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New Approach to
L att ice for

2 ( Insti tute d

A ba r - ct We develop a new appmach u3 com m et ing the latti ce opemton for ² e eah ulaÎ On of the d ue-

ball mass - which is based on the eom ed on between the continuum limi t of th d o-en opemô and tbe
÷ aaMm number J FC of the Bu te . Th e p n d the seate is then determined m quely and directl y m numer-

icd simulati on - F½² em om , the approach can be applied to the cah ulaHon of the mass of d Ud all statm

wi th m y spin . j . Under dze m end ed appmxi maZi on , we pmü ± 0® PEü l im nary reguIts m s u ( 3 ) pmYE
Á uge theoEy for tbe mu ss of OÕÕ  te and 2 ¤ ¤ state , É ich m 1754 ( 85 ) ( 86 ) MeV and M 17 ( 56 )

( 117 ) MeV , regpee6ve17 ¤

Key wor² lattice QCD, d Ud all rms- ,

I n t r od u c6 0n1

During the past two decades , there have been extensi ve latti ce cal culation of the d uebd l spec -
tm copy in IAF ang-an scheme[1- 5] or i n Hamil t i an schemeMJ . Moet of pmvi Ø s works use W O key

steps : one is the choi ce d gl uebal l opem om wi th cezt ai n qum Mm number J PC based on the method

introduced in Ref . [ 1] and the other is the appl ication of vam u onal principle . Mean¢² il e , ÷ × a

g eat amount of the i mpm ement , such as fum i ng and smead ng , etc . , these appmaches wort wel l
and the em m am under well COMEWIl ed . Ò 1e choice of l att i ce operatod l- s] is based on the com -

spondence of the i rreducible mpmsentati on R of the cubic poi nt g oup and the mpm, entation J of

the mtation p wup . However , si nce the conüspondence between R and J is not one-to-one , them

exi st some ambigui t ies in the choice .

Mean whil e , basing on the mpmsentation theory of O ( 4 ) Â £ tzp and the hypeIæubic p uup ,
Mandula et d . [7] develop m elegant scheme for the choice of gl ueball opemtom . Decompoeing the

latt ice color electd c and maPEa t gel ds into eeEt ain mpmsentations of the hypemubic gmup , they
constr uct opemtom wiÉ deflni te JR . However , the correspondence between i rmducible mpmsenu -

ti on of the hypemubic g Ä p and spm J is al so not m e-to-one . TEe ®leading spin ' i s then assumed

when Áú 0 . Even so , this assumpti on al so cannot determine the spin uniquely . For exampl e , one
does not h ow how Ø sepan te ®leadi ng spin ' J = 1- fmm ®leadi ng spi n ' J = 2 + in 6( +} mpmsent -

ati on m d one cm not get the content of the non-leadi ng spin[7] .

In this paper , we would li ke to show a poesibl e sol ution to them tmtables . By expanding the

choem opemtor accod ing to power of latti ce spä mg Á , we mquim that the leadi ng tem of the
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ctz08en opemtor belonp to the i rreducib le ÓpmsenMUon JPC of SO ( 3 ) pc gm up . We a8811me that É e

leadi ng tem wi l l e ve the main eb ct Ø the state when a ú 0 , and the eontriM Uon should be only
gi ven by the leadi ng tem in the continuum . 'ITEemfore , the spin of the correspondi ng state is

uniquel y determi ned by the leadi ng tem of the m panSion when the latt i ce tends to conti nuum .

Some obsew ations am d own in the fo¡ £orai ng section . We intm duce our method i n Sect . 3

and e ve m example of some pml i minaÉ EÉsui ts to veri ä our method in h et - 4 . sect . 5 i8 a shon

sunmm17 ¤

2 Some Observations

h the conHnuum, the d ueball stÊØ ì ú deEni te qum u m number f c make up d the basis d
ceEt ain i rÓ duei ble mpresentati on JPc d s o ( 3 ) PC STOUP ¤ But , on the latu ee , theÓ only exists iu

ani te point subgmup , OPC, and i ts eOEIºespondi ng i rreduci ble mpmsentations RPC( R = A l , A 2 , E ,

TI m d TJ . × 1eEE tO IEBeas tzm gl uebal l mass i n latt ice QCD , them ad ses such a pmbl em m how we
get com et mSUIts by onl y uti l i zing OPC F OUP ¤ To sol ve the pmbleuz, fol lowing Berg and Bi ll oizd IU

authom mak e the foll owi ng continuum li mit assumption ( P = Þ ) I1¤2¤4,, ] :

m ( OPCh m ( Af c ) , m ( 1PC) = Ð ÷ ) ,

( 1)m ( 2PC) = m ( E PC) = m ( Tf c ) , m O PC) = m ( A : × ,

when m ( RPC) i s the mass of the ô te ext meted fmm opemtom h the in ea m ble representati on RPC

on the l att ice and m ( JPC) is the mass of sta e ÷ × eertain m n JPC M the conti nuum .

But æ Morningstar and Pead on show[31, this assumpti on is n´ always rid zt . From thei r MEnu-

lation mg1BIts , for examp le , TJ Õ channel is M i ntep mted Ä JPC = 1¤ + states but moet l i kely Ê

JPC = 3 + + sta e ( less li kely J = ® ,9 ,  , interp mtaHon cm M be E121ed out ) , since i t m m thi s

channel and A J + am degenemted in the conti nuum .

Meanwhil e , on a D = 2 + 1 latHce , Johnson and Tepet s] End that in A J Õ channel them exi st

two 8tates wi th diEemnt masses . Ò 1ey inteEPE@t the hid zer one as the r Õ state and the lower one æ
£ + î Bu te . TheÓfom , they al so believe É a one needs Ø devel op a systemati c and general pmeedum

to construct opemtom of E biØ É spin m a ú OM] .

Now , we pmgent a poesi ble pmeedure to sol ve these pmblems hem - Ia t us h e n the di scus-

Sion M th some obeen ations .

1) A n arbi trary state | é µcan be genemted by the cuÐm t o ä Hng on vacuum |0 µ :

|Ðµ = o |0 µ . ( 2 )

Since lo µ is invariant under pomeam g wup and SUc ( 3 ) F up , the ehameter d | é µ cm be de-

scd bed by o . For simpl ici ty , we onl y consi der eumenu ÷ × ma-e di mension 4 hem , " ¶ ag

B f U ) BA z ) , when B f m É e color maÁ euc s elds m d i d = 1 3 . 1

Obviously , both l é µ and o m color ¿ ad d ¤ One gets such 6 color Sind et curm nts :

2Tr ( B tBJ) =

ô B½i =ÁK
We also mquim | é µ and o transform m m m i n

Since B trand omzs Ä Ã - under thi s F up , the P , C d Tr ( B tBj ) m

dan coem d ents , we cm decompose these basi s into J = O and J = 2 pi eces ( due to the col or sin-

õ ó ì È :Ú ¦ ã Ï ¹ ì  ã º ò Ê ¿ Ä Â ¾ ¶ 223
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f c under so ( 3 ) PC p uup .
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gi et , them is no basi s wi th J = 1) 1) . × 1eEh i n the subdued rePEesezztation J + O of the mMUon

g oup SO ( 3 ) m td cted to subÁ m p O , we a nd that the basis i n J = O is the basis of mpresentation

A 1, and we can ftudmr EWduce anod1er ave basis in J = 2 accOEd i ne to iEeduci ble repmsentations E

and Tz d the cubic point p m p . ® , we cm cateF aze the basi s Ã

J = 0 : Á11 = Tr ( B 1B I + Bz B 2 + B 3B3) ; ( 3a)

J = 2 : eI = Tr ( B I B 1 - B 2B2) , e2 = T r ( B I B I + B2B 2 - 2 B 3B 3) ; ( 3b µ

S21 = Tr ( B 2B3) , t n = Tr ( B I B 3) , t n = Tr ( B I B 2) . ( 3c )

Hem Á11 i8 the basis d mpmsentation A 1, eI and ez constmct basi s of mpmsentati on E , wtu le t21,

t n an d t n j ust make up of basi s of repEüsentati on T2 ¤

Ó11i s is j ust what Table 2 i n Rd . [ 1] tell s Ø : the subdued representati on J = 2 d the mta-

tion g oup cm k decompo- ed into mpmsentation E and T2 i n the cub ic g m p ; the subdued mpm -

sentati on J = O i s j ust mpmsentation A l ¤

We cm do si mi lar analysi s for higher mass-dimensional gauge i nvariant opemtom consi sting d

color mag mtic aelds and its £ovaztant ded vaHves .

2 ) Now , we consider how to constm ct the glUd al l opemØr . By expanding the chosen opemtor

accod i ng to the power d spacing a , we mm i m that the leadiEzg tem of the choeen opemtor belonp
to and only belongs to eenai n iEØ d ucible mpmgentati on JPC of SO ( 3 ) pc g wup . A simple example

i s for the plaquette opemtor
Oij = 2 o u U ) = Z T r [ 1 - U ( FBJ ) U ( n ¨ , j ) U - 1( n U , i ) U - l u , j ) ] . ( 4 )

11Ee l ink vaEt able U is a connector deSned by

h i ) = P Ð i j : " t ( Án + Ð , £ )

whem i i s the i -th poeHive di rection and p h the path-OEd er opemtor -

ö Eem are two methods to expand the opemtor - One is the appl icati on of non -Abeli m Stokes
theomm[10,11] and another method i s intmduced by I AESCher and Wei sz in Ref . [ 12 ] - We and that

both methods lead to the same mSUIts :

á r [ F u ( D ? + D P M n ) ) + O ( a × , Ø

w h e r e F² iUj = aMMtJAA½ j - Úµ A4 t - iØ[M A t ,J4 A½ j ]Ê ih s tô}hh Em e E×Ù¢ edØlMd ©÷ EnÖÑ§2Ñ¢s8À tÊ}h 1 t e n s o r a n d D J = a a ¤ - i [ A t , ¤ ] i s d ze

e o v a zt a n t d e d v a t i v e .

W e n o w o o n s i d e r t h e P C = + + se c t o r d o p e m t o m , ± m l p a zt M E q . ( 6 ) ÷ × i Á o d n g t h e

se c o n d t e m d r . h - 8 ¤ ¤ D u e Ø O K = £ ; , t h e m m t h e n o n - m m i n d e p e n d e n t o p e M o m R e £ " '

R e 0 23 , R e 0 31 ¤ R e s t i c t i n g o n e s e l f i n t o t h e c u b i c p w u p , o n e CE Z c o d Mime t h e s e o p e r ó o m m Ø Ee p F

e s e n t a t i o n A J + a n d E Õ Õ :

A : î : R e ( O n + £ " + O n ) = ÷ Z T ¶ 1 B t + B 2 B 2 + B z A X n ) + 0 ( ó ) ;

E Í : R e ( 0 2 - £ " ) = ¨ Z T O I B l - B A ) ( n ) + 0 ( ó ) ,

1 ) Ò , m " ï e d eeeû @æ £" i , w e l l ú ezam d b T Jd e a d I ' 1i n tb e , ¥ ,d y d th q 1a l i t - u ve feat EEE¤ - d ¡ , , ueb a l l , p e em m .

Th ey m ¦ ¦  em m et ® eh l l op en t ì foe ea t ai n f t æ " ÷ × od or nm F et i e an d e le eu t a e ld - m h coÍ nEu m c am .

2 (Å:,MModj =
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R e ( O n + £ " - 2 O u ) = ÷ Z T H B E B I + B 2 B 2 - 2 B , B , ) ( n µ + O ( a × , ´ 7 )

ëemÉeÞlorµ dt addÐ =-ÅÂzPPeêtA
w¡ e Ù Pw P £§ eØe t hM aç I t² hh e lô ȩ a d" i nÖ g ù m e vm eõ . t² hù e m a eÞï £Ù¶ '" °ûÚu± Û²µ bhô ®uaËØtuØimm £© a d tØ}h EÓe £Õ P eÊ EØ o× r ë e¶ n a i s m a l l

e¶ znmmm2mmÕ£́́ tuÀ'Í 6å E. o h o n l y t h e l e a d i n g t e m g m t h e £ o n t d b u t i o n i n ² £ £ n t i m am - W h i l e c o m p a r i n g

E q . ( 7 ) ì ú E q . ( 3 ) , i t i s a a S U E- d t h a t , i n t h e c o n t i n u u m l i m i t , t h e s t a t e e x t m e t e d f m m s u c h o p e r -

ô A J Õ i s f = O Í , a M t h e Æ e m t r a d e d f m m h Þ M o r E Õ Õ c £ Ð Ø p £ a d s Ø J P C = 2 u

s t a e .

W e s h o u l d e m p h a s i s a g m a , i n t h e g e n e r a l c a m , t h e c o n t i n u u m l i m i t d t h e o p e n a o r i n m p m -

s e n t a t i o n E o r m R M n o t d w a y s c o r r e s p o n d i n g t o J = 2 . i . e . , t h e p a m I l e u m i n E q . ( 1 ) d o e s M

a l w a y s h o l d . O n l y a h e r e ½ a n d i n g t h e c h © © o p e - t o r u w e d o a b o v e , w e m t h e n a b l e t o a m m o r

d i s a d E r n z t h e p a r a l l e l i s m .

B y t h e w a y , w e s h o u l d p o i n t o u t h e m t h a t t h n o n - l e a d i n g t e r m i n t h e a p a n S i o n o f t h e o p e m -

t o r d o n o t a l w a y s b e l o n g t o t h e s a m e J P C æ t h a t o f l e a d i n g t e r m , w h i c h m l l b d n g u p t h e m i x i n g m É

d i E e m n t s p i n J . B u t , t h i s a a i a c i d m i x i n g w t l l d e e m a s e w i É t h e d e c r e a m n g d l a t u e e s p a c i n g a s o

t h a t t h e m i x i n g s h o u l d v a n i s h w h e n a ú O i n d e s p i t e t h a t i t m l l d e c t ´ ¯ m r e a i m a t e . O n t h e o t h -

e r h m d , w e e m u t i l i m t h e n o n - l e a d i n g t e m m t o e x p l o r e M e z - - p i n s t a t e s .

Ò 2e g e t w o e x a m p l e s t e l l u s t h a t Ø c a l c u l a t e t h e m a s - d t h e d d Jm i t e J P C s t a t e , w e s h o u l d

m q u i m t h e c o n t i n u u m l i m u d o u r o p e r a t o m b e l o n g Ø a n d o n l y b e 10 Ö t o J P c r e p m s e n t a u o n d

s o o y c p 1 EP ¤ O n e c m a c h i e v e t h i s a m b y u s i n g t h e c o m b m a t i o n d t h e d i g e r e n t o p e m t o m w h i c h

b e l o n g t o t h e s a m e R P C .

3 m e Const ucu om d th e O pem to r

We examplify hem how to comtmet opemtor O++ and 2¤¤ up to a4
o ÷ × 0 ¤¤ cormspoading Ø the scalar gluebd l cm be m um m

o = 2 { a 4 2 T ¶ 3 4 ) ( n h a ~ ( c u r r e n t w i t h m a s s d i m e n s i o n 6 ) +  } , (Ø s´

)

ÀØ môm EÓ· tØh m «§ t ìÚ É µ dô imôôôÐm̈Ð m¾m ××ÄmÐ8Émô immm£́¶ tn1 6̈ ié8 t½}hh Em e cØÐ £°ë mÓ b imnm¾ò aóç Iuô i

2 µ ¢v r ´ D¶ i FR jÇAhJ Dù i FR i h )M a nM d 2 yµ r r (Ø D » FR tëJhJ Dq » FR »®Ñk ) . Fô £® r Êm m På lHikc iùä . w½ e o n l y cØ £ nmm sª i d¤ eÊ r t² hh e c EumE

Enmzn1aş8 d i mensi on 4 iôn tÉ»h1iM s PaPe®r . 'I TEen , K t us obeew e th e su m of the p lanar spec ial 2 Á l m ctazzau l ar

o v e r d l a t À £ e s i t ± :

0 2 = Z O L U ) = Â z u l [ 1 - U U J ) U ( ¨ ; , i ) U ( n + 2 ; , j ) U - E ( n + h j J ) ¤

u - 1 ( n + j , i ) U - a ( n , j ) ] + [ 1 - U ( FB J ) U ( n + ; , j ) U ( n + ; + j , j ) ¤

U-E (n+Ì ,t)U-E(n+j ,j)UEI(n.j)]|. (9)
u e m l m zt d t h a m m o n ¤ t h µ a a o e O L M

h oh Z { 214¨ F tj ) ( n) - î ô ( ¸ ( Di + Dj ) FV) ( ¨ ) + OU S) ( ò

111© , we deane

õ ó ì È :Ú ¦ ã Ï ¹ ì Æã ß ò Ã ¿ Ä Â ¾ ¶ 225
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COEZHEEUEEm l i mi t d opera or e tj i8 ¤

- à12ÁTr(² FJ +O(aS). (12)
4J 1£ " "

Decompoeing ½ J i nto k + accod i ng M tmdi Honal medmd , µ ÷ the baa s d mpm enu uon A ã :

F E È 12 + È 13 + È - à ¡ 22 : Tr ( B I B 1 + B z A + B J 3) + O´ J L ( 13 )n - 4 J 1O

AppamntIy , the qum tum number in the continuum limit of F is OÔ . h other words , F

transforms Ø 0 ¤ + under so ( 3 ) pc g m p up M a 4 . W e expect É a the synm etÇ d s o ( 3 ) has

been m tOEª d when a ú O and the extracted su te shoul d be ma nly e ven by tbe lead ng tem or F .
So that , the extracted state is Oî î in the cont inuum l i mi t . ä erator F is our ai med opemtor for

Oî + state .
We may al so ehooee the basi s GI and G of É e mpm senta160n E + + " meÄ ½¢e the tensor d ue-

MIl ma88 " follows-

Gs -

and

G2 = Re( Èn + È - 2È ) - à ¡ 22´ ( BI BI + B2B2 - 2BJ s) + O( d ) . ( ISY13 12 - 4J 10 ®

Accod ing to (3b) , they belong Ø Maia d the mF ù  tauoa r + up  O( a4µ.

4 Simula6 0n

112e opemtom and thei r expam i ons am

w n - È u h F t TÝ B E B2Bz) + Ó a× , (14)
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tracted form of the choeen opemtor - Coma su mtioIE ensembl es wem generated using Cabi bbo- Mari nari

pseudo-heatbath and SU ( 2 ) subF oup ovep ml axati on methods . We set 2800 heatbath sweeps M
malte cod eu mtions mach to equil i bd um . At the same ti me , foll owi ng the mem fleld theOE7 [14] , we

al so mplace l ink vari ant U by U/ th in the chosen operatom to suppmØ the tadpole contribution .

IEnpmvemenu such m h zzying and smead ng am al so used to suppmõ the n uctuati ons of the fK Ids .

Four heath th updati ng swm pe and one canonical w Ø p wem peEformed between two measurements -

We p uup 56Þ meaSEm ments into 80 bi ns for maki ng a correct SU Msk em r esti mate . m e EüSUIts

for a smG E Ã shown in Table 2 .

TabAe 2 . GIE-ebd em rg mGa, for e- d B, -

,ealar 0.609(4) 0.515(8) 0.412{7) 0.315(6) 0.m£ "

Now we £omEBent on the em r estimate . Fi ê , our action bm ks the mtaHon syBEEnet17 to

O( ´ , ´ ) , i . e . , the upper l imi t d the preci sion i n the calcul ation is O( ´ , ´ ) . Since m a® ed

by many autho¡ the contri buti on d O( Á?) cm be iÁ OEÐ , the upper li mi t d the pm i Si on hem i s

O ( ´ ) . second , we i 8 1om tem ( cum nts) ì ú mass dimension 6 in Eq . ( 8 ) . DEle to the di men -

sional anal ysi s , the contd M Uon of the cunm ts to eÐ£r should have a square mass suppmssi m W] ,

whi ch wi l l make W o eg ects on our mass measurement . One Ô É at we shod d incl ude it in systemati c
erm r in the conti nuum l i mi t , which needs fuEt her cadeul at ion to get iu accumte val ue . Hem we si m-
ply expect É a i t is about ( A QCD/ m )2 , whem we ò A QCDú 250 MeV and m is meastEM mass -

U e second one i s that it wi l l take O ( Á?) em r when a . # 0 . Since i t i s M stati m ed em h h

contr ibut ion to em r cm be Etted by c2Á: + C4´ +  .

A s expected , we get the same Sim l aHon m ul ts fmm opemtom Gt and ð , sinee they Þ m -
8pond to the same sta e 2 + î -

Fmm the aIp m M and calcul ated data , õ ô the formul a m ( OÕ+ , Á. ) = 1 . 754 -

1 .5 14 ( a J ro) z + 1 .773 ( a J r o ) 4 an d m ( 2 + Õ , a . ) = 2 . 4 17 + 0 . 783 ( a J ro ) 2 - 0 . 787 ( ÁJ ro ) 4

( uni t : GeV ) to at our data - We pmsent our data and Stu ng cuw m in Fig . 1 .

5

o 01 02 03 0.4 05 0.6 0.7

(aJr ,Y
Fig . 1 . M e- d -eaiaz and teg-ez d uebd l ap im t the latUee spacing U J ro )Z

TBe attiEØ CURes m m(0 ¤ ¤ , ¤. ) = 1.754 - 1.514( aJ Fo)2 + 1.Ã73U J roY for m laz d uebd mm md m( 2 ¤ ¤ , É ) =

2 .417 + 0 .783( aJ ro)2 - 0 7 ¤7( aJ ro)4(unit zGeV) for ü " oe d ud - ll mas- - reµ ed vely . Ä e mm a in the ooatinum limit

m 1.754{76} Gev md 2 .417(44 ) GeV U Ã only eom der m aaush al eETOr .

'I E e stati sti cal erEWE- i s 0 .0 76 GeV for scal ar d ud - I l and 0 . 044 GeV for tensor gluebal l . A c -

cod i ng to Ref . [ 3 ] , system ati c erm r i s l pem nt ( ã , m m eet m ti o ) . But si nce ou r m eth od al so

Ê ¿ Ä Â ¾ ¶ 227õ ó ì È :Ú ¦ ã Ï
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g ves about 2 and l pem nt systemati c eETOE- for Oî Õ and 2 + + states respectivel y , the total systemat -

ic em r i s about 2 .2 pem nt ( 39 MeV ) and 1 . 4 pem nt ( 34 MeV ) m ped i vely . u emfoIü , the m Ø

of scd ar si taeball is 1 .754 ( 85 ) GeV and the mass of tensor d uebal l i s 2 .4 17 ( 56 ) GeV -
the uncertainty m rJ 1 = 4 10 ( 20 ) MeV , our anal mSUI ts am mG( O+ + ) 2 1754 ( 85 ) ( 86 )

mG( 2 + + ) = 24 17 ( 56 ) ( 117 ) MeV .

For compan ion , we l i st our mSUIts and that fmm l j KQCDIÌ , IMWSJ and Morningstar and Pea-

rdonM] in Table 3 .

TabEe 3 . £Õ+ amd 2¤Õ SEBebalI ERames ( UEÉ : MeV ) .

-d e 1550(½) 1740(71) 173ý ç )(Ù) 1754(Ø}(86)

We set our si mulati on parameteÄ " timee i n Rd . [ 3 ] . 'ITEemf£" ' one cm End that our si mu-

lation mSUIts m mom consistant ÷ × × at h m Rd . [ 3 ] . It conform our appmach . But , untozt11¤
nately , Mom ingstar and peaIÊ on[3] apply the vari ational pd nciple in thei r numerical simul ati on , we

cannot compare thei r opemtom ÷ × Ø m by expanding i t .

5 Conclusion

Bas i ng on th e conn ect ion betw een the asy mptot i c ex pansi on of th e opem tom an d th e Á m tu m
nunÉ er J PC of th e extm eted state , we have p resen ted a n ew ap p roac h to con stm cti ng opem tor on lat -

ti ce for th e cal cul ati on of the gl uebal l mass , wh i ch m y sol ve th e amb i gu i ty i n th e si mu l ati on . h
genem l , t o c al cu l ate the mass of dea n i t e J pc gl u ebal l 8tates , t l mt one shoul d WIt e ou t t hese cu r -

m n ts wh ic h tm n sfom m the m p m sen tat i on J PC u nder the SO ( 3 ) pc g o u p i n con t i nuu m m d decom -

pose th em i n to i ETed uc ib le m p m senta t ion s R PC of th e g É312p O PC i n th e subd ued m p m sen taZi on , then

one shou l d const ru ct COETespond i ng opem tom wh i ch bel ong to the m pm sen taHon R PC of th e O PC

F m p on t he l at t i ce j u st m the paper m enHoned above .

To ver i f y ou r ap pm ac h , we have cal cu l ated the SU ( 3 ) sc al ar an d tensor d ueb aI l m am under
dm quenched approxi m ati on i n th i s app m ach . Si nce th e COZEHnuum l i m i t of opem tor F i s OÕ+ , we

aE Erm the mass extm eted f m m th e opem tor F i s sc al ar gl uebal l mass an d i ts val ue i 8 1754 ( 85 ) ( 86 )

M eV . F or th e sam e m ason , th e m ss ext rac ted fm m oR M or Gd( i = 1 3 ) i s É ± of th e tensor d ue -

'ITEese resul ts are consi stent × × those ob tam ed i n R ef s .bd l and i ts val ue i s 24 17 ( 56 ) ( 117 ) MeV .

[ 3 , 5 , 13 , 16 ] .

Appg entl y , them is no radi cal obstacle to pmvent us to calculate the EM 88 of states wiÉ m y
spi n J m thi s appmach . For i nstance , we shoul d pmsent our mSUIts for the ma88 of the gmuzzd 4 + +

d ueball elsewhem .
Of £oume , til e opemtor , which transform Ê Jpc d SO ( 3 ) pc p up i n the conu nuum , is ncÉ

umque . For example , one cm also constmct the operator including col or electd c th ld . With these

opemtom , one cm determine thei r relative weid Ets of contr ibut ion by vm a im al pr inciple . But , we

did not mak e such tmaEBEent here .

We zuould l ike Ø shank Z . Q . Ma , T . HØ FZg and k . F . IJ u j br the heiM d dk zusiom and
use¶ l commenu .
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Includi ng

MeV and

UKQCDIZ1 IBMI51 Rd .[3] Øz restBIts
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Ú ñ ã Ï ¹ ì Æã º ò Ê ¿ Ä Â ¾ ¶

ª ª ¢ ¹ Ë » Ö ª Ë Æã º ò Ê ¿ ø ¹ ì ñ ã , Âû Ä Â ¾ ¶ . ù Ú ù ¡ Ã ã û Ä ¬ ø
« Þ ë ´ ¬ ¿ Ó ý f c½ ß ® ä Ä ª µ , ´ ¬ Ä Ôý Í É Ô Ú ý µ £ â Ð ¨ » Í ± Ó Ø

» · ¨ Â ´ . ø ø , â » ¾ ¶ É Ô » ¦ Ã Ú Æã Î â Ôý J Ä º ò Ê ¿ . Ú Ä ð ü ÆÂ ,
ø ö Ú SU(3)¿ æ ¶ ¡ Ð 0ÕÕ¬ Í 2¤Õ¬ º ò Ê ¿ Ä õ ½ á û , ü Ç Ö ð Ç 1754(85) (Ü )

MeV Í 2417(56) ( 117)MeV -

Øü ÷ ñ ã ¿ Ó« ¯ ª § º ò Ê ¿ Wilson ã û

Z P 1 - ¸ - W Õ å .m 1- 10 - n Õ ¤ þ å

ú ¿ Ô » Æ § ù ð ( 199914® , 1Þ 750e1) , ú aE¤ ¤ Æ ã ¬ ô Ð ¿ Ð Ä (Þ 132) Ñ ú

õ ó ì È :Ú « ã Ï ¹ ì Æã à ò Ê ¿ Ä Â ¾ ¶ 229

õ ó ì 2 â Ã ñ 1.2 Â ¨ 2
1(CCAST(À ç µ ² Ò) ± ÷ 10Ámm)

2 (Ð ú Æ§ º ß ² ' í Ð ¿ ù ± © 1©" " )


