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7XERHEVH 8SVGL�SR 1EMRXIRERGI %HZMGI�

-R OIITMRK [MXL XLI 'SHI SJ 4VEGXMGI JSV 8SVGL�3R 1IQFVERIW� ,MXGLMRW 2I[

>IEPERH 0MQMXIH TVSZMHIH RSX E SRP] E WGLIHYPI JSV QEMRXIRERGI WIVZMGMRK� FYX [LEX

MW VIUYMVIH F] XLI TVSTIVX] S[RIV XS IRWYVI XLI XSVGL�SR VIMRJSVGIH FMXYQIR

QIQFVERI TIVJSVQW EW VIUYMVIH�

,MXGLMRW TVSZMHIW XLMW HSGYQIRX SJ [LMGL E GST] WLSYPH FI KMZIR XS XLI QEMR

GSRXVEGXSV ERH XLI TVSTIVX] S[RIV� 4PYW E GST] EPWS KMZIR XS XLI MRWXEPPEXMSR WXEJJ

WS XLEX XLI] EVI E[EVI SJ [LEX MW VIUYMVIH SJ XLIQ [LIR GEVV]MRK SYX XLMW

QEMRXIRERGI [SVO�

�� 4VIZIRXEXMZI 1EMRXIRERGI

8LI PSRK�XIVQ TIVJSVQERGI SJ XLI XSVGL�SR QIQFVERI W]WXIQ MRWXEPPIH SR ER]

FYMPHMRK MW VIPMERX SR XLI 4VSTIVX] 3[RIV MQTPIQIRXMRK E KSSH LSYWI�OIITMRK SV

TVIZIRXEXMZI QEMRXIRERGI TVSKVEQ�

8LI JSPPS[MRK EVI WSQI SJ XLI VIUYMVIQIRXW �XLSYKL RSX RIGIWWEVMP] EPP
� 3XLIVW

EVI GSZIVIH YRHIV ZEVMSYW LIEHMRKW XLSYKL�SYX XLMW 'SHI SJ 4VEGXMGI� SV MR ER

-RWTIGXMSR 'LIGO 0MWX TVSZMHIH F] XLI 1EMR 'SRXVEGXSV�

���� 'LIGOMRK

(YVMRK ERH EJXIV SXLIV XVEHIW [SVO LEW FIIR GEVVMIH SYX SR XLI FYMPHMRK� XS

IRWYVI RS HEQEKI XS XLI QIQFVERI SV ER] TSXIRXMEP [EXIV IRXV] GVIEXIH� 'EPP

SR XLI WIVZMGI SJ XLI QIQFVERI MRWXEPPIV MJ VIUYMVIH�

���� 'PIEVMRK

'LIGO KYXXIVW� WYQTW� HVEMRW� SZIV�JPS[W ERH GSVRIVW JSV EGGYQYPEXIH VYFFMWL�

PIEZIW� FVERGLIW� WMPX ERH TPERX�KVS[XL ERH VIQSZI ER]XLMRK XLEX GER GEYWI

FPSGOEKI�

���� 'PIERMRK

6IGSQQIRHIH XLEX XLI QIQFVERI WYVJEGI FI [EWLIH HS[R ]IEVP] EX PS[

TVIWWYVI� XS RSX SRP] GPIER XLI WYVJEGI FYX IREFPI XLSVSYKL MRWTIGXMSR SJ XLI

VSSJ QIQFVERI�

���� 8VIEXMRK

7LSYPH ER] QSWW� QSYPH SV PMGLIR MRJIWXEXMSR ETTIEV� XVIEX [MXL E VIGSQQIRHIH

�F] QIQFVERI WYTTPMIV
 WSPYXMSR ERH [EWL HS[R EX PS[ TVIWWYVI�
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���� -RWTIGXMRK

8LI GSQTPIXI QIQFVERI WYVJEGI� MRGPYHMRK KYXXIVW� WYQTW� HVEMRW� JPEWLMRKW�

TIRIXVEXMSRW� YT�WXERHW� IXG XS FI XLSVSYKLP] MRWTIGXIH EX PIEWX ]IEVP]� ER]

EVIEW SJ GSRGIVR RSXIH ERH VIGXMJMGEXMSR [SVO GEVVMIH SYX�

���� 6IGSEXMRK

8S IRWYVI E GSEXIH XSVGL�SR VIMRJSVGIH FMXYQIR QIQFVERI TIVJSVQW EW

VIUYMVIH� GPIER� TVITEVI ERH VIGSEX IZIV] � XS ��]IEVW SV EX WMKRW XLEX XLI

I\MWXMRK GSEXMRK MW HIXIVMSVEXMRK� 8S I\XIRH XLI TIVJSVQERGI SJ XLI QIQFVERI

FI]SRH ���]IEVW� IRKEKI XLI %TTPMGEXSV XS GLIGO� GEVV] SYX ER] VITEMVW XLEX

QE]FI VIUYMVIH ERH VIGSEX�

�� 2SXMJMGEXMSR ;SVO

8LI 4VSTIVX] S[RIV MW VIUYMVIH XS RSXMJ] XLI QIQFVERI %TTPMGEXSV SV 7YTTPMIV MJ

XLI] FIGSQI E[EVI SJ ER] SJ XLI JSPPS[MRK WMXYEXMSRW�

���� *EYPXW JSYRH MR XLI QIQFVERI�

���� 1IGLERMGEP HEQEKI F] FYMPHMRK SGGYTMIV� ZMWMXSV SV SXLIV XVEHIW

TIVWSRRIP�

���� 7YFWIUYIRX MRWXEPPEXMSR [SVO� WYGL EW 8: EIVMEP� ZIRXW� EMV GSRHMXMSR

YRMX� IXG�

���� &YMPHMRK EPXIVEXMSRW SV I\XIRWMSRW�

4VSQTX RSXMJMGEXMSR MW ZMXEP XS RSX SRP] VIGXMJ] XLI TVSFPIQ� FYX XS VIHYGI ER]

WYFWIUYIRX [EXIV MRKVIWW TVSFPIQW�

�� 1EMRXIRERGI 7IVZMGMRK

(YVMRK XLI GSYVWI SJ VIKYPEV QEMRXIRERGI MRWTIGXMSRW XLI GSQTPIXI VSSJ WYVJEGI

WLSYPH FI W]WXIQEXMGEPP] GLIGOIH ERH ER] EVIEW VIUYMVMRK EXXIRXMSR WLSYPH FI

RSXIH� 8LI JSPPS[MRK GLIGO�PMWX GSYPH FI YWIH�

���� 7YVJEGI GSRHMXMSR � 'LIGO JSV EGGYQYPEXIH VYFFMWL� WMPX� PIEZIW� FVERGLIW

ERH TPERX KVS[XL� MRGPYHMRK QSWW� QSYPH SV PMGLIR MRJIWXEXMSR ERH XLI

SZIV�EPP GSRHMXMSR SJ XLI QIQFVERI�

���� 7YVJEGI TVSXIGXMSR � 'LIGO XLEX XLI WYVJEGI TVSXIGXMSR PE]IV MW MR WEXMWJEGXSV]

GSRHMXMSR� M�I�� RS FEVI TEXGLIW SJ QMRIVEP GLMT SV TIIPMRK ERH FEHP] S\MHMWMRK

TEMRX JMPQ�

���� *PEWLMRKW � 'LIGO EPP JPEWLMRK EVI MRXEGX� JYPP] EHLIVIH� RSX VYTXYVIH ERH

JYRGXMSRMRK EW VIUYMVIH� 2SXI ER] FEH VMTTPMRK� HMWXSVXMSR SV WXVIWW EVIEW�

���� 9T�WXERHW � 'LIGO EPP YT�WXERHW EVI MRXEGX� JYPP] EHLIVIH� EHIUYEXIP]

TVSXIGXIH ERH JYRGXMSRMRK EW VIUYMVIH� 2SXI ER] EVIEW SJ HMWXSVXMSR SV WXVIWW�
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���� 4IRIXVEXMSRW � -RWTIGX XLI QIQFVERI EVSYRH IEGL

TIRIXVEXMSR XS IRWYVI XLEX XLI JPEWLMRKW EVI MRXEGX� RSX VYTXYVIH� EHLIVMRK

ERH TIVJSVQMRK EW VIUYMVIH�

���� )HKI 8VMQ � 'LIGO JSV WYWTIGX QSZIQIRX SV WXVIWW EVIEW� VYTXYVIW� HI�

PEQMREXMSR SV HMWTPEGIQIRX EX NYRGXMSR TPEGIW SV EHNEGIRX WYVJEGIW�

���� %FYXXMRK GSRWXVYGXMSR � 'LIGO TEVETIX [EPP ERH SXLIV EHNEGIRX WXVYGXYVIW

JPEWLMRK ERH�SV PMRMRKW JSV HEQEKI� VMTTPMRK� HMWXSVXMSR SV EVIEW SJ HMWXVIWW

ERH GVEGOMRK�

���� )\TERWMSR .SMRXW �'LIGO QSZIQIRX SV I\TERWMSR NSMRX YT�WXERHW�

JPEWLMRK SV GETTMRK XS IRWYVI XLI] EVI JYRGXMSRMRK EW VIUYMVIH�

���� 6SSJ JM\XYVIW � 'LIGO EPP VSSJ JM\XYVIW ERH JMXXMRKW JPEWLMRKW� GSPPEVW IXG EVI

WSYRH� RSX PSSWI SV WYWTIGX�

�����7YFWXVEXI� 'LIGO JSV HITVIWWMSRW ERH TSRHMRK GVIEXIH F] HIJPIGXMSR MR

WYFWXVEXI ERH MRZIWXMKEXI XLI GEYWI�

�����3ZIV�PET [IPHW � 'LIGO EPP SZIV�PET [IPHW MR XLI QIQFVERI ERH JPEWLMRK XS

IRWYVI XLI] EVI JYPP] FSRHIH XS XLI QIQFVERI� [EXIV�XMKLX ERH JYRGXMSRMRK EW

VIUYMVIH�

�����(VEMREKI � 'LIGO EPP KYXXIVW� WYQTW� SYXPIXW ERH VEMR[EXIV HMWGLEVKI TSMRXW XS

IRWYVI XLI] EVI GPIEV SJ VYFFMWL ERH GPIER� -RWTIGX EPP [IPHW ERH JPEWLMRKW�

RSXI ER] VMTTPMRK� HMWXSVXMSR SV WXVIWW EVIEW�

�����7IEPERXW � -RWTIGX EPP WIEPERXW XS IRWYVI XLI] EVI RSX JEYPX] ERH

TIVJSVQMRK EW VIUYMVIH� 2SXI ER] EVIEW SJ GSRGIVR�

�����+IRIVEP WYVJEGI � )\EQMRI XLI [LSPI SJ XLI KIRIVEP VSSJ EVIE ERH RSXI ER]

EVIEW SJ WXVIWW� FYFFPMRK SV FPMWXIVMRK� HI�PEQMREXMSR JVSQ XLI WYFWXVEXI SV

[MXLMR XLI XSVGL�SR QIQFVERI W]WXIQ ERH RSXI XLI I\XIRX ERH X]TI SJ HIJIGXW�

����� -RWMHI FYMPHMRK � 'LIGO XLI MRXIVMSV SJ XLI FYMPHMRK JSV ER] WXEMRMRK SV

HEQTRIWW WMKRW XLEX [SYPH MRHMGEXI QSMWXYVI MRKVIWW SV GSRHIRWEXMSR�

8LI MRWTIGXMSR QYWX FI XLSVSYKL� ER] EVIEW SJ GSRGIVR VIGSVHIH ERH XLI

MRWXEPPEXMSR %TTPMGEXSV SV QIQFVERI 7YTTPMIV� ,MXGLMRW 2I[ >IEPERH 0MQMXIH MW XS FI

EHZMWIH TVSQTXP]� -X MW VIGSQQIRHIH XLEX ER I\TIVMIRGIH QIQFVERI %TTPMGEXSV FI

YWIH MJ VIUYMVIH� EW XLI] [MPP ORS[ LS[ XS GEVV] SYX E XLSVSYKL MRWTIGXMSR ERH XLI

TSXIRXMEP TVSFPIQ EVIEW XS PSSO JSV�

8LI SVMKMREP %TTPMGEXSV SV ERSXLIV UYEPMJMIH ERH I\TIVMIRGIH %TTPMGEXSV WLSYPH FI

IRKEKIH XS GEVV] SYX XLI VIUYMVIH VITEMV [SVO MR OIITMRK [MXL KSSH WSYRH XVEHI

TVEGXMGIW ERH ,MXGLMRW VIGSQQIRHIH TVSGIHYVIW�
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