
��������%XOO��.RUHDQ�&KHP��6RF��������9RO������1R��� 1RWHV

1HZ�%LRDFWLYH�6WHURLGV�IURP�WKH�*RUJRQLDQ�$FDO\FLJRUJLD�LQHUPLV

-XQJ�5DH�5KR��+\L�6HXQJ�/HH��<RXQJZDQ�6HR��.L�:RRQJ�&KR��DQG�-RQJKHRQ�6KLQ 


0DULQH�1DWXUDO�3URGXFWV�/DERUDWRU\��.RUHD�2FHDQ�5HVHDUFK�	�'HYHORSPHQW�,QVWLWXWH�

�$QVDQ�3�2��%R[�����6HRXO����������.RUHD

5HFHLYHG�)HEUXDU\��������

'XULQJ�WKH�FRXUVH�RI�RXU�VHDUFK�IRU�ELRDFWLYH�FRPSRXQGV

IURP�PDULQH�RUJDQLVPV��ZH�KDYH�VKRZQ�WKDW�JRUJRQLDQV�RI

.RUHDQ�ZDWHU�DUH�YHU\�SUROLILF�VRXUFHV�RI�ELRDFWLYH�PHWDER�

OLWHV��� 5HFHQWO\�� ZH� UHSRUWHG� DFDO\FL[HQLROLGHV� &�)�� QRYHO

F\WRWR[LF�GLWHUSHQRLGV�RI�WKH�[HQLFDQH�FODVV�IURP�WKH�JRUJR�

QLDQ�$FDO\FLJRUJLD�LQHUPLV�FROOHFWHG�IURP�.HRPXQ�,VODQG��

,Q�DGGLWLRQ�WR�WKH�GLWHUSHQRLGV��KRZHYHU���+�105�DQDO\VLV

DQG� F\WRWR[LFLW\� WHVWV� RI� VLOLFD� IODVK� FKURPDWRJUDSKLF� IUDF�

WLRQV�LQGLFDWHG�WKH�SUHVHQFH�RI�DQRWKHU�FODVV�RI�PHWDEROLWHV

LQ� SRODU� IUDFWLRQV�� 6XEVHTXHQWO\� DFWLYLW\�JXLGHG� VHSDUDWLRQ

KDV�\LHOGHG� VHYHUDO� VWHURLGV�SRVVHVVLQJ�XQXVXDO� IXQFWLRQDO�

LWLHV�� +HUHLQ� ZH� GHVFULEH� WKH� VWUXFWXUHV� DQG� ELRDFWLYLW\� RI

WZR�QRYHO�PHWDEROLWHV�DQG�DQ�HSLPHULF�PL[WXUH�RI�SRO\R[\�

JHQDWHG� VWHURLGV� RI� WKH� FKROHVWDQH� FODVV�� $OO� RI� WKH� FRP�

SRXQGV�FRQWDLQ�D��β��α�GLK\GUR[\���RQH�JURXS�DV�D�FRPPRQ
VWUXFWXUDO�IHDWXUH�

&RPSRXQG���ZDV�DQDO\]HG�IRU�&��+��2��E\�D�FRPELQDWLRQ

RI�KLJK�UHVROXWLRQ�PDVV�DQG���&�105�VSHFWURPHWU\��7KH���&

105�GDWD�IRU�WKLV�FRPSRXQG�FRQWDLQHG�WZHQW\�QLQH�VLJQDOV�

7KH� SUHVHQFH� RI� D� NHWRQH� DQG� DQ� HVWHU�ZDV� UHDGLO\� UHFRJ�

QL]HG�E\�WKH�VLJQDOV�DW�δ��������&��DQG��������&��LQ�WKH���&
105� VSHFWUXP� DQG� VWURQJ� DEVRUSWLRQ� EDQGV� DW� ����� DQG

�����FP−��LQ�WKH�,5�VSHFWUXP��7KH�HVWHU�FDUERQ�ZDV�DVVXPHG

WR�IRUP�DQ�DFHWR[\O�JURXS�E\�DQ�RFFXUUHQFH�RI�FKDUDFWHULVWLF

VLJQDOV� LQ�105�GDWD���+�δ��������+��V�����&�δ�������&+���

7KHUHIRUH��FRPSRXQG���SRVVHVVHG�D�IUDPHZRUN�FRQVLVWLQJ�RI

WZHQW\�VHYHQ�FDUERQV�WKDW�DSSHDUHG�WR�EH�D�&���VWHURLG�RI�WKH

FKROHVWDQH�FODVV��6XSSRUWLQJ�HYLGHQFH�IRU�WKLV�LQWHUSUHWDWLRQ

ZDV�WKH�RFFXUUHQFH�RI�D�FKDUDFWHULVWLF�SURWRQ�VLJQDO�DW�δ�����
��+��P��DQG�XSILHOG�VKLIW�RI�D�SURWRQ�DW�δ��������+��V��LQ�WKH
�+�105�VSHFWUXP�ZKLFK�FRUUHVSRQGHG�WR�WKH�+���DQG�+���

RI�D�FKROHVWHURO�W\SH�VWHURLG�� UHVSHFWLYHO\��2I� WKH�ILYH�R[\�

JHQ�DWRPV� LQ� WKH�PROHFXOH�� WKH� UHPDLQLQJ�RQH�DSSHDUHG� WR

IRUP�D�K\GUR[\O�JURXS�RQ�WKH�EDVLV�RI�WKH�PROHFXODU�IRUPXOD

DQG���&�105�DQDO\VLV�

:LWK� WKH� DLG� RI� WKLV� LQIRUPDWLRQ�� WKH� VWUXFWXUH� RI��� ZDV

GHWHUPLQHG�E\�D�FRPELQDWLRQ�RI��+�&26<��72&6<��JUDGLHQW

+64&�DQG�JUDGLHQW�+0%&�H[SHULPHQWV��$OO�RI�WKH�SURWRQV

DQG�WKHLU�UHVSHFWLYH�FDUERQV�ZHUH�SUHFLVHO\�PDWFKHG�E\�WKH

JUDGLHQW�+64&�GDWD��7KH��+�&26<�DQG�72&6<�GDWD�UHYHDOHG

WKH�SUHVHQFH�RI�D�VSLQ�V\VWHP�FRQWDLQLQJ�SURWRQ�VLJQDOV�RI�D

PHWKLQH�DW�δ������DQG�WKUHH�XSILHOG�PHWK\OHQHV��2I�WKH�WZR
WHUPLQDO�PHWK\OHQH�FDUERQV�RI�WKLV�SDUWLDO�VWUXFWXUH�DW�δ�����
DQG� ����� LQ� WKH� ��&�105� VSHFWUXP�� WKH� IRUPHU� VKRZHG� D

ORQJ�UDQJH�FRXSOLQJ�ZLWK�D�PHWK\O�SURWRQ�DW�δ��������+��V�

ZKLFK�ZDV�DOVR�FRXSOHG�ZLWK�D�PHWKLQH�DW�δ������DQG� WZR
TXDWHUQDU\� FDUERQV� DW� δ� ����� DQG� ������ UHVSHFWLYHO\�� 7KH
XSILHOG� VKLIW�RI� WKH� WHUPLQDO�PHWK\OHQH�FDUERQ� UHYHDOHG� LWV

GLUHFW�FRQQHFWLRQ�ZLWK�WKH�TXDWHUQDU\�FDUERQ�DW�δ�������2Q
WKH�RWKHU�KDQG��D�SURWRQ�RI�WKH�RWKHU�WHUPLQDO�PHWK\OHQH�DW�δ
�������+��GG��-� ������������+]��VKRZHG�D�JUDGLHQW�+0%&

FRUUHODWLRQ�ZLWK�WKH�TXDWHUQDU\�FDUERQ�DW�δ�������7KXV��DOO�RI
WKH�FDUERQV�DQG�SURWRQV�DW�WKH�$�ULQJ�RI�D�VWHURLG�ZHUH�FRQIL�

GHQWO\�DVVLJQHG�DQG�K\GUR[\O�JURXSV�ZHUH�SODFHG�DW�&���DQG

&����7KH�FDUERQV�DW�δ������DQG������LQ�WKH���&�105�VSHF�

WUXP�ZHUH� DVVLJQHG� DW�&��� DQG�&����RI� D� VWHURLGDO� IUDPH�

ZRUN��UHVSHFWLYHO\�

7KH�VWUXFWXUH�RI�%�ULQJ�ZDV�DOVR�GHWHUPLQHG�E\�FRPELQHG

105�DQDO\VLV��7KH�JUDGLHQW�+64&�GDWD�DVVLJQHG�WKH�VLJQDOV

RI�SURWRQV�DW�δ��������+��GG��-� ������������+]��DQG��������+�
GG��-� �����������+]��WR�D�PHWK\OHQH�FDUERQ�DW�δ�������,QLWL�
DWHG� DW� WKHVH�SURWRQV�� D� FRPELQDWLRQ�RI� WKH��+�&26<�DQG

72&6<�H[SHULPHQWV�WUDFHG�D�VSLQ�V\VWHP�FRQWDLQLQJ�VHYHUDO

XSILHOG�SURWRQ�UHVRQDQFHV��7KH�JUDGLHQW�+0%&�GDWD�VKRZHG

FRUUHODWLRQV�EHWZHHQ� WKHVH�SURWRQV�DQG�FDUERQV�DW�δ�������
������������������DQG�������6LQFH�WKH�FDUERQV�DW�δ������DQG
�����ZHUH� DOUHDG\� DVVLJQHG� DW� &��� DQG�&��� E\� WKHLU� ORQJ�

UDQJH�FRXSOLQJV�ZLWK�WKH�+����SURWRQV��WKH�UHPDLQLQJ�WKUHH

ZHUH�SODFHG�� LQ� WKH�RUGHU�RI� FKHPLFDO� VKLIWV�� DW�&����&����

DQG�&����UHVSHFWLYHO\��7KH�VWUXFWXUDO�HOXFLGDWLRQ�RI�&�DQG�'

ULQJV�ZDV�DOVR�DFFRPSOLVKHG�E\�H[WHQVLYH�105�H[SHULPHQWV

DQG�FRPSDULVRQ�RI�WKH���&�105�GDWD�ZLWK�WKRVH�RI�NQRZQ

DQDORJV��E��I�/RQJ�UDQJH�FRXSOLQJV�RI�+�����+�����+�����+�

���� DQG� +���� ZLWK� QHLJKERULQJ� FDUERQV� ZHUH� FUXFLDO� WR

DVVLJQ� DOO� RI� WKH� 105� VLJQDOV�� +HQFH� FRPSRXQG� �� ZDV

GHWHUPLQHG�WR�SRVVHVV�WKH�VDPH�&�DQG�'�ULQJV�DV�FRPPRQ

VWHURLGV�

7KH� �+�105�GDWD� RI��� KDG�GRZQILHOG� VLJQDOV� DW�δ� ����
��+��EU�GG��-� ����������+]��DQG��������+��V��ZKLFK�VKRZHG�D

ZHDN�EXW�XQQHJOLJLEOH�FURVV�SHDN�EHWZHHQ�HDFK�RWKHU�LQ�WKH
�+�&26<�H[SHULPHQW��$�JUDGLHQW�+0%&�H[SHULPHQW�VKRZHG

ORQJ�UDQJH� FRUUHODWLRQV� RI� WKHVH� DQG� D�PHWK\O� SURWRQ� DW�δ
����� ��+��V��ZLWK�VHYHUDO�FDUERQ�VLJQDOV� LQFOXGLQJ� WKH�ROH�

ILQLF�RQHV�DW�δ��������&+��DQG��������&���$Q�DGGLWLRQDO�FRU�
UHODWLRQ�ZDV�IRXQG�EHWZHHQ�WKH�DFHWR[\O�FDUERQ�DW�δ������
DQG�WKH�SURWRQ�DW�δ�������$FFRUGLQJO\�WKH�WUL�VXEVWLWXWHG�GRX�
EOH� ERQG� ZDV� DWWDFKHG� E\� DQ� DFHWR[\O� JURXS� DW� LWV� DOO\OLF

SRVLWLRQ��$�FRPELQDWLRQ�RI��'�105�GDWD�DFFRPSOLVKHG�WKH

FRQQHFWLRQ�RI�WKLV�JURXS�WR�WKH�&����PHWKLQH�YLD�DQ�HWK\OHQH

JURXS��

&RPSRXQG���SRVVHVVHG�DQ�DV\PPHWULF�GRXEOH�ERQG�DW�&�

���DQG�WZR�QHZ�DV\PPHWULF�FDUERQ�FHQWHUV�DW�&���DQG�&���

7KH�JHRPHWU\�DW�WKH�GRXEOH�ERQG�ZDV�DVVLJQHG�DV�=�RQ�WKH


7R�ZKRP�FRUUHVSRQGHQFH�VKRXOG�EH�DGGUHVVHG��7HO�����������

����������)D[��������������������(�PDLO��MKVKLQ#VDUL�NRUGL�UH�NU
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EDVLV�RI�GRZQILHOG�VKLIW�RI�WKH�&����PHWK\O�FDUERQ��δ�������
7KH�FKDUDFWHULVWLF�VSOLWWLQJ�SDWWHUQ�RI�+���UHYHDOHG�DQ�D[LDO

DUUDQJHPHQW�IRU�WKLV�SURWRQ��52(6<�GDWD�VKRZHG�D�VWURQJ

����GLD[LDO�FRUUHODWLRQ�EHWZHHQ�+����DQG�+��D[��δ�������WKDW
ZDV�DVVLJQHG�RQ�WKH�EDVLV�RI�LWV�ODUJH�FRXSOLQJ��-� ������+]�

ZLWK�+����0ROHFXODU�PRGHOLQJ�VWXG\�VKRZHG�WKDW��WR�H[KLELW

WKLV�VSDWLDO�SUR[LPLW\��WKH�&���K\GUR[\O�JURXS�PXVW�EH�α�RUL�
HQWHG�WR�WKH�$�%�ULQJ�MXQFWLRQ��7KLV�LQWHUSUHWDWLRQ�ZDV�DOVR

DVFHUWDLQHG�E\� FRPSDULVRQ�RI� WKH���&�GDWD�ZLWK� WKRVH� RI� D

V\QWKHWLF�DQDORJ���7KXV�WKH�VWUXFWXUH�RI���ZDV�GHWHUPLQHG�DV

���DFHWR[\��β��α�GLK\GUR[\FKROHVW����HQ���RQH�
&RPSRXQG���ZDV�LVRODWHG�DV�D�ZKLWH�DPRUSKRXV�VROLG��7KH

KLJK�UHVROXWLRQ�PDVV�GDWD�VXJJHVWHG�WKH�PROHFXODU�IRUPXOD

IRU�WKLV�FRPSRXQG�WR�EH�&��+��2���∆������PPX���+RZHYHU�
WKH� ��&� 105� GDWD� FRQWDLQHG� WKLUW\�VHYHQ� VLJQDOV�� 6LPLODU

SKHQRPHQRQ�ZDV�DOVR�REVHUYHG�LQ�WKH��+�105�VSHFWUXP�LQ

ZKLFK�LQWHJUDWLRQ�RI�SHDN�DUHD�UHYHDOHG�VLJQLILFDQW�GLVFUHS�

DQF\�DPRQJ�XSILHOG�VLJQDOV��&DUHIXO�H[DPLQDWLRQ�RI�WKH���&

105�GDWD�VKRZHG�WKDW���SRVVHVVHG�WKH�VDPH�ULQJ�V\VWHP�DV

���6LJQDOV�RI�FDUERQV�DW�WKH�ULQJV�$�'�DOVR�H[LVWHG�DV�VLQJOH

SHDNV�ZKLOH� WKRVH� DW� WKH� VLGH�FKDLQ�ZHUH� SUHVHQW� DV� SDLUV�

7KHUHIRUH����PXVW�EH�D�PL[WXUH�RI�DQDORJV�SRVVHVVLQJ�VWUXF�

WXUDO�GLIIHUHQFHV�RQO\�DW�WKH�VLGH�FKDLQ��

7KH�PRVW�QRWLFHDEOH�GLIIHUHQFHV�LQ�WKH�105�GDWD�RI���DQG

��ZHUH�WKRVH�DWWULEXWHG�WR�WKH�SUHVHQFH�RI�K\GURJHQV�DW�WKH

&����GRXEOH�ERQG�RI���WKDW�ZDV�HYLGHQW�IURP�GHWDLOHG�LQWHU�

SUHWDWLRQ�RI��'�105�GDWD��7KXV����ZDV�GHILQHG�DV�D�PL[WXUH

RI�WKH�������GLK\GUR�GHULYDWLYHV�RI����$�FRPELQDWLRQ�RI��+

&26<�DQG�72&6<�H[SHULPHQWV�UHYHDOHG�D�ORQJ�VSLQ�V\VWHP

LQLWLDWLQJ�DW�WKH�SURWRQV�DW�δ�������GG��-� �����������+]��+����
DQG�UHDFKLQJ�DW�WKH�PHWK\O�SURWRQV�DW�δ��������+��G��-� ����
+]��+������7KH�VDPH�H[SHULPHQWV�DOVR�UHYHDOHG�WKH�SUHVHQFH

RI�DQ�DQDORJRXV�VSLQ�V\VWHP�FRQWDLQLQJ�SURWRQV�DW�δ�������GG�
-� �����������+]��DQG�������+������6LQFH�WKHUH�ZDV�RQO\�RQH

DV\PPHWULF�FHQWHU�DW�&����DW�WKH�VLGH�FKDLQ����ZDV�LQGHHG�D

PL[WXUH�RI�HSLPHUV�DW�WKLV�FHQWHU��%DVHG�RQ�WKH�LQWHJUDWLRQ�RI

SDLUHG�VLJQDOV�LQ�WKH��+�105�VSHFWUXP��WKH�UHODWLYH�FRQFHQ�

WUDWLRQ�EHWZHHQ�WZR�LVRPHUV�ZDV�FDOFXODWHG�DV��������'XH�WR

WKH�VLPLODU�SRODULW\�EHWZHHQ�WKHVH��DWWHPSWV�WR�VHSDUDWH�LQGL�

YLGXDO�FRPSRXQG�ZHUH�QRW�VXFFHVVIXO�

7KH�PROHFXODU�IRUPXOD�IRU���ZDV�GHGXFHG�DV�&��+��2��E\

+5(,06��$SDUW�IURP�WKH�ORVV�RI�RQH�FDUERQ�LQ�WKH���&�105

GDWD��WKH�105�GDWD�IRU�WKLV�FRPSRXQG�ZHUH�KLJKO\�FRPSDWL�

EOH�ZLWK� WKRVH�REWDLQHG�IRU���DQG���� ,Q� WKH���&�105�GDWD�

KRZHYHU��WKH�VLJQDOV�RI�WKH�&����R[\PHWK\OHQH�DQG�DFHWR[\O

PHWK\O�FDUERQV�ZHUH�UHSODFHG�E\�D�PHWK\O�FDUERQ�DW�δ������
&RUUHVSRQGLQJ� FKDQJH�ZDV� DOVR� REVHUYHG� LQ� WKH� �+�105

VSHFWUXP�LQ�ZKLFK�WKH�VLJQDO�RI�WKH�DFHWR[\O�PHWK\O�SURWRQ

ZDV�UHSODFHG�E\�WKDW�RI�D�QHZ�PHWK\O�SURWRQ�DW�δ��������+�
V��� ,Q� DGGLWLRQ�� WKH� VLJQDO� RI� WKH� +����PHWK\O� SURWRQ� ZDV

VKLIWHG�XSILHOG�DW�δ �������+��G��-� �����+]���7KH��+�&26<
H[SHULPHQW�VKRZHG�GLUHFW�FRQQHFWLYLW\�EHWZHHQ�+����DQG�D

PHWKLQH�SURWRQ�DW�δ��������+��WT��-� ����������+]���7KH�+0%&

FRUUHODWLRQV�RI�WKHVH�DQG�WKH�PHWKR[\�SURWRQ�ZLWK�WKH�FDUERQ

DW�δ�������&��LQGLFDWHG�WKH�SUHVHQFH�RI�D�PHWKR[\FDUERQ\O
IXQFWLRQDOLW\�DW�WKH�VLGH�FKDLQ��7KH�VWHUHRFKHPLVWU\�RI�D�QHZ

DV\PPHWULF�FHQWHU�DW�&����ZDV�QRW�DVVLJQHG�GXH�WR�WKH�LVROD�

WLRQ�RI�RQO\�RQH�LVRPHU��E���

$�OLWHUDWXUH�VXUYH\�UHYHDOHG�WKDW�FRPSRXQGV�����DUH�VWUXF�

WXUDOO\�QRYHO�PHWDEROLWHV��$OWKRXJK�WKH��β��α�GLK\GUR[\���
RQH�JURXS�DQG�R[LGDWLRQ�DW�&����DW�WKH�VLGH�FKDLQ�KDYH�EHHQ

SUHYLRXVO\�REVHUYHG�LQ�ERWK�QDWXUDO�DQG�V\QWKHWLF�VWHURLGV��D

FRPELQDWLRQ�RI�WKHVH�LQ�D�PROHFXOH�LV�XQSUHFHGHQWHG�WR�WKH

EHVW�RI�RXU�NQRZOHGJH�����

3RO\R[\JHQDWHG�VWHURLGV�GHULYHG�IURP�PDULQH�RUJDQLVPV�DUH

ZLGHO\� UHFRJQL]HG� WR� H[KLELW� SRWHQW� DQG� GLYHUVH� ELRDFWLYL�

WLHV����� )RU� UHFHQW� H[DPSOHV�� SRO\K\GUR[\VWHURLGV� IURP� D

.RUHDQ� ZDWHU� JRUJRQLDQ� H[KLELWHG� VLJQLILFDQW� F\WRWR[LFLW\

DQG�3/$�� LQKLELWRU\�DFWLYLW\�
�F� ,Q�RXU�PHDVXUHPHQWV�� WKHVH

VWHURLGV�GLVSOD\HG�PRGHUDWH�F\WRWR[LFLW\�DJDLQVW�WKH�KXPDQ

OHXNHPLD�FHOO�OLQH�.������/&�������������DQG�����µJ�P/��IRU
�����UHVSHFWLYHO\��

([SHULPHQWDO�6HFWLRQ

$QLPDO�PDWHULDOV��$FDO\FLJRUJLD� LQHUPLV� �VDPSOH� QXP�

EHU���.����ZDV�FROOHFWHG�E\�KDQG�XVLQJ�6&8%$�DW�������P

GHSWK�LQ�1RYHPEHU�������DORQJ�WKH�RIIVKRUH�RI�.HRPXQ�,VODQG�

.RUHD��7KH�FROOHFWHG�VDPSOHV�ZHUH�EULHIO\�GULHG�XQGHU�VKDGH�

IUR]HQ�ZLWK�GU\�LFH��DQG�NHSW�DW���� R&�XQWLO�FKHPLFDOO\�LQYHV�

WLJDWHG�� 7KH� VDPH� DQLPDOV� �VDPSOH� QXPEHU� ��.����� ZHUH

REWDLQHG�DJDLQ�DW� WKH�VDPH�DUHD�LQ�$XJXVW��������9RXFKHUV

IURP�ERWK�FROOHFWLRQV�KDG�LGHQWLFDO�PRUSKRORJLFDO�FKDUDFWHUV

LQFOXGLQJ� WKH� FRORU� DQG�EUDQFKLQJ�SDWWHUQ� RI� FRORQLHV�� DQG

OHQJWK�RI�FDO\FHV�

([WUDFWLRQ�DQG�LVRODWLRQ��7KH�DQLPDOV�����NJ��ZHW�ZHLJKW�

ZHUH� GHIURVWHG�� PDFHUDWHG�� DQG� UHSHDWHGO\� H[WUDFWHG� ZLWK

&+�&O�� ���� / × ��� DQG�0H2+� ���� / × ���� 7KH� FRPELQHG

FUXGH�H[WUDFWV�������J��ZHUH�VHSDUDWHG�E\�VLOLFD�YDFXXP�IODVK

FKURPDWRJUDSK\� E\� XVLQJ� VWHSSHG� JUDGLHQW� PL[WXUHV� RI�Q�

KH[DQH� DQG�(W2$F� DV� HOXHQWV�� )UDFWLRQV� HOXWHG�ZLWK� SRODU

VROYHQWV� �������� (W2$F� LQ� KH[DQH�� ���� PJ�� ZHUH� FRP�

ELQHG� DQG� VXEMHFWHG� WR� VHPLSUHSDUDWLYH�&��� UHYHUVHG�SKDVH

+3/&��<0&�2'6�$4�FROXPQ����FP × ���FP�����DTXHRXV
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0H2+��WR�DIIRUG���DQG�D�PL[WXUH�RI���DQG����6HSDUDWLRQ�DQG

SXULILFDWLRQ�RI���DQG���ZHUH�DFFRPSOLVKHG�E\�UHYHUVHG�SKDVH

+3/&��<0&�2'6�$�FROXPQ����FP × ���FP������DTXHRXV

0H2+��WR�DIIRUG������DQG�����PJ�RI���DQG����UHVSHFWLYHO\�

3XULILFDWLRQ�RI���ZDV�PDGH�E\�UHYHUVHG�SKDVH�+3/&��<0&

2'6�$�FROXPQ������0H&1�LQ�0H2+��WR�\LHOG������PJ�RI

��DV�D�ZKLWH�DPRUSKRXV�VROLG�

&RPSRXQG��������ZKLWH�DPRUSKRXV�VROLG��PS���������R&�

>α@��'������R��F������0H2+���,5��.%U��νPD[������������������
����������������������������������FP−����+�105��&'&O��

δ��������+��EU�GG��-� ����������+]��+�������������+��V��+�����
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