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6LQFH DQFLHQW WLPHV� KXPDQ EHLQJV KDYH EHHQ FRQVWDQWO\ TXHVWLRQLQJ WKH RULJLQ RI

WKH ZRUOG� DQG RIWHQ EHOLHYH WKDW WKH GHHSHU P\VWHULHV RI WKH XQLYHUVH DUH KLGGHQ RQ D

VPDOOHU VFDOH� 7KH 6WDQGDUG 0RGHO GHVFULEHV WKH SK\VLFV RI NQRZQ HOHPHQWDU\ SDUWLFOHV

ZLWK XQSUHFHGHQWHG SUHFLVLRQ� EXW LW KDV VRPH REYLRXV VKRUWFRPLQJV� ZKLFK SURPRWHV

SK\VLFLVWV SXUVXH WKH WKHRU\ EH\RQG 6WDQGDUG 0RGHO� 6RPH HIIRUWV WR VHDUFK IRU QHZ

SK\VLFV DUH SUHVHQWHG LQ WKLV WKHVLV�

)LUVW RI DOO� WKLV WKHVLV SUHVHQWV DQ DQDO\VLV WR VHDUFK IRU QHZ UHVRQDQFH RQ WKH LQ�

YDULDQW PDVV VSHFWUXP RI WKH GLMHW DVVRFLDWHG ZLWK D KLJK WUDQVYHUVH HQHUJ\ SKRWRQ LQ WKH

ILQDO VWDWH ZLWK $7/$6 GHWHFWRU� 6XFK ILQDO VWDWH FDQ EH XVHG WR VHDUFK IRU QHZ SDUWLFOHV

LQ WKH ORZ�PDVV UDQJH JHQHUDOO\� 7KH GDWD XVHG LQ WKLV DQDO\VLV ZDV /+& SURWRQ±SURWRQ

FROOLVLRQV FROOHFWHG E\ WKH $7/$6 H[SHULPHQW DW D FHQWUH�RI�PDVV HQHUJ\ RI �� 7H9 IURP

���� WR ����� FRUUHVSRQGLQJ WR DQ LQWHJUDWHG OXPLQRVLW\ XS WR 8:/9 IE҃2� 7KH VLQJOH�

SKRWRQ WULJJHU LV XVHG LQ ORZ�PDVV UDQJH� DQG FRPELQHG WULJJHU XVHG LQ KLJK�PDVV UDQJH�

7ZR YDULDQWV DUH SUHVHQWHG� RQH ZKLFK PDNHV QR MHW IODYRXU UHTXLUHPHQWV DQG RQH ZKLFK

UHTXLUHV ERWK MHWV WR EH WDJJHG DV ে�MHWV� ,Q WRWDO � FKDQQHOV� WKH REVHUYHG PDVV GLVWULEX�
WLRQV DUH DOO FRQVLVWHQW ZLWK PXOWL�MHW SURFHVVHV LQ WKH 6WDQGDUG 0RGHO� 7KXV� WKH GDWD DUH

XVHG WR VHW XSSHU OLPLWV RQ WKH SURGXFWLRQ FURVV VHFWLRQ IRU D EHQFKPDUN =ƍ PRGHO DQG�

VHSDUDWHO\� RQ JHQHULF *DXVVLDQ�VKDSH FRQWULEXWLRQV WR WKH PDVV GLVWULEXWLRQV� H[WHQGLQJ

WKH FXUUHQW $7/$6 FRQVWUDLQWV RQ GLMHW UHVRQDQFHV WR WKH PDVV UDQJH EHWZHHQ ��� DQG

���� *H9�

6HFRQGO\� IRU WKH XSFRPLQJ /+& 5XQ��� WKLV WKHVLV LQWURGXFHV WKH )$6(5 H[SHUL�

PHQW GHGLFDWHG WR VHDUFKLQJ IRU QHZ ORQJ�OLYHG SDUWLFOHV ZLWK D PDVV RI ҭ0H9 WKDW DUH

ZHDNO\ FRXSOHG WR WKH VWDQGDUG PRGHO� 7KLV QHZ VPDOO H[SHULPHQW LV FRPSOHPHQWDU\

WR WKH H[LVWLQJ H[SHULPHQW RQ WKH /+&� 6RPH QHZ %60 SUHGLFW WKHVH ORQJ�OLYHG SDUWL�

FOHV DUH SURGXFHG DEXQGDQWO\ DORQJ WKH EHDP D[LV� VR )$6(5 GHWHFWRU LV ORFDWHG ��� P

GRZQVWUHDP RI WKH $7/$6 ,3 LQ WKH XQXVHG VHUYLFH WXQQHO 7,��� 7UDFN UHFRQVWUXFWLRQ LV

TXLWH LPSRUWDQW IRU LGHQWLI\LQJ WKH VLJQDO RI QHZ SDUWLFOHV� )$6(5 XVHV $&76 LQ WUDFN

UHFRQVWUXFWLRQ ZKHUH WUDFNV DUH ILW E\ .DOPDQ ILOWHU DOJRULWKP� 7KH GHYHORSPHQW DQG SUH�

OLPLQDU\ YDOLGDWLRQ RI )$6(5 RIIOLQH WUDFN UHFRQVWUXFWLRQ VRIWZDUH ZLOO EH SUHVHQWHG LQ

WKLV WKHVLV�

,,



$EVWUDFW

)LQDOO\� +/�/+& WKDW ZLOO FROOHFW PRUH WKDQ 4111 IE҃2 GDWD LQ WKH IXWXUH ZLOO EULQJ
JUHDWHU SRVVLELOLWLHV WR QHZ SK\VLFV� 7R FRSH ZLWK KLJKHU OXPLQRVLW\� WKH WUDFN GHWHFWRUV

LQ $7/$6 DQG &06 QHHG WR EH XSJUDGHG� 7KH QHZ JHQHUDWLRQ SL[HO GHWHFWRU PRGXOH

5'��$� ZKLFK XVHV WKH �� QP &026 WHFKQRORJ\� KDV EHHQ WHVWHG FRPSUHKHQVLYHO\� 7KH

YLWDO VSDWLDO UHVROXWLRQ RI 5'��$ PRGXOH LV PHDVXUHG E\ 6/$& WHVW EHDP ��� *H9 HOHF�

WURQ� LQ 1RYHPEHU� ����� 7UDFNV RI HOHFWURQV DUH UHFRQVWUXFWHG IURP KLWV RQ WHOHVFRSH

SODQHV XVLQJ WKH (87HOHVFRSH SDFNDJH� �7KH VSDWLDO UHVROXWLRQ LV H[WUDFWHG E\ FRPSDU�

LQJ WKH H[WUDSRODWHG WUDFN DQG WKH KLW SRVLWLRQ RQ WKH 5'��$ PRGXOHV� FRUUHFWLQJ IRU WKH

WUDFNLQJ UHVROXWLRQ� 7ZR GHVLJQ 5'��$PRGXOHV ZLWK SLWFK 61·61 ʡP3 DQG 211·36 ʡP3
DUH PHDVXUHG� ���� ʡP ����� ʡP� DQG ��� ʡP ���� ʡP� VSDWLDO UHVROXWLRQ FDQ EH DFKLHYHG
IRU WKH �� DQG �� ʡP GLUHFWLRQV� UHVSHFWLYHO\� ZLWK QRQ�WLOW ��� GHJUHH WLOW��

.H\ZRUGV� $7/$6� )$6(5� %H\RQG 6WDQGDUG 0RGHO� 'LMHW� 7UDFN 5HFRQVWUXFWLRQ
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བྷ䎵ࠪ४䰤 >���@� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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മ ���� �⿽ -(6䈟ᐞሩ ��� *H9 ৅༠䍘䟿࠶ᐳⲴ᭩ਈ 㚄̍ਸ䀖ਁǃޘણ䚃ؑਧ䚃��

മ ���� -(5䈟ᐞሩᡰᴹ ৅༠ؑਧ䍘䟿࠶ᐳⲴ᭩ਈˈ㓥඀ḷᱟ⇿њḡᶑ޵ᓄ⭘ -(5

䈟ᐞਾⲴ ৅༠һֻᮠ઼৏ᶕⲴ ৅༠һֻᮠ∄٬ˈ⇿њḡᶑ �� *H9 ��� � � � ���

മ ���� -(5䈟ᐞ൘⇿њḡᶑ޵ሩᡰᴹؑਧⲴ࣐ᵳᒣ൷ˈⴤ㓯Ѫሩ䘉Ӌᒣ൷᭩ਈ

Ⲵ㓯ᙗᤏਸ˄㚄ਸ䀖ਁؑਧ䚃৫䲔Ҷ俆ቮ �њ᰾ᱮٿ⿫Ⲵ⛩˅̍ ⇿њḡᶑ
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മ ���� ᴹݹޣᆀⲴ䈟ᐞሩᡰᴹ৅༠ؑਧ䍘䟿࠶ᐳⲴ᭩ਈ 㓥̍඀ḷᱟ⇿њḡᶑ޵ᓄ

⭘䈟ᐞਾⲴ ৅༠һֻᮠ઼৏ᶕⲴ ৅༠һֻᮠ∄٬ˈ⇿њḡᶑ �� *H9 ��� ���

മ ���� ᴹݹޣᆀⲴᙫ䈟ᐞሩᡰᴹ৅༠ؑਧ䍘䟿࠶ᐳⲴ᭩ਈ৺࣐ᵳᒣ൷ ⴤ̍㓯Ѫሩ

ᒣ൷᭩ਈⲴ㓯ᙗᤏਸˈ⇿њḡᶑ �� *H9��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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മ ���� ে�ḷᇊᙫ䈟ᐞሩᡰᴹ ৅༠ ؑਧ䍘䟿࠶ᐳⲴ᭩ਈ৺࣐ᵳᒣ൷ˈⴤ㓯Ѫሩ411 *H9 = ৑ৎৎ = 2311 *H9޵ᒣ൷᭩ਈⲴ㓯ᙗᤏਸˈ⇿њḡᶑ �� *H9��

മ ���� ৅༠઼ཨݻ䰤㙖ਸᕪᓖ ৌTⲴ ��� &/к䲀ˈ��� *H9ԕл४䰤઼ ��� *H9

ԕк४䰤࡙࡛࠶⭘অݹᆀ䀖ਁؑਧ䚃઼㚄ਸ䀖ਁؑਧ䚃䇮㖞к䲀 >���@� ���
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മ ��� 6/$&ᶏ⍱⍻䈅؟㿶⽪᜿മ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
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ᮠধ〟Ⲵᤏਸ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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മ ��� ൘ �ቲ0LPRVD��кˈԕ ౬LQWULQVLF > 4/96 ʡP亴⍻Ⲵ઼⍻䟿Ⲵᴹ࠶ٿ䗘⦷Ⲵ
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াো্ > -৔2ܙ ՠ - ৔৒< RXW }৏2- ՠ - ৏৑< LQܚ / ������

䘉䟼ሶޕᘱ઼ࠪᘱ㋂ᆀ䜭㿶Ѫᕕᮓ൘オ䰤ѝⲴᒣ䶒⌒ˈնᇎ傼ѝ㋂ᆀᇊฏ൘ᖸሿ

Ⲵオ䰤޵ ᓄ̍䈕⭘⌒व᧿䘠Ǆн䗷ሶᆳԜ㿶Ѫᒣ䶒⌒нᖡ૽䘉䟼Ⲵѫ㾱㔃䇪 ⴨̍ᖃ

ҾԔ⌒वⲴࣘ䟿࠶ᐳᰐ䲀ゴǄ䘉Ӌ㋂ᆀᱟ⭡⑀䘋㠚⭡൪ӗ⭏Ⲵ ⑀̍䘋㠚⭡൪ᱟ⴨ӂ

֌⭘൪ ౷)ড়*൘ᰦ䰤䎻Ҿ↓䍏ᰐェⲴ⑀䘋൪ ⭡̍Ҿᱟ㠚⭡Ⲵ ᆳ̍Ԝ┑䏣.OHLQ�*RUGRQ

ᯩ〻Ǆн䗷ˈ㠚⴨ӂ֌⭘Ⲵᆈ൘֯ᗇᯩ〻ѝⲴ䍘䟿ᱟĀ⢙⨶䍘䟿ā㘼䶎Ā㼨䍘䟿ā̍

ণ

มѳ3 , ৑3ย ౷LQ)ড়* > 1- มѳ3 , ৑3ย ౷RXW)ড়* > 1/ ������

⑀䘋㠚⭡൪׍ᰗᱟᔿ������䛓ṧⲴӗ⭏⒞⚝㇇ㅖⲴ㓯ᙗ㓴ਸˈਚн䗷⧠൘Ⲵӗ⭏⒞

⚝㇇ㅖᱟ⭘ᶕӗ⭏ᡆ⒞⚝ањާᴹĀ⢙⨶䍘䟿āⲴ㋂ᆀǄ⭘⴨ӂ֌⭘൪ ౷)ড়*ᶕ㺘
䗮 ౷LQ)ড়*઼ ౷RXW)ড়*нᱟ䛓Ѹᇩ᱃Ⲵˈн㜭ⴤ᧕Ԕ㇇ㅖ ౷)ড়*᭦ᮋࡠ⑀䘋㠚⭡൪ˈ㘼
ᓄ䈕㾱≲ྲлᕡ᭦ᮋᶑԦ >��@

OLP৘Ќ҃ҏܙে}౷)ড়*}৆ܚ > ҋ৅ܙে}౷LQ )ড়*}৆ܚ-
OLP৘Ќ,ҏܙে}౷)ড়*}৆ܚ > ҋ৅ܙে}౷RXW )ড়*}৆ܚ/ ������

ᕡ᭦ᮋᶑԦ㾱≲ᖃᰦ䰤䎻Ҿ↓䍏ᰐェᰦˈሩҾᐼቄ՟⢩オ䰤ѝⲴԫ᜿ᘱ }৆઼ܚ }েܚˈ
⴨ӂ֌⭘൪઼⑀䘋㠚⭡൪䜭㔉ࠪ⴨਼Ⲵ⸙䱥ݳ ਚ̍н䗷⴨ᐞањ㌫ᮠҋ৅ ҋ̍৅㻛
〠Ѫ൪ᕪ䟽ᮤॆഐᆀǄ൘↔ส⹰к /̍HKPDQQ 6̍\PDQ]LN઼ =LPPHUPDQQйӪሬࠪ

Ҷ㪇਽Ⲵ /6=㓖ॆޜᔿ �/6= UHGXFWLRQ IRUPXOD� ሶ̍ া�⸙䱥઼ݳ൪䇪ѝਟԕ䇑㇇Ⲵ
㚄࠭ᮠ㚄㌫Ҷ䎧ᶕˈӾ㘼֯ᗇ䟿ᆀ൪䇪൘ᇎ傼кਟỰ傼Ǆḷ䟿൪Ⲵޣ /6=㓖ॆޜ

ᔿѪ >�@

াো্ > -৔2ܙ ՠ - ৔৒< RXW }৏2- ՠ - ৏৑< LQܚ
> OLP৓৒ ৗω৊৐৐ ໄ

৒
ึ্>2

৔3্ ҃ ৑3
ҋ৅্ ໅

֞֟֟
֠

৑
ৎึ>2

৏3ৎ ҃ ৑3
ҋ৅্

֢֢֡
֣

৒
ึ্>2 Ⴀ G5ড়্f্৔্Զড়্

৑
ৎึ>2 Ⴀ G5ঢ়ৎf্҃৏ৎԶঢ়ৎ

· ๐ౘ าি ว౷ มড়2ย ՠ ౷ มড়৒ย ౷ มঢ়2ย ՠ ౷ มঢ়৑ยศา ౘ๑ /
������

㚄࠭ᮠޣ ๐ౘ าি ว౷ มড়2ย ՠ ౷ มড়৒ย ౷ มঢ়2ย ՠ ౷ มঢ়৑ยศา ౘ๑ ѝ }ౘܚ ᱟ⴨ӂ֌⭘䟿ᆀ൪
Ⲵⵏオᘱ ি̍ ᱟ㕆ᰦ㇇ㅖ ቡ̍ᱟᢺ൪㇇ㅖ᤹֌⭘ᰦ䰤ݸਾ亪ᒿᧂࡇǄ/6=㓖ॆޜᔿ

ѝᡰᴹ㋂ᆀࣘ䟿䴰㾱ਆ൘༣ �RQ VKHOO�ˈ㘼↔ᰦ ৔3্ ҃ ৑3 ઼ ৏3ৎ ҃ ৑3 䜭䎻Ҿ �ˈᡰԕা�⸙䱥ަݳᇎᱟޣ㚄࠭ᮠⲴ⮉ᮠ �UHVLGXH�ǄሩҾަԆⲴ䟿ᆀ൪ˈ൪ᕪ䟽ᮤॆഐᆀҋ৅ਟ㜭Պᴹн਼Ⲵ٬ 㘼̍ф䴰㾱ᢺᔿ������ѝ⴨ᓄⲴᶱॆഐᆀ ৙ώ઼ ৚ώ࣐кǄ/6=
㓖ॆޜᔿሶ䇑㇇ া�⸙䱥ݳ䖜ॆѪ䇑㇇ޣ㚄࠭ᮠˈնޣ㚄࠭ᮠ䟼䜭ᱟ⴨ӂ֌⭘൪㇇

��
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ㅖˈа㡜ᛵߥл⭊㠣䜭н⸕䚃ᆳԜⲴާփᖒᔿˈ⋑ᴹ࣎⌅ⴤ᧕䇑㇇Ǆн䗷ਟԕሶ

ᆳԜᴯᦒѪ∄䖳ᇩ᱃༴⨶Ⲵ⑀䘋㠚⭡൪㇇ㅖˈ䘉䴰㾱൘⴨ӂ֌⭘㔈Ჟ �LQWHUDFWLRQ

SLFWXUH�ѝ䘋㹼䇑㇇ˈ㘼ѻࡽⲴ㇇ㅖ䜭༴Ҿ⎧἞๑㔈Ჟ �+HLVHQEHUJ SLFWXUH�ѻлǄ

䇮൘৲㘳ᰦ䰤ٷ ৘1 ᰦˈ⎧἞๑㔈Ჟ઼⴨ӂ֌⭘㔈ᲟⲴ㇇ㅖ⴨਼ǄᢺᆼᮤⲴ૸
ᇶ亯䟿঳ ˖঳LQW࠶䀓Ѫ㠚⭡૸ᇶ亯䟿঳1઼⴨ӂ֌⭘Ⲵ䜘࠶

঳ > ঳1 , ঳LQW/ ������

൘⴨ӂ֌⭘㔈Ჟѝˈ౷LQ)ড়*઼ ౷RXW)ড়*Ⲵ╄ॆаⴤ؍ᤱ㠚⭡൪Ⲵᖒᔿˈ䘉ᱟѪӰѸ
㾱䘹ᤙ⴨ӂ֌⭘㔈ᲟⲴѫ㾱৏ഐǄ⎧἞๑㔈ᲟѝⲴ⴨ӂ֌⭘൪㇇ㅖ ౷)ড়*ਟԕ䙊䗷
╄ॆ㇇ㅖ ী)৘- ৘1*઼ ౷LQ)ড়*ᡆ ౷RXW)ড়*㚄㌫䎧ᶕˈ∄ྲ

౷)ড়* > ী Ϳ ม৘- ৘1ย ౷LQ)ড়*ী ม৘- ৘1ย - ী ม৘- ৘1ย > f্঳1ม৘҃৘1ยf্҃঳ม৘҃৘1ย/ ������

ф╄ॆ㇇ㅖ ী)৘- ৘1*┑䏣ᗞᯩ࠶〻
্ ѳѳ৘ী ม৘- ৘1ย > ঳঴)৘*ী ม৘- ৘1ย - ী ม৘1- ৘1ย > വ- ������

ަѝ ঳঴)৘* Ӓ f্঳1ม৘҃৘1ย঳LQWf্҃঳1ม৘҃৘1ย ᱟ⴨ӂ֌⭘૸ᇶ亯䟿൘⴨ӂ֌⭘㔈ᲟлⲴᖒ
ᔿˈᆼޘ⭡⑀䘋㠚⭡൪ᶴᡀǄ'\VRQ㔉ࠪҶ䘉њᗞᯩ࠶〻Ⲵ䀓 >��@

ী ม৘- ৘1ย > 2 , )্҃* Ⴀ৘
৘1
G৘2঳঴ ม৘2ย , )্҃*33" Ⴀ৘

৘1
G৘2 Ⴀ৘

৘1
G৘3ি ว঳঴ ม৘2ย ঳঴ ม৘3ยศ , ՠ

Ӓ ি ໊H[S໇্҃ Ⴀ৘
৘1
G৘༠঳঴ ม৘༠ย່໋ /

������

⴨ӂ֌⭘൪Ⲵⵏオ }ౘܚҏਟԕ䙊䗷ী)৘- ৘1*֌⭘ࡠ㠚⭡൪Ⲵⵏオ ǄDࡠᗇܚ1{ 㓸 ൘̍

⴨ӂ֌⭘㔈Ჟлˈޣ㚄࠭ᮠਟԕਈѪ >��@

๐ౘ าি ว౷ มড়2ย ՠ ౷ มড়৒ยศา ౘ๑ > ๐1 าি ว౷LQ มড়2ย ՠ ౷LQ มড়৒ย H[S ฤ্҃ ႅҏ҃ҏ G৘঳঴)৘*ลศา 1๑๐1 าি วH[S ฤ্҃ ႅҏ҃ҏ G৘঳঴)৘*ลศา 1๑ /
������

㠣↔ˈޣ㚄࠭ᮠѝⲴ⢙⨶䟿䜭ᱟᐢ⸕Ⲵˈਟԕⴤ᧕ṩᦞӗ⭏⒞⚝㇇ㅖⲴᙗ䍘䘋㹼

䇑㇇ҶǄྲ ᷌঳঴)৘*нᱟᖸབྷ ਟ̍㿶Ѫᗞᢠ ਆ̍ᔿ������ࠐࡽ䱦㔃᷌ণਟǄն䘉䟼ᗞ

ᢠኅᔰⲴ㓗ᮠަᇎᱟਁᮓⲴˈа㡜ᱟޣҾ㙖ਸ৲ᮠⲴањ⑀䘋ኅᔰˈ䘉᜿ણ⵰ᒦ

нᱟ䇑㇇䎺儈䱦㔃᷌䎺߶⺞ˈਟ㜭ਚᴹᔰ࿻ࠐ䱦Ⲵ㔃᷌Պ䙬䘁ⵏᇎⲴ٬ˈ൘Ḁњ

䱦ᮠਾ㔃᷌৽قᔰ࿻ٿ⿫ >�����@Ǆᇎ䱵кᡁԜᒦн⸕䚃䘉њᤀ⛩൘ଚˈᡰᒨḷ߶⁑

රⲴ䇑㇇㔃᷌㺘᰾ᡁԜⴞࡽ㜭ཏ䇑㇇ࡠⲴ䱦ᮠ㔃᷌ᙫᱟ᭩ழⲴǄ䍩ᴬമᱟᴹᒿ䘋

㹼䘉⿽ᗞᢠኅᔰ䇑㇇Ⲵᴹ࣋ᯩ⌅ ⭡̍Ҿ䇑㇇ া�⸙䱥ݳⲴޜᔿ������᰾ᱮ৫䲔Ҷޣ㚄

࠭ᮠѝ㋂ᆀĀ⢙⨶䍘䟿āⲴᶱ⛩ˈᡰԕ䍩ᴬമѝཆ㓯кሬ㠤㋂ᆀ㧧ᗇĀ⢙⨶䍘䟿ā

��



ㅜ �ㄐ ㋂ᆀ⢙⨶ḷ߶⁑ර઼ᯠ⢙⨶

Ⲵ㠚㜭؞↓н䴰㾱㘳㲁ˈਚ䴰㾱㘳㲁ᡚ㛒 �DPSXWDWHG�Ⲵ䍩ᴬമǄ৸ഐѪᔿ������ਣ

䗩࠶⇽䜘࠶㺘⽪о㘳㲁Ⲵᮓሴ䗷〻ᰐޣⲴⵏオ⏘㩭ˈ㘼࠶ᆀ䜘࠶ҏवᤜ䘉Ӌⵏオ

⏘㩭ˈ䘉Ӌⵏオ⏘㩭Ⲵമноᮓሴ䗷〻Ⲵമ⴨䘎᧕ˈ࠶ᆀ઼࠶⇽ѝⲴⵏオ⏘㩭ޘ

䜘㓖৫ǄᡰԕˈѪҶᗇࡠ䍩ᴬᮓሴ⸙䱥ݳˈᡰ䴰䇑㇇Ⲵ䍩ᴬമӵӵᱟ

্༺ > )ҋ৅*৒ · )䘎᧕Ⲵǃᡚ㛒Ⲵާᴹ৒њཆ㓯Ⲵ䍩ᴬമ*/ ������

����� 䠃᮪ौ

ᖃ䘋㹼ᗞᢠኅᔰ䇑㇇ᰦˈᖰᖰ䇑㇇ࡠㅜҼ䱦ቡՊ⻠ਁࡠᮓⲴ〟࠶ˈሩᓄҾ䍩

ᴬമѝⲴസമǄਁᮓ࠶Ѫ㍛ཆ઼㓒ཆਁᮓˈ㍛ཆਁᮓᱟ⭡Ҿ〟࠶ѝⲴࣘ䟿к䲀Ѫ

ᰐェབྷ䙐ᡀⲴˈṩⓀ൘Ҿⴞࡽ䇘䇪Ⲵ൪䇪䜭ᱟ൘ᰦオѝ䘎㔝ⲴˈᴹᰐェⲴ㠚⭡ᓖǄ

䇑㇇ѝࠪ⧠Ⲵ䘉Ӌਁᮓ㔃᷌ᴮࣘ᩷Ҷ⢙⨶ᆖᇦሩ䟿ᆀ൪䇪↓⺞ᙗⲴؑᗳˈഐѪᇎ

傼ѝ㿲⍻ࡠⲴ⢙⨶䟿≨䘌䜭ᱟᴹ䲀ⲴǄн䗷 䲿̍⵰䟿ᆀ൪䇪Ⲵਁኅ а̍྇ᡰ䉃Ā䟽

ᮤॆāⲴᯩ⌅ᥭᮁҶ䟿ᆀ൪䇪Ǆ䟽ᮤॆᯩ⌅ᱟа྇㌫㔏ൠ⎸䲔䟿ᆀ൪䇪ѝࠪ⧠Ⲵ

㍛ཆਁᮓᒦ֯ᗇ䇑㇇㔃઼᷌ᇎ傼⴨ㅖⲴ〻ᒿˈ�����㢲ѝⲴĀ⢙⨶䍘䟿ā઼൪ᕪ䟽

ᮤॆഐᆀҋ৅ ᐢ㓿⎹৺ࡠҶ䘉њᾲᘥǄ∄ྲሩҾ䟿ᆀ⭥ࣘ࣋ᆖˈ৏ᵜⲴ᣹∿䟿Ѫ
༹ > ҃25 ม঱ ౥౦ย3 , Ȧ౱ ม্౜౥ѳ౥ ҃ ৑1ย ౱ ҃ ৊1 Ȧ౱౜౥ব౥౱- ������

䘉䟼Ⲵ ৊1઼৑1㻛䇔ѪᱟĀ㼨⭥㦧ā઼ �����㢲ᨀࡠⲴĀ㼨䍘䟿ā̍ࠪ⧠Ⲵ൪䜭ᱟĀ㼨

൪ā̍ 㘼䘉Ӌ㼨Ⲵ⢙⨶䟿нᱟਟԕⴤ᧕㿲⍻Ⲵˈ䜭वਜ਼ҶᰐェབྷǄѪᣥ⎸䇑㇇ѝࠪ

⧠Ⲵਁᮓ〟࠶ˈᢺᆳԜ࠶䀓Ѫሩᓄᇎ傼⍻䟿ᗇࡠⲴ⢙⨶٬઼ᰐェབྷⲴĀᣥ⎸亩ā̟

༹ > ҃25 ม঱ ౥౦৖ ย3 , Ȧ౱৖)্౜౥ѳ౥ ҃ ৑৖*౱৖ ҃ ৊৖ Ȧ౱৖౜౥ব৖౥౱৖
҃25ౝ4 ม঱ ౥౦৖ ย3 , Ȧ౱৖ ม্ౝ3౜౥ѳ౥ ҃ ౝ৑ย ౱৖ ҃ ৊৖ౝ2 Ȧ౱৖౜౥ব৖౥౱৖/ ������

ᴹлḷĀUāⲴ䜭㺘⽪䟽ᮤॆਾⲴ⢙⨶䟿ˈ㘼 ౝቡᱟᕅޕⲴᣥ⎸亩ǄᆳԜⲴ֌⭘ቡ
ᱟ⭘ᶕ੨᭦ㅜа㹼᣹∿䟿ⲴസമѝⲴ㍛ཆਁᮓ䜘࠶ˈӾ㘼؍䇱൘վ㜭४Ⲵ䇑㇇㔃

᷌ᱟᴹ䲀ⲴǄн䗷ˈሩҾᴹӋ⨶䇪ˈ䴰㾱ᕅޕᰐ䲀Ⲵᣥ⎸亩᡽㜭⎸䲔㍛ཆਁᮓˈ䘉

֯ᗇ⨶䇪ᆼޘїཡҶ亴䀰㜭࣋ˈ䘉ṧⲴ⨶䇪〠Ѫнਟ䟽ᮤⲴǄᒨྭˈ¶W +RRIWᐢ㓿

䇱᰾ḷ߶⁑රᱟਟ䟽ᮤⲴ >�����@ˈਚ䴰㾱ᕅޕѪᮠнཊⲴᣥ⎸亩ቡ㜭ᣥ⎸ᡰᴹⲴ㍛

ཆਁᮓǄ

൘䟽ᮤॆ䗷〻ѝ ᙫ̍ᱟ䴰㾱Ḁ⿽↓㿴ॆ �UHJXODUL]DWLRQ�֯ᗇ㍛ཆਁᮓᲲᰦⲴᴹ

䲀ॆˈֻྲࣘ䟿ᡚᯝ↓㿴ॆ �PRPHQWXP FXWRII UHJXODUL]DWLRQ�ǃ㔤ᮠ↓㿴ॆǃṬ⛩↓

㿴ॆㅹǄնᱟаᰖԔ↓㿴ॆ৲ᮠ䎻䘁Ҿ৏ᶕⲴ٬ˈਁ ᮓ৸Պ䟽ᯠӗ⭏Ǆᒦф ᱮ̍❦

ൠˈⵏᇎⲴ⢙⨶нᓄ䈕ਇࡠӪѪ䘹ᤙⲴ↓㿴ॆᯩ⌅઼↓㿴ॆ৲ᮠਆ٬Ⲵᖡ૽Ǆ㘼

䟽ᮤॆᯩ⌅⺞ᇎਁ⧠ˈ䟿ᆀ൪⨶䇪൘վ㜭४Ⲵ㹼ѪнՊ᭿ᝏൠ׍䎆↓㿴ॆˈ㘼儈

��
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㜭४Ⲵᙗ䍘Պਇࡠн਼↓㿴ॆ㓶㢲Ⲵᖡ૽ˈ䈤᰾䟿ᆀ൪⨶䇪ਚ൘Ḁа㤳തⲴվ㜭

४᡽㜭↓⺞᧿䘠Ḁа⢙⨶㿴ᖻˈаᰖ䎵䎺Ḁњ㜭䟿ቪᓖˈ䈕䟿ᆀ൪⨶䇪н޽ᴹ᭸Ǆ

䘉ᇎ䱵к৽᱐Ҷањᖸ䟽㾱Ⲵһᇎ 儈̟㜭оվ㜭Ⲵ⢙⨶ᱟӂ⴨㝡㙖Ⲵ ሩ̍ᓄҾ඀ḷ

オ䰤ቡᱟབྷቪᓖ઼ሿቪᓖⲴ⢙⨶ᱟ㝡㙖ⲴǄ䘈৏䇪ᙫᱟᐼᵋӾᴰሿⲴቪᓖкⲴ⢙

⨶ᶕ䀓䟺䎺ᶕ䎺ᆿ㿲Ⲵ⢙⨶⧠䊑ˈ↓ྲ㔏䇑⢙⨶ᡰਆᗇⲴᡀ࣏Ǆн䗷ᴹᰦى䘉ᱟ

нਟ㹼Ⲵˈᴹᰦҏᱟнᗵ㾱ⲴˈഐѪн਼ቪᓖкਟ㜭Պᴹн਼Ⲵ⢙⨶㿴ᖻ⎼⧠ࠪ
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W
±
W
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Status: May 2020

ATLAS Preliminary

Run 1,2
p
s = 5,7,8,13 TeV

Theory

LHC pp
p
s = 13 TeV

Data 3.2 � 139 fb
�1

LHC pp
p
s = 8 TeV

Data 20.2 � 20.3 fb
�1

LHC pp
p
s = 7 TeV

Data 4.5 � 4.9 fb
�1

LHC pp
p
s = 5 TeV

Data 0.025 fb
�1

Standard Model Production Cross Section Measurements
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CMS PreliminarySeptember 2020

All results at: http://cern.ch/go/pNj7

W

n jet(s)≥

Z

n jet(s)≥

γW γZ WW WZ ZZ VVV WWW WWZ WZZ ZZZ γWV γγZ γγW

µll, l=e,→, Zνl→: fiducial with Wγγ,WγγEW,Z
qqW
EW qqZ

EW
WW

→γγ
γqqW

EW
ssWW
 EW

γqqZ
EW

qqWZ
EW

qqZZ
EW tt

=n jet(s)

t-cht tW s-cht γtt tZq ttZ γt ttW tttt
σΔ in exp. HσΔTh. 

ggHqqH
VBF VH WH ZH ttH tH HH

CMS 95%CL limits at 7, 8 and 13 TeV

)-1 5.0 fb≤7 TeV CMS measurement (L 
)-1 19.6 fb≤8 TeV CMS measurement (L 
)-1 137 fb≤13 TeV CMS measurement (L 

Theory prediction
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ᒦн᜿ણ⵰ᇎ傼ᐕ֌ቡн׍䎆ԫօ⨶䇪⁑රˈᇎ傼ᚠᚠ䴰㾱䘹ᇊаӋส߶⁑රᶕ

Ոॆ઼ਁኅ᷀࠶ᢰᵟǄ᧕лᶕӵㆰঅӻ㓽алоᵜ᮷ᴹޣⲴаӋส߶⁑රǄ

������� 䖪⸘䠅 ৅༠ ㆶौ᳍⢟䍞⁗ශ
ѪҶ䀓䟺᳇⢙䍘Ⲵᆈ൘ ᐢ̍ᴹаӋᆼᮤ᳇⢙䍘⁑ර㻛ᨀࠪˈާ ᴹԓ㺘ᙗⲴۿᱟ

ᴰሿ䎵ሩ〠ḷ߶⁑ර �0LQLPDO 6XSHUV\PPHWULF 6WDQGDUG 0RGHO� 0660�ˈᲞ䙽仍ཆ

㔤⁑ර �8QLYHUVDO ([WUD 'LPHQVLRQV�ㅹǄ䘉ӋᆼᮤⲴ᳇⢙䍘⁑ර㲭❦ᴹ⵰ᆼᮤⲴ䙫

䗁઼ѠᇼⲴ㔃ᶴˈᒦ亴䀰Ҷ䇨ཊᯠ㋂ᆀⲴᆈ൘ˈնᆳԜ䴰㾱∄䖳ཊⲴ৲ᮠ᡽㜭⺞

ᇊ⁑රǄ㘼ᇎ傼кⲴᮠᦞᱟ∄䖳ᴹ䲀Ⲵˈ䘉䙐ᡀ䙊䗷ⴞࡽⲴᇎ傼ᮠᦞᶕ᰾⺞⺞ᇊ

䘉Ӌ⁑රⲴࣘ࣋ᆖࠐѾᱟнਟ㜭ⲴǄᡰԕ $̍7/$6�&06᳇⢙䍘䇪උ �$7/$6�&06

'DUN 0DWWHU )RUXP�ᨀࠪҶаӋㆰॆ᳇⢙䍘⁑රˈ㔉൘ /+&кራ᢮᳇⢙䍘⴨ޣ㋂

ᆀⲴᇎ傼ᨀ਼ޡ׋Ⲵส߶⁑ර >��@ˈѪн਼ᇎ傼㔃᷌Ⲵ∄䖳઼ᵚᶕሩᇎ傼㔃᷌Ⲵ䟽

䀓䟺ᨀׯᯩ׋Ǆ䘉Ӌㆰॆ᳇⢙䍘⁑ර㠤࣋Ҿሩḷ߶⁑ර䘋㹼ᴰቁⲴᤃኅԕवਜ਼᳇

⢙䍘ˈ㘼ф䘲ਸҾ /+&Ⲵሩᫎ㜭䟿ˈ䇙 /+&кራ᢮᳇⢙䍘㋂ᆀⲴᇎ傼ᴤާа㡜

ᙗǄн਼Ⲵㆰॆ⁑රᴰѫ㾱Ⲵ४࡛ቡᱟՐ᫝ᆀⲴᙗ䍘н਼ˈ⴨ሩҾᆼᮤ᳇⢙䍘⁑

රˈㆰॆ⁑ර㲭❦ࣘ࣋ᆖᴹᡰㆰॆˈն׍❦ਟԕ᧿߉᳇⢙䍘Ⲵ䘀ࣘᆖǄа⿽ሩḷ

߶⁑රⲴㆰঅᤃኅቡᱟ࣐ޕਖањ 8)2*㿴㤳ሩ〠ᙗˈ᳇⢙䍘㋂ᆀ ౰ ᱟਚᩪᑖ䘉њ
㿴㤳㗔㦧Ⲵ⣴᣹ݻ䍩㊣ᆀˈ㘼Ր䙂䘉⿽⴨ӂ֌⭘Ⲵᱟа⿽䖤⸒䟿⧫㢢ᆀ ৅༠ˈ䘉䟼
ਚ㘳㲁䖤⸒䟿 ৅༠ ᱟѪҶ㿴䚯᳇⢙䍘ⴤ᧕᧒⍻ᇎ傼ሩ㠚᯻н׍䎆Ⲵ䲀ࡦ >��@Ǆ㘼ф

ਚ㘳㲁ཨݻо ৅༠ᴹ㙖ਸˈ㘼䖫ᆀ⋑ᴹˈഐѪ䖫ᆀᵛᘱሩ䘉㊫ᯠ㋂ᆀᐢ㓿㔉ࠪҶᖸ
ᕪⲴ䲀ࡦǄ䘉њㆰॆ᳇⢙䍘⁑රⲴ᣹∿䟿ਟԕ㺘⽪Ѫ

༹D[LDO�YHFWRU > ৌ60 ุ৕>৙-৉-ৗ-ৈ-ে-৘ ৅༠౥ Ȧ৕౜౥౜6৕ , ৌ'0৅༠౥ Ȧ౰౜౥౜6౰/ ������

⁑රਚᴹഋњ৲ᮠ˖᳇⢙䍘㋂ᆀⲴ䍘䟿 ৑౰ˈ৅༠Ⲵ䍘䟿 ৑0HGˈ৅༠оཨݻⲴ㙖ਸᑨ
ᮠ ৌ60ˈо ౰ Ⲵ㙖ਸᑨᮠ ৌ'0Ǆ৅༠оᡰᴹણ䚃Ⲵཨݻᴹ⴨਼Ⲵ㙖ਸᕪᓖਟԕ؍䇱
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ᴰሿⲴણ⹤㕪Ǆ൘ᵜ᮷Ⲵᐕ֌ѝˈᡁԜ䘹ᇊ ৑౰ > 21 7H9- ৌ'0 > 2/6Ǆሶ᳇⢙䍘㋂
ᆀⲴ䍘䟿പᇊⲴྲ↔ѻ儈 ᱟ̍ѪҶ৅༠нՊ൘ሩᫎᵪк㺠ਈഎнਟ᧒⍻Ⲵ᳇⢙䍘㋂
ᆀˈ֯ ৅༠о᳇⢙䍘Ⲵ㙖ਸнᖡ૽൘ /+&к ৅༠Ⲵ㺠ਈᇭᓖ >��@˖

ూ0HG > ూ60 , ూ'0- ������

ూ60 > ุ৕ѹຕ৑৕=৑0HG3 ຖ
4৑0HGৌ3

6023ʥ · ֞֟֟
֠2 ҃ ม3৑৕ย3

৑3
0HG

֢֢֡
֣

403 - ������

ూ'0 >
֪֭֭
֭֭֫
֬

৑0HGৌ3
'023ʥ · ֞֟֟

֠2 ҃ ม3৑౰ย3
৑3
0HG

֢֢֡
֣

403 - ৑౰ ࢮ ৑0HG3
1- ৑౰ ? ৑0HG3

������

ᰒ❦৅༠ਟԕ൘ሩᫎᵪк㺠ਈഎཨݻ 䘉̍њ⁑රݱ䇨ⴤ᧕൘ሩᫎᵪкራ᢮᳇⢙䍘Ր

᫝ᆀᶕ䰤᧕ਁ⧠᳇⢙䍘Ǆн䗷䴰㾱⌘᜿Ⲵᱟˈণ֯ᇎ傼кⵏⲴਁ⧠Ҷ䘉ṧⲴؑਧˈ

ҏн㜭؍䇱ቡᱟ ৅༠ˈ䘈䴰㾱䘋а↕ሩަᙗ䍘Ⲵ⹄ウᶕᴰ㓸⺞ᇊǄ
������� ᴿ䍞䠅᳍ݿᆆ⁗ශ

᳇ݹᆀ �GDUN SKRWRQ�⁑ර਼ṧᱟа㊫᳇⢙䍘⁑රˈҏᱟ൘ḷ߶⁑රѝᕅޕа

њᯠⲴ 8)2*㿴㤳ሩ〠ᙗǄ᳇ݹᆀᱟ䘉њ㗔ⲴՐ᫝ᆀˈ᳇⢙䍘㋂ᆀҏਟԕ֌Ѫਁ⭏
䘉⿽⴨ӂ֌⭘Ⲵ⣴᣹ݻ䍩㊣ᆀㆰঅᕅޕˈ᳇ݹᆀቡݹۿᆀаṧ൘᳇⢙䍘㋂ᆀѻ䰤

Ր䙂ᯠⲴ⴨ӂ֌⭘ >��@Ǆ൘䘉㊫᳇ݹᆀ⁑රѝˈ൘ᴹⲴ⁑රѝ᳇ݹᆀ઼ݹᆀаṧᰐ

䍘䟿ˈM Ⲵ⁑රݱࡉ䇨᳇ݹᆀᴹᗞሿⲴ䍘䟿ǄሩҾᴹ䍘䟿Ⲵ᳇ݹᆀ 㠚̍ᐡ⭊㠣䜭ਟ

ԕ֌Ѫ᳇⢙䍘Ⲵањى䘹㘵 >��@Ǆ㘼ф᳇ݹᆀሩҾ ౥ ᆀ �PXRQ�৽ᑨ⻱⸙൘ᇎ傼⍻

䟿٬઼⨶䇪亴䀰٬ѻ䰤Ⲵᐞ䐍ҏᨀ׋Ҷа⿽䀓䟺 >��@ǄᖃᯠⲴ8)2*㿴㤳൪઼ḷ߶⁑
රⲴᕡ䎵㦧൪䘋㹼␧ਸˈ൘᣹∿䟿ѝᶴ䙐ањ┑䏣㿴㤳ሩ〠ᙗⲴ亩 ҃౞3 ȥ঱౥౦ভ౥౦ˈ❦
ਾ䙊䗷㓯ᙗ㓴ਸ䟽ᇊѹࠪݹᆀ઼᳇ݹᆀ൪ˈ൘⭥ᕡ㠚ਁሩ〠ᙗ⹤㕪ਾਟԕᗇྲࡠ

лⲴ᣹∿䟿 >��@˖

༹ > ҃25঱౥౦঱ ౥౦҃25঱ ༠౥౦঱ ༠౥౦,23৑3ব༧ব༠3, োุ
Ȧো ม্౜౥ѳ౥ ҃ ৊৕ো ౜౥ব౥ ҃ ౴৊৕ো ౜౥ব༠౥ ҃ ৑ো ย ো -

������

ަѝ ঱౥౦ ઼ ঱ ༠౥౦ ᆀݹᱟ࡛࠶ ব઼᳇ݹᆀ ব༠Ⲵ൪ᕪ ৕̍ো ઼ ৑ো ᱟн਼Ⲵḷ߶⁑ර䍩
㊣ᆀ ো Ⲵ⭥㦧઼䍘䟿 ౴̍ᱟ⁑රⲴ䘀ࣘᆖ␧ਸ৲ᮠ ৑̍ব༧ ᱟ᳇ݹᆀ൘㠚ਁሩ〠ᙗ⹤
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㕪ਾ㧧ᗇⲴ䍘䟿ǄሩҾ᳇ݹᆀ㺠ਈࡠ↓䍏⭥ᆀሩⲴᇭᓖਟԕⴤ᧕㇇ᗇ >��@

ూ มব༠ Ќ ৊,৊҃ย > ౴3৊3৑ব༧23ʥ ໇2 ҃ ຕ3৑৊৑ব༧ ຖ
3
່

203
໇2 , 3৑3৊৑3ব༧ ່ / ������

㤕᳇ݹᆀ䍘䟿䏣ཏབྷˈᖃ❦ҏਟԕ㺠ਈࡠ ౥ ᆀ઼ަԆ䍩㊣ᆀǄа㡜ᛵߥлˈሩᫎ
ᵪӗ⭏Ⲵ᳇ݹᆀ㜭䟿䜭∄䖳བྷ ᖃ̍┑䏣 রব༧ Ӝ ৑ব༧ Ӝ ৑৊ᰦ ᳇̍ݹᆀ㺠ਈࡠ↓䍏⭥

ᆀሩⲴ㺠ਈ䮯ᓖѪ >��@

Ȧ৉ > ৈ 2ూব༧ ౜ব༧౛ব༧ ҹ )91 P*ভ৊ ຘ21҃6౴ ນ
3

ຘ রব༧
7H9ນ ຘ211 0H9৑ব༧ ນ

3 / ������

ভ৊ ᱟ᳇ݹᆀ㺠ਈࡠ⭥ᆀⲴ࠶᭟∄ˈ䘉䟼਴⿽⢙⨶䟿䜭ᖂаࡠҶᇎ傼ਟԕ㿲⍻ࡠⲴ
ިර٬ǄሩҾ ৑ব༧ ҭ 21 ҃ 211 0H9ˈ౴ ҭ 21҃6ˈরব༧ ҭ 7H9ˈ᳇ݹᆀⲴ㺠ਈ䮯ᓖབྷ

㓖Ѫ ༼)211* PǄ
������� ㊱䖪ᆆ⁗ශ

亮਽ᙍѹˈ㊫䖤ᆀ �$[LRQ�/LNH 3DUWLFOHV� $/3V�ᤷ䛓Ӌᙗ䍘о�����㢲ᨀࡠⲴѪ

Ҷ䀓ߣᕪ &3䰞仈ᡰ䴰㾱Ⲵ䖤ᆀ㊫լⲴᯠ㋂ᆀǄо䖤ᆀаṧˈᆳԜҏᱟᯠⲴ 8)2*
ᮤփሩ〠ᙗ⹤㕪ਾӗ⭏Ⲵ 1DPEX�*ROGVWRQH⧫㢢ᆀˈᱟ䎍ḷ䟿㋂ᆀ >��@Ǆ〫ٿሩ〠

ᙗ �VKLIW V\PPHWU\�֯ᗇ䖤ᆀ㠚❦ൠ؍ᤱҶሿ䍘䟿ˈ㘼ሩҾ㊫䖤ᆀˈᖰᖰᕅޕањ

ሿⲴ䍘䟿亩ᶕ䖫ᗞൠ⹤ൿ〫ٿሩ〠ᙗˈҾᱟ䇙㊫䖤ᆀⲴ䍘䟿ᡀѪ⤜・Ҿ⁑රⲴа

њ৲ᮠˈ֯ᗇ㊫䖤ᆀⲴ৲ᮠオ䰤⴨䖳Ҿ䖤ᆀབྷབྷᨀ儈Ǆ䘉ᱟ㊫䖤ᆀ઼䖤ᆀⲴᴰѫ

㾱४࡛ǄሩҾ 8)2*㠚ਁሩ〠ᙗ⹤㕪ਁ⭏൘⭥ᕡ㜭ḷⲴᛵᖒˈᖸᘛቡ㻛ᇎ傼ᡰᧂ䲔Ǆ
ᖃ㠚ਁሩ〠ᙗ⹤㕪㜭ḷᖸ儈ᰦˈ൘վ㜭४ᴹ᭸⨶䇪ѝˈ㊫䖤ᆀ ৆઼ḷ߶⁑රⲴ⸒
䟿൪䰤Ⲵ⴨ӂ֌⭘ᱟ �䱦Ⲵˈ᣹∿䟿Ѫ >��@

༹LQW > ҃25ৌ৆ভভ৆ভ౥౦ ȥভ౥౦ ҃ 25ৌ৆ূ ূ ৆ূ ব౥౦ ȥূ ব-౥౦/ ������

㙖ਸᑨᮠ ৌ৆ভভ઼ ৌ৆ূ ূ Ⲵ䟿㓢䜭ᱟ*H9҃2Ǆ⭥ᕡሩ〠ᙗ⹤㕪ਾ ㊫̍䖤ᆀ ৆Պо ౜౜ˈ౜৅ˈ৅৅ ઼ূ ,ূ ҃ ӗ⭏㙖ਸǄоᵜ᮷ᐕ֌⴨ޣⲴਚᴹ㺠ਈݹࡠᆀⲴᛵߥˈ⴨ޣ
Ⲵ᣹∿䟿Ѫ >��@

༹ Ӵ 23ѳ౥৆ѳ౥৆ ҃ 23৑3৆৆3 ҃ 25ৌ৆౜౜৆঱ ౥౦ ȥ঱౥౦/ ������

঱ ౥౦ ᱟ⭥⻱൪Ⲵ൪ᕪᕐ䟿Ǆ৆㺠ਈݹࡠᆀⲴ৲ᮠオ䰤ਚᴹєњ⤜・Ⲵ৲ᮠ˖㊫䖤ᆀ
Ⲵ䍘䟿 ৑৆઼оݹᆀⲴ㙖ਸᑨᮠ ৌ৆౜౜Ǆ㺠ਈᇭᓖਟԕ䙊䗷䘉њ᣹∿䟿ᗇࡠ >��@

ూ৆ Ӓ ూ )৆ Ќ ౜౜* > ৌ3৆౜౜৑4৆75ʥ / ������
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Ӿ㺠ਈᇭᓖޜᔿਟԕⴻࠪ ㊫̍䖤ᆀⲴ䍘䟿߿ሿᰦ ሯ̍ભᘛ䙏Ⲵ໎䮯 ᡰ̍ԕ㺠ਈ䮯ᓖ

ҏՊ䲿ѻ໎࣐ >��@

Ȧ৉৆ > ৈ 2ూ৆ ౜৆౛৆ ҹ )741 P* ຘ21҃5 *H9҃2ৌ৆౜౜ ນ
3 ๨ ৔৆

7H9๩ ຘ61 0H9৑৆ ນ
5 / ������

ሩҾ㜭䟿൘ 7H9䟿㓗Ⲵ ৆ˈ㺠ਈ䮯ᓖҏᱟ൘ ༼)211* PǄ
��� 㫏⢯গ⍑ӝ⭕ᆆ

ሩҾ㧧ᗇⲴሩᫎᇎ傼ᮠᦞˈᖰᖰ䴰㾱⭘㫉⢩঑⍋ �0RQWH &DUOR� 0&�ᯩ⌅ӗ⭏

⁑ᤏᮠᦞԕᗇࡠ⨶䇪Ⲵ亴ᵏˈ޽ሶᇎ傼ᮠᦞ઼⁑ᤏᮠᦞሩ∄᡽㜭⺞ᇊᱟ੖ᆈ൘ᯠ

⢙⨶Ⲵ䘩䊑Ǆ㫉⢩঑⍋⁑ᤏݸᱟ䙊䗷ӗ⭏ᆀ⭏ᡀሩᫎਟ㜭ӗ⭏Ⲵᵛᘱӗ⢙ˈ❦ਾ

ሶ䘉Ӌӗ⢙Ր䙂㔉⁑ᤏ᧒⍻ಘⲴ䖟Ԧԕ⁑ᤏ᧒⍻ಘሩ䘉Ӌ㋂ᆀⲴ૽ᓄǄᑨ⭘Ⲵӗ

⭏ᆀᴹ 3\WKLD>��@ˈ6KHUSD>��@ˈ+HUZLJ>��@ˈ0DG*UDSK�BD0&#1/2>��@ㅹǄӗ⭏ᆀ

Ⲵ⁑ᤏ䗷〻䴰㾱ṩᦞ㋂ᆀ⢙⨶⨶䇪㘳㲁ԕл䗷〻˖

��� ⺜ᮓሴ �KDUG VFDWWHU�˖⺜ᮓሴᱟᤷ䍘ᆀ�䍘ᆀሩᫎѝᴰ儈㜭䟿Ⲵєњ䜘࠶ᆀ

䰤Ⲵ৽ᓄ䗷〻Ǆ⭡Ҿ㜭䟿䖳儈ˈਟԕ䙊䗷 4&'ᡆަԆ⨶䇪ᗞᢠ䇑㇇ⴞḷ

৽ᓄ䗷〻Ⲵ䍩ᴬമˈ㧧ᗇᮓሴᡚ䶒Ǆ䇑㇇ᰦ䴰㾱㘳㲁䍘ᆀ䟼Ⲵ䜘࠶ᆀ࠶ᐳ

࠭ᮠ �3DUWRQ 'LVWULEXWLRQ )XQFWLRQ� 3')�ˈণ᢮ᩪࡠᑖаᇊࣘ䟿ⲴḀ⿽䜘࠶

ᆀⲴᾲ⦷ᇶᓖ࠭ᮠǄ⭡Ҿ䜘࠶ᆀ࠶ᐳ࠭ᮠ⎹৺ 4&'䶎ᗞᢠ䗷〻ˈᰐ⌅䘋

㹼㋮⺞Ⲵ⨶䇪䇑㇇ˈ䴰㾱䙊䗷ᤏਸᇎ傼ᮠᦞ⺞ᇊަѝⲴаӋ৲ᮠˈᤏਸн

਼ᇎ傼ᮠᦞᗇࡠⲴ䜘࠶ᆀ࠶ᐳ࠭ᮠѻ䰤ᆈ൘ᐞᔲǄ

��� 䜘࠶ᆀ㈷ሴ �SDUWRQ VKRZHU�˖䘉а↕㘳㲁⭡㜦ᆀ䗀ሴሬ㠤Ⲵሩ⺜ᮓሴ䗷〻

Ⲵ 4&'儈䱦؞↓ˈ儈㜭Ⲵ䜘࠶ᆀ䗀ሴࠪ㜦ᆀˈ㜦ᆀ৸ਟԕӗ⭏ᯠⲴаሩ

䜘࠶ᆀˈ䘋㘼ਁ⭏㓗㚄䗷〻ˈᖒᡀ䜘࠶ᆀ㈷ሴǄ䜘࠶ᆀ㈷ሴਟ㜭ᱟࡍᘱ㋂

ᆀӗ⭏Ⲵࡍᘱ䗀ሴ �,QLWLDO�6WDWH 5DGLDWLRQ� ,65� ᡆᵛᘱ㋂ᆀӗ⭏Ⲵᵛᘱ䗀

ሴ �)LQDO�6WDWH 5DGLDWLRQ� )65�Ǆ

��� ᕪᆀॆ �KDGURQL]DWLRQ� ⭡̟Ҿཨݻ⾱䰝 䜘̍࠶ᆀ㈷ሴӗ⭏Ⲵ㋂ᆀᴰ㓸Պᖒᡀ

ᰐ㢢ⲴᕪᆀǄ䜘࠶ᆀ㈷ሴᴰਾӗ⭏Ⲵ㋂ᆀ㜭䟿䖳վ ᰐ̍⌅⭘ᗞᢠ4&'⨶䇪

᧿䘠Ǆⴞࡽᆈ൘є⿽ѫ⍱Ⲵᕪᆀॆ⁑ර˖/XQGᕖ⁑ර >��@઼ഒ㈷⁑ර >��@Ǆ

��� ᓅቲһֻ �XQGHUO\LQJ HYHQW�˖䍘ᆀ�䍘ᆀሩᫎ䲔Ҷਁ⭏⺜ᮓሴཆˈަԆ䜘࠶

ᆀѻ䰤ҏਟ㜭ਁ⭏৽ᓄ 䘉̍Ӌ䗷〻Ⲵ㜭䟿䖳վ ਟ̍⭡ཊ䟽֌⭘⁑රᶕ⁑ᤏǄ

��� нっᇊ㺠ਈ˖ᕪᆀॆ䗷〻ӗ⭏Ⲵнっᇊ㋂ᆀՊᖸᘛൠ㺠ਈˈӗ⭏ᆀՊṩᦞ

䘉Ӌ㋂ᆀⲴሯભᶕ༴⨶ᆳԜⲴ㺠ਈǄֻ ྲˈূ �઼৅а㓿ӗ⭏ቡਟ㜭㺠ਈ
ᆀⲴ㈷ሴ઼ᕪᆀॆ䗷〻Ǆ࠶ᆀˈӗ⭏ᆀҏ䴰㾱⁑ᤏ䘉Ӌ䜘࠶䜘ࡠ

��



ㅜ �ㄐ བྷරᕪᆀሩᫎᵪ઼᧒⍻ಘ

ㅢ �ㄖ ཝශᕰᆆሯ᫔ᵰૂ᧘⎁ಞ

ĀᐕⅢழަһˈᗵަ࡙ݸಘāǄ䘋㹼㋂ᆀ⢙⨶ᇎ傼⹄ウᴰᴹ࣋Ⲵᐕާቡᱟሩᫎ

ᵪǄ൘ሩᫎᵪкˈӪ㊫ਟԕѫࣘൠ᧗ࡦ㋂ᆀሩᫎⲴ㜭䟿઼仁⦷ˈӗ⭏䴰㾱Ⲵሩᫎ

ӗ⢙ˈӾ㘼ਟԕⓀⓀнᯝൠ㧧ᗇᇎ傼ᮠᦞᶕԄ㓶⹄ウ਴⿽㋂ᆀⲴᙗ䍘ˈ㘼нᗵ㤖

㤖ㅹᖵᆷᇉሴ㓯Ǆᵜㄐ���㢲ቡᱟӻ㓽ᖃӺц⭼кᴰᕪབྷⲴሩᫎᵪ /+&ˈᵜ᮷ᐕ֌

ᡰ׍䎆Ⲵєњ /+&кⲴ᧒⍻ಘሶ࡛࠶൘���㢲઼���㢲䈖㓶ӻ㓽Ǆ

��� ཝශᕰᆆሯ᫔ᵰ /+&

/+&>��@ սҾ⌅ഭ઼⪎༛䗩ຳൠлˈᱟањઘ䮯䗮 䟼Ⲵ⧟ᖒሩᫎᵪǄ䇮ޜ��

䇑Ⲵᴰ儈䍘ᗳሩᫎ㜭䟿䗮ࡠҶҋৗ > 25 7H9ˈᱟ䗴ӺѪ→ሩᫎ㜭䟿ᴰ儈ⲴሩᫎᵪǄ
/+&䇮䇑Ӟᓖ �OXPLQRVLW\� ༹ > 2145 FP҃3V҃2ˈӞᓖ҈кᡚ䶒ቡ㜭ᗇࡠ⴨ᓄ⢙⨶䗷
〻Ⲵһֻ⦷ˈӞᓖ䎺儈ˈ㜭ཏ㧧ᗇⲴᇎ傼ᮠᦞ䎺ཊˈᡰԕ /+&㜭ཏ〟㍟Ⲵሩᫎᮠ

ᦞᱟ䶎ᑨਟ㿲ⲴǄ/+&к࠶ᐳҶ �њሩᫎ⛩ˈ⇿ањሩᫎ⛩к䜭ᴹањᐘབྷⲴ᧒

⍻ಘᶕ᭦䳶ሩᫎӗ⢙ˈѪ �њབྷරᇎ傼ᨀ׋ѠᇼⲴሩᫎᮠᦞǄ䘉 �њབྷරᇎ傼࠶

࡛ᱟ˖

��� $7/$6 �$ 7RURLGDO /+&$SSDUDWX6�ᇎ傼 䙊̟⭘ර᧒⍻ಘ 䶒⹄ウ䍘ᆀ�䍘ޘ̍

ᆀሩᫎ˗

��� &06 �7KH &RPSDFW 0XRQ 6ROHQRLG�ᇎ傼 䙊̟⭘ර᧒⍻ಘ 䶒⹄ウ䍘ᆀ�䍘ޘ̍

ᆀሩᫎˈо $7/$6ӂ⴨傼䇱઼㺕ݵ˗

��� /+&E �7KH /DUJH +DGURQ &ROOLGHU %HDXW\�ᇎ傼˖ѫ㾱⹄ウо েཨݻ⴨ޣⲴ
⢙⨶ˈ䟽⛩ޣ⌘ &3⹤ൿሬ㠤Ⲵ↓৽⢙䍘нᒣ㺑˗

��� $/,&( �$ /DUJH ,RQ &ROOLGHU�ᇎ傼˖⹄ウ䟽⿫ᆀሩᫎӗ⭏Ⲵ儈㜭䟿ᕪ⴨ӂ

֌⭘⢙䍘ˈྲཨݻ㜦ᆀㅹ⿫ᆀփˈ⁑ᤏᆷᇉབྷ⠶⛨ࡍᵏ⣦ᘱǄ

䘉 �њ᧒⍻ಘ൘ /+&кⲴ࠶ᐳս㖞ྲമ���ᡰ⽪Ǆ

/+& ᱟ䙊䗷а㓗а㓗࣐䙏䙀⑀ᢺ䍘ᆀⲴ㜭䟿ᨀॷк৫ˈ❦ਾ᡽䘋㹼ሩᫎⲴǄ

䍘ᆀᱟ䙊䗷ᖸᕪⲴ⭥൪֯≒≄⭥⿫ᗇࡠⲴǄ䍘ᆀӗ⭏ਾ 㓿̍䗷ⴤ㓯࣐䙏ಘ /,1$&�

�/,1HDU $&FHOHUDWH ��࣐䙏ࡠ �� 0H9˄ণሶ㻛 /,1$&�ᴯԓ /̍,1$&�ਟԕᢺ䍘ᆀ

࣐䙏ࡠ ��� 0H9˅̍❦ਾ⌘ࡠޕ䍘ᆀ਼↕ಘ᧘䘋ಘ �3URWRQ 6\QFKURWURQ %RRVWHU� 36%�

㧧ᗇ ��� *H9Ⲵ㜭䟿Ǆ᧕⵰ˈ䍘ᆀ䘀㹼ࡠ䍘ᆀ਼↕ಘ �3URWRQ 6\QFKURWURQ� 36�ˈ㻛

࣐䙏ࡠ �� *H9Ǆ޽㓿䗷䎵㓗䍘ᆀ਼↕ಘ �6XSHU 3URWRQ 6\QFKURWURQ� 636�࣐䙏ˈ⿫

ᔰ 636ᰦˈ䍘ᆀⲴ㜭䟿䗮ࡠҶ ��� *H9Ǆ䍘ᆀ䲿ਾቡ㻛⌘ࡠޕ /+&ѝˈа䜘࠶൘

��



ㅜ �ㄐ བྷරᕪᆀሩᫎᵪ઼᧒⍻ಘ

മ ��� བྷරᕪᆀሩᫎᵪ઼਴㓗࣐䙏ಘ㔃ᶴമ >��@

ᶏ⍱㇑䚃 �EHDP SLSH�ѝԕ亪ᰦ䪸䘀ࣘˈਖа䜘࠶൘ਖањᶏ⍱㇑䚃ԕ䘶ᰦ䪸䘀ࣘˈ

൘ /+&к࣐䙏ࡠᴰ㓸Ⲵሩᫎ㜭䟿 >��@Ǆ

/+&кᴹ ��њሴ仁㞄 �UDGLRIUHTXHQF\ FDYLW\�ˈ⇿ањሴ仁㞄⭥൪Ⲵᴰ儈⭥঻

ᴹ � 09ˈ䍘ᆀ↓ᱟ㻛䘉Ӌሴ仁㞄ѝⲴ⭥㜹ߢ䙀⑀࣐䙏Ǆሴ仁㞄䟼Ⲵ⭥൪ᱟ ���

0+]ⲴӔਈ⭥൪ˈ⇿。࠷ᦒ �ӯ⅑ᯩੁˈ䍘ᆀ䴰㾱㓿䗷аॳཊз⅑Ⲵሴ仁㞄࣐䙏

᡽㜭䗮ࡠሩᫎ㜭䟿ˈᮤњ䗷〻䴰㾱 ��ཊ࠶䫏Ǆሴ仁㞄Ⲵ⭥൪䇮䇑Ⲵ䶎ᑨ㋮߶ˈᖃ

䍘ᆀ㜭䟿ሿҾⴞḷ㜭䟿ᰦˈ䍘ᆀՊ䎦кሴ仁㞄֯ྭࡊᆳԜ࣐䙏Ⲵ⭥൪ᯩੁˈ৽ѻˈ

ᐳⲴ࠶䙏Ǆ/+&ѝ伎㹼Ⲵ䍘ᆀнᱟ䘎㔝߿Պ֯䍘ᆀࡉ 㘼̍ᱟᖒᡀ �� QV䰤䳄Ⲵ䍘ᆀ

ᶏഒ �EXQFK�ˈ⇿њ䍘ᆀᶏഒ㲭❦ਚᴹࠐᗞ㊣Ⲵབྷሿˈতवਜ਼кॳӯњ䍘ᆀǄѪ؍

䇱䘀㹼ѝⲴ䍘ᆀноオ≄࠶ᆀਁ⭏⻠ᫎ㘼ੁٿˈᶏ⍱㇑䚃ᗵ享؍ᤱ儈ᓖⲴⵏオ⣦

ᘱ >��@Ǆ

ѪҶ֯䍘ᆀਟԕ൘ /+&ѝڊശઘ䘀ࣘˈ䴰㾱⻱൪ᶕٿ䖜䍘ᆀ䘀ࣘᯩੁǄ/+&

֯⭘䎵ሬ⭥⻱䫱ᶕ䈳᧗⻱൪ˈ֯ 䍘ᆀ㜭ཏ᤹➗䇮䇑ᆼᡀ༽ᵲⲴ࣐䙏䘀ࣘ Ѫ̍↔ /+&

к֯⭘Ҷ ��ཊ⿽н਼Ⲵ⻱䫱Ǆ䎵ሬᙗ䴰㾱൘䎵վ⑙л᡽㜭ᇎ⧠ˈᡰԕ䘉Ӌ⻱䫱䜭

༴൘䴦л ���/� ত㌫㔏ѻѝǄ/+&кᴰѫ㾱Ⲵᱟৼᶱ⻱䫱ˈᆳԜ⧟㔅൘ߧ≖⏢&�

ᶏ⍱㇑䚃ઘത 䲿̍⵰䍘ᆀⲴ㜭䟿ᨀ儈㘼᭩ਈ⻱൪ᕪᓖ 䗮̍ࡠ䇮䇑㜭䟿ᰦ ਟ̍ԕӗ⭏

��� 7Ⲵ⻱൪Ǆৼᶱ⻱䫱ઘതՊᴹޝᶱǃޛᶱǃॱᶱ⻱䫱ሩৼᶱ⻱䫱Ⲵ⻱൪ڊаӋ

⻠ᐳǄ䍘ᆀᶏഒ㚊䳶Ⲵ䎺㍗ᇶˈєᶏ䍘ᆀਁ⭏ᴹ᭸࠶ԕ㧧ᗇᴤ⨶ᜣⲴ⻱൪ˈ↓؞

��
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ᫎⲴᾲ⦷䎺བྷˈᡰԕ /+&ҏ࡙⭘ҶаӋഋᶱ⻱䫱ᶕ㚊❖⇿ањᶏഒѝⲴ䍘ᆀ >��@Ǆ

മ���ᱟ /+&Ⲵ䘀㹼䇑ࡂǄ/+&ⴞࡽᐢ㓿亪࡙ൠ䘀㹼Ҷ 5XQ��઼ 5XQ��䱦⇥ˈ

ሩᫎⲴ䍘ᗳ㜭䟿Ӿ � 7H9䙀⑀ൠॷ儈ࡠҶ �� 7H9ˈᙫⲴ〟࠶Ӟᓖ䗮ࡠҶ 2:1 IE҃2ˈ
ਆᗇҶѠᇼⲴ⢙⨶ᡀ᷌Ǆ⧠൘ /+&к਴њ᧒⍻ಘ䜭൘䘋㹼㔤ᣔॷ㓗ˈ߶༷ԕ㢟ྭ

Ⲵ⣦ᘱ䗾᧕ⵏ↓ԕ䇮䇑ሩᫎ㜭䟿 �� 7H9䘀㹼Ⲵ5XQ��䱦⇥Ǆ൘5XQ��䱦⇥ਾ /̍+&

䇑ࡂॷ㓗Ѫ儈Ӟᓖ /+& �+LJK /XPLQRVLW\ /+&� +/�/+&�ǄቺᰦⷜᰦӞᓖՊ∄⧠൘

儈 ࡠ䗮ˈؽ�� 2146 FP҃3V҃2ˈ⇿。ᡰ㜭㧧ᗇⲴᇎ傼ᮠᦞҏሶཊ ᴰ㓸亴䇑㜭ˈؽ��

ཏਆᗇнቁҾ 4111 IE҃2ⲴሩᫎᮠᦞǄ

13 TeV

integrated 
luminosity

2 x nominal Lumi2 x nominal Luminominal Lumi

5 to 7.5 x nominal Lumi

75% nominal Lumi

cryolimit
interaction
regions

radiation
damage

LHC HL-LHC

Run 4 - 5...Run 2Run 1

DESIGN STUDY PROTOTYPES CONSTRUCTION INSTALLATION & COMM. PHYSICS

DEFINITION EXCAVATION / BUILDINGS

HL-LHC CIVIL ENGINEERING:

HL-LHC TECHNICAL EQUIPMENT:

Run 3

ATLAS - CMS
upgrade phase 1

ALICE - LHCb
upgrade

Diodes Consolidation
LIU Installation

11 T dipole coll.
Civil Eng. P1-P5

experiment 
beam pipes

splice consolidation
button collimators

R2E project

13 - 14 TeV 14 TeV

7 TeV 8 TeV

LS1 EYETS LS3

ATLAS - CMS
HL upgrade

HL-LHC 
installation

LS2

30 fb-1 190 fb-1 350 fb-1 3000 fb-1
4000 (ultimate)

20402027

മ ��� /+&䘀㹼䇑ࡂ >��@

��� $7/$6᧘⎁ಞ

$7/$6᧒⍻ಘᱟањ䮯 ��㊣ǃⴤᖴ ��㊣Ⲵശㆂᖒ᧒⍻ಘ 䟽̍䗮 ����੘ 㔃̍ᶴ

ྲമ���ᡰ⽪Ǆ$7/$6㾶ⴆࠐѾᡰᴹ・փ䀂ˈਟԕ᧒⍻䲔ѝᗞᆀԕཆⲴަԆᡰᴹḷ

߶⁑ර㋂ᆀǄ$7/$6ሩᫎ⛩ቡ൘᧒⍻ಘѝᗳˈሩҾ᧒⍻ࡠⲴ㋂ᆀս㖞Ⲵ᧿䘠֯⭘

Ⲵᱟ৏⛩սҾሩᫎ⛩Ⲵਣ᡻ㅋ঑ቄ඀ḷ㌫ =̍䖤ᤷੁᶏ⍱ᯩੁ ;̍䖤ᤷੁ /+&Ⲵശ

ᗳ <̍䖤↓ᯩੁᵍкǄᇎ傼䙊ᑨ֯⭘ᯩս䀂 ౷ˈɵ 䀂 ౡ઼⿫ =䖤Ⲵ䐍⿫ ৖ > ҋড়3 , ঢ়3
ᶕ᧿䘠㋂ᆀ൘ $7/$6᧒⍻ಘѝⲴս㖞Ǆ֯⭘оᶱ䀂ㅹ᭸Ⲵ䎍ᘛᓖ �SVHXGRUDSLGLW\�

ᖰᖰᴤᯩׯˈ䎍ᘛᓖᇊѹѪ ౠ > ҃ OQ WDQ)ౡ03*Ǆᖃ㋂ᆀⲴ㜭䟿䘌䘌བྷҾ䍘䟿ᰦˈ䎍
ᘛᓖࠐѾㅹҾᘛᓖ �UDSLGLW\�ǄᘛᓖᇊѹѪ ঢ় > 203 OQ\)র , ৔৞*0)র ҃ ৔৞*^ˈєњ㋂ᆀ
ᘛᓖѻᐞ൘㓥ੁ ERRVWлᱟ⍋ՖީнਈⲴǄṩᦞޜᔿᇩ᱃ⴻࠪ ;̍�<ᒣ䶒кⲴ䎍ᘛ

ᓖѪ �ˈ䎺䶐䘁ᶏ⍱ᯩੁˈ䎍ᘛᓖ㔍ሩ٬䎺བྷˈ䎻䘁ҾᰐェǄ൘ $7/$6᧒⍻ಘѝˈ

㺑䟿єњሩ䊑䰤Ⲵ䐍⿫ᑨ֯⭘䀂䐍⿫ �DQJXODU VHSDUDWLRQ�˖ѷঽ > ҋ)ѷౠ*3 , )ѷ౷*3Ǆ
Ӿമ���ਟԕⴻࠪˈ$7/$6᧒⍻ಘӾੁ޵ཆ⭡ �њᆀ᧒⍻ಘ㓴ᡀˈ࡛࠶ᱟ⍻䟿ᑖ⭥

㋂ᆀᖴ䘩Ⲵ޵䜘᧒⍻ಘ �LQQHU GHWHFWRU� ⍻̍䟿㜭䟿Ⲵ䟿㜭ಘ �FDORULPHWHU� ㋮̍⺞⍻䟿౥ᆀⲴ ౥ᆀ䉡Ԛ �PXRQ VSHFWURPHWHU�ǄѪҶ⍻䟿ᑖ⭥㋂ᆀⲴࣘ䟿ˈ޵䜘᧒⍻ಘ઼ ౥
ᆀ䉡Ԛ䜭䝽༷Ҷ䎵ሬ⻱䫱ᶕᨀٿ׋䖜⻱൪Ǆл䶒ާփӻ㓽ал $7/$6᧒⍻ಘⲴ਴

��
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њ㔃ᶴǄ

മ ��� $7/$6᧒⍻ಘࢆ䶒മ >��@

����� 䜞᧘⎁ಞ޻

䜘᧒⍻ಘᱟ⿫ሩᫎ⛩ᴰ䘁Ⲵᆀ᧒⍻ಘˈѫ㾱⭘ᶕ䟽ᔪᑖ⭥㋂ᆀⲴᖴ䘩઼亦޵

⛩Ǆ޵䜘᧒⍻ಘ㜭ཏ㾶ⴆ }ౠ} = 3/6Ⲵオ䰤Ǆമ���ǃമ���઼മ���ኅ⽪Ҷ޵䜘᧒⍻ಘ

Ⲵާփ㔃ᶴǄ޵䜘᧒⍻ಘ⭡ �њ䜘࠶㓴ᡀ˖ۿ㍐᧒⍻ಘ �3L[HO GHWHFWRU� 3L[HO�ˈ⹵

ᗞᶑ᧒⍻ಘ �6HPL&RQGXFWRU 7UDFNHU� 6&7�ˈ઼䏳䗱䗀ሴ᧒⍻ಘ �7UDQVLWLRQ 5DGLDWLRQ

7UDFNHU� 757�Ǆ

3L[HO ᱟ儈㋂ᓖ �JUDQXODULW\� Ⲵ⹵᧒⍻ಘˈਟԕ㾶ⴆ }ౠ} = 3/6 Ⲵ㤳തˈ࠶Ѫ
Ầ䜘 �EDUUHO�઼ㄟⴆ �HQG�FDS�є䜘࠶ǄẦ䜘ᱟ �ቲശḡᖒⲴ⹵᧒⍻ಘˈ࡛࠶սҾ৖ > 44PP- 61/6PP- 99/6PP- 233/6PPǄD ቲ〠Ѫ޵ ,%/ �,QVHUWDEOH %�/D\HU� ᱟ̍Ѫ

Ҷᨀ儈 ে�MHWⲴ䢤઼࡛亦⛩Ⲵ䟽ᔪ᭸⦷൘ 5XQ��ਾ᡽㻵кⲴǄㄟⴆ䜘࠶⭡ �ቲശⴈ

⣦Ⲵ⹵᧒⍻ಘ㓴ᡀ о̍ᶏ⍱඲ⴤ սҾ࡛࠶̍ ৞ > �5:6 PP- �691 PP- �761 PP>��@Ǆ

ᖃᑖ⭥㋂ᆀク䗷䘉Ӌ⹵Րᝏಘᰦ ⹵̍৏ᆀ㻛⿫ᆀॆ ӗ̍⭏⭥ᆀ�オイሩ ⭥̍ᆀ൘⭥൪

л〫ࣘᖒᡀؑਧ⭥⍱Ǆᖃањۿ㍐Րᝏಘ޵Ⲵؑਧ⭥⍱䎵䗷аᇊ䰸٬ 䈕̍ۿ㍐Րᝏ

ಘቡ㻛䀖ਁˈᑖ⭥㋂ᆀⲴս㖞⭡㻛䀖ਁⲴۿ㍐Րᝏಘᡰ൘ս㖞઼ؑਧ⭥⍱䎵䗷䰸

٬ᰦ䰤 �7LPH�RYHU�7KUHVKROG� 7R7�਼ޡ⺞ᇊ >��@Ǆ⇿њۿ㍐ՐᝏಘⲴቪረᖸሿˈᮤ њ

3L[HOवਜ਼䎵䗷 ���з⭥ᆀᆖ䈫ࠪ䚃Ǆ,%/кⲴ⇿њۿ㍐ՐᝏಘབྷሿѪ 61·361 ʡP3ˈ
ަԆቲкⲴۿ㍐ՐᝏಘቪረѪ 61 · 511 ʡP3ǄẦ䜘ۿ㍐Րᝏಘս㖞࠶䗘⦷䖳ᐞⲴᯩ

��



ㅜ �ㄐ བྷරᕪᆀሩᫎᵪ઼᧒⍻ಘ

മ ��� 䶒മࢆ䜘᧒⍻ಘ޵$6/$7 >��@

ੁᆹ㻵ᰦ⋯⵰ =䖤˄ㄟⴆᱟ⋯⵰ ৖ᯩੁ˅̍ 㘼䖳Ѫ㋮⺞Ⲵ 61 ʡPᯩੁᱟ⁚ੁ˄৖�౷˅
Ⲵ പ̍ᴹս㖞࠶䗘⦷࡛࠶Ѫ 226 ʡP઼ 21 ʡPǄ䘉ᱟ⭡Ҿ /+&к䍘ᆀሩᫎ൘⁚ੁк

ࣘ䟿ᆸᚂˈሩҾһֻ䟽ᔪᴤ࣐䟽㾱Ǆ儈㋮ᓖⲴᖴ䘩䟽ᔪ䴰㾱൘䶐䘁ሩᫎ⛩༴Ⲵս

㖞᧒⍻㋮ᓖᴤ儈ˈᡰԕ 3L[HO㻛ᆹ㻵൘ᴰ޵ቲǄ

6&7 ᱟᶑ⣦Ⲵ⹵᧒⍻ಘˈ৏⨶઼ 3L[HO ㊫լˈҏᱟᑖ⭥㋂ᆀ൘⹵Ր

ᝏಘѝӗ⭏⭥ᆀ�オイሩ֌ѪؑਧǄ6&7 ൘Ầ䜘ᴹ � ቲˈ䐍⿫ᶏ⍱ ৖ >3:: PP- 482 PP- 554 PP- 625 PPˈ⹵ᗞᶑ �VWULS� ᧂࡇ⋯⵰ = 䖤Ǆㄟⴆ䜘࠶ᴹ

�ቲˈ⹵ᗞᶑ੸䗀ሴ⣦ᧂࡇˈ䐍⿫ሩᫎ⛩ ��� PP � ���� PP>��@Ǆᮤњ 6&7ҏਟԕ

㾶ⴆ }ౠ} = 3/6Ⲵ㤳തǄ6&7ᙫޡᴹ ����њ⁑ඇˈ⇿њㄟⴆ ���њˈẦ䜘 ����њˈ

䎵䗷 ���з⭥ᆀᆖ䈫ࠪ䚃Ǆ⇿ањ 6&7⁑ඇ⭡ �⡷⹵ᗞᶑՐᝏಘ㓴ᡀ �̍⡷⹵ᗞᶑ

Րᝏಘѻ䰤ཀྵ䀂 51 PUDGǄ⇿⡷Րᝏಘкᴹ ���њ⹵ᗞᶑˈ⇿њ⹵ᗞᶑ䮯 237 PPˈ
ᖬ↔䰤䐍 91 ʡPǄᖃᑖ⭥㋂ᆀク䗷 6&7⁑ඇᰦˈ6&7ਚՊ䇠ᖅଚᶑ⹵ᗞᶑ㻛䀖ਁˈ

нՊ䇠ᖅ 7R7ˈҏн⸕䚃㋂ᆀࠫѝ⹵ᗞᶑⲴާփ䜘սǄնྲ᷌㋂ᆀ਼ᰦ䀖ਁє⡷

⹵ᗞᶑՐᝏಘˈ䙊䗷 �⡷Րᝏಘ䰤Ⲵཀྵ䀂ˈਟԕ䇑㇇ᗇࡠᑖ⭥㋂ᆀ㓿䗷⁑ඇᰦⲴ

�㔤ս㖞ؑ᚟Ǆ䘉֯ᗇ඲ⴤҾ⹵ᗞᶑᯩੁⲴս㖞࠶䗘⦷䖳ྭˈᡰԕ 6&7઼ 3L[HOа

ṧˈ⁚ੁⲴս㖞࠶䗘⦷ 28 ʡPՈҾᶏ⍱ᯩੁ˄Ầ䜘˅઼ ৖ᯩੁ˄ㄟⴆ˅Ⲵ 691 ʡPǄ
757⭡ ����зṩ┲〫㇑ �GULIW�㓴ᡀ ਟ̍ԕ㾶ⴆ }ౠ} = 3/1Ⲵ㤳തǄẦ䜘Ⲵ┲〫㇑

ᴹ ��ቲ 㾶̍ⴆҶ 671 PP = ৖ = 2191 PP઼ }৞} = 831 PPⲴオ䰤Ǆ⇿ṩẦ䜘Ⲵ┲〫
��



ㅜ �ㄐ བྷරᕪᆀሩᫎᵪ઼᧒⍻ಘ

മ ��� 䜘᧒⍻ಘẦ䜘޵$6/$7 �њᆀ㌫㔏Ⲵቪረ઼ާփ㔃ᶴ >��@

മ ��� ࠶䜘᧒⍻ಘㄟⴆ䜘޵$6/$7 �њᆀ㌫㔏Ⲵቪረ઼ާփ㔃ᶴ >��@

㇑䮯 255 FP о̍ᶏ⍱ᒣ㹼 ਚ̍㜭⍻䟿 ৖�౷ᒣ䶒Ⲵս㖞 н̍㜭⍻䟿 ৞ᯩੁⲴս㖞Ǆㄟⴆ
䜘࠶Ⲵᱟ 48 FPⲴ┲〫㇑ ੸̍䗀ሴ⣦࠶ᐳ ޡ̍ ���ቲ 㤳̍തѪ 728PP = ৖ = 2217PP
઼ 938 PP = }৞} = 3885 PPˈн㜭⍻䟿 ৖ᯩੁⲴս㖞Ǆ⇿њ┲〫㇑ⴤᖴ 5 PPˈѝ
ᗳᱟањ䭰䠁䫘э䱣ᶱ Ҷ┑ݵ䜘̍޵ �� �≉≄ �̍� �Ҽ≗ॆ⻣઼ � �≗≄Ⲵ␧ਸ

��



ㅜ �ㄐ བྷරᕪᆀሩᫎᵪ઼᧒⍻ಘ

≄փ >��@Ǆᖃᑖ⭥㋂ᆀク䗷䘉Ӌ≄փˈՊ֯≄փ⭥⿫ˈ⭥⿫ӗ⭏Ⲵ⭥ᆀ൘⭥൪л┲

䱣ᶱэࡠ〫 ᖒ̍ᡀؑਧ⭥⍱Ǆ┲〫㇑ѻ䰤ປݵҶ㚊щ✟ᶀᯉ ᧕̍䘁ݹ䙏Ⲵ㋂ᆀ䙊䗷

㚊щ✟઼┲〫㇑⭼䶒ᰦՊӗ⭏䏳䗱ݹᆀǄ⭥ᆀӗ⭏Ⲵݹᆀ㜭䟿䖳儈ˈ㘼 ౩ ӻᆀӗ
⭏Ⲵݹᆀ㜭䟿䖳վˈݹᆀՊ㻛┲〫㇑ѝⲴ≄փ੨᭦ˈሶ䙐ᡀⲴؑਧ⭥⍱о䇮ᇊⲴ

վ䰸٬ؑਧ઼儈䰸٬ؑਧ∄䖳ˈਟԕ਼ᰦ⍻䟿ᖴ䘩઼䢤࡛⭥ᆀо ౩ ӻᆀǄ757ѝ

⇿њ┲〫㇑Ⲵս㖞࠶䗘⦷Ѫ 241 ʡPˈ∄ 3L[HO઼ 6&7㾱ᐞǄн䗷 757ਟԕ⍻䟿ᴤ

䮯Ⲵᖴ䘩ˈ䙊䗷ᴤཊⲴ⍻䟿⛩ᶕᕕ㺕ˈᒣ൷⇿њᑖ⭥㋂ᆀՊク䗷 ��њ┲〫㇑Ǆ

����� 䠅㜳ಞ

$7/$6䟿㜭ಘ⭘ᶕ⍻䟿䲔 ౥ᆀ઼ѝᗞᆀཆަԆ㋂ᆀⲴ㜭䟿Ǆ࠶Ѫє䜘࠶ˈ䶐
Ⲵᱟ⍻䟿ਁ⭏⭥⻱㈷ሴח޵ �VKRZHU� Ⲵ㋂ᆀ㜭䟿Ⲵ⭥⻱䟿㜭ಘ �(OHFWURPDJQHWLF

&DORULPHWHU� (&DO� ཆ̍חⲴᱟ䙊䗷ᕪ⴨ӂ֌⭘⍻䟿㋂ᆀ㜭䟿Ⲵᕪᆀ䟿㜭ಘ �+DGURQLF

&DORULPHWHU� +&DO�ˈྲമ���ᡰ⽪Ǆ$7/$6䟿㜭ಘ䜭ᱟ䟷ṧර䟿㜭ಘˈ⭡੨᭦ቲ઼

䟷ṧቲӔ䭉㓴ᡀǄ੨᭦ቲᶀᯉ⭘ᶕ䱫→㋂ᆀ䘀ࣘˈਁ⭏㈷ሴˈᢺ㜭䟿⊹〟൘䟿㜭

ಘѝˈ䟷ṧቲ⭘ᶕ⍻䟿⊹〟Ⲵ㜭䟿Ǆ䟷ṧර䟿㜭ಘᱟ䶎㺕گර �QRQ�FRPSHQVDWLRQ�

䟿㜭ಘˈн㜭ሶᕪᆀᡰᴹ⊹〟Ⲵ㜭䟿⍻䟿ࡠˈᗵ享㓿䗷ਾᵏⲴаӋ؞↓᡽㜭ᗇࡠ

ᕪᆀⵏ↓Ⲵ㜭䟿Ǆ䟿㜭ಘᗵ享ᖸྭൠሶ⭥⻱㈷ሴ઼ᕪᆀ㈷ሴᇩ㓣൘ަѝˈ੖ࡉ䘉

Ӌ㋂ᆀሴޕ ౥ᆀ䉡ԚՊѕ䟽ᒢᢠ ౥ᆀⲴ䟽ᔪǄᡰԕˈ䟿㜭ಘᗵ享ṩᦞᡰ⭘ᶀᯉⲴ
੨᭦ޕሴ㋂ᆀ㜭䟿Ⲵ㜭࣋ˈ䇮䇑䏣ཏⲴ৊ᓖǄа㡜⭘䗀ሴ䮯ᓖৃ1Ѫঅս㺑䟿ᶀᯉ
Ⲵᴹ᭸৊ᓖˈৃ1 㺘⽪儈㜭⭥ᆀ൘ᶀᯉѝ⭡Ҿ丗㠤䗀ሴᦏཡ 20H㜭䟿ᰦ㹼䘋Ⲵᒣ൷
䐍⿫ǄሩҾᕪᆀ䟿㜭ಘѝⲴᶀᯉˈਟԕ䙊䗷㊫լৃ1Ⲵ⴨ӂ֌⭘䮯ᓖ ౤ᶕ㺑䟿ަ䱫
→ᕪᆀ䘀ࣘⲴ㜭࣋Ǆ

⭥⻱䟿㜭ಘᱟ儈㋂ᓖⲴ䫵�⏢≙䟷ṧර䟿㜭ಘˈާᴹ᡻仾⩤රⲴࠐօ㔃ᶴˈѫ

㾱⭘ᶕ⍻䟿⭥ᆀ઼ݹᆀⲴ㜭䟿ˈ㾶ⴆ }ౠ} = 4/3Ⲵ㤳തǄ⭥⻱䟿㜭ಘ֯⭘䫵֌Ѫ੨
᭦⢙䍘ᶕ֯㋂ᆀਁ⭏⭥⻱㈷ሴˈ㘼⏢≙֌Ѫ䟷ṧ⢙䍘⍻䟿㜭䟿Ǆ㈷ሴ㋂ᆀՊ֯⏢

≙⿫ᆀॆˈӗ⭏⭥ᆀˈ⭥ᆀ㻛᭦䳶ǃ࡫ᓖ �FDOLEUDWLRQ�ਾ㜭ཏᓖ䟿㜭䟿Ǆѻᡰԕ䘹

ᤙ⏢≙ˈᱟഐѪᆳっᇊᙗ儈ˈᇩ᱃࡫ᓖˈԧṬҏ∄䖳ׯᇌǄ⭥⻱䟿㜭ಘẦ䜘㾶ⴆ}ౠ} = 2/586ˈᱟ⭡ �њ䮯 4/3 Pǃ޵ᖴ 3/9 Pǃཆᖴ 5 PⲴॺẦ䟿㜭ಘ㓴ᡀˈ�њॺ

Ầ䟿㜭ಘ൘ ৞ > 1༴ᴹ 5 PPⲴオ䳉ˈн਼ ౠ༴৊ᓖ൘ 33 ࡠ1ৃ 44 ৃ1ѻ䰤Ǆㄟⴆ
䜘࠶㾶ⴆ 2/486 = }ౠ} = Ѫ਼䖤Ⲵ࠶ˈ4/3 �ቲ䖞⣦䟿㜭ಘǄח޵Ⲵㄟⴆ䟿㜭ಘ㾶ⴆ3/6 = }ౠ} = 4/3ˈ৊ᓖӾ 37 ࡠ1ৃ 47 ৃ1ǄཆחⲴㄟⴆ䟿㜭ಘ㾶ⴆ 2/486 = }ౠ} = 3/6ˈ
৊ᓖӾ 35 ࡠ1ৃ 49 ৃ1Ǆ൘䴰㾱㋮⺞⍻䟿Ⲵ }ౠ} = 3/6४ฏˈ⭥⻱䟿㜭ಘᴹ �ቲˈ㔃

ᶴമ㿱മ���ǄㅜаቲⲴ৊ᓖѪ 5/4 ৃ1 ౠ̍ᯩੁ㋂ᓖᴰ儈ˈ࠶䗘⦷䗮ࡠ ѷౠ > 1/1142ˈ
ਟԕ䖳ྭൠ४ݹ࠶ᆀ઼ ౩1ǄㅜҼቲᱟᴰ৊Ⲵˈᴹ 27 ৃ1ˈਟԕᨀ׋䖳ྭⲴ ౠ�౷࠶

��



ㅜ �ㄐ བྷරᕪᆀሩᫎᵪ઼᧒⍻ಘ

മ ��� $7/$6䟿㜭ಘࢆ䶒മ >��@

䗘⦷Ǆㅜйቲ৊ᓖӵᴹ 3 ৃ1ˈ⭘ᶕ४࠶⭥⻱㈷ሴ઼ᕪᆀ㈷ሴǄ൘ }ౠ} = 2/9Ⲵ४ฏˈ
ᆹ㻵ᴹ亴䟷ṧ䟿㜭ಘ �SUHVDPSOHU�ˈ⭘ᶕ؞↓⭥ᆀ઼ݹᆀᣥ䗮⭥⻱䟿㜭ಘࡽⲴ㜭䟿

ᦏཡǄ䘉њ亴䟷ṧቲ൘Ầ䜘઼ㄟⴆ࡛࠶ᱟ 2/2 FP઼ 1/6 FPⲴ㓟⏢≙Ǆ
ᕪᆀ䟿㜭ಘѫ㾱⭘ᶕ⍻䟿௧⌘Ⲵ㜭䟿 ㋂̍ᓖ∄⭥⻱䟿㜭ಘᐞаӋǄ൘Ầ䜘 }ౠ} =2/8 㤳തᱟ⬖⡷䟿㜭ಘ �WLOH FDORULPHWHU�ˈ֯⭘Ⲵ੨᭦ᶀᯉᱟ䫱ˈ䰚⛱փ⭘ᶕ䟷ṧǄ

䫱ѝӗ⭏Ⲵ㈷ሴ൘䰚⛱փѝ㻛䖜ॆѪݹᆀˈ䘉Ӌݹᆀ䙊䗷ݹ㓔ሬࠪˈ㻛໎ؽ⭥ݹ

㇑᭮བྷਾਟԕ࡫ᓖᡀ㜭䟿Ǆ⬖⡷䟿㜭ಘवᤜањ 6/9 PѝᗳẦ䜘䟿㜭ಘˈ઼ �њ3/7 PⲴᤃኅẦ䜘䟿㜭ಘǄㄟⴆ 2/6 = }ౠ} = 4/3㤳തᱟ⭘䬌֌Ѫ੨᭦ᶀᯉⲴ⏢≙䟿
㜭ಘǄੁࡽ䟿㜭ಘ �)RUZDUG &DORULPHWHU� )&DO�㜭ཏ⍻䟿 4/2 = }ౠ} = Ⲵ㋂ᆀ㜭޵:/5
䟿ˈᴹ �њ⁑ඇǄㅜањ⁑ඇ֯⭘䬌֌Ѫ੨᭦ᶀᯉˈѪ⭥⻱㈷ሴڊҶՈॆǄަԆє

њ⁑ඇ䟷⭘䫘ᶕ੨᭦㜭䟿ˈ⢙䍘ᇶᓖ䶎ᑨ儈Ǆᕪᆀ䟿㜭ಘ൘Ầ䜘઼ㄟⴆ৊ᓖ࡛࠶

Ѫ :/8 ౤઼ 21 ౤Ǆ
����� ౥ ᆆ䉧Ԡ

౥ ᆀ䉡Ԛᱟ $7/$6᧒⍻ಘⲴᴰཆቲˈ⭘Ҿ൘ }ౠ} = 3/8㤳ത޵䢤࡛ ౥ ᆀ઼⍻
䟿 ౥ ᆀⲴࣘ䟿ˈ䘈ਟሩ }ౠ} = 3/5 ѝⲴ ౥ ᆀ䘋㹼䀖ਁǄ౥ ᆀ䉡Ԛ⍻䟿ࣘ䟿Ⲵ৏⨶
⭘䜘᧒⍻ಘаṧˈҏᱟ࡙޵઼ ౥ ᆀ൘⻱൪ѝٿ䖜ᖴ䘩Ⲵᴢ⦷ᶕ⺞ᇊࣘ䟿Ǆ౥ ᆀ䉡
ԚⲴ㔃ᶴኅ⽪൘മ���ˈ⭡ �⿽ᖴ䘩⍻䟿ᇔ㓴ᡀˈ࡛࠶ᱟ┲〫㇑ᖴ䘩ᇔ �0RQLWRUHG

'ULIW 7XEHV� 0'7�ˈ䱤ᶱэᖴ䘩ᇔ �&DWKRGH 6WULS &KDPEHUV� &6&�ˈ⭥䱫ᶯᖴ䘩ᇔ

��



ㅜ �ㄐ བྷරᕪᆀሩᫎᵪ઼᧒⍻ಘ

മ ��� $7/$6⭥⻱䟿㜭ಘẦ䜘 ౠ > 1༴㔃ᶴമ >��@

�5HVLVWLYH 3ODWH &KDPEHUV� 53&�઼㮴䳉ᖴ䘩ᇔ �7KLQ *DS &KDPEHUV� 7*&�Ǆ䘉Ӌᖴ

䘩ᇔⲴ৏⨶㊫լˈ䜭ᱟ ౥ ᆀク䗷ᖴ䘩ᇔˈ䙐ᡀᖴ䘩ᇔѝⲴ≄փ⭥⿫ˈ䙊䗷᭦䳶⭥
⿫Ⲵ⭥㦧䘋㹼⍻䟿Ǆ0'7⇿њᖴ䘩ᇔᴹ � � �ቲ㻵ᴹ≙≄ǃҼ≗ॆ⻣઼≤㫨≄␧ਸ

≄փⲴ┲〫㇑ˈ┲〫㇑ѝ䰤ᱟаṩ䱣ᶱэǄ0'7オ䰤࠶䗘⦷ᖸྭˈ⇿њ┲〫㇑࠶

䗘⦷ᴹ 91 ʡPˈᖴ䘩ᇔ࠶䗘⦷㜭䗮ࡠ 46 ʡPˈѫ㾱⭘Ҿ㋮⺞⍻䟿 }ౠ} = 3/8ѝ ౥ᆀⲴ
ᖴ䘩Ǆնᱟ┲〫㇑ѝ⭥ᆀ┲〫∄䖳ធˈ䴰㾱 811 QVǄ&6&⭘Ҿㄟⴆ 3 = }ౠ} = 3/8४
ฏˈᱟཊэ↓∄┲〫ᇔˈ൘ ৖ᯩੁ˄ᖴ䘩ٿ䖜ᯩੁ˅オ䰤࠶䗘⦷Ѫ 51 ʡPˈ౷ᯩੁ
オ䰤࠶䗘⦷Ѫ 6 PPˈҏᱟ⭘Ҿ㋮⺞⍻䟿 ౥ᆀⲴᖴ䘩Ǆ౥ᆀ䀖ਁ㌫㔏䴰㾱ࠐॱ㓣。
㓗Ⲵ䈫ࠪ䙏ᓖˈᡰԕ⭘ 53&઼ 7*&ᶕ֌Ѫ㺕ݵˈᆳԜⲴ䈫ࠪ䙏ᓖ䜭㜭䗮ࡠ 26 QV
� 36 QVǄ53&⭘ҾẦ䜘 }ౠ} = 2/16४ฏˈ⭘єњᒣ㹼Ⲵ⭥䱫ᶯ᭦䳶⭥⿫⭥㦧Ǆ⭡Ҿ
䴚ፙ᭸ᓄˈ䈫ࠪ䶎ᑨᘛˈնオ䰤࠶䗘⦷ਚᴹ 21 PPǄ7*&Ⲵ㔃ᶴ઼ &6&㊫լˈ⭘

Ҿㄟⴆ 2/16 = }ౠ} = 3/5४ฏˈオ䰤࠶䗘⦷൘ࠐ∛㊣Ǆ
��
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മ ��� $7/$6 ౥ᆀ䉡Ԛ㔃ᶴമ >��@

����� ⻷䫷㌱㔕

⻱䫱㌫㔏ሩҾᑖ⭥㋂ᆀࣘ䟿Ⲵ⍻䟿ॱ࠶䟽㾱ˈ$7/$6⻱䫱㌫㔏ྲമ����ᡰ⽪Ǆ

㷪㓯㇑⻱䫱 �VROHQRLG PDJQHW�䮯 6/9 Pˈ޵ᖴ 3/57 Pˈཆᖴ 3/67 PˈѪ޵䜘᧒⍻ಘ
ᨀ׋ањ � 7Ⲵ⋯ᶏ⍱ᯩੁⲴ⻱൪ǄѪҶ߿ሿ㋂ᆀ䘋ޕ䟿㜭ಘࡽⲴ㜭䟿ᦏཡ 䇱؍̍

䟿㜭ಘⲴ᭸᷌ˈ㷪㓯㇑⻱䫱ሩᐳተ䘋㹼ҶՈॆˈ֯ᗇ৊ᓖਚᴹ 1/77 ৃ1Ǆᡰ⭘ᶀᯉ
ᱟᴹ儈っᇊᙗⲴ 1E7Lሬփˈ䘀㹼൘ ��� .Ⲵ⑙ᓖˈ᭮ݵ⭥བྷᾲ䴰㾱 䫏ǄẦ䜘࠶��

Ⲵ �њശ⧟ර⻱䫱 �WRURLG PDJQHW�䮯 36/4 Pˈ䐘ᓖӾ ৖ > :/5 Pࡠ ৖ > 31/2 Pˈ֯⭘
Ⲵሬփᱟ 1E�7L�&X Ѫ̍ ౥ᆀ䉡Ԛᨀ׋ ��� 7Ⲵ⻱൪ǄㄟⴆⲴശ⧟ර⻱䫱Ѫ ౥ᆀ䉡Ԛ
ᨀ׋ � 7Ⲵ⻱൪Ǆ

����� 䀜ਇૂᮦᦤ༺⨼㌱㔕

/+&⇿。䘋㹼 ����з⅑䍘ᆀᶏഒሩᫎ˄⇿⅑ᶏഒሩᫎ〠Ѫањһֻ �HYHQW�˅̍

㘼 $7/$6ᙫޡᴹ䎵䗷 �ӯ⭥ᆀᆖ䈫ࠪ䚃ˈ⇿。Պӗ⭏䎵䗷ࠐॱ 7%Ⲵᮠᦞˈᡰԕ

ᢺᮠᦞޘ䜘䇠ᖅлᶕᒦ༴⨶ᱟнᇎ䱵ⲴǄަ ᇎ ሩ̍ᫎӗ⭏ⲴԔӪᝏޤ䏓Ⲵһֻᖸ㖅

ᴹˈ㘼ᒦн䛓Ѹᴹԧ٬Ⲵһֻতᖸཊˈᡰԕ䴰㾱䀖ਁ઼ᮠᦞ༴⨶㌫㔏 �7ULJJHU DQG

'DWD $FTXLVLWLRQ� 7'$4�㌫㔏ᶕ᥁䘹аሿ䜘࠶ᡁԜᝏޤ䏓Ⲵһֻ䇠ᖅлᶕǄ$7/$6

��
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മ ���� $7/$6䎵ሬ⻱䫱㔃ᶴˈ₈㢢䜘࠶ᱟ⻱䫱ˈަԆ仌㢢Ⲵᱟ䟿㜭ಘǄ㷪㓯㇑⻱䫱൘
䟿㜭ಘח޵ˈശ⧟ර⻱䫱൘䟿㜭ಘཆח >��@

䀖ਁ઼ᮠᦞ༴⨶㌫㔏⽪᜿൘മ����Ǆ$7/$6䀖ਁ㌫㔏࠶Ѫє㓗˖สҾ⺜ԦⲴ �㓗

䀖ਁ �/HYHO��� /��઼สҾ䖟ԦⲴ儈㓗䀖ਁ �+LJK�/HYHO�7ULJJHU� +/7�Ǆ/�ѫ㾱࡙⭘౥ ᆀ䉡ԚⲴ 53& ઼ 7*&Ⲵؑ᚟ᒦ㔃ਸ䟿㜭ಘⲴؑ᚟ˈ࡙⭘∄䖳ㆰঅⲴപॆ൘⺜

ԦѝⲴ㇇⌅ᇊѹᝏޤ䏓Ⲵ४ฏ �5HJLRQV�RI�,QWHUHVW� 5R,� ণ̍䎵䗷аᇊ䰸٬Ⲵ儈⁚㜭

䟿 র7 ४ฏˈᒦ൘ ��� PVࡔ޵ᯝᱟ੖䙊䗷ḀӋㆋ䘹ḷ߶ˈ∄ྲᱟ੖Ѫ⭥ᆀǃݹᆀǃ

௧⌘ㅹˈሶһֻ⦷Ӿ �� 0+]䱽ࡠ ��� N+]Ǆ䲿ਾˈ/�Պᢺ㓿䗷ㆋ䘹Ⲵһֻǃ䙊䗷

Ⲵㆋ䘹ᶑԦ઼ 5R,ѝⲴаӋ⢩ᖱՐ䙂㔉 +/7Ǆ൘ᢺһֻՐ㔉 +/7ѻࡽˈᘛ䙏ᖴ䘩

䟽ᔪ㌫㔏 �)DVW 7UDF.HU� )7.�㜭ཏᘛ䙏ൠ䙊䗷ḕ㺘Ⲵᯩᔿᶕ䘋㹼⁑ᔿ䇶࡛ ᨀ̍޵׋

䜘᧒⍻ಘⲴޘተᖴ䘩䟽ᔪ Ѫ̍ +/7ᨀ׋ᴹޣᖴ䘩Ⲵؑ᚟ >��@Ǆ+/7࡙⭘઼⿫㓯䟽ᔪ

㇇⌅㊫լⲴ㇇⌅ԕ৺ᮤњ᧒⍻ಘⲴؑ᚟ᶕ䘋㹼䟽ᔪˈ❦ਾ䘋а↕ㆋ䘹һֻˈ൘ ���

PV޵ᢺһֻ⦷䱽ࡠ � N+]Ǆ+/7䟽ᔪⲴ४ฏਟԕᱟ /�ᇊѹⲴ 5R,ˈᡆ㘵ᱟᮤњ᧒

⍻ಘ㤳ത >��@Ǆ

䙊䗷 +/7ㆋ䘹Ⲵһֻԕཊ⿽ᯩᔿ㻛䇠ᖅ䘋н਼Ⲵᮠᦞ⍱ˈ∄ྲ SK\VLFV�0DLQ

��
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ѫ㾱䇠ᖅ⭘Ҿ⢙⨶᷀࠶Ⲵᮠᦞ 7̍/$ �7ULJJHU /HYHO $QDO\VLV�ᮠᦞ⍱ਚ䇠ᖅ +/7䟽

ᔪⲴሩ䊑㘼⋑ᴹ᧒⍻ಘⲴᮠᦞ 䘈̍ᴹ H[SUHVVǃGHEXJㅹᮠᦞ⍱Ǆ䘉Ӌᮠᦞᴰ㓸㻛ۘ

ᆈ51)&ࡠⲴᮠᦞѝᗳ 7LHU�� 䘉̍ᱟц⭼ /+&䇑㇇㖁Ṭ �:RUOGZLGH /+&&RPSXWLQJ

*ULG� :/&*�Ⲵㅜаቲ㓗ˈަԆቲ㓗࠶ᐳ൘ц⭼਴ൠˈ਼ۘޡᆈ઼᷀࠶ /+&ᇎ傼

ᮠᦞǄ$7/$6ᮠᦞ൘㖁Ṭѝн਼㢲⛩䜭ᴹ༷ԭˈԕ䱢ᇍ䍥ⲴᮠᦞђཡǄ䘉Ӌᮠᦞ

ਾ㔝Պ֯⭘ $7/$6ᇈᯩ䖟ԦṶᷦ $7+(1$ᶕ䘋㹼༴⨶઼䟽ᔪǄа㡜䴰㾱俆ݸ䟽

ᔪਚᴹ �� � �� +]Ⲵ H[SUHVVᮠᦞ⍱ˈ㧧ᗇࡍ↕Ⲵ࡫ᓖˈ޽ሶ䘉Ӌ࡫ᓖ⭘Ҿޘ䜘Ⲵ

SK\VLFV�0DLQᮠᦞ⍱Ǆ䘈ᴹаӋᖸ䟽㾱Ⲵݳᮠᦞ �PHWDGDWD�>��@ ᆳ̍Ԝ䇠ᖅҶ /+&઼

$7/$6൘ਆᮠᰦⲴаӋ⣦ᘱˈ∄ྲ⻱䫱Ⲵ⣦ᘱǃᶏ⍱Ⲵ⣦ᘱǃཡ᭸Ⲵ᧒⍻অݳㅹǄ

ṩᦞ䘉Ӌ⣦ᘱˈՊ㔉н਼Ⲵᮠᦞањḷㆮˈᡰ䉃ྭ䘀㹼ᮠᦞࡇ㺘 �*RRG 5XQ /LVW�

*5/�ˈ⢙⨶᷀࠶ᓄ䈕֯⭘ *5/ѝⲴਟ䶐ᮠᦞᶕ؍䇱㔃᷌Ⲵᴹ᭸ᙗǄ

മ ���� $7/$6䀖ਁ઼ᮠᦞ༴⨶㌫㔏 >��@

��
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��� )$6(5᧘⎁ಞ

)$6(5 �7KH )RUZ$UG 6HDUFK ([SH5LPHQW�ᇎ傼ᱟ ����ᒤ㻛 &(51ᢩ߶Ⲵ /+&

кањᯠⲴሿරᇎ傼 ѫ̍㾱ራ᢮䎵ࠪḷ߶⁑රⲴሿ䍘䟿ǃᕡ㙖ਸ䮯ሯભᯠ㋂ᆀˈ਼

ᰦ ਟ̍ԕ⭘ᶕ⹄ウ儈㜭ѝᗞᆀ >��@Ǆ)$6(5᧒⍻ಘ⧠൘↓൘ᔪ䙐ᖃѝ 亴̍䇑൘ /+&

5XQ��䱦⇥ᔰ࿻↓ᔿਆᮠ /̍6�ᰦਟ㜭Պ᭩䙐ᡀᴤབྷቪረⲴ᧒⍻ಘ )$6(5 �Ǆ)$6(5

ᇎ傼⹄ウⲴ㋂ᆀӗ⭏Ҿ $7/$6ሩᫎ⛩ˈ⭡Ҿ⹄ウⲴ㋂ᆀሯભ䖳䮯ˈ)$6(5᧒⍻

ಘ᭮㖞Ҿ䐍 $7/$6 ሩᫎ⛩⋯ᶏ⍱ᯩੁ ��� ㊣༴Ⲵ 7,�� 䳗䚃޵ˈྲമ����Ǆ7,��

䳗䚃ѻࡽᱟ⭘Ҿ䘎᧕䎵㓗䍘ᆀ਼↕ಘ 636઼ /(3 �/DUJH (OHFWURQ̢ 3RVLWURQ�ሩᫎᵪ

Ⲵˈնᱟⴞࡽ䰢㖞ǄѪҶ֯ )$6(5᧒⍻ಘⲴ儈ᓖ㜭ཏሩ߶ $7/$6ሩᫎ⛩ˈ7,��

ѝ᭮㖞 )$6(5 ᧒⍻ಘⲴൠ䶒ਚ䴰㾱ੁл᥆ ��� ㊣ˈ❦ਾ 7,�� ቡᴹҶᆼޘ䘲ਸᆹ

᭮ )$6(5᧒⍻ಘⲴオ䰤Ǆ࡙ ⭘⧠ᆈⲴ 7,��䳗䚃޵Ⲵオ䰤䚯ݽҶབྷරᐲ᭯ᐕ〻 བྷ̍

བྷ㢲㓖Ҷ )$6(5ᇎ傼Ⲵ䍩⭘઼ᔪ䙐ᐕᵏǄሶ )$6(5᧒⍻ಘ᭮൘ 7,��ⲴਖањՈ

⛩ᱟ˖)$6(5᧒⍻ಘ઼ $7/$6ѻ䰤ᚠྭᴹ⵰аӋᴹ࡙Ҿ )$6(5ᇎ傼Ⲵ䇮ᯭǄֻ

ྲˈᶕ㠚 $7/$6ሩᫎ⛩Ⲵᖸཊ㋂ᆀՊ㻛 /+&к؍ᣔ⻱䫱Ⲵ 7$6 �7DUJHW $EVRUEHU

6HFRQGDU\� ઼ 7$1 �7DUJHW $EVRUEHU 1HXWUDO� ੨᭦ˈᑖ⭥㋂ᆀҏՊ㻛 /+& кⲴ⻱

䫱ٿ䖜ᦹˈ֯ᗇ䘉Ӌ㋂ᆀᴰਾ䳮ԕࡠ䗮 )$6(5 ᧒⍻ಘǄਖཆˈ$7/$6ሩᫎ⛩઼

)$6(5᧒⍻ಘѻ䰤䘈ᴹ ��㊣Ⲵ␧ࠍ൏઼ ��㊣Ⲵዙ⸣ˈ䘉֯ᗇਚᴹḷ߶⁑රѝⲴ

儈㜭 ౥ᆀ઼ѝᗞᆀ᡽ਟ㜭䘋ޕ )$6(5᧒⍻ಘ ᡰ̍ԕ )$6(5ᇎ傼⧟ຳ䶎ᑨᒢ߰Ǆ㘼

фˈ)$6(5᧒⍻ಘᡰ༴ս㖞Ⲵ䗀ሴ≤ᒣᖸվˈᡰ⭘Ⲵ⭥ᆀᆖಘԦᒦн䴰㾱ᖸᕪⲴ

ᣇ䗀➗ᙗ㜭ǄѪҶᴹ᭸ൠ䢤࡛ᯠ㋂ᆀ઼᧗ࡦ䍩⭘ )̍$6(5᧒⍻ಘ㻛䇮䇑ᡀമ����ኅ

⽪Ⲵ㔃ᶴˈл䶒ާփӻ㓽਴њ䜘࠶Ǆ

മ ���� )$6(5᧒⍻ಘ൘ /+&ѝⲴս㖞

��
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Emulsion/tungsten detector
(FASERν)

0.55T permanent
dipole magnets

Tracking stations

Scintillators

ECAL

മ ���� )$6(5᧒⍻ಘⲴ㔃ᶴ

����� 䫞�ҩ㜬᧘⎁ಞ

䫘�ң㜦᧒⍻ಘ༴Ҿ )$6(5᧒⍻ಘᴰࡽㄟˈ⭘ᶕ⹄ウӗ⭏Ҿ $7/$6ሩᫎ⛩Ⲵ

ѝᗞᆀǄ䫘�ң㜦᧒⍻ಘ⭡ 81 ʡPң㜦㮴⡷઼ � PP䫘ᒣᶯӔ䭉㘼ᡀˈᙫޡᴹ ����

ቲң㜦㮴⡷ˈᙫ䮯ᓖ ����㊣ˈ⴨ᖃҾ 396 ৃ1઼ 21/2 ౤Ǆң㜦㮴⡷⭡ⴤᖴ ��� QPⲴ

ⓤॆ䬦Ღփ࠶ᮓ൘᰾㜦ӻ䍘ѝ㓴ᡀˈս㖞࠶䗘⦷Ѫ �� QPǄ䫘Ⲵ᭮ሴᙗվˈᒦфᇶ

ᓖ儈ˈ䗀ሴ䮯ᓖ઼⴨ӂ֌⭘䮯ᓖ䖳ሿˈਟԕ؍ᤱ᧒⍻ಘቪረ∄䖳ሿǄ

����� 䰠⛷։᧘⎁ಞ

)$6(5кᴹ �њ䰚⛱փ᧒⍻ಘˈ䰚⛱փⲴᶀᯉᱟກᯉ䰚⛱փ %LFURQ %& ���Ǆ

ㅜ �њ䰚⛱փ൘䫘�ң㜦᧒⍻ಘѻࡽˈㅜ �઼ㅜ �њ䰚⛱փ൘ㅜањ⻱䫱ѻࡽˈ⭘

ᶕᧂ䲔ᑖ⭥㋂ᆀˈѫ㾱ᱟ儈㜭 ౥ᆀǄѪҶ䱢→儈㜭 ౥ᆀ䙊䗷丗㠤䗀ሴӗ⭏Ⲵݹᆀ
ᒢᢠһֻ䟽ᔪˈㅜ �઼ㅜ �њ䰚⛱փѻ䰤࣐Ҷаቲབྷ㓖 31 ৃ1 ৊Ⲵ䫵ˈ⭘ᶕ੨᭦
ᆀਁ⭏㈷ሴ㻛ㅜݹᆀˈᡆ㘵֯ݹ �њ䰚⛱փ᧒⍻ࡠǄ䘉єњ䰚⛱փ৊ � FPˈሩᑖ

⭥㋂ᆀⲴ᧒⍻᭸⦷儈Ҿ ������Ǆㅜ �њ䰚⛱փսҾㅜањ⻱䫱ѻਾˈ⭘Ҿ䀖ਁ઼

䇑ᰦǄሩҾḀӋ亴ᵏⲴؑਧһֻˈ䮯ሯભ㋂ᆀ൘ㅜањ⻱䫱޵䜘ਁ⭏㺠ਈˈӗ⭏ �

њᑖ⴨৽⭥㦧Ⲵḷ߶⁑ර㋂ᆀˈㅜ �њ䰚⛱փቡᱟ䙊䗷᧒⍻䘉 �њᑖ⭥ӗ⢙ᶕ֌

Ѫ䀖ਁǄ䈕䰚⛱փᰦ䰤㋮ᓖ䗮ࡠ � QVˈ䀖ਁᰦ䰤൘һֻ䟽ᔪᰦ䴰㾱઼ $7/$6ѝ䍘

ᆀᶏഒሩᫎⲴᰦ䰤⴨३䝽ˈӾ㘼ᧂ䲔нᱟᶕ㠚 $7/$6ሩᫎ⛩ⲴᵜᓅǄ䘉ቲ䰚⛱փ

৊ᓖ � FPˈ∄ࡽ �њ䰚⛱փ㮴ˈ䘉ᱟѪҶ߿ቁ䰚⛱փѝⲴ⢙䍘ሩᖴ䘩䟽ᔪⲴᖡ૽ˈ

ն᧒⍻᭸⦷ӽ❦䗮ࡠ ���ԕкǄᴰਾаቲ䰚⛱փ൘⭥⻱䟿㜭ಘࡽ䶒ˈаᯩ䶒֌Ѫ

䀖ਁˈоㅜ �њ䰚⛱փ䘋㹼䀖ਁㅖਸˈ߿ቁ䶎⢙⨶Ⲵ䀖ਁǄਖаᯩ䶒ˈ䘉ቲ䰚⛱փ

䶒ᴹаቲ㮴Ⲵ䫵ˈ֌Ѫ亴㈷ሴࡽ �SUHVKRZHU�ˈ䘉ሩҾ࠶䗘㺠ਈᵛᘱѪ �њᖸ䶐䘁

��
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ⲴݹᆀⲴؑਧॱ࠶䟽㾱ˈ੖ࡉ䳮ԕ઼儈㜭ѝᗞᆀ൘䟿㜭ಘѝਁ⭏Ⲵ␡ᓖ䶎ᕩᙗᮓ

ሴ४࠶Ǆ

����� ᖺ䘯᧘⎁ಞ

)$6(5Ⲵᖴ䘩᧒⍻ಘ࡙⭘Ҷ$7/$6䰢㖞Ⲵ 6&7⁑ඇǄ6&7൘ 5XQ��઼ 5XQ��

Ⲵ䘀㹼ѝᐢ㓿࠶ݵ䇱᰾ᱟਟ䶐Ⲵˈ㘼фオ䰤࠶䗘⦷ሩҾ )$6(5Ⲵᖴ䘩䟽ᔪᱟ䏣ཏ

ⲴǄ)$6(5Ⲵᖴ䘩᧒⍻ಘ࠶Ѫཀྵ൘⻱䫱䰤Ⲵ �њᖴ䘩ㄉ �WUDFNLQJ VWDWLRQ�ˈ⇿њᖴ

䘩ㄉ৸⭡ �њਜ਼ᴹ �њ 6&7⁑ඇⲴᖴ䘩᧒⍻ᒣ䶒㓴ᡀ 㿱̍മ����Ǆ⇿њᒣ䶒Ⲵ �њ

6&7⁑ඇᱟӔ䭉ᧂᐳⲴˈ⴨䛫Ⲵ 6&7⁑ඇ൘ )$6(5ѝ䖤㓯ᯩੁ⴨䐍ࠐ∛㊣ˈ䘉

⿽ᧂᐳݱ䇨 6&7⁑ඇⲴ䗩㕈䟽ਐˈ֯ ᗇн਼ 6&7⁑ඇⲴ⹵Րᝏಘ㺘䶒ѻ䰤⋑ᴹオ

䳉ˈ䚯ݽ᧒⍻ⴢ४Ǆ䘉Ӌ 6&7⁑ඇѝⲴ⹵ᗞᶑ⋯⵰⻱൪ⲴᯩੁˈѪ⻱൪Ⲵٿ䖜ᒣ

䶒ᨀ׋ᴤྭⲴオ䰤࠶䗘⦷Ǆ⭡Ҿ তቡਟߧ䗀ሴ≤ᒣ䖳վˈ⹵Րᝏಘн䴰㾱޵��,7

ԕᨀ׋ਟ᧕ਇⲴಚ༠≤ᒣˈնᱟ 6&7кⲴу⭘䳶ᡀ⭥䐟㣟⡷ᗵ享㾱ߧতǄ)$6(5

䟷ਆ≤ߧ㌫㔏ᶕ؍ᤱ 6&7⑙ᓖ൘ �� �&ԕлǄ䢤Ҿ )$6(5ᇎ傼ѝ 6&7Ⲵ䀖ਁ⦷

∄䖳վˈ6&7Ⲵ䈫ࠪ㌫㔏∄ $7/$6֯⭘ⲴㆰঅⲴཊǄ

�D�ᖴ䘩ㄉⲴ㔃ᶴ �E�ᖴ䘩᧒⍻ᒣ䶒к �њ 6&7⁑ඇӔ䭉ᧂᐳ

മ ���� )$6(5ᖴ䘩᧒⍻ಘ >��@

����� ⭫⻷䠅㜳ಞ

⭥⻱䟿㜭ಘ㜭ཏᴹ᭸ൠᢺ ౥ᆀ઼⭥ᆀǃݹᆀ४࠶ᔰᶕǄሩҾ )$6(5ᇎ傼Ⲵؑ
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᰾ˈ㓿䗷䘉Ӌ؞↓ਾⲴ䟽ᔪ௧⌘⁚ࣘ䟿ᐢо൘ᰦ઼⿫ᰦ SLOH�XSᰐޣǄ

�D�൘ᰦ SLOH�XS �E�⿫ᰦ SLOH�XS

മ ��� ௧⌘Ⲵ⁚ࣘ䟿ሩ SLOH�XSⲴ׍䎆о }ౠ}Ⲵޣ㌫ �৔WUXH7 > 36 *H9�>��@
৫䲔 SLOH�XSਾˈла↕ቡ䴰㾱ᢺ௧⌘Ⲵഋࣘ䟿࡫ᓖࡠⵏᇎ௧⌘Ⲵഋࣘ䟿Ǆ䘉

а↕䴰㾱㘳㲁ࡠ䟿㜭ಘⲴ䶎㺕گᙗǃ䟿㜭ಘѝⲴ↫⢙䍘ǃഒ㈷ཆⲴ⊹〟㜭䟿઼௧⌘}ౠ}䟽ᔪⲴٿᐞǄ㜭䟿૽ᓄᇊѹѪ ঽ > রUHFR0রWUXHˈᒣ൷㜭䟿૽ᓄቡᱟሩ রUHFR0রWUXH

ᓖഐᆀ࡫ᮠˈ௧⌘㜭䟿৲Ⲵ൷٬ࡠᐳ䘋㹼儈ᯟᤏਸᗇ࠶ �-HW (QHUJ\ 6FDOH� -(6�ቡ

ᱟᒣ൷㜭䟿૽ᓄⲴقᮠǄሩҾн਼Ⲵ রUHFR ઼ }ౠ}࠶४䴰㾱࡛࠶ሬࠪ -(6ˈ㔃᷌ྲ

മ���ᡰ⽪ ᰾̍ᱮⴻࡠ᧒⍻ಘ㔃ᶴሩᒣ൷㜭䟿૽ᓄⲴᖡ૽ǄሩҾ௧⌘ }ౠ}Ⲵ؞↓о㜭
䟿㊫լˈਚн䗷࡙⭘Ⲵᱟ䟽ᔪⲴ઼ⵏᇎⲴ }ౠ}ѻ䰤Ⲵᐞ٬ˈ㘼䶎∄٬Ǆ
ѻࡽⲴє↕䜭ᱟሩᡰᴹ௧⌘ⲴᲞ䙽؞↓Ǆնᇎ䱵кˈሩҾާᴹн਼ણ䚃઼㔃

ᶴⲴ௧⌘ˈ࡫ᓖ䴰㾱䲿ѻ᭩ਈˈ੖ࡉՊ䙐ᡀ௧⌘㜭䟿࠶䗘⦷ �-HW (QHUJ\ 5HVROXWLRQ�

-(5� ∄䖳བྷǄла↕Ⲵޘተ亪ᒿ࡫ᓖ �*OREDO 6HTXHQWLDO &DOLEUDWLRQ� *6&� ቡᱟ䙊

䗷ሩн਼Ⲵ௧⌘䘋㹼а㌫ࡇⲴ䘋а↕؞↓ᶕ߿ሿ௧⌘㜭䟿࠶䗘⦷ˈ㘼н᭩ਈ -(6Ǆ

��
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�D�䲿 ౠⲴਈॆ �E�䲿 রUHFRⲴਈॆ

മ ��� ௧⌘Ⲵᒣ൷㜭䟿૽ᓄ >��@

*6&สҾаӋޘተ௧⌘ਈ䟿ˈवᤜ௧⌘⊹〟㜭䟿Ⲵ㔃ᶴˈо௧⌘ޣ㚄Ⲵᖴ䘩ˈо

௧⌘ሩᓄⲴ ౥ ᆀ䉡ԚⲴؑ᚟Ǆ࡙⭘ᙫޡ �њਈ䟿࡛࠶⤜・ൠሩ௧⌘Ⲵഋࣘ䟿䘋㹼

ҏᱟ֌Ѫ↓؞䘉Ӌˈ↓؞ ৔WUXH7 ઼ }ౠ}Ⲵ࠭ᮠǄമ���ኅ⽪Ҷ䘉 �њ؞↓ሩ -(5⇿а

↕ⲴՈॆǄ

⌘䟽ᔪ௧↓؞ᓖ䜭ᱟ࡙⭘Ҷ0&⁑ᤏⲴⵏᇎ௧⌘ᶕ࡫䶒Ⲵࡽ ն̍0&⁑ᤏ∅ㄏ

н㜭઼ࡠڊⵏ↓Ⲵ䍘ᆀሩᫎӗ⭏Ⲵ௧⌘ᆼޘа㠤ˈᡰԕᴰ㓸䘈䴰࡙⭘ᮠᦞ䘋㹼 LQ

VLWX࡫ᓖᶕᕕ㺕ᮠᦞ઼0&䰤Ⲵн਼ǄLQ VLWX࡫ᓖ䴰㾱࡙⭘௧⌘৽ߢҾਖањ࡫ᓖ

∄䖳߶⺞Ⲵሩ䊑Ⲵһֻˈ਼ᰦሩᮠᦞ઼0&ቡ਼а⿽һֻ⍻䟿௧⌘Ⲵ૽ᓄ ৔MHW7 0৔UHI7 ˈ
ਆ儈ᯟᤏਸⲴ൷٬ ঽLQ VLWX ֌Ѫᒣ൷Ⲵ௧⌘૽ᓄǄሶᮠᦞ઼ 0&ᗇࡠⲴᒣ൷௧⌘૽

ᓄⲴ∄٬ ৈ > ঽGDWD
LQ VLWX0ঽ0&

LQ VLWX ֌ѪањᯠⲴ࡫ᓖഐᆀˈᒦሶ䘉њഐᆀⲴقᮠӵӵᓄ

⭘Ҿᮠᦞˈ㘼нᱟ0&ǄLQ VLWX࡫ᓖ࠶Ѫй↕Ǆ俆ݸᱟ⭘ৼ௧⌘һֻˈ⭘Ầ䜘ѝ䰤

४ฏ }ౠ} = 1/9Ⲵ௧⌘ሩੁࡽ 1/9 ࢮ }ౠ} = 5/6௧⌘ഋࣘ䟿䘋㹼؞↓Ǆ❦ਾˈ⭘վ ৔7
Ⲵ௧⌘৽ߢҾ࡫ᓖ㢟ྭⲴݹᆀᡆ৅⧫㢢ᆀⲴһֻ ሩ̍վ ৔7Ⲵ௧⌘䘋㹼࡫ᓖǄ䘉а
↕ $7/$6㘳㲁Ҷ �⿽һֻ ౜̟ , MHWˈ৅ Ќ ৊,৊҃ , MHW઼ ৅ Ќ ౥,౥҃ , MHWǄᴰਾˈ࡙

ᓖྭⲴվ࡫⭘ ৔7௧⌘ˈ൘ӵਜ਼ᴹањ儈 ৔7௧⌘Ⲵཊ௧⌘һֻѝሩ儈 ৔7Ⲵ௧⌘䘋
㹼؞↓Ǆ㓿䗷䘉й↕ˈ൘н਼ ౠ४ฏ઼н਼ ৔7Ⲵ௧⌘䜭؞↓Ҷᮠᦞ઼0&⁑ᤏⲴ

ᐞᔲǄമ���㔉ࠪҶ⭘䘉 �⿽һֻ㚄ਸ⍻䟿Ⲵ LQ VLWX࡫ᓖഐᆀǄ

-(6ᙫޡᴹ ���亩⤜・Ⲵ㌫㔏䈟ᐞˈབྷ䜘࠶㌫㔏䈟ᐞᶕ㠚 LQ VLWX࡫ᓖˈवᤜ

ᓖⲴ㌫㔏䈟ᐞㅹǄᙫⲴ㌫㔏䈟࡫ᆀݹⲴㆋ䘹ᶑԦǃ0&Ⲵ䈟⁑ᤏǃᶕ㠚䖫ᆀ઼᷀࠶

ᐞ㿱മ���ˈަѝĀ5HODWLYH LQ VLWX -(6āᱟᶕ㠚 LQ VLWX࡫ᓖㅜа↕ሩੁࡽ௧⌘Ⲵ؞

↓ˈᮠᦞ઼ 0&൘ }ౠ} > 3/6༴Ⲵᱮ㪇ᐞᔲ䙐ᡀҶമ����E�ѝ㌫㔏䈟ᐞⲴєњࠨ䎧Ǆ

ަԆ LQ VLWX࡫ᓖ㌫㔏䈟ᐞ䜭ᖂᒦࡠҶĀ$EVROXWH LQ VLWX -(6āǄĀ3XQFK�WKURXJKāᱟ

*6&ѝ0&⁑ᤏⲴ䘋ޕ ౥ᆀ䉡ԚⲴ௧⌘઼ᮠᦞ䰤Ⲵᐞ࡛ሬ㠤Ⲵ㌫㔏䈟ᐞǄޣҾ௧
��
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മ ��� *6& ⇿а↕؞↓ሩҾ -(5 ⲴՈॆˈᡰᴹણ䚃Ⲵ௧⌘䜭ᐢवᤜ䘋ᶕˈкᯩ㓥䖤Ⲵ౬0ঽᱟ࠶ᮠ -(5ˈлᯩ㓥䖤Ⲵ ౬ ᱟ⋑ᴹ㓿䗷ԫօ Ⲵ↓؞&6* -(5ˈ౬༧ ↕ᱟ⇿а࡛࠶ *6&
ਾⲴ↓؞ -(5>��@

മ ��� �⿽઼᷀࠶㚄ਸ⍻䟿˄唁㢢ᇎ㓯˅㔉ࠪⲴ LQ VLWX࡫ᓖഐᆀ䲿௧⌘⁚ࣘ䟿Ⲵਈॆ >��@

��
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⌘ણ䚃Ⲵєњ㌫㔏䈟ᐞᱟ㘳㲁ࡠӗ⭏Ҿн਼䜘࠶ᆀⲴ௧⌘㓴ᡀ㔃ᶴ઼䟿㜭ಘሩަ

Ⲵ૽ᓄн਼Ǆ⢙⨶᷀࠶ѝᒦн䴰㾱ྲ↔ཊ⤜・Ⲵ -(6㌫㔏䈟ᐞˈྲ᷌㜭ሶᡰᴹⲴ

㌫㔏䈟ᐞ䜭⴨࣐ᡀѪа亩 -(6ཊ։৲ᮠ �QXLVDQFH SDUDPHWHU�ˈ㠚❦ᱟᯩׯⲴˈնа

Ӌ㌫㔏䈟ᐞሩҾн਼ ౠ઼ ৔7Ⲵ௧⌘⺞ᇎᆈ൘⵰ޣ㚄ˈᡰԕᆈ൘⵰ཊ⿽ᯩṸṩᦞᵜ
ᖱ⸒䟿࠶䀓ሶ ���亩㌫㔏䈟ᐞ㓖ॆᡀаӋᴰቁൠᦏཡޣ㚄ᙗⲴᴹ᭸ཊ։৲ᮠǄ㓖

ॆⲴཊ։৲ᮠⲴॿᯩᐞ⸙䱥䴰㾱઼৏ཊ։৲ᮠⲴॿᯩᐞ⸙䱥⴨∄䖳ˈྲ᷌ᐞ䐍䗷

བྷˈቡ䴰㾱࣐ޕᴤཊⲴཊ։৲ᮠᶕ߿ሿޣ㚄ؑ᚟ⲴᦏཡˈⴤࡠᆳԜⲴᐞ䐍ሿҾа

ᇊ䰸٬Ǆ

�D�䲿 ৔MHW7 Ⲵਈॆ �E�䲿 ౠⲴਈॆ
മ ��� -(6Ⲵ㌫㔏䈟ᐞˈᙫⲴ䈟ᐞᱟമѝ਴亩䈟ᐞⲴᒣᯩ઼Ⲵᒣᯩṩ >��@

௧⌘㜭䟿࠶䗘⦷ሩ⎹৺௧⌘Ⲵ⢙⨶᷀࠶ԕ৺ђཡ⁚ࣘ䟿Ⲵ⍻䟿䜭ॱ࠶䟽㾱Ǆ

-(5઼䟿㜭ಘ࠶䗘⦷Ⲵᶴᡀ㊫լˈਟԕ৲ᮠॆѪ˖౬ ม৔7ย৔7 > হ৔7 Ԇ াҋ৔7 Ԇ ম/ �����

ಚ༠亩হ ᶕⓀҾ⭥ᆀᆖಚ༠઼ SLOH�XS 䘉̍є亩䜭ⴤ᧕ᖡ૽⊹〟൘䟿㜭ಘѝⲴ㜭䟿ˈ

Ѿ⤜・Ҿ௧⌘Ⲵ㜭䟿⊹〟Ǆ䲿ᵪ亩ࠐ া ৽᱐Ҷ⊹〟㜭䟿Ⲵ䲿ᵪ⏘㩭ˈоҋ৔7ᡀ↓
∄Ǆᑨᮠ亩 ম ⴤ᧕઼ ৔7 ⴨ޣˈ∄ྲ⊹〟൘↫⢙䍘ѝⲴ㜭䟿Ǆ$7/$6࡙⭘ৼ௧⌘

һֻᶕ⍻䟿 -(5 䘉̍ᗇ⳺Ҿ௧⌘൘਼ṧⲴ ౠ४ฏ⁚ࣘ䟿Ⲵ࠶䗘⦷ᱟ⴨਼ⲴǄ-(5䙊
䗷ᤏਸৼ௧⌘һֻѝⲴнሩ〠ਈ䟿༮ᗇࡠˈ༮ᇊѹѪ˖

༮ Ӓ ৔SUREH7 ҃ ৔UHI7৔DYJ7

/ �����

ަѝ ৔DYJ7 > )৔SUREH7 , ৔UHI7 *03Ǆ㲭❦֌Ѫ᧒䪸Ⲵ௧⌘઼֌Ѫ৲㘳Ⲵ௧⌘൘н਼Ⲵ ౠ४
ฏˈն -(5Ⲵ४࡛ሿҾ ��ˈҾᱟᗇࡠ

ຼ౬৔7৔7 ຽ
SUREH > ຼ౬৔7৔7 ຽ

UHI > ౬༮ҋ3/ �����

��
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ᇎ䱵⍻䟿ࡠⲴ ౬༮ нӵਇ᧒⍻ಘ࠶䗘⦷Ⲵᖡ૽ˈ䘈Պਇࡠ䈨ྲᕪᆀॆㅹ䗷〻䙐ᡀ
௧⌘ѝ㋂ᆀᮠⴞн⺞ᇊਈॆⲴ⢙⨶᭸ᓄⲴᖡ૽ˈ䘉䜘࠶ҏቡᱟⵏᇎ௧⌘Ⲵ࠶䗘⦷ˈ

⍻䟿ࡠⲴ ౬༮ᱟє㘵Ⲵধ〟Ǆⵏ↓ᓄ䈕ᤏਸⲴᱟ৫䲔ⵏᇎ௧⌘࠶䗘⦷ਾӵਜ਼ᴹ᧒⍻
ಘ࠶䗘⦷Ⲵ ౬GHW༮ Ǆമ����㔉ࠪҶ $7/$6ᇎ傼௧⌘㜭䟿࠶䗘⦷৺ަ䈟ᐞǄ

�D� -(5 �E� -(5Ⲵ䈟ᐞ

മ ���� -(5৺ަ䈟ᐞ䲿 ৔MHW7 Ⲵਈॆ ಚ̍༠亩হ ᱟ䙊䗷䲿ᵪശ䭕Ⲵᯩ⌅ਖཆ⍻䟿Ⲵ ᒦ̍൘

-(5Ⲵᤏਸѝ㻛പᇊ >��@

����� ে�MHWⲺḽᇐ
௧⌘ਟ㜭ᱟ⭡਴⿽ણ䚃Ⲵཨݻᡆ㘵㜦ᆀਁ⭏㈷ሴ઼ᕪᆀॆӗ⭏ˈҏਟ㜭ᱟ⭡

Ҿ儈㜭䟿Ⲵূ �৅�+LJJV㺠ਈӗ⭏Ⲵєњ௧⌘䐍⿫䗷䘁ˈӾ㘼൘䟿㜭ಘѝнਟ४࠶

ᡰᖒᡀⲴབྷⴤᖴ௧⌘Ǆᖸཊ⢙⨶᷀࠶䴰㾱Ҷ䀓һֻѝⲴ௧⌘ⓀҾଚ⿽㋂ᆀˈҾᱟ

ਁኅࠪҶ਴⿽ޣҾ௧⌘Ⲵḷᇊ㇇⌅Ǆᵜ᮷ᐕ֌䴰㾱ሩ ে�MHWⲴḷᇊǄᡰ䉃 ে�MHWᱟᤷ
ਜ਼ᴹ েᕪᆀⲴ௧⌘ˈнਜ਼ েᕪᆀնਜ਼ᴹ ৈ ᕪᆀⲴ௧⌘〠Ѫ ৈ�MHWˈнਜ਼ েᕪᆀ઼ ৈ
ᕪᆀⲴ௧⌘〠Ѫ OLJKW�MHWǄে�MHWⲴḷᇊ㇇⌅䜭ᱟ࡙⭘ েᕪᆀⲴ䮯ሯભǃ儈䍘䟿઼㺠
ਈӗ⢙ཊ䟽ᙗㅹᙗ䍘ǄֻྲˈেᕪᆀⲴ ৈ౭ > 561 ʡPˈՊӗ⭏ањ⿫ѫ亦⛩ᴹ⴨ᖃ
䐍⿫Ⲵ⅑㓗亦⛩ˈ䘉ቡ㜭֌Ѫ४࠶ ে�MHWⲴ⢩ᖱǄ$7/$6ݸᱟਁኅࠪҶࠐ⿽สҾ௧
⌘ѝᖴ䘩઼亦⛩Ⲵվ䱦㇇⌅ᶕḷᇊ ে�MHW ,̟3�'઼ ,3�'㇇⌅ >��@࡙⭘Ҷ௧⌘ѝᖴ䘩

Ⲵᖡ૽৲ᮠ �LPSDFW SDUDPHWHU� 6̠9�㇇⌅ >��@䟽ᔪҶঅаⲴ䘌⿫ѫ亦⛩Ⲵ⅑㓗亦⛩˗

-HW)LWWHU㇇⌅ >��@ 㘳㲁Ҷ েᕪᆀᕡ㺠ਈᰦ઼ަԆ䜘࠶ᆀн਼Ⲵᤃᢁ㔃ᶴˈ䈅മ䟽ᔪেᕪᆀᆼᮤⲴ㺠ਈ䗷〻ǄสҾ䘉Ӌվ䱦㇇⌅ˈ$7/$6৸ሶᆳԜ㔃ਸ䎧ᶕ֌Ѫཊਈ

䟿࠶㊫ಘⲴ䗃ޕ ᖒ̍ᡀҶ �⿽儈䱦 ে�MHWḷᇊ㇇⌅ 0̟9�઼ '/�Ǆ09�㇇⌅䟷⭘Ҷ

໎ᕪߣㆆṁ �%RRVWHG 'HFLVLRQ 7UHH� %'7�֌Ѫ࠶㊫ಘˈ%'7ਟԕᴤ࠶ݵൠ᥆ᧈ䗃

ਈ䟿वਜ਼Ⲵؑ᚟ԕᨀ儈ޕ ে�MHWḷᇊⲴ߶⺞ᓖǄ'/�㇇⌅࡙ࡉ⭘Ҷ␡ᓖ⾎㓿㖁㔌ᶕ

䢤࡛ ে�MHWˈ䈕㖁㔌ᴹ �њ䗃ࠪ٬ ৔েˈ৔ৈ ઼ ৔OLJKWˈ࡛࠶ሩᓄ࠶㊫ሩ䊑Ѫ ে�MHWˈৈ�MHW
��
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઼ OLJKW�MHWⲴᾲ⦷ˈᴰ㓸 '/�ሩ ে�MHWḷᇊⲴ࡛ࡔਈ䟿Ѫ˖
য'/2 > OQໄ ৔েোৈ Զ ৔ৈ , ม2 ҃ োৈย Զ ৔OLJKW໅ - �����

োৈ ᱟ ৈ�MHW൘ᵜᓅ䇝㓳ṧᵜѝⲴঐ∄ >��@ǄѪҶ∄䖳䘉Ӌ㇇⌅ⲴՈ࣓ˈᑨ⭘Ⲵᤷḷ

ᴹ˖↓⺞ൠḷᇊ ে�MHWⲴ᭸⦷ ౴েˈᢺ ৈ�MHWᡆ OLJKW�MHW䈟ḷᇊѪ ে�MHWⲴ᭸⦷ ౴ৈ ઼ ౴৐ˈ
ᑨ֯⭘ 20౴ৈ ઼ 20౴৐֌Ѫ ৈ�MHW઼ OLJKW�MHWⲴᤂ㔍⦷Ǆമ����∄䖳Ҷ਴⿽վ䱦㇇⌅઼儈

䱦㇇⌅ሩ ৈ�MHW઼ OLJKW�MHWⲴᤂ㔍⦷䲿 ౴ে Ⲵਈॆˈਟԕⴻࠪ儈䱦㇇⌅Ⲵᤂ㔍⦷∄վ
䱦㇇⌅ᱮ㪇ᨀ儈ˈ'/�㺘⧠⮕ՈҾ09�Ǆ

�D� ৈ�MHWᤂ㔍⦷ �E� OLJKW�MHWᤂ㔍⦷

മ ���� ,3�'ǃ69�ǃ-HW)LWWHUǃ09�઼ '/�㇇⌅Ⲵᤂ㔍⦷䲿 ে�MHWḷᇊ᭸⦷Ⲵਈॆˈ'/�
Ⲵ োৈ > 9&ˈṧᵜѪ0&⁑ᤏⲴ ৘ Ȧ৘һֻ >��@

ԕк㇇⌅Ⲵ ে�MHWḷᇊ᭸⦷䜭ᱟ࡙⭘0&⁑ᤏᗇࡠⲴˈᓄ⭘ࡠᮠᦞѝՊᆈ൘а

ᇊᐞᔲǄ$7/$6࡙⭘ ৘ Ȧ৘һֻⲴᮠᦞᶕ䇴ՠ ে�MHWḷᇊ㇇⌅Ⲵᇎ䱵㺘⧠ ഐ̍Ѫ ৘ Ȧ৘һֻ
ᡚ䶒ᖸབྷˈ㘼ф ৘ཨࠐݻѾ ����㺠ਈࡠ েཨݻǄѪҶ֯ؑਧᴤ᰾⺞ˈ㾱≲ ৘ཨݻ
㺠ਈӗ⭏Ⲵূ ⧫㢢ᆀ䜭㺠ਈࡠ䖫ᆀǄമ����∄䖳Ҷ09�㇇⌅൘ ౴ে > 81&ᐕ֌⛩
ሩᮠᦞ઼0&Ⲵḷᇊ᭸⦷൘н਼௧⌘Ⲵ ৔7઼ ౠ࠶४Ⲵн਼Ǆ࡙⭘൘ᮠᦞ઼0&ѝে�MHWḷᇊ᭸⦷Ⲵ∄٬ਟԕᗇ࡫ࡠᓖഐᆀ മ̍����ኅ⽪Ҷ09�઼ '/�㇇⌅൘н਼ᐕ

֌⛩Ⲵ࡫ᓖഐᆀǄ$7/$6ᴰ㓸֯⭘Ⲵ࡫ᓖഐᆀ䴰㾱㓿䗷ᒣ━ॆ઼ཆ᧘ࡠ儈⁚ࣘ䟿

Ⲵ४ฏ˄৔7 ࢯ 511 *H9˅̍ 儈⁚ࣘ䟿४ฏⲴ࡫ᓖഐᆀ؍ᤱ઼ ৔7 > 511 *H9ᰦа㠤ˈ

ਚᱟ࣐кҶཆ᧘ᯩ⌅Ⲵ㌫㔏䈟ᐞǄമ����ᱟ 09�઼ '/�൘ ౴ে > 81&ᐕ֌⛩㓿䗷
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ᒣ━ॆ઼ཆ᧘ࡠ ҭ7H9Ⲵ࡫ᓖഐᆀǄሩҾ 0&ˈ⇿ањ㻛 ে�MHWḷᇊⲴ௧⌘䜭䴰㾱
҈кањᵳ䟽ˈԕ؍ׯᤱ઼ᮠᦞⲴḷᇊ᭸⦷а㠤Ǆ㤕௧⌘㻛ḷᇊѪ ে�MHWˈᵳ䟽ቡ
ᱟ࡫ᓖഐᆀ ৛MHW > া঱ )৔7*Ǆ㤕௧⌘⋑ᴹ㻛ḷᇊѪ ে�MHWˈᵳ䟽ࡉѪ˖

৛MHW > 2 ҃ ౴GDWDে ม৔7ย2 ҃ ౴0&ে ม৔7ย > 2 ҃ া঱ ม৔7ย ౴0&ে ม৔7ย2 ҃ ౴0&ে ม৔7ย / �����

䘉Ӌᵳ䟽؍䇱Ҷ0&Ⲵᙫһֻᮠн᭩ਈǄ

�D�䲿 ৔7Ⲵਈॆ �E�䲿 ౠⲴਈॆ
മ ���� 09�㇇⌅൘ ౴ে > 81&ᐕ֌⛩ሩᮠᦞ઼0&Ⲵḷᇊ᭸⦷ >��@

�D� 09�㇇⌅ �E� '/�㇇⌅

മ ���� ౴ে > 71&- 81&- 88&- 96&ᐕ֌⛩Ⲵ࡫ᓖഐᆀ䲿 ৔7Ⲵਈॆ >��@
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�D� 09�㇇⌅ �E� '/�㇇⌅

മ ���� ౴ে > 81&ᐕ֌⛩㓿䗷ᒣ━ॆ઼ཆ᧘Ⲵ࡫ᓖഐᆀ䲿 ৔7Ⲵਈॆ >��@
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ㅢ �ㄖ ൞ $7/$6ᇔ僂Ⲻਂ௭⌞ࣖݿᆆᵡᘷሱᢴ᯦ާᥥጦ

ྲ᷌ /+&к䍘ᆀ�䍘ᆀሩᫎ֯ᗇ↓৽ཨݻ㜭ཏ䙊䗷 ৗ�䚃ӗ⭏ᯠ㋂ᆀ 䛓̍Ѹᯠ㋂

ᆀҏਟԕ㺠ਈഎаሩཨݻˈD 㓸Ⲵᵛᘱቡᱟєњ௧⌘Ǆ䙊䗷ৼ௧⌘ᵛᘱራ᢮ޡᥟጠ

ᱟሩᫎᵪ⢙⨶ањᖸ㓿ިⲴ᷀࠶ ᰦ̍䰤䐘ᓖᐢ䎵䗷 ��ᒤ >��@Ǆ8$�>�����@઼ &')>��@

൘ৼ௧⌘ᵛᘱሩ䖳վ䍘䟿Ⲵޡᥟጠ䘋㹼䗷ራ᢮ˈ㘼 /+&к䎺ᶕ䎺儈Ⲵ㜭䟿઼Ӟᓖ

ࡽ䇨ᡁԜᩌራᴤ儈䍘䟿Ⲵᯠ㋂ᆀˈⴞݱ /+&ᐢሶራ᢮Ⲵޡᥟጠ䍘䟿㤳തᤃኅࡠҶ

7H9ԕк >�����@Ǆնо↔਼ᰦ ൘̍ /+&ৼ௧⌘ᵛᘱሩվ䍘䟿ޡᥟጠⲴራ᢮ত䎺ᶕ䎺

ഠ䳮Ǆ䘉ᱟ⭡Ҿਇ䲀Ҿᴹ䲀Ⲵ᧒⍻ಘ䈫ࠪᑖᇭˈᡁԜᰐ⌅ᢺ /+&ӗ⭏Ⲵ⎧䟿Ⲵৼ

௧⌘һֻޘ䜘䇠ᖅлᶕ 㘼̍վ⁚ࣘ䟿௧⌘һֻⲴᡚ䶒ᴤབྷ ᡰ̍ԕ$7/$6઼ &06ሩ

վ⁚ࣘ䟿ৼ௧⌘һֻⲴ䀖ਁ䇮㖞Ҷ亴ᇊ∄ �SUHVFDOH�ഐᆀ ৔ˈ䘉᜿ણ⵰ሩ⇿ ৔њ┑
䏣䀖ਁⲴһֻਚ䇠ᖅ �њһֻⲴᮠᦞǄ֯⭘亴ᇊ∄䀖ਁ᭦䳶ᮠᦞⲴৼ௧⌘᷀࠶ᱮ

㪇䱽վҶ⚥᭿ᓖˈ㘼䶎亴ᇊ∄ �XQSUHVFDOH�䀖ਁа㡜㾱≲௧⌘ᴰሿ⁚ࣘ䟿䰸٬ ৔PLQ7

ѪࠐⲮ *H9ˈৼ௧⌘Ⲵнਈ䍘䟿 ৑ৎৎ ҹ 3৔PLQ7 ˈ䘉ሬ㠤 $7/$6 ઼ &06 ሩ䍘䟿ሿ

Ҿ � 7H9Ⲵৼ௧⌘ޡᥟጠ⚥᭿ᓖᖸᐞǄн䗷ˈ$7/$6઼ &06ӽ❦ਁኅࠪҶаӋ

ӂ㺕Ⲵᯩ⌅ᶕ䚯ݽ௧⌘䀖ਁ㔉վ䍘䟿ৼ௧⌘ޡᥟጠⲴራ᢮ᑖᶕⲴ䲀ࡦˈ∄ྲ䀖ਁ

≤ᒣ᷀࠶ �7ULJJHU /HYHO $QDO\VLV� 7/$�>�����@Ǆ7/$࡙⭘Ҷਚ䇠ᖅ䜘࠶һֻؑ᚟Ⲵ

ᮠᦞ⍱ˈ⇿њһֻⲴᆈۘቪረᖸሿˈᡰԕ㜭ཏ㧧ᗇवᤜվ䍘䟿௧⌘൘޵Ⲵᴤཊᙫ

һֻǄሩҾ 561 *H9 = ৑ৎৎ = 2 7H9ˈ7/$ᱟᡰᴹৼ௧⌘᷀࠶ѝᴰѪ⚥᭿ⲴǄਖа

⿽⹄ウվ䍘䟿ޡᥟጠⲴᯩ⌅㾱≲ᯠ㋂ᆀ৽ߢҾањ儈⁚ࣘ䟿Ⲵݹᆀ >�����@ˈ䇙ݹᆀ

֌Ѫ䀖ਁˈӾ㘼㿴䚯௧⌘䀖ਁⲴ䲀ࡦˈањ⽪ֻ䗷〻ྲമ���ᡰ⽪Ǆ㤕ᯠ㋂ᆀⲴ䍘

䟿ᴤሿˈᵛᘱⲴєњ௧⌘ሶ㶽ਸѪањབྷⴤᖴ௧⌘ˈ/+&ҏᐢ㓿䘋㹼䗷䘉ṧⲴራ

᢮ >�����@Ǆн䗷བྷⴤᖴ௧⌘᷀࠶Ⲵ⚥᭿ᓖ൘䍘䟿儈Ҿ ��� *H9ᰦˈ⭡Ҿнቁ㺠ਈӗ

⢙ᮓ㩭൘བྷⴤᖴ௧⌘Ⲵശ䭕ѻཆˈ⚥᭿ᓖҏᔰ࿻л䱽Ǆᵜㄐ੸⧠Ⲵ᷀࠶ቡᱟ࡙⭘

$7/$6 8:/9 IE҃2〟࠶ӞᓖⲴᮠᦞ൘࠶⿫Ⲵৼ௧⌘࣐ݹᆀᵛᘱራ᢮ᯠⲴޡᥟጠǄ਼
ᰦˈ⢩࡛㘳㲁Ҷᵛᘱ௧⌘Ѫ ে௧⌘Ⲵᛵᖒˈԕᨀ儈ሩḀӋؑਧⲴ⚥᭿ᓖ >������@Ǆ

��� ᮦᦤ䳼ૂ 0&ṭᵢ

ᵜ࡙᷀࠶⭘Ҷ $7/$6൘ ����ᒤ㠣 ����ᒤԕҋৗ > 24 7H9䘋㹼䍘ᆀ�䍘ᆀሩ

ᫎӗ⭏Ⲵ *5/ѝⲴᮠᦞˈ〟࠶Ӟᓖ 8:/9 IE҃2ˈᡰᴹᮠᦞ䜭⭘ $7+1$ 5��䘋㹼Ҷ

䟽ᯠ༴⨶Ǆ
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��



ㅜ �ㄐ ൘ $7/$6ᇎ傼Ⲵৼ௧⌘࣐ݹᆀᵛᘱራ᢮ᯠޡᥟጠ

q

q̄ q

q̄

X

γ

Y

മ ��� ᆈ൘ࡍᘱ䗀ሴݹᆀⲴৼ௧⌘䗷〻䍩ᴬമˈৄ ԓ㺘ਟ㜭Ⲵᯠޡᥟጠ
ᶕՠ䇑ᵜᓅǄնӽ❦䴰㾱ᵜᓅⲴ 0& ⁑ᤏṧᵜˈ⭘ᶕ൘᨝ⴢ �XQEOLQG� ࠶ウ⹄ࡽ

᷀ㆆ⮕઼Ӕ৹傼䇱Ǆᵜᓅ 0& ṧᵜᱟ 6KHUSD �����>��@ ӗ⭏Ⲵਜ਼ݹᆀԕ৺ � њǃ�

њᡆ �њ௧⌘Ⲵᵛᘱˈ߶ࡠ⅑亶ཤ䱦ˈ䜘࠶ᆀ࠶ᐳ࠭ᮠ⭘Ⲵᱟ &7��>���@Ǆؑਧṧ

ᵜᱟṩᦞ�������㢲Ⲵ䖤⸒䟿 ৅༠ ส߶⁑රӗ⭏Ⲵˈ⭘ᶕՈॆ᷀࠶Ⲵㆋ䘹ᶑԦ઼䇮
㖞к䲀Ǆؑਧṧᵜ⭡࡙⭘ 113')��� /2䜘࠶ᆀ࠭ᮠ >���@ ઼ $��䈳ࡦ >���@ ৲ᮠⲴ

0DG*UDSK>���@ ӗ⭏ˈ❦ਾ 3\WKLD �>��@ ⁑ᤏ䜘࠶ᆀ㈷ሴ઼ᕪᆀॆ䗷〻Ǆؑਧ⁑ᤏ

Ҷ � њ䍘䟿⛩ˈപᇊ ৑౰ > 21 7H9- ৌ'0 > 2/6ˈ㘳㲁Ҷ઼ཨݻⲴ㙖ਸᕪᓖ ৌT >ৌ60 > 1/2- 1/3- 1/4- 1/5ˈ⇿њ৲ᮠⲴ⁑ᤏһֻᮠ㠣ቁ �����њǄѪҶ䘋а↕ᨀ儈㔏

䇑䟿ˈ൘ӗ⭏ݹᆀⲴᰦىሩަⵏᇎ⁚ࣘ䟿䘋㹼Ҷ䗷└ˈሩҾн਼Ⲵ䀖ਁᶑԦ࡛࠶

㾱≲ ৔౜
7 ? 61*H9઼ ৔౜

7 ? 211*H9Ǆӗ⭏Ⲵ ৅༠ṧᵜ㿱㺘���઼㺘���Ǆ

ᡰᴹⲴ 0&ṧᵜ䜭ᱟ⭘ *HDQW�>���@ ⁑ᤏⲴ᧒⍻ಘǄSLOH�XSᱟ 067:���� /2

䜘࠶ᆀ࠶ᐳ࠭ᮠ઼ $8�䈳ࡦ >���@৲ᮠⲴ 3\WKLD �����⁑ᤏⲴ䖟䍘ᆀ�䍘ᆀሩᫎǄ൘

����ᒤ㠣 ����ᒤⲴ䘀㹼ѝˈ/+&Ⲵ䘀㹼઼ SLOH�XSㅹᶑԦ䜭ਁ⭏Ҷᖸབྷਈॆˈᡰ

ԕ䴰㾱ӗ⭏н਼Ⲵ 0&⡸ᵜ �0& FDPSDLJQ�ˈPF��Dሩᓄ ����ᒤ઼ ����ᒤᮠᦞˈ

PF��Gሩᓄ ����ᒤᮠᦞǄ

��� Ӂׁ㆑䘿

����� ⢟⨼ሯ䊗ᇐѿ

ᆀⲴݹ≳ᆀቡᱟ᤹➗���㢲᧿䘠Ⲵ䗷〻䟽ᔪⲴˈ㾱ݹ㾱≲Ⲵ᷀࠶ }ౠ} = 3/48ˈ㘼
фн൘䟿㜭ಘẦ䜘઼ㄟⴆⲴ䗷⑑४ 2/48 = }ౠ} = 2/63ˈԕ⺞ݹ؍ᆀⲴ䟽ᔪ᭸᷌Ǆݹ
ᆀ䴰䙊䗷аӋ $7/$6ḷ߶Ⲵㆋ䘹ᶑԦˈԕ䚯ݽ⭡Ҿ᧒⍻ಘ䰞仈ᡆ䶎ሩᫎӗ⭏Ⲵݹ

ᆀǄݹᆀਟԕᱟ䖜ᦒݹᆀᡆ䶎䖜ᦒݹᆀˈնᗵ享䙊䗷ѕṬⲴ䢤࡛ḷ߶઼ѕṬⲴᆔ

・ḷ߶Ǆ

௧⌘⭘���㢲ᨀࡠⲴ ঽ > 1/5Ⲵ DQWL�৏৘ ㇇⌅䟽ᔪˈ਼ṧ㾱≲Ҷ $7/$6ḷ߶Ⲵ
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㺘 ��� ৅༧ ؑਧṧᵜˈ㾱≲ ৔౜
7 ? 211 *H9

ӗ⭏ᆀ 䍘䟿 >*H9@ ৌ60 ౬ >SE@ ౴ILOWHU
0DG*UDSK� 3\WKLD ��� ��� ��������H��� ��������H���

0DG*UDSK� 3\WKLD ��� ��� ��������H��� ��������H���

0DG*UDSK� 3\WKLD ��� ��� ��������H��� ��������H���

0DG*UDSK� 3\WKLD ��� ��� ��������H��� ��������H���

0DG*UDSK� 3\WKLD ��� ��� ��������H��� ��������H���

0DG*UDSK� 3\WKLD ��� ��� ��������H��� ��������H���

0DG*UDSK� 3\WKLD ��� ��� ��������H��� ��������H���

0DG*UDSK� 3\WKLD ��� ��� ��������H��� ��������H���

0DG*UDSK� 3\WKLD ��� ��� ��������H��� ��������H���

0DG*UDSK� 3\WKLD ��� ��� ��������H��� ��������H���

0DG*UDSK� 3\WKLD ��� ��� ��������H��� ��������H���

0DG*UDSK� 3\WKLD ��� ��� ��������H��� ��������H���

0DG*UDSK� 3\WKLD ��� ��� ��������H��� ��������H���

0DG*UDSK� 3\WKLD ��� ��� ��������H��� ��������H���

0DG*UDSK� 3\WKLD ��� ��� ��������H��� ��������H���

0DG*UDSK� 3\WKLD ��� ��� ��������H��� ��������H���

0DG*UDSK� 3\WKLD ��� ��� ��������H��� ��������H���

0DG*UDSK� 3\WKLD ��� ��� ��������H��� ��������H���

0DG*UDSK� 3\WKLD ��� ��� ��������H��� ��������H���

0DG*UDSK� 3\WKLD ���� ��� ��������H��� ��������H���

0DG*UDSK� 3\WKLD ���� ��� ��������H��� ��������H���

ㆋ䘹ᶑԦԕ৫䲔᧒⍻ಘ䰞仈઼䶎ሩᫎӗ⭏Ⲵٷ௧⌘ >���@Ǆਚ㘳㲁 ৔7 ? 36 *H9 ઼}ౠ} = 3/9Ⲵ௧⌘ˈᒦф䴰䙊䗷ᇭᶮⲴᒢ߰㾱≲ >���@ǄሩҾ ৔7 = 71 *H9ф }ౠ} = 3/5
Ⲵ௧⌘ ᗵ̍享䙊䗷௧⌘亦⛩ḷᇊ �-HW 9HUWH[ 7DJJLQJ� -97�Ⲵㆋ䘹 ԕ̍৫䲔ᦹᴹᖸཊ

ᖴ䘩ᶕ㠚 SLOH�XSⲴ௧⌘ >���@Ǆྲ᷌௧⌘઼ݹᆀⲴ ѷঽ = ѝн᷀࠶᧕лᶕⲴࡉˈ1/5
Պ㘳㲁↔௧⌘Ǆ

����� 䀜ਇᶗԬ

����ᒤ㠣 ����ᒤ⁚ࣘ䟿䰸٬ᴰվⲴ䶎亴ᇊ∄অݹᆀ䀖ਁᱟ +/7BJ���BORRVHǄ

Ӿભ਽ਟԕⴻࠪˈ↔䀖ਁ㾱≲ +/7䟽ᔪࠪⲴݹᆀ ৔7 ? 251 *H9ˈᒦф䙊䗷ᇭᶮⲴ
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㺘 ��� ৅༧ ؑਧṧᵜˈ㾱≲ ৔౜
7 ? 61 *H9

ӗ⭏ᆀ 䍘䟿 >*H9@ ৌ60 ౬ >SE@ ౴ILOWHU
0DG*UDSK� 3\WKLD ��� ��� ������H��� ������H���

0DG*UDSK� 3\WKLD ��� ��� ������H��� ������H���

0DG*UDSK� 3\WKLD ��� ��� ������H��� ������H���

0DG*UDSK� 3\WKLD ��� ��� ������H��� ������H���

0DG*UDSK� 3\WKLD ��� ��� ������H��� ������H���

0DG*UDSK� 3\WKLD ��� ��� ������H��� ������H���

0DG*UDSK� 3\WKLD ���� ��� ������H��� ������H���

䢤࡛ḷ߶Ǆ䈕䀖ਁሩҾ SLOH�XSн᭿ᝏ ൘̍ �ᒤ䰤Ⲵ㺘⧠สᵜа㠤ǄѪҶ⺞ᇊ㜭ཏ֯

䀖ਁ᭸⦷ࠐѾ䗮ࡠ ����Ⲵݹᆀ㜭䟿ㆋ䘹䰸٬ˈ䴰㾱⹄ウ䀖ਁⲴᔰ੟ᴢ㓯 �WXUQ�RQ

FXUYH�ˈҏቡᱟ䀖ਁ᭸⦷䲿䀖ਁ⢙⨶䟿Ⲵਈॆᴢ㓯Ǆ+/7BJ���BORRVHⲴ䀖ਁ᭸⦷䴰

㾱ԕ亴ᇊ∄䀖ਁ +/7BJ��BORRVH֌Ѫ৲㘳 ਚ̍㾱ݹᆀ ৔7 ? 81*H9ቡਟԕᆼޘ䀖ਁ
+/7BJ��BORRVH +̍/7BJ���BORRVHⲴ䀖ਁ᭸⦷ቡᱟ䀖ਁ +/7BJ��BORRVHⲴһֻѝ਼

ᰦ䀖ਁ +/7BJ���BORRVHⲴһֻ∄ֻǄ+/7BJ���BORRVHⲴᔰ੟ᴢ㓯ྲമ����D�ᡰ⽪ˈ

ᮠᦞⲴ䀖ਁ᭸⦷㓿䗷؞᭩䈟ᐞ࠭ᮠᤏਸ

৔1 Զ ໇2 , HUIໄড় ҃ ৔2ҋ৔3 ໅່ - �����

ਟԕ⺞ᇊ䗮ࡠ ��� 䀖ਁ᭸⦷Ⲵ⿫㓯䟽ᔪⲴݹᆀ⁚ࣘ䟿Ѫ ��� *H9ǄሩҾ

+/7BJ���BORRVH൘ᵜ᷀࠶ѝⲴ䀖ਁ᭸⦷ˈᴤ߶⺞ൠᓄ䈕Ựḕ㻛᷀࠶ᡰ֯⭘Ⲵһֻ

Ⲵᔰ੟ᴢ㓯ˈྲമ����E�ᡰ⽪Ǆ㔬ਸ㘳䟿ˈ㾱≲ݹᆀ ৔7 ? 261 *H9ᱟᚠᖃⲴǄ
+/7BJ���BORRVH 䀖ਁ㲭❦䏣ཏㆰঅ઼っᇊˈնሩݹᆀ䗷儈Ⲵ⁚ࣘ䟿㾱≲

ҏᤂ㔍ҶᖸཊⲴؑਧһֻˈ䱽վҶ᷀࠶Ⲵ⚥᭿ᓖǄҾᱟˈ᷀࠶䘈㘳㲁Ҷਖа

⿽䀖ਁᶑԦˈ〠Ѫ㚄ਸ䀖ਁǄ㚄ਸ䀖ਁሩн਼ᒤԭⲴᮠᦞ䘹⭘Ҷн਼Ⲵ䀖

ਁǄ㚄ਸ䀖ਁⲴ /� 䀖ਁ䜭ᱟ /�B(0��9+,ˈնӾ ���� ᒤࡠ ���� ᒤˈ䶎亴ᇊ

∄Ⲵ +/7 䀖ਁሩݹᆀ⁚ࣘ䟿Ⲵ䰸٬ᨀ儈Ҷˈሬ㠤ሩᓄ ���� ᒤᮠᦞⲴ +/7

䀖ਁѪ +/7BJ��BWLJKWB�M��QR/�B/�(0��9+,ˈሩᓄ ���� ᒤᮠᦞⲴ +/7 䀖ਁѪ

+/7BJ��BWLJKWB/�(0��9+,B�M��QR/�Ǆ䘉єњ +/7 䀖ਁ䜭㾱≲൘ +/7 䟽ᔪ䱦⇥

㠣ቁᴹ �њ ৔7 ? 61 *H9Ⲵ௧⌘ˈ㠣ቁањ ৔7 ? 86 *H9ᡆ ৔7 ? 96 *H9Ⲵݹᆀˈ

ᒦф䙊䗷ѕṬⲴ䢤࡛ḷ߶Ǆ⭡Ҿ +/7䟽ᔪ⋑ᴹ࡛ࡔ௧⌘઼ݹᆀս㖞䟽ਐⲴ㇇⌅ �̍

њ௧⌘ѻаަᇎᱟݹᆀˈᡰԕ൘⿫㓯䟽ᔪ䱦⇥ᴰ㓸ਟԕ䟽ᔪࠪ �њݹᆀ઼ �њ௧

⌘Ǆ����ᒤᒦ⋑ᴹ㊫լⲴ䀖ਁˈᡰԕ֯⭘㚄ਸ䀖ਁᰦՊᦏཡ㓖 4 IE҃2 Ⲵᮠᦞˈਚ
��
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Data (’15 to ’17)
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Xat99: 151

�D�亶ཤݹᆀ ৔7 ? 262*H9ᰦ +/7BJ���BORRVH

䀖ਁ᭸⦷བྷҾ ���
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wrt HLT_g60_loose

Data (’15 to ’17)

MC16a MC16d

 > 169jjM

 < 0.75
*

Y

Xat99: 149

�E�ᡰ⭘һֻ䙊䗷ᡰᴹ᷀࠶Ⲵㆋ䘹ᶑԦˈ亶ཤ

ᆀݹ ৔7 ? 25: *H9ᰦ +/7BJ���BORRVH䀖ਁ᭸

⦷བྷҾ ���

മ ��� ����ᒤ㠣 ����ᒤᮠᦞ઼0&ሩ +/7BJ���BORRVH䀖ਁⲴᔰ੟ᴢ㓯 㓒̍㢢ᴢ㓯ᱟ؞

᭩䈟ᐞ࠭ᮠሩᮠᦞ䀖ਁ᭸⦷Ⲵᤏਸ

ᴹ 87/7 IE҃2ⲴᮠᦞˈቁҾঅݹᆀ䀖ਁⲴ 8:/9 IE҃2ᮠᦞǄն㚄ਸ䀖ਁഐѪؑਧ᭸⦷
ᴤ儈ˈ൘儈䍘䟿४⚥᭿ᓖӽ❦∄֯⭘অݹᆀ䀖ਁ儈Ǆ㚄ਸ䀖ਁⲴ䀖ਁ᭸⦷⹄ウ઼

অݹᆀ䀖ਁ㊫լ ⹄̍ウਁ⧠䴰㾱㾱≲ݹᆀ ৔7 ? :6 *H9ԕ৺௧⌘ ৔7 ? 76 *H9᡽㜭
བྷ㠤ࡠڊ ���Ⲵ䀖ਁ᭸⦷ǄնӾമ���ਟԕⴻࠪˈ䘉ṧⲴㆋ䘹ᶑԦ൘ᵜ᷀࠶ѝᒦн

㜭ⵏ↓ࡠڊᆼޘⲴ䀖ਁˈ㚄ਸ䀖ਁ᭸⦷Ⲵн䏣ѻਾ䴰㾱֌Ѫа亩㌫㔏䈟ᐞǄ

മ���∄䖳Ҷঅݹᆀ䀖ਁ઼㚄ਸ䀖ਁᗇࡠⲴ 0& ᵜᓅৼ௧⌘нਈ䍘䟿䉡࠶ᐳǄ

অݹᆀ䀖ਁ؍ᤱᵜᓅ൘䖳վ䍘䟿༴׍❦ᱟݹ━Ⲵˈ㘼㚄ਸ䀖ਁ⭡Ҿ䖳儈Ⲵ௧⌘⁚

ࣘ䟿ㆋ䘹ᶑԦˈ֯ ᗇվ䍘䟿༴Ⲵᵜᓅ䭀߿ ൘̍ ҭ��� *H9ԕлᰐ⌅㻛ݹ━࠭ᮠᤏਸˈ
਼ᰦؑਧⲴ᭸⦷ҏᦏཡᖸབྷǄᡰԕˈᵜ᷀࠶ᴰ㓸Ⲵㆆ⮕ᱟ਼ᰦ㘳㲁є⿽䀖ਁᶑԦˈ

ᒦ⤜・ൠᤏਸ ൘̍㚄ਸ䀖ਁ᭦䳶Ⲵһֻ ৑ৎৎ Ⲵ儈䍘䟿४ฏ━ݹᐳ࠶ ⭘̍ަᶕᣕ੺㔃

᷌ˈ㘼൘㚄ਸ䀖ਁнݹ޽━Ⲵվ䍘䟿४ฏˈ⭘অݹᆀ䀖ਁ᭦䳶Ⲵһֻ䘋㹼᷀࠶Ǆ

����� Ӂׁ㆑䘿ᶗԬ

ᵜ᷀࠶㾱≲һֻᗵ享ᆈ൘ањ㠣ቁᤕᴹ �ᶑᖴ䘩Ⲵѫ亦⛩ˈᒦфᖴ䘩Ⲵ⁚ࣘ

䟿䜭ᗇབྷҾ ���0H9Ǆঅݹᆀ䀖ਁ㾱≲㠣ቁањݹᆀর౜
7� WULJJHU ? 251 *H9 র̍౜

7� WULJJHU

ᱟ +/7䟽ᔪࠪⲴݹᆀⲴ⁚㜭䟿Ǆ䘹ᤙ⁚ࣘ䟿ᴰ儈Ⲵݹᆀ˄亶ཤݹᆀ˅֌Ѫޡᥟጠ

Ⲵ৽ݹߢᆀˈѪҶ؍䇱䀖ਁ᭸⦷ˈ㾱≲⿫㓯䟽ᔪⲴ亶ཤݹᆀ ৔7 ? 261 *H9Ǆ㚄ਸ

䀖ਁ㾱≲ањݹᆀ઼єњ௧⌘ى䘹㘵Ⲵ ৔7� WULJJHU ? 61 *H9ˈᒦфሩҾ ����ᒤⲴᮠ

ᦞ র౜
7� WULJJHU ? 86 *H9ˈሩҾ ����ᒤⲴᮠᦞ র౜

7� WULJJHU ? 96 *H9Ǆ䇔Ѫާᴹᴰབྷ⁚ࣘ
䟿Ⲵ௧⌘˄亶ཤ௧⌘˅઼ㅜҼབྷ⁚ࣘ䟿Ⲵ௧⌘˄⅑亶ཤ௧⌘˅ᶕ㠚ޡᥟጠˈ㾱≲ᆳ

��
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Xat99: 91

 > 65GeV
T
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മ ��� ����ᮠᦞ઼0&ሩ㚄ਸ䀖ਁⲴᔰ੟ᴢ㓯ˈ㓒㢢ᴢ㓯ᱟ؞᭩䈟ᐞ࠭ᮠሩᮠᦞ䀖ਁ᭸
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Ҿ ���
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മ ��� অݹᆀ䀖ਁ઼㚄ਸ䀖ਁ᭦䳶Ⲵ0&ᵜᓅһֻⲴ ৑ৎৎ ᐳˈᐢ㾱≲н਼䀖ਁᶑԦ⴨࠶
ᓄⲴࣘ䟿ㆋ䘹ᶑԦ

Ԝ⿫㓯䟽ᔪⲴ ৔7 ? 76 *H9Ǆ亶ཤݹᆀⲴ⿫㓯䟽ᔪ ৔7 ? :6 *H9ǄѪҶ֯ৼ௧⌘н
ਈ䍘䟿䉡㜭ཏ㻛ݹ━࠭ᮠᤏਸˈ㾱≲অݹᆀ䀖ਁⲴһֻ ৑ৎৎ ? 27: *H9ˈ㚄ਸ䀖ਁ
Ⲵһֻ ৑ৎৎ ? 446 *H9Ǆ
䙊䗷 ৘�䚃ӗ⭏Ⲵৼ௧⌘ੁٮҾᴹ䖳བྷⲴ }ঢ়҈} > }ঢ়2 ҃ ঢ়3}03ˈঢ়2 ઼ ঢ়3 ᱟᵛᘱ亶
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ཤ௧⌘઼⅑亶ཤ௧⌘ⲴᘛᓖǄ㘼ޡᥟጠ㺠ਈӗ⭏Ⲵєњ௧⌘Ⲵ }ঢ়҈}Պ∄䖳ሿǄᴰ
ՈⲴㆋ䘹ᶑԦӾമ���ኅ⽪Ⲵ⴨ޣ⹄ウᗇࡠǄᴰ㓸䘹ᇊ }ঢ়҈} = 1/86ˈ䘉њㆋ䘹ᶑԦ
൘ḀӋؑਧⲴ䍘䟿デਓ؍޵⮉Ҷ ���ؑਧⲴ਼ᰦᤂ㔍Ҷ儈䗮 ���ⲴᵜᓅǄ
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മ ��� ᵜᓅ઼ ��� *H9ˈৌ৕ > 1/3Ⲵ ৅༧ؑਧ0&һֻⲴ }ঢ়҈}࠶ᐳˈਚवᤜҶ 611 *H9 =৑ৎৎ = 711 *H9Ⲵһֻˈ唁㢢ᇎ㓯㺘⽪ া0ҋভ䲿 }ঢ়҈}ㆋ䘹ᶑԦ䰸٬Ⲵਈॆˈা ᱟؑਧ }ঢ়҈}
ሿҾ䰸٬Ⲵ㍟䇑һֻᮠˈভᱟᵜᓅ }ঢ়҈}ሿҾ䰸٬Ⲵ㍟䇑һֻᮠ
ᴹӋᯠ⁑ර亴䀰Ҷ઼ েཨݻ㙖ਸᕪᓖ儈ҾަԆણ䚃ཨݻⲴᯠ㋂ᆀˈ䪸ሩ䘉⿽

ᯠޡᥟጠˈᵜ᷀࠶㘳㲁Ҷᵛᘱ亶ཤ௧⌘઼⅑亶ཤ௧⌘䜭㻛ḷᇊѪ ে௧⌘Ⲵؑਧ䚃ˈ
ԕᨀ儈ሩ䘉ӋޡᥟጠⲴ⚥᭿ᓖǄḷᇊ ে௧⌘ᐕ֌⛩Ⲵ䘹ᤙሶ൘�����㢲ާփӻ㓽Ǆ

ᴰ㓸ᵜ᷀࠶ᴹ �њؑਧ䚃 ણ䚃ޘ̟ �IODYRXU LQFOXVLYH�ǃঅݹᆀ䀖ਁؑਧ䚃 ણޘ̠

䚃ǃ㚄ਸ䀖ਁؑਧ䚃 ে̠�ḷᇊ �ে�WDJJHG�ǃঅݹᆀ䀖ਁؑਧ䚃 ে̠�ḷᇊǃ㚄ਸ䀖ਁؑਧ
䚃Ǆ⇿њؑਧ䚃Ⲵһֻㆋ䘹ᶑԦᙫ㔃൘㺘���Ǆᮠᦞ㓿䗷⇿ањㆋ䘹ᶑԦਾⲴ࢙։һ

ֻᮠԕ৺⴨ሩҾࡽаㆋ䘹ᶑԦⲴ࢙։∄ֻࡇ൘㺘���ѝ 0̍&⁑ᤏⲴ৑৅༧ > 661*H9ˈৌ৕ > 1/3 Ⲵؑਧ㓿䗷⇿ањㆋ䘹ᶑԦਾⲴ࢙։һֻᮠԕ৺⴨ሩҾࡽаㆋ䘹ᶑԦⲴ
࢙։∄ֻࡇ൘㺘���Ǆ

����� ᮦᦤૂ 0&Ⲻ∊䖹

4&'䗷〻Ⲵ0&⁑ᤏ䈟ᐞ䖳བྷˈѪҶ⺞䇔0&ᵜᓅṧᵜਟԕ൘᨝ⴢࡽ⭘ᶕ⺞

ᇊ᷀࠶ㆆ⮕ 䴰̍㾱Ựḕ0&ṧᵜ઼ᮠᦞⲴㅖਸᓖǄമ���ǃമ���ǃമ࡛࠶���∄䖳Ҷ �

њؑਧ䚃ѝᮠᦞ઼0&Ⲵ亶ཤݹᆀ র7ǃ亶ཤ௧⌘ ৔7઼⅑亶ཤ௧⌘ ৔7Ǆമ����E�㲭
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㺘 ��� �њؑਧ䚃Ⲵㆋ䘹ᶑԦ

ㆋ䘹ᶑԦ অݹᆀ䀖ਁ 㚄ਸ䀖ਁ

௧⌘ᮠⴞ ৒MHW ࢯ 3
ᆀᮠⴞݹ ৒౜ ࢯ 2
亶ཤݹᆀ র౜

7 ? 261 *H9 র౜
7 ? :6 *H9

亶ཤ઼⅑亶ཤ௧⌘ ৔MHW7 ? 36 *H9 ৔MHW7 ? 76 *H9
ѝᗳᙗ }ঢ়҈} > }ঢ়2 ҃ ঢ়3}03 = 1/86
нਈ䍘䟿 ৑ৎৎ ? 27: *H9 ৑ৎৎ ? 446 *H9
ㆋ䘹ᶑԦ ણ䚃ޘ ে�ḷᇊ
௧⌘ }ౠ} }ౠ} = 3/9 }ౠ} = 3/6
ে�ḷᇊ ± ৒ে҃WDJ ࢯ 3

㺘 ��� ᮠᦞ㓿䗷⇿ањㆋ䘹ᶑԦਾⲴ࢙։һֻᮠˈⲮ࠶∄ᱟ⴨ሩҾࡽаㆋ䘹ᶑԦⲴ࢙։

∄ֻ˄ṧᵜ൘ѻࡽⲴ༴⨶䱦⇥ᐢ㓿䗷аӋࡍ↕ㆋ䘹˅

অݹᆀ䀖ਁ 㚄ਸ䀖ਁ

ㆋ䘹ᶑԦ ࢙։һֻᮠ ⴨ሩ࢙։Ⲯ࠶∄ ࢙։һֻᮠ ⴨ሩ࢙։Ⲯ࠶∄

䀖ਁ ��������� ± �������� ±

ᒢ߰ㆋ䘹 ��������� 211& �������� 211&
৒MHW ࢯ 3 ��������� :7& �������� :9&
৒౜ ࢯ 2 �������� 34& �������� 61&
亶ཤݹᆀ ৔7 �������� 37& �������� 6:&
亶ཤ௧⌘ ৔7 �������� 211& �������� :5&
⅑亶ཤ௧⌘ ৔7 �������� 211& �������� 73&
}ঢ়҈} = 1/86 ������� 75& ������� 73&
ᴰሿ ৑ৎৎ ������� 45& ������� 2:&
ে�ḷᇊ ����� 1/73& ���� 1/6:&

❦ᱮ⽪ 0&⁑ᤏⲴһֻ㓿䗷㚄ਸ䀖ਁᶑԦ᭦䳶ਾݹᆀ র7 ઼ᮠᦞᴹᡰٿ⿫ˈնݹ

ᆀ র7ᒦнᖡ૽ᴰ㓸ᤏਸⲴৼ௧⌘нਈ䍘䟿Ǆമ����D�઼മ����D�ҏᱮ⽪ࠪঅݹᆀ䀖

ਁᰦᮠᦞ઼0&⁑ᤏⲴ௧⌘ ৔7ᴹна㠤 н̍䗷䘉Ӌٿ⿫ᱟݹ━Ⲵ ⋑̍ᴹࢗ⛸䎧Կˈ

ᡰԕᓄ䈕нՊᖡ૽ ৑ৎৎ Ⲵݹ━ᙗˈҏнՊ䙐ᡀнਈ䍘䟿䉡кࠪ⧠ؑٷਧǄ
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㺘 ��� 0&⁑ᤏⲴ ৑৅༧ > 661 *H9ˈৌ৕ > 1/3Ⲵؑਧ㓿䗷⇿ањㆋ䘹ᶑԦਾⲴ࢙։һֻ
ᮠ Ⲯ̍࠶∄ᱟ⴨ሩҾࡽаㆋ䘹ᶑԦⲴ࢙։∄ֻ 䈟̍ᐞӵᱟ㔏䇑䈟ᐞ һֻ̍ᮠ൷ᖂаࡠ 2 IE҃2
˄ṧᵜ൘ѻࡽⲴ༴⨶䱦⇥ᐢ㓿䗷аӋࡍ↕ㆋ䘹˅
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౬3\ড়^ , )ঢ়P-্ ҃ ঢ়S-্*3

౬3\ঢ়^ ່ / �����
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Ⲵǃ⤜・Ҿ⢩ᇊᇎ傼Ⲵ〻ᒿवˈ࣋≲ࡠڊᴰቁൠ׍䎆ަԆ䖟ԦǄ$7/$6ᖴ䘩䟽ᔪ

䖟Ԧᐢ㓿Ӿ ����ᒤԓᵛᔰ࿻╄ॆҶࠐॱᒤ /̍+&䎺ᶕ䎺儈ⲴӞᓖሩަ䇮䇑ᙍᜣ઼

〻ᒿᷦᶴᨀࠪҶ᥁ᡈˈ㘼ф $7/$6ᖴ䘩䟽ᔪ䜘࠶ሩ &38䇑㇇ᑖᶕҶ䎺ᶕ䎺བྷⲴ

঻࣋Ǆ$&76аᔰ࿻ቡᢺ〻ᒿᶴㆁ൘⧠ԓ &38ᷦᶴѻкˈቭਟ㜭ൠ䟷⭘ཊ㓯〻䇑

㇇ ҏ̍ሶᴤྭൠ䘲ᓄ *38䇑㇇Ǆ$&76ሶ൘Ӻਾ䙀↕ᴯᦒ⧠ᴹⲴ $7/$6ᖴ䘩䟽ᔪ

䖟ԦǄ

Ր᫝ᐕާ൘ཆ᧘ᖴ䘩ᰦˈ䴰㾱⸕䚃᧒⍻ಘⲴࠐօ㔃ᶴ᡽㜭ࡔᯝᖴ䘩⇿а↕Ⲵ

ⴞḷ᧒⍻ಘ⁑ඇǄа㡜Ⲵ᧒⍻ಘ൘⁑ᤏᰦᐢ㓿ᆈ൘ᆼᮤⲴ᧒⍻ಘࠐօ᧿䘠ˈնᱟ

䘉ṧⲴࠐօ㔃ᶴሩҾᖴ䘩䟽ᔪᶕ䈤ཚ䗷䈖㓶ҶǄ֯⭘䘉ṧ䈖㓶Ⲵ᧒⍻ಘࠐօˈՊ

֯Ր᫝ᐕާ⇿ཆ᧘аሿ⇥ቡ䙷㿱н਼Ⲵ㔃ᶴ઼⢙䍘䟿ˈ❦ਾѝᯝཆ᧘ǃ䇑㇇ᖴ䘩

৲ᮠ઼䈟ᐞǃ㘳㲁ཊ䟽ᮓሴˈ֯ ᖴ䘩ᯝ㻲ᡀՇཊᖸ⸝Ⲵᴢ㓯Ǆ䘉ṧ㋮㓶Ⲵᖴ䘩нӵ

⋑ᴹᗵ㾱ˈਟ㜭䘈Պ䘲ᗇަ৽ˈᒦ֯ᖴ䘩䟽ᔪ䇑㇇ᰦ䰤ᙕ໎ࢗ䮯Ǆ$&76Ⲵᖴ䘩䟽

ᔪࠐօ䟷⭘Ҷ઼ $7/$6аṧⲴᾲᘥˈ࡙⭘䶒 �VXUIDFH�䘉њ &��㊫ᶕㆰॆ᧒⍻ಘ

���
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Ⲵ⁑ඇⲴ᧿䘠ˈṩᦞ᧒⍻ಘ⁑ඇࠐօᖒ⣦Ⲵн਼ˈਟԕᱟᒣ䶒ǃശⴈᖒǃ㓯ᖒㅹǄ

⇿ањ䶒䜭䴰㾱઼᧒⍻ಘ⁑ඇⲴᆼᮤࠐօ᧿䘠⴨㚄㌫ˈԕ⺞؍䶒Ⲵオ䰤ᯩսо⁑

ඇа㠤ˈҏᯩׯਾ㔝ṑ߶Ⲵ䴰㾱ǄՇཊ᧒⍻ಘ⁑ඇਟԕᖒᡀаቲаቲⲴ㔃ᶴˈ∄

ྲ )$6(5⇿аቲ 6&7᧒⍻ᒣ䶒кᴹ �њ 6&7⁑ඇˈᡰԕ $&76ҏᆈ൘ቲ �OD\HU�

䘉ṧⲴ㊫ᶕ᧿䘠ቲ㔃ᶴǄ᧿䘠ቲⲴ㊫ᴤ࣐༽ᵲˈ䴰वᤜቲ޵ᡰᴹ䶒Ⲵᮠ㓴ǃᡰᴹ

Ⲵ䶒ᖒᡀⲴव㔌䶒ǃ⢙䍘䟿᧿䘠ㅹǄн਼Ⲵቲ৸ਟԕ㓴ਸᶴᡀᴤབྷⲴ㔃ᶴüüփ

�YROXPH�Ǆփѻ䰤䜭ᱟ䙊䗷䗩⭼䶒ӂ⴨㋈൘а䎧Ⲵˈ㋂ᆀࡠ䗮䗩⭼䶒Պ㠚❦ൠ䗷⑑

օਟԕ䙊䗷ࠐлањփˈᡆ㘵㓸→Ҿ䗩⭼䶒Ǆ$&76Ⲵᖴ䘩䟽ᔪࡠ ''�+HS>���@઼

7*HR>���@ ᶕᶴᔪˈᯩׯ਴⿽ᇎ傼ሶᐢᴹⲴࠐօ᧿䘠ⴤ᧕䖜ᦒѪ $&76ਟԕ࡙⭘Ⲵ

Ҷ⢙䍘᱐ሴᐕާ׋օ㔃ᶴǄ$&76䘈ᨀࠐ ࠶䇨⭘ᡧᢺ᧒⍻ಘ⁑ඇ䈖㓶Ⲵ⢙䍘䟿ݱ̍

ᐳ᱐ሴࡠㆰॆⲴᖴ䘩䟽ᔪࠐօк৫ˈӾ㘼ਟԕᴤ߶⺞ൠሶཊ䟽ᮓሴ᭸ᓄԕ৺ᖴ䘩

㜭䟿ᦏཡवᤜ䘋䟽ᔪ䗷〻Ǆ

ᰒ❦ $&76㾱ᡀѪ䙊⭘Ⲵᖴ䘩䟽ᔪ〻ᒿवˈަՐ᫝ᐕާ䇮䇑ᰦቡ⤜・Ҿ⭘ᡧ

Ⲵһֻᮠᦞ⁑ර �(YHQW 'DWD 0RGHO� ('0� 䇨⭘ᡧ㠚ᐡᇊѹ㓸→ᶑԦݱ̍ ҏ̍᧕ਇ⭘

ᡧ㠚ᐡ߉Ⲵ䀓䘀ࣘᯩ〻Ⲵᇎ⧠ �LPSOHPHQWDWLRQ�Ǆⴞ76&$ˈࡽ唈䇔䀓䘀ࣘᯩ〻Ⲵ

ᇎ⧠ᱟ $7/$6кᐢ㓿㓿ਇབྷ䟿Ự傼ф㺘⧠Ո⿰Ⲵ㠚䘲ᓄ 5XQJH�.XWWD�1\VWU|Pᯩ

⌅ >���@Ǆ$&76ⲴՐ᫝ᐕާਟԕ䈫ਆཊ⿽ṬᔿⲴ⻱൪࠶ᐳؑ᚟ˈ⻱ᝏᓄᕪᓖਟԕ䶎

ᑨ㋮㓶ൠ㻛᧿䘠ˈ䘉ሩҾᖴ䘩Ր᫝Ⲵ߶⺞ᙗ䶎ᑨ䟽㾱Ǆ

㲭❦⭘ᡧਟԕ␫࣐н਼Ⲵ⁑ᔿ䇶࡛㇇⌅ˈն $&76ҏᨀ׋Ҷа⿽สᵜⲴᖴ䘩

⿽ᆀራ᢮㇇⌅Ǆ䈕㇇⌅ٷ䇮㋂ᆀᱟ൘रᕪ⻱൪ѝ䘀ࣘˈ䙊䗷ሩࠐࡽቲ᧒⍻ಘк⍻

䟿 �PHDVXUHPHQW�Ⲵ㓴ਸˈራ᢮༴Ҿ਼аᶑ㷪᯻㓯кⲴ �њ⍻䟿ᶴᡀ⿽ᆀˈ❦ਾੁ

ཆᤃኅǄㆋ䘹ᶑԦਟԕ䶎ᑨ⚥⍫ൠ㻛⭘ᡧ䇮ᇊǄ$&76ᨀ׋Ⲵᖴ䘩ᤏਸ㇇⌅สҾ঑

ቄᴬ└⌒ �.DOPDQ )LOWHU� .)�ˈㆰঅᶕ䈤ˈ঑ቄᴬ└⌒ᤏਸ㇇⌅ਟԕ亴⍻⇿аቲ᧒

⍻ಘкⲴᖴ䘩ս㖞ˈ㘼᧒⍻ಘк৸ᆈ൘ᇎ䱵Ⲵ⍻䟿ս㖞ˈ.)䙊䗷ਆа⿽⢩↺Ⲵ亴

⍻ս㖞઼⍻䟿ս㖞Ⲵ࣐ᵳᒣ൷ᶕᴰྭൠՠ䇑ᖴ䘩൘䈕ቲ᧒⍻ಘкⲴս㖞Ǆ.)㇇⌅

Ⲵާփ޵ᇩሶ൘���㢲䈤᰾ǄสҾ঑ቄᴬ└⌒ᤏਸ㇇⌅ˈ$&76䘈ਁኅҶ㓴ਸ঑ቄ

ᴬ└⌒ �&RPELQDWRULDO .DOPDQ )LOWHU� &.)�㇇⌅Ǆ&.)Ⲵ㇇⌅ᙍᜣ઼঑ቄᴬ└⌒а

ṧ ਚ̍н䗷൘⇿аቲ᧒⍻ಘкྲ᷌ᴹཊњ⍻䟿઼亴⍻⛩䐍⿫൘ਟ᧕ਇ㤳ത޵ &̍.)

ቡՊࡋ䙐ཊњ࠶᭟ᖴ䘩ˈ؍⮉ᡰᴹⲴਟ㜭ᙗˈ਼ᰦሶ䘉Ӌ࠶᭟ᖴ䘩Ր᫝ࡠлаቲǄ

䲿⵰Ր᫝Ⲵ㔗㔝ˈ࠶᭟ᖴ䘩Պ䎺ᶕ䎺ཊǄྲ᷌࠶᭟ᖴ䘩ᆈ൘䘎㔝ཊњオ⍎ˈࡉՊ

ђᔳ䘉њᖴ䘩Ǆᴰ㓸ˈ䘹ᤙ䍘䟿ᴰ儈Ⲵᖴ䘩Ǆᖴ䘩⿽ᆀራ᢮㇇⌅Ѫ &.)ᨀ׋㋇⮕

Ⲵᖴ䘩ࡍ࿻৲ᮠਾˈ&.)ሶ㜭ཏ਼ᰦᒣ㹼ൠ䟽ᔪᡰᴹਟ㜭Ⲵᖴ䘩ى䘹㘵ˈнᯝൠ

ᢺ኎Ҿᖴ䘩Ⲵ⍻䟿࣐ޕˈ਼ᰦᆼᡀᖴ䘩ራ᢮઼ᖴ䘩ᤏਸǄ
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��� গቊᴲ┚⌘ᤕਾ

ᖴ䘩ク䗷⇿аቲ᧒⍻ಘ䜭ᴹሩᓄⲴ �њᖴ䘩৲ᮠˈ䘉 �њᖴ䘩৲ᮠਟԕ㓴ᡀ

ањ⣦ᘱ⸒䟿 �VWDWH YHFWRU�Ǆ䇠ㅜ ৏ቲ᧒⍻ಘкᖴ䘩Ⲵ⣦ᘱ⸒䟿Ѫ ήড়৏ˈ൘ )$6(5

ᇎ傼ѝˈήড়৏ > )ড়- ঢ়- ౡ- ౷- ৕0৔*ˈ�[� \�ᱟᖴ䘩൘ㅜ ৏ቲ᧒⍻ಘкⲴተฏ඀ḷˈౡ઼౷ᱟᖴ䘩൘ �[� \�༴Ⲵࣘ䟿൘ޘተ඀ḷ㌫Ⲵᯩੁˈ৕0৔ᱟ㋂ᆀⲴ⭥㦧∄кࣘ䟿Ǆ䲔
Ҷᖴ䘩৲ᮠˈᆳԜⲴॿᯩᐞ⸙䱥ҏᱟᖸ䟽㾱Ⲵˈᖴ䘩⣦ᘱ �WUDFN VWDWH�वਜ਼Ҷᖴ䘩

൘⇿аቲ᧒⍻ಘкᆼᮤⲴؑ᚟ǄՐ᫝ᐕާਟԕᢺᖴ䘩Ӿㅜ ৏ ҃ 2ቲ᧒⍻ಘՐ᫝ࡠㅜ৏ቲ᧒⍻ಘˈҾᱟਟԕ䙊䗷⣦ᘱ⸒䟿 ήড়৏҃2亴⍻⣦ᘱ⸒䟿 ήড়৏-SUHG >���@˖
ήড়৏-SUHG > ৤৏҃2 ήড়৏҃2 , ή৛৏҃2/ �����

৤৏҃2 ቡ㺘⽪Ҷᖴ䘩Ӿㅜ ৏ ҃ 2ቲ᧒⍻ಘՐ᫝ࡠㅜ ৏ቲ᧒⍻ಘ⣦ᘱ⸒䟿Ⲵ㓯ᙗਈᦒˈ
〠ѪՐ᫝⸙䱥 �SURSDJDWRU PDWUL[�Ǆ ή৛৏҃2 ᧿䘠Ҷᖴ䘩൘ㅜ ৏ ҃ 2ቲ᧒⍻ಘ㓿শⲴཊ
䟽ᮓሴ᭸ᓄǄ⣦ᘱ⸒䟿 ήড়৏-SUHGⲴॿᯩᐞ ৡ৏-SUHGҏ਼ṧਟԕ䇑㇇˖

ৡ৏-SUHG > ৤৏҃2ৡ৏҃2৤ 7৏҃2 , ৵৏҃2/ �����

৵৏҃2ᱟཊ䟽ᮓሴⲴॿᯩᐞ⸙䱥Ǆ
᧒⍻ಘ⁑ඇⲴ㊫රཊ⿽ཊṧˈн਼⿽㊫Ⲵ᧒⍻ಘ⁑ඇ㺘⽪⍻䟿ս㖞Ⲵ඀ḷ㌫

Ⲵ㔤ᮠ઼ᔪ・ᯩᔿн਼ˈሶᆳԜо⣦ᘱ⸒䟿Ⲵተฏս㖞 )ড়- ঢ়*∄䖳ᰦ䴰㾱ᣅᖡ⸙
䱥 �SURMHFWLRQ PDWUL[� ০Ǆֻྲˈ6&7⇿а⡷Րᝏಘ䜭ਚ㜭⍻䟿а㔤Ⲵս㖞ؑ᚟ ঢ়༠ˈ
䇮⹵ᗞᶑ઼⣦ᘱ⸒䟿Ⲵተฏ඀ḷ㌫Ⲵٷ ড়䖤ᡀ ౚ䀂ˈྲമ���ᡰ⽪ˈࡉ

ঢ়༠ > ০ ໇ড়ঢ়່ > ๨҃ VLQ ౚ FRV ౚ๩ ໇ড়ঢ়່ / �����

ᡰԕ↔༴Ⲵᣅᖡ⸙䱥০ > ๨҃ VLQ ౚ FRV ౚ๩Ǆᱮ❦ˈ০ наᇊᱟᯩ䱥ˈሩҾн਼᧒
⍻ಘ⁑ඇҏн਼Ǆ

⭡Ҿ⍻䟿ᆈ൘䈟ᐞˈ亴⍻ս㖞ҏᒦнᆼޘԓ㺘ⵏᇎⲴᖴ䘩ս㖞ˈᡰԕ亴⍻Ⲵ

ᖴ䘩ս㖞઼ᇎ䱵Ⲵ⍻䟿 ή৑৏а㡜ᱟн਼ⲴǄᆳԜⲴ↻ᐞ ή৖৏Ѫ
ή৖৏ > ή৑৏ ҃ ০৏ ήড়৏-SUHG- �����

↻ᐞⲴॿᯩᐞ⸙䱥 ৰ৏ቡᱟ
ৰ৏ > ৴৏ , ০৏ৡ৏-SUHG০7৏ / �����

৴৏ ᱟ⍻䟿 ή৑৏ Ⲵॿᯩᐞ⸙䱥Ǆ঑ቄᴬ└⌒ⲴṨᗳቡᱟ਼ᰦެ亮ᖴ䘩亴⍻ս㖞઼⍻
䟿ս㖞ˈ࡙࠶ݵ⭘ᐢᴹⲴؑ᚟ՠ䇑ᴰ֣Ⲵᖴ䘩ս㖞ˈᖴ䘩ս㖞ቡਆᆳԜⲴ࣐ᵳᒣ
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X

Y

strips

!

x

y

y′
hit

മ ��� 6&7⍻䟿඀ḷ㌫઼⣦ᘱ⸒䟿ተฏ඀ḷ㌫

൷˖

ήড়৏ > ήড়৏-SUHG , ৩৏ή৖৏- �����

ަѝ ৩৏ Ѫ঑ቄᴬ໎⳺⸙䱥 �JDLQ PDWUL[�>���@ˈᱟ䙊䗷ᮠᆖ䇑㇇⺞ᇊⲴ㜭㔉ࠪᴰՈ

ᖴ䘩ս㖞ՠ䇑Ⲵ䖵ࣙ⸙䱥ˈާփᖒᔿѪ

৩৏ > ৡ৏-SUHG০7৏ ৰ҃2৏ / �����

ήড়৏а㡜〠Ѫ䗷└Ⲵ �ILOWHUHG�⣦ᘱ⸒䟿ˈ㘼 ήড়৏ⲴॿᯩᐞѪ
ৡ৏ > มവ ҃ ৩৏০৏ย ৡ৏-SUHG/ ������

ԕкᱟа㡜ᖒᔿˈѪҶᴤ␵ᾊൠⴻޜࡠᔿⲴ᜿ѹˈਟԕ㘳㲁 ήড়৏ ઼ ή৑৏ Ѫа㔤Ⲵᛵ
ᖒǄ↔ᰦˈৡ৏-SUHG > ౬3৏-SUHGˈ৴৏ > ౬3৏-PHDVˈήড়৏Ⲵᯩᐞ ౬3┑䏣˖

2౬3 > 2౬3৏-SUHG , 2౬3৏-PHDV - ������

ᔿ�����ॆѪ ড়৏౬3 > ড়৏-SUHG౬3৏-SUHG , ৑৏౬3৏-PHDV / ������

Ӿ䘉䟼ਟԕⴻࠪˈ䗷└Ⲵᖴ䘩ս㖞Ⲵ⺞ᱟ亴⍻Ⲵ઼⍻䟿Ⲵս㖞Ⲵ࣐ᵳᒣ൷ˈᵳ䟽

ᱟ䈟ᐞⲴقᮠˈ䈱Ⲵ䈟ᐞሿˈ䗷└Ⲵս㖞ቡੁٿҾଚ䗩Ǆ᧕лᶕˈቡᱟ⭘ㅜ ৏ቲ䗷
└Ⲵ⣦ᘱ⸒䟿ᶕ亴⍻ㅜ ৏ , 2ቲⲴ⣦ᘱ⸒䟿ˈ䟽༽к䘠↕僔ˈⴤࡠᣥ䗮ᴰਾаቲᆈ

���
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൘⍻䟿Ⲵ᧒⍻ಘǄ൘䗷└䱦⇥ˈㅜ ৏ቲ䗷└Ⲵ⣦ᘱ⸒䟿ਚ⭘ࡠҶࡽ ৏ቲ⍻䟿Ⲵؑ
᚟ǄѪ䘋а↕ՈॆᤏਸⲴ㔃᷌ˈ঑ቄᴬ└⌒ᤏਸ䘈䴰㾱৽ੁ䘋㹼䗷└ǄӾᴰਾа

ቲᔰ࿻ˈ઼ࡽ䘠↕僔аṧˈਚᱟӾㅜ ৏ቲ৽ੁՐ᫝ࡠㅜ ৏ ҃ 2ቲˈ䘉ṧ⇿аቲⲴՠ
䇑䜭࡙࠶ݵ⭘Ҷᡰᴹ⍻䟿Ⲵؑ᚟Ǆ

ྲ᷌⍻䟿䈟ᐞ઼ཊ䟽ᮓሴ䈟ᐞ䜭ᱟ儈ᯟ࠶ᐳˈ঑ቄᴬ└⌒ᤏਸቡ㜭ཏ㔉ࠪᖴ

䘩ⲴᴰՈՠ䇑 >���@Ǆ᰾ᱮⴻࠪˈ঑ቄᴬ└⌒ᤏਸᱟਟ䘝ԓⲴˈᡰԕ䇑㇇ᰦ䰤ਚՊ

䲿⵰⍻䟿ᮠⴞ㓯ᙗ໎࣐Ǆ㘼ф䗷〻ѝн䴰㾱ሩᐘབྷⲴ⸙䱥≲䘶ˈ䘉⿽≲䘶䇑㇇ሩ

&38Ⲵ⎸㙇ॱ࠶ᐘབྷˈ䘉֯ᗇ঑ቄᴬ└⌒ᤏਸ㇇⌅䙏ᓖ⴨ሩ䖳ᘛǄ

��� ⿱㓵䠃ᔰ䖥Ԭ &DO\SVR

&DO\SVR>���@ ᱟ )$6(5 ↓ᔿⲴ⿫㓯䟽ᔪ䖟ԦˈสҾ $7/$6 Ⲵ $7+(1$ ઼

/+&E Ⲵ *$8',Ǆ䘁ᶕ )$6(5 Ⲵᖴ䘩䟽ᔪ〻ᒿ䜭ᱟ൘↔Ṷᷦਁ޵ኅⲴˈԓ⸱൘

7UDFNLQJ�$FWVⴞᖅлǄ&DO\SVRⲴ 6&7ഒ㈷઼オ䰤⛩䟽ᔪ㇇⌅〫Ἵ㠚$7+(1$Ⲵ

䜘࠶〻ᒿ ⭡̍Ҿ )$6(5Ⲵᖴ䘩ᇶᓖ∄$7/$6վᗇཊ ਚ̍䴰㾱а䜘࠶Ⲵ$7+(1$䟽
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䴰㾱ṩᦞ儈ᯟ࠶ᐳⲴ൷٬䘋㹼ࡍ↕ṑ߶Ǆ

��� ṑ߶ ṑ̟߶䴰㾱ᤏਸᖴ䘩 (̍87HOHVFRSH Y�����ⴞࡽ唈䇔Ⲵᖴ䘩ᤏਸ㇇⌅ᱟ

*%/ �*HQHUDO %URNHQ /LQHV�>���@㇇⌅Ǆ*%/઼঑ቄᴬ└⌒൘ᮠᆖкᱟㅹԧ

Ⲵˈਟԕᖸྭൠ༴⨶ཊ䟽ᮓሴ᭸ᓄˈᒦфᴹ᧕ਓᨀ׋ᖴ䘩৲ᮠᆼᮤⲴॿᯩ

ᐞ⸙䱥㔉ṑ߶㇇⌅0LOOHSHGH ,,>���@Ǆ*%/㇇⌅Պሩ㓿䗷亴ṑ߶Ⲵࠫѝ䘋㹼

ᤏਸ ᤏ̍ਸѝ⇿њࠫѝⲴ↻ᐞՊ㻛Ր䙂㔉0LOOHSHGH ,, 0̍LOOHSHGH ,,ሶ᭩ਈ

䲔ㅜаቲ઼ᴰਾаቲ0LPRVD��ཆⲴަԆᡰᴹ᧒⍻ಘⲴս㖞઼䖜ࣘ䀂ˈԕ

ራ᢮֯ޘተ ౰3 ᴰሿⲴ٬ˈԕ↔ᴰ㓸ṑ߶䘉Ӌѝ䰤Ⲵ᧒⍻ಘǄᵜ᷀࠶ᙫޡ
䘋㹼Ҷ �⅑สҾ *%/Ⲵṑ߶䘝ԓǄ
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ࠫѝս㖞Ⲵ↻ᐞѪ⍻䟿ࡠⲴࠫѝս㖞оᖴ䘩ս㖞Ⲵᐞ٬ˈオ䰤࠶䗘⦷ሶ⭡↔

ᨀਆࠪǄㅜаቲ઼ㅜҼቲ 0LPRVD��кⲴࠫѝս㖞↻ᐞ࠶ᐳྲമ���ᡰ⽪Ǆ⭘儈ᯟ

࠭ᮠሩ↻ᐞ࠶ᐳᤏਸˈᗇࡠҶ䘉єቲ0LPRVD��Ⲵオ䰤࠶䗘⦷Ǆ0LPRVD��Ⲵപᴹ

⦷䗘࠶ �LQWULQVLF UHVROXWLRQ�Ѫ 4 ʡ P ҭ 5 ʡ P>���@ˈ㘼儈ᯟᤏਸᗇࡠⲴ࠶䗘⦷তվҾ
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ᴹ࠶䗘⦷Ⲵޣ㌫Ѫ >���@

౬3
ELDVHG > ౬3

LQWULQVLF ҃ ౬3
WUDFN�ELDVHG�/ �����

൘ѝ䰤Ⲵ᧒⍻ᒣ䶒ᖴ䘩䈟ᐞ ౬WUDFN�ELDVHG�䖳ሿ ᡰ̍ԕㅜҼቲ0LPRVD��Ⲵᴹ࠶ٿ䗘⦷

∄ㅜаቲབྷǄަԆ 0LPRVD��Ⲵ↻ᐞ࠶ᐳоമ���㊫լˈ䘉Ӌਸ⨶Ⲵᴹ࠶ٿ䗘⦷䇱
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�F�ㅜаቲ઼ㅜҼቲ0LPRVD��Ⲵ <ᯩੁ �G� �ቲ 5'��$Ⲵ <ᯩੁ

മ ��� �ቲ᧒⍻ᒣ䶒䰤ࠫѝս㖞Ⲵޣ㚄ᙗ

┑䏣 >���@˖

౬3
XQELDVHG > ౬3

LQWULQVLF , ౬3
WUDFN�XQELDVHG�/ �����

ሩҾቪረ䖳བྷⲴۿ㍐ˈн޽㜭ཏԕ儈ᯟ࠭ᮠⴤ᧕ᤏਸަ↻ᐞ࠶ᐳˈഐѪަ↻ᐞᱟ

൷र࠶ᐳ઼儈ᯟ࠶ᐳⲴধ〟Ǆ↔༴Ⲵ൷र࠶ᐳᱟᖴ䘩Ⲵާփս㖞൘ањۿ㍐ѝн

ਟ࠶䗘ሬ㠤ⲴǄ൷र࠶ᐳ࠭ᮠਚᴹањ㠚⭡৲ᮠ˖ᇭᓖ ৉ ৉̍а㡜བྷ㠤ㅹҾۿ㍐Ⲵ
䗩䮯Ǆ儈ᯟ࠭ᮠ׍❦ᴹ �њ৲ᮠ˖൷٬ ౥઼൷ᯩṩ ౒Ǆᰐ࠶ٿ䗘⦷ਟԕ㺘⽪ᡀ䘉
Ӌᤏਸ৲ᮠ˖

౬3
XQELDVHG > ৉3023 , ౒3/ �����

ަѝ ৉̍3023ቡᱟ൷र࠶ᐳⲴᯩᐞǄ211 · 36 ʡP3 5'��$Ⲵࠫѝս㖞↻ᐞ࠶ᐳ৺ᤏ
ਸ㿱മ���Ǆ
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䗘⦷ᴤྭǄ࠶ᯌਾⲴオ䰤ٮ

൘ᶏ⍱⍻䈅ѝˈਚ⍻䟿Ҷ '87 Ⲵᰐٿオ䰤࠶䗘⦷ˈնᱟᡁԜ䴰㾱Ⲵᱟപᴹ
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઼ (87HOHVFRSHѝаṧⲴ᧒⍻ಘࠐօ઼⢙䍘䟿ㅹؑ᚟ˈ䲔↔ѻཆˈ䘈䴰㾱ᨀ0׋L�

PRVD��Ⲵപᴹ࠶䗘⦷Ǆ㲭❦аӋ (8'(7㊫රⲴ৲㘳᧒⍻ಘⲴപᴹオ䰤࠶䗘⦷ᐢ
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�D� ;ᯩੁ˄36 ʡPᯩੁ˅ �E� <ᯩੁ˄211 ʡPᯩੁ˅
മ ��� 211 · 36 ʡP3 5'��$Ⲵࠫѝս㖞↻ᐞ࠶ᐳˈᇎ㓯ᱟ൷र࠶ᐳ࠭ᮠ઼儈ᯟ࠭ᮠধ〟
Ⲵᤏਸ

മ ��� ㍐৊ۿᯌ᭸ᓄ⽪᜿മˈṧֻٮ ��� ʡPˈᇭ �� ʡPˈٮᯌ䀂 24҉
0LPRVD��ǄҾᱟ ਟ̍ԕ⭘ᔿ�����䇑㇇ࠪ⇿аቲ0LPRVD��Ⲵᴹ࠶ٿ䗘⦷ ᒦ̍ሶᆳԜ

оᤏਸᴹٿ↻ᐞᗇࡠⲴᴹ࠶ٿ䗘⦷ ౬ELDVHG-্∄䖳ˈᴰሿॆྲл ౰3˖

౰3 > ্ุ ๥౬ELDVHG-্ ҃ ู౬3
LQWULQVLF ҃ ౬3

WUDFN-্๦3
ু ฤ౬ELDVHG-্ล - �����

ቡਟԕՠ䇑ࠪ0LPRVD��Ⲵപᴹ࠶䗘⦷Ǆަѝ ু̍ ฤ౬ELDVHG-্ลᱟ⍻䟿ࡠⲴᴹ࠶ٿ䗘⦷
ⲴᯩᐞǄѪ᢮֯ࡠ ౰3 ᴰሿⲴ ౬LQWULQVLFˈᡁԜ൘ �� ʡP� � ʡP�Ⲵ㤳ത޵ˈԕ ���� ʡP
Ⲵ↕䮯ˈᢛ᧿Ҷᡰᴹਟ㜭Ⲵ ౬LQWULQVLFⲴ٬Ǆ⇿ањ ౬LQWULQVLF䇑㇇ࠪⲴ ౰3㿱മ���ˈਟ

ԕⴻࡠˈ౰3 ਟԕᖸྭൠ㻛ᣋ⢙㓯ᤏਸǄ֯ ౰3 ᴰሿⲴ ౬LQWULQVLF > 4/96 ʡPˈ㻛㿶Ѫ
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�D�ᰐٮᯌ �E�ٮᯌ 24҉
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Ⲵᤏਸ

0LPRVD��Ⲵപᴹ࠶䗘⦷Ǆമ���∄䖳Ҷ �ቲ0LPRVD��к⍻䟿ࡠⲴᴹ࠶ٿ䗘⦷઼ส
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mµIntrinsic Resolution of Mimosa26 
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Χ +[2]2Fit function: [0]*(x-[1])

 7.602±Fit parameter: [0] = 7744.650 
 0.000±Fit parameter: [1] = 3.849 

 3.368±Fit parameter: [2] = 626.589 

 0.011±The fitted intrinsic resolution: 3.849 

മ ��� ౰3 ᐳˈ㓒㢢⛩ᱟ⇿ањᢛ᧿Ⲵ࠶ ౬LQWULQVLF䇑㇇ࠪⲴ ౰3ˈ㬍㢢ᇎ㓯ᱟᣋ⢙㓯ᤏਸ
аᰖ 0LPRVD��Ⲵപᴹ࠶䗘⦷⺞ᇊˈ'87кⲴᖴ䘩࠶䗘⦷ҏਟԕӾᖴ䘩࠶䗘

⦷⁑ᤏಘᗇ87'ˈࡠⲴപᴹ࠶䗘⦷਼ṧ⭡ᔿ�����䇑㇇ࠪǄ㺘���ᙫ㔃Ҷ 6/$&ᶏ⍱

⍻䈅⍻䟿ࡠⲴ 61 · 61 ʡP3 ઼ 211 · 36 ʡP3 5'��$൘ٮᯌ 24҉ ઼ᰐٮᯌᰦⲴപᴹ
オ䰤࠶䗘⦷ˈᒦ઼ ৔্৘ৈω0ҋ23䘋㹼Ҷ∄䖳Ǆ৔্৘ৈωѪۿ㍐Ⲵቪረˈ㋂ᆀ൘ањۿ㍐
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മ ��� ൘ �ቲ0LPRVD��кˈԕ ౬LQWULQVLF > 4/96 ʡP亴⍻Ⲵ઼⍻䟿Ⲵᴹ࠶ٿ䗘⦷Ⲵ∄䖳ˈ;
䖤ᱟ0LPRVD��Ⲵ ]඀ḷ

⦷Ǆ

㺘 ��� 6/$&ᶏ⍱⍻䈅⍻䟿Ⲵ 5'��$⁑ඇⲴപᴹオ䰤࠶䗘⦷

61 · 61 ʡP3 5'��$
ᰐٮᯌᯩੁ ��� ʡP�

61 · 61 ʡP3 5'��$
ᯌᯩੁٮ ��� ʡP�

211 · 36 ʡP3 5'��$
ᰐٮᯌᯩੁ ���� ʡP�

211 · 36 ʡP3 5'��$
ᯌᯩੁٮ ��� ʡP�

৔্৘ৈω0ҋ23 ���� ���� ���� ���

ᰐٮᯌ '87 25/62 � 2/16 25/69 � 2/15 39/27 � 1/78 8/:3 � 2/84
ᯌٮ 24҉ '87 25/15 � 2/18 21/97 � 2/1: 39/65 � 1/86 7/92 � 2/93
ᯌٮᯌ24҉0ᰐٮ 1/:8 � 1/21 1/85 � 1/1: 2/12 � 1/15 1/97 � 1/41
㺘���ѝⲴ㔃᷌ᐢवᤜ㌫㔏䈟ᐞˈᵜ⅑⍻䟿㘳㲁ҶྲлⲴ㌫㔏䈟ᐞ˖

��� '87Ⲵ⢙䍘䟿ሩҾཊ䟽ᮓሴ᭸ᓄᖡ૽ॱ࠶ᱮ㪇 㘼̍ 5'��$кᴹ⹵Րᝏಘǃ

ㄟㅹ༽ᵲ㔃ᶴࡽ ⢙̍䍘䟿䳮ԕ߶⺞ՠ䇑Ǆ䝽㖞 (87HOHVFRSHᰦ Ԕ̍ '87Ⲵ

⢙䍘䟿ਈॆ ���֌Ѫ㌫㔏䈟ᐞǄ

��� ᶏ⍱Ⲵ㜭䟿ҏݱ䇨ਈॆ ���Ǆ
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Ѫ ���� ʡP 䘉̍ሶሬ㠤ᖴ䘩࠶䗘⦷⁑ᤏಘ㔉ࠪⲴ '87༴Ⲵᖴ䘩࠶䗘⦷ӗ⭏

ਈॆˈӾ㘼ᖡ૽ '87Ⲵപᴹ࠶䗘⦷Ǆ

ᖃ 5'��$⋑ᴹ㻛ٮᯌᰦˈ⍻䟿ᗇࡠⲴപᴹオ䰤࠶䗘⦷઼᤹➗Ҽ䘋ࡦ䈫ࠪⲴ亴
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>�@ $7/$6 &ROODERUDWLRQ� 2EVHUYDWLRQ RI D QHZ SDUWLFOH LQ WKH VHDUFK IRU WKH VWDQGDUG PRGHO +LJJV
ERVRQ ZLWK WKH $7/$6 GHWHFWRU DW WKH /+&>-@� 3K\V� /HWW� %� ����� ������������

>�@ &06&ROODERUDWLRQ� 2EVHUYDWLRQ RI D QHZ ERVRQ DW DPDVV RI ���*H9ZLWK WKH &06 H[SHULPHQW
DW WKH /+&>-@� 3K\V� /HWW� %� ����� �������������

>�@ :LJQHU ( 3� *UXSSHQWKHRULH XQG LKUH $QZHQGXQJ DXI GLH 4XDQWHQPHFKDQLN GHU $WRPVSHNWUHQ
>0@� %UDXQVFKZHLJ� 9LHZHJ� �������������

>�@ :HLQEHUJ 6� 7KH 4XDQWXP 7KHRU\ RI )LHOGV>0@� &DPEULGJH� &DPEULGJH 8QLYHUVLW\ 3UHVV�
�����������

>�@ 3HVNLQ 0 (� 6FKURHGHU ' 9� $Q ,QWURGXFWLRQ WR 4XDQWXP )LHOG 7KHRU\>0@� :HVWYLHZ 3UHVV�
����������� ������� ��������

>�@ <DQJ & 1� 0LOOV 5 /� &RQVHUYDWLRQ RI LVRWRSLF VSLQ DQG LVRWRSLF JDXJH LQYDULDQFH>-@� 3K\VLFDO
5HYLHZ� ����� ��������������

>�@ ։䪺❅� ㋂ᆀ⢙⨶ḷ߶⁑ර᣹∿䟿઼䍩ᴬ㿴%�2)<ࡉ/@� ������������>����������@� KWWSV�
��\X]KDRKXDQ�JLWHH�LR�GRF�����B60�SGI�

>�@ .RED\DVKL 0� 0DVNDZD 7� &S�YLRODWLRQ LQ WKH UHQRUPDOL]DEOH WKHRU\ RI ZHDN LQWHUDFWLRQ>-@�
&S 9LRODWLRQ� ����� ��������������

>�@ +LJJV 3 :� %URNHQ V\PPHWULHV DQG WKH PDVVHV RI JDXJH ERVRQV>-@� 3K\V� 5HY� /HWW�� ����� ��
�������������

>��@ (QJOHUW )� %URXW 5� %URNHQ V\PPHWU\ DQG WKH PDVV RI JDXJH YHFWRU PHVRQV>-@� 3K\V� 5HY� /HWW��
����� ������

>��@ *XUDOQLN * 6� +DJHQ & 5� .LEEOH 7 : %� *OREDO FRQVHUYDWLRQ ODZV DQG PDVVOHVV SDUWLFOHV>-@�
3K\V� 5HY� /HWW�� ����� ���������������

>��@ ઘ䛖㶽� 䟿ᆀ൪䇪>0@� ेӜ� 儈ㅹᮉ㛢ࠪ⡸⽮� �������������

>��@ *UHLQHU :� 5HLQKDUGW -� )LHOG 4XDQWL]DWLRQ>0@� %HUOLQ� 6SULQJHU� �������������

>��@ '\VRQ ) -� 7KH UDGLDWLRQ WKHRULHV RI 7RPRQDJD� 6FKZLQJHU� DQG )H\QPDQ>-@� 3K\V� 5HY�� �����
�����������

>��@ 6FKZDUW] 0 '� 4XDQWXP )LHOG 7KHRU\ DQG WKH 6WDQGDUG 0RGHO>0@� 1HZ <RUN� &DPEULGJH
8QLYHUVLW\ 3UHVV� �����������

>��@ '\VRQ ) -� 'LYHUJHQFH RI SHUWXUEDWLRQ WKHRU\ LQ TXDQWXP HOHFWURG\QDPLFV>-@� 3K\V� 5HY�� �����
�����������

>��@ .D]DNRY ' ,� 6KLUNRY ' 9� $V\PSWRWLF VHULHV RI TXDQWXP ILHOG WKHRU\ DQG WKHLU VXPPDWLRQ>-@�
)RUWVFK� 3K\V�� ����� �����������

>��@ ¶W +RRIW *� 5HQRUPDOL]DWLRQ RI PDVVOHVV <DQJ�0LOOV ILHOGV>-@� 1XFOHDU 3K\VLFV� ����� ������
��������

���
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>��@ ¶W +RRIW *� 5HQRUPDOL]DEOH /DJUDQJLDQV IRU PDVVLYH <DQJ�0LOOV ILHOGV>-@� 1XFOHDU 3K\VLFV %�
����� ��������������

>��@ +XVWRQ -� 5DEEHUW] .� =DQGHULJKL *� 4XDQWXP FKURPRG\QDPLFV>(%�2/@� ������������>�����
�����@� KWWSV���SGJ�OEO�JRY������UHYLHZV�USS�����UHY�TFG�SGI�

>��@ $7/$6 &ROODERUDWLRQ� 6WDQGDUG PRGHO VXPPDU\ SORWV VSULQJ ����>(%�2/@� ������������
>����������@� KWWSV���DWODV�ZHE�FHUQ�FK�$WODV�*52836�3+<6,&6�38%127(6�$7/�3+<
6�38%�����������

>��@ &06 &ROODERUDWLRQ� 6XPPDULHV RI FPV FURVV VHFWLRQ PHDVXUHPHQWV>(%�2/@� ������������
>����������@� KWWSV���WZLNL�FHUQ�FK�WZLNL�ELQ�YLHZ�&063XEOLF�3K\VLFV5HVXOWV&RPELQHG�

>��@ 0HUWHQV 6� 'LUHFW QHXWULQR PDVV H[SHULPHQWV>-@� -RXUQDO RI 3K\VLFV� &RQIHUHQFH 6HULHV� �����
�����������

>��@ %HQQHWW & /� /DUVRQ '� :HLODQG - /� HW DO� 1LQH�\HDU ZLONLQVRQ PLFURZDYH DQLVRWURS\
SUREH�ZPDS� REVHUYDWLRQV� )LQDO PDSV DQG UHVXOWV>-@� $VWURSK\VLFDO -RXUQDO 6XSSOHPHQW� �����
����������

>��@ &RKHQ $ *� .DSODQ ' %� 1HOVRQ $ (� 3URJUHVV LQ HOHFWURZHDN EDU\RJHQHVLV>-@� $QQXDO 5HYLHZ
RI 1XFOHDU 	 3DUWLFOH 6FLHQFH� ����� ����������������

>��@ %DNHU & $� 'R\OH ' '� *HOWHQERUW 3� HW DO� ,PSURYHG H[SHULPHQWDO OLPLW RQ WKH HOHFWULF GLSROH
PRPHQW RI WKH QHXWURQ>-@� 3K\VLFDO 5HYLHZ /HWWHUV� ����� ��������������

>��@ 3HFFHL 5 '� 4XLQQ + 5� &S FRQVHUYDWLRQ LQ WKH SUHVHQFH RI SVHXGRSDUWLFOHV>-@� 3K\VLFDO 5HYLHZ
/HWWHUV� ����� �����������������

>��@ 3HFFHL 5 '� 4XLQQ + 5� &RQVWUDLQWV LPSRVHG E\ FS FRQVHUYDWLRQ LQ WKH SUHVHQFH RI SVHXGRSDU�
WLFOHV>-@� 3K\V� 5HY� '� ����� ����������������

>��@ 5XELQ 9 &� )RUG -� :� .HQW� 5RWDWLRQ RI WKH DQGURPHGD QHEXOD IURP D VSHFWURVFRSLF VXUYH\ RI
HPLVVLRQ UHJLRQV>-@� $VWURSK\VLFDO -RXUQDO� ����� ��������

>��@ 7ULPEOH 9� ([LVWHQFH DQG QDWXUH RI GDUN PDWWHU LQ WKH XQLYHUVH>-@� $QQXDO 5HYLHZ RI $VWURQRP\
DQG $VWURSK\VLFV� ����� �������

>��@ $JKDQLP 1� $NUDPL <� $VKGRZQ 0� HW DO� 3ODQFN ���� UHVXOWV 9,� &RVPRORJLFDO SDUDPHWHUV
>-@� $VWURQRP\ 	 $VWURSK\VLFV� ����� ����$��

>��@ %DXGLV /� $ UHYLHZ RI GLUHFW ZLPS VHDUFK H[SHULPHQWV>-@� 1XFOHDU 3K\VLFV % � 3URFHHGLQJV
6XSSOHPHQWV� ����� ����������� � ����

>��@ ;(121 &ROODERUDWLRQ� 6HDUFK IRU LQHODVWLF VFDWWHULQJ RI ZLPS GDUN PDWWHU LQ [HQRQ�W>-@�
DU;LY�����������>KHS�H[@� �����

>��@ &ROODERUDWLRQV 9 . )� 5HFHQW UHVXOWV IURP OX[ DQG SURVSHFWV IRU GDUN PDWWHU VHDUFKHV ZLWK O]
>-@� 8QLYHUVH� ����� ��������

>��@ 'DQLHO $� 1XUDO $� (FH $� HW DO� 'DUN PDWWHU EHQFKPDUN PRGHOV IRU HDUO\ OKF UXQ�� VHDUFKHV�
5HSRUW RI WKH DWODV�FPV GDUN PDWWHU IRUXP>-@� 3K\VLFV RI WKH 'DUN 8QLYHUVH� ����� ����������

>��@ 0LNDHO &� )HOL[ .� 0DWWKHZ 0� HW DO� &RQVWUDLQLQJ GDUN VHFWRUV ZLWK PRQRMHWV DQG GLMHWV>-@�
-RXUQDO RI +LJK (QHUJ\ 3K\VLFV� ����� �����������

>��@ )DEEULFKHVL 0� *DEULHOOL (� /DQIUDQFKL *� 7KH GDUN SKRWRQ>-@� DU;LY����������� >KHS�SK@�
�����

���

https://pdg.lbl.gov/2020/reviews/rpp2020-rev-qcd.pdf
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>��@ $ULDV 3� &DGDPXUR '� *RRGVHOO 0� HW DO� :LVS\ FROG GDUN PDWWHU>-@� -RXUQDO RI &RVPRORJ\ 	
$VWURSDUWLFOH 3K\VLFV� ����� �����������������

>��@ (QGR 0� +DPDJXFKL .� 0LVKLPD *� &RQVWUDLQWV RQ KLGGHQ SKRWRQ PRGHOV IURP HOHFWURQ J��
DQG K\GURJHQ VSHFWURVFRS\>-@� 3K\VLFDO 5HYLHZ '� ����� ��������������

>��@ )HQJ - /� *DORQ ,� .OLQJ )� HW DO� )RUZ$UG 6HDUFK ([SH5LPHQW DW WKH /+&>-@� 3K\VLFDO 5HYLHZ
'� ����� �������������

>��@ %UXQ 3� $[LRQ�OLNH SDUWLFOHV� SRVVLEOH KLQWV DQG FRQVWUDLQWV IURP WKH KLJK�HQHUJ\ XQLYHUVH>-@�
-RXUQDO RI 3K\VLFV� &RQIHUHQFH 6HULHV� ����� �������������������

>��@ )HQJ - /� *DORQ ,� .OLQJ )� HW DO� $[LRQOLNH SDUWLFOHV DW )$6(5� 7KH /+& DV D SKRWRQ EHDP
GXPS>-@� 3K\VLFDO 5HYLHZ '� ����� �������������

>��@ 6MRVWUDQG 7� 0UHQQD 6� 6NDQGV 3 =� $ %ULHI ,QWURGXFWLRQ WR 3<7+,$ ���>-@� &RPSXW� 3K\V�
&RPPXQ�� ����� ������������

>��@ *OHLVEHUJ 7� +|HFKH 6� .UDXVV )� HW DO� (YHQW JHQHUDWLRQ ZLWK 6+(53$ ���>-@� -+(3� ����� ���
����

>��@ &RUFHOOD *� .QRZOHV , *� 0DUFKHVLQL *� HW DO� +(5:,* �� DQ HYHQW JHQHUDWRU IRU KDGURQ
HPLVVLRQ UHDFWLRQV ZLWK LQWHUIHULQJ JOXRQV �LQFOXGLQJ VXSHUV\PPHWULF SURFHVVHV�>-@� -RXUQDO RI
+LJK (QHUJ\ 3K\VLFV� ����� �����������������

>��@ $OZDOO -� )UHGHUL[ 5� )UL[LRQH 6� HW DO� 7KH DXWRPDWHG FRPSXWDWLRQ RI WUHH�OHYHO DQG QH[W�WR�
OHDGLQJ RUGHU GLIIHUHQWLDO FURVV VHFWLRQV� DQG WKHLU PDWFKLQJ WR SDUWRQ VKRZHU VLPXODWLRQV>-@�
-RXUQDO RI +LJK (QHUJ\ 3K\VLFV� ����� �����������

>��@ $QGHUVVRQ %� *XVWDIVRQ *� ,QJHOPDQ *� HW DO� 3DUWRQ )UDJPHQWDWLRQ DQG 6WULQJ '\QDPLFV>-@�
3K\VLFV 5HSRUWV� ����� �������������

>��@ :HEEHU % 5� $ 4&' PRGHO IRU MHW IUDJPHQWDWLRQ LQFOXGLQJ VRIW JOXRQ LQWHUIHUHQFH>-@� 1XFOHDU
3K\VLFV %� ����� ���������������

>��@ (YDQV /� %U\DQW 3� /+& PDFKLQH>-@� -RXUQDO RI ,QVWUXPHQWDWLRQ� ����� ������6������6������

>��@ )RUWKRPPHO� 0DS RI WKH FHUQ DFFHOHUDWRU FRPSOH[>(%�2/@� ������������>����������@� KWWSV�
��FRPPRQV�ZLNLPHGLD�RUJ�ZLNL�)LOH�&HUQ�DFFHOHUDWRU�FRPSOH[�VYJ�

>��@ /KF UXQQLQJ>(%�2/@� ���������>�������@� KWWSV���ZZZ�OKF�FORVHU�HV�WDNLQJBDBFORVHUBORRNB
DWBOKF���OKFBUXQQLQJ�

>��@ +RZ DQ DFFHOHUDWRU ZRUNV>(%�2/@� ���������>�������@� KWWSV���KRPH�FHUQ�VFLHQFH�DFFHOHUDWR
UV�KRZ�DFFHOHUDWRU�ZRUNV�

>��@ /KF SURMHFW VFKHGXOH>(%�2/@� ���������>�������@� KWWSV���SURMHFW�KO�OKF�LQGXVWU\�ZHE�FHUQ�F
K�FRQWHQW�SURMHFW�VFKHGXOH�

>��@ $7/$6 &ROODERUDWLRQ� 7KH $7/$6 H[SHULPHQW DW WKH &(51 ODUJH KDGURQ FROOLGHU>-@� -RXUQDO
RI ,QVWUXPHQWDWLRQ� ����� ������6������6������

>��@ &DSHDQV 0� 'DUER *� (LQVZHLOOHU .� HW DO� $WODV LQVHUWDEOH E�OD\HU WHFKQLFDO GHVLJQ UHSRUW
>5�2/@� $7/$6�7'5���� ����� KWWSV���FGV�FHUQ�FK�UHFRUG���������

>��@ 3HUQHJJHU +� 7KH 3L[HO 'HWHFWRU RI WKH $7/$6 H[SHULPHQW IRU /+& 5XQ��>-@� -RXUQDO RI
,QVWUXPHQWDWLRQ� ����� ������&������&������

���

https://commons.wikimedia.org/wiki/File:Cern-accelerator-complex.svg
https://commons.wikimedia.org/wiki/File:Cern-accelerator-complex.svg
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https://home.cern/science/accelerators/how-accelerator-works
https://home.cern/science/accelerators/how-accelerator-works
https://project-hl-lhc-industry.web.cern.ch/content/project-schedule
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https://cds.cern.ch/record/1291633
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>��@ $7/$6 FROODERUDWLRQ� 2SHUDWLRQ DQG SHUIRUPDQFH RI WKH DWODV VHPLFRQGXFWRU WUDFNHU>-@� -RXUQDO
RI ,QVWUXPHQWDWLRQ� ����� �����3������3������

>��@ $DERXG 0� $DG *� $EERWW %� HW DO� 3HUIRUPDQFH RI WKH $7/$6 7UDQVLWLRQ 5DGLDWLRQ 7UDFNHU
LQ 5XQ � RI WKH /+&� WUDFNHU SURSHUWLHV>-@� -RXUQDO RI ,QVWUXPHQWDWLRQ� ����� �������3�����̢
3������

>��@ $7/$6 FROODERUDWLRQ� 3HUIRUPDQFH RI WKH $7/$6 WULJJHU V\VWHP LQ ����>-@� 7KH (XURSHDQ
3K\VLFDO -RXUQDO &� ����� ������

>��@ *DOODV ( -� 0DORQ '� +DZNLQJV 5 -� HW DO� $Q LQWHJUDWHG RYHUYLHZ RI PHWDGDWD LQ $7/$6>-@�
-RXUQDO RI 3K\VLFV� &RQIHUHQFH 6HULHV� ����� ��������������

>��@ )$6(5 &ROODERUDWLRQ� )$6(5ÿV SK\VLFV UHDFK IRU ORQJ�OLYHG SDUWLFOHV>-@� 3K\VLFDO 5HYLHZ
'� ����� ������

>��@ )$6(5 &ROODERUDWLRQ� 7(&+1,&$/ 352326$/� )$6(5� 7+( )25:$5' 6($5&+ (;�
3(5,0(17 $7 7+( /+&>5�2/@� &(51�/+&&���������� ����� KWWS���FGV�FHUQ�FK�UHFRUG��
�������

>��@ $7/$6 FROODERUDWLRQ� 0HDVXUHPHQW RI WKH SKRWRQ LGHQWLILFDWLRQ HIILFLHQFLHV ZLWK WKH DWODV
GHWHFWRU XVLQJ OKF UXQ�� GDWD>-@� 7KH (XURSHDQ 3K\VLFDO -RXUQDO &� ����� �������

>��@ $7/$6 FROODERUDWLRQ� 0HDVXUHPHQW RI WKH SKRWRQ LGHQWLILFDWLRQ HIILFLHQFLHV ZLWK WKH DWODV
GHWHFWRU XVLQJ OKF UXQ � GDWD FROOHFWHG LQ ���� DQG ����>-@� 7KH (XURSHDQ 3K\VLFDO -RXUQDO &�
����� ������

>��@ $7/$6 FROODERUDWLRQ� 7RSRORJLFDO FHOO FOXVWHULQJ LQ WKH $7/$6 FDORULPHWHUV DQG LWV SHUIRU�
PDQFH LQ /+& 5XQ �>-@� 7KH (XURSHDQ 3K\VLFDO -RXUQDO &� ����� ����������

>��@ $7/$6 FROODERUDWLRQ� -HW UHFRQVWUXFWLRQ DQG SHUIRUPDQFH XVLQJ SDUWLFOH IORZ ZLWK WKH $7/$6
'HWHFWRU>-@� 7KH (XURSHDQ 3K\VLFDO -RXUQDO &� ����� ����������

>��@ $7/$6 &ROODERUDWLRQ� ,PSURYLQJ MHW VXEVWUXFWXUH SHUIRUPDQFH LQ $7/$6 XVLQJ 7UDFN�&DOR
&OXVWHUV>5�2/@� $7/�3+<6�38%���������� ����� KWWS���FGV�FHUQ�FK�UHFRUG���������

>��@ $7/$6 &ROODERUDWLRQ� 2SWLPLVDWLRQ RI ODUJH�UDGLXV MHW UHFRQVWUXFWLRQ IRU WKH $7/$6 GHWHFWRU
LQ �� 7H9 SURWRQ±SURWRQ FROOLVLRQV>5�2/@� &(51�(3���������� ����� KWWS���FGV�FHUQ�FK�UHFR
UG���������

>��@ &DFFLDUL 0� 6DODP* 3� 6R\H] *� 7KH DQWL�NW MHW FOXVWHULQJ DOJRULWKP>-@� -RXUQDO RI +LJK (QHUJ\
3K\VLFV� ����� �����������������

>��@ $7/$6 &ROODERUDWLRQ� -HW HQHUJ\ VFDOH DQG UHVROXWLRQ PHDVXUHG LQ SURWRQ�SURWRQ FROOLVLRQV DWҋৗ > 24 WHY ZLWK WKH DWODV GHWHFWRU>-@� DU;LY�����������>KHS�H[@� �����
>��@ $7/$6 &ROODERUDWLRQ� 2SWLPLVDWLRQ DQG SHUIRUPDQFH VWXGLHV RI WKH DWODV E�WDJJLQJ DOJRULWKPV

IRU WKH ������� OKF UXQ>5�2/@� $7/� 3+<6�38%���������� ����� KWWSV���FGV�FHUQ�FK�UHFRUG
���������

>��@ $7/$6 &ROODERUDWLRQ� 6HFRQGDU\ YHUWH[ ILQGLQJ IRU MHW IODYRXU LGHQWLILFDWLRQ ZLWK WKH DWODV
GHWHFWRU>5�2/@� $7/�3+<6�38%������ ���� ����� KWWSV���FGV�FHUQ�FK�UHFRUG���������

>��@ $7/$6 &ROODERUDWLRQ� 7RSRORJLFDO E�KDGURQ GHFD\ UHFRQVWUXFWLRQ DQG LGHQWLILFDWLRQ RI E�MHWV
ZLWK WKH MHWILWWHU SDFNDJH LQ WKH DWODV H[SHULPHQW DW WKH OKF>5�2/@� $7/�3+<6�38%����������
����� KWWSV���FGV�FHUQ�FK�UHFRUG���������

���

http://cds.cern.ch/record/2651328
http://cds.cern.ch/record/2651328
http://cds.cern.ch/record/2275636
http://cds.cern.ch/record/2730141
http://cds.cern.ch/record/2730141
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>��@ $7/$6 FROODERUDWLRQ� $7/$6 E�MHW LGHQWLILFDWLRQ SHUIRUPDQFH DQG HIILFLHQF\ PHDVXUHPHQW
ZLWK ৘ Ȧ৘ HYHQWV LQ SS FROOLVLRQV DW ҋৗ > 24 7H9>-@� 7KH (XURSHDQ 3K\VLFDO -RXUQDO &� ����� ��
���������

>��@ +DUULV 5 0� .RXVRXULV .� 6HDUFKHV IRU GLMHW UHVRQDQFHV DW KDGURQ FROOLGHUV>-@� ,QWHUQDWLRQDO
-RXUQDO RI 0RGHUQ 3K\VLFV $� ����� �����Q��������̢ �����

>��@ 8$� &ROODERUDWLRQ� 0HDVXUHPHQW RI MHW SURGXFWLRQ SURSHUWLHV DW WKH FHUQ SS FROOLGHU>-@� 3K\VLFV
/HWWHUV %� ����� ���������� � ����

>��@ 8$� &ROODERUDWLRQ� $ PHDVXUHPHQW RI WZR�MHW GHFD\V RI WKH : DQG = ERVRQV DW WKH &(51 SS
FROOLGHU>-@� =HLWVFKULIW I�U 3K\VLN & 3DUWLFOHV DQG )LHOGV� ����� �������� � ���

>��@ &') &ROODERUDWLRQ� 6HDUFK IRU QHZ SDUWLFOHV GHFD\LQJ LQWR GLMHWV LQ SURWRQ�DQWLSURWRQ FROOLVLRQV
DW ҋৗ > 2/:7 7H9>-@� 3K\V� 5HY� '� ����� ��������������

>��@ $7/$6&ROODERUDWLRQ� 6HDUFK IRU 1HZ 3DUWLFOHV LQ 7ZR�-HW )LQDO 6WDWHV LQ 8 7H93URWRQ±3URWRQ
&ROOLVLRQV ZLWK WKH $7/$6 'HWHFWRU DW WKH /+&>-@� 3K\V� 5HY� /HWW�� ����� �����������

>��@ &06 &ROODERUDWLRQ� 6HDUFK IRU 'LMHW 5HVRQDQFHV LQ 8 7H9 ৔৔ &ROOLVLRQV DW &06>-@� 3K\V� 5HY�
/HWW�� ����� �����������

>��@ &06 &ROODERUDWLRQ� 0HDVXUHPHQW RI 'LMHW $QJXODU 'LVWULEXWLRQV DQG 6HDUFK IRU 4XDUN &RP�
SRVLWHQHVV LQ ৔৔ &ROOLVLRQV DW ҋৗ > 8 7H9>-@� 3K\V� 5HY� /HWW�� ����� �����������

>��@ &06 &ROODERUDWLRQ� 6HDUFK IRU UHVRQDQFHV LQ WKH GLMHW PDVV VSHFWUXP IURP 8 7H9 ৔৔ FROOLVLRQV
DW &06>-@� 3K\V� /HWW� %� ����� ��������

>��@ $7/$6 &ROODERUDWLRQ� $ VHDUFK IRU QHZ SK\VLFV LQ GLMHW PDVV DQG DQJXODU GLVWULEXWLRQV LQ ৔৔
FROOLVLRQV DW ҋৗ > 8 7H9 PHDVXUHG ZLWK WKH $7/$6 GHWHFWRU>-@� 1HZ -� 3K\V�� ����� ���
�������

>��@ $7/$6 &ROODERUDWLRQ� 6HDUFK IRU QHZ SK\VLFV LQ WKH GLMHW PDVV GLVWULEXWLRQ XVLQJ 2 IE҃2 RI ৔৔
FROOLVLRQ GDWD DW ҋৗ > 8 7H9 FROOHFWHG E\ WKH $7/$6 GHWHFWRU>-@� 3K\V� /HWW� %� ����� �������

>��@ $7/$6 &ROODERUDWLRQ� $7/$6 VHDUFK IRU QHZ SKHQRPHQD LQ GLMHW PDVV DQG DQJXODU GLVWULEX�
WLRQV XVLQJ ৔৔ FROOLVLRQV DW ҋৗ > 8 7H9>-@� -+(3� ����� �������

>��@ $7/$6 &ROODERUDWLRQ� 6HDUFK IRU QHZ SKHQRPHQD LQ WKH GLMHW PDVV GLVWULEXWLRQ XVLQJ ৔৔ FRO�
OLVLRQ GDWD DW ҋৗ > 9 7H9 ZLWK WKH $7/$6 GHWHFWRU>-@� 3K\V� 5HY� '� ����� ����������

>��@ &06&ROODERUDWLRQ� 6HDUFK IRU QDUURZ UHVRQDQFHV XVLQJ WKH GLMHW PDVV VSHFWUXP LQ ৔৔ FROOLVLRQV
DW ҋৗ > 9 7H9>-@� 3K\V� 5HY� '� ����� ����������

>��@ $7/$6 &ROODERUDWLRQ� 6HDUFK IRU QHZ SKHQRPHQD LQ GLMHW PDVV DQG DQJXODU GLVWULEXWLRQV IURP৔৔ FROOLVLRQV DW ҋৗ > 24 7H9 ZLWK WKH $7/$6 GHWHFWRU>-@� 3K\V� /HWW� %� ����� ��������

>��@ &06 &ROODERUDWLRQ� 6HDUFK IRU QHZ SKHQRPHQD LQ HYHQWV ZLWK KLJK MHW PXOWLSOLFLW\ DQG ORZ
PLVVLQJ WUDQVYHUVH PRPHQWXP LQ SURWRQ±SURWRQ FROOLVLRQV DW ҋৗ > 9 7H9>-@� 3K\V� /HWW� %�
����� ��������

>��@ &06 &ROODERUDWLRQ� 6HDUFK IRU QDUURZ DQG EURDG GLMHW UHVRQDQFHV LQ SURWRQ±SURWRQ FROOLVLRQV
DW ҋৗ > 24 7H9 DQG FRQVWUDLQWV RQ GDUN PDWWHU PHGLDWRUV DQG RWKHU QHZ SDUWLFOHV>-@� -+(3�
����� �������

>��@ &06 &ROODERUDWLRQ� 6HDUFK IRU GLMHW UHVRQDQFHV LQ SURWRQ±SURWRQ FROOLVLRQV DW ҋৗ > 24 7H9
DQG FRQVWUDLQWV RQ GDUN PDWWHU DQG RWKHU PRGHOV>-@� 3K\V� /HWW� %� ����� ��������

���
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>��@ $7/$6 &ROODERUDWLRQ� 6HDUFK IRU /RZ�0DVV 'LMHW 5HVRQDQFHV 8VLQJ 7ULJJHU�/HYHO -HWV ZLWK
WKH $7/$6 'HWHFWRU LQ ৔৔ &ROOLVLRQV DW ҋৗ > 24 7H9>-@� 3K\V� 5HY� /HWW�� ����� �����������

>��@ $7/$6 &ROODERUDWLRQ� 6HDUFK IRU QHZ SKHQRPHQD LQ GLMHW HYHQWV XVLQJ 48 IE҃2 RI ৔৔ FROOLVLRQ
GDWD FROOHFWHG DW ҋৗ > 24 7H9 ZLWK WKH $7/$6 GHWHFWRU>-@� 3K\V� 5HY� '� ����� ����������

>��@ $Q +� +XR 5� :DQJ / 7� 6HDUFKLQJ IRU ORZ PDVV GDUN SRUWDO DW WKH /+&>-@� 3K\V� 'DUN 8QLY��
����� ��������

>��@ 6KLPPLQ &� :KLWHVRQ '� %RRVWLQJ ORZ�PDVV KDGURQLF UHVRQDQFHV>-@� 3K\V� 5HY� '� ����� ��
�����������

>��@ $7/$6 &ROODERUDWLRQ� 6HDUFK IRU OLJKW UHVRQDQFHV GHFD\LQJ WR ERRVWHG TXDUN SDLUV DQG SUR�
GXFHG LQ DVVRFLDWLRQ ZLWK D SKRWRQ RU D MHW LQ SURWRQ±SURWRQ FROOLVLRQV DW ҋৗ > 24 7H9 ZLWK WKH
$7/$6 GHWHFWRU>-@� 3K\V� /HWW� %� ����� ������������

>��@ &06 &ROODERUDWLRQ� 6HDUFK IRU ORZ PDVV YHFWRU UHVRQDQFHV GHFD\LQJ LQWR TXDUN±DQWLTXDUN
SDLUV LQ SURWRQ±SURWRQ FROOLVLRQV DW ҋৗ > 24 7H9>-@� -+(3� ����� �������

>��@ &06 &ROODERUDWLRQ� 6HDUFK IRU ORZ�PDVV UHVRQDQFHV GHFD\LQJ LQWR ERWWRP TXDUN�DQWLTXDUN
SDLUV LQ SURWRQ�SURWRQ FROOLVLRQV DW ҋৗ > �� 7H9>-@� 3K\V� 5HY�� ����� '�������������

>��@ $7/$6&ROODERUDWLRQ� 6HDUFK IRU UHVRQDQFHV LQ WKHPDVV GLVWULEXWLRQ RI MHW SDLUV ZLWK RQH RU WZR
MHWV LGHQWLILHG DV ে�MHWV LQ SURWRQ±SURWRQ FROOLVLRQV DW ҋৗ > 24 7H9 ZLWK WKH $7/$6 GHWHFWRU
>-@� 3K\V� 5HY� '� ����� ����������

>���@ &06 &ROODERUDWLRQ� 6HDUFK IRU 1DUURZ 5HVRQDQFHV LQ WKH ে�7DJJHG 'LMHW 0DVV 6SHFWUXP LQ
3URWRQ±3URWRQ &ROOLVLRQV DW ҋৗ > 9 7H9>-@� 3K\V� 5HY� /HWW�� ����� �����������

>���@ /DL + /� *X]]L 0� +XVWRQ -� HW DO� 1HZ SDUWRQ GLVWULEXWLRQV IRU FROOLGHU SK\VLFV>-@� 3K\V� 5HY�
'� ����� ����������

>���@ %DOO 5 '� HW DO� 3DUWRQ GLVWULEXWLRQV ZLWK /+& GDWD>-@� 1XFO� 3K\V�� ����� %������������

>���@ $7/$6 &ROODERUDWLRQ� $7/$6 3\WKLD � WXQHV WR 8 7H9 GDWD>5�2/@� $7/�3+<6�38%������
���� ����� KWWSV���FGV�FHUQ�FK�UHFRUG���������

>���@ $OZDOO -� HW DO� 0DG*UDSK �� JRLQJ EH\RQG>-@� -+(3� ����� �������

>���@ $JRVWLQHOOL 6� HW DO� *($17�� D VLPXODWLRQ WRRONLW>-@� 1XFO� ,QVWUXP� 0HWK�� ����� $����
��������

>���@ $7/$6 &ROODERUDWLRQ� 6XPPDU\ RI $7/$6 3\WKLD � WXQHV>5�2/@� $7/�3+<6�38%������
���� ����� KWWS���FGV�FHUQ�FK�UHFRUG���������

>���@ $7/$6 &ROODERUDWLRQ� 6HOHFWLRQ RI MHWV SURGXFHG LQ �� 7H9 SURWRQ�SURWRQ FROOLVLRQV ZLWK WKH
$7/$6 GHWHFWRU>5�2/@� $7/$6�&21)���������� ����� KWWSV���FGV�FHUQ�FK�UHFRUG���������

>���@ $7/$6 &ROODERUDWLRQ� 7DJJLQJ DQG VXSSUHVVLRQ RI SLOHXS MHWV ZLWK WKH $7/$6 GHWHFWRU>5�2/@�
$7/$6�&21)���������� ����� KWWSV���FGV�FHUQ�FK�UHFRUG���������

>���@ &RZDQ *� &UDQPHU .� *URVV (� HW DO� $V\PSWRWLF IRUPXODH IRU OLNHOLKRRG�EDVHG WHVWV RI QHZ
SK\VLFV>-@� 7KH (XURSHDQ 3K\VLFDO -RXUQDO &� ����� ������

>���@ &KRXGDODNLV *� &DVDGHL '� 3ORWWLQJ WKH GLIIHUHQFHV EHWZHHQ GDWD DQG H[SHFWDWLRQ>-@� 7KH
(XURSHDQ 3K\VLFDO -RXUQDO 3OXV� ����� �������

���

https://cds.cern.ch/record/1966419
http://cds.cern.ch/record/1474107
https://cds.cern.ch/%20record/2037702
https://cds.cern.ch/record/1700870
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>���@ &KRXGDODNLV *� 2Q K\SRWKHVLV WHVWLQJ� WULDOV IDFWRU� K\SHUWHVWV DQG WKH %XPS+XQWHU>&@��
3+<67$7 ����� �����

>���@ 6HNKRQ .� (GJDU 5 &� $PLGHL '� 6:L)W� 6OLGLQJ :LQGRZ )LW 0HWKRG IRU 5HVRQDQFH 6HDUFKHV
>5�2/@� $7/�&20�3+<6���������� ����� KWWSV���FGV�FHUQ�FK�UHFRUG���������

>���@ -DPHV )� 5RRV 0� 0LQXLW� $ 6\VWHP IRU )XQFWLRQ 0LQLPL]DWLRQ DQG $QDO\VLV RI WKH 3DUDPHWHU
(UURUV DQG &RUUHODWLRQV>-@� &RPSXW� 3K\V� &RPPXQ�� ����� �����������

>���@ $7/$6 &ROODERUDWLRQ� 6HDUFK IRU QHZ OLJKW UHVRQDQFHV GHFD\LQJ WR MHW SDLUV DQG SURGXFHG LQ
DVVRFLDWLRQ ZLWK D SKRWRQ RU D MHW LQ SURWRQ̢ SURWRQ FROOLVLRQV DW ҋৗ > 24 7H9 ZLWK WKH $7/$6
GHWHFWRU>5�2/@� $7/$6�&21)���������� ����� KWWSV���FGV�FHUQ�FK�UHFRUG���������

>���@ $7/$6 &ROODERUDWLRQ� 6HDUFK IRU ORZ�PDVV UHVRQDQFHV GHFD\LQJ LQWR WZR MHWV DQG SURGXFHG
LQ DVVRFLDWLRQ ZLWK D SKRWRQ XVLQJ ৔৔ FROOLVLRQV DW ҋৗ > 24 7H9 ZLWK WKH $7/$6 GHWHFWRU>-@�
3K\VLFV /HWWHUV %� ����� ����������

>���@ ᵡ≨⭏� ᇎ傼⢙⨶ѝⲴᾲ⦷઼㔏䇑>0@� ेӜ� 、ᆖࠪ⡸⽮� �������������

>���@ $7/$6 &ROODERUDWLRQ� ,PSURYHG OXPLQRVLW\ GHWHUPLQDWLRQ LQ SS FROOLVLRQV DW ҋৗ > 8 7H9
XVLQJ WKH $7/$6 GHWHFWRU DW WKH /+&>-@� 7KH (XURSHDQ 3K\VLFDO -RXUQDO &� ����� ������

>���@ $7/$6 &ROODERUDWLRQ� 5HFRPPHQGDWLRQ IRU XVLQJ SGIV>(%�2/@� ������������>����������@�
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