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RtoojdldmsVj Shcdnr

PtookdldmsVk Shcdn 0- Oˆqshbkd cxmˆlhbr vhsghm ˆ kˆqfd fithc bktrsdq+ hm vghbg sgd oˆqshbkd cdmrhsx
hr ˆooqnwhlˆsdkx tmhenql sgqntfgnts sgd hlˆfhmf qdfhnm &Ehfr- 0c ˆmc 1ˆ(- Uhcdn hr ˆbpthqdc ˆs
2/// eqˆldr odq rdbnmc &eor( ˆmc okˆxdc aˆbj ˆs 2/ eor enq ˆ ctqˆshnm ne 0/// eqˆldr &222 lr qdˆk
shld(- Sgd hlˆfhmf qdfhnm hr 017/·7// ow1 ; 06/1·0/53 µl1 hm rhyd- Oˆqshbkdr ˆqd ˆmmnsˆsdc ax
bnknqdc dkkhornhcr sgˆs cdmnsd sgd nrbhkkˆshnm ogˆrd ˆmc nqhdmsˆshnm-

PtookdldmsVk Shcdn 1- Oˆqshbkd cxmˆlhbr vhsghm sgqdd rxmbgqnmdlˆshb bqxrsˆkr &Ehf- 0d(- Uhcdn
hr ˆbpthqdc ˆs 2/// eor ˆmc okˆxdc aˆbj ˆs 2/ eor enq ˆ ctqˆshnm ne 3// eqˆldr &022 lr qdˆk shld(-
Sgd hlˆfhmf qdfhnm hr 017/·7// ow1 ; 06/1·0/53 µl1 hm rhyd- Sgd toodq eqˆld rgnvr sgd qˆv
hlˆfdr: sgd knvdq eqˆld hr ˆmmnsˆsdc ax bnknqdc dkkhornhcr sgˆs cdmnsd sgd nrbhkˆshnm ogˆrd ˆmc
nqhdmsˆshnm-

PtookdldmsVk Shcdn 2- Oˆqshbkd cxmˆlhbr vhsghm ˆ rlˆkkdq fithc bktrsdq+ hm vghbg sgd oˆqshbkd
cdmrhsx hr uˆqhdr ˆbqnrr sgd hlˆfhmf qdfhnm &Ehfr- 1d+e(- Uhcdn hr ˆbpthqdc ˆs 2/// eor ˆmc okˆxdc
aˆbj ˆs 2/ eor enq ˆ ctqˆshnm ne 0/// eqˆldr &222 lr qdˆk shld(- Sgd hlˆfhmf qdfhnm hr 017/·7// ow1
; 06/1·0/53 µl1 hm rhyd- Oˆqshbkdr ˆqd ˆmmnsˆsdc ax bnknqdc dkkhornhcr sgˆs cdmnsd sgd nrbhkkˆshnm
ogˆrd ˆmc nqhdmsˆshnm-

PtookdldmsVk Shcdn 3- Oˆqshbkd cxmˆlhbr vhsghm ˆ rhmfkd rxmbgqnmdlˆshb bqxrsˆk bnmsˆhmhmf I ±
00/ oˆqshbkdr &Ehfr- 2ˆ,b(- Uhcdn hr ˆbpthqdc ˆs 2/// eor ˆmc okˆxdc aˆbj ˆs 04 eor enq ˆ ctqˆshnm ne
3// eqˆldr &022 lr qdˆk shld(- Sgd hlˆfhmf qdfhnm hr 1//·1// ow1 ; 155·155 µl1 hm rhyd- Sgd
hlˆfdr ˆqd ˆmmnsˆsdc sn rgnv9 &sno+ kdes( bnknqdc chrjr qdoqdrdmshmf sgd gdwˆshb nqcdq oˆqˆldsdq
ψ4: &sno+ qhfgs( bnknqdc sqhˆmfkdr hmchbˆshmf sgd hmrsˆmsˆmdntr oˆqshbkd udknbhsx u: &knvdq+ qhfgs(
bnknqdc dkkhornhcr cdmnshmf sgd nrbhkkˆshnm ogˆrd θ ˆmc nqhdmsˆshnm ˆmfkd χ: &knvdq+ kdes( bnknqdc
chrjr qdoqdrdmshmf sgd ogˆrd,ˆmfkd nqcdq oˆqˆldsdq Rθχ aˆrdc nm rhw mdˆqdrs mdhfganqr-

PtookdldmsVk Shcdn 4- Rhltkˆsdc oˆqshbkd cxmˆlhbr vhsghm ˆ rhmfkd rxmbgqnmdlˆshb bqxrsˆk bnm,
sˆhmshmf I ; 6/ oˆqshbkdr &Ehfr- 2c,e(- Sgd snsˆk rhltkˆshnm shld hr 33 lr- Sgd hlˆfdr ˆqd ˆmmn,
sˆsdc sn rgnv9 &sno+ kdes( bnknqdc chrjr qdoqdrdmshmf sgd gdwˆshb nqcdq oˆqˆldsdq ψ4: &sno+ qhfgs(
bnknqdc sqhˆmfkdr hmchbˆshmf sgd hmrsˆmsˆmdntr oˆqshbkd udknbhsx u: &knvdq+ qhfgs( bnknqdc dkkhornhcr
cdmnshmf sgd nrbhkkˆshnm ogˆrd θ ˆmc nqhdmsˆshnm ˆmfkd χ: &knvdq+ kdes( bnknqdc chrjr qdoqdrdmshmf sgd
ogˆrd,ˆmfkd nqcdq oˆqˆldsdq Rθχ aˆrdc nm rhw mdˆqdrs mdhfganqr-

PtookdldmsVk Shcdn 5- Sqˆmrhshnm eqnl khmdˆq sn bhqbtkˆq rxmbgqnmdlˆshb nqcdqhmf dwsqˆbsdc eqnl
dwodqhldmsr &Ehf- 3ˆ(- Uhcdn hr ˆbpthqdc ˆs 2/// eor ˆmc okˆxdc aˆbj ˆs 04 eor enq ˆ ctqˆshnm ne
61/ eqˆldr &13/ lr qdˆk shld(- Sgd hlˆfhmf qdfhnm hr 15/·15/ ow1 ; 235·235 µl1 hm rhyd- Sgd
hlˆfdr ˆqd ˆmmnsˆsdc sn rgnv9 &sno+ kdes( bnknqdc chrjr qdoqdrdmshmf sgd gdwˆshb nqcdq oˆqˆldsdq
ψ4: &sno+ qhfgs( bnknqdc sqhˆmfkdr hmchbˆshmf sgd hmrsˆmsˆmdntr oˆqshbkd udknbhsx u: &knvdq+ qhfgs(
bnknqdc dkkhornhcr cdmnshmf sgd nrbhkkˆshnm ogˆrd θ ˆmc nqhdmsˆshnm ˆmfkd χ: &knvdq+ kdes( bnknqdc
chrjr qdoqdrdmshmf sgd ogˆrd,ˆmfkd nqcdq oˆqˆldsdq Rθχ aˆrdc nm rhw mdˆqdrs mdhfganqr-

PtookdldmsVk Shcdn 6- Sqˆmrhshnm eqnl khmdˆq sn bhqbtkˆq rxmbgqnmdlˆshb nqcdqhmf dwsqˆbsdc eqnl
rhltkˆshnmr &Ehf- 3a(- Sgd bktrsdq bnmsˆhmr I ; 6/ nrbhkkˆsnqr+ ˆmc sgd uhcdn ctqˆshnm hr 33/ lr ne
rhltkˆsdc shld- Sgd hlˆfdr ˆqd ˆmmnsˆsdc sn rgnv9 &sno+ kdes( bnknqdc chrjr qdoqdrdmshmf sgd gdwˆshb
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nqcdq oˆqˆldsdq ψ4: &sno+ qhfgs( bnknqdc sqhˆmfkdr hmchbˆshmf sgd hmrsˆmsˆmdntr oˆqshbkd udknbhsx u:
&knvdq+ qhfgs( bnknqdc dkkhornhcr cdmnshmf sgd nrbhkkˆshnm ogˆrd θ ˆmc rxmbgqnmdlˆshb khmdˆq nqcdq:
&knvdq+ kdes( bnknqdc chrjr qdoqdrdmshmf sgd khmdˆq mdlˆshb nqcdq oˆqˆldsdq Rk aˆrdc nm rhw mdˆqdrs
mdhfganqr-

PtookdldmsVk Shcdn 7- Oˆqshbkd didbshnm ˆmc bˆsˆrsqnoghb chrˆrrdlakx ne svn rxmbgqnmdlˆshb
bqxrsˆkr &okˆxdc rdptdmshˆkkx(- Uhcdn hr ˆbpthqdc ˆs 2/// eor ˆmc okˆxdc aˆbj ˆs 2/ eor enq ˆ
ctqˆshnm ne 5// eqˆldr &1// lr qdˆk shld(- Sgd hlˆfhmf qdfhnm hr 1//·1// ow1 ; 235·155 µl1 hm
rhyd- Oˆqshbkdr ˆqd ˆmmnsˆsdc ax bnknqdc sqhˆmfkdr hmchbˆshmf sgd hmrsˆmsˆmdntr oˆqshbkd udknbhsx u-
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RtoojdldmsVj Mnsd .5 :mVjwrhr ne nrbhjjVsnpw oVpshbjd spVidbsnphdr

Fhudm sqˆbjhmf cˆsˆ enq j ; 0. . . . . I oˆqshbkd onrhshnmr xj ˆs qdftkˆq shld hmsdquˆkr sj ; j�s+ vd
rddj sn cdsdqlhmd kˆsdms &ghccdm( uˆqhˆakdr rj sgˆs bgˆqˆbsdqhyd sgd oˆqshbkd nrbhkkˆsnq–mˆldkx+ sgd
nrbhkkˆshnm ogˆrd θj+ nqhdmsˆshnm ˆmfkd χj+ ˆmc onrhshnm wj- Sn cn rn+ vd oqnonrd ˆ fdmdqˆshud+
oqnaˆahkhrshb lncdk enq sgd cxmˆlhbr ne ˆm hmchuhctˆk nrbhkkˆsnq bgˆqˆbsdqhydc ax lncdk oˆqˆldsdqr
rtbg ˆr sgd nrbhkkˆshnm eqdptdmbx ω+ ogˆrd chfftrhuhsx Cχ+ ˆmfkd chfftrhuhsx Cχ+ dsb- Vd trd Aˆxdrhˆm
hmedqdmbd sn drshlˆsd ansg sgd kˆsdms uˆqhˆakdr ˆmc sgd lncdk oˆqˆldsdqr eqnl oˆqshbkd sqˆbjhmf
cˆsˆ &Ehf- R0(- Adknv+ vd cdrbqhad sgd lncdk ˆmc ntskhmd sgd cˆsˆ ˆmˆkxrhr oqnbdrr: etqsgdq cdsˆhkr
bˆm ad entmc hm ˆ enqsgbnlhmf otakhbˆshnm nm bgˆqˆbsdqhyhmf [mnhrd” hm Pthbjd nrbhkkˆsnqr-

FdmdpVshud Kncdk

Hm sgd ˆardmbd ne mnhrd+ sgd sqˆmrhdms onrhshnm x&s( ne ˆm nrbhkkˆshmf oˆqshbkd bˆm ad oˆqˆldsdqhydc
ax sgd nrbhkkˆsnq onrhshnm w+ nqhdmsˆshnm χ+ ˆmc ogˆrd θ&s( ˆr

x&s( ; w) m&χ(d&θ&s(( &0-0(

vgdqd m&χ( ; Zbnrχ. rhmχ“⊤ hr ˆ tmhs udbsnq oˆqˆkkdk sn sgd nrbhkkˆshnm chqdbshnm+ ˆmc d&θ( hr sgd 1µ,
odqhnchb vˆudenql- Ax cdfimhshnm+ sgd nrbhkkˆshnm ogˆrd hmbqdˆrdr khmdˆqkx vhsg shld ˆr θ&s( ; ωs)ϕ+
vgdqd ω hr sgd nrbhkkˆshnm eqdptdmbx+ ˆmc ϕ hr sgd qdkˆshud ogˆrd- Pthmbjd nrbhkkˆsnqr ˆqd etqsgdq
chrshmfthrgdc ax ˆ rxlldsqx vgdqdax sgdhq cxmˆlhbr hr hmuˆqhˆms sn ˆ rhltksˆmdntr rghes hm ogˆrd
θ → θ ) µ ˆmc ˆmfkd χ → χ ) µ-0 Sghr ogˆrd,ˆmfkd rxlldsqx hlokhdr sgd enkknvhmf bnmrsqˆhms nm
sgd vˆudenql9 d&θ( ; �d&θ ) µ(- Vd bˆm sgdqdenqd oˆqˆldsdqhyd d&θ( ax sgd Entqhdq rdqhdr

d&θ( ;

∞

l:0

al bnrZ&1l� 0(θ“ ) bl rhmZ&1l� 0(θ“ &0-1(

vgdqd al ˆmc bl ˆqd qdˆk,uˆktdc bndflbhdmsr+ bnkkdbshudkx cdmnsdc a- Vhsgnts knrr ne fdmdqˆkhsx+ vd
rds b0 ; /+ vghbg cdsdqlhmdr sgd nrbhkkˆshnm ˆlokhstcd ˆs ydqn ogˆrd+ θ ; /-

Sgd mnhrd,eqdd nrbhkkˆsnq hr bgˆqˆbsdqhydc ax ˆ bnmrsˆms onrhshnm w+ nqhdmsˆshnm χ+ ˆmc qdkˆshud
ogˆrd ϕ- Hm dwodqhldms+ gnvdudq+ sgdrd uˆqhˆakdr ˆqd nardqudc sn bgˆmfd nm shld rbˆkdr knmfdq sgˆm
sgd nrbhkkˆshnm odqhnc S ; 1µ,ω- Vd ˆooqnwhlˆsd sgdrd bgˆmfdr ax ˆ rsnbgˆrshb chfftrhnm oqnbdrr
oˆqˆldsdqhydc ax chfftrhnm bndflbhdmsr Cθ+ Cχ+ ˆmc Cv enq sgd nrbhkkˆsnq ogˆrd+ ˆmfkd+ ˆmc onrhshnm+
qdrodbshudkx- Ehmˆkkx+ sn ˆbbntms enq qdlˆhmhmf chrbqdoˆmbhdr adsvddm sgd nardqudc oˆqshbkd onrhshnm
ˆmc sgd oqdchbshnmr ne dptˆshnm &0-0(+ vd lncdk sgd ldˆrtqdldms dqqnq ax vghsd Fˆtrrhˆm mnhrd
vhsg ydqn ldˆm ˆmc uˆqhˆmbd σ1-

Vd cdmnsd sgd kˆsdms uˆqhˆakdr ˆs shld sj ax sgd rsˆsd udbsnq rj ; Zθj.χj. v0j. v1j“
⊤- Sgd inhms

chrsqhatshnm enq sgd oˆqshbkd onrhshnmr x06, ˆmc sgd kˆsdms uˆqhˆakdr r06, fhudm sgd lncdk oˆqˆldsdqr
λ ; Nω. Cθ. Cχ. Cv. r,.a.σ

1{ hr

n&r06, .x06, } λ( ;
,

j:0

n&rj } rj�0.λ(n&xj } rj.λ( &0-2(

Gdqd+ sgd opnadrr lncdk n&rj } rj�0.λ( hr ˆ mnqlˆk chrsqhatshnm vhsg ldˆm udbsnq rj�0 )v vgdqd
v ; Zω�s. /. /. /“⊤ ˆmc bnuˆqhˆmbd lˆsqhw Pj fhudm ax

Pj ; 1�s





Cθ / / /
/ Cχ / /
/ / Cv /
/ / / Cv



 &0-3(
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Ehftpd P09 =mˆkxrhr ne ˆm nrbhkkˆsnqx oˆqshbkd sqˆidbsnqx- &ˆ( Oˆqshbkd onrhshnm x ur- shld s ˆs
qdftkˆq hmsdquˆkr ne /-4 lr eqnl oˆqshbkd sqˆbjhmf &lˆqjdqr(- Sgd rnkhc btqud cdmnsdr sgd fissdc
sqˆidbsnqx aˆrdc nm sgd rsnbgˆrshb lncdk cdrbqhadc hm sgd sdws- Oˆqshbkd qˆchtr hr T ; 4 µl: sgd
=NS bnmbdmsqˆshnm hr 04/ lL: sgd dwsdqmˆk fidkc rsqdmfsg hr D= ; 5 U.µl- &a( Hmedqqdc shld,rdqhdr
ne sgd qdkˆshud ogˆrd ϕ ; θ � ]ωs ˆmc ˆmfkd χ ne sgd oˆqshbkd nrbhkkˆsnq- Sgd hmedqqdc eqdptdmbx
hr ω ; 827 ± 5 qˆc.r- &b( =ooqnwhlˆsd onrsdqhnq chrsqhatshnmr enq sgd ogˆrd chfftrhuhsx Cθ ˆmc
ˆmfkd chfftrhuhsx Cχ- &c( Ldˆm rptˆqdc chrokˆbdldms &LRC( ne sgd qdkˆshud ogˆrd ϕ ˆmc ˆmfkd χ
ˆr ˆ etmbshnm ne shld kˆf τ - Cˆrgdc khmdr cdmnsd sgd chfftrhud dwodbsˆshnm 1Cτ enq sgd hmedqqdc
oˆqˆldsdqr Cθ ; 3./ ± /.14 qˆc1.r ˆmc Cχ ; 1.8 ± /.07 qˆc1.r- Rhlhkˆq ˆmˆkxrhr ne ˆcchshnmˆk
oˆqshbkdr rtffdrsr ˆm ˆudqˆfd eqdptdmbx ne ω ; 0/5/ ± 12 qˆc.r+ ˆm ˆudqˆfd ogˆrd chfftrhuhsx ne
Cθ ; 4.1± 0.1 qˆc1.r+ ˆmc ˆm ˆudqˆfd ˆmfkd chfftrhuhsx ne Cχ ; 3.2± /.5 qˆc1.r-
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Sgd nrbhkkˆsnq ogˆrd+ ˆmfkd+ ˆmc onrhshnm bgˆmfd hm shld ctd sn chfftrhnm vhsg bndflbhdmsr Cθ+ Cχ+
ˆmc Cv- Etqsgdqlnqd+ sgd ogˆrd θj hmbqdˆrdr vhsg ˆ bnmrsˆms cqhes udknbhsx ω dptˆk sn sgd nrbhkkˆshnm
eqdptdmbx- Sgd ldRrtpdldms lncdk n&xj } rj.λ( hr ˆkrn mnqlˆkkx chrsqhatsdc vhsg ldˆm udbsnq

g&rj( ; wj ) m&χj(d&θj( &0-4(

ˆmc bnuˆqhˆmbd lˆsqhw σ1H+ vgdqd H hr sgd 1· 1 hcdmshsx lˆsqhw-

NVpVldsdp CrshlVshnm9 CwodbsVshnm,KVwhlhyVshnm :kfnphsgl

Sgd onrsdqhnq chrsqhatshnm enq sgd kˆsdms uˆqhˆakdr r06, ˆmc sgd lncdk oˆqˆldsdqr λ fhudm sgd
nardqudc onrhshnmr x06, hr

n&r06, .λ } x06, ( ∝ n&r06, .x06, } λ(n&λ( &0-5(

Enq rhlokhbhsx+ vd ˆrrtld ˆ tmhenql oqhnq enq sgd oˆqˆldsdqr rtbg sgˆs n&λ( ; bnmrsˆms nudq sgd
qˆmfd ne hmsdqdrs- Sgd chrsqhatshnm n&r06, .x06, } λ( hr cdrbqhadc ax dptˆshnm &0-2(- Vd trd sgd
dwodbsˆshnm lˆwhlhyˆshnm ˆkfnqhsgl1 sn hcdmshex sgd L=O drshlˆsdr ne sgd kˆsdms uˆqhˆakdr ]r06,
ˆmc sgd lncdk oˆqˆldsdqr ]λ sgˆs lˆwhlhyd sgd onrsdqhnq chrsqhatshnm ne dptˆshnm &0-5(- Hm sgd ghe

rsdo ne sghr hsdqˆshud oqnbdrr+ vd duˆktˆsd sgd chrsqhatshnm n&r06, } x06, .λf( enq sgd kˆsdms uˆqhˆakdr
bnmchshnmdc nm sgd nardqudc onrhshnmr ˆmc sgd btqqdms drshlˆsd ne sgd lncdk oˆqˆldsdqr- Trhmf
sghr chrsqhatshnm+ vd bnlotsd sgd dwodbsˆshnm ne sgd knf khjdkhgnnc km n&r06, .x06, } λ( ˆmc lˆwhlhyd
sghr etmbshnm vhsg qdrodbs sn λ sn nasˆhm ˆm hloqnudc drshlˆsd λf�0- Qdodˆsdc hsdqˆshnm ne sgd
dwodbsˆshnm ˆmc lˆwhlhyˆshnm rsdor bnmudqfdr sn sgd cdrhqdc L=O drshlˆsdr-

CwodbsVshnm Psdo9 GVklVm Ehksdphmf fl Plnnsghmf

Vd ˆooqnwhlˆsd sgd chrsqhatshnm n&r06, } x06, .λ( trhmf ˆm dwsdmcdc Jˆklˆm fiksdq vhsg Qˆtbg,
Stmf,Rsqhdadk rlnnsghmf-1t3 Sghr ˆkfnqhsgl oqnuhcdr ˆm dflbhdms ˆooqnˆbg sgˆs rbˆkdr khmdˆqkx vhsg
sgd mtladq ne shld rsdor I -

EnpvVpc GVklVm Ehksdp- Ctqhmf sgd fiqrs [fiksdq” rsdo+ vd oqnfqdrr sgqntfg sgd tmnardqudc rsˆsdr
rj eqnl j ; 0 sn I bnmchshnmhmf nm ˆkk nardquˆshnmr to sn ˆmc hmbktchmf xj- Vd cdmnsd sgd qdrtkshmf
chrsqhatshnm enq rj ˆr n&rj } x06j(+ vgdqd x06j ; Nx0. . . . .xj{- Sn rsqdˆlkhmd sgd mnsˆshnm+ vd gˆud
nlhssdc sgd bnmchshnmhmf nm sgd lncdk oˆqˆldsdqr λ sgqntfgnts sghr rdbshnm- Hm oqnfqdrrhmf eqnl
hmcdw j � 0 sn j+ vd ˆookx sgd enkknvhmf Aˆxdrhˆm tocˆshmf oqnbdctqd

n&rj } x06j( ∝ n&xj } rj(n&rj } rj�0(n&rj�0 } x06j�0( &0-6(

Gdqd+ sgd chrsqhatshnmr n&rj } x06j( ˆqd ˆooqnwhlˆsdc ax mnqlˆk chrsqhatshnmr vhsg ldˆm ]rj|j ˆmc
uˆqhˆmbd Nj|j- Oqhnq sn nardquhmf sgd ldˆrtqdldms xj+ vd bˆm opdchas sgd tmnardqudc rsˆsd rj
bnmchshnmdc nm sgd oqhnq nardquˆshnmr x06j�0 ˆr

n&rj } x06j�0( ∝ n&rj } rj�0(n&rj�0 } x06j�0(
; N &rj } ]rj|j�0. Nj|j�0(

&0-7(

vhsg ldˆm ]rj|j�0 ˆmc bnuˆqhˆmbd Nj|j�0 fhudm ax

]rj|j�0 ; ]rj�0|j�0 )v

Nj|j�0 ; Nj�0|j�0 )Pj
&0-8(
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vgdqd sgd oqnbdrr lncdk bnuˆqhˆmbd Pj hr fhudm ax dptˆshnm &0-3(- Trhmf sghr drshlˆsd enq rj+ vd
khmdˆqhyd sgd ldˆrtqdldms lncdk sn nasˆhm ˆ sqˆbsˆakd khmdˆq lncdk ne sgd enql

gj&rj( ± gj&]rj|j�0( ) &rj � ]rj|j�0( ·|��g&]rj|j�0( ; Ejrj ) uj &0-0/(

vgdqd sgd lˆsqhw Ej ˆmc ˆmc udbsnq uj ˆqd fhudm ax

Ej ;


a bnr&]χj|j�0(d

′&]θj|j�0( �a rhm&]χj|j�0(d&]θj|j�0( 0 /

a rhm&]χj|j�0(d
′&]θj|j�0( a bnr&]χj|j�0(d&]θj|j�0( / 0



uj ; gj&]rj|j�0(�Ej]rj|j�0

&0-00(

Sghr ˆooqnˆbg aˆrdc nm khmdˆqhyhmf sgd mnmkhmdˆq lncdk ˆqntmc sgd btqqdms rsˆsd drshlˆsd hr jmnvm
ˆr sgd dwsdmcdc Jˆklˆm fiksdq &DJE(- Trhmf sgd khmdˆqhydc ldˆrtqdldms lncdk+ vd bˆm tocRsd sgd
oqhnq drshlˆsd ]rj|j�0 nm sgd kˆsdrs nardquˆshnm xj ˆr

n&rj } x06j( ∝ n&xj } rj(n&rj } x06j�0(
; N &rj } ]rj|j. Nj|j(

&0-01(

vhsg ldˆm ]rj|j ˆmc bnuˆqhˆmbd Nj|j fhudm ax

]rj|j ; Nj|j
�
N�0j|j�0]rj|j�0 ) σ�1E⊤

j &xj � uj(


Nj|j ;
�
N�0j|j�0 ) σ�1E⊤

j Ej

�0 &0-02(

AVbjvVpc GVklVm Plnnsghmf- Ctqhmf sgd rdbnmc [rlnnsghmf” rsdo+ vd oqnfqdrr aˆbjvˆqcr
sgqntfg sgd tmnardqudc rsˆsdr rj eqnl j ; I sn 0 bnmchshnmhmf nm ˆkk nardquˆshnmr x06, - Hm
oqnfqdrrhmf eqnl hmcdw j ) 0 sn j+ vd trd sgd enkknvhmf qdkˆshnmrgho

n&rj } x06, ( ; n&rj } x06j(


n&rj�0 } rj(n&rj�0 } x06, (
n&rj�0 } x06j(

crj�0 &0-03(

vghbg hmunkudr sgd enkknvhmf chrsqhatshnmr cdfimdc ˆanud

n&rj } x06j( ; N &rj } ]rj|j. Nj|j(
n&rj�0 } rj( ; N &rj�0 } rj )v. Pj(

n&rj�0 } x06j( ; N &rj�0 } ]rj�0|j. Nj�0|j(
&0-04(

Ctd sn sgd khmdˆq oqnbdrr lncdk ˆmc sgd khmdˆqhydc ldˆrtqdldms lncdk+ sgd onrsdqhnq chrsqhatshnm
n&rj } x06, ( hr ˆkrn mnqlˆkkx chrsqhatsdc vhsg ldˆm ]rj|, ˆmc bnuˆqhˆmbd Nj|, - Trhmf dptˆshnm
&0-03(+ vd bˆm qdkˆsdc sgdrd ptˆmshshdr enq sgd j shld rsdo sn sgd sgnrd ne sgd j ) 0 shld rsdo ˆr

]rj|, ; ]rj|j ) >j&]rj�0|, � ]rj�0|j(
Nj|, ; Nj|j ) >j&Nj�0|, � Nj�0|j(>

⊤
j

&0-05(

vgdqd >j ; Nj|jN
�0
j�0|j- Sgd hmedqdmbd ne ghccdm rsˆsd uˆqhˆakdr r06, uhˆ Jˆklˆm fiksdqhmf ˆmc

rlnnsghmf cdodmcr nm sgd ˆahkhsx ne sgd khmdˆqhydc ldˆrtqdldms lncdk sn ˆbbtqˆsdkx ˆooqnwhlˆsd
sgd etkk mnmkhmdˆq oqnakdl- Sghr ˆbbtqˆbx bˆm ad hloqnudc ax hsdqˆshud ˆookhbˆshnm ne sgd sgd
fiksdqhmf ˆmc rlnnsghmf rsdor+ hm vghbg sgd ldˆrtqdldms lncdk hr khmdˆqhydc ˆants sgd oqduhntr
onrsdqhnq drshlˆsdr ]rj|, -
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RtoojdldmsVj Mnsd 15 AVjhapVshnm ne sgd rhltjVshnmr Vmc oVhpflvhrd hmsdpVbshnmr
adsvddm nrbhjjVsnpr

Ehftpd P19 &ˆ( =udqˆfd roddc ne sgd nrbhkkˆsnqr ˆr ˆ etmbshnm ne sgd dkdbsqhb fidkc hm dwodqhldmsr ˆmc
hm rhltkˆshnmr+ trhmf sgd Rsnjdrhˆm Cxmˆlhbr ldsgnc- Sgd rgˆqo cdbqdˆrd ne sgd udknbhsx rgnvr sgd
sqˆmrhshnm snvˆqr sgd nrbhkkˆsnqx qdfhld- Sgd dwodqhldmsr hm sgd lˆhm sdws vdqd odqenqldc ˆs Dd ; 5

U.µl+ vghbg hm chldmrhnmkdrr tmhsr bnqqdronmcr sn 0/


ηκe,ε
1
e - &a(Eqdptdmbx ne nrbhkkˆshnm hm sgd

oˆqshbkdr hm dwodqhldmsr ˆmc trhmf sgd Rsnjdrhˆm Cxmˆlhbr rhltkˆshnm ldsgncnknfx- =bbntmshmf
enq sgd bnmctbshuhsx fqˆchdms vhsghm sgd ltkshonkˆq dwoˆmrhnm ˆooqnwhlˆshnm ˆkknvr sn bˆostqd
ptˆmshsˆshudkx sgd nrbhkkˆshnm eqdptdmbx ne sgd oˆqshbkdr- &b( Dunktshnm ne sgd ogˆrd chffdqdmbd
adsvddm svn oˆqshbkdr+ sgd bdmsdq ne nrbhkkˆshnmr ne vghbg ˆqd okˆbdc ˆs ˆ chrsˆmbd c;2ˆ- Sgd
oˆqshbkdr ˆqd hmhshˆkhrdc vhsg ˆm hmhshˆk ogˆrd chffdqdmbd+ ˆmc ˆqd nardqudc sn pthbjkx rxmbgqnmhrd
sgdhq ogˆrdr+ vhsghm ˆ shld hm sgd qˆmfd ne 0// lr- &c( Chˆfqˆl rgnvhmf sgd dunktshnm ne sgd
ˆwhr ne nrbhkkˆshnm adsvddm svn oˆqshbkdr enq chffdqdms hmhshˆkhrˆshnmr ne rxmbgqnmhrdc+ mns,ˆkhfmdc
oˆqshbkdr- Sgd ˆmfkdr Ψ0.Ψ1 bnqqdronmc sn sgd ˆmfkd adsvddm sgd oˆqshbkd nrbhkkˆshnm ˆwhr ˆmc sgd
khmd inhmhmf sgd bdmsdq ne nrbhkkˆshnm ne sgd oˆqshbkdr+ Ψ� ; χ���+ vgdqd � hr sgd ˆmfkd ne sgd udbsnq
inhmhmf sgd bdmsdq ne sgd svn oˆqshbkdr- Hm ˆkk rhltkˆshnmr+ oˆqshbkdr ˆqd etkkx ˆkhfmdc ˆesdq 1// lr-
Sgd onhmsr &Ψ0.Ψ1(;&/+/( ˆmc &Ψ0.Ψ1(;&µ. µ( bnqqdronmcr sn dpthuˆkdms rxlldsqhb rsˆsdr+ vgdqd
oˆqshbkdr nrbhkkˆsd hm sgd rˆld ˆwhr- Sgd chˆfqˆl rgnvr sgd svn ˆenqdldmshnmdc ˆqd rsˆakd onhmsr
ne nrbhkkˆshnm- Stqmhmf nff chonkˆq hmsdqˆbshnmr xhdkcr sgd rˆld ptˆmshsˆshud qdrtksr-
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RtoojdldmsVj Mnsd 25 Rsptbstpd Vmc npcdphmf ne sgd �thc ogVrd hm rhltjVshnmr-

Sgd rhltkˆshnmr dwghahs sgd rˆld bgˆqˆbsdqhrshbr ˆmc nqcdqhmf ˆr sgˆs nardqudc hm sgd dwodqhldmsr-
=r rgnvm hm Ehf- R4ˆ+ sgd nrbhkkˆsnqr ˆqqˆmfd hm ˆ fithc,khjd rsqtbstqd- Sgdhq ogˆrd ˆmc ˆkhfmldms ˆqd
bnqqdkˆsdc ˆs �ψ ; �χ ; / ˆmc sgdhq qdrodbshud dpthuˆkdms onhmsr ˆs sgd bnqmdqr ne sgd ghrsnfqˆl
hm Ehf- R4a- Ehf- R4b- Sgd rhltkˆshnmr ˆkrn rgnv ˆ bdqsˆhm sdmcdmbx sn hmbqdˆrd eqdptdmbx enq
hmbqdˆrhmf cdmrhsx sgˆs hr kdrr oqnmntmbdc bnloˆqdc sn sgd dwodqhldmsr- Sgd chffdqdmbd adsvddm
sghr adgˆuhnqr kˆxr hm sgd tmhenql cdmrhsx trdc enq hmhshˆkhrhmf sgd rhltkˆshnmr- Hm sgd dwodqhldmsr+
cdmrd fitbstˆshnmr ˆkknv ˆ kˆqfdq hmbqdˆrd ne eqdptdmbx ne cdmrd qdfhnmr rtqqntmcdc ax kdrr cdmrd
qdfhnmr-

Ehftpd P29 &ˆ( 1C qˆchˆk chrsqhatshnm etmbshnm nasˆhmdc eqnl sgd rhltkˆshnmr- &a( Ghrsnfqˆl
rgnvhmf sgd sgˆs sgd ogˆrd chffdqdmbd �θ ˆmc ˆkhfmldms chffdqdmbd �χ ˆqd bnqqdkˆsdc- &b( Eqdptdmbx
cdodmcdmbd nm sgd cdmrhsx- =r hm sgd dwodqhldmsr+ sgd rhltkˆshnmr rgnv ˆm hmbqdˆrd hm sgd eqdptdmbx-

0/



RtoojdldmsVj Mnsd 35 RoVshVj bnppdjVshnm jdmfsg hm rhltjVshnmr

Ehftpd P39 Bgˆqˆbsdqhrˆshnm ne bnqqdkˆshnm kdmfsg hm rhltkˆshnmr- =kk sgd rhltkˆshnmr ˆqd odqenqldc
ˆs ˆs ˆm ˆqdˆ eqˆbshnm ϕ ; /.03&ˆ( Bnqqdkˆshnm kdmfsg ˆr ˆ etmbshnm ne sgd chfftrhnm bndflbhdms enq
chffdqdms rxrsdl rhydr- &a( Rsˆahkhrdc atkj bnqqdkˆshnm kdmfsg enq chffdqdms rxrsdl rhydr &b( Bnloˆq,
hrnm ne rhltkˆshnmr vhsg ˆmc vhsgnts chonkˆq hmsdqˆbshnmr enq ˆ rhltkˆshnm vhsg M;3// oˆqshbkdr-
c( Bnloˆqhrnm atkj bnqqdkˆshnm kdmfsg vhsg ˆmc vhsgnts chonkˆq hmsdqˆbshnmr enq ˆ rhltkˆshnm vhsg
M;3// oˆqshbkdr-

Sn bgˆqˆbsdqhrd sgd ogˆrd,ˆkhfmldms nqcdq oˆqˆlˆsdq hm sgd rhltkˆshnmr+ sgd nardqudc dwon,
mdmshˆk cdbˆx hr fissdc sn ˆm dwonmdmshˆk etmbshnm Rχθ ; T dwo&�p,ka( ) Rχθ,,+ vgdqd ka ˆ roˆshˆk
bnqqdkˆshnm kdmfsg ˆmc Rχθ,, bgˆqˆbsdqhrdr sgd uˆktd ˆs vghbg sgd bnqqdkˆshnm kdmfsg rsˆahkhrdr- He
Rχθ,, ̸; / sgd rxrsdl dwghahsr ˆ bdqsˆhm cdfqdd ne knmf,qˆmfd nqcdqhmf- Hm Ehf- R3 vd rgnv gnv sghr
roˆshˆk bnqqdkˆshnm kdmfsg adgˆudr enq chffdqdms rhydr+ ˆmc hm sgd ˆardmbd ne chonkˆq hmsdqˆbshnmr- Enq
sgd rhltkˆshnm rhydr ne 1// ˆmc 3// oˆqshbkdr+ 4 qdodshshnmr ne dˆbg rhltkˆshnm gˆud addm odqenqldc
sn bgˆqˆbsdqhyd sgd uˆqhˆahkhsx ne sgd bnqqdkˆshnm kdmfsg enq chffdqdms qˆmcnl hmhshˆk bnmchshnmr- Enq
sgd kˆqfdq rxrsdl rhyd M;5// vd gˆud nmkx odqenqldc ˆ rhmfkd rhltkˆshnm enq dˆbg onhms ctd sn hsr
ghfg bnlotsˆshnmˆk bnrs- Sgd rgˆcdc ˆqdˆ enq 1// ˆmc 3// oˆqshbkdr hr dwsqˆbsdc eqnl sgd rsˆmcˆqc
cduhˆshnm ne sgd ldˆrtqdldmsr-

Sgd bnqqdkˆshnm kdmfsgr hr ˆkvˆxr bknrd sn sgd dwodqhldmsˆk qˆmfd vhsghm sgd dqqnq aˆqr+ rgnvhmf
ˆ ptˆmshsˆshud ˆfqddldms enq rlˆkkdq chfftrhnm bndflbhdmsr- Ehf- R3ˆ rgnvr svn sqdmcr9 = sdmcdmbx
sn kˆqfdq rsˆmcˆqc cduhˆshnmr enq rlˆkkdq chfftrhnm bndflbhdmsr ˆmc ˆ sdmcdmbx sn cdbqdˆrd sgd bnq,
qdkˆshnm kdmfsg vhsg hmbqdˆrhmf chfftrhnm bndflbhdms- Sgd fiqrs nmd hr qdkˆsdc sn ˆ ghfgdq hmfitdmbd ne
sgd rodbhfib roˆshˆk bnmfiftqˆshnm ne sgd nrbhkkˆsnqr enq rlˆkkdq chfftrhnm bndflbhdmsr- Vgdm qˆmcnlkx
chrsqhatshmf sgd oˆqshbkdr hm sgd rhltkˆshnm anw+ ˆesdq ˆ sqˆmrhdms shld+ sgd bdmsdq ne nrbhkkˆshnmr
ne dˆbg oˆqshbkd qdlˆhmr rshkk- Gdmbd ˆ rlˆkkdq chfftrhnm bndflbhdms lˆjdr sgd rxrsdl lnqd oqnmd
sn eqddyd ˆs ˆ bdqsˆhm roˆshˆk bnmfiftqˆshnm sgˆs xhdkcr ˆ chffdqdms bnqqdkˆshnm kdmfsg- Gnvdudq+ ˆr
mnhrd hmbqdˆrdr+ sgd rsˆmcˆqc cduhˆshnm ˆkrn cdbqdˆrdr+ ldˆmhmf sgˆs sgd hmhshˆkhrˆshnm ne sgd rxrsdl
adbnldr kdrr rhfmhfibˆms- Sgd uˆktd ˆs vghbg sgd dwonmdmshˆk cdbˆx rˆstqˆsdr hr rgnvm hm Ehf- R3a-
Sgd rˆld sqdmcr ˆqd nardqudc ˆr hm Ehf- R3ˆ+ ats vd fds ˆcchshnmˆk hmenqlˆshn nm gnv bnqqdkˆsdc
sgd rxrsdl hr ˆs kˆqfdq chrsˆmbdr- Sgd qdrtksr rgnv sgˆs enq chfftrhnm bndflbhdmsr Cχ / 3.4 qˆc.r1

sgd rxrsdl hr mns bnqqdkˆsdc ˆs knmf qˆmfd- Ehmˆkkx+ Ehftqdr R3b rgnvr ˆ bnloˆqhrnm adsvddm
rhltkˆshnmr vhsg ˆmc vhsgntc chonkˆq hmsdqˆbshnmr- Hmsdqdrshmfkx+ sgd qdrtksr rgnv ptˆmshsˆshudkx
sgd rˆld bnqqdkˆshnm kdmfsgr+ rgnvhmf sgˆs sgd nqhfhm ne sghr bnqqdkˆshnm kdmfsg hr lˆhmkx ne gxcqn,
cxmˆlhb- Etqsgdqlnqd+ R3c rgnvr sgˆs hm sgd ˆardmbd ne chonkˆq hmsdqˆbshnmr sgd rxrsdl dwghahsr
kdrr knmf qˆmfd nqcdqhmf- Hm sgd ˆardmbd ne ansg chonkˆq ˆmc gxcqncxmˆlhb hmsdqˆbshnmr sgd rhltkˆ,
shnmq qdrtksr ˆqd sqhuhˆk9 Rhmbd sgd rxrsdl hr mns cdmrd dmntfg sn hmsdqˆbs sgqntfg dwbktcdc unktld
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hmsdqˆbshnmr+ nrbhkkˆshnmr sˆjd okˆbd hmcdodmcdmskx ˆmc sgd fithc ogˆrd rsˆxr tmbnqqdkˆsdc ctqhmf
sgd rhltkˆshnmr- Sˆjdm snfdsgdq+ sghr qdrtksr ghfgkhfgs sgd qnkd ne gxcqncxmˆlhb hmsdqˆbshnmr ˆr sgd
lˆhm ldbgˆmhrl ne nqcdqhmf enq sgd fithc ogˆrd-
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RtoojdldmsVj Mnsd 45 CuVjtVshnm ne cwmVlhbVj npcdp oVpVldsdpr enp nrbhjjVsnpw
lncdr

Ehftpd P49 &ˆ( Dunktshnm ne sgd ˆudqˆfdc cxmˆlhb nqcdq oˆqˆldsdqr µN ˆmc µn- &a( 1C,ghrsnfqˆl
ne µN tr µn ctqhmf sgd unqsdw lncd- Sgd chrsqhatshnm rgnvr svn qdfhnm ne lhmhlˆ ˆqntmc µN ; / ˆmc
µn ; ±0 bnqqdronmchmf sn sgd bknbjvhrd ˆmc bntmsdqbknbjvhrd unqsdw nrbhkkˆshnm- &b( 1C,ghrsnfqˆl
ne µN tr µn ctqhmf sgd unqsdw lncd- Sgd chrsqhatshnm rgnvr svn qdfhnm ne lhmhlˆ ˆqntmc µN ; ±0
ˆmc µn ; ±/ bnqqdronmchmf sn nrbhkkˆshnmr hm sgd chqdbshnm ne sgd dknmfˆshnm ˆmc hm hsr noonrhsd
chqdbshnm- c( Bnloˆqhrnm ne sgd chffdqdms cxmˆlhbˆk oˆqˆldsdqr enq chffdqdms bnlahmˆshnmr ne sgd
hmsdqˆbshnmr ˆr hm sgd lˆhm fiftqd hm sgd sdws-
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