# ) ?@4 ıUΣ ˙˙ı— ıffli *) ‘ i ı̋ Ξ— i ˙ VLhL?Lı˙ı@˝h@4 t 4 @˙i i @t)

I udqfr lv Dqwr q/ Gdund P lr f/ dqg F kulvwr s khu P 1J r og LqgxvwuldoFkdluri J hrp dwlfv/ Xqlyhuvlw̄h Odydo 3:55/ Sdyloorq Fdvdxow/ FUJ Vdlqwh0I r— / Txh̄ehf/ Fdqdgd/ J 4N :S7 H0p dlo=⟩iudqfrlv/gp lrf| Cj p w1xodydo1fd ) Fkulvwrskhu1J rogCvfj 1xodydo1fd

41 Lqwur gxfwlr q

Wkh z hljkwhg Yrurqrl gldjudp v +p xowlsolfdwlyho— / dggl0 wlyho— / frp srxqg/ hwf111, glffihuiurp wkh ruglqdu— Yrurqrl gl0 djudp lq wkhidfwwkdwwkhjhqhudwruvgr qrwdookdyhwkhvdp h z hljkw^9‘/ ^4‘1 Wkh ghfflqlwlrq ri wkhvh z hljkwhg Yrurqrl gld0 j udp v glffihuv iurp wkh ghfflqlwlrq ri wkh ruglqdu— rqh lq wkdw wkh Hxfolghdq glvwdqfh lv uhsodfhg e— d z hlj kwhg glvwdqfh1 Lq wkh fdvh ri wkh dgglwlyho— z hlj kwhg Yrurqrl gldjudp / wkh z hljkwhg glvwdqfh ehwz hhq d srlqwdqg d jhqhudwrulvwkh Hx0 folghdq glvwdqfhp lqxvwkhz hlj kwri wkhj hqhudwru1Wkhdggl0 wlyho— z hlj kwhg Yrurqrl gldj udp kdvehhq h–whqvlyho— vwxglhg e— Dvk dqg Eronhu/ xqghu wkh qdp h ri k— shuerolf Glulfkohw whvvhoodwlrqv +vhh vhfwlrq 5 ri ^6‘,1 Wr gdwh/ rqo— vwdwlf doj r0 ulwkp v kdyh ehhq ghyhorshg iru frqvwuxfwlqj wkh dgglwlyho— z hljkwhg Yrurqrl gldj udp 1Lq wklvsdshu/ z h lqwurgxfh d qhz dojrulwkp ^5‘ iru wkh g— qdp lf frqvwuxfwlrq dqg p dlqwhqdqfh ri dgglwlyho— z hlj kwhg Yrurqrl gldj udp v1 Z h z loolooxvwudwh wkh olqn ri rxu doj rulwkp z lwk wkh Dssrorqlxv sureohp / dqg z h z looxvh vrp h ri wkh surshuwlhvri k— shuerolf Glulfkohwwhv0 vhoodwlrqv1

51 Suholp lqdulhv

OhwQ eh wkh vhwri lqwhj huv/ U eh wkh vhwri uhdov/ dqg U^5 eh wkh hxfolghdq sodqh1 OhwS eh wkh vhwri jhqhudwruv ru vlwhv1Ohwz_l eh wkh z hljkwri wkh srlqwS_l ▽ S1Wkh Yrurqrl uhjlrq ri S_l lvghfflqhg e— = Y+S_l, @ ⟩ P θU^5 ∂∅ m=g+P >S_l, ∗ z_l ⪰ g+P >S_m, ∗ z_m | 1 Wkh dgglwlyho— z hljkwhg Yrurqrl gldjudp iru wkh vhwri srlqwv S lv ghfflqhg dv Y+S, @⟩ Y+S_l, ∂S_l ▽ S| +vhh I lj xuh 4,1 Wkh elvhfwru E_{lm} ehwz hhq S_l dqg S_m lvghfflqhg e— = E_{lm}@ ⟩ P θU^5 ∂∅ m=g+P >S_l, ∗ z_l @g+P >S_m, ∗ z_m | 1 Wkh ydohqfh ri d yhuwh– ri d whvvhoodwlrq lvwkh qxp ehuri uhjlrqvwr z klfk lwehorqj v+iurp vhfwlrq 5 ri ^6‘,1

D whvvhoodwlrq lv surshu li hdfk uhj lrq lv uhj xodu forvhg dqg dwhdfk yhuwh– wkh dqjohv irup hg e— wkh wdqj hqwud— v wr wkh erxqgdu— fxuyhvz klfk p hhwwkhuh duh dooohvvwkdq τ +vhh vhfwlrq 5 ri ^6‘,1

OhwF+S>z , eh wkh z hljkwflufoh ri S/ z krvh fhqwuh lv S dqg udglxvlv z 1

Lwlv hylghqwwkdwE_{lm} @Y+S_l, ∨Y+S_m,1 Z h fdq h–suhvv E_{lm} lq wkh iroorz lqj z d— = E_{lm}@ ⟩ P θU^5 ∂∅ m=g+P >S_l, ∗ g+P >S_m, @z_l ∗ z_m | 1 Wklv orfxv lv wkh eudqfk ri k— shuerod z krvh irfl duh S_l dqg S_m/ wkdwlv frqyh– li z_l ⪰ z_m +vhh I lj xuh 4,/ dqg z krvh elj d–lvlv d @^{z l ∗ z m}_5 1

I lj xuh 5= Wkh hyhqwwkdwfkdqj hvwkh wrsrorj— j udsk ri wkh dgglwlyho— z hlj kwhg Yrurqrl gldj udp lv d wuldq0 j xodwlrq1 Qrz / z h z looh–dp lqh wkh hyhqwv wkdwdffihfwwklv wuldqjxodwlrq1

Sur s r vlwlr q 4 +Wkh hp sw— flufxp flufoh fulwhulrq iru wkh

DZ 0Yrurqrl*v gxdojudsk,= D wuldqjohSlSmSn h–lvwv lq wkh wuldqjxodwlrq li/ dqg rqo— li/ wkh flufoh wdqjhqwwr wkh zhljkw flufohvF+Sl>z l,/ F+Sm>z m,/ dqg F+Sn>z n,/ grhvqrwlqwhuvhfw dq— rwkhu flufoh F+So>z o, o∂▽ ⟩l>m>n|1 Surri=Li d irxuwk flufohF+So>z o, kdsshqhg wr ehwdqjhqw wr wkh flufoh Fw^{⟩ l >m>n |} / wkdwlv wdqj hqwwr F+Sl>z l,/ F+Sm>z m,/ dqg F+Sn>z n,/ wkhq wkh yhuwh– y^{⟩ l>m>n|} lqwhuvhfwlrq ri Elm/

Eln/ dqg Emn z rxog eh 70ydohqw1 Wklv lv qrwsrvvleoh df0 fruglqj wr wkh dvvxp swlrq vwdwhg dwwkh ehjlqlqj ri wklv vhf0 wlrq1Rwkhuz lvh/ li wkhlqwhuvhfwlrq ri F+So>z o, dqg Fw^{⟩ l mn |} z dv frqvwlwxwhg e— wz r glffihuhqwsrlqwv/ wkhq Fw^{⟩ l >m>o|} dqg Fw^{⟩ m>n >o|} z rxog eh wdqj hqwwr F+Sl>z l,/ F+Sm>z m,/ dqg F+So>z o,¿dqg

F+Sm>z m,/ F+Sn>z n,/ dqg F+So>z o, uhvshfwlyho— 1 Wkhq z h z rxog kdyh wkh wuldqjohvSlSmSn/SlSmSo/ dqgSmSnSo/ z klfk z rxog frqwudglfwwkhidfwwkdwwkhgxdojudsk ri wkhdgglwlyho— z hljkwhg Yrurqrl gldj udp lv d wuldqj xodwlrq +vhh I lj xuh 5,1

Z h vkrxog wkhuhiruh p dnh d wuldqj oh vz lwfk=uhsodfhSlSmSn dqgSlSnSo e—SlSmSo dqgSmSnSo1 Wklv sursrvlwlrq lv wkh edvlv ri wkh lqfuhp hqwdo doj r0 ulwkp / wkdwz hlp sohp hqwhg iruwkhg— qdp lf frqvwuxfwlrq dqg p dlqwhqdqfh ri dgglwlyho— z hljkwhg Yrurqrl gldjudp v1

Z khq d qhz srlqwlv dgghg/ z h orfdwh wkh wuldqjoh Wlq z klfk lwolhv/ wkhq z h frqqhfwwklv qhz srlqwwr wkh wuldqjx0 odwlrq e— uhsodflqj We— wkuhh qhz wuldqjohv z krvh yhuwlfhv duh wkh yhuwlfhvri Wdqg wkh qhz srlqw1Wkhq z h fkhfn hyhu— flufoh wdqjhqwwr wkh z hljkwflufohvri wkh srlqwvri hyhu— qhz wuldqjoh1 Li d wuldqj oh vz lwfk kdv wr eh shuirup hg +vhh hqg ri wkhSurri ri Sursrvlwlrq 4,/ z hshuirup wkhvdp hfkhfn irudoo wkh wdqj hqwflufohv fruuhvsrqglqj wr wkh wuldqj ohv j hqhudwhg

e— wkh wuldqj oh vz lwfk1 Wklv iroorz v wkh doj rulwkp ri J xledv dqg Vwroffl ^8‘ iru wkh ruglqdu— Yrurqrl gldj udp / h–whqglqj lw wr wklv fdvh ri jhqhudol˝hg Glulfkohwwhvvhoodwlrq1

Z khq dq h–lvwlqj srlqwlv ghohwhg/ z h orfdwh lwv qhduhvw qhlj kerxu/ wkhq z h wudqvihu doolwv qhlj kerxuv wr wkh qhduhvw qhlj kerxu dqg z h uhp ryh lwdqg lwv wrsrorjlfdouhodwlrqvklsv iurp wkh wuldqj xodwlrq1 Wkhq z h fkhfn hyhu— flufoh wdqjhqw wr wkh z hljkwflufohv ri wkh srlqwv ri hyhu— p rglfflhg wuldqjoh1

Li d wuldqjoh vz lwfk kdvwr eh shuirup hg +vhh hqg ri wkh Surri ri Sursrvlwlrq 4,/ z h shuirup wkh vdp h fkhfn irudoowkh wdq0 j hqwflufohv fruuhvsrqglqj wr wkh wuldqj ohv j hqhudwhg e— wkh wuldqjoh vz lwfk1

Z h suryh wkdwwklv doj rulwkp kdv d z ruvwfdvh h–shfwhg hȷ fhqf— ri R +orj q, shu rshudwlrq1 Wklv lv gxh wr wkh wuldq0 j xodwlrq fkhfn/ dqg wkh idfwwkdwhdfk srlqwkdvlq dyhudj h dw p rvwvl– qhljkerxuv1

71 F r qfoxvlr q

Wklvdoj rulwkp fdq eh ri lqwhuhvwirughwhup lqlqj wkh gh0 irup dwlrq ri p dwhuldov ^:‘/ lq fu— vwdoorjudsk— dqg wkhup rg— 0 qdp lfv1Rxudoj rulwkp fdq ehxvhixolq wkhdssolfdwlrqvri wkh dgglwlyho— z hlj kwhg Yrurqrl gldjudp vruk— shuerolf Glulfkohw whvvhoodwlrqv wr vsdwldodqdo— vlv+vxfk dvghwhup lqlqj rswlp do lqyhvwp hqworfdwlrq uhodwlyho— wr frvwv dqg dlgv iurp jryhuq0 p hqwv, gxh wr lwvg— qdp lf qdwxuh1

Σ U!?L¯ *i˙˝4 i?—t

Wkh vhfrqg dqg wklug dxwkruvkdyh uhfhlyhg wkh fflqdqfldo vxssruwiurp d j udqwri wkhQdwxudoVflhqfhvdqg Hqj lqhhulqj

Uhvhdufk Frxqflori Fdqdgd +QVHUF, dqg wkh Dvvrfldwlrq ghv Lqgxvwulhv I ruhvwlh̆uhvgx Txh̄ehf +DLI T,1

UHI HUHQF HV

^4‘ I 1Dxuhqkdp p hu/ Yrurqrl gldj udp v0D vxuyh— / +Lqvwlwxwh iruLqirup dwlrq Surfhvvlqj / WhfkqlfdoXqlyhuvlw— ri J ud˝/

Uhsruw596,1

^5‘I 1Dxuhqkdp p hu/ Shuvrqdofrp p xqlfdwlrq gxulqj klvylvlw wr rxu uhvhdufk fkdludwOdydoXqlyhuvlw— / 4¡¡:1

^6‘ S1I 1Dvk/ dqg H1G1Eronhu/ J hqhudol˝hg GlulfkohwWhvvhood0 wlrqv/ J hrp hwuld Ghglfdwd Qr 53/ 53¡05761

^7‘P 1Ehuj hu/ J h̄rp h̄wulh/ yroxp h5 =hvsdfhvhxfolglhqv/ wuldq0 j ohv/ fhufohvhwvskh̆uhv/ +FHGLF2I HUQDQG QDWKDQ/

Sdulv/ 4¡: ¡, 549s1

^8‘ J xledv/ O1/ dqg Vwroffl/ M1/ 4¡;8/ Sulp lwlyhviruwkh P dqls0 xodwlrq ri J hqhudoVxeglylvlrqvdqg wkh Frp sxwdwlrq ri

Yrurqrl Gldj udp v/ DFP Wudqvdfwlrqvrq J udsklfv/ Yro1

7/ Qr15/ ss1: 704561

^9‘ D1Rndeh/ E1Errwv/ dqg N1Vxj lkdud/ VsdwldoWhvvhood0 wlrqv/ Frqfhswdqg Dssolfdwlrqv ri Yrurqrl Gldjudp v/

+Mrkq Z loh— ) Vrqv/ 4¡¡5, 865 s1

^: ‘ I 1Z hoohu/ Vwdelolw— ri Yrurqrl Qhlj keruvkls xqghu Shu0 wxuedwlrqv ri wkh Vlwhv/ +FFFJ *¡:/ Nlqjvwrq/ Fdqdgd/

4¡¡:, 58405891