW�LQ�FU\VWDOOLQH�ILHOG�RI�ORZ�V\PPHWU\WKLV� IRUELGGDQFH� LV� FDQFHOHG�� $V� D� UHVXOWOLIHWLPH� RI� WKH� 7L���LRQV� LQ� WKH� �(J�VWDWH� LVDERXW� �Ü�� µV�� $V� IRU� RWKHU� LRQV� LQ� WKH� )H�JURXS�DQ�H[WHUQDO�HOHFWURQ�DW�7�VWDWHV�VWURQJO\LQWHUDFWV�ZLWK�WKH�ODWWLFH�YLEUDWLRQV��7KHUHIRUHOXPLQHVFHQFH�EDQGV�PD\�EH�UDWKHU�ZLGH�WKDW�LVREVHUYHG�LQ�D�QXPEHU�RI�H[SHULPHQWV��WKH\�DUHORFDWHG�LQ�D�UDQJH����Ü�����QP�7DNLQJ� LQWR� DFFRXQW� WKH� GHVFULEHG� SURS �HUWLHV�RI�WKH�7L���LRQV�HQHUJHWLF�LW�LV�HDV\�WRXQGHUVWDQG�WKDW�RSWLFDO�WUDQVLWLRQV�IURP�WKHORZHU� OHYHO� RI� WKH� H[FLWHG� VWDWH� �(J WR� WKH�$ DQG� �( OHYHOV� RI� WKH� JURXQG� VWDWH� PD\FDXVH� WKH� ZLGH� EDQG� RI� WKH� �UHG�� OXPLQHV �FHQFH�DV�ZHOO�DV�GHWDLOV�RI�WKH�ILQH�VWUXFWXUHEHLQJ�REVHUYHG�H[SHULPHQWDOO\�LQ�WKH�OXPLQHV �FHQFH�VSHFWUD�RI�WKH�1D7L��32��� FRPSRXQG�'HVFULEHG� DERYH� UHVXOWV� DOORZ� XV� WR� GRWKH�IROORZ�FRQFOXVLRQV���� )RU� WKH� ILUVW� WLPH� FRPSRXQGV� RI� WKH1D7L��32��� FRPSRVLWLRQV� GRSHG� ZLWK� WKHUDUH�HDUWK�HOHPHQWV�VXFK�DV�VDPDULXP��G\V �SURVLXP�� SUDVHRG\PLXP� DV� ZHOO� DV� LQGLXP
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LRQV� KDYH� EHHQ� V\QWKHVL]HG� DQG� WKHLU� VDP �SOHV�LQ�WKH�IRUP�RI�VLQJOH�FU\VWDOV�DQG�JODVVDUH� REWDLQHG�� ,W� LV� VKRZQ� WKDW� WKH� ERWKGRSHG� DQG� WKH� �SXUH�� 1D7L��32��� FU\VWDOVKDYH�WKH�3/�DQG�;/�VSHFWUD����/XPLQHVFHQFH�VSHFWUD�RI�WKH�QRWHG�VLQ �JOH�FU\VWDOV�DUH�LQYHVWLJDWHG�DW�����DQG����.����/XPLQHVFHQFH�RI�WKH�1D7L��32��� FU\V�WDOV�GRSHG�ZLWK�WKH�5(�LRQV�3U����6P�� DQG'\�� LV�H[FLWHG�ERWK�LQ�WKH�LPSXULW\�DEVRUE �LQJ�UHJLRQ�DQG�WKH�PDWUL[�DEVRUELQJ�UHJLRQ����/XPLQHVFHQFH�VSHFWUD�RI�XQGRSHG�FU\V �WDOV� FRQVLVW� RI� WZR� EDQGV�� VKRUW�ZDYH� RQH����Ü���� QP�� RI� VWLOO� XQNQRZQ� RULJLQ� DQGORQJ�ZDYH� RQH� ����Ü���� QP�� PRVW� OLNHO\FDXVHG� E\� WKH� 7L���LRQV� OXPLQHVFHQFH� �WKHVHLRQV�FDQ�EH�IRUPHG�VSRQWDQHRXVO\����� ,W� LV� VKRZQ� WKDW� WKH� OXPLQHVFHQFHVSHFWUD� UHSUHVHQW� D� VXSHUSRVLWLRQ� RI� XQ �VWUXFWXUHG�ZLGH� EDQG� RI� WKH� RZQ� �UHG�� OX �PLQHVFHQFH� RI� WKH� 1D7L��32��� PDWUL[� DQGILQH�VWUXFWXUHG� OLQH�VSHFWUD�FDXVHG�E\�WUDQ �VLWLRQV� LQ� WKH� LQWULQVLF� �I�VKHOOV� RI� WKH� LP�SXULW\�UDUH�HDUWK�LRQV��)LJ������������ 7KH� �UHG�� OXPLQHVFHQFH� PD\� UHVXOWIURP� WKH� HPLVVLRQ� RI� 7L�� LRQV� LQ1D7L��32��� PDWUL[HV�� ,QGLXP� LRQV� LPSXUL�WLHV� FDXVH� D� VWURQJ� GHFUHDVLQJ� RI� LQWHQVLW\RI�WKH�PDWUL[��UHG��RZQ�OXPLQHVFHQFH����$QDO\VLV�RI�WKH�VSHFWUD�ILQH�VWUXFWXUHVKRZV� XQDPELJXRXVO\� WKDW� VDPDULXP�� G\VSUR�VLXP�DQG�SUDVHRG\PLXP�LPSXULWLHV�DUH�LQFRUSR�UDWHG�LQWR�WKH�1D7L��32��� PDWUL[�DV�WKH�6P���'\�� DQG�3U�� LRQV�UHSODFLQJ�WKH�7L���LRQV����$�SRVVLELOLW\�RI�VXFK�VXEVWLWXWLRQ�LQGL �FDWHV�WKH�IDFW�WKDW�WHWUD�FKDUJHG�LRQV�RI�UD �

GLRDFWLYH� HOHPHQWV� DOVR� FDQ� EH� HPEHGGHGLQWR� WKH� 1D7L��32��� FRPSRXQG� PDWUL[�� 6RVXFK�D�PDWUL[�FDQ�EH�XVHG�IRU�FRQVHUYDWLRQRI�UDGLRDFWLYH�ZDVWHV�$FNQRZOHGJPHQWV�� 7KH� DXWKRUV� DUH� DS�SUHFLDWHG� WR� WKH� KHDG� RI� WKH� H[SHULPHQWDOSK\VLFV� FKDLU� RI� ,�)UDQNR� 1DWLRQDO� 8QLYHU �VLW\�3URI�$�6�9RORVKLQRYVNL�DQG�KLV�FROODER �UDWRUV� IRU� PHDVXULQJ� WKH� ;�UD\V� OXPLQHV �FHQFH�FKDUDFWHULVWLFV�5HIHUHQFHV���$�$�.DPLQVNLL�� 8�+RPPHULFK�� '�7HPSOH� HWDO���3K\V��6WDW��6RO��D��������5�������������6�+XIQHU��2SWLFDO�6SHFWURVFRS\�RI�/DQWKDQLGHLQ�&U\VWDOOLQH�0DWUL[HV��6\VWHPDWLF�DQG�3URS�HUWLHV�RI�WKH�/DQWKDQLGH��'�5HLGHO�3XEOLVKLQJ�1HZ�<RUN������������6�*�1HGLONR�� 2�9�&KXNRYD�� 0�'LDE�� 9�,�6KH�OXGNR��)XQFWLRQDO�0DWHULDOV�������������������<X�$�,YDQRY�� (�/�%HORNRQHYD�� <X�.� (JRURY�7LVPHQNR�HW�DO���'RNODGL�$1�6665���������������������,�<D�.XVKQLUHQNR��9�3�6DNXQ��3URF��.\LY�8QL�YHUVLW\��3K\VLFV���������������������$�6�9RORVKLQRYVN\L��$�*�'PLWULMHY��9�%�0LNKDLOLN�3�$�5RGQ\L��)L]��7YHUG��7HOD����������������������0�-�7UHDGDZD\��5�&�3RZHOO��3K\V��5HY��%���������������������2�&KXNRYD�� 6�1HGLONR�� =�0RUR]�� 0�3DVKN�RYVN\L�� -��/XPLQHVFHQFH�� ���Ü����� �������������$�2�0DWNRYVN\\��0DWHULDOV�IRU�4XDQWXP�(OHF�WURQLFV��/LJD�3UHVV��/L �����������)�%DQWLHQ�� 3�$OEHUV�� *�+XEHU�� -��/XPLQHV�FHQFH�����������������
�
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