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A bÜ Ø Ç Ee ê ecm d M y g zs w t± 1 irkd ude w o heavy qtBar b m d Þ e Hg ht quark m k m ated ó

a tw o - body sys¹ m , w iEEªEWFo heavy qEE ls oÆ1SUtute a bosonic diquar k - W e derive the d feeti ve pø

tm M I bew em th e lid zt qØ zt m d dm tm vy di quark - In tt² WÆk w e have di sc1m ed sev¼al sg ic²

pm ble » : ( 1 ) tbe opm w od e uzg , ( 2 ) dze m ï ' « 1med by É e ncn - d m visdc expem m , ( 3 ) ¡ 11-

spin coµ ling m d ( 4 ) the m dEIg bew ee 1 bazy on m m w ith m iar - diquazt m d vect or - diquar k -

Et ey ÖÖ² bezy m mÔ , ÷ az4E- diq× zk m del , Em m lativ² t ic Ø× m Sion , µ e atCE « É ¬izç

Ò 1e diqtBE it sm lctum m bar yons has mcd vd incmasing inta Ä B fm n hid z m erg thm rists[1] .

I t is indeed dubtots for the h r yÆÍ w hich only m taiI1 È 11t quazks, bm m d the m ual d × emion
d the w u quadg [23 ] . I f ttÄ e m two tm vy quE b ( bb , bc d h a bar yon , they te zd to Þ m titute

a substu u ial diquark wi th m all spedal g m and sew e Ø a stat ic 3 Þ lOE Ø ® ce for the lÔ Et
qLIl t M ] . Rem t ly , Ebert et al . w aitlatd the spect a d such baw ons m ta m s of the lod
schmdirª er - lik e qum - pota u id Ç uat ionM] . Sim ilar ly , Gg shtd zl et al . ¹ 62118t ed the spectmeÞ py
of doubly cham ed h ryom w hg e aù uk and radi al excited statÊ am includd [7] .

I n the potÉ1t ial rm ² 1, the interad on bew eÄ the l± ht quark azÀ dze heavy di qUE k can k de-
r ived w calculat ing tbÉ eiasdc sm tteriù am pl itudes[8] . T he k ey F M is the fom of the ef fed ve

Ver deÊ of t i le d quar k - ghm interaction - In this w ork , by mtaid rª t - depÊzdg E¹ expl ici t l y , ÷

EÐ er ive the ef f ecd ve pot e 164 by uSEí th e Bethe - selpeter ( B - S) equm on a11d obtzdn the ef fect i ve

ver tex - In Á I culauzl g th e baryon ma¦ , w e zmd« sevg al se i¢ s pm ble ZE w hich have m t ² ref ully
been di scussed m ear lier litg atun [63 ] . ( 1 ) A systg m dc w ay of dE ivir¨ the form factor at the

diquar k - ghm vm a . ( 2 ) Ä e ope amr OId e mg pmblm in Fourier m zd g nÃÛ sa tt ezt ù aznpH-

tudes m mÞ 1Ä tØ½ ® ea mm m 1f ig m d on × am . ( 3 ) Into le able m Ø S « tm d w the Eülativist ic d -

feet due m the em ta m d lie u qtÒ² . Ç Ee pera net× ¬ obtained by fi tÉ » ÂEe data of J/ Ð, T m× etc.

¤s,ç ported by Nam mI Nattnd Sdem Fotmdmon d Ám , M-m ñ Ò ct d 1EeOú a e k aa my d SdezeØ and
TK Aú ¥ , I ian RØØrctz c m d .
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should m t be val id b the ¹ Ä Éd Em k h t flam m m invd ved . ( 4 ) h e m the 83( r ) behavior d th e

spin - spin Þ µ ô ¨ , the diquark Øctm m y M n b m . ( 5 ) P¶ a ble zØ ½EEg ben « Ô1 ber yÞ é þ

w here the k - di quar ks ar e scalar and m al vector respecd vely . In th is simr t paper ,w e main ly dim m

thÄ e proH Ems-

E E f f ec t i ve v e t ex o f lo i q u m t - G Eu o n C OUPEi EØ

Since the diquark is not rtgomusl y a pomt - l ik e subj ect ,w e can not a nploy Á m nm d y used Ver -

t× . bmtead , we der ive m d z d feet ive vm ex fzu B the B - S é Ø tiÞ w here the kernel is cho± 1 to h
the Cornell pota 16ai m m ab g m tb e mÊ 011 case- T he d fed ve ver t ex DD ' g , where D aIZd D ' Þ uld

k d ther scedar diquark ( S) cw a  l - vecmr d quark ( A ) , and g ² m tÄ tize glÞ n ,are

´ S ' ð ' ) |ù ! S ( v ) µ ==J Eó õ [ f 14 + f 2 í ] , for g ü Þ µ K ES , ( 1 )

´ A ' " ' , , ' ) |J Ì | A ( u , , ) µ = J R W [ f 3( 71¤4 ¤ ) ð + f 4 ( 71' ¤¤ . Ñ í +

f s ( r j ) ( 4 . - u ) u ',a+ j h ( q - d ) ( Ø, . - u ) í +

ª 771' ; ( r j ) + f s ( 71, .. - u ) ë +

f 9i emÁ 71' ¤¤Ã Ñ +

f zoiemw d ¤Í qPZF ] , fcz AA a Þ uplizzg , ( 2 )

´ A ' ( £ ' , , ' ) |ù | S ( Ä µ = J EE r [ f 1171' ; + f 12 ( , ¢ - u ) ð +

f 13( , ' å - u ) uza+ f 14i h w v - wUPP© ] , for ASg Þ upHruz,

( 3 )
w here u ' , u , , ' , ¼, M ' , M m tbe fo® - velod Õ , polar izm on vecto rs ( for mdal - vØ or d qUE K

od y ) , m d mag Ê of di quazt s m the " fuml " aM " initial " é Ø of the scat t ® ir« , m pecti vely . 11Ee

COITÄ pond xl g form factom am der ived by solv ina the B - S equation and the details w Ê-e g vm m our
prev ious world 5] . I n our case, by  Imply an aI ya r-g the par it y and keepiz1g ternu up to order p 2 h the

IEOIm lad visdc e3ê ± í iÞ , w e m f ix the reladom d d the ª ' s.

Because fonn fac® Ä ª ' s involve B - S h t ¦ rals , th ey lm d y ü mmt be analyd m lly dezt ved . I n

ozd E b sezv e our ×nal goal , w e ª nulate the nm zeztØ1 rÄ ui ts by the exPZÄ sdon

(4 µ

w here k h the m changÙ ö me - zzn na 1tu zu m d h tbe four - mom Ä tu n w Ãh ho = 0 , and obtain

the nm Ied Á l vz412Ê of pemm et× ¬ A , B , C MMi A . T tm is the fmBili ar pole - lik e form factor w hich
Ê w idely used m pha u na mlogyI S] .

2 É É1ering of Opemtor

Ð 1e d feet ive potg Idal h derived by cai culat ing the elasd c scat tezt ruz a121PHm de. Ò 1Ø , u mÃEEg

K V ) into qum tm mechan ics( 0 4) × izr operator , we have
t - Y - 1 .

, = ó ( ( F - s ) ¦ + ç Ã ( P - s ) P ) , ( 5 )

w hm " the spin - Õ m mr J = p l lw , Ã = E / M m d E bm t factors ± P , E , M m t tm np

zn m tm , É ® gy and zm · , m ped vely -m m w e m zzd orm th e z1 × Ø th e @ d op® atom and FOÀ ie
- tm zzd OEm irlg the n into m É 8Ø 26on m ce, the ozd z ing pm blg I gØE r d y appÜ Ø .

OEdØÛ 1 QMm®2 0 daÈ¡ 3 ØÉ ð 4
g(Ý, z ¥ (g(FP +Ä (F)) ' -w m ¿ [g(Ú Z+Ó g(F)' +' 28(, )}
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wtw e g ( r ) is a fund on of r ( = | r | )m d d y h st thme m ms m Hg m idm1¤

It shod d k mazm ed that the a pmg on g ( r ) ² ¹ Þ t Ha mida11. I t cm be pmved dZat ¨
d the qtlandtiÊ m mai , ttm e Ê Þ anguh r - dµ ´ ence aEMf g ( r ) is lÄ SÖ 14ar than l l r , the
zmn - hernEit icity wod d m t mEplid t ly show µ ¤ In our Ê · ,non - tze m deity wod d pzØ Ø t ( IÊ Ê¤Ø

our zØ ult below ) .

3 Poten t ial i n Conf igu r at ion Sõ ce - N ew × À u m n t of th e D i quar k Pi ct un

The potential finally m k vü Ãtm m V = v sum + VcÚd wiÉ V Ú»" = Ô Ei + VL I f f em tk

a p g 3d ipts S è 1d V de u e the vec² r and m l ar per ts d the Þ nf ing m t . T he g nd e gluon ex -

chaEû d potÄ dal V® " lm the follow izª form :
v a m = V S LAA ² + V ô , ( 6 )

w tm t h mê lici t fom of v · M .à ¤ h fotlEZd m Rd , [ 9 ] azzd V , m is t k × in - - sph coupliù

tem ± th a Þ d ad a t pzw orm zal m 83( r ) . D ue Ø 83( r ) , V R is shozt - razç e behaviOEüd and

the li ght quark only ô ò 011e bmw quark m ch tim e , but the w hole diqu® k . I IØ ² d of the st ict tk ee
- body t eam m Þ g( M D ) 83( r ) , w e inm duce a SKEl ple pim omeIEologid mem s

v ,  = g ( m q ) 8 3( r - r ' 2) S 1¤s i + g ( m q ) 83( r - r D s r s : , ( 7 )

w here g( M D) , g ( m Q' ) × À g ( m q k m the fuIE d om d the massÊ d the diqUM K , heavy quar ks 1

8zzd 2 , " ¶ ect iveiy , say

Ô M ) £c ¡ É ,
zn q Fn Q

an d r - r i and r - r ; are th ² Ø m m tom d the light quark m tbe Þ rzÄ OTEEiing heavy quu b .

Ó11× , th e light qUE t int g ac² w i th Þ e lEØ vy quark only , w hi le leavÔ É U ther heavy quad t m a
m cu m -T ú ¿g V · M + V od Ê t tm O- É or der potØ ² l Ð m at irª V m z Ä a per turbat ion ,

t lEÊ e tw o spin - spin tg m s lõ d b m Ê Etra Þ nt ibut ion
AE EPh = g ( m q ) ´ S 1¤s i µ | V d ( O) |2 + g ( m q ) ´ S 1¤s D | V d ( O) |2 , ( 8 )

w tEÄ e× h t® En ² pzw or 6Þ al Ø the Ç uam d ttEe Þ m @ogd zç wavd m d Þ at the oriaan

v qQ( O) . × Ø lar Ø ttmt m the per ® C Em dei kz ² ep inelast ic m t t m zl g ( D I S) , the w avd un d o-1 d

th e spectaØ r Á n t m zmm aun d aw ay -
In m d c¨ Ø th e aZEalyg s d Fai k et d . [4] , ? ì ( 0 ) |2 ü n be obtmned by | ? é ( 0 ) |2 cz

| V 42( 0 ) |2 except a Þ b r ¤- stp prÄ aon factor 1/8 , as V ( 0 ) determ ined m m ly by the Ê ulÞ Ib po-

t ï 1t ial Ê pzo Pom onat Ø ( CFÁs) ½2 .

I t Ê t ue that m S - w ave mm on , ² e spl itÉ 38 bew eg 1 M and M ¤ Ô Ê ts ed by the spin - sph

in ter acd on only ,w e Ø 21 11se th w ell - mÄ surd mm split² û S M D. - M D , M B. - RAE and M D. -

M D  æpu² Ø dedu« the , ² - ££µ h g conu t buH011 Ø the baryon ÷ × " vo heavy quE ls . Sub-

sti tu ting th is relat ion into A E , × , w e have

A E ¢ n

w hen M ' and M wam tlze mas ² £f Þ r re@ond Iû mÄ 01± , rÄ peedveiy , an d the suh z ipB B m d M

da EOt e that the mat r ix ele na 1² d the spin - OOUPHEç am tak6 1 for b® yon an d EI1Ê 021, rÄ peed vely .

M Ø nw hile we need Ø iEÄ p tbe total ê in d the w o - tm vy - q1E k systm ( diquar k )

sh = s i + S;

m k O( sd ar ) or 1 ( mdd vecto r ) so that ´ ß - s k sD µ m s× × d Ed om azd y be calc1datd .
o bv iously , for the diquark cÞ 1P@ed of two diffg Ä t heavy quazb , g ( m q ) # g ( m Q" ) azÀ

|Vqq (O) |§ |' 4 (O) | ,two mnpÞm² M
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= ´S1¤sad MK - MMN S1¤sD M t MM}
É8́ S1¤sDM/ BÉ8´S1¤sDMf (9)

v m would make diffÔÉEt Þ nt ibutions-
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I t is zmt iced that the dau d E . m not avaiIable- I t is also not ed that V Ë , Ô im emely pzW OF

t iond m m qm Q m d the mm spl i tt irÂ s ar e 45 7 M eV for B -- and B and 142 . 12 M eV for D m d

õ , nm ely thei r m do is m ² l y 45 7/ 142 . U M FZJ m bä 1 . 5514 . 88 . Ç w d ore , w e can m m ably

ass1221e

4 Choice of ParaEBEeteE$
Ò 2e varia6Þ ai med md ¹ × 1ployed m evd 1late the O - É ordE µ ect L E Ed V SR1 h sØ« d 

th e pezt urbative t× × × get th e f ine spli t ti ng. TEe advantag e d using t he var iat iond met hod is t hat

we am able m nÄ t d ta m s gm d m m mly , so that the laz¬ e zülativ istic oorreedÞ pmble B m th e
pezt urbedve med md Á n k avotded[10] . Bea use d e3dstm Ê d a lid u quó t h baryon , un like dEe

heavy quar koni u zu m ch Ø Jç , T etc . , m lnØ t ins th e IU nr elat ivist ic a Pan g on to the order of
p 2/ m 2 is M a good aw m dmm Gn. h the proces d fi tÊna the data d m m ns Þ ntai ning a k ht

quad t , such m 6 ¤ ) , w e att ibute m m in factors into phenomm log cal par m l etem h , Á an d b

w hich m m t d m t ly m m a m ble-U e A , B , C - valm h E q . ( 4 ) m

A = 1 . 00 , B = - 1. Þ , C = 3 . 11 GeV , A = 2 . 86 GeV , for Þ diqUM K

A = 1 . 00 , B = - 1. Þ , C = 8 . 30 GeV , A = 6 .45 GeV , for k diquark ;

A = 1 . Þ , B = - 1. Þ , C = 5 . 09 GeV , A = 4 . 33 GeV , for bb d quark -
T IE oom t iu a u q× r k maÜ Ø and the heavy diquark mamÊ an takm as[2]

m u = md = 0 . 33 GeV , m z = 0 . 5 GeV , mc = 1. 55 GeV , m b = 4 . 88 GeV ,

M a = 3 . 26 GeV , M hr = 6 . 52 GeV , M bb = 9 . 79 GeV -

I t ¹ noted dEat bb and Þ diquark mm t h m al vectom , but k can k d th ® a sÊ lar or m ax id vä -
toh the mm spli tt ing of the sm lar and ï dal - vector k d quazt s Á n k ní leet ed m pr act ical cd n da-

UOEE .
In the cd ctdadon m = 0 . 5 Ê d p t ed - × 1e rm Eltant baw Þ spect a w ith vm ous ozd ezt r¨

schm Ê × ü givÄ h T able 1 . I t should h nm 1doned that charg ng th e value of k w ould m t m Ä e

1 case-as= 0.65. a = 0. 12 ,b ¤ - 0.3553m Ée g daúÂ 2 Ä e,as= 0.61,a = 0. I 3. b z - 0. 335in tbeoMetzð 3 À , ,¤.
= 0.61.a = 0. 14, b E e¤o.3753md h th £d atzð 4 ¥ ,e, as= 0.58 .a = 0. 15,b z - 0.415.

ß Ü ï í ë Ë ï í (EEP& NP) Ú 24í
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m ots ¤ iam z Þ EÄ lt . Fa im tam , m tbe ozd z izç 2 Ä e, w lze z k chmð Ô hm O Ø 1 , th

zzzas deviauon h ah ut 20 - 30 M ev , Which m n be f£m d m Rd . [ 9 ] . I t is also EU ²ed that m EK rt et
d . ¤S WÉ · , tk y ta d m= - 1[6] .

A s a m m × ry , we clu ify ü VØ ÂI m t m PZONe m g ds× ç h th a r 1i e ØIa ª m z b h r yg ES

m m iMZª tw o heavy quarb .
Bm d Þ tk B - s é Ø m u w e × ive the d m ve vg t£ ¿ µ' g so th at the m tial diÜ Im z d

th diqEE K ü 1 k a m e Ä " d by ² fm z facw .

m e µ e am od e iEª pmbk n ú Í Í JI l y stud d . I t Ê b M that d f fg Ø t o± Ä ç sche zm

would lead to the dif fem u vai uÄ OAf pm m eten ê , a and b w hich m m t di zt ti y m¥ sum ble- h a

m ult , the maã ±s d h r yu zs a dy & viate a h w M eV Ø a few tg ES OAf ± Eev u b û Ä the hermi 6d ty

d f t lze Õ m mr b ù ª É Ê ,h Et i t ÷ d d go tp m m M eV ¤ t lze h m d d ty ó m not tmid .
Bea use of s× « ss mlad visd c eff ecÄ m the bar yÞ w tm · a l° ht f lavor Ê invoivd , the var iaUOZ1¤

d method has a p É Ô i t y Ø tk p® M t mdve med Ä . T tze B ( ¤} × " ² d so ad ¢ d m f ix irØ per m e-

t× × that tmcz mhI6 8 and e m m bzu 6 1t tp w the m ma uq 1 m tk zm miadvisd c e ê ÔÄ Þ ü 11

m· t l y h elK l im ted .
T o k m the d quar k pict1m val id , th e µ in - ® in interact ion tem ÷ × Þ d ÷d a 1t 83( r ) is sep

m td fm 1 0tha m m . I t ü n h ² m zzEm d mØ nm m m aM õ d z pkm Þ ly m mm s m d tlEe

heavy quazt s.
EVÄ tual l y , the dd vd ¤ m factoF h m her polishÄ the d quad t picttm . But , m me m all dev ia-

m B hï z m liq . inchd ù th d qtE K mam ô , d H m sz d stm dd k fm he izm« « ± .

Final ly , we pomt that al th g z the m im e ta m de ivd m quam m aeid dï ® Ê zu u tvid l y
m o , but m Q M the off - d ag xu i mam e»a m m for the sUÖ ÷ th S and A diqm b am m ct m -

z£ :
´ Ç( 1/2 , A , t = 0 ) | WA L} |44 1/2 , s , t = 0 ) µ =

´ × ( 1/2 , A , t = 1) | ZF· } | é ( 1/2 , s , i 2 1) µ= 0 . ( 10 )

Eb vev® , ± ch m i3drª g sh uld Ä st azd m y ptay m R Xtm t m les m haa m ie ® ä Ê a. For irmtaz¶ ,

the m É ª betw Ä n gtad mi l M quarka zitm s k p w n m vï y m R Xtmzt cz evØ m m aI m ptm u m -
zm»ª Y¤ø Ôüf om , the zzUE ng d ect m th e bazyonic d quadã ptctun stu dd h h m m invs dg ated[11] .

u e B - faØ r y aM ot tw fad im d high ÊØ gy expd ma zB m y pm ride tk data d EU }

aZEd the oduhÄ þ h h w m . £ m th data are avah ble , w e m y m û ts t otz input m rm etm M

pzÙ ct the ® ect a M d Ä d mm ô s d h z3q B sp in - I t m IM provide a cham Ø hz thz m ±

the vd idi ty of t ize bE ym ic d quark pictmü aZEd the zmnn lativigt ic poô u ial model .
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