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,QWURGXFWLRQ
7KHğ*XQQHUDFHDHğIDPLO�ğLVğUHSUHVHQWHGğLQğ&KLOHğE�ğWKHğVSHFLHVğ*XQQHUDğWLQFWRULDαğFRPPRQO�ğFDOOHGğQDOFDğRUğ
SDQJXHγğ,WğLVğDğSHUHQQLDOğKHUEğWKDWğUHDFKHVğODUJHğνβ​ğPγğWDOOαğIDVWğJURZLQJğˉ5LHGHPDQQğ�ğ$OGXQDWHαğνλλ​˚γğ
7RGD�αğ WKLVğVSHFLHVğKDVğJDLQHGğLQWHUHVWğ LQğ WKHğSKDUPDFRORJLFDOğDUHDαğ WKHğLQKLELWRU�ğDFWLYLW�ğRIğ WKHğ*XQQHUDğ
WLQFWRULDğH[WUDFWVğRQğ+HOLFREDFWHUğS�ORULğˉ+HEHOğHWğDOαğνλμ​˚γ

,QğWKHğSUHVHQWğVWXG�αğWZRğDVVD�VğZHUHğSHUIRUPHGγğ7KHğÀUVWğZRUNHGğZLWKğFKHPLFDOğVFDULÀFDWLRQğIRUğλαğ‟ğDQGğνλğ
PLQXWHVğDQGğVWUDWLÀFDWLRQğDWğ‑ğƒğ&ğIRUğλαğ​λğDQGğ→λğGD�Vγğ ,Qğ WKHğVHFRQGğWHVWğ WKHğVHHGVğZHUHğVXEMHFWHGğWRğ
GLIIHUHQWğ FRQFHQWUDWLRQVğ RIğ JLEEHUHOOLFğ DFLGğ IRUğ ν‑ğ KUVγğ$QDWRPLFDOO�αğ LWğZDVğ GHVFULEHGğ XVLQJğDğ 6FDQQLQJğ
(OHFWURQğ0LFURVFRSHγ

7KHğJHUPLQDWLRQğSHUFHQWDJHğRIğWKHğDVVD�ğ,ğZDVğ‟νşğDQGğWKHğKLJKHVWğJHUPLQDWLRQğSHUFHQWDJHğZDVğ≤≥şğLQğWKHğ
DVVD�ğ,,γğ7KHğUHVXOWVğVXJJHVWğWKHğSUHVHQFHğRIğDğSULPDU�ğVWUXFWXUHğIROORZLQJğνμğGD�VğRIğJHUPLQDWLRQğSURFHVVγğ7KHğ
SDUDVLWLFğVWRPDWDğDUHğSUHVHQWğRQğWKHğDED[LDOğVXUIDFHğRIğWKHğFRW�OHGRQğZKLFKğDUHğSUHVHQWğLQğDGXOWğOHDYHVğˉ8UELQDğ
HWğDOαğνλμν˚ğ7KHğUHVXOWVğDUHğVKRZQğLQğSKRWRJUDSKğSRVWHUγ

%DVHGğRQğWKHğUHVXOWVğLWğFDQğEHğFRQFOXGHGğWKDWğWKHğPRVWğHIIHFWLYHğWUHDWPHQWğIRUğDğKLJKğSHUFHQWDJHğRIğJHUPLQDWLRQğ
LVğ*$​ğˉ≤≥ş˚γ
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μγğ+HEHOαğ6γαğ$γğ*DUFtDαğ/γğ%XVWDPDQWHαğ/γğ3LQXHUαğ(γğ7RUUHVαğ$γğ8UELQDğ�ğ(γğ3DVWHQHγğνλμ​γğ(IHFWRğGHğORVğSROLIHQROHVğGHğ*XQQHUDğ7LQFWRULDğˉQDOFD˚ğVREUHğ
ODğYLDELOLGDGğ�ğPRUIRORJtDğGHğ+HOLFREDFWHUğ3�ORULγğ'RPLQJXH]LDğν≥ğˉ6XSOHPHQWR˚●ğμλ‟γ

νγğ5LHGHPDQQαğ3γğ�ğ*γğ$OGXQDWHγğνλλ​γğ)ORUDğQDWLYDğGHğYDORUğRUQDPHQWDO●ğLGHQWLÀFDFLyQğ�ğSURSDJDFLyQ●ğ&KLOHğ]RQDğVXUγğ$QGUpVğ%HOORγğ6DQWLDJRαğ&KLOHγ
​γğ$γğ8UELQDαğ/γ9L]FDUUDαğ(γğ3DVWHQHğ�ğ+γğ6HUULγğνλμ​γğ&DUDFWHUL]DFLyQğPRUIROyJLFDğ�ğDQDWyPLFDğGHğODğVHPLOODğ�ğSULPHURVğHVWDGRVğIHQROyJLFRVğGHğ
*XQQHUDğWLQFWRULDγ'RPLQJXH]LDğν≥ğˉ6XSOHPHQWR˚●ğ​≤γ
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