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WHPSHUDWXUH ZDV HOHYDWHG� IRU WKH 1D< ]HROLWH� WKH DGVRUEDWH�DGVRUEDWH LQWHUDFWLRQV EHFDPH

SUHYDOHQW� LQ FRQWUDVW ZLWK WKH %D< ]HROLWH� EHWZHHQ ]HROLWH DQG GHULYDWLYH LQWHUDFWLRQV ZHUH

VWURQJHU� 7KH GLIIHUHQFH EHWZHHQ WKH DGVRUSWLRQ GHULYDWLYH HQWKDOSLHV RI WKH WZR [\OHQHV GLVSOD\HG

DQ DEUXSW YDULDWLRQ IURP � PROHF�α−� IRU ERWK ]HROLWHV� WKH ILOOLQJ IURP ZKLFK VHOHFWLYLW\ WRZDUGV

P�[\OHQH IRU WKH 1D< ]HROLWH DQG WRZDUGV S�[\OHQH IRU WKH %D< ]HROLWH DSSHDUHG� 7KH SUHIHUHQ�

WLDOO\ DGVRUEHG [\OHQH ZDV FORVHO\ FRQQHFWHG ZLWK WKH VHQVH RI WKLV GLIIHUHQFH� ZKLFK FKDQJHG

ZLWK WKH ]HROLWH�

.H\ZRUGV� DGVRUSWLRQ� FDORULPHWU\� GHULYDWLYH HQWKDOS\� SUHGLFWLRQ� VHOHFWLYLW\� VLQJOH [\OHQH�
[\OHQH PL[WXUH� ]HROLWH

,QWURGXFWLRQ

P�;\OHQH DQG S�[\OHQH DUH VHSDUDWHG E\ VHOHFWLYH DGVRUSWLRQ RQWR PLFURSRURXV
DGVRUEHQWV� WKH DGVRUEHQW FXUUHQWO\ XVHG LQ LQGXVWULDO SURFHVVHV LV D IDXMDVLWH H[�
FKDQJHG ZLWK SRWDVVLXP RU EDULXP� 7KH VHSDUDWLRQ LV SHUIRUPHG LQ WKH OLTXLG SKDVH
DW ���R&� 7KH VHOHFWLYH DGVRUSWLRQ SURFHVV LV UHODWLYHO\ FRPSOH[ DQG� IRU D EHWWHU XQ�
GHUVWDQGLQJ� WKH WKHUPRG\QDPLF GDWD PXVW EH DQDO\VHG DFFRUGLQJ WR WKH FKDUDF�
WHULVWLF SURSHUWLHV RI WKH DGVRUEHQW�

,Q SUHYLRXV SXEOLFDWLRQV >�� �@� WKH GHULYDWLYH HQWKDOSLHV RI DGVRUSWLRQ RI WKH VLQ�
JOH [\OHQHV RQWR WKH < IDXMDVLWHV ZHUH GHWHUPLQHG DW ��R& LQ RUGHU WR HVWLPDWH WKH
FRQWULEXWLRQV RI WKH GLIIHUHQW LQWHUDFWLRQV GXULQJ DGVRUSWLRQ� EXW VXFK D VWXG\ VKRXOG
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DOVR EH SHUIRUPHG DW ���R&� $FFRUGLQJO\� WKH DGVRUSWLRQ GHULYDWLYH HQWKDOSLHV RI S�
[\OHQH DQG P�[\OHQH RQWR WKH 1D< DQG %D< ]HROLWHV ZHUH PHDVXUHG DW ���R& E\ XV�
LQJ WKH VDPH FDORULPHWULF GHYLFH� 7KH WKHUPDO HIIHFWV REVHUYHG ZHUH WKHQ FRPSDUHG
ZLWK WKRVH REWDLQHG DW ��R& DQG DQDO\VHG ZLWK WKH DLP RI SUHGLFWLQJ WKH VHOHFWLYLWLHV
RI WKH ]HROLWHV LQ WKH DGVRUSWLRQ RI S�[\OHQH�P�[\OHQH PL[WXUHV� )LQDOO\� WKHVH SUH�
GLFWLRQV ZHUH FRPSDUHG ZLWK WKH H[SHULPHQWDO VHOHFWLYLWLHV SUHYLRXVO\ GHWHUPLQHG DW
WKH VDPH WHPSHUDWXUH >�� �@�

/LWHUDWXUH GDWD RQ WKH LVRWKHUPV DQG WKH KHDWV RI DGVRUSWLRQ RI S�[\OHQH DQG P�
[\OHQH RQWR WKH 1D< DQG %D< IDXMDVLWHV ZHUH SUHYLRXVO\ GLVFXVVHG LQ GHWDLO >�� �@�
5HVXOWV UHODWLQJ WR WKH DGVRUSWLRQ KHDWV DW ��R& ZLOO EH UHSRUWHG GXULQJ WKH FRPSDUD�
WLYH GLVFXVVLRQ�

([SHULPHQWDO

7KH 1D< SDUHQW ]HROLWH ZDV D SXUH FU\VWDOOLQH SRZGHU SURGXFHG E\ /LQGH�8QLRQ
&DUELGH DQG KDYLQJ D 6L�$O UDWLR RI ����� 7KH %D< ]HROLWH ZDV SUHSDUHG E\ FDWLRQ�
H[FKDQJH RI WKH 1D< ]HROLWH� 7KH GHJUHH RI H[FKDQJH ZDV ������ 7KH FKHPLFDO IRU�
PXODV RI WKH GHK\GUDWHG ]HROLWHV DUH 1D���$O2�����6L2����� DQG
%D���$O2�����6L2����� >�� �@� < IDXMDVLWH� D ZHOO�NQRZQ ]HROLWH� KDV � α�FDJHV DQG
� β�FDJHV SHU XQLW FHOO� 2QO\ WKH α�FDJHV DUH DFFHVVLEOH WR [\OHQH PROHFXOHV�

7KH DGVRUSWLRQ KHDWV RI WKH VLQJOH [\OHQHV ZHUH GHWHUPLQHG ZLWK WKH VDPH H[SHUL�
PHQWDO GHYLFH DV XVHG LQ RXU SUHYLRXV VWXG\ DW ��R&� L�H� D GLIIHUHQWLDO KHDW IORZ FDOR�
ULPHWHU FRXSOHG ZLWK D PDQRPHWHU� 7KLV GHYLFH� GHVFULEHG HDUOLHU >�� �@� DOORZV VL�
PXOWDQHRXV PHDVXUHPHQW RI WKH DGVRUEHG DPRXQW DQG WKH DGVRUSWLRQ KHDW RI [\OHQH�

7KH DGVRUSWLRQ WHPSHUDWXUH ZDV ���R& DQG EHIRUH HDFK H[SHULPHQW WKH ]HROLWH
ZDV DFWLYDWHG LQ VLWX DW ���R& DQG ��−� K3D GXULQJ �� K� 7KH FDORULPHWULF KHDWV RI WKH
VLQJOH [\OHQHV ZHUH PHDVXUHG LQ WKH SUHVVXUH UDQJH ��

−� −�� K3D� ZLWK � J RI QRQ�
DFWLYDWHG DEVRUEHQW� 7KH UHODWLYH HUURU ZDV DERXW ��� DQG WKH H[SHULPHQWV ZHUH UH�
SURGXFLEOH ZLWK D UHODWLYH HUURU HVWLPDWHG DV ���

$GVRUEHG DPRXQWV DQG FDORULPHWULF KHDWV ZHUH REWDLQHG E\ WKH VXFFHVVLYH DG�
VRUSWLRQ RI VPDOO DPRXQWV RI [\OHQH� 8QGHU WKHVH FRQGLWLRQV� WKH PHDVXUHG KHDWV
ZHUH VLPLODU WR WKH GHULYDWLYH HQWKDOSLHV RI DGVRUSWLRQ �GHVLJQDWHG ODWHU DV DGVRUSWLRQ
HQWKDOSLHV� >�� �−�@� 7KH DGVRUEHG DPRXQWV ZHUH H[SUHVVHG LQ PROHFXOHV RI [\OHQH
SHU α�FDJH RI DFWLYDWHG ]HROLWH� 1D�

5HVXOWV�DQG�GLVFXVVLRQ

$GVRUSWLRQ HQWKDOSLHV RI VLQJOH [\OHQHV

$GVRUSWLRQ DW ���R&

7KH PD[LPXP DGVRUSWLRQ FDSDFLW\ RI WKH 1D< ]HROLWH ZDV KLJKHU IRU P�[\OHQH
WKDQ IRU S�[\OHQH� ��� DQG � PROHF�α−�� UHVSHFWLYHO\� 7KH %D< ]HROLWH DGVRUEHG OHVV
[\OHQH WKDQ WKH 1D< ]HROLWH DQG� ZKDWHYHU WKH [\OHQH� WKH PD[LPXP DPRXQW DG�
VRUEHG RQWR WKH %D< ]HROLWH ZDV RI WKH VDPH RUGHU RI PDJQLWXGH� L�H�
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���−��� PROHF�α−� �7DEOH ��� 7KH PD[LPXP DGVRUSWLRQ FDSDFLWLHV SUHYLRXVO\ RE�
WDLQHG IURP 7* >�� �@ DQG PDQRPHWU\ ZHUH WKH VDPH�

)RU ERWK ]HROLWHV� WKH DGVRUSWLRQ HQWKDOSLHV �H[SUHVVHG LQ DEVROXWH YDOXHV�
_∆DGV +

.
P_ RI WKH VLQJOH [\OHQHV GHSHQGHG RQ WKH α�FDJH ILOOLQJ >�@� 7ZR UDQJHV RI ILOO�

LQJ ZHUH GLVFHUQHG�

/RZ ILOOLQJ� 1D< � PROHF�α−�

$W ]HUR ILOOLQJ� ZKHUH RQO\ WKH DGVRUEDWH�DGVRUEHQW LQWHUDFWLRQV RFFXUUHG� WKH DG�
VRUSWLRQ HQWKDOSLHV ZHUH KLJKHU IRU WKH %D< ]HROLWH WKDQ IRU WKH 1D< ]HROLWH �7D�
EOH �� )LJ� �� DQG� LI WKH\ ZHUH RI WKH VDPH RUGHU RI PDJQLWXGH IRU WKH WZR [\OHQHV
IRU WKH 1D< ]HROLWH� IRU WKH %D< ]HROLWH WKH DGVRUSWLRQ HQWKDOSLHV RI P�[\OHQH ZHUH
KLJKHU WKDQ WKRVH RI S�[\OHQH� 7KXV� WKH SUHYDOHQW LQWHUDFWLRQV� ZKLFK DUH WKRVH EH�
WZHHQ WKH DURPDWLF ULQJ RI WKH [\OHQH PROHFXOH DQG WKH H[FKDQJHG FDWLRQ� DUH
VWURQJHU IRU %D�� WKDQ IRU 1D�� ,QGHHG� WKHVH FDWLRQV� ZKLFK DUH ORFDWHG RQ WKH VLWHV
,, LQVLGH WKH α�FDJHV >�� ��@ DQG KDYH GLIIHUHQW FKDUJHV DQG VL]HV� GR QRW RFFXS\ WKH
VDPH SRVLWLRQV� LQ FRQWUDVW ZLWK WKH PRQRYDOHQW 1D�� WKH ODUJH ELYDOHQW %D�� LV PRUH
DFFHVVLEOH WR WKH [\OHQH PROHFXOH� EHFDXVH LW OLHV RXW RI WKH SODQH RI WKH KH[DJRQDO
ZLQGRZ RI WKH α�FDJH >�@�

:KHQ ILOOLQJ RFFXUUHG� WKH DGVRUEHQW�DGVRUEDWH LQWHUDFWLRQV GHFUHDVHG� ZKLOH WKH
DGVRUEDWH�DGVRUEDWH LQWHUDFWLRQV LQFUHDVHG� ,W DSSHDUV WKHQ WKDW WKH DGVRUSWLRQ HQ�
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� DGVRUSWLRQ VHOHFWLYLW\ RI ]HROLWH WRZDUGV [\OHQH PL[WXUH

�LI αS;�P;>�� ]HROLWH VHOHFWLYH WRZDUGV S�[\OHQH� DQG FRQYHUVHO\� [S;� [P;� \S;� \P;� PROH IUDFWLRQV

RI S�[\OHQH DQG P�[\OHQH DW HTXLOLEULXP LQ DGVRUEDWH DQG JDV� UHVSHFWLYHO\�
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WKDOSLHV LQFUHDVH IRU WKH 1D< ]HROLWH� ZKLOH WKH\ GHFUHDVH IRU WKH %D< ]HROLWH �7D�
EOH �� )LJ� ��� +HQFH� WKH LQWHUDFWLRQV EHWZHHQ WKH DURPDWLF ULQJ DQG WKH H[FKDQJHG
FDWLRQ UHPDLQ SUHYDOHQW IRU WKH %D< ]HROLWH� ZKLOH WKH\ EHFRPH OHVV WKDQ WKH PROH�
FXOH�PROHFXOH LQWHUDFWLRQV IRU WKH 1D< ]HROLWH� :KDWHYHU WKH ]HROLWH PD\ EH� WKH DG�
VRUSWLRQ HQWKDOS\ RI P�[\OHQH LV DOZD\V KLJKHU WKDQ WKDW RI S�[\OHQH� 7KH PHWK\O�
R[\JHQ LQWHUDFWLRQV IRU P�[\OHQH DUH VWURQJHU WKDQ WKRVH IRU S�[\OHQH� EHFDXVH WKH
PHWK\O JURXSV DUH LQ D EHWWHU RULHQWDWLRQ WR JLYH RSWLPDO LQWHUDFWLRQV ZLWK WKH R[\JHQ
DWRPV RI WKH '�5 XQLWV� ZKLFK DUH DOVR LQ WKH PHWD SRVLWLRQ WR WKH KH[DJRQDO ZLQGRZ
>�−��@�

+LJK ILOOLQJ� 1D>� PROHF�α−�

,Q WKLV GRPDLQ� ZKHUH WKH DGVRUEDWH�DGVRUEDWH LQWHUDFWLRQV ZHUH SUHYDOHQW �PR�
OHFXODU FOXVWHUV DUH SUREDEO\ IRUPHG�� WKH DGVRUSWLRQ HQWKDOSLHV RI WKH 1D< ]HROLWH
LQFUHDVHG� WKRVH RI P�[\OHQH EHFRPLQJ ODUJHU WKDQ WKRVH RI S�[\OHQH� )RU WKH %D<
]HROLWH� KRZHYHU� WKH\ GHFUHDVHG VWURQJO\ DQG EHFDPH VOLJKWO\ KLJKHU IRU S�[\OHQH
WKDQ IRU P�[\OHQH �7DEOH �� )LJ� ���

$W VDWXUDWLRQ� WKH DGVRUSWLRQ HQWKDOSLHV GHFUHDVHG WR WKH YDSRUL]DWLRQ HQWKDOSLHV
RI WKH [\OHQHV DV WRWDO ILOOLQJ RI WKH α�FDJHV ZDV UHDFKHG� DQG WKH DGVRUSWLRQ RF�
FXUUHG RQ WKH H[WHUQDO VXUIDFH RI WKH DGVRUEHQW�

&RPSDULVRQ EHWZHHQ DGVRUSWLRQV DW ���R& DQG DW ��R&

)RU ERWK ]HROLWHV� WKH PD[LPXP DGVRUSWLRQ FDSDFLWLHV RI WKH [\OHQHV ZHUH ORZHU
DW ���R& WKDQ DW ��R& �7DEOH ��� ,I WKH 1D��%D�� FDWLRQ�H[FDJH GRHV QRW FKDQJH WKH
PD[LPXP DGVRUEHG DPRXQWV RI ERWK LVRPHUV DW ��R& �)LJV �F�G�� DW ���R& WKH EH�
KDYLRXU RI WKH 1D< ]HROLWH LV GLIIHUHQW� VLQFH WKLV ]HROLWH DGVRUEV PRUHP�[\OHQH WKDQ
S�[\OHQH DQG PRUH [\OHQHV WKDQ WKH %D< ]HROLWH �)LJV �D�E��

)RU WKH 1D< ]HROLWH� WKH DGVRUSWLRQ HQWKDOSLHV DW ]HUR ILOOLQJ DUH KLJKHU DW ��R&
WKDQ DW ���R& �7DEOH �� )LJ� ��� WKLV SKHQRPHQRQ EHLQJ PXFK PRUH LPSRUWDQW IRU P�

)LJ� � 'HULYDWLYH HQWKDOSLHV RI DGVRUSWLRQ RI [\OHQHV RQWR 1D< DQG %D< DW ���
R

&
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[\OHQH WKDQ IRU S�[\OHQH� 1HXWURQ GLIIUDFWLRQ UHYHDOHG DQ LQFUHDVH LQ WKH GLVWDQFH EH�
WZHHQ WKH DURPDWLF ULQJ RI WKH [\OHQH PROHFXOH DQG WKH H[FKDQJHG FDWLRQ� DQG D UR�
WDWLRQ RI WKH [\OHQH PROHFXOHV SDUDOOHO WR WKH FDYLWLHV ZDOOV ZKHQ WKH DGVRUSWLRQ WHP�
SHUDWXUH ZDV LQFUHDVHG >��@� %RWK WKHVH SKHQRPHQD UHGXFH WKH LQWHUDFWLRQV EHWZHHQ
WKH DURPDWLF ULQJ DQG WKH 1D�� DQG WKH LQWHUDFWLRQV EHWZHHQ WKH PHWK\O JURXSV DQG
WKH IUDPHZRUN R[\JHQ DWRPV� VR WKDW DW ]HUR ILOOLQJ WKH DGVRUSWLRQ HQWKDOSLHV GH�
FUHDVH DV WKH WHPSHUDWXUH LV UDLVHG� $W WKH PD[LPXP RI WKH FDORULPHWULF FXUYH� ZKHUH
WKH DGVRUEDWH�DGVRUEDWH LQWHUDFWLRQV DUH WKH PRVW GRPLQDQW� WKH DGVRUSWLRQ HQWKDO�
SLHV RI P�[\OHQH DUH D OLWWOH KLJKHU DW ���R& WKDQ DW ��R&� LQ FRQWUDVW ZLWK S�[\OHQH�
DQG WKH DPRXQWV RI DGVRUEHG P�[\OHQH DQG S�[\OHQH DUH GLIIHUHQW DW ���R&� LQ FRQ�
WUDVW ZLWK WKH VLWXDWLRQ DW ��R& �7DEOH ���

)RU WKH %D< ]HROLWH� GLIIHUHQW EHKDYLRXU ZDV REVHUYHG� 7KH DGVRUSWLRQ HQWKDOSLHV
DW ]HUR ILOOLQJ LQFUHDVHG ZLWK WHPSHUDWXUH �7DEOH �� �)LJ� ��� 7KH DGVRUEDWH�DGVRUE�
HQW LQWHUDFWLRQV ZHUH WKHQ LQWHQVLILHG E\ LQFUHDVH RI WKH WHPSHUDWXUH� $OWKRXJK WKH
DGVRUSWLRQ HQWKDOSLHV DW ��R& UHPDLQHG FRQVWDQW GXULQJ WKH ILOOLQJ� WKH JHQHUDO EH�
KDYLRXU RI WKH FDORULPHWULF FXUYH GLG QRW YDU\ ZLWK WHPSHUDWXUH�

$V WKH DGVRUSWLRQ HQWKDOSLHV DW ���R& ZHUH GLIIHUHQW IURP WKRVH DW ��R&� LW ZDV
QHFHVVDU\ WR PHDVXUH WKHP ZLWK D YLHZ WR SUHGLFWLQJ WKH VHOHFWLYLWLHV RI WKHVH ]HR�
OLWHV LQ WKH FDVH RI WKH DGVRUSWLRQ RI S�[\OHQH�P�[\OHQH PL[WXUHV DW WKLV WHPSHUDWXUH�

$GVRUSWLRQ VHOHFWLYLWLHV

7KH SUHYLRXV UHVXOWV >�� �@ FRQFHUQLQJ WKH DGVRUSWLRQ RI S�[\OHQH�P�[\OHQH PL[�
WXUHV GHPRQVWUDWHG WKDW WKH DGVRUSWLRQ VHOHFWLYLWLHV RI WKH WZR IDXMDVLWHV GHSHQG RQ
WKH α�FDJH ILOOLQJ 1WRWDO

D � WKH LQLWLDO PL[WXUH FRPSRVLWLRQ DQG WKH QDWXUH RI WKH H[�
FKDQJHG FDWLRQ �)LJ� ��� 7ZR DGVRUSWLRQ SURFHVVHV DUH WR EH GLVFHUQHG� GHSHQGLQJ
RQ WKH UDQJH RI ILOOLQJ�

)LJ� � &RPSDULVRQ EHWZHHQ DGVRUSWLRQ GHULYDWLYH HQWKDOSLHV DW �� DQG ���
R

&
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/RZ ILOOLQJ� 1WRWDO
D �� PROHF�α−�

%RWK ]HROLWHV ZHUH QRQ�VHOHFWLYH LQ WKH SUHVHQFH RI DQ HTXLPROHFXODU PL[WXUH
�)LJV �E� H�� EXW WKH\ SUHIHUHQWLDOO\ DGVRUEHG WKH SUHYDOHQW LVRPHU RI DQ HQULFKHG
PL[WXUH �)LJ� �D�F�G�I�� +RZHYHU� LI WKH DGVRUSWLRQ VHOHFWLYLW\ RI WKH %D< ]HROLWH UH�
PDLQHG FRQVWDQW DV WKH ILOOLQJ RFFXUUHG� LW YDULHG VOLJKWO\ IRU WKH 1D< ]HROLWH
�)LJV �D�E�F��

+LJK ILOOLQJ� 1WRWDO
D >� PROHF�α−�

7KH 1D< ]HROLWH EHFDPH RU UHPDLQHG VHOHFWLYH WRZDUGV P�[\OHQH IURP WKH DG�
VRUSWLRQ RI � PROHF�α−� IRU WKH HTXLPROHFXODU DQG P�[\OHQH�ULFKHU PL[WXUHV
�)LJV �E�F� DQG IURP ��� PROHF�α−� �D VWURQJ GHFUHDVH LQ VHOHFWLYLW\ EHWZHHQ � DQG
��� PROHF�α−�� IRU WKH S�[\OHQH�ULFKHU PL[WXUH �)LJ� ��� 7KH %D< ]HROLWH EHFDPH RU
UHPDLQHG VHOHFWLYH IRU S�[\OHQH �)LJV �G�H�I�� ZKDWHYHU WKH FRPSRVLWLRQ RI WKH LQLWLDO
PL[WXUH PLJKW EH� D VWURQJ LQFUHDVH LQ VHOHFWLYLW\ EHLQJ REVHUYHG EHWZHHQ � DQG
��� PROHF�α−� LQ WKH SUHVHQFH RI WKH HTXLPROHFXODU DQG P�[\OHQH�ULFKHU PL[WXUHV
�)LJV �H�I�� 7KXV� WKH VHOHFWLYH DGVRUSWLRQ SURFHVV RFFXUUHG RQO\ IRU WKH KLJK ILOOLQJ
RI WKH α�FDJHV DQG WKHQ GHSHQGHG RQ WKH QDWXUH RI WKH H[FKDQJHG FDWLRQ�

&RPSDULVRQ EHWZHHQ WKH FDORULPHWULF KHDWV RI WKH VLQJOH [\OHQHV DQG WKH
VHOHFWLYLWLHV

7KH GLIIHUHQFHV EHWZHHQ WKH DGVRUSWLRQ HQWKDOSLHV RI VLQJOH P�[\OHQH DQG S�
[\OHQH �GHVLJQDWHG P�[�S�[ HQWKDOSLHV� ZHUH FDOFXODWHG IRU ERWK ]HROLWHV DV D IXQF�
WLRQ RI ILOOLQJ �)LJ� ��� 7KH WZR UDQJHV RI ILOOLQJ SUHYLRXVO\ GHILQHG ZHUH WKHQ RE�
VHUYHG�

)LJ� � 6HOHFWLYLWLHV RI 1D< DQG %D< WRZDUGV DGVRUSWLRQ RI [\OHQHV DFFRUGLQJ WR >�@
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/RZ ILOOLQJ� 1D<� PROHF�α−�

$ VOLJKW GLIIHUHQFH �QRW H[FHHGLQJ � N- PRO−�� ZDV REVHUYHG EHWZHHQ WKH P�[�S�[
HQWKDOSLHV RI WKH WZR ]HROLWHV DW ]HUR ILOOLQJ� 7KLV GLIIHUHQFH GHFUHDVHG GXULQJ WKH DG�
VRUSWLRQ RI WKH ILUVW PROHFXOH DQG EHFDPH HTXDO WR ]HUR GXULQJ WKH DGVRUSWLRQ RI WKH
VHFRQG PROHFXOH �)LJ� ��� :H FDQ WKHUHIRUH DVVXPH WKDW ERWK ]HROLWHV DUH QRQ�VHOHF�
WLYH LQ WKH SUHVHQFH RI DQ HTXLPROHFXODU PL[WXUH RI [\OHQHV� 7KLV DVVXPSWLRQ ZDV
SURYHG GXULQJ WKH VWXG\ RI WKH DGVRUSWLRQ RI PL[WXUHV �)LJV �E�H��

)RU WKH 1D< ]HROLWH� WKH EHKDYLRXU ZDV QRW WKH VDPH GXULQJ WKH DGVRUSWLRQ RI WKH
ILUVW DQG WKH VHFRQG PROHFXOHV� ,QGHHG� WKHP�[�S�[ HQWKDOS\ LQFUHDVHG GXULQJ WKH DG�
VRUSWLRQ RI WKH ILUVW PROHFXOH DQG UHPDLQHG FRQVWDQW GXULQJ WKH DGVRUSWLRQ RI WKH VHF�
RQG PROHFXOH �)LJ� ��� 7KLV GLIIHUHQFH LQ EHKDYLRXU ZDV DOVR REVHUYHG �DV D WUHQG� LQ
WKH VHOHFWLYLW\ FXUYHV �)LJV �D�E�F�� 2Q WKH RWKHU KDQG� IRU WKH %D< ]HROLWH� WKH P�
[�S�[ HQWKDOS\ UHPDLQHG FRQVWDQW LQ WKLV ILOOLQJ UDQJH� DQG QR GLIIHUHQFH ZDV RE�
VHUYHG LQ WKH VHOHFWLYLW\ FXUYHV�

+LJK ILOOLQJ� 1D !� PROHF�α−�

)URP � PROHF�α−�� WKH P�[�S�[ HQWKDOSLHV RI WKH WZR ]HROLWHV YDULHG� EXW LQ RSSR�
VLWH GLUHFWLRQV�

7KH P�[�S�[ HQWKDOS\ RI WKH 1D< ]HROLWH LQFUHDVHG VOLJKWO\ XS WR ��� PROHF�α−��
DQG WKHQ VWURQJO\ EH\RQG WKLV ILOOLQJ �)LJ� ��� 7KLV UHVXOW VKRZV WKDW WKH PROHFXOH�
PROHFXOH LQWHUDFWLRQV� ZKLFK DUH PD[LPXP DW KLJK ILOOLQJ� DUH PXFK VWURQJHU IRU P�
[\OHQH WKDQ IRU S�[\OHQH� ,Q WKH DGVRUSWLRQ RI [\OHQH PL[WXUHV� WKH 1D< ]HROLWH
ZRXOG WKHQ SUHIHUHQWLDOO\ DGVRUE P�[\OHQH� ,QGHHG� WKH H[SHULPHQWDO VWXG\ VKRZHG
WKDW EH\RQG � �)LJV �E�F� RU ��� PROHF�α−� �)LJ� �D� WKH 1D< ]HROLWH ZDV VHOHFWLYH WR�
ZDUGV P�[\OHQH�

,QYHUVHO\� WKH P�[�S�[ HQWKDOS\ RI WKH %D< ]HROLWH GHFUHDVHG VWURQJO\ DQG LWV VLJQ
FKDQJHG ZKHQ WKH WRWDO ILOOLQJ RI WKH α�FDJHV ZDV UHDFKHG �)LJ� ��� +HQFH� WKH S�
[\OHQH�S�[\OHQH LQWHUDFWLRQV EHFDPH VWURQJHU WKDQ WKH P�[\OHQH�P�[\OHQH LQWHUDF�
WLRQV� ,W LV FRQVLGHUHG WKHQ WKDW� LQ WKH FRDGVRUSWLRQ RI WKH [\OHQHV� WKH %D< ]HROLWH
ZRXOG SUHIHUHQWLDOO\ DGVRUE S�[\OHQH� 7KLV ZDV SURYHG H[SHULPHQWDOO\� VLQFH WKLV
]HROLWH LV VHOHFWLYH WRZDUGV S�[\OHQH ZKDWHYHU WKH FRPSRVLWLRQ RI WKH LQLWLDO PL[WXUH
�)LJV �G�H�I��

)LJ� � 'LIIHUHQFH EHWZHHQ DGVRUSWLRQ GHULYDWLYH HQWKDOSLHV RI VLQJOH [\OHQHV DW ���
R
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&RQFOXVLRQV

7KH GHULYDWLYH HQWKDOSLHV RI DGVRUSWLRQ RI P�[\OHQH DQG S�[\OHQH RQWR WKH 1D<
DQG %D< ]HROLWHV� PHDVXUHG DW ���R& DQG FRPSDUHG ZLWK WKRVH REWDLQHG DW ��R&� UH�
YHDOHG VLJQLILFDQW GLIIHUHQFHV DV WKH WHPSHUDWXUH ZDV LQFUHDVHG� IRU WKH 1D< ]HROLWH�
WKH DGVRUEDWH�DGVRUEDWH LQWHUDFWLRQV EHFDPH SUHYDOHQW� LQ FRQWUDVW ZLWK WKH %D< ]HR�
OLWH� IRU ZKLFK WKH DGVRUEHQW�DGVRUEDWH LQWHUDFWLRQV ZHUH VWURQJHU�

,I WKHUH LV DGVRUSWLRQ VHOHFWLYLW\ RI WKH 1D< DQG %D< ]HROLWHV WRZDUGV S�[\OHQH
RU P�[\OHQH DW KLJK ILOOLQJ RI WKH α�FDJHV� WKH VHQVH RI WKH VHOHFWLYLW\ LV IL[HG E\ WKH
QDWXUH RI WKH H[FKDQJHG FDWLRQ� 7KH GLIIHUHQFH EHWZHHQ WKH DGVRUSWLRQ GHULYDWLYH HQ�
WKDOSLHV RI P�[\OHQH DQG S�[\OHQH H[KLELWHG DQ DEUXSW YDULDWLRQ DW ��� PROHF�α−� IRU
WKH 1D< ]HROLWH� DQG DW � PROHF�α−� IRU WKH %D< ]HROLWH� 7KLV EHKDYLRXU ZDV FORVHO\
FRQQHFWHG ZLWK WKH VHOHFWLYLW\ RI WKH WZR ]HROLWHV REVHUYHG EHWZHHQ � DQG
��� PROHF�α−� IRU WKH 1D< ]HROLWH DQG IURP � PROHF�α−� IRU WKH %D< ]HROLWH� 7KH
SUHIHUHQWLDOO\ DGVRUEHG [\OHQH ZDV WKHQ FORVHO\ FRQQHFWHG ZLWK WKH VHQVH RI WKLV GLI�
IHUHQFH� IRU WKH 1D< ]HROLWH� WKLV GLIIHUHQFH LQFUHDVHG DQG WKH IDXMDVLWH ZDV VHOHFWLYH
WRZDUGV P�[\OHQH� IRU WKH %D< ]HROLWH� LW GHFUHDVHG DQG WKH IDXMDVLWH ZDV VHOHFWLYH
WRZDUGV S�[\OHQH�

7KH DQDO\VLV RI WKH DGVRUSWLRQ HQWKDOSLHV RI WKH VLQJOH [\OHQHV WKHUHIRUH \LHOGHG
LQIRUPDWLRQ FRQWULEXWLQJ WR WKH SUHGLFWLRQ RI DGVRUSWLRQ VHOHFWLYLW\ LQ WKH DGVRUSWLRQ
RI S�[\OHQH�P�[\OHQH PL[WXUHV RQWR WKH 1D< DQG %D< IDXMDVLWHV�
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