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IM[onopole Dynamics of Yang-R/f i l ls

1 ( En± ù e d Medm m, -h¤. £ É ¤¤e Ac¤d¤- 7 d Sem e-- - tambou ?½Ç Ç. o mu
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3 (Ceatm d u e£" md Nuche phy-m. . Na e- -l h bera-" d u.. £ Em Ama, am- Eam» ¤ 7½mEB, ch¤ - )

A bé - et A new OE-shel l deeoë £. i tiem d SU ( 2 ) ø UF Seld w´ £" t m y Á Ee@Bxiù m pmpo-ed . ì 1is decompo- ition yields , for

è ­ F µ Eta e Á »Á ÔÉ ù , - s ym ehFaddeeF like w h omm u m m m d eed b m h pm a ee d hid Fa der dem a ve- d a cd op

unit-vector at d-e clu d eal level - m e ' t Efooty - conjeeô " ² at ¤¤monopote" dynamics d izú , r ed Yazze MiIIs theoÇ is pmj ect ion inde-

pendent m also mdependm tl7 demom × " ed .

Key ¡ ,²

h m appeal i ng at tempt to in terp M co lo r co na ne -

ment Pol yak ov i l J has constm eted st r i ng vazt ab les m re l e -

van t degrees d he edom for desc r ib i ng th e f ou r d men Sion -

d Y an g- M i l l s ( Y M ) theoÉ a large d i a aneØ . Reeen tl t , a

pm po- - l for id ea u f yi ng th e i nf rm Ð var i ab les d th e Y M

th eOEÃ has been mad e by Fad deev and N iemi LZJ . 1Tzey pa -

ram eter ized SE/ ( 2 ) con n ect i on i n to m u n i t vect or n azzd a

Æ d d u al vazt ab les , and eOEEj ectu m d ô the in h m d

d ynam i cs of Y M the 017 is eEed i vel y d esea bed by the

s ky r ZEE - Fad deev mode l d th e i nf rared oEd er pam m ete r m

s ' ( , , ) = | d 4 z | õ ( ú ,, ) 2 + ÷ ( m ¤ ú m x õ ) 2 |

J ® e a

( 1 )

Here , tbe Em t mass tem wÃ i nØ dueed " " to i nc l ude

th e qum tum eHect of n n uctuat ions th ro ugh W i l soni an

renom al m ti on g ou p argu men u and th e a n t h i n t d t h i s

eg ect have been £beew ed in one- loop ap pm xi ma m m MA } -

1Tm act i on ( 1 ) ì ú a mass tem supp oô h ot - l i k e cod g-

u rat i on m a stab l e so l i ton M] and i s then su p poeed to k

eom i sten t wi t h the common l y ac cep ted p ict u Ó d coEI SEm -

nBent - T he id ea d decompo- i ng the Y M com zeCHon m

tem of m un i t i sovector or i gi nated i n th e wOEt el - -71 of

non - A bel i an monopol es - and rec ent l y , has been ex tended

to th e connect i on decomposi t ion i n ten ne of sp inor f or de -

sc r ib i ns the topol og eal eE ec t of i m tm ton s d ue to th e
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Suppoded by ¤ e Hume-d h " ¤¤ h ô d o m -- Ae-dem d Se--" ' a d CAS b ewte¤ Imovm n bus-a (ô Á 2.SW-ME)

O S WAI tjmdj ¤ impe- -¤ ¤"

ß Ü ï í ë Ë ï í Vo1.27 , N0.4

AF - . £ " 3EEGH ENERGY PHYSICS AND NUCLEAR PHYSItzs

Theory without Gauge-Fixing Å

U Xi-GUOEJJI A D uoj ie1¤281}

ø uge-nxed dd ectsM] .

m e pre, ence of Á uge sPEEnzetry in YM theOEY Þ m-

pl icate- thi s ambiti ous coaj ectum in two ways : EEStl y , m

order to formul ate a quantu m theo® , the decompoei t ion d

YM com ed on has to also i nclude the overabundm t gauge

deg ee- d freedom ; and se£ondly , the Á uge has to be

axed in a presed bed w® , nc¬ £d y to be able to peEf om

hur tiOZEal inteF aHon , M t al so to aETi ve a a uni que d ec -

Uve act ion for m field .

" 1e EESt problem was di scussed by Shabanovl« ,

ë £ establi shed m one- to-one correspondence between the

un-a xed gØ ge tlel d and the some ceEtai n decomposi ti on -

m e seeond pmblem d Á uge axi ng implies É a a sue-

£es· al mali zati on of the idea d Faddeev and Niemi m u

onl y be meaniEW UI in a eeEt ai n å 'ø , under which the

inf ramd de' " s d fmedom of the theoÉ can be deter -

mined by n aeld in a simp le egeeti ve action . h a diHer -

m t gç ge , these inf ramd vari ables nØy k hidden in a

m µ l icated d ed ve ae6 on e ven by m fleld and other

fields . Recent cal culationsL3¤toJ d the eged ive act ion

based ¶ Faddew - Niemi deeompoei tion and its

extension W] qual itati vely cona n n the generauoa of a mass

scd e and nem - si w of hi ì ep derivative tem of n fleld

for desc ri bing the large- di stance deg Ø 8 0f heedom .

" 3- 2"
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H o w e v e r , t h e c o m p l e x i t y d t h e a n a l E ? S U I t s i n v o l v i n g U ( 1 ) s p m d 7 . I t i s c l e a r t h a t d E e h t p M A I F Z i n ( 2 )

h i å e p d e E t v a t i v e t e m d n a d d a n d t h e p e r t 1 1 É a t i v e i s v a l u e d m s u b g o u p H = U ( 1 ) w h i l e t h e s e c o n d a n d

n a t u m d É e d e d m u o n m d t a t h i s c d c u l a a a E h m d l y t h i d t e m ± , M h d Í i c h m e o z d E O S Í Í ­ t h e d i m e t i o n

s u m c e t o e o n S m t h e a c t i o n ( 1 ) Ü ö e i n f m m d l i m i t o f n , i s v a l u e d i n o r b i t S U ( 2 ) / H = S 2 .

W t h e O EÃ a n d h E t h e r c o m p l i c a t e d r q u e s t i o n d ¤ e d s c h e z m [ 9 l f o r p a m e m m t i o n d b p Ê Ø m é

p m a c t e d s t a b i l i t y o f t h e s u t n g - l i k e s o H U o n - × E e I ¤ £ EÓªü 5 , dÉ E e 8Õ e s i x v aó E Ê bM l Ê i n t o m aó 1Ố tu i s® Y EnmEØ E Ë ¼ Ø C tù e ï 0Æ r U p = - E~

Éú e iô nÉôé »Øô tÊ nmm zÄñ s×ª it C fô eẾ aa t um EEm J

f o r cÞ ó En Eç fE 1m InmmÓÅm En E aª tU i oÞ En 1 o f dÉ I e d& Eu Ed td d . m PÀ e Emæw 0m En E dí Eu E ed t o® r PÏ i cd t 1u E Ó d n , w¶ t Eµ e Ó W F e h a s p E E E e M c t e n s o r Í i c h d e p e n ² ©

c o n E n e t I B e n t - h p M i c u l a r , i t i s ¹ e E 1 6 4 Ø p m v e U a n d n . o b e e w e d h t t h e M v m m h m d H Á

F aBÍ

, t THM fç­M Þd o h Ðë e cdd¤¤ØØ t¢ôôô± Eumm± 1umd IÓd üd [ 1u l ]1 ªô a tÕ }hù EÇ e sÞ eäµ Pôôô ×m¾Ð ±ÎÍð tHmôô iÊmm óÞ En 1 d mm omm EnmÐµ 1më½ oµÞ põå o

dü e e Ø¡ e d f× E Ø÷ e dí o m ×h £ Enm En 1 o© Erd .t i gÁ En 1Ð d £Ø o¶ 'nmm Eum Enm Em e cd 6 oÞ 'n 1 i s i n d e p e n d e n t d e e , m o f b e d o m a l o n g t h e i n t e m a l d i m e t i o n q a n s h o d d

o f d m Á t l F a n n g . a l s o b e i n c l u d e d . H e m , w e c o m b i n e t b e w o b a s i s v e c t o m

I n t h Ô p a p e r , w e p m p o e e a n e w O E - s h e l l b y a n u s p m n e m e t e E m o m u Ê a n d ù , a n d p a r ï n e t e d y z b 1 4

d e c o m p o s i u o n o f S U ( 2 ) Á u s e h l d m t h o u t m y Á E Á ´

B E R g - Ø E i s d e e m p o s i t i o n c m l e a d t o a p a z × a l l y d u a l b = U a n + t a w n x n . ( 3 )

Ï F a , Í Ï '

d p 1 a m i e s o f Y M t h e O W W H e t E q u a l i t a t i v e l y o O E æ I T E m , f o r ¤ e c m H ç t h a t d l i s p e m m e t e E m t i o n n a a u À l y s a H d e s

m a p p r o p d a t e Á u g F E 3 t i n g , a S K F R E e - F a d d e e F l i k e d m C O Z E Ü Ø E E b Ì - n = o m d c o n t a i n s s b t d m i m d

a c t i o n t h m u d E W i h o n i a n m n O E Y Z E a l i u H o n F o u p a E R u m e n ã

v a r i a b l e s - h p r i n c i p l e , d E e s b t i l e l d v m t a b l e s E - m c m b e

m d i t C O T E f E R I B S t h e p m e n e e d h i d E - O M e r d e E t v a t i v e s

u s e d Ø c o n s t m c t t h r e e p a i m d 8 c e d a r a d d s p z a n d ó ( i

f l e l d a t d E e c l a s s i c a l l e v e l . B y d i s c u s s i n g t h e m o n o p o l e
= 1 , 2 , 3 ) , t b m À n g d × À d u d o o n p l e x a d d s ® = p a +

m e e t 1 ó 1 i s m o f t h e Y M t h e O I 7 m z d t h e i n ¥ K I s t
i Ò ' - h d 1 i s w o Ë , w e m l l u s e t h e v a d a b b z h i n s t e a d o f

b e t w e e n A b e l i m p m j e C H o n a n d t h e m t a t i o n - s p m E e u Ã

t h e e c h a z í e d s e l d s . Ò 1 e m f o m , o u r 8 1 2 Ü Ø t i o n f o r O E -

h a l t i n g d t o p o l o g c a l w i a b l e , w e m d e p e n d e n d y p m e

s b e l l d e £ o m p o e i U o n d t h e S U ( 2 ) c o m m e t i o n i s

' t H o o f t c O E E j e c t m ÷ × m o n o p o l e d y n a m i c s o f m

A Fa = A Ì n + e - 1 3 Ì n Á n + U F e a w n +

t i z e o I 7 i s p z w j e d i o r z ( Á l g e ) i n d e p e n d e n t -

f ô a w n x n , ( 4 )

W e b e e n b y d e O O Z E Z p o e i n g t h e S U ( 2 ) m

Ú E e m a s o n f o r d z i s p m p o e d i s t h a t a p a y ï n e t e d m d p a n

e o m e c u m i n t e m z e o f t h e o d o r u n i t v e e t o r n . W e h o p e

a l o n g t h e d i m H o n ç n x n i s a l m d y p m e n t i n ( 2 ) m d

d m t É Ô d e c o m p o s i t i o n o f Y M a d d i n c l u d e s M l E e l d

É B c h a w o f v a E t a b l e s c o n t a i n s d ¹ i m d w e l v e

d e p T P m o f æ e e d o m Ø t h a t i t m m i n s O O Z E P I e t e a t h e l e v e l

i n d e p e n d e n t E e l d c O E µ o n m ® , C O E T Ø p o n d i n g Ø t h e f b I I I -

d q u a n t m n d m o r y . F o r t h i s , w e n e e d m 0 6 s h e l l

£ o n p o n e n u o f U ( 1 ) c o m m e t i o n A Ï , t h e ¢ v o i n d e p e n d e n t

d e c o m p o e i U o n , w h i c h o o n t a i n s t h e n - g e l d a n d d " £ ² e s

£ o m p o n e n u d n a m d t h e s i x c o n p o n e n u u p ¤ h n o n g

4 d = 1 2 6 e l d e o m p o n e n u m t o t d , w h e E ü d = N 2 - 1 = 3

t w e l v e d e p Å e s o f h e d o m m ( 4 ) , t h m e c m b e f l X e d b y

i s t h e d i m e n s i o n o f g a u g e Á ð E P ¤ h × a a z z t U I E E t h e o ® , d =

t h e Á u g e c o n d i t i o n , l e a v i n g M = 9 i n d e p e n d e n t t k l d

3 Þ E E p o n e n ² c a n b e m m o v e d b y Á u g e c o n d t i

d e g ü e s d h e e d o m . Ò 1 e G m s s l a w c a n b e u s e d Ø a E I t h e r

s u a m t e e o o n v e I ¬ e n c e o f f u n c t i m a i m t e F B t i o n .

e m o t h e r t h m e s o t h a t t h e d e O O Z E p o s i t i o n ( 4 )

F i r s t l y , w e m l a t e t h Ó e ¤ Þ n P O E m E t t u d t v e c t o r n t o

d Ê c r i b m s i x p h y s i c d d Ê £ m d h e e d o m d t h e c o m e C H o n

A P b y e n p l o ò E E g t h e d e i I n i t i o n D P " - ç n = e A Ì Á n d

A Ì . × E e m f o Ó , ² i s p a m m e t e r i z a H o n i s m O E - s h e l l

c o v a r i m t d e d v a t i v e d n , w h a e e Ê o o u p l i z » £ µ 1 8 t a u - r

[ 6 ] m t e n s i o n d F a d d e w - N i m n i d e c o m p o e i t i o n . O b e e w e d t h a t

D i m e t c a l c u l a H o n o f n x ( A p Á , , ) s h o w s

n m p m s e n ã a d i m e t i o n À E i e h Ä p u m l y a s s o c i a t e d w i É

A P = A F Z + e - I 3 Ì n x n - e - 1 D Ï , a Á n , ( 2 )

o n e M a i m d h m o v i n g h m e l n , " , Ó Á n i , « Ó

¶ E e m b = - e - l D n x n s h o u l d d ¹ c r i b e s i x v a E t a b l e 8

Ï - c a n i d e n t i t v n Ø a t o p o l o g c d d e ø Ð e o f h e d o m .

h ( 2 ) , É e A b e l i a n Þ m p o n e n t A P = A p - n d m e n d h 0 6 4 h e l l d e c o m p o s i t i o n [ 1 2 ] d Y M E e l d ÷ × a

o o m e e t i o n A P d e s c d b e s f o t E v a t a b l e s , C O E T e s p O R a n g Ø p a × d Á u g e f u t i n g h a s b e e n p r o p o s e d m c e n t l y b y

ß Ü ï í ë Ë ï í ´EE &NP) Ú 27í
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Faddew a Ed Nia Ä º r dmßri bE34ÔÉ e × ÒantEEZE SM BCture

d iEú ØØ i YM tbeory . U is ² emzp oei tion × elegm tly

fomzulated by MauEW- Caô n mEF fom z d m SU ( 2 )

maut x vad abl± and eontaiEm tm dep @ee d b edom ,

ü " Ø pondiù " a pM al m Î " IEg inp li d ly em toyed

h r N o indµ m da zt vz iaN ee- UntoE¢ ma eiy , m this

iÖ m ved pammeteEt m uon , É e color ,, - fl eid , which wæ

£rig ZEalIy coEEj ectumd to be the Et levant deg Ø d h edom

¤ descn bing the h ot- l i ke sol iton , has been mMaced by

the SU ( 2 ) m m x m d the simp i i ci ty d th e o,t e nd © -

shel l deea µ oeition l2l in tem- d n -ad d hæ h t m a

eomp lex mathematica l h m d the new nu m x variabl ¹ .

In conØ ½ , Ø r decg zzpØ iti on hó × i l ( twelve ) deg e es

d h edom of É e od ØZEal £« m ed on m d i t lmeR n Eeld

bd ng m ¤Óph ed m m Ø and the d m 6 ve act i¶ d th is

tµ olog © l ad d a É e × ,azzumz level - a zr deem p m uon

( 4 ) d so digem h n the sctm J ] m that the dÊ m d

×, edom along the inteITEal diEÊC60n ø ,a have also been

included m ÷ th m enu tion d bÌ m ( Ä à be in al l

d imeti« ² in ± b i t Åmee SU ( 2 ) / U ( 1) Ä ESm vaÉ ¤

Al though the fouEt h tem h ( 4 ) h M l ined y
independen t Þ the £onnec6on pazt CP = e - 1ø m x n ,

we stil l sepamte it hwm CÌ since i t can m t Uï udorm ó a

oonneCHon - A SHIsh maÁ eHc monopole Ø 1 be e ven by
speci¤ E18 CFd ì ú th singular " tBedsd Eog" CORf1sw ation

n¤ = xv r [131. 1TEat ia why we i¤ é CÌ æ a m ä £le

² m e d hwï b n izmtm d d inchBdiù the fotIEÉ tenn m

( 4 ) . To m É e mÞ etic zm chm i m d YM h oay , we

consider i ts dud dynamics m indepa Eda 1t-pa Àcle a Edconsider iu dud dynmziØ m

mm ph ld aw m inm ons-

h sinp lmt dual dyna nm d W theo® can h

g vm by the indepm dent m Et id e aw mn m Hon , ² Ea e

one cm ig Em the COETelation d ect bú ¢en nmnopob

and d or muÓes. In this cà , we take the Abel im
m µ oment Gm - n = Fm + Hm + e - 1m¤( a n Á DP" ) d

the h lI Seld É m gth GFe m dEe dmm ant vg iable, ®dEa e

ß , = a l w - a v A p a n d H ô = - 1 , , ¤ ( ø n Á ß n ) =
e ¸

ø CÍ - ¾ CÌ StBEds - m peedvely , ¤ the É lecut e" m d

n÷ ¤ ×eld É w tm. Hem , c i, m ttr m e zd c

potential - As a phygieal ad d . the td al aeld exhibiuna
" eleetmnic " -m Á etic dud iw gha zid be e ven tw the

muge-mvanm t pmt

Ö à Ü È :î - Ü ú ¹ í Û Ä ¥ « ú Æ 295

¸ = Gù - n - l n ¤(D, ,
e r Á DÌ ,, ) = HFB+

i15¨
which Ê the ' t Hod tamozl 141 m su ( 2) å 'F theOEY-

Stlh titutizzg ( 5 ) mØ dm stmdad YM ä UÞ we get a

hHy dud md Ó elimd ¤ anics
S =÷ |t z(¸ +² )2. (6)

­, e J , .

in Í ich the see± d tem in the action ( 1) Ê d rmdy

P¿Ø ent . As the © se d SEEpemo,Educta phÄ e-M Emitim

below the cri tical tempemUZÓ , one can Äetmr that at

lowÐnerEy lhmt the Á uge sFmzzeuÃ of pwçmd Mate of

ha dmm h­ beÄ,z dynm id l y bmken Ø that the

maÁ etie potm tid d yed vely ä quim a m ¸ , that Ê , a
nEÄ ù m mzc ; /2 = m2( Å, n )2/2J should be added Ø

tbe action ( 6 ) . Ò2eE¤ £Ó , the model ( l ) cm be

¤ ewd a the level d Ée l¹ t appm iEM ion-

' AEezz d deg, Ø d h edm is taken into amount ,
the £mp on¶ tR d h ll aeld euengdz m the SU ( 2) fH

dired o-E Mll µ PØt With (4) , one cm End
G,, = ,, [ Fp + i tp - emaEAJ h m ¤ apm) ] + N,, ,

(7)
² Eete H,, = HF- - e,AHA- + e..J fA, - ezfHÈ, HA, aEd the

non-Abelim em× onent N p is g vm by

Np = ( afA IK + efhu Aw] ) akn + eA [FE--l n x

aa" - 2e I apn x awm - 'b aJ a" +

ESM® a ÍI ah R + çhw aIam x ah m - ehu awm Á

a- m + eESFAESJ ahm x apm) +

'¤ ap &n x m, ( 8)

Ha e- A , p and k m ² e IDm u indiem . 1Ee Seld

sUÊ ª ² ( 7 ) eHves dse Ø the º lloÛÇng pazÀaJly dual

dynmnies

½{[² +2̧ (ñ - ¨ (Óa d
a pm ) ) + ( ù - e mazM aAm ¤ ape- ) ) 2 +

2 [ F,, + i tò - e naz~ ( aA R ¤ apm) ] [ 2 Hp +

eÉJ Fä, - ef --zf fAw - e2 ESIAESJ fA, + ( ä , + Ub )

3 ¨ ¤ ø " - U¤ a hn ¤ a w,, ] + ( N J )

( 9 )

ë ere N m m e ven in ( 8 ) .

h hÃ been 8em É at vazt oÄ tem Es d dze hi­ -OEd er

da t vaUvm d ,, -tk ld hm aiEm dy pEØ m ted a the

claú i© l level and m zt id dualHy d " d eeã£ nic" -EEÔ' Eet ic
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variables appean ç a compl icated fashion i n contrast ÷ ×

× l l dual i ty in the action ( 6 ) . To End a qual itati ve

pictur-- of monopole mechanism of eonfl nement , let us

assume that the vacuum state of i nh ± Ðd quantum Y M

theoÇ for ( 9 ) breaks the gauge symEYEd É SU ( 2 ) dom to

U ( 1 ) and the mem -geld l i mi t permi ts such a si mpl e

expectat ion ´ ¶ ,ù ]h µ ä ± ä for m y k . 1E i s cm be

madi zed , e -g . , in such a Á uge condi ti on , EØ = u ( Í ) ,

for k = 1 , 2 , 3 . Ç Eezh by averagi ng ( 9 ) over the dual

variables ( AÌ J wk ) , we cm get an classical action ÷ ×

leadi ng tem

ö Ô) = j t z [ m2( Ó ) 2 + K L ] , ( 10 )

whem ´ FP µ = O due to the residual U ( 1 ) i nvariance -

U is M a Skym m- FaddeeF l ike aCHon , where Hm i s

mplaced by H p and it includes the act ion ( 1 ) Ø a

l eading tem . 'IEe expl icit fom of the mSUIt ing action

cont-dm the hi d z-order ded va ivm of ,, -f leld , such m

Æ ø n ) 2 m d ( ah n ¤ ø n ) 2 , m d we do not wri te m t

expl i citl y heÓ ¤ Simi lar tem s d hid Eer deri vatives of n -

i l eld was also seen in the Wi lsoni an eEed ive action based

on the decompoeiti on pmposed by Shabanov[9] and they

am argued to k necessazy for the de8crtpt ion of

topol ogical ly stable knotl i ke sol i tons .

To see the monopole mechanism of YM the017 , we

PEWeeed to discuss the Ó l at ion of Abel ian pzwj eCHon m th

the rotation-symmetry break ing of n . As suggested by ' t

Hooft et d [l1¤15J , ¤ the dual Meism er egect do occur i n

the infmmd me me of ti l e theory so that dual -

supeEæOEEductor pi ctum of coEdl nement i s quali tat ively

tm h the d ed i ve model of the cona ning phase should be

described by the order parameter involving the mae mUc

monopoles- × 1i s i s dual to the case of m peÓOEEductor

wheEü ord er paramet er is e ven by the condensate of the

electm n paim . For thi s reason , one cm assumes É a the

eoni l ning phase of i nh amd Y M theo® , whem the origi nal

symmetÇ is bmken dom E to U ( l ) , is descri bed by the

OMer parameter ´ ± , a nonvanishing expectation val ue of

n , whose staHonaI7 811bg m p exactl y corresponds to the

meidual U ( 1 ) symmetÇ and for which the bmken

symmetÉ eorzm ponds to the gauge mtati on Sn = n x e .

We w i te n = UJ UT = n - r ¤ azzd substi tute the

expl i ci t expm s U = exp ( - J y ) exp ( - J Á ) exp

( - t p ) of U into n . Ò 1¥ , ¶ e fl nds that the di reCHon

ß Ü ï í ë Ë ï í (HE & NP) Ú 27í

´ ,, µ d n i s detem i ned by two Euler ç ö es a and p

´ n µ = ( si m eos¬ , si M Si î , c£" ) # 0 , ( 11 )
M mae Ed ic potentid h comm CH = e - 1 ( Þ ea aj +

ø Y ) , which stiH shame m U ( 1 ) Á azge degme d

freedom CFú CF + ø Y . TTMs impli es , a speciSc Ó el i an

proj ect ion ,, ú ,, £ = ´ n µ £om sponds to a axed gauge U

wi th Á and p nm d , leaving y as a msidual U ( 1) deg ª e
of f reedom . 'ITEemfore , the digerent Abel i an pmj ecti ons is

one- to¤¶ e cormeponding to the digmm t di meti ons ( 11 )

d ´ n µ , and anther one- ­ -one cor-msp022ding Ø the

digeEm t matEt ees U . 1TIis pmpeny can be used to pmve
the ' t Hooã ' s eo± eetum [11] .

h spite of pmm m e d some numeri cal works[16,17j

conf i rmi ng monopole- l ike defects in Abelian componenu

of the Y M theoÇ and several ded vati ons d eEective

acti ons for i nf ramd Y M dzeoÉ i n dig emnt gaugesMA IOJ ,

the stabi l i ty of the knotted string- l i ke sol i tonu ] that is

pmposed Ø be the candidate for gluenball i s n´

completel y cona m ed due to the l i mi t of number of the

Abel ian gauge used by latt i ce calcul ations and the

vad ati on of the derived mare nal contr ibuti ons to the

action ( 1 ) . Hence , befom ded vi ng the qum u m

dynamics of iEú ï , d YM theo® , i t i s essent ial to pmve

the equ ivalence of the a nal eEective model for di fremnt
gauge-fbdng . For th is , we need to pmve the ' t Hooft ' s

conj ecul m that a11 Abel im pmj eCHon m eEpzi val ent .

HeEÉ , we demonstrate th i s cOEEj ectUEü based on the

i ntrinsic ml ation between Abeli m pmj eCHon m d the

mtation-symmetry bmak ing of topolotHeal var iable that is

mani fested in our decomposi ti011.

We consider the ê Em tum functional for ( 9 ) . TEe

J a c o b i a n J f b r t h e v a r i a b l e c h a n g e ( 4 ) o f A Ì i n t o ( A ,Ì ä

,

n¡ , ü ) cm be e ven bäy cal cu l at i ng t }hh 1æe di stance el em en t

Ý

øh mýÐ ,4ø n Á n } , om cm expl ici tl y cd ct§ dm Jacobian

J = J ( n ) m a funct ional of n - f ield and wr ite the

hmuonal intep®ionØ
z oc j Ø - SYBa g j µ M SM

To remove the di vergenoe d this intep Ø ion ad si ng fmm

ø uee symmet® , we need to ehooee a gauge condi ti on .

One can choose m y physical gauge-axing F P ( A§ , U , n )

= 0 , e . g . , covar iant gauge condi t ion aÌ bH + AJ Z X
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b ®+ m ( b , - aFm ) = 0 , wtzeÓ bF is g m i n ( 2 ) M trand om Ã A, + AF + " , sm = m x e , uf J E· ,. M

coupl ing constant e is omi tted . Izzsezt ing the identi ty the d zoet h ld Ø cú eaec , whi ch is a subeet of the BRST

l = [ D m A , ( A - L R ) 8 ( F ) m tbe abm tm zsfom ò d ( AF , m , u ) ± the d m t aeld c .
E " '

Here - £ , p t azzd S am eorÓspozzding smal l parametem of
fIEEZCHonal , we obtai n

² Å . When EñÉ~§,, . are imEn2tùeÁ a±ted d o©tu»Ët , the imEnôEWvamrdmimamEn1cße d td»hEØe
Z £g E j§ D mDMA®D Ð (ØØm̈)MAÉ , (ØA, , ð̈ m̈ )̈ 8Ç( ² )̈ e. s¹" emEnm2Ømôsmt

¸ JJ d4 d c m bÃ e gÁ1uÒa®rmamEn2t" e @" d bù y tÉ}h1e ¨ imEnôEwv amEnt a n c e o f t h e F a d d e e v - P o p w
a | D n D A a D u J ( m ) e j a ( 1 2 )

J ' i ntee stion under the BRST Õ ZEd om m on d ( A, , " , c ) .

² m A F( A¨ · , ,, ) = dd [ SF J Sm] ´ n k detem ê ,IEi s impl ies , a dig erent Á Þ Ôxed decom eitm

by n fh ld and dual variables ( A®, u ) , and the d ed i ve com eponds to m d her suh a d tbe BR³ tEï d om m on

Ia e m e an is e ven by m É diEerent pg m Ø ï , 8 . p m d s d Å - We note that tk

2Zí fë·ddº = ¹¹ ñØ + cá. . Ar ² cJ& + i ( F )y2 . (" 13Ø) iEnm1
g 2 e ,

Á a m t e e d b y t h e i n v u i m e e d t h e d i E e r e m d f o m . 1 b m ,
S i n e e d i g e m n t c h o i c e s d A b e l i a n p r o j e c t i o n

n e l u d e t h a d A b e l i a n p ¬ ± t i o n s m g s Þ
c o r m p o n d t o t h e d i E e m t d e e o ë OM i o n s ( 4 ) Ð É t l x e d

e q Ø v d a EL U a Em ¬ , t h e p a Et i a l l y d u a l ä EZE E- c s ( 9 ) d
Á u g e e v e n m n e w f r a m e | m ' , a F m ' , a F d x , , s i , É e

th e n f th e oÇ d o es EM d ep e n d m tb e c h oi c e s d th e A b e l i ç' t H o o h ' s c o n j ec t u m c m b e p ro v e d b y t h e i n v a n a n c e d

ô , i . e . , i t i s p Ò£ i M e p e n d e n t . Ò 2i S Sµ õ ô t h e
t h e F a d d e e v - P o p o v i n t e g a t i o n ( 1 2 ) u n d e r t b e v - d a-H o n d

o d g n d Ö , ð ð " i t h a à æ n e m zt m y o d g n a e f m z a

m a n d i n d u e d c h a n g e d o t h e r v a zt a b l e s . ö , e c h a n g e d
topd oe cd fea tm d the non-Ab el ian õ ge the£É -

the parameterim t ion ( 4 ) cm be mal i zed by a lea - aCHon

tmZEd om ati on U ú g t j in n = UT3 õ , whem g Å

m e F r zt a aash o r a p p r e d a se Y . S . D u a n j b r F zadÈ d
S U ( 2 ) . F OE- s m a l l g a u g e t m n s f o n n a t i o n U ú e - U ( Å = u ¤

aascusSSOFas -
t á ) , ¶ e c m c h e c k É a t h e v a z t a b l e s ( A F , m , u )
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î - Ü ú ¹ í Û Ä ¥ « ú Æ

Ö à Ü 1,2;1) î £ ú IJ
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