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.lokhstcdr enp lYrrhud udbsnp Ymc rbYkYp anrnmr hm

ronmsYmdntrkv�apnidm fYtfd sgdnpv epnl sgd AGS

pdopdrdmsYshnm

Nsdogdm C- HYbtkhbg

CdoYqsldms ne Ogxrhbrfi Anvcnhm Bnkkdfdfi

Aqtmrvhbifi LD /1/00fi T-R-:-

D,lYhk4 lXbtihbe:anvcnhl-dct

:arspXbs� Hm sgd enqltk]shnm ne B]bg]yn+ Gd+ ]mc Wt]m+ sqdd,kdudk ]lokhstcdr enq l]rr,

kdrr o]qshbkdr hm f]tfd sgdnqx ]mc fq]uhsx b]m ad dwoqdrrdc ]r q]shnm]k etmbshnmr ne sgd

Knqdmsy hmu]qh]msr iN · ia+ �N · ia+ ]mc �N · �a+ u]khc hm ]mx mtladq ne ro]bdshld chldmrhnmr-

Vd trd chldmrhnm]k qdctbshnm ne ghfgdq,chldmrhnm]k ]lokhstcdr ne o]qshbkdr vhsg hmsdqm]k

lnldmstl κ sn nas]hm ]lokhstcdr enq l]rrhud o]qshbkdr hm knvdq chldmrhnmr- Hm sgd b]rd

ne f]tfd sgdnqx+ vd ]qftd sg]s sgdrd l]rrhud ]lokhstcdr adknmf sn ] sgdnqx hm vghbg sgd

f]tfd rxlldsqx hr ronms]mdntrkx aqnjdm ax ]m ]cinhms Ghffr ffdkc- Bnmrdptdmskx+ vd rgnv

sg]s sqdd,kdudk m,onhms ]lokhstcdr bnms]hmhmf l]rrhud udbsnq ]mc rb]k]q anrnmr hm sghr sgd,

nqx b]m ad nas]hmdc ax rhlokx qdok]bhmf iN · ia vhsg iN · ia � κNκa hm sgd bnqqdronmchmf

l]rrkdrr ]lokhstcdr+ vgdqd sgd l]rrdr ne sgd o]qshbkdr ]qd fhudm ax |κN|-

Idwvnpcr� Ronms]mdntr Rxlldsqx Aqd]jhmf+ Rb]ssdqhmf ?lokhstcdr+ Ct]khsx hm F]tfd

Ehdkc Sgdnqhdr+ Ehdkc Sgdnqhdr hm Ghfgdq Chldmrhnmr

:pShu dOphls� 04/5-/5023

Kodl :bbdrr� b· Sgd :tsgnpr-

:pshbid etmcdc aw RAI:O2-
cnh90/-0//6.IGDO/8fl1/04(011
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Hm ] rdqhdr ne o]odqr nudq sgd k]rs edv xd]qr+ B]bg]yn+ Gd+ ]mc Wt]m flBGW( g]ud cdudknodc

] mdv qdoqdrdms]shnm enq sgd sqdd,kdudk ]lokhstcdr ne l]rrkdrr o]qshbkdr hm ] u]qhdsx ne

sgdnqhdr+ hmbktchmf W]mf,Lhkkr sgdnqx ]mc Dhmrsdhm fq]uhsx Z0z2[+ ]r vdkk ]r sgd mnmkhmd]q

σ lncdk+ sgd Chq]b,Anqm,Hmedkc sgdnqx+ ]mc lnqd dwnshb lncdkr Z3[- Hm sghr ]ooqn]bg+ sgd

hmfqdchdmsr enq ]m m,onhms ]lokhstcd ]qd sgd onrhshnmr σN ne m otmbstqdr nm ] rogdqd+ ]r

vdkk ]r Knqdmsy hmu]qh]msr ne sgd lnldms] i�N ]mc onk]qhy]shnmr ��N ne sgd o]qshbkdr- flSgd

fq]uhsnm onk]qhy]shnm hr dwoqdrrdc ]r ��µN ; ��N–�µN-( Sgd BGW qdoqdrdms]shnm hmunkudr ]m

hmsdfq]k nudq sgd lnctkh ro]bd ne sgd otmbstqdc rogdqd+ vghbg b]m ad du]kt]sdc Z1+ 3z5[ sn

xhdkc ] q]shnm]k dwoqdrrhnm ne iN · ia+ �N · ia+ ]mc �N · �a enq sgd m,onhms sqdd,kdudk ]lokhstcd-

? mns]akd ed]stqd ne sghr enqltk]shnm hr hsr hmcdodmcdmbd ne sgd mtladq ne ro]bdshld

chldmrhnmr- Nmd b]m sgdqdenqd chldmrhnm]kkx qdctbd BGW qdoqdrdms]shnmr ne fq]uhsx nq

W]mf,Lhkkr ]lokhstcdr hm flc ) K( chldmrhnmr sn nas]hm lhwdc ]lokhstcdr hm c chldm,

rhnmr bnms]hmhmf fq]uhsnmr+ f]tfd anrnmr+ ]mc l]rrkdrr rb]k]qr ax bgnnrhmf sgd flc )K(,

chldmrhnm]k onk]qhy]shnmr EN sn khd hm dhsgdq sgd c, nq K ,chldmrhnm]k rtaro]bd Z2+ 3[-

Chldmrhnm]k qdctbshnm b]m ]krn ad trdc sn dmcnv o]qshbkdr vhsg l]rr+ ]mc sgdqdenqd sn

nas]hm BGW qdoqdrdms]shnmr enq l]rrhud o]qshbkdr hm c chldmrhnmr Z6[- flOqduhntr dwsdmrhnmr

ne sgd BGW ]ooqn]bg sn l]rrhud o]qshbkdr vdqd bnmrhcdqdc hm qder- Z7z0/[-( Sgd lnldmstl

ne ] o]qshbkd hm flc)K( chldmrhnmr b]m ad vqhssdm

IN ; fliN|κN( fl0(

vgdqd iN ]mc κN ]qd sgd bnlonmdmsr ne lnldmstl hm c, ]mc K ,chldmrhnm]k rtaro]bdr

qdrodbshudkx: vd vhkk qdedq sn κN ]r sgd hmsdqmYk lnldmstl ne ] o]qshbkd+ ]mc qdf]qc hs ]r ]

ffwdc pt]mshsx- ? l]rrkdrr o]qshbkd hm flc)K( chldmrhnmr vhsg lnldmstl IN bnqqdronmcr

sn ] o]qshbkd hm c chldmrhnmr vhsg l]rr kN ; |κN|- Sghr ]ooqn]bg hr rhlhk]q sn sg]s trdc

hm qder- Z00z02[+ vgdqd ] ffesg chldmrhnm v]r hmsqnctbdc ]r ] l]rrhud hmeq]qdc qdftk]snq enq

ok]m]q knno,kdudk M ; 3 ]lokhstcdr- Rdd ]krn+ enq dw]lokd+ qder- Z03z07[+ hm vghbg l]rrhud

o]qshbkdr ]qd qdoqdrdmsdc ]r ghfgdq,chldmrhnm]k l]rrkdrr o]qshbkdr-

Sgd ]lokhstcd enq l]rrkdrr f]tfd anrnmr hm flc )K( chldmrhnmr+ vghbg hr ] q]shnm]k

etmbshnm ne IN ·Ia+ EN ·Ia+ ]mc EN ·Ea+ b]m ad trdc sn nas]hm ]m dwoqdrrhnm enq sgd ]lokhstcd

enq l]rrhud f]tfd anrnmr hm c chldmrhnmr ax bgnnrhmf EN ; fl�N|/(+ rn sg]s
�

IN ·Ia ; iN · ia � κN · κa. EN ·Ia ; �N · ia. EN · Ea ; �N · �a . fl1(

Hm nsgdq vnqcr+ vd rhlokx qdok]bd iN · ia vhsg iN · ia�κN ·κa hm sgd c,chldmrhnm]k l]rrkdrr

f]tfd anrnm ]lokhstcd- Sgd ptdrshnm qdl]hmr9 sn vg]s sgdnqx cn sgdrd l]rrhud ]lokh,

stcdr adknmf=

Mns ]kk c,chldmrhnm]k ]lokhstcdr ne l]rrhud o]qshbkdr b]m ad nas]hmdc eqnl chldmrhnm]k

qdctbshnm ne flc)K(,chldmrhnm]k l]rrkdrr ]lokhstcdr+ ctd sn sgd bnmrsq]hmsr ]qhrhmf eqnl

hmsdqm]k lnldmstl bnmrdqu]shnm- Nudq]kk lnldmstl bnmrdqu]shnm cdl]mcr
∑k

N5�
κN ;

/+ ok]bhmf ] qdrsqhbshnm nm sgd l]rrdr ne ] chldmrhnm]kkx,qdctbdc m,o]qshbkd ]lokhstcd-

Etqsgdqlnqd+ hmsdqm]k lnldmstl bnmrdqu]shnm ltrs ad r]shrffdc ]s d]bg udqsdw ne sgd

+Sgd pdiWshud lhmtr rhfm hm K� � Ka Wphrdr adbWtrd vd trd W lnrsiw,lhmtr ldsphb enp K� Wmc K�� ats Wm

Wii,oitr ldsphb enp sgd hmsdpmWi bnlonmdmsr ��-

z 0 z
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sqdd ch]fq]lr sg]s bnmsqhatsd sn sgd ]lokhstcd+ bnmrsq]hmhmf sgd l]rr ne ]mx o]qshbkd

oqno]f]shmf hm hmsdqldch]sd bg]mmdkr- Enq dw]lokd+ he o]qshbkdr W ]mc a bntokd hmsn ]m

hmsdqldch]sd bg]mmdk+ sgd l]rr ne sgd o]qshbkd hm sg]s bg]mmdk ltrs ad fhudm ax |κN ) κa|-

Hm qde- Z6[+ hs v]r rgnvm sg]s sghr bnmrsq]hms hr ]tsnl]shb]kkx r]shrffdc hm ]m ]lokhstcd

vhsg mn lnqd sg]m sgqdd l]rrhud o]qshbkdr+ hm vghbg sgd qdl]hmhmf l]rrkdrr o]qshbkdr ]qd

fi]unq,oqdrdquhmf+ ]mc sgdqdenqd rtbg ]lokhstcdr b]m ad fhudm ] BGW qdoqdrdms]shnm- Ats

enq lnqd fdmdq]k l]rrhud ]lokhstcdr fld-f- hm sgd rs]mc]qc lncdk(+ sgd hmsdqm]k lnldmstl

bnmrsq]hmsr b]mmns ad r]shrffdc-

Hs hr sgd otqonrd ne sghr mnsd sn nardqud sg]s sgd hmsdqm]k lnldmstl bnmrsq]hmsr

bYm ad r]shrffdc hm ] f]tfd sgdnqx hm vghbg sgd TflM( rxlldsqx hr ronms]mdntrkx aqnjdm

ax ]m ]cinhms Ghffr ffdkc D - He sgd Ghffr ffdkc g]r u]bttl dwodbs]shnm u]ktd }D〈 ;

ch]fflt�. t1. · · · . tI (+ sgd TflM( rxlldsqx hr aqnjdm sn Tfl0(
I + ]mc sgd nΦ,ch]fnm]k f]tfd

anrnmrN i
h nas]hm l]rrdr e|th�ti | eqnl sgd Sqfl/�D(

1 sdql hm sgd K]fq]mfh]m- He rnld ne

sgd th ]qd cdfdmdq]sd+ sgdm ] k]qfdq rxlldsqx vhkk ad kdes tmaqnjdm- flSghr hr drrdmsh]kkx sgd

sgdnqx bnmrhcdqdc hm qder- Z00+ 04+ 07z12[+ vgdqd hs hr dladccdc hm ]m M ; 3 rtodqrxlldsqhb

sgdnqx nm sgd Bntknla aq]mbg- Hm sgd rsqhmf sgdnqx ohbstqd+ sgd th bnqqdronmc sn sgd

onrhshnmr ne C2 aq]mdr hm sgd ffesg chldmrhnm+ ]mc l]rrhud f]tfd anrnmr bnqqdronmc sn

rsqhmfr dwsdmchmf adsvddm rdo]q]sdc C2 aq]mdr- Rdd ]krn qder- Z13+ 14[ enq sqdd,kdudk l]rrhud

]lokhstcdr nm sgd Bntknla aq]mbg ne sghr sgdnqx-(

?s ] sqhokd,f]tfd,anrnm udqsdw+N i
h ]mcN j

i bntokd snN j
h - He vd hcdmshex sgd hmsdqm]k

lnldmstl1 κhi ne N
i

h vhsg eflth � ti(+ sgdm hmsdqm]k lnldmstl bnmrdqu]shnm κhi ) κij ;

κhj ]tsnl]shb]kkx gnkcr ]s d]bg udqsdw fl]mc rhlhk]qkx ]s entq,f]tfd,anrnm udqshbdr(- Sghr

rtffdrsr sg]s chldmrhnm]kkx,qdctbdc ]lokhstcdr vhsg hmsdqm]k lnldms] κ ]qd dpthu]kdms sn

]lokhstcdr ne l]rrhud f]tfd anrnmr hm sghr ronms]mdntrkx,aqnjdm sgdnqx- Lnqdnudq+ sghr

hlokhdr sg]s l]rrhud ]lokhstcdr hm sghr sgdnqx b]m ad nas]hmdc eqnl sgd bnqqdronmchmf

l]rrkdrr ]lokhstcdr ne sgd tmaqnjdm sgdnqx+ dwoqdrrdc hm sdqlr ne iN · ia+ �N · ia+ ]mc �N · �a+

ax rhlokx qdok]bhmf iN ·ia vhsg iN ·ia�κNκa- Sn hkktrsq]sd sghr hm ] rhlokd b]rd+ vd du]kt]sd

sgd ]lokhstcd ne entq l]rrhud f]tfd anrnmr hm sgd ronms]mdntrkx,aqnjdm sgdnqx

}N h1
h+
fli�. ��(N

h2
h1
fli1. �1(N

h3
h2
fli2. �2(N

h+
h3
fli3. �3(〈

; e1
]

Mn

fli� ) i1(1 �k1
n

)
Ms

fli� ) i3(1 �k1
s

) flbnms]bs sdql(

[

fl2(

vghbg g]ud bnmsqhatshnmr eqnl n, ]mc s,bg]mmdk dwbg]mfd ]r vdkk ]r ] entq,f]tfd,anrnm

bnms]bs sdql- Enq aqduhsx+ vd hmbktcd adknv nmkx sgnrd sdqlr hm sgd mtldq]snqr sg]s

cdodmc nm iN · ia: sgd nlhssdc sdqlr ]qd sgd r]ld ]r sgnrd hm sgd tmaqnjdm sgdnqx9

Mn ;
fl�� · �1( fl�2 · �3(

1

]

fli1 � i�( · fli3 � i2( )
flk1

1
�k1

�
(flk1

3
�k1

2
(

k1
n

[

) · · · .

Ms ;
fl�� · �3( fl�1 · �2(

1

]

fli1 � i2( · fli3 � i�( )
flk1

�
�k1

3
(flk1

2
�k1

1
(

k1
s

[

) · · · . fl3(

1mnv pdrsphbsdc sn nmd chldmrhnm

z 1 z
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Gdqd kN ; |κN| vhsg κN · eflth� � th��+(+ vgdqd h4 · h� rn sg]s
∑

3

N5�
κN ; /- To sn

sghr onhms+ vd g]ud mns l]cd ]mx ]rrtloshnmr ]ants sgd l]rrdr ne sgd n ]mc s,bg]mmdk

hmsdqldch]sd o]qshbkdr- Rhmbd sgd o]qshbkdr oqno]f]shmf hm sgnrd bg]mmdkr ]qd N h2
h+
+ ]mc

N h3
h1

qdrodbshudkx+ vd g]ud

k1

n ; e1flth+ � th2(
1 ; flκ� ) κ1(

1. k1

s ; e1flth1 � th3(
1 ; flκ1 ) κ2(

1 fl4(

]mc sgd mtldq]snqr ]anud rhlokhex sn

Mn ;
0

1
fl�� · �1( fl�2 · �3(

[

fli1 � i�( · fli3 � i2(� flκ1 � κ�(flκ3 � κ2(
]

) · · · .

Ms ;
0

1
fl�� · �3( fl�1 · �2(

[

fli1 � i2( · fli3 � i�(� flκ1 � κ2(flκ3 � κ�(
]

) · · · . fl5(

Vd ]rrdlakd ]kk sgd ohdbdr ]mc trd

fli� ) i1(
1 �k1

n ; 1fli� · i1 � κ�κ1( ; 1fli2 · i3 � κ2κ3( .

fli� ) i3(
1 �k1

s ; 1fli� · i3 � κ�κ3( ; 1fli1 · i2 � κ1κ2( fl6(

sn nas]hm

}N h1
h+
fli�. ��(N

h2
h1
fli1. �1(N

h3
h2
fli2. �2(N

h+
h3
fli3. �3(〈 ; �e1

D

fli1 · i2 � κ1κ2(fli2 · i3 � κ2κ3(
fl7(

vhsg

D ; �
{

fli� · i2 � κ�κ2(fli1 · i2 � κ1κ2( �� · �1 �2 · �3

)fli1 · i2 � κ1κ2(fli2 · i3 � κ2κ3( �� · �2 �1 · �3

)fli� · i2 � κ�κ2(fli2 · i3 � κ2κ3( �� · �3 �1 · �2

)
[

fli� · i2 � κ�κ2( �� · i3 �1 · i2 ) fli1 · i2 � κ1κ2( �� · i2 �1 · i3
]

�2 · �3

)
[

fli1 · i2 � κ1κ2( �� · i1 �2 · i3 ) fli2 · i3 � κ2κ3( �� · i3 �2 · i1
]

�1 · �3

)
[

fli� · i2 � κ�κ2( �� · i1 �3 · i2 ) fli2 · i3 � κ2κ3( �� · i2 �3 · i1
]

�1 · �2

)
[

fli� · i2 � κ�κ2( �1 · i� �2 · i3 ) fli2 · i3 � κ2κ3( �1 · i3 �2 · i�
]

�� · �3

)
[

fli1 · i2 � κ1κ2( �1 · i� �3 · i2 ) fli2 · i3 � κ2κ3( �1 · i2 �3 · i�
]

�� · �2

)
[

fli� · i2 � κ�κ2( �2 · i1 �3 · i� ) fli1 · i2 � κ1κ2( �2 · i� �3 · i1
]

�� · �1
}

. fl8(

?r dwodbsdc+ sghr hr rhlokx sgd entq,fktnm ]lokhstcd vhsg iN · ia qdok]bdc ax iN · ia�κNκa-

Lhwdc ]lokhstcdr bnms]hmhmf ansg l]rrhud udbsnq ]mc ]cinhms rb]k]q anrnmr hm c ch,

ldmrhnmr b]m ]krn ad nas]hmdc uh] chldmrhnm]k qdctbshnm ne l]rrkdrr f]tfd ]lokhstcdr hm

c)K chldmrhnmr Z3+ 6[- L]rrhud ]cinhms rb]k]q anrnmr ]qhrd eqnl o]qshbkdr vgnrd flc)K(,

chldmrhnm]k onk]qhy]shnm ]mc lnldmstl udbsnqr ]qd fhudm ax2

EN ; fl/|/. dN(. IN ; fliN|κN. /(. fl0/(

2Td bgnnrd sgd hmsdpmWi oniWphyWshnm ne sgd vntic,ad rbWiWpr sn ad npsgnfnmWi sn sgd hmsdpmWi lnldmsW

ne Wii sgd oWpshbidr-

z 2 z
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Sgtr+ hmu]qh]msr hmunkuhmf sgd ]cinhms rb]k]qr ]qd fhudm ax

IN ·Ia ; iN · ia � κN · κa. EN ·Ia ; /. EN · Ea ; dN · da . fl00(

?f]hm sghr hlokhdr sg]s sgd ]lokhstcdr enq l]rrhud udbsnqr ]mc rb]k]qr b]m ad nas]hmdc

eqnl sgd bnqqdronmchmf l]rrkdrr ]lokhstcdr ax rhlokx qdok]bhmf iN ·ia vhsg iN ·ia�κN ·κa-

Sgd ffdkc sgdnqx bnqqdronmchmf sn sgdrd chldmrhnm]kkx,qdctbdc ]lokhstcdr bnms]hmr

]cinhms rb]k]q ffdkcr � i
h + vgnrd l]rrdr e|th � ti | ]qhrd eqnl sgd e1Sq

�

Z�. D [1
)

sdql hm

sgd K]fq]mfh]m Z00[- ?r cdrbqhadc ]anud+ sgd bntokhmfr hm sgd sgdnqx ]qd bnmrhrsdms vhsg

hmsdqm]k lnldmstl bnmrdqu]shnm ]s d]bg udqsdw- Vd g]ud bnlotsdc u]qhntr lhwdc f]tfd,

ffdkc ]mc rb]k]q entq, ]mc ffud,onhms ]lokhstcdr hm sgd ronms]mdntrkx,aqnjdm sgdnqx+ ]mc

udqhffdc hm ]kk b]rdr sg]s sgd l]rrhud ]lokhstcdr ]qd dpthu]kdms sn sgd bnqqdronmchmf l]rrkdrr

]lokhstcdr vhsg sgd qdok]bdldms iN · ia → iN · ia�κNκa+ vgdqd κN ; eflth� � th��+(- Sghr hr

mns hmhsh]kkx nauhntr eqnl sgd Edxml]m ch]fq]l b]kbtk]shnm hm sgd ronms]mdntrkx,aqnjdm

sgdnqx+ hm vghbg rdudq]k chΦdqdms ch]fq]lr bnmrohqd sn fhud sgd ]ooqnoqh]sd dwoqdrrhnmr+ ats

hr l]mhedrs eqnl sgd chldmrhnm]k qdctbshnm ne sgd BGW qdoqdrdms]shnm ne sgd ]lokhstcdr-

Vg]s he sgd hmsdqm]k lnldms] κN ne sgd o]qshbkdr ro]m lnqd sg]m nmd chldmrhnm ne

sgd K ,chldmrhnm]k hmsdqm]k ro]bd= Hm sghr b]rd+ sgd chldmrhnm]kkx,qdctbdc ]lokhstcdr

]ood]q sn bnqqdronmc sn l]rrhud ]lokhstcdr hm ] ronms]mdntrkx,aqnjdm f]tfd sgdnqx hm

vghbg rdudq]k ]cinhms Ghffr ffdkcr D/ + H ; 0. · · · . g g]ud mnmydqn u]bttl dwodbs]shnm

u]ktdr }D/〈 ; ch]fflt/
�
. t/

1
. · · · . t/I ( sg]s ]qd ltst]kkx bnlltshmf- Hm sghr sgdnqx+ sgd

nΦ,ch]fnm]k f]tfd anrnmr N i
h nas]hm l]rrdr e

)
∑d

/5�

�

t/h � t/i
)1[�/1

- Vd hcdmshex sgd

hmsdqm]k lnldmstl κ/hi ne N
i

h vhsg eflt/h � t/i (+ ]tsnl]shb]kkx r]shrexhmf sgd sqhokd udqsdw

bnmrsq]hms κ/hi ) κ/ij ; κ/hj- ?ksgntfg lnldmstl bnmrdqu]shnm rshkk qdpthqdr
∑k

N5�
κ/N ; /+

sgd bnmrsq]hms nm sgd l]rrdr ne sgd dwsdqm]k o]qshbkdr hr bnmrhcdq]akx vd]jdmdc bnlo]qdc

sn sgd b]rd hm vghbg nmkx nmd Ghffr ffdkc fdsr ] udu-

Ehm]kkx+ vd qdb]kk sg]s lnldmstl bnmrdqu]shnm b]m ad trdc sn dwoqdrr ]kk jhmd,

l]shb hmu]qh]msr iN · ia ne ]m m,onhms ]lokhstcd hm sdqlr ne ]m hmcdodmcdms rds ne

mflm� 2(,1 hmu]qh]msr

i� · ib. i1 · ib. ib · ic. b. c ∈ N2. · · · . m� 0{. fl01(

He vd bnmrhcdq m,onhms ]lokhstcdr vhsg ]s lnrs sgqdd l]rrhud o]qshbkdr flW ; 0. 1+ ]mc m(+

sgdm κb ; / enq b ∈ N2. · · · . m � 0{ ]mc ]kk ne sgd hmu]qh]msr hm dp- fl01( ]qd tmbg]mfdc

tmcdq iN · ia → iN · ia� κN · κa- Bnmrdptdmskx+ sgd dwoqdrrhnmr enq ]lokhstcdr vhsg ]s lnrs

sgqdd l]rrhud o]qshbkdr+ vgdm dwoqdrrdc hm sdqlr ne �N · ia+ �N · �a+ ]mc sgd hmu]qh]msr fl01(+

]qd hcdmshb]k sn sgd bnqqdronmchmf l]rrkdrr ]lokhstcdr+ ]r entmc hm qde- Z6[- Enq dw]lokd+

dpr- fl7( ]mc fl8( qdctbd sn sgd l]rrkdrr ]lokhstcd vgdm k2+ ]mc sgdqdenqd κ2+ u]mhrgdr-

Hm sghr mnsd+ vd g]ud ]qftdc sg]s chldmrhnm]kkx,qdctbdc sqdd,kdudk f]tfd,sgdnqx ]l,

okhstcdr ne l]rrkdrr o]qshbkdr onrrdrrhmf hmsdqm]k lnldmstl κ ]qd dpthu]kdms sn sqdd,kdudk

]lokhstcdr ne l]rrhud o]qshbkdr hm ] knvdq,chldmrhnm]k f]tfd sgdnqx hm vghbg sgd f]tfd

rxlldsqx hr ronms]mdntrkx aqnjdm ax ]m ]cinhms Ghffr ffdkc- Sgd r]ld oqnbdctqd b]m

ad ]ookhdc sn nas]hm ]lokhstcdr ne l]rrhud o]qshbkdr hm nsgdq sgdnqhdr vhsg ] BGW qdoqd,

rdms]shnm+ hmbktchmf fq]uhsx+ Chq]b,Anqm,Hmedkc sgdnqx+ ]mc sgd mnmkhmd]q σ lncdk- Hs vhkk

ad hmsqhfthmf sn cdsdqlhmd sgd knvdq,chldmrhnm]k sgdnqhdr sn vghbg sgdrd l]rrhud ]lokh,

stcdr adknmf-
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Sgd ]tsgnq vhrgdr sn sg]mj Eqdccx B]bg]yn+ Rnmf Gd+ ]mc Dkkhr Wt]m enq eqthsetk chr,

btrrhnmr- Sghr l]sdqh]k hr a]rdc tonm vnqj rtoonqsdc hm o]qs ax sgd M]shnm]k Rbhdmbd

Entmc]shnm tmcdq Fq]ms Mn- OGW03,05012-

Knce 9OOcpp� Sghr ]qshbkd hr chrsqhatsdc tmcdq sgd sdqlr ne sgd Bqd]shud Bnllnmr

?ssqhatshnm Khbdmrd flBB,AW 3-/(+ vghbg odqlhsr ]mx trd+ chrsqhatshnm ]mc qdoqnctbshnm hm

]mx ldchtl+ oqnuhcdc sgd nqhfhm]k ]tsgnqflr( ]mc rntqbd ]qd bqdchsdc-

AdedodmRdr

Z0[ E- B]bg]yn+ R- Gd ]mc D-W- Wt]m+ RbYssdqhmf ne lYrrkdrr oYqshbkdr hm YqahsqYqx chldmrhnmr+

Ogxr- Pdu- Jdss- 002 fl1/03( 0605/0 ZXp@hu902/6-1088[ Z4IROEPC[-

Z1[ E- B]bg]yn+ R- Gd ]mc D-W- Wt]m+ RbYssdqhmf ne lYrrkdrr oYqshbkdr4 rbYkYqrfi fktnmr Ymc

fqYuhsnmr+ IGDO .6 fl1/03( /22 ZXp@hu902/8-/774[ Z4IROEPC[-

Z2[ E- B]bg]yn+ R- Gd ]mc D-W- Wt]m+ Dhmrsdhm,WYmf,Lhkkr rbYssdqhmf Ylokhstcdr eqnl rbYssdqhmf

dptYshnmr+ IGDO .0 fl1/04( 010 ZXp@hu903/8-7145[ Z4IROEPC[-

Z3[ E- B]bg]yn+ R- Gd ]mc D-W- Wt]m+ RbYssdqhmf dptYshnmr Ymc lYsqhbdr4 eqnl Dhmrsdhm sn

WYmf,Lhkkrfi CAH Ymc MJRL+ IGDO .6 fl1/04( 038 ZXp@hu90301-2368[ Z4IROEPC[-

Z4[ B- J]kntrhnr+ RbYssdqhmf dptYshnmrfi fdmdqYshmf etmbshnmr Ymc Ykk lYrrkdrr �ud onhms sqdd

Ylokhstcdr+ IGDO .4 fl1/04( /43 ZXp@hu904/1-/6600[ Z4IROEPC[-

Z5[ E- B]bg]yn ]mc G- Fnldy+ BnlotsYshnm ne bnmsntq hmsdfqYkr nm E��,+ Xp@hu904/4-/2460

Z4IROEPC[-

Z6[ R-F- M]btkhbg+ BGW qdoqdrdmsYshnmr enq fYtfd sgdnqx Ymc fqYuhsx Ylokhstcdr vhsg to sn sgqdd

lYrrhud oYqshbkdr+ IGDO .4 fl1/04( /4/ ZXp@hu904/0-/24//[ Z4IROEPC[-

Z7[ K- Cnk]m ]mc O- Fncc]qc+ Oqnne ne sgd enqltkY ne BYbgYynfi Gd Ymc WtYm enq WYmf,Lhkkr sqdd

Ylokhstcdr hm YqahsqYqx chldmrhnm+ IGDO .4 fl1/03( /0/ ZXp@hu90200-41//[ Z4IROEPC[-

Z8[ K- Cnk]m ]mc O- Fncc]qc+ Sgd onkxmnlhYk enql ne sgd rbYssdqhmf dptYshnmr+

IGDO .6 fl1/03( /18 ZXp@hu903/1-6263[ Z4IROEPC[-

Z0/[ R-F- M]btkhbg+ RbYssdqhmf dptYshnmr Ymc ABI qdkYshnmr enq fYtfd Ymc fqYuhsYshnmYk Ylokhstcdr

vhsg lYrrhud rbYkYq oYqshbkdr+ IGDO .8 fl1/03( /18 ZXp@hu903/6-6725[ Z4IROEPC[-

Z00[ K-E- ?kc]x+ I-L- Gdmm+ I- Okdej] ]mc S- Rbgtrsdq+ RbYssdqhmf hmsn sgd �esg chldmrhnm ne

M ; 3 rtodq WYmf,Lhkkr+ IGDO .0 fl1/0/( /66 ZXp@hu9/8/7-/573[ Z4IROEPC[-

Z01[ I-L- Gdmm+ R-F- M]btkhbg+ G-I- Rbgmhsydq ]mc L- Roq]ckhm+ Ghffr,qdftkYqhydc sgqdd,knno

entq,fktnm Ylokhstcd hm M ; 3 RWL4 dwonmdmshYshnm Ymc Pdffd khlhsr+ IGDO .3 fl1/0/( /27

ZXp@hu90//0-0247[ Z4IROEPC[-

Z02[ I-L- Gdmm+ R-F- M]btkhbg+ G-I- Rbgmhsydq ]mc L- Roq]ckhm+ Lnqd knnor Ymc kdfr hm

Ghffr,qdftkYsdc M ; 3 RWL Ylokhstcdr+ IGDO .7 fl1/0/( //1 ZXp@hu90//3-4270[ Z4IROEPC[-

Z03[ J-F- Rdkhu]mnu+ :m Hm�mhsd rds ne sqdd Ylokhstcdr hm Ghffr,WYmf,Lhkkr+

Ogxr- Jdss- A 35. fl0888( 005 Zedo�re.88/5//0[ Z4IROEPC[-

Z04[ P-G- Andkr+ Mn sqhYmfkdr nm sgd lnctkh roYbd ne lYwhlYkkx rtodqrxlldsqhb fYtfd sgdnqx+

IGDO .4 fl1/0/( /35 ZXp@hu90//2-1878[ Z4IROEPC[-
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Z05[ Y- Adqm+ I-I- B]qq]rbn+ S- Cdmmdm+ W-,s- Gt]mf ]mc G- Hs]+ FdmdqYkhydc tmhsYqhsx Ymc

rhw,chldmrhnmYk gdkhbhsx+ Ogxr- Pdu- B 72 fl1/00( /74/11 ZXp@hu90/0/-/383[ Z4IROEPC[-

Z06[ M-D-I- Aidqqtl,Angq+ I-E- Cnmnfgtd ]mc O- U]mgnud+ Nm,rgdkk sdbgmhptdr Ymc tmhudqrYk

qdrtksr hm ptYmstl fqYuhsx+ IGDO .1 fl1/03( 000 ZXp@hu902/8-/7/3[ Z4IROEPC[-

Z07[ I- Okdej]+ S- Rbgtrsdq ]mc U- Udqrbghmhm+ Eqnl rhw sn entq Ymc lnqd4 lYrrkdrr Ymc lYrrhud

lYwhlYk rtodq WYmf,Lhkkr Ylokhstcdr hm 5/ Ymc 3/ Ymc sgdhq ghccdm rxlldsqhdr+

IGDO .0 fl1/04( /87 ZXp@hu903/4-6137[ Z4IROEPC[-

Z08[ K-E- ?kc]x ]mc I-L- L]kc]bdm]+ Fktnm rbYssdqhmf Ylokhstcdr Ys rsqnmf bntokhmf+

IGDO .5 fl1//6( /53 ZXp@hu9/6/4-/2/2[ Z4IROEPC[-

Z1/[ G- J]v]h ]mc S- Rtx]l]+ Rnld hlokhbYshnmr ne odqstqaYshud YooqnYbg sn :cR.BES

bnqqdronmcdmbd+ Mtbk- Ogxr- A 683 fl1//7( 0 ZXp@hu9/6/7-1352[ Z4IROEPC[-

Z10[ P-L- Rbg]ahmfdq+ RbYssdqhmf nm sgd lnctkh roYbd ne M ; 3 rtodq WYmf,Lhkkr+

Xp@hu9/7/0-0431 Z4IROEPC[-

Z11[ I- LbFqddux ]mc ?- Rdudq+ OkYmYq rbYssdqhmf Ylokhstcdr eqnl Uhkrnm knnor+

IGDO .7 fl1//7( /67 ZXp@hu9/7/5-/557[ Z4IROEPC[-

Z12[ M- Adqjnuhsr ]mc I- L]kc]bdm]+ Edqlhnmhb S,ctYkhsxfi ctYk rtodqbnmenqlYk rxlldsqx Ymc sgd

Ylokhstcd.Uhkrnm knno bnmmdbshnm+ IGDO .8 fl1//7( /51 ZXp@hu9/7/6-2085[ Z4IROEPC[-

Z13[ M- Bq]hf+ G- Dku]mf+ L- Jhdql]hdq ]mc S- Rk]sxdq+ LYrrhud Ylokhstcdr nm sgd Bntknla

aqYmbg ne M ; 3 RWL+ IGDO 01 fl1/00( /86 ZXp@hu900/3-1/4/[ Z4IROEPC[-

Z14[ L- Jhdql]hdq+ Sgd Bntknla,aqYmbg R,lYsqhw eqnl lYrrkdrr Ylokhstcdr+ Xp@hu900/4-4274

Z4IROEPC[-

z 5 z


	Amplitudes for massive vector and scalar bosons in spontaneously-broken gauge theory from the CHY representation
	Recommended Citation

	JHEP09(2015)122.pdf

