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;MV�LEFIR�-LRIR�IMRMKI�,ERHPYRKWQʯKPMGLOIMXIR�JʳV�'PYFWGLPMI�YRKIR�^YWEQQIRKIJEWWX��
;MV�IQTJILPIR��HMIWI�1E�RELQIR�QMX�HIQ�,MR[IMW�EYJ�HMI�+IWYRHLIMX�EPPIV�1MXQIRWGLIR�
XVERWTEVIRX�^Y�OSQQYRM^MIVIR� 

(E�WMGL�RMGLX�EPPI�1IRWGLIR�ER�WMRRZSPPI�:SVKEFIR�LEPXIR��OERR�IW�RSX[IRHMK�WIMR��ʳFIV�'LIGO--R-7TIVVIR�
HMI�2YX^YRK�HIW�7XYHMSW�^Y�ZIVLMRHIVR��(MIW�MWX�MRWFIWSRHIVI�FIM�TIVWSREPEVQIR�SHIV�TIVWSREPJVIMIR�7XY�
HMSW�QMX�0IWIKIVʞXIR��^�&��ER�%Y�IRXʳVIR�WMRRZSPP� 

(E^Y�OʯRRIR�[MV�FIM�EPPIR�1MXKPMIHIVR�IMRI��ƊEYXSQEXMWGLI�'LIGO--R-7TIVVIƈ�WIX^IR��1ERYIPP�KIWIX^XI�
7TIVVIR�SHIV�7]WXIQWTIVVIR��^�&��[IKIR�SJJIRIV�4SWXIR�FPIMFIR�MR�HMIWIQ�*EPP�EYGL�REGL�;MIHIVIVʯJJ�
RYRK�FIWXILIR� 

*EPPW�1MXEVFIMXIVR�HIV�>YXVMXX�MR�HIR�7XYHMSW�KI[ʞLVX�FPIMFIR�WSPP��OERR�HMIW�MR�HIV�(EXIRERTEWWYRK� 
FIVʳGOWMGLXMKX�[IVHIR��&MXXI�WXIPPIR�7MI�HE^Y�WMGLIV��HEWW�EPPI�1MXEVFIMXIV�EYGL�MR�EKMPIE�EPW�8]T�
Ɗ1MXEVFIMXIVƈ�ERKIPIKX�WMRH��� 

'LIGO--R�7TIVVI 
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*ʳV�YRWIVI�7GL[IM^IV�/YRHIR��HMI�6IGLRYRKIR�ʳFIV�EKMPIE�ZIVWIRHIR�� 
IQTJILPIR�[MV��HIR�-RLEPX�ZSQ�6IGLRYRKW-4(*�YRH�KKJ��HIV�6IGLRYRKWQEMP� 
ʳFIVKERKW[IMWI�ER^YTEWWIR�YRH�EYJ�IMRIR�%YWKPIMGL�HIV�YRXIR� 
KIRERRXIR�&IMWTMIPI�^Y�ZIV[IMWIR� 

0EWXWGLVMJXPʞYJI�YRH�6IGLRYRKIR 

:MIPI�YRWIVIV�/YRHIR�[IVHIR�[MI�KI[SLRX�0EWXWGLVMJXIMR^ʳKI�HYVGLJʳLVIR�YRH�KPIMGL^IMXMK�HIQ�/YRHIR�/Y�
PER^PʯWYRKIR�JʳV�HMI�IRXKERKIRI�8VEMRMRKW^IMX�ERFMIXIR��[MI�^��&�� 
 
+VEXMWQSREX�ER�2YX^YRKWIRHI�ERLʞRKIR 

)MRI�IRXWTVIGLIRHI�ʃRHIVYRK�EPPIV�:IVXVʞKI�OʯRRIR�7MI�IMRJEGL�ʳFIV�YRWIV�3RPMRIJSVQYPEV�FIM�YRW�FIEYJXVE�
KIR��OSWXIRPSW� 
 
3RPMRI-8VEMRMRKWEPXIVREXMZIR�SJJIVMIVIR 
>Y�HMIWIQ�8LIQE�WGLMGOIR�[MV�-LRIR�OYV^JVMWXMK�IMRI�WITEVEXI�)-1EMP� 
*EPPW�7MI�WIPFWX�IMRI�KYXI�-HII�LEFIR��JVIYIR�[MV�YRW�ʳFIV�%RVIKYRKIR��HMI�[MV�KIVRI�ER�YRWIVI�/YRHIR�[IM�
XIVKIFIR�[IVHIR� 

 
:IV^ILVKYXLEFIR��RIYI�EKMPIE-/EWWI�ZSVEYWKIWIX^X 
7MI�OʯRRIR�YRWIVI�EYXSQEXMWMIVXI�(EXIRERTEWWYRK�RYX^IR��YQ�NIHIQ�1MXKPMIH�IMR�:IV^ILVKYXLEFIR�MR� 
FIWXMQQXIV�,ʯLI�KYXWGLVIMFIR�^Y�PEWWIR��(MIWIW�+YXLEFIR�OERR�REGL�;MIHIVIVʯJJRYRK�JʳV�)MROʞYJI�MQ�7XY�
HMS�KIRYX^X�[IVHIR� 
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;MV�LEFIR�-LRIR�IMRMKI�-HIIR�JʳV�IMRI�TSWMXMZI�/YRHIROSQQYRMOEXMSR�^YWEQQIRKIXVEKIR��
;MV�IQTJILPIR�EPPI�/ERʞPI�HIV�/SQQYRMOEXMSR�^Y�RYX^IR� 

(MIWI�8I\XFEYWXIMRI�OʯRRIR�JVIM�KIRYX^X�[IVHIR��YQ�IMR�TIVWSREPMWMIVXIW�7GLVIMFIR�ER�1MXKPMIHIV�^Y� 
IVWXIPPIR��9Q�HMIWIW�7GLVIMFIR�^Y�ZIVWIRHIR��OERR�^�&��HEW�EKMPIE-/SQQYRMOEXMSRWXSSP�KIRYX^X�[IVHIR�� 
 
*EPPW�7MI�IMRIR�I\XIVRIR�%RFMIXIV�JʳV�/YRHIROSQQYRMOEXMSR�RYX^IR��OʯRRIR�7MI�IMRI�IRXWTVIGLIRHI�)\GIP-
(EXIM�ʳFIV�HEW�1SHYP�Ɗ7XEQQHEXIRƈ�I\TSVXMIVIR��7SPPXIR�7MI�LMIV^Y�9RXIVWXʳX^YRK�FIRʯXMKIR��LIPJIR�[MV�KIV�
RI� 
 
&IMWTMIP�)MRPIMXYRK� 
 
Ɗ;MV�ZIVWYGLIR�HIR�8VEMRMRKWEYWJEPP�JʳV�(MGL�WS�KIVMRK�[MI�QʯKPMGL�^Y�LEPXIR��7IPFWXZIVWXʞRHPMGL�MWX� 
HMI�+IWYRHLIMX�EPPIV�1MXKPMIHIV�JʳV�YRW�HEW�SFIVWXI�+YX�ƈ 
 

Ɗ0IMHIV�WMRH�[MV�ZSR�HIR�FILʯVHPMGLIR�%RSVHRYRKIR�FIXVSJJIR�YRH�QʳWWIR��[MI�(Y�ZIVQYXPMGL�FIVIMXW�[IM�X��
HIR�&IXVMIF�ZSVVʳFIVKILIRH�FMW�^YQ�\\�\\�\\�IMRWXIPPIR�� 

;MI�KILX�IW�JʳV�(MGL�HMI�RʞGLWXIR���;SGLIR�[IMXIV#ƈ 
 
-�+I[ʞLPXIR�%YWKPIMGL�EPW�7EX^FEYWXIMR�LMR^YJʳKIR� 

/YRHIROSQQYRMOEXMSR 
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;MV�LEFIR�-LRIR�IMRMKI�-HIIR�JʳV�IMRI�TSWMXMZI�/YRHIROSQQYRMOEXMSR�^YWEQQIRKIXVEKIR��
;MV�IQTJILPIR�EPPI�/ERʞPI�HIV�/SQQYRMOEXMSR�^Y�RYX^IR� 

&IMWTMIP�1MXXIMPXIMP� 
 
Ɗ9Q�(MV�(ELIMQ�IMR�VMWMOSJVIMIW�8VEMRMRK�ER^YFMIXIR��ZIVʯJJIRXPMGLIR�[MV�EYJ�*EGIFSSO�VIKIPQʞ�MK� 
8VEMRMRKWXMTTW�JʳV�IMR�8VEMRMRK�^Y�,EYWI� 
 
7S�OERRWX�HY�MQ�8VEMRMRK�FPIMFIR�YRH�^IMKIR�[MI�ZMIP�(MW^MTPMR�MR�(MV�WXIGOX�ƈ 
 
&IMWTMIP�%FWGLPYWW� 
 
Ɗ;MV�FIHEROIR�YRW�MQ�:SVEYW�JʳV�(IMRI�9RXIVWXʳX^YRK�YRH�(IMR�:IVWXʞRHRMW�YRH�JVIYIR�YRW��(MGL�WS�JVʳL�
[MI�QʯKPMGL�[MIHIV�MR�(IMRIQ�'PYF�TIVWʯRPMGL�FIKVʳ�IR�^Y�HʳVJIR�ƈ 

/YRHIROSQQYRMOEXMSR 


