
(;3(5,0(17$/�DQG�02/(&8/$5�0(',&,1(��9RO������1R������������0DUFK�����

(QKDQFHG�H[SUHVVLRQ�RI�QHXURQDO�QLWULF�R[LGH�V\QWKDVH�DQG�

SKRVSKROLSDVH�&�γ��LQ�UHJHQHUDWLQJ�PXULQH�QHXURQDO�FHOOV�E\�

SXOVHG�HOHFWURPDJQHWLF�ILHOG�

6XQJ�6RRN�.LP���+\H�-XQJ�6KLQ���

'DH�:RRQ�(RP���-RR�5\XQJ�+XK���

<HRQJMX�:RR���+\RN\XQJ�.LP���6XQJ�+R�5\X��

3DQQ�*LOO�6XK���0RRQ�-XQJ�.LP���-HH�<XQ�.LP��

7DH�:DQ�.RR���<RRQ�+HH�&KR��DQG�

6XQJ�0LQ�&KXQJ���

� 'HSDUWPHQW� RI� 3DWKRORJ\�� 8OVDQ� 8QLYHUVLW\� &ROOHJH� RI�0HGLFLQH�

�����������8OVDQ��.RUHD
� 'HSDUWPHQW�RI�2WRODU\QJRORJ\��(ZKD�:RPDQV�8QLYHUVLW\�&ROOHJH

RI�0HGLFLQH��6HRXO����������.RUHD
�'HSDUWPHQW� RI�1HXURORJ\��8OVDQ�8QLYHUVLW\�&ROOHJH� RI�0HGLFLQH�

8OVDQ����������.RUHD
�'HSDUWPHQW�RI�/LIH�6FLHQFH��3RKDQJ�&ROOHJH�RI�6FLHQFH�DQG�7HFK�

QRORJ\��3RKDQJ����������.RUHD
� &RUUHVSRQGLQJ�DXWKRU��7HO�������������������
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$FFHSWHG����)HEUXDU\�����

$EEUHYLDWLRQV��Q126��QHXURQDO�QLWULF�R[LGH�V\QWKDVH��3(0)��SXOVHG

HOHFWURPDJQHWLF�ILHOG��3/&�γ���SKRVSKROLSDVH�&�JDPPD��

$EVWUDFW

3XOVHG�HOHFWURPDJQHWLF�ILHOG��3(0)��KDV�EHHQ�VKRZQ

WR�LPSURYH�WKH�UDWH�RI�SHULSKHUDO�QHUYH�UHJHQHUDWLRQ�

,Q�WKH�SUHVHQW�VWXG\�ZH�LQYHVWLJDWHG�WKH�H[SUHVVLRQ

RI�QHXURQDO�QLWULF�R[LGH�V\QWKDVH��Q126��DQG�SKRV�

SKROLSDVH�&�γ���3/&�γ���LQ�UHJHQHUDWLQJ�UDW�ODU\QJHDO
QHUYHV�GXULQJ�WKH�H[SRVXUH� WR�3(0)�DIWHU�VXUJLFDO

WUDQVHFWLRQ� DQG� UHDQDVWRPRVLV��$[RQV�ZHUH� IRXQG

WR�UHJHQHUDWH�LQWR�WKH�GLVWDO�VWXPS�QHDUO\�WZLFH�IDVWHU

LQ�3(0)�H[SRVHG�DQLPDOV�WKDQ�LQ�WKH�FRQWURO��&RQ�

VLVWHQWO\��PRWRU�IXQFWLRQ�ZDV�EHWWHU�UHFRYHUHG�LQ�3(0)�

WUHDWHG� UDWV�� 7KH� H[SUHVVLRQ� RI� Q126� DQG� 3/&�γ�
ZDV�KLJKO\�HQKDQFHG�LQ�WKH�UHJHQHUDWHG�QHUYHV��

.H\ZRUGV��3(0)��3/&�γ���126��6����

,QWURGXFWLRQ

2YHU�RQH�GHFDGH��ZHDN�DQG�DV\PPHWULF�SXOVHG�HOHFWUR�

PDJQHWLF�ILHOGV��3(0)��KDYH�EHHQ�XVHG�WR�LQGXFH�WLPH�

YDU\LQJ� LRQLF� FXUUHQWV� LQ� WLVVXHV�� WKHUHE\� PRGLI\LQJ� D

QXPEHU�RI�FHOOXODU� IXQFWLRQV��0RGLILFDWLRQV� LQFOXGH�VHOHF�

WLYH�FKDQJHV� LQ�FHOOXODU�FDOFLXP��DQG�F\FOLF�$03� OHYHOV

�%HWW\� HW� DO��� ������ DQG� LQ� WKH� V\QWKHVLV� RI� FROODJHQ�

SURWHRJO\FDQV�� '1$�� DQG� 51$�� ,Q� DGGLWLRQ�� HQ]\PHV

DQG� KRUPRQHV� LQYROYHG� LQ� VNHOHWDO� KRPHRVWDVLV� DUH

DIIHFWHG�E\�3(0)��0RUHRYHU��3/&�γ��ZDV�UHSRUWHG�WR�EH
LQYROYHG� LQ� 3(0)�LQGXFHG� UHJHQHUDWLRQ� �&OHMDQ� HW� DO��

������ 'LELUGLN� HW� DO��� ������� 'HVSLWH� WKHLU� ZLGH� XVH� WR

WUHDW� XQXQLWHG� IUDFWXUHV�ZLWK� RU� ZLWKRXW� VXUJLFDO� UHSDLU�

FHOOXODU� PHFKDQLVP� RI� 3(0)� IRU� HQKDQFLQJ� UHSDLU

SURFHVV�KDV�QRW�EHHQ�HOXFLGDWHG�\HW��

,GHDOO\�� WUHDWPHQW�IRU� ODU\QJHDO�SDUDO\VLV�VKRXOG�UHVWRUH

QRUPDO�SK\VLRORJLF�DQG�G\QDPLF�PRYHPHQW�RI�WKH�YRFDO

IROG��$OWKRXJK�QXPHURXV�H[SHULPHQWV�WR�GHYHORS�DSSUR�

SULDWH�WHFKQLTXHV�WR�UHVWRUH�WKH�IXQFWLRQ�RI�WKH�SDUDO\]HG

ODU\Q[�KDYH�EHHQ�WULHG��QRQH�RI�WKHVH�DSSURDFKHV�KDYH

EHHQ�FRQVLVWHQWO\�VXFFHVVIXO��7KH�3(0)�WHFKQLTXH�KDV

EHHQ�VKRZQ�WR�HQKDQFH�UHJHQHUDWLRQ�RI�LQMXUHG�QHUYHV�

+RZHYHU��3(0)�WUHDWPHQW�KDV�QRW�EHHQ�DSSOLHG�WR�WKH

LQMXUHG� UHFXUUHQW� ODU\QJHDO� QHUYH� �5/1��� 7KHUHIRUH�� LQ

WKH�SUHVHQW�VWXG\�ZH�LQYHVWLJDWHG�WKH�HIIHFW�RI�3(0)�RQ

WKH� UHJHQHUDWLYH�FDSDFLW\�RI� WKH� WUDQVHFWHG�DQG� UHDQD�

VWRPRVHG�5/1� LQ� UDWV�SK\VLFDOO\�DQG�KLVWRORJLFDOO\�DQG

H[DPLQHG�WKH�DOWHUDWLRQ�LQ�WKH�H[SUHVVLRQ�RI�Q126�DQG

3/&�γ�� LQ�3(0)�LQGXFHG�QHUYH� UHJHQHUDWLRQ�

0DWHULDOV�DQG�0HWKRGV

$QLPDO�PRGHO

7KLUW\�VL[�PDOH�6SUDJXH�'DZOH\� UDWV�ZHUH�XVHG� LQ� WKLV

VWXG\�� 7KLUW\�WZR� UDWV� ZHUH� XQGHUZHQW� OHIW� UHFXUUHQW

ODU\QJHDO� QHUYH� WUDQVHFWLRQ� DQG� UHDQDVWRPRVLV� DQG

LSVLODWHUDO� VXSHULRU� ODU\QJHDO� QHUYH� DOVR� WUDQVHFWHG� DW

WKH�VDPH�WLPH�WR�PLQLPL]H�SRWHQWLDO�FRQWDPLQDWLRQ�RI�WKH

FULFRWK\URLG� PXVFOH�� $QLPDOV� ZHUH� DQHVWKHWL]HG� ZLWK

LQWUDSHULWRQHDO�LQMHFWLRQ�RI�.HWDPLQH�K\GURFKORULGH��.HWDODU�

���PJ�NJ���$IWHU�IL[DWLRQ�RI�WKH�UDW�LQ�VXSLQH�SRVLWLRQ��WKH

DQWHULRU�QHFN�ZDV�H[SRVHG�DQG�PLGOLQH�YHUWLFDO�LQFLVLRQ

ZDV�GRQH�DW�PHGLDQ�SRUWLRQ��7UDFKHD�ZDV�H[SRVHG�DQG

OHIW�5/1�FRXUVLQJ�WUDFKHRHVRSKDJHDO�JURRYH�ZDV�IRXQG�

7KHQ�� WUDQVHFWLRQ�ZDV�GRQH�ZLWK�PLFURVFLVVRUV� WR�5/1

DW� D� OHYHO� RI� ���� FP� EHORZ� WKH� LQIHULRU� HGJH� RI� FULFRLG

FDUWLODJH� DQG� WKH� WZR� FXW� HQG� ZHUH� UHDQDVWRPRVHG

FDUHIXOO\� XVLQJ� RSHUDWLRQ� PLFURVFRSH� ZLWK� ����� Q\ORQ

ZLWKRXW� WHQVLRQ�� $OO� UDWV� IROORZLQJ� QHXURUUKDSK\� RI� WKH

5/1� VKRZHG� OHIW� YRFDO� IROG� ,PPRELOLW\� LQ� SDUDPHGLDQ

IL[HG�SRVLWLRQ�GXULQJ� ODU\QJRVFRSLF�H[DPLQDWLRQ��7KHVH
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UDWV�ZHUH�UDQGRPO\�DVVLJQHG�WZR�JURXSV�DQG�WKH�H[SHUL�

PHQWDO� JURXS� �Q ���� UHFHLYHG� 3(0)� DQG� WKH� FRQWURO

JURXS��Q ����ZHUH�KDQGOHG�WKH�VDPH�ZD\�DV�WKH�H[SHUL�

PHQWDO�JURXS�ZLWKRXW�3(0)��-DQHW�DQG�:DONHU��������

7KH� IRXU� UHPDLQLQJ� UDWV� UHFHLYHG� VKDP� RSHUDWLRQV

LQFOXGLQJ� DOO� SURFHGXUHV� H[FHSW� IRU� WKH� DFWXDO� QHUYH

WUDQVHFWLRQ�DQG�WZR�RI�WKHVH�UDWV�ZHUH�SODFHG�LQWR�HDFK

JURXSV�

3XOVHG�HOHFWURPDJQHWLF�ILHOG�H[SRVXUH

7KH�3(0)�ZDV�GHOLYHUHG�YLD� IRXU�FXVWRP�PDGH�FDJHV

HTXLSSHG�ZLWK�+HOP�KRO]�FRLOV����FP�LQ�GLDPHWHU��SODFHG

���FP�DSDUW��)LJXUH�����7KHVH�FRLOV�FRQQHFWHG�WR�D�VLJQDO

JHQHUDWRU� �/*�IXQFWLRQ�JHQHUDWRU�)*�������/*�SUHFLVLRQ

&R���6HRXO��.RUHD��SURGXFLQJ�D�PDJQHWLF�ILHOG�RI�����+]

VLQH�ZDYH�DQG� OHG� WR�D� VWHUHR�DPSOLILHU�� 7KH�RXWSXW� RI

WKH�DPSOLILHU�ZDV�DGMXVWHG�WR�FUHDWH�D�����PLOOLWHVOD�PDJ�

QHWLF�ILOHG�DV�PHDVXUHG�ZLWK�WKH�JDXVVRPHWHU�LQ�SDUDOOHO

WR� HDFK� RI� WKH� �� FDJHV�� ([SHULPHQWDO� DQLPDOV� ZHUH

H[SRVHG� WR� WKLV� ILHOG� DQG� FRQWURO� DQLPDOV� ZHUH� SODFHG

EHWZHHQ� FRLOV� QRW� FRQQHFWHG� WR� WKH� JHQHUDWRU�� 7KH

FDJHV� ZHUH� SODFHG� LQ� D� ORZ�OLJKW� VRXQG� ERRWK� ZLWK

YHQWLODWLRQ��7KH�H[SHULPHQW�ZDV�FDUULHG�RXW�WKUHH�KRXUV

SHU�GD\�DQG�ILYH�GD\V�SHU�ZHHN�IRU����ZHHNV�IURP�SRVW�

VXUJLFDO�GD\���

'HWHUPLQDWLRQ�RI�IXQFWLRQDO�UHFRYHU\

9LGHRHQGRVFRSLF�H[DPLQDWLRQ�ZDV�SHUIRUPHG� MXVW�DIWHU

RSHUDWLRQ�DQG�DW�HYHU\�ZHHN� IROORZLQJ�QHXURUUKDSK\� WR

GHWHUPLQH�ZKHWKHU�WKHUH�KDG�EHHQ�D�UHWXUQ�RI�WKH�YRFDO

IROG�PRYHPHQWV��$IWHU����ZHHNV��ODU\QJHDO�HOHFWURP\R�

JUDSK\��(0*��GXULQJ�UHVSLUDWLRQ�ZDV�SHUIRUPHG�RQ�ERWK

SRVWHULRU�FULFRDU\WHQRLG�PXVFOHV�MXVW�EHIRUH�VDFULILFH��)XQF�

WLRQDO�UHFRYHU\�ZDV�GHWHUPLQHG�RQO\�ZKHQ�UHLQQHUYDWLRQ

SRWHQWLDO�DFWLYLWLHV�RFFXUUHG�WR�FRLQFLGH�ZLWK�UHVSLUDWLRQ�

5DWV� ZHUH� DQHVWKHWL]HG� DQG� SHUIXVHG� WUDQVFDUGLDOO\

ZLWK����SDUDIRUPDOGHK\GH�LQ�SKRVSKDWH�EXIIHUHG�VDOLQH

�3%6��DQG�QHUYH�WLVVXHV�ZHUH�REWDLQHG�DQG�LPPHGLDWHO\

IL[HG�ZLWK�����QHXWUDO�EXIIHUHG�IRUPDOLQ��GHK\GUDWHG� LQ

HWKDQRO��HPEHGGHG�LQ�SDUDIILQ�ZD[��)UHVK�VSHFLPHQV�RI

KDOI� WLVVXH� ZHUH� LPPHGLDWHO\� IUR]HQ� LQ� OLTXLG� QLWURJHQ

DQG�VWRUHG�DW� ���R&� IRU�:HVWHUQ�EORW�DQDO\VLV�

7LVVXH�SUHSDUDWLRQ

,PPXQRKLVWRFKHPLFDO� DQG� :HVWHUQ� EORW� DQDO\VLV� ZDV

SHUIRUPHG� RQ� WKH� QRUPDO� DQG� RSHUDWLYH� VLGHV�� $� VHJ�

PHQW� RI� OHIW� 5/1�ZDV� UHPRYHG� SUR[LPDOO\� ��PP� IURP

DQDVWRPRWLF�DUHD�� ,PPXQRKLVWRFKHPLVWU\�ZDV�SHUIRUPHG

RQ�5/1�RI�ERWK�3(0)�H[SRVHG��Q ����DQG�FRQWURO�UDWV

�Q ���� IRU� 6����� SURWHLQ�� Q126� WR� FRQILUP� QHXURQDO

UHJHQHUDWLRQ�DQG�3/&�γ��WR�HOXFLGDWH�LWV�UROH� LQ�3(0)�
HQKDQFHG�QHXURQDO� UHJHQHUDWLRQ�

,PPXQRKLVWRFKHPLVWU\

,PPXQRKLVWRFKHPLVWU\�ZDV�GRQH�DV�SUHYLRXVO\�GHVFULE�

HG��.LP�HW�DO����������6HULDO���µP�VHFWLRQV�ZHUH�FXW�IURP
SDUDIRUPDOGHK\GH�IL[HG� DQG� SDUDIILQ� HPEHGGHG� WLVVXH�

$IWHU� GHSDUDIILQL]DWLRQ� DQG� K\GUDWLRQ�� VHFWLRQV� ZHUH

LQFXEDWHG� IRU� ��� PLQ� ZLWK� ���� QRUPDO� JRDW� VHUXP� WR

EORFN� QRQVSHFLILF� VHUXP� SURWHLQ� ELQGLQJV�� $� EORFN� IRU

HQGRJHQRXV�SHUR[LGDVH�DFWLYLW\�XVLQJ����K\GURJHQ�SHU�

R[LGH�IRU����PLQ�IROORZHG�WKLV��7KH�DQWLERG\�ZDV�PDGH

DV�SUHYLRXVO\�GHVFULEHG��6XK�HW�DO����������DQG�GLOXWHG�WR

� � ���� IRU� DQWL� 3/&�γ�� DQWLERG\� DQG� � � ��� IRU� DQWL� 6�
�����Q126�DQWLERG\��$IWHU���K�LQFXEDWLRQ��VHFWLRQV�ZHUH

ZDVKHG� WKUHH� WLPHV� LQ� SKRVSKDWH�EXIIHUHG� VDOLQH� DQG

LQFXEDWHG� ZLWK� VWUHSWDYLGLQ�ELRWLQ� UHDJHQWV� IURP� WKH

'DNR� /6$%� �ODEHOHG� VWUHSWDYLGLQ� ELRWLQ�� 6WDLQ� NLW

�&DUSHQWHULD��86$���,Q�FDVHV�RI�QHJDWLYH�FRQWURO�RI�3/&�

γ�� SHSWLGH�� VXEVWLWXWLQJ� SULPDU\� DQWLERGLHV�� $OO� VHF�
WLRQV� ZHUH� UHDFWHG� ZLWK� ��� ��GLDPLQREHQ]LGLQH� �'$%�

'DNR��� DV� WKH� FKURPRJHQ� DQG� SKRWRJUDSKHG� XQGHU

2O\PSXV�%+��OLJKW�PLFURVFRSH��7KH�VWDLQLQJ�IRU�3/&�γ�
ZDV� SHUIRUPHG� DIWHU� ��� ZHHNV� IROORZLQJ� QHXURUUDSK\

DQG� WKH� VWDLQLQJ� IRU� Q126� DQG� 6����� SURWHLQ� ZDV

SHUIRUPHG�DW��WK�ZHHN�DQG���WK�ZHHN�IURP�QHUYH�LQMXU\

DQG� OLJDWLRQ�� 7KH� UHVXOW� RI� LPPXQRKLVWRFKHPLVWU\� ZDV

HYDOXDWHG�DV� IROORZV�����SRVLWLYH��−��QHJDWLYH��

:HVWHUQ�EORW�DQDO\VLV

7KH� :HVWHUQ� EORWWLQJ� ZDV� GRQH� WR� FRQILUP� 3/&�γ�
LPPXQRUHDFWLYLW\��7KH�WLVVXHV�ZHUH�LVRODWHG�DQG�KRPR�

JHQL]HG�ZLWK�EXIIHU�$�����P0�7ULV�+&O����P0�('7$���

P0� '77� ZLWK� ��� µJ�PO� OHXSHSWLQ�� ��� µJ�PO� DSURWLQLQ�
DQG� �� P0� SKHQ\OPHWK\OVXOIRQ\O� IOXRULGH��� 7KH� KRPR�

JHQDWH�ZDV�FHQWULIXJHG�DW�����J� IRU���PLQ��7KH�VXSHU�

QDWDQW� ZDV� FHQWULIXJHG� DW� ������� J� IRU� ��� PLQ�� 7KH

HTXDO� DPRXQWV� RI� VXSHUQDWDQW� RI� FRQWURO� DQG� H[SHUL�

PHQWDO�WLVVXH�ZHUH�VXEMHFWHG�WR�6'6�3$*(��DQG�WUDQV�

IHUUHG� WR� QLWURFHOOXORVH� SDSHU� DQG� LQFXEDWHG�ZLWK�3/&�

γ�� PRQRFORQDO� DQWLERG\� IRU� �� K�� ,PPXQREORWWLQJ� RI� β�
DFWLQ�ZDV�GRQH�DV�LQWHUQDO�FRQWURO��,PPXQRUHDFWLYLW\�IRU

3/&�γ��ZDV�GHWHFWHG�ZLWK�KRUVHUDGLVK�SHUR[LGDVH�FRQ�
MXJDWHG�WR�DQWL�PRXVH�,J*�DQG�(&/�V\VWHP��$PHUVKDP�

$UOLQJWRQ�+HLJKWV��86$��

5HVXOW

)XQFWLRQDO�UHFRYHU\

$IWHU� WKH� WZHOYH� ZHHNV¶� H[SHULPHQW�� ��� RXW� RI� ��� UDWV

VXUYLYHG�LQ�WKH�JURXS�ZKLFK�UHFHLYHG�3(0)�ZKLOH���RXW

RI� ��� UDWV� VWD\HG� DOLYH� LQ� WKH� FRQWURO� JURXS�� 7HQ� UDWV

������LQ�WKH�3(0)�H[SRVHG�JURXS�DQG���UDWV�������LQ

WKH�FRQWURO�JURXS�VKRZHG�UHFRYHU\�RI�YRFDO� IROG�PRYH�

PHQW�� EXW� LW� GLG� QRW� UHYHDO� DQ\� VLJQLILFDQW� GLIIHUHQFH

VWDWLVWLFDOO\��+RZHYHU�WKH�WLPH�WDNHQ�IRU�IXQFWLRQDO�UHFRYHU\

ZDV� ���� � ����� ZHHNV� DQG� ���� � ����� ZHHNV� IRU� WKH

3(0)�H[SRVHG� JURXS� DQG� WKH� FRQWURO� JURXS�� UHVSHF�

WLYHO\� �S������� �7DEOH�����



Q126�DQG�3/&�γ��H[SUHVVLRQ�E\�3(0) ��

3/&�γ��RYHUH[SUHVVLRQ�
:H� SHUIRUPHG� LPPXQRKLVWRFKHPLVWU\� IRU� 3/&�γ�� RQ
5/1� RI� ERWK� 3(0)�H[SRVHG� �Q ���� DQG� FRQWURO� UDWV

�Q �����3/&�γ��LV�H[SUHVVHG�LQ�F\WRSODVP�RI�QHUYH�FHOOV
LQFOXGLQJ� JDQJOLRQ� FHOOV�� 7KH� PDUNHGO\� GDPDJHG� DQG

QRQ�IXQFWLRQLQJ� QHUYH� WLVVXH� GLG� QRW� VKRZ�DQ\�3/&�γ�
�)LJXUH��$��%���$OWKRXJK�3/&�γ��LV�FRQVWDQWO\�H[SUHVVHG
LQ� 5/1� RI� IXQFWLRQDO� UHFRYHU\� JURXS� UDWV�� WKH� 3/&�γ�
H[SUHVVLRQ� ZDV� UHPDUNDEO\� LQFUHDVHG� LQ� WKH� 3(0)�

H[SRVHG�UDWV�DV�GHPRQVWUDWHG�E\� LPPXQRKLVWRFKHPLVWU\

7DEOH����&RPSDULVRQ�RI�HIIHFWV�EHWZHHQ�3(0)�H[SRVHG�JURXS�DQG�FRQWURO�JURXS

:HHNV

3(0)�*URXS��1 ��� &RQWURO�*URXS��1 ���

1R��RI�

H[DPLQHG�UDWV

1R��RI�

UHFRYHUHG�UDWV

1R��RI�

H[SLUHG�UDWV

1R��RI�

H[DPLQHG�UDWV

1R��RI�

UHFRYHUHG�UDWV

1R��RI�

H[SLUHG�UDWV
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7RWDO �� �� � �� � ��

1RWHV��5HFRYHU\�UDWHV��IXQFWLRQDOO\�UHFRYHUHG�UDWV�VXUYLYHG�UDWV��DUH�����LQ�WKH�3(0)�H[SRVHG�JURXS�DQG�����LQ�WKH�FRQWURO�JURXS��%\�FKL�VTXDUH�WHVW��S�YDOXH
ZDV�PRUH� WKDQ������EHFDXVH�RI� WKH�GLIIHUHQFH� LQ� WKH�QXPEHU�RI�H[SLUHG� UDWV��)XQFWLRQDO� UHFRYHU\�FRXOG�EH�REVHUYHG�HDUOLHU� LQ� WKH�H[SHULPHQWDO�JURXS�WKDQ
FRQWURO�JURXS�DQG�WKH�GLIIHUHQFH�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW��S������

)LJXUH����7KH�H[SUHVVLRQ�RI�3/&�γ��× ������3/&�γ�� LV�QRW�H[SUHVVHG� LQ��$��DQG��%���FRPSDUHG�WKDW�3/&�γ�� LV�GLIIXVHO\�H[SUHVVHG� LQ��&��DQG��'����$��QHUYH
ILEHU�ZLWKRXW�3(0)��QRW�IXQWLRQDOO\�UHFRYHUHG�XQWLO����ZHHNV���%��JDQJOLRQ�ZLWKRXW�3(0)��QRW�IXQWLRQDOO\�UHFRYHUHG�XQWLO����ZHHNV���&��QHUYH�ILEHU�ZLWK�3(0)�
IXQFWLRQDOO\� UHFRYHUHG�DW���ZHHNV�� �'��JDQJOLRQ�ZLWK�3(0)�� IXQFWLRQDOO\� UHFRYHUHG�DW���ZHHNV�
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�)LJXUH� �&�� '��� FRPSDUHG� WR� FRQWURO� JURXS�� 7KLV� RYHU�

H[SUHVVLRQ�ZDV�PRUH� UHPDUNDEOH� LQ� QHXURQ�� HVSHFLDOO\

JDQJOLRQ�FHOOV�RI�QRGRVH�JDQJOLRQV�WKDQ�LQ�6FKZDQQ�FHOOV

�)LJXUH� �'��� 7KH� UHVXOWV� ZHUH� FRQILUPHG� E\� :HVWHUQ

EORWWLQJ� �)LJXUH����7DEOH����

Q126�DQG�6�����H[SUHVVLRQ

7KH� H[SUHVVLRQ� RI� Q126� VKRZHG� EDVLFDOO\� VLPLODU� LQ

WKDW� ERWK� SURWHLQ� DUH� H[SUHVVHG� LQ� ERWK� QHXURQ� DQG

6FKZDQQ� FHOOV� RI� D[RQ�� DOWKRXJK� WKH� H[SUHVVLRQV� LQ

QHXURQ� DUH� YHU\� ZHDN�� 7KH� QXPEHU� RI� Q126� SRVLWLYH

FHOOV�VKRZHG�KLJKHU�LQ�IXQFWLRQDO�UHFRYHU\�JURXS��)LJXUH

�$�	�%���EXW�WKH�GLIIHUHQFH�EHWZHHQ�3(0)�H[SRVHG�DQG

FRQWURO� JURXS� ZDV� QRW� IRXQG�� &RPSDULQJ� WR� WKH

H[SUHVVLRQ�RI�3/&�γ���WKH�Q126�LV�H[SUHVVHG�PDLQO\�LQ
6FKZDQQ� FHOOV�� WKH�3/&�γ�� LV� LQ� JDQJOLRQ� FHOOV� �)LJXUH
�%��'���0RUHRYHU��WKH�LQWHQVLW\�RI�H[SUHVVLRQ�ZDV�PXFK

VWURQJHU�DIWHU� ��ZHHNV� IROORZLQJ� LQMXU\�DQG� UHWXUQHG� WR

FRQWURO� OHYHO�DW���WK�ZHHN��S��������6�����SURWHLQ�ZDV

)LJXUH����1HUYH�WLVVXH�RI�IXQFWLRQDOO\�UHFRYHUHG�UDW�ZLWK�3(0)�DW���ZHHNV
�H[SHULPHQWDO� JURXS�� (�� VKRZHG� SRVLWLYH� EDQG� IRU� 3/&�γ�� ZKLOH� QR� EDQG
ZDV�VKRZQ� LQ�QHUYH� WLVVXH�ZLWKRXW�3(0)�DW����ZHHNV� �FRQWURO�JURXS��&��

7DEOH� ��� 6XPPDU\� RI� 3/&�γ�� H[SUHVVLRQ��$OWKRXJK�3/&�γ�� LV� FRQVWDQWO\
H[SUHVVHG�LQ�5/1�RI�IXQFWLRQDO�UHFRYHU\�JURXS��WKH�3/&�γ��H[SUHVVLRQ�ZDV
PDUNHGO\� LQFUHDVHG� LQ� WKH� 3(0)�H[SRVHG� UDWV� E\� LPPXQRKLVWRFKHPLVW\
DQG�LPPXQREORWWLQJ��S������

*URXS
VWDWXV�RI�UHFRYHU\

�WRWDO�1R��

3/&�γ��RYHUH[SUHVVLRQ

− �

3(0)�

([SRVHG

*URXS

)5����� � �

1)5���� � �

&RQWURO�

*URXS

)5���� � �

1)5���� � �

)LJXUH����&RPSDULVRQ� RI� WKH�H[SUHVVLRQ�RI� Q126� �$� DQG�%�� DQG�3/&�γ�� �&�DQG�'�� LQ� QHUYH� WLVVXH� DQG� JDQJOLRQ�RI� IXQFWLRQDOO\� UHFRYHUHG� UDW�ZLWK�3(0)
WUHDWPHQW�IRU���ZHHNV���$�DQG�%��Q126�LQ�QHUYH�WLVVXH�ZLWK�3(0)��$��VKRZHG�VWURQJHU�LPPXQRUHDFWLYLW\�WKDQ�LQ�JDQJOLRQ�FHOOV��%����&�DQG�'��3/&�γ��VKRZHG
VWURQJHU� UHDFWLYLW\� LQ�JDQJOLRQ� �'�� WKDQ�QHUYH� WLVVXH� �&��



Q126�DQG�3/&�γ��H[SUHVVLRQ�E\�3(0) ��

REVHUYHG� LQ� WKH� F\WRSODVP� RI� 6FKZDQQ� FHOO�� DQG� ZDV

SRVLWLYH� LQ� ERWK� 3(0)�H[SRVHG� DQG� FRQWURO� JURXSV

�)LJXUH� �$�� %��� 7KH� GHJUHH� RI� VWDLQLQJ� VKRZHG� QR

GLIIHUHQFH�EHWZHHQ� WKH� WZR�JURXSV� �7DEOH����

'LVFXVVLRQ

,Q�WKH�WUHDWPHQW�IRU�XQLODWHUDO�RU�ELODWHUDO�ODU\QJHDO�SDUD�

O\VLV� IURP� UHFXUUHQW� ODU\QJHDO� QHUYH� LQMXU\�� LW� KDV� EHHQ

GLIILFXOW� WR�DFKLHYH�RSWLPDO� UHVXOW�ZLWK�H[SHGLHQW��PRYH�

PHQW�VSHFLILF�UHLQQHUYDWLRQ��&XUUHQW�WUHDWPHQW�IRU�ELODWHUDO

ODU\QJHDO�SDUDO\VLV�ZLWK�VLJQLILFDQW�DLUZD\�REVWUXFWLRQ�LQ�

YROYHV�HLWKHU�E\SDVV�RI� WKH�REVWUXFWLRQ�ZLWK�D� WUDFKHR�

VWRP\�RU�GHVWUXFWLYH�SURFHGXUH� LQYROYLQJ� WKH�YRFDO� IROG

RU� DU\WHQRLG�� 7KH� FRPSOHWHO\� VDWLVIDFWRU\� WUHDWPHQW� IRU

XQLODWHUDO�YRFDO�IROG�SDUDO\VLV�KDV�QRW�EHHQ�UHSRUWHG�\HW�

7R� GDWH�� YRFDO� IROG� PHGLDOL]DWLRQ� WHFKQLTXHV� LQFOXGLQJ

WK\URSODVW\��DU\WHQRLG�DGGXFWLRQ��DQG�LQMHFWLRQ�DUH�PRVW

FRPPRQO\� XVHG�� :KLOH� WKHVH� PHWKRGV� SURYLGH� JRRG

UHVXOWV�IRU�PRVW�SDWLHQWV��PHGLDOL]DWLRQ�PHWKRG�VWLOO�KDYH

VRPH� OLPLWDWLRQ�GXH� WR� WKHLU�VWDWLF�QDWXUH�

,GHDOO\��WUHDWPHQW�IRU�YRFDO�IROG�SDUDO\VLV�VKRXOG�UHVWRUH

QRUPDO�SK\VLRORJLF�DQG�G\QDPLF�PRYHPHQW�RI�WKH�YRFDO

IROG��7KLV�LV�PRVW�OLNHO\�WR�UHTXLUH�VRPH�IRUP�RI�ODU\QJHDO

LQQHUYDWLRQ��3K\VLRORJLF�UHVWRUDWLRQ�RI�IXQFWLRQ�ZRXOG�DOORZ

WKH� SDWLHQW� ZLWK� RQH� RU� WZR� SDUDO\]HG� YRFDO� IROGV� WR

UHWXUQ� WR�QRUPDO�DFWLYLW\�ZLWK�D�QRUPDO�YRLFH�

5HFHQWO\��QXPHURXV�H[SHULPHQWV�KDYH�EHHQ�SHUIRUPHG

WR� DWWHPSW� UHLQQHUYDWLRQ� RI� WKH� SDUDO\]HG� ODU\Q[��1RQH

KDYH�EHHQ�FRQVLVWHQWO\�VXFFHVVIXO�SUREDEO\�GXH�WR�V\Q�

NLQHVLV�DQG�DQ�LQDGHTXDWH�QXPEHU�RI�UHJHQHUDWHG�D[RQV�

6\QNLQHVLV� PD\� EH� GHILQHG� DV� WKH� V\QFKURQRXV� FRQW�

UDFWLRQ�RI�PXVFOHV�WKDW�GR�QRW�FRQWUDFW� WRJHWKHU��:LWKLQ

WKH� ODU\Q[� WKLV� UHIHU� WR� WKH� VLPXOWDQHRXV� FRQWUDFWLRQ�RI

DQWDJRQLVWLF�PXVFOH�JURXS��ZLWK�WKH�HQG�UHVXOW�EHLQJ�DQ

LPPRELOH�YRFDO�FRUG�IL[HG�E\�RSSRVLQJ�IRUFHV��3DXO�HW�DO�

������� 7KH� QXPEHU� RI� UHJHQHUDWHG� D[RQV� PD\� EH

LQDGHTXDWH�E\�IDLOXUH�RI�WKH�VSURXWLQJ�D[RQ�WR�UHDFK�WKH

PXVFOH�ILEHU��LQFUHDVH�RI�WKH�FRQQHFWLYH�WLVVXH�EHWZHHQ

QHUYH�ILEHUV��DQG�RU�REVWUXFWLRQ�RI�WKH�FRQWUDFWLOH�PHFK�

DQLVP�RQ� WKH�PXVFOH� ILEHUV�

6WLPXODWLRQ� E\� HOHFWURPDJQHWLF� ILHOG� H[SRVXUH� FDQ

PRGLI\� FHOOXODU� IXQFWLRQ� LQ� ERQH� DQG� QHUYRXV� WLVVXH�

$PSOH�HYLGHQFH�KDV�EHHQ�DFFXPXODWHG�WKDW�WKH�UHJHQH�

UDWLYH�FDSDFLW\�RI�WKH�WLVVXH�PD\�EH�DIIHFWHG��7KXV��SXOV�

HG�HOHFWURPDJQHWLF�VWLPXODWLRQ�ZDV�UHSRUWHG�WR�HQKDQFH

WKH�UHJHQHUDWLYH�SURFHVV�RI�LQMXUHG�QHUYHV��3XOVHG�HOHFWUR�

PDJQHWLF� ILHOGV� KDYH� HQFRXUDJHG� KHDOLQJ� RI� IUDFWXUHG

ERQHV��-RKQ�HW�DO���������DQG�EHQHILWHG�UHDQDVWRPRVLV

RI�SHULSKHUDO�QHUYHV�DIWHU�WUDQVHFWLRQ��+RZHYHU�WKHUH�LV

QR�GLUHFW�HYLGHQFH�RI�WKLV�SURFHVV�WR�EH�EHQHILFLDO�IRU�WKH

WUDQVHFWHG� UHFXUUHQW� ODU\QJHDO�QHUYH��

7KH�VSHFLILF�PHFKDQLVP�RI�3(0)�HQKDQFHG�UHJHQH�

UDWLRQ� KDV� QRW� EHHQ� SURYHQ� \HW�� EXW� QXPHURXV� VWXGLHV

UHSRUWHG� WKDW� WKH� LQFUHDVHG� V\QWKHVLV� RI� FROODJHQ� DQG

SURWHRJO\FDQV��'1$�DQG�51$�KDYH�EHHQ�GHPRQVWUDWHG

LQ�RVVHRXV��QHUYRXV��DQG�PHVHQFK\PDO�WLVVXHV��7RPSVRQ

������� ,Q�DGGLWLRQ��HQ]\PHV�DQG�KRUPRQHV� LQYROYHG� LQ

VNHOHWDO� KRPHRVWDVLV� DUH� DIIHFWHG� E\� VSHFLILF� 3(0)�

0RUHRYHU�LW�KDV�EHHQ�UHSRUWHG�WKDW�3/&�γ��ZDV�LQYROYHG

)LJXUH����6�����H[SUHVVLRQ�GLG�QRW�VKRZ�DQ\�GLIIHUHQFH�EHWZHHQ�FRQWURO�DQG�H[SHULPHQWDO�JURXS���$��QHUYH�WLVVXH�ZLWKRXW�3(0)��QRW�IXQWLRQDOO\�UHFRYHUHG�XQWLO
���ZHHNV�� �%��JDQJOLRQ�ZLWK�3(0)�� IXQFWLRQDOO\� UHFRYHUHG�DW���ZHHNV�

7DEOH� ��� 6WDLQLQJ� LQWHQVLW\� LQ� LPPXQRF\WRFKHPLVWU\� RI� Q126� DQG� 6����
SURWHLQ�� 7KH� H[SUHVVLRQ� RI� Q126� UHYHDOHG� KLJKHU� LQ� IXQFWLRQDO� UHFRYHU\
JURXS��EXW� WKH�GLIIHUHQFH�EHWZHHQ�3(0)�H[SRVHG�DQG�FRQWURO�JURXS�ZDV
QRW�IRXQG��0RUHRYHU��WKH�LQWHQVLW\�RI�H[SUHVVLRQ�ZDV�PXFK�VWURQJHU�DIWHU��
ZHHNV�IROORZLQJ�LQMXU\�EXW�VWDLQLQJ�LQWHQVLW\�ZDV�GLP�DW���WK�ZHHN��S������

*URXS
VWDWXV�RI�

UHFRYHU\
ZHHNV Q126 6����

3(0)�

([SRVHG

*URXS

)5 � � �

�� � �

1)5 � − �

�� − �

&RQWURO�

*URXS

)5 � � �

�� − �

1)5 � � �

�� − �
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LQ� 3(0)�LQGXFHG� UHJHQHUDWLRQ� �&OHMDQ� HW� DO��� �����

'LELUGLN�HW�DO����������7KH�SURSHU�DQG�PLQLPXP�LQWHQVLW\

RI� WKH� HOHFWURPDJQHWLF� ILHOG� WR� SURGXFH� QHUYH� UHJHQH�

UDWLRQ�KDV�QRW�GHWHUPLQHG�\HW��7KH�SXOVDWLRQ�RI�HOHFWUR�

PDJQHWLF� ILHOG�� QRW� LWV� LQWHQVLW\�� DSSHDUV� WR� EH� PRVW

LPSRUWDQW� IRU� WKH�QHUYH� UHJHQHUDWLRQ��7KHRUHWLFDOO\�� WKH

FKDQJLQJ� SRODULW\� RI� WKH� FXUUHQW� DOWHUV� QHUYH� HOHFWUR�

FKHPLFDO� HQYLURQPHQW� IDYRULQJ� EHWWHU� D[RSODVPLF� IORZ�

PRUH� HIIHFWLYH� HQ]\PDWLF� DFWLYLW\� IRU� SURWHLQ� V\QWKHVLV�

DQG� LQKLELWLRQ� RI� ILEURVLV� DW� WKH� LQMXU\� VLWH�� 7KH� SKDJR�

F\WLF�DFWLYLW\�RI� WKH�6FKZDQQ�FHOOV�ZDV�DOVR�HQKDQFHG�

DQG� WKHVH� FHOOV� KDYH� VRPH� FRQWURO� RYHU� QHUYH� JURZWK

IDFWRU� UHOHDVH� �5XVRYDQ�DQG�.DQMH���������7KH�SXOVHG

HOHFWURPDJQHWLF�VWLPXODWLRQ�DOVR�OHVVHQHG�WKH�GHJUHH�RI

QHUYH�FHOO�ERG\�LQMXU\�GXULQJ�WKH�GHJHQHUDWLRQ�SKDVH�RI

LQMXU\��DORQJ�ZLWK�LQFUHDVLQJ�WKH�SURWHLQ�V\QWKHVLV�GXULQJ

UHJHQHUDWLRQ�� ,Q� RXU� VWXG\�� DQLPDOV� ZHUH� H[SRVHG� WR

SXOVHG�HOHFWURPDJQHWLF�ILHOG������PLOOLWHVOD�DW�����+]��IRU

�� K�GD\�� �� GD\V�ZHHN�� GXULQJ� ��� ZHHNV�� RWKHU

UHVHDUFKHU�GHPRQVWUDWHG�WKDW�UDWV�WUHDWHG�E\�3(0)�����

PLOOLWHVOD� DW� �� +]�� IRU� �� K�GD\� GXULQJ� �� GD\V� VKRZHG

HQKDQFHPHQW� RI� IXQFWLRQDO� UHFRYHU\� IROORZLQJ� VFLDWLF

QHUYH� FUXVKLQJ� LQMXU\� �-DQHW�� ������� 6WLPXODWLRQ� DW� ���

P7� GLG� QRW� DIIHFW� UHJHQHUDWLRQ� �5XVRYDQ� DQG� .DQMH�

�������ZKLOH�VWLPXODWLRQ�DW�����P7�LQFUHDVHG�UHJHQHUDWLRQ

GLVWDQFHV��7RPSVRQ��������� �

%HFDXVH�QHUYH�WUDQVHFWLRQ�LWVHOI�SURPRWHV�LQWUDFHOOXODU

SURFHVV�RI�PDQ\�FHOOV�DFWLQJ�DW�HDUO\� VWDJH�RI� UHJHQH�

UDWLRQ�� LW� VHHPV� WKDW�3(0)� IXQFWLRQV�DW� ���� GD\V�DIWHU

LQMXU\� ZKHQ� '1$� DQG� 51$� V\QWKHVLV� ZDV� SUHSDUHG�

7KHUHIRUH�� LW� LV� PRUH� HIIHFWLYH� ZKHQ� 3(0)� H[SRVXUH

EHJLQV� DV� VRRQ� DV� SRVVLEOH� DIWHU� LQMXU\�� 7KH� UDWV� ZLWK

IXQFWLRQDO� UHFRYHU\� LQ� YLDEOH� DQLPDOV� ZHUH� ���� ���

DPRQJ����DQLPDOV�� LQ�3(0)�H[SRVHG�JURXS�DQG����

��� DPRQJ� �� DQLPDOV�� LQ� WKH� FRQWURO� JURXS�� +RZHYHU�

GXULQJ� WKH� H[SHULPHQWV�� �� RI� WKH� 3(0)�H[SRVHG

DQLPDOV� DQG� ��� RI� WKH� FRQWURO� DQLPDOV� ZHUH� H[SLUHG�

7KHUHIRUH�� WKHUH� ZHUH� QR� VWDWLVWLFDOO\� VLJQLILFDQW

GLIIHUHQFHV� EHWZHHQ� WKH� SHUFHQWDJH� RI� IXQFWLRQDO

UHFRYHU\�LQFOXGLQJ�H[SLUHG�DQLPDOV�RI�WKH�WUHDWHG�JURXS

DQG� WKH�FRQWURO�JURXS�

,Q�RXU�VWXG\��WKH�WLPH�IRU�IXQFWLRQDO�UHFRYHU\�ZDV�����

� �����ZHHNV�DQG����� � �����ZHHNV�IRU� WKH�3(0)�H[�

SRVHG�JURXS�DQG�WKH�FRQWURO�JURXS�� UHVSHFWLYHO\��7KXV�

WKH� IXQFWLRQDO� UHFRYHU\� ZDV� GHYHORSHG� HDUOLHU� LQ� WKH

H[SHULPHQWDO� JURXS� WKDQ� FRQWURO� JURXS� DQG� WKH� GLIIHU�

HQFH� ZDV� VWDWLVWLFDOO\� VLJQLILFDQW� �S�������� 7KLV� UHVXOW

DJUHHV� ZLWK� SUHYLRXV� UHSRUWV� �5XVRYDQ� DQG� .DQMH�

������7RPSVRQ�HW�DO����������

2WKHU� UHVHDUFKHUV� PDGH� D� UHSRUW� RI� WKH� GHJUHH� RI

Q126�H[SUHVVLRQ�DFFRUGLQJ�WR�QHUYH�UHLQQHUYDWLRQ�DQG

IXQFWLRQDO� UHFRYHU\� DIWHU� YDJXV� DQG� K\SRJORVVDO� QHUYH

LQMXU\�ZLWK�WLPH�VHTXHQFH��7RPSVRQ�HW�DO����������,Q�RXU

KDQG��WKH�QXPEHU�RI�Q126�SRVLWLYH�FHOOV�ZDV�LQFUHDVHG

LQ� IXQFWLRQDOO\� UHFRYHUHG� UDWV�� Q126� VWDLQLQJ� LQWHQVLW\

ZDV�UHGXFHG�XQWLO����ZHHNV�DIWHU� LQMXU\��7KH�GLIIHUHQFH

EHWZHHQ�3(0)�JURXS�DQG�FRQWURO�JURXS�ZDV�QRW�IRXQG�

7KLV� UHVXOW� PD\� VXJJHVW� WKDW� Q126� KDYH� D� EHQHILFLDO

HIIHFW�RQ�QHUYH�UHJHQHUDWLRQ�DQG�LW�PD\�IXQFWLRQ�PDLQO\

LQ� WKH�HDUO\�VWDJH�RI� UHFRYHU\�SKDVH��

,W� LV� NQRZQ� WKDW�6�����SURWHLQ�H[LVWV� LQ� F\WRSODVP�RI

6FKZDQQ�FHOO�DQG�HQKDQFHV�WKH�JURZWK�RI�PRWRU�QHUYH�

,Q�WKLV�VWXG\��WKHUH�ZDV�QR�GLIIHUHQFH�EHWZHHQ�IXQFWLRQDO

UHFRYHU\�JURXS�DQG�QRQUHFRYHU\�JURXS�LQ�WKH�UHFXUUHQW

ODU\QJHDO�QHUYH��

3/&�γ��DFWV�DV�DQ�LQWUDFHOOXODU�HIIHFWRU�LQ�VLJQDO�WUDQV�
GXFWLRQ� RI� JURZWK� IDFWRUV� DQG� PLWRJHQV�� K\GURO\]LQJ

SKRVSKDWLG\OLQRVLWRO� ����ELVSKRVSKDWH� WR� WZR� LPSRUWDQW

VHFRQG�PHVVHQJHUV��LQRVLWRO�������WULSKRSKDWH�DQG�GLDF\O�

JO\FHURO��6DQGD�HW�DO����������$OWKRXJK�3/&�γ��KDV�EHHQ
PRVWO\� VWXGLHG� LQ� FDUFLQRJHQHVLV�� WKLV� PROHFXOH� DOVR

SOD\V� D� UROH� LQ� WLVVXH� UHJHQHUDWLRQ� �6DLND�� ������ /HH�

�������0RUHRYHU��WKHUH�KDYH�EHHQ�UHSRUWHG�WKDW�3/&��γ�
ZDV� LQYROYHG� LQ�3(0)�LQGXFHG� UHJHQHUDWLRQ� �&OHMDQ�HW

DO��� ������ 'LELUGLN� HW� DO��� ������� 3UHVHQW� VWXG\� FOHDUO\

GHPRVWUDWHG�WKDW�WKH�H[SUHVVLRQ�RI�3/&�γ��LV�DOVR�KLJKO\
HQKDQFHG� LQ�3(0)�WUHDWHG�QHXURQDO�UHJHQHUDWLRQ�DIWHU

D[RQDO� LQMXU\�� LPSO\LQJ� D� SRVVLEOH� UROH� RI� 3/&�γ�� LQ
QHXURQDO� UHJHQHUDWLRQ�� +RZHYHU�� WKH� GHJUHH� RI� H[SUH�

VVLRQ� LV� QRW� ZHOO� FRUUHODWHG� ZLWK� QHXURQDO� IXQFWLRQDO

UHFRYHU\�

7DNHQ� WRJHWKHU�� WKH� UHVXOWV� RI� WKHVH� VWXGLHV� VXJJHVW

WKDW� SXOVHG� HOHFWURPDJQHWLF� ILHOG� FDQ� HQKDQFH� WKH� UH�

SDUDWLYH�SURFHVV�RI� LQMXUHG�QHUYHV�DQG�DFKLHYH�SK\VLR�

ORJLF� UHFRYHU\� RI� SDUDO\]HG� QHUYH� DFFRPSDQ\LQJ� ZLWK

WKH�HQKDQFHG�H[SUHVVLRQ�RI�Q126�DQG�3/&�γ���)XUWKHU
VWXGLHV�DUH�UHTXLUHG�WR�GHOLQHDWH�WKH�H[DFW�UROH�RI�Q126

LQ� HDUO\� VWDJH� RI� QHUYH� UHJHQHUDWLRQ� DQG� 3/&�γ�� LQ
3(0)�LQGXFHG�QHUYH� UHJHQHUDWLRQ�

5HIHUHQFHV

&OHMDQ� 6�� ,GH� &�� :DONHU� &�� :ROI� (�� &RUE� 0�� %HFNPDQ� %�

(OHFWURPDJQHWLF� ILHOG� LQGXFHG� FKDQJHV� LQ� OLSLG� VHFRQG

PHVVHQJHUV��-�/LSLG�0HGLDW�&HOO�6LJQDO���������������

&RUGHLUR� 3*�� 6HFNHO� %5�� 0LOOHU� &'�� *URVV� 37�� :LVH� 5(�

(IIHFW�RI�D�KLJK�LQWHQVLW\�VWDWLF�PDJQHWLF�ILHOG�RQ�VFLDWLF�QHUYH

UHJHQHUDWLRQ� LQ� WKH� UDW��3ODVW�5HFRQVWU�6XUJ��������������

'LELUGLN�,��.ULVWXSDWLV�'��.XURVDNL�,��7XHO�$/��&KX�$��3RQG�'�

7XRQJ�'��/XEHQ�5��8FNXQ�)��6WLPXODWLRQ�RI�6UF�IDPLO\�SURWHLQ

W\URVLQH� NLQDVH� DV� D� SUR[LPDO� DQG� PDQGDWRU\� VWHS� IRU� 6<.

NLQDVH� GHSHQGHQW� SKRVSKROLSDVH� &� JDPPD�� DFWLYDWLRQ� LQ

O\PSKRPD� %� FHOOV� H[SRVHG� WR� ORZ� HQHUJ\� HOHFWRPDJHQHWLF

ILHOGV��-�%LRO�&KHP����������������

)LUWK� -'�� 3XWQLQV� ((�� /DUMDYD� +�� 8LWWR� 9-�� ([RJHQRXV

SKRVSKROLSDVH� &� VWLPXODWHV� HSLWKHOLDO� FHOO� PLJUDWLRQ� DQG
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